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P R E F A C E -  

The present volume forms one of that series of publications known as the " Accounts of the Operations 
of the Great Wgonmnetrical Survey of India ", of which the design is, as has already been stated in the 
second volume of the series, "to give full reports-historical and descriptive-of the nature and the general 
" procedure of the operations ; to describe the instruments which were employed in executing the several 
['linear and angular measurements; to furnish complete details of the actual f ads  of observation and tlle 
ccmethods of reduction by which these facts have been combined together and duly harmonized; and, lastly 

to give the results which have been determined after this final reduction of the operations." 
The first volume of the series accordingly gives the details of the measurements of the several base- 

lines on which the triangulation of India rests, together with a discussion of the instruments on which tlle 

measurements depend, and the theoretical probable errora of the results. Volume I1 describes the principal 
triangulation, the theodolites with which it was executed, the procedure adopted in observing theangles, and all 
necessary details of the operations carried on in the field; it further describes the processes by which prelimi- 
nary results were obtained from the observations, to satisfy immediate requirements, pending the completion of 
the several chains of triangles; also the method of final reduction, which was adopted after the chains were 
completed, and by which the errors at the junctions of the chains with each other and with the base-lines are 
eliminated, with the closeit possible approach to mathematical rigour. I t  states briefly at page 28, and er -  
plains more fully at  pages 162 'to 170, the reasons why the method of final reduction could only be applied 
to limited portions of the triangulation at a time, thus necessitating the division of the triangulation into five 
great sections, to be reduced in succession, as indicated at page 32. I t  shows how the whole of the triangula- 
tion contained in the first of these sections-known as the North-West Quadrilateral-was reduced simul- 
taneously; and, together with Volumes I11 and IV, i t  gives all the facts of angular observation appertaining 
to  that Quadrilateral, full details of the preliminary and the final reductions of the angles and the several trigo- 
nometrical figures, and, finally, the resulting values of the lengths and azimuths of the sides of the t~iangles 
and the latitudes and longitudes of the stations. 

Volume V deals with a subject of its own, the Indian Pendulum Operations, which is quite uncon- 
nected with the triangulation and therefore need not be here noticed. 

Volume V I  treats almost entirely of the triangulation appertaining to the South-East Quadrilateral, 
the second of the five great sections into which the ~rincipal triangulation of India has been divided for final 
reduction. I t  commences with a brief recapitulation of the formulae employed in the calcdations, in order 
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to obviate the nccessity for frequent reference to Volume IT, and then gives first, a complete exposition of 
the Simultaneous Reduction of the six chains or series of triangles forming the South-East Quadrilateral; 
and afterwards, for each series,-an introductory account of the operations, a descriptive list of the stations, 
an abstract of the observations of each angle, full details of the preliminary reductions of the angles-made to 
satisfy the geometrical conditions of the trigonometrical figures-the final values of the angles after having 
been corrected to satisfy the conditions of the Quadrilateral, and, finally, the resulting values of the lengths 
and azimuths of the sides, and of the latitudes and longitudes of the stations, of the triangulation. 

The present volume is the seventh of the series. I t  and the following volume are devoted to the 
North-East Quadrilateral, the third of the five great Sections into which the principal triangulation has 
been divided for reduction. 

The several chains of triangles composing this Quadrilateral are shown in the frontispiece to the pre- 
sent volume; but the reader who may wish.to obtain a clear conception of the triangulation as a whole, and 
the position of the Section now under consideration relatively to the other Sections, should refer to the 
Skeleton Chart of the Principal Triangulation of India which faces the present page. I n  this chart each 
line represents a chain of triangles. The chain which approximates to the meridian of 78' and extends from 
the extreme south of India to latitude 30°, where it terminates on the Dehra Diin Basecline at  the foot of 
the Himalaya ~ o u n t a i n s ,  forms the back-bone of the triangulation, and is well known as the Great Meri- 
dional Arc of India, which was commenced by Colonel Lambton in Southern India, and canied upwards to 
the Himalayas by Colonel Everest; Colonel Lambton's portion has been revised of late years, with all the 
refinement which the latest and best instruments and the most approved procedure rendered possible. Of 
the remaining chains, soine were accomplished in the earlier days of the Survey, when the instrumental 
equipment was generally very inferior to what i t  became subsequently, and when the procedure, as regards 
portions of the operations-more particularly the construction of towers for the principal stations in the 
plains-was a t i l l  imperfect; other chains were executed in more modem times, with the best instruments 
and with the utmost possible refinement in every particular. The chains last executed are generally on 
a par with the Great Arc itself, while some are superior to i t  in accuracy. I t  so happened that lines of 
demarcation could be drawn broadly between the several chains of triangles, in such a manner as to divide 
the superior and the inferior chains into separate groups, each group containing a large number of 
interdependent chains; this circumstance was therefore availed of in designing the great Sections into which 
the triaugulation had to be divided for final reduction. The bounding chains of these Sections are represented 
in the Skeleton Chart by thick black lines, while the intermediate and all other chains are shown by thin 
lines. I t  will be seen that there are five Sections in all, of which four are quadrilateral figures, while the 
fifth-which lies to the south of the others-is a trigon. The four Quadrilaterals meet at the point- 
Kalihpur, approximately in latitude 24' by longitude 78O-which was employed by Colonel Everest as the 
central or reference station of the triangulation ; they are therefore distinguished by the corresponding cardinal 
points-North-East, South-East, South-West, and North-West-with reference to the central station. 

I t  has already been shorn, in Section 7 of Chapter I of Vol. 11, that the most accurate of all the 
ellains of triangles are those which enter the North-West and the South-East Quadrilaterals; the least 
accurate enter the North-East and the South-West Quadrilaterals. When therefore the method for the 
general treatment of the principal triangulation had been elaborated and was ready to be put into practice, the 
Simultaneous Reductions were taken in hand in the following order, first the North-West Quadrilateral, 
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secondly the South-East, and thirdly the North-East Quadrilateral. Volumes VI I  and V I I I  contain full 
details of the observations, reductions and final results of the whole of the triangulation which is contained 
within the limits of the third Quadrilateral. 

Any description of the Triangulation of this Survey and the operations connected therewith, from the 
observations of the angles to the deduction of the most probable and therefore final results, is naturally sub- 
divisible under six heads; first, the general principles in accorda~lce with which the operations have been 
conducted; second, the practical execution of the measurement of the angles ; third, the general principles 
followed in the combination and adjustment of the individual angular measures, with a view to satisfying 
all the geometrical conditions involved, as well as the primary linear elements which are fixed by the base- 
lines; fourth, the preliminary geometrical reduction of the individual triangles, polygons and net-works 
of which the chains are composed; Jffh, the Simultaneous Reduction of either of the groups of chains, 
or Sections, into which the triangulation has been divided for convenience; and sixth, the presentation of 
the most probable values of the maggitudes of the angles, of the lengths and azimuths of the sides of the 
triangles, and of the latitudes and longitudes of the stations of the triangulation, which are the fina1,results 
of the several reductions. The first and third of these branches of the subject are of general appli- 
cation, and they form the principal matter of Volume 11, which was intended to be introductory to all sub- 

- sequent volumes relating to the triangulation. The second, fourth and sixth branches have speciai re- 
ference to individual series or chains of triangles. The fifth has reference to either of the Sections or 
aggregations of chains grouped together for simultaneous reduction. I n  the present volume i t  has not been 
necessary to touch otherwise than lightly on the firat and third divisions of the subject ; but the remaining 
divisions, including the Simultaneous Reduction, are dwelt on at length, and full numerical details are given 
for five of the sixteen chains of triangles forming the Quadrilateral, the numerical details of the remaining 
eleven chains being given in Volume VIII.  

The five chains of which the details are given in the present volume are 

I. The North-East Longitudinal Series. L. The Amua Meridional Series. 
J. The Budhon Meridional Series. , M. The Karka  Meridional Seriea. 
K. The Rangir Meridimal Series. 

The eleven chains of which the details are given in Volume V I I I  are 

N. The Gurwhi  Meridional Series. 
0. The Gora Meridional Seriea. 
P. The Huriliong Meridional Series. 
Q. The Chendwk Meridional Series. 
R. m e  North Parasnith Meridional Series. 
S. The North Malhcha  Meridional Series. 

T. The Calcutta Meridional Series. 
U. The East Calcutta Longitudinal Series. 
V. The Brahmaputra Meridional Series. 
W. The Eastern Frontier Series, Section !23O to 26O, 

with its pendant, the Cachar Branch Series. 
X. The Assam Longitudinal Series. 

For their linear and geodetic elements the whole of the above chains of triangles are mainly depen- 
dent on the final elements of the Great Arc, Section 24' to 30°, and of the West Calcutta Longitudinal 
Series, as derived respectively from the North-West and South-East Quadrilaterals ; but they are also depen- 
dent on the base-line at  Sonakhoda for a linear element. 
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The present volume is divided into two parts. Part I is devoted to the Simultaneous Reduction of 

this Quadrilateral, and is followed by four Appendixes of which the two first dispose of the triangulation ex- 
cluded from the Simultaneous Reduction, the third treats of the Theoretical Errors of triangulations, and 
the fourth treats of the dispersion of residual errors met with on the completion of Simultaneous Reduc- 
tions. Part I1 is devoted to the details of the first five of the sixteen Series of triangles comprising the 
Quadrilateral. 

Chapter I gives a general account of the several chaiui of triangles, indicates the dependency of this 
Quadrilateral on the North-West and South-East Quadrilaterals for its fixed data, and describes the structure 
of the principal stations. 

Chapter 11. describes the procedure followed in the measurement of the horizoatal angles, and tbe 
methods adopted in determining the weights of the angles which were respectively measured with the 
primary and the modern theodolites; it quotes the mhthematical formulse employed in the reduction of the 
triangulation, from Volume 11, where they are demonstrated; it indicates the final adjustment of the 
trigonometrical determinations of height by connection with the main lines of spirit levels; and finally it 
indicates the general principles of the Simultaneous -Reduction of this Quadrilateral. 

Chapter I11 gives full details of the Simultaneous Reduction as follows :- 
First. A review of the general aspects and the magnitude of the undertaking, leading to the 

conclusion that the labour of reduction, which must in any case be very considerable, should be reduced as 
much as possible by intentional neglect of arithmetical nicety. 

Second. A synopsis of the independent partial reductions antecedent to the Simultaneous Reduction. 
17rird. A description of the Reduction Chart which is given at the end of the volume, and a careful 

study of which is essential to a clear understanding of tlie several processes of calculation. 
Fourth. A general out-line of the formation of the several Linear and Geodetic Equations of condi- 

tion, 49 in number, which had to be satisfied, in order to produce the requisite consistency in the triangula- 
tion per se, and between it and the fixed elements on which it depended. 

Rfth. The method of constructing the coefficients of the Unknown Quantities in the equations of 
condition, showing the general notation which was adopted for expressing the values of these coefficients, and 
specifying every exception to the general form. 

Sixth. A synoptical exhibition of the several Equations of Condition, showing at a glance the triangles 
of which the angular errors enter as unknown quantities into each of the 49 equations of condition. 

Seventh. The numerical values of the Fixed Data on which this Quadrilateral is based. 
Eighth. The values of the Sides and Angles of the Circuit Triangles, as they stood before the Simul- 

taneous Reduction. 
Ninth. The Latitudes, Longitudes and Azimuths of the Stations on the right-hand flanks of the 

Circuit Triangles, as they stood before the Simultaneous Reduction. 
Tenth. The numerical values of the Absolute Terms in the several linear and geodetic equations 

of condition. 
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Eleventh. The numerical values of the p s and #is, the geodetic summations-exhibited in the table at  
page 55-which are required in forming the coefficients of the Unknown Quantities (the Angular Errors) 

in the geodetic equations of condition. 
Zbelfth. The numerical values of the coefficients, b and t, of the Unknown Quantities in the several 

linear and geodetic equations of conditio~~. 
Thirteenth. The Weights of the Angles : the method of determining the value of the modulus which 

had to be applied in each instance, in order to couvert the 'preliminary weights of angles measured with 
different instrumelrts and under different circumstances into absolute weights, and thus to reduce them all to 
a common standard of accuracy before commencing the Simultaneous Reduction; the data for the calcula- 
tion of the several moduli, with remarks on the results ; and, finally, the values of the weights which were 
employed in the Simultaneous Reduction. 

Fourteenth. The coefficients, 33 and &, of the Indeterminate Factora, in the eqnations in which th'e 
values of the Angular Errors are expressed in terms of those factors. 

Fifteenth. The equations between the Indeterminate Factors, showing every significant coefficient 
and absolute term as i t  stood, first on the formation of the equations, and secondly after the successive 
eliminations of individual factors in the process of so l~~t ion;  finally, the numerical values of the Factora 
are given. 

Skteenth. The values of the Errors, x, y and z, of the angles of each triangle, resulting from the 
Simultaneous Reductidn and the subsequeut apportionments of residual error. 

Seventeenth. The dispersion of the Hesidual Errors which were met with after the Simultaneous 
Reduction. 

Eighteenth. General observations on the final results, and the numerical accuracy ultimately attained 

in the calculations. A table is given coutrasting the origil~al values of the linear and geodetic elements, a t  

the sides and stations of the circuit junctions, with the values determined after the Simultaneous Reduction. 
A second table gives the apportionment of error among the several chains, showiug the amounta of the 
corrections which have fallen oil the linear and geodetic elements of each chain, or each separate section of 
a chain. A third table gives the average magnitudes of the angular corrections, as indicated by the number 
of errors of every successive magnitude in a scale ascending by teuths of seconds from zero upwards. 

Nineteenth. Review of the General Reduction, with reference more particularly to the changes 
which had been introduced in previol~s methods of treatment, and to the results which had followed from 

aiming at a lower degree of arithmetical refinement. 

No. 1 gives the details of the reduction of the Budhon Meridional Series, which was effected 
separately and not ificluded i n  the Simultaueous Reduction of this Quadrilateral, for reasons which are set- 

forth at  page 63 of the present volume. 
No. 2 gives the reduction of the Non-Circuit Triangles,-viz., the triangles excluded from the 

Simnltaneous Reduction-which was needed for the final adjustments of their angles, to satisfy the geome- 
trical conditions of the polygonal figures to which they appertain. 

No. 3 is devoted to an investigation of the Theoretical Errors, generated respectively in Side, Azimuth 

Latitude and Longitude, in chains of triangles. These theoretical errors had been previously investigated, and 
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form the subject of Section 9, Chapter XV of Volume 11, and of the footnotes at pages 416 to 418 of 
that volume; but unfortunately some mistakes had occurred in the first investigation which were not detected 
until recently. This Appendix is therefore intended to supersede the original erroneous matter. 

No. 4 indicates a simple method for the dispersion of the Residual Errora which may be met with 
on the completion of the Simultaneous Reduction of several chaiiis of triangles, at sides and stationa of 
junction. 

PART IT. 
This portion of the present volume gives full details of five of the sixteen chains or series of triangles 

of which tlie Quadrilateral is composed. I n  arranging these details for publication it has been found con- 
venient to give the whole for each Series-from the observations of the principal angles to the determinarion 
of the final results, angular, linear and geodetioin groups by themselves. This has been done, First, be- 
cause the printing of that part of this volume which is alloted to these details has extended over several years, 
proceeding pari pas& with the progress of the calculatio~is and the acquisition of data for publication ; thus 
it was commenced with the Names and Descriptions of the Stations and the Details of the Observations of 
the Angles, and then continued with the results of. calculation. Secondly, because by taking up each Seriea 
by itself, much of the matter which was set up in type for this volume could be made available for the 
Synoptical Volumes-as they are called-which are prepared to supply the data needed for the requirements 
of topographical surveyom operating in the districts passed over by the triangulation. The Synoptical 
Volumes contain full details of the several Secondary and Tertiary Triangulatious which have been exe- 

cuted pari passd with the Principal Triangulation, for geographical and topographical purposes. The larger 
volumea-or the Accounts of the Operafidns, kc.,-are exclusively devoted to the details of the Principal 
Triangulation, excepting iu so far that what has been done in the way of secondary and minor triangulation 
in each Series is described in the Introduction to the Seriea. I t  was obviously desirable that all matter which 
waa required for both the Synoptical and the Principal Volumes should be set up in type and printed off, once 
for all, and therefore the arrangement of separate groupirig was adopted. Thus in Part I1 of this volume 
and throughout Volume VIII, the numbering of the pages commences afretih for each Series, following the 
order of succession, which has already been indicated at page xiii ; it is particularised for each Series by the 
addition, aa a subscript to the number of the page, of the letter-I to M in the present volume and N to X 
in Volume VIII-which has been adopted aa a symbol to indicate the Series. 

I t  is now desirable to give first, a summary, and afterwards a general explanation, of the information 
and numerical data which the preseiit volume furnishes for each chain of triangles. For the former purpose 

the fifth Series in order-the K a h a  Meridional-may be taken as typical. 

... ... ... Introduction ... ... ... ... page 1 1 1 , ~  

... Alphabetically arranged List of Stations ... ... .-. ,) l-, 

... Numerically arranged List of Stations a .. ... ... ,J 2 - ~  
Description of Stations ... ... ... ... ... ..- 31 3-M 

... Addendum to Description of Stations, containing latest details up to date ,, 11"- 
dZ 

The Observations of the Angles, with the Weights of the Concluded Results.. . ,, 11, Bf 
... Reduction of the Polygonal Figurea ... ... ,.. ,, 33- dZ 
... The Final Values of the Sides and Angles of the Triangles ... ,, 39-, 



P R E F A C E .  

9. The computed Latitudes and Longitudes of the Stations and the A~imuths 
at each Station . . . . . . . . .  ... ... .. . page 44- M 

10. The trigonometrically determined Differences of Heigl~t of the Stations and 
the Absolute Height of each Station above the Mean Sei  Level .. . ,, 48- 

M 
11. Astro.nomica1 Observations of the Azimuth, and their Reduction.. . ... ,, 56, M 
Plate. Diagrams of the several Polygonal Rgures contained in the Series. 

, 
1. The Introduction gives a historical sketch of the progress of the whole of the operations in the 

field,--both principal and secondary-from year to year, mentions the Officers by whom they were conducted, 
and the theodolites with which the principal angles were measured, and indicates the work done by each of 

the Assistants. 

2 and 3. I t  has been found convenient to indicate the Principal Stations by a system of numerals, aa 
well as by their names. Consequently at the commenceme~lt of the details of each Series two lists are given, 
in the first of which the stations are arranged alphabetically with the numbers opposite the names, in the 
secoud numerically with the names opposite the numbers. Roman numerals have been adopted throughout 
for the nomenclature of the stations which is progressive in order from south to north in meridional chains, 
and from west to east in longitudinal chains, the first number for each Series being unity. 

4 and 5. The Descriptions of Stations are based generally on those made origir~ally by the observers 
and entered on the spot into the angle books, subject to such modifications as are occatiionally required to 
take cognizance of any alterations which have been subsequently effected. . They give the names of the dis- 
trict and the sub-division in which the station was situated at the time when its description was written; but 
as the boundaries of the districts and sub-divisions are not unfrequently altered, to suit the requirements of the 
Local Administration, the latest alterations are indicated in the Addendum to the Descriptiou of Stations, 
which also gives the latest information forthcoming regarding condition, &c. For information as to the 
general form and structure of the stations, reference should be made to Section 4 of Chapter I. 

6 .  I n  the pages which are allotted to the Observations of the Angles, the name of the observer, the 
distinguishing number and the name of the maker of the theodolite, and the month and year in which the 
observations were taken, are specified at the head of the observations at each station. 

I n  the details of the measures of the angles-called the Abstracts of the Angles-it is customary to 
give the reference number of the station on which the telescope was set at the commencement of each round 
of measures, and the reading to which the azimuthal circle was set, after each 'change of zero '; thus the 
'graduations of the circle to which the readings were taken, at every measure of any angle, may be readily 
ascertained for an investigation of the law of the graduation error, such as will be fouud for Troughton and 
Simms' 18-inch Theodolite No. 1, in Appendix No. 4 of Volume 11. 

But the Abstracts of some of the older angles, measured before the year 1862, were printed before 
the practice of specifyi~lg the 'zero' or circle setting poi~its was introduced; thus this information is wantiug 

for Stations I to CXIX of the Nortli-East Longitudinal Series. The modern Abstracts of Angles give the 
value of every measure of each angle, for each circle setting, the values being arranged in vertical columns 
at  the foot of which the mean is given for the zero ; but the older Abstracts give the zero means only, and 
merely state the number of measures from which each mean was derived. 

For an explauation of the principles by which the changes of zero have been governed, reference 

should be made to Section 1 of Chapter 11. During a short time two zero points of reference for the circle 
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settings were adopted inatead of a single point, the first half of the observations of each angle being mea- 

sured from one point and the second half from the other; and as this occurred a t  Stations LXXXIV to CI 
of the North-East Longitudinal Series, and the Abstracts of the Angles do not specify the setting points, the 
information is given for those stations iu the Errata and Addenda. 

The right-hand column of the Abstract of Angles contains the following additional information ;-for 
the anglee measured prior to the year 1862, the probabilities of error and the general means; and for the 

I 
angles measured afterwards, M, the mean of the several groups of measures on each setting, w and - J the 

W 
weight, and ite reciprocal, of the angle as deduced from differences between individual measures and between 
individual groups, and C, the concluded value of the angle as derived from the observations only. For 
fuller explanations reference must be made to Section 4, Chapter VII, Volume 11, to the example at page 
342 of the same volume, and to Section 2 of Chapter I1 of the present volume. 

The modern Abstracts of Angles are followed by lists of the Sums of Squares of Apparent Errors of 
Single 0bsel.vations and Single Zeros, which furnish data for the investigation of the average e.m.8. (theoreti- 
cal error of mean square) of observation in a single measure of an angle, and the average e.m.8. of gradua- 
tion plua observation in the mean of the measures on a single zero. The determinations are made in the 
first instance for groups of angles measured by the sape  observer, with the same instrument, and under 
similar conditions, and then for various combiuatious of these groups.. With data thus obtained, from 
several series of triangles, for seven of the large theodolites which have been ct~iefly employed in the 
meaaurement of the principal angles, the investigation of the influences of Mixed Errors of Observation and 
Graduation was made which forms the subject of Section 3, Chapter VII, Volume 11. 

7. The Reductions of the several Polygonal Figures which are contained in any Series show how the 
angles of which each figure is composed were made consistent and harmonious inter se, so as to satisfy all 
geometrical conditions, with due regard to the respective weights of the angles. Full explanation of the 
priuciples and the procedure of these reductions, will be found in Chapter V I I I  of Volume 11, and the for- 
mulee are given in Section 3 of Chapter I1 of the present volume. The figures are numbered consecutively 
throughout the triangulation of the Quadrilateral, running generally through the several Series in the 
order of their alphabetical arrangemeut, but excluding the Budhon Series as i t  waa not included in the 
Simultaneous Reduction. Diagrams of the figures are given in the plates appertaining to the Series. The 
small numerals within each of the observed angles correspond to the subscripts to the general symbol, x, 
which is employed to indicate the error of any angle, the numerical subscript denoting the angle. Thus on 
referring to the diagram of Figure No. 10, and to the reduction of that figure; page 35-y, x, is the 

error of the angle 3, at  Station ' 11, between Stations I and 111. The tabular statemente of the reduc- 
tions give, first the observed angles and reciprocals of their weights; secondly the equntions by the 
solution of which the geometrical conditions of the figure are satisfied,-see equations (la),  page 28 ; thirdly 
the equations between the 'indeterminate factorsJ,-(I 9); fourthly the values of the indeterminate factors ; 
fifthly the values of the angular errors,-(20) ; and sixthly the summation of the product of the square 
of each error by its weight-(21)-the value of which summati011 is made a minimum, in order that the values 
to be obtained for the several angular errors may be the most probable of each of the many values by which 
the geometrical conditions of the figure may be satisfied. I n  the group of equations between the indeter- 
minate factors, the coefficient of the pth factor in the qth line is the same as that of the 9th factor in the 
pth line; thus if a diagonal line be drawn from the coefficient of the first term in the first line to that of the 
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last term in the last line, the coefficients which are symmetrically disposed on opposite sides of this line will 
be identical with each other. Consequently only the coefficieuts on and above the diagonal have been given ; 
the absence of those below is indicated by asterisks. 

8. Tabular statement of the Triangles. The two first colurnns of this table give the number adopted 
for each triangle to designate its place in the Quadrilateral ; this number is entered in the first column if 
the triangle appertains to the chains of single triangles forming the several circuits whose closing errors are 
eliminated by the Simultaneous Reduction ; i t  is entered in the second column for the non-circuit triangles 
exterior to the said chains. The triangles which euter the circuits are shown in the Reduction Chart (at the 
end of this volume) in firm lines, with their distinguishing numbers written in the centre; those which do not 
enter the circuits are shown in dotted liues, and their numbers are indicated by numerals of a smaller size than 

the former, commencit~g with 574, 573 being the number of the last of the circuit triangles." The columns in 
the table which contain the corrections to the observed angles give, first the correction for the error of the angle, 
wit11 reference merely to the triangle or polygonal figure to  which i t  belongs, as obtaiued from the primary 
reductions; and secondly the further correction which has to be applied either for the apportionment of 
circuit error, should the angle appertain to one of the circuits, or for the restoration of consistency in the 
polygonal figure after the application of the circuit errors, should i t  appertain to a non-circuit triangle. 
Finally, the corrected plane angles and the lengths of the sides are given, as computed by the rules of Plane 
Trigonometry, in accordance with Legendre's theorem ; see Section 4 of Chapter 11. 

9. The Table of the Latitudes and Longitudes of the Stations and the Azimuths and Lengths of the 
Sides. The priuciples on which the calculations of the Geodetic Co-ordinates and Azimuths have been made, 
and the method of computation, are fully explained in Sections 2 and 4 of Chapter IS of Volume 11, and the 
formulae are quoted in Section 6 of Chapter I1 of the present volume. All azimuths are referred to the 
south point aud are measured right round the horizon, by the west. 

10. The Determinations of the Differences of Height of the several stations have been deduced from 
the measurements of the vertical angles, as explaiued in Section 6 of Chapter 1.1. It has not been consi- 

dered necessary to give the indivitlual measures of these angles, aa has been done for the horizontal angles, 
because this portion of the operations is less exact and important. But the mean of the whole of the 

measures of each vertical angle, the calculated mean value of the amount of refraction in each angle and 
of the coefficient of refraction, the hour of observation, the heights of the signal and of the observer's 

telescope above the summits of the stations, the differences of height of the said summits and the absolute 
heights above the mean-sea level, are given. Several of the absolute determinations have been derived from 
the Spirit-leveling Operations of this Survey,-starting from the mean-sea level of the Harbour of Karhh i  
(Kurrachee)--of which full details will be found in the published Tables of Heights in Sind, the Punjab, &c., 

the North-West Provinces, and Bengal, 4c. The errors generated trigonometrically between any two obliga- 

tory stations, fixed by the spirit-leveling, have been duly dispersed, sometimes by the method of minimum 
squares, but Illore generally by simple proportion over the intermediate trigonometrical values. 

I t  may be here stated that all trigonometrically determined heights invariably refer to the upper 
surfaces of the central masonry pillars at the principal stations. Spirit-leveled values sometimes refer to the 

* The triangle8 of the Budhon Beries have a separate numbering of their own-I to 44 for circuit, and 4s to 57  for non-circuit 
triangle-as they were exoluded from the Simultsneoue Beduotion. See Chart fwing psge 1 of the Appendixes. 
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upper d a c e  and aometimes to the basement of the pillar, whichever the leveling-staff was set upon; a 
description of the exact point referred to is given in each instance. 

11. Finally come the details and reductions of the Astronomical Observations which have been taken, 

at certain statiom in each Series, for the determination of the Azimuth of one of the surrounding stations, 

, or of a referring mark the angle between which and a contiguotu station haa been measured. The obaerva- 
tiona and the method of reducing them are fully described in Chapter XI1 of Volume 11. For reasom 
which are explained in the firat section of that chapter, the reaulta have not been used in the general reduction 
of the Quadrilateral, further than to give a more exact mean value of the fundamental astronomical azimuth 
(at Kalihpur) than the one obtained by the ohaervations on the spot. At the end of the details of the 
determination of each azimuth, the difference between the observed value and the value obtained by calcula- 
tion through the triangulation from the fundamental azimuth is given. These differences may be of much 
value in future investigations of tlie figure of the earth and of the influence of local attraction. 

Full detaila regarding the Uuit of the Linear Messurea, the Base-lines, the Initial Elements of Lati- 
tude, Longitude and Azimuth, and the Elements of the Figure of the Earth which have been adopted in the 
calculations, will be met with in Volumes I and 11. In this place it is only necessary to state that,- 

(1). The Unit of Length is the Indian Standard 10-feet Bar A, the relations between which and the 
principal European Standards of Length are given at page 28 of Volume I. 

(2). The adopted Elements of the Figure of the Earth-assumed to be spheroidal--are given at page 
81 of this volume. 

(3). The Longitudes depend on an astronomically determined value of the Longitude of the Madras 
Obsematory, East of the Royal Observatory at  Greenwich, which was deduced about the gear 1815. The 
Longitude of the Madraa Observatory haa however been recently re-determined, by the Electro-Telegraphic 
method, by observations which were made at Greenwich, Mokattam (in Egypt), Suez, Aden, Bombay and 
certain stations of the triangulation in India, and with the following preliminary result8 ; 

h m  a 
Longitude of Mokattam . . . z 5 6-320 ~ a a t  of Greenwich Supplied by Sir G. Airy, from observations taken 
Increase for Suez ... o 5 6.917 JJ in corlnection wit11 Transit of Venus in 1874. 

,, Aden ... o 49 42.654 1)  By the operations of this Survey; see the ,, Bombay ... I j 1  19.983 JJ 
Annual Report for 1876-77. ,, Madras . . . o 29 43 -540 3 )  

Longitude of Madrss .. . 5  20 59.416 J ,  

This value of the Longitude of Madras is equivalent to 80° 14' 51"; and aa the originally adopted 
value, on which the longitude8 of the whole of the stations of this Survey are based, is 80° 17' 2l'/-see 
page 135 of Volume II-the following precept may be accepted with considerable confidence;- 

All the Longitudes require a constant correction, probably of - 2' SO". 



P R E F A C E .  

As regards the Orthography of Indinn namea, it haa not been possible to adopt a uniform system 
throughout the present volume. Many years ago Colonel Fverest endeavoured to bring into general use in 
the Survey Department, Sir William Jones's method which is at once elegant and phonical, and ia highly 
approved of by scientific men. But that method gives to all vowels their Italian sounds; and aa the differ- 
encee between the English and the Italian sounds are, in almost every instance, very considerable, and i t  ia 
eaaier to lay down rules than to find followers for them, the surveyors gradually got into the way of using ee 
for the Italian i and oo for the Italian u, and of spelling generally in the manner that is natural to moat 
Englishmen. I n  1865, when the preparation of the final resulta waa commenced, the spellings were corrected 
in accordance with Sir William Jones's system, excepting in the case of well-known names-such as Meerut, 
Calcutta, Cawnpore-which i t  would have been pedantic to alter, as they had become settled and familiar by 
long use. But in 1871 the Government of India made arrangements for the introduction of a uniform 
system of spelling throughout India, and circulated a Chide to the Orthography of I d a n  proper names, 
wilh a list showing the true spelling of Post-tmm in India ", which waa prepared by Dr. W. W. Hunter, L.L.D., 
Director General of Statistics to the Government of India; the guide waa sent to the Survey Department 
with instructions that the directions it contained should be immediately complied with. Dr. Hunter's rules 
for spelling unfamiliar names, not given in his list of post-towns, are very eill~ilar to the rules which had 
been adopted in this Department, the chief difference being that the long a, i and zc are required to be 
frequently unaccented, whereas by our rules they were invariably accented. I n  his list of post-towns however 
Dr. Hunter has ~ i o t  followed a uniform system of spelling, but has effected a compromise which-in his own 
words-" by aacrifici~ig something in scientific precision, obtairia a spelling more accurate than at present 
and yet recognisable as the same name." Thus the hill station at which the Head Quarters of the Trigo- 

. nometrical Survey are located, during the summer months, is spelt ordinarily Muasoorie and scientifically 
Masiri, but accordi~ig to Dr. Hiinter i t  should be epelt Maaauri. I n  September 1873 the Government of 
India issued amended rules for the spelling of all namea not well known, which are practically identical with 
those originally followed in this Department. At the same time i t  was ordered that the orthography of the 
well-known names should be retained, and that a list of all note-worthy names should be prepared, in each 
Province, shomil~g the orthography to be uniformly followed in future official correspondence and publications. 
When all these lists are published, uniformity of spelling wi l l  become possible; to what extent uniformity of 
system wi l l  be secured will depend on the latitude taken by the compilers of the lists in defining the number 
of names which are to be considered as well-known. This is a point on which there are considerable differ- 
ences of opinion, some of the lists already published being much more conservative than others of the old 
fashioned Anglicised spellings. 

Certaiu portions of the present volumes having been printed before, and others after, the issue of the 
several orders above quoted, tlie attempts to introduce a uniform system of orthography have occasionally led 
to considerable diversities of spelling, and in not a few instances to the adoption of one spelling, then of 
another and finally a return to the first; aa in Dlin, Doon, arid finally, Dh,-or Cutch, Katch, KachJh, 
and finally Cutch ; or to successive divergencies from the firat spelling, as Masiri, Maaauri, Mussoorie and 
finally Muasooree. I t  is however believed that, notwithstanding such departures from a standard spelling, 
all the names will be readily recognizable. As a gejieral rule the pronunciations of the vowels are as follow; 
a has a variable sound as in woman, rural, paltry; d as in tartan; i as in bit; f as in ravine; u aa iu bull; 

li as in rural ; o trs in note ; e as a in say ; au as ou in cloud ; ai  as i in ride. 
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I t  now only remains for me to express my acknowledgments to all who have mainly contributed to- 
wards the preparation of the present volume. 

The primary reductious of the individual chains of triangles, and the general arrangement of Part 11, 
for publication, were mostly effected under the supervision of Mr. J. B. N. Heunessey, M. A, ,  F. R. s., (Deputy 
Superintendent 1st Grade) who succeeded to the charge of the Computing Office of the Trigonometrical Sur- 
vey about the same time that I succeeded to the Superintendence of the Survey, in 1861, and with whom I 
have thus been intimately associated in all matters relating to the general reduction of the triangulation and 
other collateral operations, from the comme~icement of my administration of the Survey up to the present 
time. I have every reason to be much indebted to him for constant loyal co-operation and hearty assistance. 

The important and intricate calculations which were required for the Simultaneous Rcductioli of the 
Triangulation as a whole, were executed under the supervision of Major J. Herschel, s. E., F. R. s., (Deputy 
Superintendent 2nd Grade) during the absence of Mr. Henuessey, Nr .  Cole and myself in England. I had 
specially autl~orised Major Herschel to introduce into these calculations such modifications of the methods of 
procedure which had beedpreviously followed-in the Simultaneous Reductions of tlie North-West aud the 
South-East Quadrilaterals-as might be desirable for the purpose of reducing labour, and might be effected with- 
out materially impairing the accuracy of the final results. Circumstances unfortunately prevented him from 
remaiuing in India to draw up an account of his treatment of this important Section of the Principal Tri- 
angulation, for incorporation into the present volume ; thus the preparation of the description of Major 
Herschel's methods has mainly devolved on myself. I had already given some description of them in 
Chapter XVIlI of Volume 11; and I have now entered more fully into the subject in Chapter 111 
of the present volume, in which I discuss all the essential differences between the methods of procedure in 
the three successive reductions. I am indebted to Major Herschel for his searching examinations of 
previous methods, and for the pains lie has uniformly taken to discover whatever alterations might be intro- 
duced with the object of improving the general procedure and facilitating tlie execution of the very complex 
and excessive1 y laborious calculations. 

The two first chapters of the present volume and the four appendixes are maiuly due to Mr. W. H. 
Cole, M . A . ,  (Assistant Superintelldent 1st Grade) to whom I am also much indebted for very valuable help 
and hearty co-operation on all occasions, during the period of sixteen years which have elapsed since he 
joined the Survey. 

The members of the Computing Office who have taken a leading share in the calculations generally, 
are Mr. C. Wood-who has also prepared the narrative Introductions for three out of the five Series included 
in Part 11-Babu Gunga Pershad, and Babu Cally Mohun Ghose. The Simultaneous Reduction was princi- 
pally effected, with the aid of Babus Madu Narain and Shiv Nath Saha, by Babu CaUy Mohun Ghose, to whom 
also is due the credit of introduciug sundry checks on the accuracy of the solution of the formidable equa- 
tions between the Indeterminate Factors, and of suggesting the employment of tabular logarithmic differ- 
ences in place of differentials. The entire printing of this volume has been performed a8 usual in  the 
printing branch of the Trigo~lometrical Survey Office at Dehra. Mr. Peychers and Babu Gunga Pershad 
have rendered good service in the examination of the press proofs generally, and more particularly a8 regards 
the large amount of numerical matter, requiring very careful supervision and correction, which is contained 
in this volume. 

J. T. WALKER, LIEUT.-GENERAL, R.E., 

Surveyor General of India, and 

Superintendent of the Trigonometrical Survey. 



E R R A T A  E T  ADDENDA. 

PART I. 

PAW 
27 line 2 from bottom, of footnote for a ,  a'- as Xa&c. read q x, -- a, x, &c. 

39 ,, 11 from top, col. 5 after from insert 3 of 

54 ,, 4 ,, for "[PI read I + ' [p ]  
1 1 

57 in expression (63) 

74 line 15 from top 

87 in equation (47) 

1, J, (48) 

144 line 1 of table, col. 13 

168 ,, 2, col. 4 

I, Y = b + + P r B  I ,I fo ry ,b++PrB 

,, Z = L # - P Y  ,I ,, = , b + - P Y  

,, to first ten circuits 

I 
,, to the first ten circuita . 

,, + 1'0003 1, +0'9997 

,, Equalizing Factor = 1 ,, Equalizing Factor = -03 

193 line 1 of table, cols. 9 and 10 ,I '536 and '913 ,, f '536 and k .913 

9, 8 ,  2 ,, col. 11 ,, 1.045 9, +1'045 

u c  - 198 to 203, cols. 7 and 14 in heading of tables ,, 

261 in heading of Section 18 after Simultaneous add and Subsequent 

PART 11. 

17, line 2 from bottom, in some copies for 85' 82' I. read 85' 38' 

18, ,, 1 from top 
1. JJ ,, 85' 32' ,, 85' 38' 

3 L L  col. 1 of 1st angle ,, VI 82 IX ,, VII & IX 

,, 9th zero-setting at station X, in some ,, 21' 4.8' 
copier 



xxiv ERRATA ET ADDENDA-( Contilmed). 

PAGE 
93, to 106, In the observations at stations LXXXIV to CI two zero points of reference for the 

I. I. -. -. 

circle settings were adopted instead of a single point as usual, half the observations 
being taken from one point, and half from the other. The reapective zero-stations 
are shown in the following table :- 

164- laat line, col. 15 for o 
I. read 38.5 

5, line 25 from top J. ,, surmounted by ,, about 20 feet to the east of 

Station 
of Observation 

LXXXIV 
LXXXV 
LXXXVI 
LXXXVII 
LXXXVIII 
LXXXIX 
xc: 
XCI 
XCII 

32-Ja col. 1 of last angle ,, XLIII & LXVI JI XLIII & XLVI 

Station 
of Obmrvation 

XCIII 
XCIV 
xcv 
XCVI 
XCVII 
XCVIII 
XCIX 
C 
CI 

64- J. line 7 from top after Mean Right Ascensio~~ add 1842.0 

!~BRO-BTATIO~ 

,, Mean North Polar Dis- ,, 1842.0 
tance 

for (179-1) reud (1774) 

ZBao-e~~rron , 

For le t  Set 
of Obeervations 

LXXXV 
LXXXVII 
LXXXIV 
LXXXVIII 
LXXXIX 
LXXXVIII 
LXXXIX 
XC 
XCI 

JJ JJ J) JJ ,, Naju ,, Hhfiz Rahmat 

For 1st Bet 
of Observations 
-- 
XCII 
X CIII 
XCIV 
xcv 
XCVI 
XCVII 
XCVIII 
XCIX 
C 

For 2nd Set 
of Obeervations 

LXXXVI 
LXXXVI 
LXXXV 
LXXXVI 
LXXXVII 
XC 
XCI 
XCII 
XCIII 

37, L. jJ 
8 ,, C O ~ .  14 JJ 47'61 ,, 471'61 

For 2nd Set 
of Observations 

XCIV 
xcv 
XCVI 
XCVII 
XCVIII 
XCIX 
C 
CI 
XCIX 

VII- 
M. jJ 

8 from bottom, of footnote ,, Chapter I1 ,, Chapter IV 

The observations at the two initial and the following thirteen stations of the Karfira 
Series, consisted simply of a single observation at each zero-settiug, the instrument 
employed being Troughton and SimmsJ 18-inch Theodolite No. 1, which has an 
azimuthal circle with peculiar periodic errors of graduation, investigated in Ap- 
pendix No. 4 to Volume 11. Each of the means given in the abstracts of the angles 
observed at these stations, happens to be the mean of a pair of observations < face 
right' and <face left ', with zero-settings exactly 180' apart, the observer having 
in these instances departed from the customary system of recording his obser- 
vations ; see page V I I , ~ .  The zero-settings given in the abstracts of these angles 
must therefore be understood to imply pairs of settings, the second of which dif- 
fered by 180' from the one given. 



PAGE 
17, laat col. second angle M. 

ERRATA ET ADDENDA-(Coathwd), 

18- at station XI1 
M. 

21, at stations XVIII and XIX iK. 

22-x at station XIX 

e 8 - ~ .  line 15 from top 

fop 79' 361 4 4 W a 4 ~  read '/go 361 44"*42 

after Doughton and Simms add and with an 18-inch by 
Cary. 

for a 15-inch Theodolite by read an 18-inch Theodolite by 
Hart% Cary. 

,, a 15-inch Theodolite by ,, an 1Sinch Theodolite by 
Harris Cary. 

,, Stn. XVI fram Stn. XV ,, Stn. XVII from Stn. XVI 

J. 6. N. HENNESSOY, 

I n  charge of Computing Oflce. 



xxvi 

VOCABULARY OF CERTAIN NA'PIVE WORD8 MADE USE OF I N  THIS VOLUME. 

OBTROBBAP~ 
mU)IPD. 

BBrBdari ... 
BarkanGz ... 
Chabhtara ... 
Choki . . . .  
Doiib ... 
DufEaUr ... 
G=gej ... 
Guru ... 
H avildk ... 

... Jagir 
Kacha ... 
Kddar 
K W a r  ] - 

C O B B B ~  
O~r~oenr~ar. 

... BBr4dari 

... Barkan* 
Chab6tara ... 

... Chauki 

... Du4b ... Daf* 

... Qargaj 

... Gun5 

... Hawsldiir 

,.. ... Khddar ... ... 

A eummer-house. 
A watchman. 
A platform. 
A pblice-station. 
Land between two rivere. 
A native o5cer whoae rank correeponda to that of a 

sergeant. 
A tower. 
A epiritual guide. 
A native o5cer whom rank mmponda  to that of a 

eergeant. 
Land given by Government ae a reward for eervicea. 
Built of clay only; or of etone or unburnt brick, and 

clay. 

Low alluvial lande. 

KalBn ... ... Klllss ... ... Great. 
KhBs ... ... K h h  ... ... Proper. 
Hhurd ... ... Khurd ... ... Small. 
Mbza ... ... Mauea ... ... A village. 
Maathl ~ ... ... Maatdl ... ... A maet. 
Mi& 
M i d r a ]  "' 

Nadi ... 
K6ib ... 
Nala ... 
Paka ... 
Pargana ... 
Pathsrn ... 
Patti ... 
Peshkk . , . 
Raja 

... 
80r4i ... 

... 
TBluka ... 
l1ebsil& ... 
T h h a  ... 
Zemindar ... 

M i d r  ... ... 
... Nadi ... 
... N4ib ... 
... N4l4 ... 
... Pakk6 ... 
... Pargana ... 
... PatMn ... 
... Patti ... 
... Peshkh .,. 

... A eteeple. 

... A river. 

... A deputy. 
A ravine, a rivulet. ... 

... Built of etone, or brick, and mortar. 

... A sub-divieion of a district. 

... Name of a Muhammadan race. 

... A sub-division ; portion. 

... An aesiatant revenue-collector. 

... U j 4  ... ... A king or ruler. 

... Sorhi ... ... A spire. 

... Taheil ... ... Portion of a district subject to a revenue-collector. 

... Taiilluk ... .,. A eub-division of a district. 
... Taheildk ... A revenue-collector. ... 
... ... T h h i  .., A police sub-divieion. , 

... !ihmin& ... ... A revenue-farmer, or holder of land immediately from 
Government. 

J. B. N. HENNESSEY, 

I n  charge oJ Cbnywting Oflee. 
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THE TRIANGULATION F",IMRRACED 

BY 

THE NORTH-EAST QUADRILATERAL 
WITH TEE DETAILS OF ITS 

SINULTANEOUS REDUCTION. 







INTRODUCTORY. 

The Calcutta Meridional, hereafter symbolised by ']r 
The East Calcutta Longitudinal, ss u 
The Brahmaputra Meridional, 3 ,  v 
The Eastern Frontier, Section 23' to 26O, ,, 'VII 
The Assam Longitudinal, ss x 

The triangulations contained in the above Series had to be brought into harmony with 
each other, with the Section of the Great Arc which lies between the parallels of 24" and 30°, and 
with the West Calcutta L o n g i t u U  Series, the two laat chains of triangles having already been 
fixed by the Simultaneous Reduotions of the North-West and the South-East Quadrilaterals. 

It is necessary to repeat in this place, what has already been set forth in Volume 11, 
that the whole of ,the triangulation of the North-East Quadrilateral had been completed, up 
to the primarily assigned limits, before the final reductions of the contiguous Quadrilaterals 
were taken in hand, whereas three internal meridional chains were wanting in those Quadri- 
laterals. But the general character of the triangulation of the incomplete sections was so 
much superior to that of the one which was already completed, that there was no alternative 
but to commence the f ind  reductions with those sections, in order. that the earlier but less 
reliable and least accurate triangulations might be made to rest on the modern and more 
11ighly finished and exact triangulations. 'Che propriety of the arrangement of the order of 
final reduotion has been shewn by the small magnitudes of the final corrections for the angles 
of t l ~ e  North-West and South-East Quadrilaterals as cornpazed with those for the North-East 
Quadrilateral ; vide pages 386, 416 and 426 of Volume 11. 

The Obeemere m d  Imtmments employed m the Severat Se&e of Tt.icMcgtea 
contairred ira the North-Bat Quadrilateral. 

The series are here arranged in the chronological order of their commencement. The 
lengths recorded are of the chains as they now stand. When first executed some of the 
meridional series were considered to include triangles which now appertain to the West 
Calcutta and North-East Longitudinal Series. 

The Budhos Meridional Series. 

This series was commenced in 1833 from the side Budhon-Tinsma of the old Calcutta 
Longitudinal Series, by Lieutenant R. Macdonald of the 69th Ben gal Native Infantry, with 
Ham% and Barrow's lbinoh theodolite* and by the end of field season 1833-34 it had been 
carried by him to the side Rhepur-Majhhr. The next season was entirely occupied in select- 
ing stations in advance. I n  September 1836 Lieutenant E. L. Omrnanney of the Bengal En- 
gineers received charge of the operations ; but no h a 1  observations were made by him till 1836- 
37 wlien, using the same instrument, he carried them as far as the stations Gtirrni and Bhind. 

For dewziptiom of the inrtrumenb nemed in thb Sec%ion ree Appendix No. 2 of Volume 11. 



THE OBSERVERS APJD THE INSTRUMENTS. 5 

On liis resigning his appointment in 1837 the charge of the series devolved on Mr. Joseph 
Olliver, whose services being shortly after required on another triangulation, operations on the 
Budhon Series were suspended. They were resumed again at the end of 1839 under the general 
control of Lieutenant T. Renny ; but final observations were not recommenced till the next 
field season, when Lieutenant Renny's services being required elsewhere, they were made by Mr. 
0. Murphy, who had been furnished with Troughton and Simms' 18-inch tlleodolite No. 2. He 
advanced the series this season as far as the side SankrBo-Sarsotha, except that the last named 
station was not observed at. During the next field season no final work was,executed. I n  No- 
vember 1842, as it was evident that the amount of work remaining to be completed mas more 
than could be accomplished by the end of the season, the Surveyor General resolved to divide 
the unfinished portion into three parts to be executed simultaneously, tlle most northern by 
Mr. George Logan, who was provided with Cary's 15-inch, the soutllern portion by Lieutenant 
Renny assisted by Mr. Murphy with Trougliton and Simms' 18-inch No. 2, and the intermediate 
portion by Mr. W. N. James with an instrument which cannot at  present be identified. The 
series consists of 25 single triangles, 6 polygons and 1 quadlihteral, and has a direct length of 
386 miles. 

The Rangir Xtleridional Series. 

The final observations on this series were commenced by Lieutenant A. S. Waugh of 
the Bengal Engineers in June 1834 from the side TinsrnBl-KusmBr of the old Calcutta, Lon- 
gitudinal Series, with Cary's 18-inch theodolite L; and they were carried by him in that and 
the following month as far as the side N&gon&th-PhBra. Here the hills, in which the series 
liad previously lain, terminated, and a new organization of the party became necessary to 
adapt it for working in the plains. Tliis having been effected, and tlie party placed under 
Mr. J. W. Armstrong, he was enabled to recommence final obser~at~ions in December 1836, 
employing the same instrument. Operations were brought to a sudden termination on the 10th 
April by a fire accidentally breaking out at  night in tlie tower of Birona, which destroyed t l ~ e  
scaffolding and rendered the 18-inch quite unserviceable. The next season Mr. Armstrong 
was furnished with Cary's 18-inch M 0 ; and, leaving some long rays to be observed later in 
the season when greater refraction might be expected, he carried tlie series northward. 
Returning in April to connect the work, he was prevented from accomplishing his object by 
unfavourable weather. Observations were continued in 1838-39, but none were taken during 
the following season ; and it was not till 1840-41 that the hiatus which liad been left in the 
chain was filled up and the series brought to a conclusion. Some of the angles, where the 
break had occurred, were observed with Harris and Barrow's 15-inch theodolite. Several 
years afterwards, 18641, when Mr. G. Shelverton was revising a portion of the Calcutta Longi- 
tudinal Series, prior to originating the Jabalpur Meridional Series, he found that Kangfr 
Station had been destroyed : lie tlierefore established a new station and measured the angles 
of the triangle Tinsmhl-Rrtngir-Kusmslr. The instrument 110 employed was Troughton and 
Simms' 36-inch theodolite. The series is now regarded as originating at the side T i n s d -  
Rangir, and consists of a chain of 31 single triangles and 1 trigon, and has a direct distance 
of 318 miles. 
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The Amua Meridional Series. 

This series was commenced in 1834 from the side Amiia-Lakanpura of tlie old Cal- 
cutta Longitudinal Series by Lieutenant Renny assisted by Mr. C. Murphy. The observa- 
tions during the first season were all made by Lieutenant Renny with Troughton and Simms' 
18-inch tlieodolite No. 1. By June of that year the plain country was reached and new 
arrangements had to be made for continuing the series. These occupied the party until June 
1837, scarcely any principal observations having been made during that interval. Towards 
the end of 1837 Lieutenant Renny's services were required at the measurement of the Sironj 
Base-line, and the charge of the series devolved on Mr. C. Murphy, who brought it to a con- 
clusion in -November 1838, all the observations, except a very few by Lieutenant Renny, 
having been made by himself. The instrument employed was the same throughout. The 
series consists of 34 single triangles, and has a direct length of 282 miles. 

The Karara Meridional Series. 

Operations were first commenced on this series by Lieutenant W. Jones of the Bengal 
Engineers in February 1838 from the side KarAra-Marwds of the old Calcutta Longitudinal 
Series; but after the selection of a few stations, tlie commencement of the rains and sickness 
put a stop to work. Attempts were made in the two following seasons by the same officer to 
extend operations; but on each occasion the party, shortly after entering the field, was pros- 
trated by jungle fever, and finally Lieutenant Jones had to proceed on leave on medical 
certificate, after which the party was broken up. 

I n  June 1841 Captain R. Shortrede was nominated to tlie charge of the series, and was 
provided with Troughton and S i m '  18-inch theodolite No. 1. He did not reach his ground 
till February 1842, when the season was far advanced ; but he completed observations a t  
10 stations before the party was driven from the field by sickness. During the next two seasons 
but slow progress was made. In 1844-45 Captain Shortrede, having found his instrument work 
very unsatisfactorily, had it replaced by Cary's 18-inch M 0. During the same season Captain 
J. S. DuVernet commenced operations from the north, and with Saiyad IkIir Mohsin's 18-inch 
theodolite brought the triangulation down to the side Sora-Janai, up to which side i t  was advanc- 
ed from the soutll partly by Captain Shortrede with the instrument above mentioned and part1 y 
by Mr. J. W. Armstrong with Harris and Barrow's 16-inch theodolite. The southern section 
of the series consists of polygonal figures, which were originally of a very complicated form as 
designed by Captain Shortrede, but were subsequently modified by Colonel Waugh: the 
northern section which lies in the plains is formed of single triangles. The meridioml length 
of the series is 246 miles. 

The Chendwar Meridional Series. 

Operations on this series were commenced by Mr. George Logan from the side Kasistu- 
Chendwk of the old Calcutta Longitudinal Series, during the field season of 1843-44, with 
Troughton and Simma' 18-inch theodolite No 2. This instrument was, after the field season of 
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1844-45, transferred to Captain Thorold Hill for employment on the South MalGncha Series, 
and its place was supplied by Barrow's 36-inch theodolite, with which Mr. Logan completed tho 
series in the early part of 1846. During tlle revision of tlie Calcutta Longitudinal Series by 
Mr. Keelan the Cl~endwiir Station was found to have been destroyed and a new one was estab- 
lished by him in 1869, when he re-observed the angles of the triangles Chcndwir-Kasiiitu- 
Sindraili and Chondwhr-Sindraili-Paraia, using Colonel Waugh's 24-inch theodolite No 1. 
Tlle series comprises 2 polygons, a quadrilateral and 17 single triangles, and its direct length 
is about 1'79 miles. 

The North Maluncha Meridional Series. 

This series is based on the side Durgapur-MalGncha of the old Calcutta Longitudinal 
Series. Operations were commenced by Mr. R. Clarkson in February 1844 wit11 Cary's 15-inch 
theodolite. This instrument was replaced for a time by Trougl~ton and Simms' 18-inch theo- 
dolite No. 2. During season 1844-45 Mr. Clarkson continued in charge of the party; but 
the next season'he was transferred to the East Coast Series and Lieutenant R. Walker of the 
Bengal Engineers mas placed in charge of the Malhcha Series and brought i t  to a conclusion 
during tliat season. He employed Cary's 15-inch. The series comprises 3 poljgons and 6 
single triangles, and extends over a dista.nce of 151 miles. 

The Gurwani Meridional Series. 

The triangulation of the Gurwiini Meridional Series, which extends from the side 
Chapri-Pokra of the old Calcutta Longitudinal Series northwards along tlie meridian of Gur- 
w6ni Station of the last named series, was commenced by Captain DuVernet on the 21st De- 
cember 1845 with Saiyad Mir Mollsin's 18-inch theodolite. I n  the second field season this ins- 
trument was set aside as of inferior quality and Colonel Waugh's 24-inch tl~eodolite No. 1 waa 
substituted in its place, with which Captain DuVernet completed the series in March 1847. 
The series consists of a chain of 32 single triangles, and is 213 miles in length. 

The Gora Meridional Series. 

The Gora Meridional Series is based on the side Gora-Sewhdhiof the old Calcutta Lon- 
gitudinal Series, and follows the meridian of the first named station. It was originally com- 
menced by Mr. W. N. James; but he died before he had been able to effect any sensible 
atnount of work, and Lieutenant Peter Ga,rforth of the Bengal Engineers was put in cllargo 
of the party. No progress was made with the series during the f i s t  season, 1844-45, that 
Lieutenant Garforth was in charge, but the whole triangulation was executed by that officer 
between December 1845 and April 1847, including tlle revision of the few angles measured 
by Mr. James: the instrument he employed mas Harris and Barrow's 15-inch theodolite. 
Ths series consists of a compound figure and 23 single triangles, and has a clil-ect length of 
208 miles. 
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The Calcutta Meridional Series. 

This series originally emanated from the Calcutta Base-line ; but on the completion of 
the revision of the Calcutta Longitudinal Series the 4 triangles between the Base-line and 
the side Stitten-Chinsurah were included in the Base-line Figure, and the series now originates 
from the last named side. I t  was commenced by Mr. J. Peyton in May 1845 with Trough- 
ton and Simmcl' 18-inch theodolite No. 1 ; and with the exception of a few angles observed by 
Mr. J. Nicolson in April and May 1847, the whole series was completed by the former officer 
by May 1848. Tlie series comprises 46 single triangles, and extends over a direct distance of 
226 miles. 

The North-East Longitudinal Series. 

This chain of triangles lies partly on the Sub-Himalayan ranges, but mostly in the 
deadly forest tracts which form tlie southern boundary of the Himalayan mountains; it 
originates from the sides Mehesari-Cl~Andipahtir and ChBndipah&r-GhandiBl of the Great 
Arc Series, Section 24" to 30°, and terminates at  the side Niw4ni-Kancht%btiri of the Sonb- 
khoda Base-line Figure. The object with which it was first commenced was to connect the 
northern limits of all the meridional chains emanating from the West Calcutta Longitudinal 
Series. Accordingly the Great Arc and Budhon, the Budhon and Rangir, the Rangir and 
Amtia and the Amlia and Kartira Series were successively connected on their completion, dur- 
ing the years 184144. But the instruments employed-an 18-inch theodolite by Saiyad Mir 
Mohsin and a 15-inch by Harris-were very inferior to the instruments which were afterwards 
available ; therefore this portion of the triangulation was revised subsequent1 y as opportunity 
offered. 

The history of the execution of the series as it at present stands is as follows :-In 
1845-46, on the completion of the Chendwtir Series, Mr. George Logan commenced a chain 
of triangles trending westwards from the northern terminus of that series, along the 
course of the British Frontier; he employed Barrow's 36-inch theodolite. By the end of 
aeason 1848-49 he had brought it to the side Tilakpur-Newtida, between the Karha and the 
Qurdni Series ; and the next season, being provided with Troughton and Simms' 24-inch 
No. 2, he extended his operations to the side Kalihpur-Donau, at the head of the Rangir 
Series. While Mr. Logan was engaged in carrying on this triangulation, Lieutenant Reginald 
Walker was completing the North Mal6ncha Meridional Series with Cary's 16-inch theodolite ; 
and in the course of his operations he triangulated the double polygon at  the north end of 
that series. The next season, 1846-47, having been provided with Troughton and Simms' 
36-inch theodolite, he commenced work at  the side Menai-GhiSa and triangulated eastward 
as far as the Station Bandarjfila. Here he was attacked by jungle fever ; and he died on 
his way to the Sanatarium of Darjeeling, where he hoped to have obtained medical aid. The 
next season Mr. Charles Lane resumed the triangulation with the same instrument, and 
extended it eastwards to include the Sodkhoda Base-line Figure, thereby completing this 
portion of the series. I n  1848-49 Mr. Peyton with Barrow's 24-inch No. 1 executed the section 
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of the triangulation between the northern extremity of the Chendwk Meridiond Series and 
the double polygon at  the north of the Malhcha Series. Finally in season 1850-51 Captain 
Renny Tailyour with Colonel Waugh's 24-inch No. 2 and Mr. Peyton with the sister instru- 
ment, No. 1, revised and added to the triangulation hetween the Great Arc and the side 
Kalihpur-Donau, where Mr. Logan had closed work. 

A few years later, 1855, there being some question as to the stability of one or more 
of the pillars of the SonBkhoda Base-line polygon, Mr. J. 0. Nicolson revised this figure with 
Barrow's 24-inch No. 1 : the discrepancies in the values of the angles were however not suffi- 
cient to shew that any deflection had occurred, and both sets of measures have been retained. 

The Hurilaong Heridional Series. 

. The Hurilhong MeridionaJ. Series originally emanated from the side Sewkdhi-Hurll&ong 
of the old Calcutta Longitudinal fJeries, the station of Khaira Phndu, which was a secondary 
station of the latter series, being adopted as a principal station of the former. Afterwards, 
during the revision of the Calcutta Longitudinal Series, Khaira Ptindu was one of the stations 
selected to form a polygon round Sewddhi and thus ceased to be reckoned as belonging to the 
Huriltiong Series. The series was commenced by Mr. J. W. Armstrong in season 1848-49 with 
Troughton and Simms' 18-inch theodolite No. 1. This instrument was, during the following 
recess, transferred to Lieutenant H. Rivers for employment on the Gurhhgarh Meridional 
Series, and its place was supplied by the sister instrument No. 2. This instrument was used by 
Mr. Armstrong during season 1849-50; after which itwas changed for Barrow's 24-inch 
theodolite No. 2, with which Mr. Armstrong brought the series to a conclusion in June 1852. 
This triangulation comprises 1 compound figure, 1 simple polygon and 20 single triangles, and 
has a direct length of about 207 miles. 

The North Parasnath Meridional Series. 

This series originally emanated from the side Chendwhr-Pfirasnhth of the old Calcutta 
Longitudinal Series ; but, during the revision of the latter series, the stations of B4mani and 
Ghoranji were adopted to aid in forming a double polygon round the first named stations; 
thus the Phrasndth Serics now emanates from them. It was executed by Mr. J. 0. Nicolson 
in two seasons, having been commenced in December 1850 and brought to a close in June 
1852. The instrument employed was Barrow's 24-inch theodolite No 1. The series com- 
prises 20 single triangles, and has a direct distance of 130 miles. 

The Assam Longitudinal Series. 

This series which is double throughout is an extension to the eastward of the North 
East Longitudinal Series. It was commenced in 1853-54 by Mr. J. 0. Nicolson with Colonel 
Waugh's 24-inch theodolite No 2. Towards the end of 1854 this instrument was replaced 
by Barrow's 24-inch No. 1 which had just undergone extensive alterations, and the remainder 
of the series was executed with the latter instrument partly by M i .  Nicolson, partly by 
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Mr. Lane and partly by Mr. Rossenrode : it was completed early in 1860. When, 1866, 
Mr. Nicolson revised the Sodkhoda Base-line figure, he also revised some of the angles a t  
the commencement of this series. The direct length of the series is 197 miles. 

The Eastern Frontier Series-Section 23" to 26". 

This series, which consists wholly of polygons and quadrilaterals, was commenced in . 
the year 1869-60 near the western extremity of the Assam Valley by Mr. W. C. Rossenrode, 
with Barrow's 24-inch theodolite No 1. It was continued by Mr. Lane and Mr. Rossenrode, and 
completed to the parallel of 23" together with the Cachar Branch-a Longitudinal Series 
which follows the parallel of 25"-by May 1864. The length of the series which is some- 
what tortuous is about 220 miles and that of the Cachar Branch about 47 miles. 

The Eaat Calcutta Longitudinal Series. 

The East Calcutta Longitudinal Series emanates from the ~ i d e  Chinsurah-Boga of the 
Calcutta Meridional Series. It was executed entirely by Lieutenant H. R. Thuillier, R. E., 
during the years 1863 to 1867, with Troughton and Simms' 24-inch theodolite No. 2. It was 
originally intended that the series should be formed of triangles arranged in polygonal figures, 
in order to afford mutual verification; but circumstances made it necessary to abandon this 
intention and to carry out the series as a chain of single triangles. Many plantations of 
cocoa-nut, betel-nut and other valuable trees, and an extensive amount of forest and jungle 
were met with, while the ground was a level plain, devoid of hills, undulations or even 
mounds of any kind. The triangulation of such a country involved either the building of 
lofty towers or the clearing away of all obstacles on the lines ; but owing to the exceedingly 
high price of materials and labour, and to the heavy compensation demanded for treea cut 
down it became necessary after the completion of the first polygon to alter the design of the 
triangulation to a chain of single triangles involving a minimum amount of station building 
and line cutting. The series tllus consisted of 1 polygon and 35 single triangles. After- 
wards, when the Brahmaputra Series was originated in 1868, another polygon wlts formed. The 
direct extent of the chain is 199 miles. 

The Brahmaputra Bleridional Series. 

This chain of triangles emanates from the East Calcutta Longitudinal Series and fo1lows 
the meridian of 90". After crossing the Ganges a little below its junction with the 
Jamoona branch of the Brahmaputra river, it advances along both banks of that branch. The 
scrim which is a chain of polygonal figures, was commenced by Lieutenant H. R. Thuillier, R. E., 
with Troughton and Simms' 24-inch No. 2 in season 1868-69 and was prosecuted by him till the 
end of the next field season, when the financial difficulties of the government and the consequent 
reductions of establishments led to its suspension. Final operations were resumed in 1872-73 
by Captain T. T. Carter, R.E., who employed the same instrument as Lieutenant Thuillier, 
and the series was completed by him the following season. Its  direct length is about 182 miles. 



THE FIXED DATA. 

The Depelzdency of the North-East Quad.l.ilatera1 on the North- Weat and South- 
Emt  QuadriZateraZs for its Fixed Data. 

The North-East Quadrilateral rests on two chains of triangles which, having entered 
previous reductions, had been finally adjusted, viz., the Great Arc Series, Section 24" to 30°, 
or Series A of the North-West Quadrilateral, and the Calcutta Longitudinal Series or Series 
18 of the South-East Quadrilateral. These chains lie one to the west and the other to the 
south of the North-East Quadrilatei*al, and, with the exception of a linear element afforded by 
the Son6khoda base-line, they furnish the whole of the fixed data on which this Quadrilateral 
depends. From the Calcutta Longitudinal 8eries eleven meridional series originated ; one of 
these, the Budhon, closes on the Great Arc Series, and also touches it nearly midway, a t  
Rhepur; the remaining series are tied together at their northern extremities by the North- 
East Longitudinal Series, the eastern extremity of which rests on the Son&hoda Base Line. 
To the east of these chains of triangles there are fbur more chains which have been com- 
bined with the others for final reduction; viz., the Assam Longitudinal, the East Calcutta 
Longitudinal, the Brahmaputra Meridional, and the Eastern Frontier 8eries. Various astro- 
nomical determinations of latitude and azimuth might also have been adopted as fixed data, 
but they have been excluded for the reasons given on page 27 of Volume 11. 

It will be seen on comparing this Quadrilateral with the two first--already described 
in Volumes I1 to IV, and Volume VI-that the fixed data are far more numerous and there- 
fore exercise a greater influence on the results of the reduction. I n  both the former quadri- 
laterals, there were only four fixed lengths, one at each corner, and only one point of which 
the latitude and longitude were obligatory, and at  which the azimuth of another point of the 
triangulation was fixed. I n  the present Quadrilateral there are no less than 13 sides fixed in 
length and azimuth, and us many points fixed in latitude and longitude, and one base-line, 
giving in all 53* fixed elements, with which the triangulation had to be brought into accord. 
Had the triangulation of the North-East Quadrilateral been on a par with that of the other 
two Quadrilaterals there might be reason to regret that it was fettered so much by them ; but 
many causes have combined to render it of an inferior character. The instruments which 
were available a t  the time for the measurement of the principal angles were for the most 
part much inferior to those with which almost all the principal angles of the two contigu- 
ous Quadrilaterals were subsequently measured; moreover the best form of structure for the 
tower stations, which had to be built in large numbers on the extensive plains operated over, 
had not yet been devised, and it is certain that the operations were much impaired by the 
deflection of some of tho tower stations during the interval between successive visits to the 
same station. This last is probably the chief cause of the comparative inferiority of the tri- 
angulation; and for this reason a full description of the several methods which were followed 
in the construction of the towers will bu given in the following section. 

* Including Rbepur-the point at which the Budhon touohea the Great Are-there would hare been 14 inta fixed in latitude and 
longitude, and 55 fired elements in all ; but this connection waa not formed till after mnaidenrble progmas had 'n made with Ws doula- 
tiona of the North-East Quadrilateral. For further information on tho subject, see the foot note to Section 1 of Chapter ILI. 



The Cwtmcctim of the Principal S t a t h .  

The triangulation of the North-East Quadrilateral was commenced in 1826 with the 
Calcutta Longitudinal Series, at the Sironj Base-line which was then the northern extremi- 
ty of the central meridional chain of triangles which is well known as the Great Arc of 
Colonels Lambton and Everest. Up to that time the principal triangulation had been carried 
over tracta of hills whose peaks furnished suitable points for the instruments to be set upon, 
so that at fist it was deemed unnecessary to construct any stations of observation, and all 
that was done was to smooth the surface of the rock, and engrave the usual Indian Survey 
mark-a circle and central do t -on  it as the point of reference. Subsequently circular ma- 
sonry pillars were built on the rock, of sufficient diameter to carry the stand of the instru- 
ment, and surrounded by tt platform to support the observatory tent and observer ; these were 
raised a few feet above the surface of the ground on the summit of the hill, so as to furnish 
prominent objects which might be readily found whenever wanted, for the primary rock- 
marks were not always m y  to find. 

Almost the whole of the Calcutta Longitudinal Series, and the southern portions of 
nearly all the meridional chains of triangles which emanate from that series, lie in hill tracts, 
and at  al l  the principal stations pillars and platforms were built such as have just been 
described. But in course of time the triangulation had to quit these hills and enter on the 
extensive plains which intervene between them and the Himalayan Ranges ; and then it became 
necessary to abandon the simple pillar and platform at all places excepting where mounds or 
ruined forts were met with, and to construct towers of sufficient height to give the requisite 
command of view. The form of the tower appears to have been at &st and for some time 
left to the judgment of the individuals who had to construct this new description of station, 
and thus a variety of forms were adopted in different portions of the triangulation. On the 
northern extension of the Great h c ,  which was deemed the most important series of all, 
lofty masonry towers were constructed for Colonel Everest, at  a considerable cost-over Rs. 
2000 each-by Officers of the Department of Public Works. Elsewhere however the Trigo- 
nometrical Surveyors were rarely in a, position to command either the services of those officers, 
or the requisite funds to defray the expense of constructing towers similar to those on the 
Great Arc ; they were therefore obliged to economise their funds as much as possible and to 
dispense with skilled labour. This was generally done by using masonry only for the central 
pillar on which the instrument was intended to rest, by building the platform of sun-dried 
bricks or earth or rubble, or other cheap but perishable materials, and by employing such 
native artificers or common labourers as might be obtained on the spot in fabricating the whole 
structure. Special forms of tower were however occasionally introduced. 

On the Calcutta Longitudinal Series it was found that some lofty semaphores, on the 
old telegraph line connecting Benares with Calcutta, were available and could be readily 
converted into principal stations ; but they occurred only along one flank of the triangula- 
tion; along the other flank, survey towers had to be constructed. Those which were first 
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built seem to have been of an experimental character; for when the series was undergoing 
revision forty years afterwards, one of them was found to consist of a column of masonry 7 
feet squnre at  base, 4 feet square a t  top, and 40 feet high ; another of four masonry pillars, 
about 36 feet high, built at the corners of a rectangular platform supporting a stage for tile 
instrument and observer. But the form of station which seems to have met with the great- 
est approval was a hollow square tower, somewhat sitnilar to and probably not much less 
expensive than Colonel Everest's towers on the nortl~ern portion of the Great Arc. 

On the Budhon Series solici earthen towers were erected, each with a hollow core of 
masonry in its centre, from 1 foot to 18 inches in diameter, to admit of plumbing over a mark 
a t  the ground level, to which access was obtained through a vaulted passage. After a time, 
for reasons not stated, the hollow core gave place to a solid core. 

On tlre Ranglr Series perforateci pillars were built, around which temporary platforms 
were erected on posts at  the time of observation ; these pillars were found to oscillate nf i t l~  
the wind; thus the arrangement was disapproved of and it does not seem to Lare been 
adopted an any other series. I t  was however again introduced several years afterwards in the 
modern triangulation of the Brallmaputra and the East Calcutta Longitudinal Series, but 
with the precaution of constructing walls of bamboos and matting round the posts support- 
ing the platforms, in order to protect the pillars from the wind. 

04 the Anllia Series solid to\vers of mud* or of sun-dried bricks set in mud were built, 
with mark-stones inserted at  intervals from basement to surface. Tbe desirability of isolatiug 
the irlstrument from tlie platform on wl~icli the observer stood was apparently not considered of 
importance o t ~  this series, altllougl~ it had already been done on the Great Arc and elsewhero. 

When it becarne generally recognised that isolation of the instrument was necessary, 
earthen towers were built with central isolated pillars of solid masonry carrying mark-stolles 
a t  top and bottom. These structures were ernplnyed on the KarBra, Ct~endmar, North Ma16n- 
cha, GurwB~li, Gora, North-East Longitudinal and North Pdrnsnhtl~ Series. 

On the Calcutta Meridional Series hollow square towers were reverted to, built llomever 
in a nlucll less expensive maliner than those on the Great Arc. 1'ht.y were much lower and 

* With refereuoe to the structure of these ststio~ls the following remarks have been extracted from a note b j  Lieutenant Ilenny :- 
I' All tlie mud forts in India offer specimens of t h i  species of work ; and many of them, from the lengtl~ of time they hare endured, 

" even witlaout repair, prove the tenacity of mud wllen properly worked and moulded. But although M, many exnn~pleo presented them- 
" selves, there  am^) a practical didiculty in their construction ; for, owing to the length of time that h w  elapsed since the building of mud 

forts, no experienced person wuld be found to give information on that  head ; and cwruwquently much l ~ s d  to be left to the dircretion 
" of the wrvant superintending the building, until occssional failures pointed out the necessnry precnntions and suggested the following 

mode of prooedure. 
" The mud ouyl~t  to be prepared at  l e d .  one day before it is required for use, by mixing water with the most tenacious earth a t  hand 

" and working the mixture well with the feet, no in the preparation of mould for brick. 'I'lte hwlding is camed on in diatinct horizot~t~tl 
" layera each 18 inches high, as i t  is requisite that one layer be well dried before another ia snpermdded ; and in the construcrioi~ of ea1.11 Iayor 

the outer edge L firat rained with a breadth of 1) or 2 feet, and after a lapse of 24 lloum the interior ie Illled up. I t  generally require8 
" 5 days to dry such layer properly ; and during the m n d  and third day of that period the outaide, originally huilt rugged, is while je t  
'' moist beat with wooden malleta into the requirod &ape. The ascent is usually perpe~ldicular to the plau of the platrorm, and 
" by means of s flight of steps. The whola is plastered over with a mixture of slinle from the bed of jl~ila, oow-dung and wl~en 

pmurnhle the coarse hneks of grain. 
" A mark-stone is inlerted within the centre and on a level with the baee of the platform, and four marks am lRid off outaide and on 

" opposite radii of two l i l~es paasing through the centre mark, and serve to transfer the latter to the top of the platform. 111is might llave 
" been more eaaily accomplished by leavil~g a well in the oentre of the platform ; but such s c o m e  wniplicated the work too much for the 
" ain~ple unciemtanding of the executives." 
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it was thus possible to build them of burnt brick set in mud ; mortar w m  wed in plastering the 
outer crevices of the walls to prevent water soaking in ; also at every two feet of height one 
layer of bricks was set in mortar. The beams were of wood instead of stone, and the total 
cost of each tower wm usually under Rupees 300. 

After completing the Calcutta Meridional Series, the Executive Officer, Mr. Peyton, 
in 1848-49 triangulated the section of the North-East Longitudinal Seiies between the North 
Malbncha 'and Chendw6r Series, wliicll was all that remained to complete the connection 
between tlie latter series and the Calcutta Meridional. When this was done, a much larger 
linear closing error was found than ltad been met with on any previous occasion. Investiga- 
tion led to the discovery that the stations from which Mr. Peyton commenced operations, and 
at  leaat one of those on which he had closed, had deflected consideral~ly since they were built. 

The deflections in these instances, and their inflnence on the lengths of the sides of the 
triangles, were dculated under the instructions of Sir Andrew Waugh the then Surveyor 
General and Superintendent of the Great Trigonometrical Survey-who caused the following 
record of them to be introduced into the Preliminary General Report of the North-East Longi- 
tudinal Series. 

At Bul6kipur the upper surface of the pillar was found inclined to the horizon 0.84 inches in 
4.192 feet (the diameter of the pillar) in azimuth 226' 36'. 'l'he height of tlie tower is 30 feet, wheuce 
4.19 : 30::0'84 : 6.01 inches, the total quantity by which the pillar is inclined out of the vertical. The 
azimutl~ of Madanpur ia o0 52'; consequently the effect in augmeuting this side may he equal to 4.2 inches. 

By following a similar process at Madanpur station, the side Bulirkipur to Madanpur is found to 
have probably diminished by 1.3 inches, during the interval which occurred prior to Mr. Peyton's visit in 
1849. 

Similarly too, the tower at Harpur indicates an ai~grnentation in the ~ i d e  Barhita to Ha~pur of 
1-7 inches; while the same side, from an examination of the tower at Barhlits, was probably augmented 
by 9-1 inches. These changes occurred between May l a 6  and May 1849." 

It may here be repeated that a considerable majority of the tower stations were erect- 
ed on level plains, and that these plains are liable to be flooded with water during tlle Illdbn 
monsoons and rainy seasons. Tile watbtei* often lies on the ground for a loug tirue, and it may 
do much damage to lofty buildings, by sinkiiig into tlieir fhurldations and causiny irregular 
settlement of the superstructure. The central masonry pillar when surrounded by an earthen 
platform, as is generally the case, is liable to deflection not only from this cause, but be- 
cause of the pressure to which it is sul~jected on one side, when the earthwork bt~ars against it. 

For many years this evil was not suspected, because-as already explained-most of 
the towers mere constructed rudely and irregularly by cornmon native artificers and village 
labourers, and there was always a doubt whether deviation from verticality mas due to actual 
deflection or to the primary faults of construction. But eventually the magnitudes of the 
closing errors on base-lines of triangulations carried over these tower stations, as compared 
with triangulations carried over the hill stations, made it only too evident that deflections 
must have occurred at some of the towers. 

* Pam 82 of Introduction to General B e p o r t i n  manmipt--of the North-1East Longitadid Series, 1861. 
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The influence of such deflections would obviously not be operative on the triangulations 
when the whole of the observations to and from any station were taken in immediate succes- 
sion, as usually happened during the progress of the observations in each field season. But 
it might have operated very materially in the interval between the closing observations of one 
field season and the initial observations of the next, for they were separated by a rainy season ; 
still more might it have acted during a suspension of the observations on any series of triangles 
for several years, OF in any long interval between the connection of any two contiguous series. 

Now on the North-East Longitudinal Series, by which the northern extremities of all 
the meridional series are tied together, there are two sides between pairs of stations at  which 
three rainy seasons, one at which two, and five at which one rainy s&n intervened before 
tlie stations were revisited for the completion of the observations ; and of course in each 
series there are one or more pairs of stations at and to which half the observations were taken 
before and the remainder after a rainy reason, as the completion of each series occupied rarely 
less than three years. I n  this circumstance therefore there is sufficient reason to attribute the 
magnitudes of the closing linear errors of tlie triangulation to the deflection of certain of the 
tower stations, as will be shown more fully in Section 1 of Chapter 111. 

It is impossible to trace the loci of the eri-ors, and to determine the amount of deflection 
in each instance, with any degree of certainty. The preceding calculations have some probabi- 
lity; but they are based on the assumption that the surfaces of the pillars were m,ade truly 
horizontal in the first instance, wliich very possibly may not have been the case. Sir Andrew 
Waugh says of them that tlior~gh they " show that in these instances at least deflection did 

take place, yet it is not possible to assign any but conjectural corrections on this account. 
" Corrections of such a nature are inadmissible, and lience a general dispersion of the orror 

throughout the series [for the preliminary reduction] has been preferred." 
This tendency to deflection led to the introduction-about tlie year 1852--of towers 

with central masonry pillars perforated vertically, and having vaulted passages leading to the 
ground level mark-stone in the basement. Very few such towers and pillars exist in the North- 
East Quadrilateral, excepting on the Budhon Series-tlie oldest of all but instrumentally 
the least valuable, where a hollow core was adopted in the first instance, unfortunately to 
be set aside subsequently-and in the modern series which form the cask extension of 
this Quadrilateral. On tlie other hand very few solid pillars, which are at all likely to have 
become deflected during the operations, are to be met with in the North-West and none in 
the South-East Quadrilateral. For these reasons, and also because of the general superiority 
of the instruments with which the principal angles of the two last mentioned Quadrilaterals 
mere measured, tlie final reduction of the North-East Quadrilateral was set aside to be taken 
up after the completion of the final reduction of the two contiguous Quadrilaterals. 

For further d e t d s  of the constructions of the stations, and drawings of Colonel 
Everest's towers on the Great Arc and of the latest form of tower, see Section 4 of Chapter 11, 
and Plates 1 and 2, of Volume I1 ; see also the introductory remarks to the Descriptiolls of 
Stations for each Series, in this and the following volume. 



CHAPTER 11. 

THE MEASUREMENT OF THE ANGLES AND THE GENERAL PRTNCIPLES FOLLOWED IN THE 
REDUCTION OF THE TRIANGULATION OF THE NORTH-EAST QUADRILATERAL. 

The Meastlrement of the Horizontal dflgle8 and their Record. 

I n  Chapter I V  of Vol. I1 full particulars have been given of the metliods of observing 
both the horizontal and the vertical angles which have been in practice since the year 1823. 
It will not be necessary tlierefore to do more here than briefly indicate what wag done, in 
order that the reader may be enabled to understand the details of the 01)servations. 

The method of observing llorizontal angles was that introduced by Colonel Everest, 
and had for its object the giving of readings at equal intervals round the azimuthal circle, 
with a view to the cancellation of periodic errors of graduation. When the instrument was 
set up for use, and had been properly centred over the station mark and levelled, either one of 
the surrounding stations, or a referring mark specially set up for the purpose, was adopted as 
what is called the zero-station, or the station for which the readings of the instrument are 
obligatory. The telescope being directed to this station, the index was made to read 0" 0'. 
The remaining stations were then observed to in succession, two or more rounds of observations 
being taken. When these were completed the telescope was turned over in altitude and 
brought round in azimuth to point to the zero-station : the index mould then read 180" 0'. 
With this zero-reading another set of observations, similar to the last, was taken. A single 
measure on each of the two zero-settings constitute a, pair of collimated observations, tlie 
face of the vertical circle being to the left of tlio observer at one setting and to his right at 
the other. The instrument was next shifted in azimuth, so as to bring the index to anotller 
arbitrary reading while the telescope pointed to the zero-stntion, and observations mere again 
taken on I?. L., face left, and F. R., face right ; and so on. These arbitrary shifts were through 
arcs of 9" or 10" for theodolites with 3 microscopes and 7" 12' for 6 microscope tlteodolites. I n  
1860, in order to secure a greater change of position of the axis in its socket, and so avoid the 
occurrence of certain constant errors mhicli might be prejudicial in a long chain of triangles, 
Colonel Waugh decided that the arc between tlie microscopes sllould be added to each shift. 

The systems of zero-settings for the triangulation of the North-East Quadrilateral varied 
a good deal; certain modificatious also were i~ltroduced by Colonel Waugh to counteract 
special defects in some of the instruments mliich were of inferior construction, but which had 
to be employed, because the number of first class instruments then available was too few to meet 
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the wants of the depart.ment. It had been found by experience that some of the theodolites 
gave the best results-as indicated by the triangular errors-when two zero-stations about 60" 
apart were employed and the number of settings on each zero-station was reduced by half, 
leaving the total number of observations the same as before. Colonel Waugh-see Appendix 
No. B of Vol. 11-accordingly directed that when these instruments were employed, half the 
observations should be taken with settings on one station and half with settings on another 
giving readings about 60" from the former; or, if the situation of the surrounding stations did 
not ahnit of this, the &st zero-station was to be again employed with zero-settings Wering 
by exactly 60' from those previously adopted. One other modification was introduced by Cap- 
tain Shortrede on the K a r h  Meridional Series, when observing with Troughton and Simms' 
18-inch theodolite No. 1. Finding that it gave widely different* values of the angles on dif- 
ferent faces, he doubled the number of zero-settings and took means of the readings on oppo- 
site faces ; these means lie recorded as single measures ; moreover he only took one round of 
observations on each setting. The following table exhibits the zero-settings employed for each 
instrument on each series. 
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Tao zeroatations were employed. t Three z e ~ t i 0 1 u l  were employed. 
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The minimum number of rounds of observation on each aero was two in the greater 
portion of the work and three in the rest, with the exception of Captain Shortrede's obser- 
vations on the Kat4.m Meridional Series wit11 Troughton and Simms' 18-inch No. 1, and one 
season's work by Lieutenant MacDonald on the Budhon Series, where only one round of obser- 
vations on each zero was taken. When larger differences shewed themselves in successive 
meaeures of an angle than it was coneidered the instrument ought to give, the observations 
were repeated. For full particulars of each instrument and any modifications it may have 
undergone, see Appendix No. 2 of Vol. 11. 

The manner in which the observations are usually recorded a t  the time of observation has 
been explained at  page 66 of Volume 11. Here we are only concerned with the Abstracta 
whioh are prepared from these observations, for publication as part of the neoeesary details 
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of the operations of this Survey. For many ymrs it was the custom at the completion of 
each series to prepare a manuscript report, in triplicate, in which all details that were 
required to be kept on record were entered. I n  these repmts, for five of the series-via, the 
Budlion, Rangir, Amh,  Kar8ra and Gurwhni--only t l ~ e  means of the measures of each angle - 
on each zero are given, with a number shewing of how many measures they are the means ; 
for the other series, the several measures on each zero are exhibited, and against each measure 
is a letter in italics shewing whether the signal observed to was 2 a lamp, or h a heliotrope. 
Below the groups of measures on each zero are their means, and from these the general 
mean is obtained, and also its probability of error, as calculated by the formula? which are given 
in the next section. When the publication of the details of the operatiom of this Survey was 
taken in hand, it was judged expedient to accept the original Abstracts-supplementing them 
where necessary with information as to the observer, date of observation and instrument-rather 
than incur the labour and expense of preparing new ones in the form which was afterwards 
adopted and is now always employed. I n  the modern form the several measures are entered and 
treated-as will be described in the next section-so as to give 0, the concluded angle, together 

with co ita weight relative to other angles meamred with the same instrument, also 5 -there- 
w 

ciprocal of the weight-which is most frequently used in the subsequent calculations. 

The Abstracts of the Observd Angles of each Series in this Quadrilateral mill be found 
respectively at pages 25-I, 11-J, 10-9, 9-L, Il-lu, 9-N, 9-0, 9-P, 9 - ~ ,  7-ES 7 - 8 9  

Il-n ll-u, ll-v, ll-rp and 11-x of this and the following volume. 

The Deductiota of arc Angle fi*om its several dleasztres. The Probabilities of Error 

cvnd the Weights 

I n  the last section it has been shewn that for the angles of some series the general 
mean only of the several measures on each zero has beell given in the Abstracts, and for others 
an additional value called tlie concluded mgle is added. Tile value of the angle is in- 
variably accompanied by a t,heoretical measure of precision which, in the former caae, is called 
the probability of error, and in the latter the weight of the angle. 

Prior to the year 1862 the adopted values of tlie observed angles were the arithmetical 
means of the zero-means ; their so-called probabilities of error were usually calculated by the 
formula, 
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Dl, D,, . . .  being the differences between the several eero-means and the mean of all, or the 
general mean, and Z being the number of zeros on wliich the angle waa measured. This 
formula, which was introduced by Colonel Everest, wae in 1863 modified by Colonel' Waugh 
who employed 

but only for about three years, after which the original formula was reverted to*. The proba- 
bility of error of old writers is not to be confounded with the more modern probable error, 
whicll-when deduced from the evidence of the differences between zeros only, neglecting 
the differences between the several observations on each zero-is 

The value of the 'probable error' may be calculated with considerable precision by 
this formula when the same number of observations are taken on each zero-or equidistant 
part of tile azimuthal circle-and all the observations are of equal weight, and when the 
graduation errors of the circle are accidental and not periodic. Periodic errors of graduation 
may exist which are not cancelled in the respective zero-means, but are cancelled in the mean 
of all the zeros; and when this happens, the differences, D, may be very considerable, and the 
value of the p.e. of the general mean which is cotnputed on the basis of those differences, may 
be largely erroneous in excess, as has been shown at page 96 of Vol. 11. But the graduation 
errors of almost all the great theodolites of this Survey are most probably accidental, arid 
therefore the influence of periodicity may generally be disregarded. It then remains to  take 
cognisance of the circumstance that not unfrequently more observations have been made on 
certain zeros than on others. Consequently in 1863, Colonel Walker introduced a formula 
for the calculation of the most probable value of an angle from the several zero-means, com- 
bined together with their respective weiyhts, in which both the errors of observation and those 
of graduation-assumed to be non-periodic-are taken into consideration; the angle so ob- 
tained is called the concluded angle. This formula is as follows :- 

Let d', a?", a?"', kc., be tile differences between the successive single measures and the 
mean of the measures on the zero to which they respectively belong, n,, zc,, la,, &c., the num- 
ber of measures on each zero, the sum of which is equal to N, and Dl, D,, D,, &c., the algebraical 
excegses of the successive zero-means, Z in number, over the arithmetical mean, 2, of all the 
zeros. 

Now put 

See page 86 of Volume 11. 
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and 
I I I . . . . .  w1 = 0o W2= w8 = kc. (6) dl' 

9% +- 9% +- 9 9  +4' 
n1 *2 m.3 

then the conclu,ded angle, C, is determined from the equation 

Here o* and g are taken as preliminary approximations to the theoretical error of 
m a n  squwe of observation and graduation, o being the e.m.8. of observation and g that of 
graduation in a single measure of an angle ; these quantities being known, the wight8,  
w,, we, . . .  of the successive zero-means are ascertained, whereby these means are readily 
combined to give the value of the Concluded Angle, as in the last equation. The weight, w, 
of the angle thus deduced is 

w = w ~ + w ~ + w ~ +  . . . . . . . . . a .  (8) 

arid if the preliminary values of o and g, as obtained from the observations, are absolutely 
true, then w will be the reciprocal of the square of the e.m.8. of the concluded angle. 

But it has already been shewn in Chapter V I I  of Vol. I1 t h t  there is reason to doubt 
whether any values of the e. rn. 8. which may be obtained immediately from the observations, 
are true for angles measured with different instruments, or even for angles measured with the 
same instrument but under different circumstances. All values determined from the observa- 
tions are therefore regarded as preliminary, applicable only in any combination of angles 
which have been measured with the same instrument and under similar circumstances, but 
requiring to be multiplied by factors of the nature of 9iwduZi, before they can be employed 
in a combination of angles which have been measured with different instruments and under 
different circumstances. The value of the modzclw for each group of angles measured under 
common conditions has therefore to be determined subsequently, from investigations of the 
average value of the e.m.8. for the group, on the evidence which is furnished by the magnitudes 
either of the geometrical errors of single triangles, or of the most probable values of the errors 
of the angles of polygonal figures, which appertain to tile group, or may be legitimately corn- 
bined together for the purpose in question. This is done in the following manner :- 

Let el, e, and e, be the average e.m.8. of a qroup of angles--observed with the same 
instrument and under similar circumstances-deduced as follows :-el from the preliminary 
weigl~ts, e, from the triangular errors and e, from the most probable errors of the angles of 
polygonal figures ; then 

Strictly apenking the denominator in the expression which gives the d u e  of o would be R-2; but r, larger denominator, as 
N o r  N-I, M preferable in the present instance, because o ie oombined with g whioh, atriotly speaking, would reprecant the total error and 
not that of graduation only, if each measure were absolutely independent of all the othen, which it M not. Thuq though the denominator 
N-I wna originally employed by an oversight, an I may here frankly acknowledge, it hes been retained M more appropriate tlian N-Z 
under exieliug circumstances. 

J. T. W. 
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firat, for the average e. m. 8. of n angles of which the preliminary weights a* w,, 
w,, ... w* 

n e: = . . . . . . . . . .  w, + w,+ . +w* (9) 

secondly, for the average e.m.8. of n angles of .? triangles 
3 

n Sum of squares of - triangular errors . . . . . .  3 ( 1 0 )  e,S = n 

and thirdly, for the e.m.8. of a hypothetical angle, whose weight w is equal to the mean 
of the weights w,, w,, w3, ... of t angles of a polygonal figure in which there are m geo- 
metrical equations of oondition 

where x,, x,, ... x* are the most probable values of the errors of the observed angla. But 
since the polygonal figures which are commonly employed in the operations of this Survey, 
contain too few angles to give a satisfactory determination of the value of e, from the evi- 
dence of a single figure, the value is determined from several figures by the expression 

Sum of (U+w)  ez  = - . . . . . . . . . .  
Sum of m ( 1 1 )  

for all the figurea available. I n  this expression 

and is the quantity which is made a minimum in the reduction of each figure. Its numerical 
value may be readily computed ; see Vol. I1 pages 106 and 198, also the end of the next sec- 
tion of this chapter. 

V d u e ~  of e,, e, and e, having thus been found, corresponding values of the mo- 
dulus ps, taken either as 

as the case may be, are determined, the preference being given to the latter whenever e, is 
available. 

Thus putting wf fur the final weight, and w for the 'average preliminary weight by e,, 
we have 
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Now for a considerable number of the angles of the North-~ast '  Quadrilateral we 
have-for reasons already explained at the end of the preceding section-' probabilities of 
error ' calculated by the first of the two formula already indicated, the second not having 
been made use of in this Quadrilateral. I n  the reductions of all the triangles and polygonal 
figures containing these angles, Pa, or the square of the ' proba5ility ', has been employed 

I in place of - , the reciprocal of the preliminary weight, which has been employed in the 
w 

reductions of the modern triangulation. Afterwards, when the Simultaneous Reduction of 
the whole Quadrilateral was taken in hand, it became necessary to form values of e, from tho . 

adopted ' probabilities of error ' for the old angles, for which ' probabilities ' had been given 
instead of preliminary weights, and then to proceed to determine the modulus p and the final 
or absolute weight from the evidence of e, or e,, precisely in the same manner as they aro 
determined for the modern angles. Thus the whole of the weights mere brought to a com- 
mon standard of precision before the Simultaneous Reduction was commenced. 

The modulus p was determined for each group of angles immediately before the 
Simultaneous Reduction of the whole triangulation, as it was then first wanted. 

For those series of which the observed angles have been treated by the formula of 
1863 there will be found at the end of the abstracts of the measures of the angles, lists 
of the " Sums of Squares of Apparent Errors of Single Observations and of Apparent Errors 
of Single Zeros ", which furnish the requisite data for the investigations, by which they are 
followed, of the average 'error of mean square ' of observation only in a single measure, 
and that of graduation plus observation in the mean of several measures on a single zero ; 
these are determined for certain groups of the angles in which all the measures have been 
made by the same observer with the same instrument and under the same conditions, and 
also for groups formed by various other combinations of the conditions. With the data thus 
obtained for each of the several series, investigations of the influence of "Mixed Errors of 
Observation and Graduation" similar to those which are given in Chapter V I I  of Vol. I1 
may be made. 

Prelimha y Reductwm of the Groups of Anglee colztairced in independent Trigonometrical 
Fig uree. 

So long m chains of triangles are treated as independent of one another, the angles 
naturally separate themselves into as many groups as there are single triangles, and combinations 
of triangles into single polygonal figures and net-works. Every triangle is subject to the 
geometrical condition that the three angles are equal to 180' plus the spherical excess, and 
every group of triangles to additional geometrical conditions, such as that the angles a t  any 
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central point should together equal 360°, and that the value of any side as calculated through 
any portion of the figure back to itself should be unaltered. 

The formula which has been employed for calculating the spherical excess of the tri- 
angles in these volumes is 

r = a b s i n C  x cosec I" 

a@ 
. . . . . . . . . (13)  

in which E is the spherical excess in seconds, a, b and C two sides of the triangle and the 
included angle, and r the radius of the sphere with tho surface of which the spherical tri- 
angles may be considered most nearly to coincide. Up to the year 1851, the value which was 
adopted for r was v, the normal to the meridian in latitude X corresponding to  the middle 
latitude of the triangle. From 1861 to 1868, r was taken as 4 (v+p), p being the radius of 
curvature to the meridian in latitude X. Since 1868, r has been taken equal to the radius of 
curvature at X of an oblique section passing through the ckntre of the spheroid and having 

an azimuth of 45' or r = xv. Thg last two values give practically the same results if  the 
P+Y 

calculations have not to be carried beyond the 6th place of decimals of logarithms. The first 
was, however, used in obtaining the spherical excesses of tile greater portion of the triangula- 
tion of this Quadrilateral, viz., of all tho triangles of the series X to 'J? inclusive. Before 
undertaking the Simultaneous Reduction of the Quadrilateral it was necessary .to change 
these spherical excesses to what they would be by tile latest formula. To do this accurately 

(P + "I2 it mould have been necessary to multiply each by the factor - - -, - corresponding to the value 
4P 

of X for which it had been calculated. But as this factor mas 1.0056 for latitude 24" and only 
1-0050 for latitude 30°, and the spherical excesses mere only calculated to two places of deci- 
mals of seconds, the factor for 27', viz., rSoo53* mas employed. 

The geometrical conditions connecting groups of angles divide themselves under three 
heads, triangzclar, central and side. The first is, as before stated, that the three angles of a 
triangle must equal 180" + the spherical excess, the second that all tho angles meeting at a 
point and completely surrounding it must equal 360°, or when an angle is measured as a mliole 
and also in parts, the whole should equal the parts, and the third springs from the condition 

* I t  has appeared from subsequent calculations that this method of treating the spherical excesses rn not su5ciently aocurate to pro- 
duce results exectly re-entering; for when tlie usual check calculntions for azimuth were carried aeparntely along either flank of a chain of 
triangle#, they exhibited d8erences.at the end of the chain which could only be due to the apher id  excewes employed being generally too 
wall. The mean lalitudes of two only of the Series are as much as a 7 O  ; those of the other Series range as low as ago, and for them a 
larger factor ohould hare been emplojed. The spherical excesses being generally too #mull, the azimuth by the right hand flank will be too 
rmnll, because, at  any ntation, in deducing every forward azimuth from the backward azimuth it is necessary to add the included spherical 
angles. In a similar manner the azimuth by the left hand flank will be too large because the included angles are subtrnctod. The resdtr 
by the two flanb which ahould have been identical, exhibited diacrepanoies ranging from o".or8 to 01'.131. The result by the right hand 
flank nu maintained in each instance. 
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that the value of any side carried through the triangulation back on itself should reproduce 
itself. The excesses or deficiencies which manifest themselves in these comparisons either 
form the right hand members of the equations amongst the angular errors furnished by the 
conditions, or they furnish the means for so doing. 

The number of the equations for each independent trigonometrical figure is given by 
the formula 

in which N is the number of angles and X the number of stations. 

In  order to express the equations, denote the observed angles by X,, X,, X,, . . .  the 
corresponding angular errors by x,, x,, x,, . . .  and the absolute terms of the equations 
by e with subscripts denbting the equations to which they appertain. The triangular and 
oentral equations will then take the form 

Further, if a, = cot X,, a, = cot X,, &c., the side equations will be represented by 

. . .  C O S ~ C  I" sin XI.  sin X3 a ... 0, 3,-a, x,+a3 x3-a, x,+ =-- 
M x log sin X,. sin X, . . .  

Ed being the modulus of common logarithms. 

These geometrical conditions have to be satisfied in such a manner, that the angles 
sl~all receive the mod probable of the several systems of correction wl~icli prevent them- 
selves. This is done by the so called method of solution by minimum squares, which is 
now so well known that nothing need be said regarding it, further than t h t  it requhs  the 
following expression to be made a minimum, 

The form of the aide equation has of kt* been slightly altered, and tabular differences of 1oa.sines for a change of I" have been 
employed in place of cotangents, by which a saving of labour is obbilled. This in no new form of equation, but it was not at  first employed 
in the calculations of this Survey. I t  ia derivable from tile old farm; for M cot Xsin I"-tabular difference of log. sin x for I", hence 
if we write a for t.d. log. sin X for I" the equation becomes 

. . .  sin XI. ein X, 
a, D' - a, q + % x8 - a, x4 + . . .  - log. ni11 X2. ein X4 . . .  
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. . .  . . .  in which u,, fc,, uf are the reciprocals of the weights, w,, w,, wt, of the observed angles. 

The following equations-taken from Section 6, Chapter VIII,  Vol. 11--express h s t  the 
. . .  geometrical conditions, secondly their relations wit11 the indeterminate factors, A,, Ab, An, 

by the introduction of which U is made a minimum, and thirdly the most probable values of 
the angular errors in terms of the geometrical conditions and the indeterminate factors. 

The geometrical equations of condition, n in number between t unknown quantities, are 

b1 x1 + b2 x2 + . + bl xt = ea . . . . . .  . . . . . . . . . . . .  ( I S )  

n,xl + n22,+ . . .  + ntxt= en 

The equations between the indeterminate factors are 

. . .  [aa. u] X, + [ab. u] Ab + + [LTIZ. 161 X, = e, J 

[ah. td] A, f [bb. '261 Ab + . . .  + [bra. U ]  A, = eb ( . . . .  ( 1 9 )  . . . . . . . . . . . . . . . . . .  
[an. u] A, + [bn. a] Ag + . . + [1111. .u] X, = en ) 

in which the brackets [ ] indicate summations, thus 

The resulting values of the angular errors are 

It., = u, (a ,  X, + b, X b  + . + n~ \ 

. . . . . . . . . . . . . .  
at = ~t (at A, + bt X b  + . e r n  + nl An) 

and the value of the minimum, U, is 

In the case of a single triangle-one which does not enter with other triangles into 
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the formation ,of a polygonal figure-there is only one geometrical equation 'of condition 
which is simply 

and there is only one indeterminate factor, X, which from (19) is 

and by (20) 

Xl=ulX, Xp,=Up,X,  X3:QU3X . . . . (24) 

It should be noted that u stands for the reciprocal weight, I s w ,  of the angles of the 
North-East Quadrilateral for which the weights are given in the abstracts of the observed 
angles for each series, and for the square of the probability, P2, of the angles for which the 
probabilities are given. 

Cakulatwta of the Sidee of the T d g l e e .  

The values of the angular errors having thus been computed are applied to the ob- 
served angles with contrary signs; the angles of every triangle are then reduced to plane 
angles by the subtraction of one-third of the spherical excess of the triangle from each, 
and the sides of the triangles are obtained in the ordinary manner. The an,oular correc- 
tions furnished by the figural reductions, besides being the most probable, in so far as the 
conditions to which they have been subjected are concerned, render each figure or net of 
triangles consistent, so that the ratio of any one side to any otlier sido is the same by what- 
ever route it is calculated. 

Geodetic Element8 of Statiotas and Sidee. 

The lengths of the sides of triangles and the dimensions of the Figure of the Earth 
being known, it will be evident that if the latitude of any one station and t h e  azimuth of any 
side of the triangulation from it to a second station are given, the difference in latitude and 
longitude between it and the second station, and the back azimuth of the connecting side, may 
be computed. 
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Now the origin of co-ordinates which has been adopted for the Indian triangulation 
is KaMnpur, Station I of the North-West Quadrilateral, the initial elements at which me 

Latitude North 2 4  l l"26 
Longitude E. of Greenwich 77 41 44-75 
Azimuth of Station 29 (StirenM) 190 27 5-10 

aa explained in Chapter XI  of Vol. 11. 

But since the positions of all the stations of the North-West and South-East Quadrila- 
terals are regarded as having been finally fixed in the Simultaneous Reductions of those figures, 
the elements of any of them may be adopted in place of those of KaliAnpur, whenever it 
happens to be convenient to do so. Thus, as many of tlle series of the North-East Quadrila- 
teral are based on sides of the Calcutta Longitudinal Series, one of the series of the South-East 
Quadrilateral, the elements of those sides have been adopted as the initial elements of the 
North-East Quadrilateral. Two of the series of the latter Quadrilateral also close on sides of 
the section of the Great k c  mhich appertains to the North-West Quadrilateral, and the ele- 
mente of these sides might equally well have been considered initial elements. 

The formulae which have been employed on the successive calculations of latitude 
longitude and reverse azimuth are given below. 

If A and 6 be two stations on the earth's surface, and the latitude and longitude of A, 
and the azimuth of 6 at A be A, L and A respectively, the distance between A and B being c, 
and if 

M denote the difference of latitude between A and B 

A L  ,, 83 longitude 9 ,  

B 9, azimuth of A at B 
A A  = B-(n+A) 
e ,, the excentricity of the spheroid 

P ,, the radius of curvature to the meridian at X 
v ,, the normal to the meridian at X terminated by the minor axis, 

then 

I --- ' sinD A tan x cosec iff 
1.2 p.v 

-- 3 - ' - eg coss A sin 2~ cosec I" 
4 p.v I-ea 
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-- - sins cosec I" 
v cosh 

I cB sin2A tan A Gosea I,, 
+ G +  cosx 

I CB (1+3 ta;naX) s i n d  cosA -- - 
1.a.3 vS cos h 

I cS z sins A tanB A oosec 
+1.2.32 oosx 1 cosec I" 

For the derivation of these formulae, and also for the manner in which they have been 
arranged for calculation, see Chapter IX of Volume 11, and the Auxiliay Table8 to f&Zitate 
the calmlatiow of the flzlrvey Department of India. 

The valuea of the elements of the Rgure of the Earth which have been employd in 
the cdcula,tioxm are those known as Everest's Constants, 1st Set", and are :- 

Semi-asis major, a = 20,922,932 feet, Log = 7.320 6225 4 

semi-axis minor, b = 20,813,375 feet, 3, =7'319 1763 4 

a - 6  
Ellip ticity, c=- - I 

a - 300'80 

B - 
I - e = 0'9933622 3, = 1'997 1076 1 

from which p and v are found by the well known formulae. 



Beductiota of the Pertical Angle8 for the determination of D z m e ~ e 8  of Z+hb 
and Co-eBient8 of Reflaction. 

The relative heights of the principal stations of this Survey are determined in almost all 
instances by measuring the reciprocal ve r t id  angles. The heigli ts so obtained are controlled, 
wherever possible, by connecting the.stations of the triangulation with those of lines of Spirit 
Levels, which are executed by this Survey, and occasionally with Tidal Stations on the coasts 
of the Peninsula, at which direct determinations of the mean sw level have been made. 
The formula that was employed for many years in the dculation of differences of height is 
due to Colonel Everest, and is aa follows :- 

If h be the difference of height of two stations A and B, D' the depression of B at A 
and D that of A at B, H the height of A above mean sea level, c the distance between A and B 
at  that level, and r the radius of curvature corresponding to the mean latitude of A and B, 
then the angle subtended at the lower station by the excess of height of the higher, or the so- 
called &tended mgle, is &(D-I)'), and the height of B above or below A is given by the 
expression 

according as the result is plw or m h w .  If either of the angles is an elevation instead of a 
depression its vdue must be employed with the opposite sign to that here given. 

In order to use this formula it is first necessary to correct the observed angles for the 
heights of the observing instrument and observed signal. A much less laborious process is 
to employ the uncorrected vertical angles, and then reduce the result thus obtained to the 
levels of the stations by an algebraical combination of the heights of the instnunents and 
signals. This procedure is as follows :- 

If +a , i be the heights in feet of the theodolites at A and B respectively 

8a 9 86 9 ,  signals 9s 9 ,  

Da , Db be the observed vertical anglee, both asgumed to be depressions, 

and we put 

then 
H sin +(Db - D,) 8 . . . . . . .  ' = C ( ' + F )   COB^^ +; (29)  

This formula, though not absolutely rigorous, holds good for all casea that have hitherto 
occurred or are likely to occur in this Survey. 
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For r, the radius of curvature, the same formulae were at  different times employed as 
in the calculation of spherical excess, see page 26, p and v being taken for the mean latitude 
of the stations. The changes in the value of r have not, however, been sufficient to cause any 
appreciable change in the calculated differences of height. 

I n  the preceding formula it is assumed that the reciprocal angles are equally affected 
by refraction, and in order that this may be as nearly the case as possible, the vertical angles 
in all the more modern operations are generally measured between tlie hours of 1 and 4 p. m., 
when the amount of refraction is usually a minimum. But in the earlier operations-especi- 
ally tliose on the Budhon, Rangir and Amua Series, and even on the Great Arc-it was 
thought that the lengths of the sides of the triangles should always be considerable, even in 
the plains, in order that the number of triangles in each series might be as few as possible; 
thus the stations were occasionally chosen at  such distances from one another as to be only 
mutually visible when the amount of refraction mas very considerable. The custom then was 
to take the observations at any time when mutual visibility obtained, and frequently during 
the night when the refraction is usually greatest; reciprocal vertical angles at  any two 
stations were generally measured at  the same how, as nearly as possible, of the day or night; 
and i t  was assumed that the refraction at  both stations was then the same. I n  several 
instances in the earlier operations in this Quadrilateral, reciprocal observations were taken 
simultaneously by two observers. 

The reciprocal angles are also employed to determine the co-efficient of refraction, to 
be used in reducing unreciprocated vertical angles; for, putting C for the arc between tlie sta- 
tions A and B, or the contained arc as it is usually called, and +,, +b for the refraction at  the 
respective stations, we have 

in which expression 

ia - 8, + ib - 86 
B = c sin I" 

Thus, the mean refraction, #, is given by the expression 

4 and - gives the terrestrial refraction in decimals of contained arc-or in other words the C 
co-cflcient of ref?*actwn-for each pair of reciprocated observations. From the several values 
of the co-efficient thus determined, those which are deemed most suitable are selected for 
employment in the reduction of vertical angles to secondary points, at which reciprocal 
observations have not been taken. 

The formula for cdculating the contained arc is 
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The Final Palws of Zeight. 

The h a 1  values of all the heights of the stations of this Quadrilateral have been ob- 
tained by comparing the values derived from the reciprocal vertical angles with determina- 
tions by Spirit Leveling operations wherever available, or with heights already finally fixed, 
and then dispersing the differences which exhibited themselves in the intermediate sections. 

Two of the lines of spirit levels executed by the Great Trigonometrical Survey, traverse 
the Quadrilateral longitudinally, and have been connected with principal stations in all the 
meridional series west of 89" and in the North-East Longitudinal Series; they have also been 
connected with other leveling operations, notably those of the Revenue Survey, by which again 
the heights of other principal stations have been determined. Furthermore, the heights of 
all tlie stations of the Calcutta Longitudinal Series had been fixed in the course of the 
reduction of the South-East Quadrilateral, and of the Great Arc Series, Section 24" to 3U0, in 
that of the North-West Quadrilateral. Thus a large amount of data existed for the final 
reduction of the heights of the stations. A list of the stations of which the heights were 
determined by Spirit Leveling is given below. 

SpKt Leveled P&t8 in the North-Bad Quadrikaterot. 

N. E. Longitudinal 

Budhon Meridional 

By Great Trigonometrical Survey By Revenue Survey 

'XI or AtBria 
XI11 ,, KaliBnpur 
XV ,, Umra 
LV ,, Pdrena 
LVII ,, Bharmi 
LVIII ,, Gharbaria 
LXIX ,, Bakwa 
LXXIX ,, Riipdi 
CII ,, Diw4nganj 
CIII ,, Latona 
CVII ,, RBmnagar 
CIX ,, Ghiba 
CXXI ,, SonBkhoda 

-CXXII ,, RBmganj 

.- 
XXIII ,, Baragaon 
XL ,, Sirsa 
XLII ,, Bhatauli 

XIX ,, Kals4u 
Ran& Meridional XX ,, Bisungarh 

XXXI ,, Fatehganj 

XXIV or RRmnagar 
XXVIII ,, Kutia 
XXXI ,, LBkiin 
XXXII ,, Chelua 
XXXV ,, Mbsi 
XXXIX ,, Tilakpur 
XLIII ,, Saibara 

XXIV ,, Pondri 
XXXIV ,, Mehtra 
XYXV ,, B4nsgopBl 
XXXVII ,, Barauli 
XXXIX ,, Atora 

VII ,, Manang 
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Spirit Zeueled Points in the North-East Qzcadrilateral-(Continued). 

Series By Great Trigonornetrical Survey By Revenue Survey 

Amua Meridional 

Kadra Meridional 

Gurwbni Meridional 

Gora Meridional 

Hurilbong Meridional 

Chendwgr Meridional 

XVIII or Jbjmau 
XXVIII ,, Dar4wal 
XXIX .. Sirwaia . - CXXX ,, Parser 

XVI ,, K a r a  
XVII ,, Majilgaon 

XXXI ,, Turkani 
XXXII ,, Uti4mau 

,, Baripur 
VIII ,, Ganesl~pur 
XXII ,, Rfihet 
XXIV ,, Orejh4r 
XXV ,, Kumeria 

'VIII 
IX 
X 
XI1 
XIV 
xv 
XVII 
XVIII 
XX 
XXII 
XXIV 
_XXVI 

,, Barhbni 
,, Hirdepur 
,, Barhati pur 
,, Kanaun 
,, Chit Bisriim 
,, Samenda 
,, Ralarikanj 
,, Banibptir 
,, Rbjgarh ,, Katwar 
,, Saraia 
,, Mjab&ri 

XIV ,, Phulwaria 
XXI ,, PalAdpur 
XXII ,, Harpur 
XXIII ,, Skwajpur . 

f XV .. Basantuur .. 
North Pbrasnbth Meridional XVII ,, ~hotaiGati 

XVIII ,, Harpur 

North Malbcha Meridional 
,, Bar4ri { ,, Dighi 

Calcutta Meridional LXXXI ,, Chinsurah 
,, Nib1 

XI or Paprendi 
XI11 ,, K4nbkhera 
XX ,, Rau 

X I S  ,, Horesa 
XX ,, Salon 
XXIII ,, Milnai 
XXVL ,, Tauli 
XXVIII ,, Puewa 

XIX ,, Kapradi 
XXIII ,, Bisaul 

The usual method of dispersing discrepancies between spirit leveled and trigonometri- 
cal heights, is to divide them in proportion to the number of intermediate stations and to 
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correct each height according to its number of removes from the point determined by spirit 
leveling. For a time, the method of minimum squares* mas applied ; but this is generally 
held to be too refined and laborious a process to be suitable for the purpose, and it mas soon 
abandoned for the more rough and ready one, which may be considered to give values quite 
as near the truth. 

The heights resulting from the vertical observations of the North-East Quadrilateral 
have been divided, for final adjustment, into groups as shewn in the table which follows. I n  
this table the errors dispersed in each group, except when the adjustment had been made by 
minimum squares, are exhibited ; and where necessary a few explanatory remarks are added. 

Tllis method may be illustrated as follows :-let A, B m d  C be stations at  the vertices of a trinngle, and let t l ~ e  differences of 
height obtained by ~erticnl angulnr observatiolls be A - B - c feet, B - C = a feet, C - A - b feet, then a + b + c sl~ould equal o ; but in 
practice this ia seldom or never the came : hence for each triangle in which the differences of height of the stations have beeu observed we 
rhall have an equation 

When a group of triungler coanrct two spirit leveled points, there is also an equation formed by equating the differenda of height, along 
any route conneoting the stations, to the direrence M shewn by spirit leveling. The aolution of those equations by minimum squarer ia 
performed in the usual manner and needr no illustretion. 

B 
8 Ending at  Stations Commencing at  Gtntions 

1 

2 

3 

4 

6 

6 

Errors 
in feet 

Metllod of Dispemion, 
and Remarks. 

North- East Lvngitudirtal Series. 

Simple proportion. Besides the 
poi~its of origin and the terminal 
point, the height of Sisgarh stood 
fixedby a former simultaneous ad- 
justment of Groups 1, 2 and 3 by 
minimum squares. 

This group fixes the heights of 
only two poiuts, Donau and Ktiim- 
khera. Their values are the arith- 
metical means of the measures from 
the surrouuding statious. 

Simple proportion. The height 
of Kokra was fixed in Group 3 of 
the Amua Series. 

Minimum squares. The heights 
of this Group were determined in  
connection with Group 3 of the 
Amua Series. 

Simple proportion. 

KhBnpur was fixed by the Karfira 
Series. This Group only fixes the 
height of Bela. 

+ 8 . 5  

, 

+ 9 . 2  & 
+ I  I .  I 

+ 5 - 2 8 2  

+ 3'7 
- 3 - 8  & 
- 4.4 

Mahesari, ChRndipahh' 
and Ghandiiil 

Atfhia, Baheri and 
Birond 

IJmra and Kiiirnkhera 

Kokra and Rhmnagar 

Saidara and Kutia 

L&& and Chelua 

At4ria 

Umra 

Kokra and Rfimnagar 

Kutia 

Llklin and Chelua 

KhBnpur and M h i  
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Commenoing at Bbtionr Ending at Btetionr Errors 
in feet Method of Diaperaion, 

and Remarks 

Bela and MBsi 

Dadaura and Tilakpur 

Mtinichauk, Saibara 
and Bansidila 

=ensJ Bharmi, and 
Gharbaria 

Btijra, Bakwa and 
Naunangarhi 

Rdpdi and Batwaia 

North-East LmgitudinaZ Seriee-(Continued). 

Tilakpur 

Saibara 

Gharbaria, Krena and 
Bharmi 

Bakwa 

Rdpdi 

Amua 

Jirol, Chandarsanpur 
and Bheria Bisanpur 

Sinaria, Amua and 
Madanpur 

Diwtinganj and La- 
tona 

Chandarsanpur 

Minai and Ghiba 

Dewgnganj and La- 
tona 

Ghiba 

Sontikhoda and Rtim- 
gauj 

Simple proportion. 

JJ Bansidila had 
its height fixed by Group 4 of the 
Gurwtini Se~iee. 

Simple proportion. 

JJ The height of 
Naunangarhi was fixed by Group 8 
of the Hurfihng Series. 

Simple proportion. The height 
of Amua was obtained as explaiued 
in Group 3 of the Chendw6r Series. 

+ O S 6  I Simple proportion. The heights 
of Madanpur and Chandarsanpur aa 
well aa that of Bheria Bisanpur were 
obtained as explained in Group 3 of 
the ChendwL Series. 

Simple proportion. 

,J Chdni and Ma- 
niila were first fixed and then Raisi 
and Minai. 

Simple proportion. 

The heights of Chotliki and Newhi  
were fixed in the adjustment of the 
Calcutta Meridional Series, and those 
of Dlimdtingi aud Kanchtibtiri were 
determined from the observed angles 
and received no correction. 

Budhon and TinsmQ Simple proportion. 

Baragaon and Pondri Mehtre and BtinsgopLl I ,J 



Ending at  Statiom E m m  
in feet 

Method of Di roim, 
ma l b m a x .  

Budhon ilferidional Serk8- (Continued). 

4 

Sirsa, Bhatauli and 
Milik 

Sirsa and Bhatauli Sheopuri and Mahesari 

I . .  0 . .  The adjustment of this group was 
somewhat complex, because of the 
number of fixed heights in it. They 
comprise Rajauli and Milik fixed in 
Groups 2 and 4, and BBnsgopsrl, Ba- 
rauli, Atora, Sirsa and Bhatauli k e d  
by Spirit Leveling. The adjustment 
was made thus :-A preliminary value 
of Kandarki was obtained from the 
mean of those furnished by BBnsgo- 
pa ,  Atora and Sirsa, and employing 
this value and the heights of B h -  
gop6l and Rajauli, a mean value of 
height of Chandanpur was obtained 
and adopted as final. Again, employ- 
ing a preliminary value of height of 
Chandanpur, as determined from Ra- 
jauli and BBnsgopil, and the heighte 
of Bhsgoptll, Atora and Sirsa a 
mean value of height of Kandarki 
was obtained and accepted aa final. 
Lastly the height of Llit was deter- 
mined by taking the mean as derived 
from Kandarki, Sirea and Milik. 

Minimum squares. 

Manang 

Kalain 

Fatehganj 

1 

2 

I + 3-8 1 Simple proportion. Tinsmdl and Ran& 

Datika and Manang 

3 i Kalssin and Bisungarh 

* After thin reduotion wad made the heights of Paprendi and gin6khem were determined by the Revenue Survey Leveling Opem- 
tiona that of the former atation differed only by Z feet from the value determined by minimum equares, but that of Kin&hern differed 
by 10 feet. !Che spirit leveled valuea of both heights were adopted, as also the values of all the shtions obtained by computation wuth of 
Ktidkhem. The error which ehewad ibelf to the north of that rktion was diapened by proportion between it and Jbjmau. 

1 

2 

Amna and Lakanpura 

MBwa and JIijman 

Jhjmau 

Dardwal and Sirwaia 

Minimum squares*. 

Minimum squares. 
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Ending at Ststions Err oro 
Cbmmencing at Sbtionr 

Method of Dispersion, 
and Remaria. 

Sirwaia and Parser ... I.. . . . I.. . a .  The remaining heights of this 
aeries were determined by minimum 
squares in connection with some 
appertaining to the North-East Lon- 
gitudinal Series. See remarks to 
Group 4 of that Series. 

Kar4ra and Xarwslb 

Majilgaon and Karra 

Horeaa and Salon 

K h h  and Munai 

Janai and Tauli 

Turkani and U t i h u  

Majilgaon and Karra 

Horesa and Salon 

Munai 

Tauli 

P a a r  and Turkani 

Minimum sqnaree. 

The height of only one station, Pa- 
r ibn,  is obtained in this Group, its 
value being the mean of the determi- 
nations from the 4 surrounding 
stations. 

Simple proportion. 

This Gronp fixes the heights of 
Tikiri and Basantpur only. The ad- 
justment was performed in a similar 
manner to that of Group 3 of the 
Budhon Series. 

Simple proportion. 

Chapri and Pokra 

Baripur and Ganeehpur 

Sirw4ra and Kapradi 

Orejhar and Kumeria Saibara 

BmOpurand Ganeshpur 

Kapradi 

W e t  and Bisaul 

Simple proportion. - loma & - 6.4 

- 2'3 
Minimum squares. The only two 

points of this Group not fixed by 
Spirit Leveling are Rarauli and 
Nanaa. 

Minimum squares. 



Ending at Ststionr f o 
E r m  
in teat 

Commenoing at Stationn 

1 

2 

8 

4 

1 

2 

8 

Method of Dia emicm, 
and Remar% 

Simple proportion. 

This Group contains only 2 points, 
Gaura and Kharakpur, which are not 
fixed by Spirit Leveling. A preli- 
minary value of Kharakpur was ob- 
tained from Kanaun,Chit Bisdm and 
Samenda,and the h a 1  value of Gaura 
waa then given by the mean of those 
obtained from Hirdepur, Barhanpur, 
Kanaun and Kharakpur. Similarly 
with a preliminary value of Gaura, 
derived from Hirdepur, Barhanpur 
and Kanaun, and with the Spirit 
Leveled values of Kanaun, Chit Bis- 
r4m and Samenda the final value of 
Kharakpur was obtained. 

This Group contains only one point, 
Bhadir, not b e d  by Spirit Leveling, 
andits fiual height is themean derived 
from the four neighbouring stations. 

All the stations on the right flank 
of the chain of triangles included 
between these limits have had their 
heights determined by Spirit Level- 
ing. The height of Dharamsingua waa 
fixed by Group 9 of the North-East 
Longitudinal Series. The remaining 
heights were obtained on a similar 
principle to that adopted in Group 
2 of this Series. 

Gtora and Sewadhi 

Hirdepnr and Barhan- 
Par 

Chit Bisr4m and Sa- 
menda 

Balaritiganj and Ba- 
ni4p4r 

Gora 
' BarhBni and Hirdepur 

Chit Bier&m and Sa- 
menda 

Balaribanj and Bani- 
4pk  

Gharbaria andDharam- 
aingua 

Eut*iZ&ong Illeridw~Z Series. 

dleridional Series. 
- 5.7 & - 6-2 

a 

Khaira PBndu and 
Hurilbng 

Hetampur and N u b n  

Daun6ha and Patjir- 
wa 

Nu4on 

Patjirwa 

Naunangarhi and Bak- 
wa 

- 0 . 7  

+ 8.6 

. 

Simple proportion. 

Ditto. 

The height of Naunangarhi was 
first determined; it is the mean of the 
value from Patjirwa and that from a 
dispersion by removes between Bak- 
wa and Rlipdi of the North-East 
Longitudinal Series. The height of 
Binharwa was obtained from all the 
other stations of the group, a mean 
value being accepted as final. 
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Cicen.dwdr Heridiom1 Seriee. 

I Commenoing st Stations 
0 

1 I ~ a e i 4 t n  and Chendwlr I Phulwaria 1 - 0.5 1 Simple proportion 

Barra and Phulwaria 

Harpnr and SBwajpur 

Ending at Stations 

Paladpur and Harpur 

M adanpur and Amua 

Ditto. 

Errom 
in feet 

The height of Madanpur is the 
mean of four values, two of which are 
obtained from the Chendwrir atid two 
from the North-East Longitudinal 
Series. The latter are brought up 
from the stations Chandarsanpur 
and Narhar, for which provisional 
values of height were deduced by 
simple proportion between the Spirit 
Leveled heigl~ta of Chotaipati and 
Herpur of the North P6rasaith 
Series and the stationa of the Chbi -  
Di-wbganj polygon on the North- 
East Longitudinal Series, which 
themselves reet on Spirit Leveled de- 
terminations at 4 of the stations in 
that polygon. The height of Amua is 
the mean of four values two of which 
are derived from the Cheudw4r Seiies 
and two from the North-East Longi- 
tudinal Series. 

Method of DLpemion, 
crud Bemarka 

North Pdrasndth Meridionat Seriee. 

BQmani and Qhoranji 

Sajanpura and Baaant- 
P* 

Simple proportion. Basantpur 

Chotaipati and Haryur The height of Achalpuris the mean 
value obtained from the three Spirit 
Leveled heights of Bt~santpur,Chotai- 
pati and Harpur and from the height 
of Sajanpura fixed by Group 1. 

- 5'3 

I North iKatzinchcs dleridional Seriee. 

Dnrgapur and M a l b -  
cha 

Pirdauri and Bar$ri 

RBmnagar and Manula 8 B&a and Dighi The height of Manuln is derived 
from Group 15 of the North-East 
Longitudinal Series, and the height 
of Mohania is the mean derived from 
the four neiglibouring stations. 

- 4-11 

+ 690 

Simple proportion. 

Ditto. 



.Eat  Calcutta Xongitudinal Series, Brahmaputra Series, Eastern Frontier Series- 
Sectwvz 23" to 26", and Assam Longitudinal Series. 

No Spirit Leveled values of height occur in any of these series, and the heights of the 
stations mere adjusted by simple proportion as follows :-A circuit was formetl of which the 
right-hand branch commenced from Cliinsurah and B o p  of the Calcutta, Meridional Series, 
and passing vid the East Calcutta Longitudinal and the Bralirnaputra Series, closed on the 
stations Alangjslni and Shmding of the Assam Lo~~gitudinal Series, and the left-hand branch 
commenced from Kanch6bBri and Newhni of the North-Ea~qt L~ngit~udinal Series, and follow- 
ing the Assam Longitudinal Series, closed on the same stations. This gave closing errors of 
-2.3 and +oq2 feet, which being dispersed, the heights of Orfi, Hatiara and Ptikdiha of the 
East Calcutta Longitudinal Series became available as fixed data for originatsing the right- 
hand branch of a second circuit, and those of Parthbganj, Dhubri and SBmding of the Assam 
Longitudinral Series for t l ~ c  leEt-hand branch : these two branches closed on the stations Sogaria 
and Gojalia, where the East Oalcutta Longitudid Series unites with the Eastern Frontier 
Series. The second circuit exhibited errors of + 13-3 and + 12.7 feet. I n  both circuits the 
mean of the errors at the closing stations were the quantities dispersed. 

1 

Abstracts of the calculations of the trigonometrical differences of height for the several 
series embraced in the North-East Quadrilateral, and which also contain the final values of the 
heights adopted for the stations, will be found on pages 163-1, 65-J , 38-9, 34-L, 4&x, 
3 & ~ ,  63-0, 60-p, 4 G Q ,  32-a, 43-9, 68-T, 65-;~1, 81-r, 9 3 - ~ ,  and 76-g. 

I n  these abstracts there are given for each station, the astronomical date and mean 
time of observation whenever forthcoming, the mean of the observed angles preceded by a 
letter shewing whether it is D, a depression, or E, an elevation, and the number of observa- 
tions of which it is the mean. Then follow in succession the heights in feet of the signal and 
instrument employed, the contained arc between each pair of stations and the amount of 
refraction expressed both in seconds and as a factor of the contained arc. Next is recorded 
the trigonornetrical difference of heiglit of each pair of stations as deduced from the observa- 
tions. These differences me followed by the several vdues of height of the deduced station 
above sea level as brought up by the triangulation, and the means of these values for each 
station. And lastly are recorded the final values, obtained as has been explained in this section, 
together with the heights of the pillars or towers from which the observations were made. 

Commencing at Btrdiom 
Method of Dispemon, 

nnd Bemarka Ending at 8ktiom 

Calcutta Meridwnal Series. 

Emra 
in feet 

Stitten, Chinsurah and 
Ni4l 

Simple proportion. Sonikhoda and RBm- 
ganj of the N.E. 
Longitudinal Series. 

+ I I - 7  & 
+1oW5 
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It has occasionally llappened that after observations have been taken by one observer 
at a tower station, a secolld observer, coming to connect the station with new stations, haa 
found it necessary to increase the height of the tower. I n  such cases the final height of the 
tower is that to which the results given in the numerical abstracts relate, the previous obser- 
vations having been reduced to it, by referring the heights of the signal and instrument to 
the surface of the raised tower. When the height added to the tower exceeds either or both 
of these heights, the corrections for signal and instrunlent require the opposite sign to that 
which they usually take. I n  such cases a note is always inserted in the numerical abstracts, 
drawing attention to the fact. 

The Determination of Azimuth8 by dstrorconrical Observatioras. 

It has been the practice in this Survey to determine azirnutlls at  certain stations in 
the coui-se of the execution of each chain of triangles. It used to be customary to select 
stations for this purpose in meridional series at  about I" apart, and in longitudinal seriea 
at shorter intervals. Of late the clloice of stations hrrs also been governed by the nature of 
the surrounding country, those localities only being accepted where there was reason to ex- 
pect that the results would be least influenced by local attraction. 

When the meridional series of this Quadrilateral wllich emanah from the Calcutta 
Longitudirlal Series were executed, azimutlls were observed at one of the base stations of 
each series ; and the direction of the meridian so obtained was employed in the calculations of 
the series in preference to that brought up by triangulation. This procedure was due to the 
then inferior clraracter of the triangulation on the Calcutta Longitudinal Series. Since the 
revision of this series, which was completed in 1869, the azimuths obtained by star observa- 
tions have been discarded in favour of those furnished by the triangulation; they were em- 
ployed when the fundamental azimuth at KaliBnpur was determined from a combination of 
the observed azimutlrs at several of the surrounding stations-see pages 137 to 141 of Vol. 
11-tlley have not however been made use of in direct connection with the triangula.tion, but 
are reserved for future investigations of the Figure of the Earth at:d of local attraction. Tlle 
observations having been made pari p m d  with those of the angles of the triangles, and re- 
duccd pari pas& with the preliminary reductions of the triangulation which precede tlle 
Simultaneous Reduction of each Quadrilateral, they and their reduction have been given in 
the volumes which treat of the triangulation. 

The observations for azirnutl~ consist of measures of the angle, at  any station, btween 
a circumpolar star, when near eitllcr elongation, and some other station-either directly or 
through the medium of a referring mark-which are made in accordance with the system 
followed in observing the llorizontal angles as regards the cllanges of zero, but with a large 
number of repetitions on each zero, as the observations are individually liable to greeter error. 

The time of each intersection of the star being carefully noted, the difference of the 
momentary azimuth, 8A, from the value at  elongation is subsequently calculated and applied 
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to the observed angle between the star and the referring mark. Thue a series of determina- 
tions of the angle between the referring mark and the star's position a t  elongation is obtained, 
from each of which and the known value of the azimuth of the star a t  elougation, a deter- 
mination of the azimuth of the referring mark may be deduced. 

The formula for calculating 6 d  ia 

(2 sin9 + SP cosec I") tan A cos2a SA* = - . . . (32) 
I - (2 sin2 a. sin2 &-8p) f: (cot P. sin6P) 

in which A is the azimuth of the star at elongation, P the corresponding hour angle, a the 
North Polar Distance of the star and 6 8  tlre difference in azimuth for tho time 6 P  before 
and after elongation. The last term of the denominator is positive when the star is below 
and negative when above the position of maximum elongation. 

At each station where the azimuth of a referring mark is observed, the angle between the 
referring mark and one of the cont,iguous stations of the triangulation is measured, just as 
any other angle ; the several measures will genemlly be found in the Abstract of the Observed 
Angles a t  the observing station, and if not there then after the abstract of the azimuthal ob- 
servations. 

The Abstracts of the Azimuthal Observations which were made on each series will be 
found respectively on pages 181-r, a-J, 44-9, 39-z, 66-x, 40-a, 59-0, 66-P, 
6 G Q ,  36-z, 4 G s ,  65-T, 71-0, 89-r, 103-w , 8+, in which are given, besides all 
necessary information regarding the observations themselves, such details of the calculations as 
will m b l e  them to be followed up to the final result, vig., the differences between the Astro- 
nomical and the Geodetical Azimuths. Sometimes the whole of the observations on a pair of 
eeros could not be completed in one night; in such cases the remainder were taken on a sub- 
sequent night, and the change of star's place was duly allowed for in the reductions. 

The Bml Bedzlctiolt of the Triangulation. Preliminary Sketch. 

The different processes employed in the reductions which have m yet been described, 
are applied to the single triangles, polygonal figures and net-works by which the chains are 
built up. It has been the custom to make ench field season's work, whenever possible, close 
with a con~plete figure ; so t l~at ,  during the succeeding recess, the preliminary reduction of 
the whole might be effected, and the resulting data rendered available for any immediate pur- 

The d n e a  of the portions of the formuls enclooed in bmcketq within the limitr 8P - 3- and cr - lo0, have been caloulated, and 
M given in the Auiliury Tablu 8 thur, M tan A am's may be trerted u a motant for woh elongation, the oslcubtion of 8A ir e d y  
performsd. 
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poses for which they might be required. The portions of the triangulation so.treated fulfil 
dl existing conditions until a chain closes on a base-line, or two or more chains combine to- 
gether to form a circuit. Further conditions then present themselves which the triangulation 
has to satisfy as a whole, namely :-- 

Bret, in the case of a chain closing on a measured base-line, the length of the base- 
line obtained from the triangulation should agree with the measured length. 

Secondly, when two or more chains combine together to form a circuit, the values of 
the length and azimuth of the aide of origin, and of the latitude and longitude of the station 
of origin, which are obtained by processes of calculation through the triangulation and back 
to the origin, should agree with their initial values. 

Before proceeding to indicate the forms of e~uations which result from the foregoing 
conditions, it may be as well to anticipate a possible objection in their application. As all 
errors are to be dispersed by the method of minimum squares, which assumes the indepen- 
dency of all the quantities under investigation, it might be imagined that we must now again 
revert to the observed angles, as the angles which have been corrected for figural conditions 
cannot be considered independent. It has however been shewn in Appendix No. 8 of Vol. 11, 
that the observed angles may be corrected in accordance with a part only of the conditions 
which govern them ; and that when new conditions present themselves the corrected angles 
may be employed for finding other corrections, so that final corrections can be obtained by 
employing the angles after they have received any number of partial corrections, provided 
that the conditions which have already been satisfied are maintained when the further cor- 
rections, required to satisfy additional conditions, are calculated. 

It appears therefore that all the preliminary calculations stand good, and consequently 
that the equations due to the new conditions may be obtained by employing the corrected, 
instead of reverting to the observed, values of the angles. But when we are seeking for final 
corrections, we must treat the corrected angles in such a manner as to preserve all the con- 
ditions already satisfied. These are however so numerous and entangleci as to make an exact 
solution of the problem impossible. Consequently all the central and side conditions of the 
different polygonal figures and net-works composing the chains are excluded, by omitting 
from the Simultaneous Reduction all angles appertaining to polygonal figures and net-works 
over and above what are needed to form continuous chains of single triangles, and increasing 
the weights of the angles of the retained triangles. By this means the entanglement is 
greatly diminished, and the number of figural equations is reduced to one for each triangle, 
of the simple form 

which permits of the elimination of one of the unknown quantities in each triangle, and thus 
enables all the triangular equations to be dispensed with. Thus the number of equations to 
be solved is eventually reduced to the number of new conditions to be satisfied, or in other 
words to the numbel. of what are here called Circuit Equations, the term having reference 
to all the closing errors of the chains of triangles, whether occurring internally at the ends 
of the circuits, or externally on the base-lines. 



After the completion of the Simultaneous Reduction, the angles appertaining to the 
portions of the polygonal figures and net-works, which had been excluded, are corrected in 
such a manner as to restore the consistency of each figure, without altering the values of the 
angles which have already been fixed. 

The Final Reduction of the Triangulation. Formation of the Circuit Equatione. 

It  will now be .understood that the several chains of triangles which are presented for 
simultaneous reduction consist only of single triangles. These are numbered consecutively in 
such order as may be most convenient. The angle opposite the flank side of each triangle is 
known as X, that opposite the side of continuation as Y and that opposite the base as 2, each 
being further distinguished by a subscript, which is the number of the triangle : x, y and z 
with corresponding subscripts are the symbols employed to represent the errors of the angles, 
or, in other words, the unknown fallible quantities of which the most probable values that 
mill satisfy the equations have to be found. These equations are respectively termed Linea.~* 
and Geodetic, the former taking cognizance of the errors in the ratios of the sides of triangles 
which are met with at the base-lines and junctions of chains, the latter expressing the errors 
in latitude, longitude and azimuth which exhibit themselves at the junctions of chains. In 
the reduction of the present Quadrilateral these equations were formed in the following 
manner :- 

I .  Linear Bqzcatione. 

If a be the length of the side of origin of a chain and b the length of the closing 
side as obtained by triangulation, and the triangles are numbered from 1 to na consecutivcly, 
me express the value of B logarithmically as follows :- 

log b = log a + log sin Y, - log sin Z, + log sin Y, - log sin Z, 

+ . . . + log sin Y, - log sin 2, 

When this equation is differentiated, if me write y for d Y  and z for dZ, we shall have 
an expression for d log B, the error in log 6, in terms of the angular errors y and z. Now 

d log sin Y = (tabular difference (t.d.) log sin Y for a change of I") x d Y 

d log sin Z = ( . . . . . . , log sin Z . . . , . . ) x dB 

Thus if for brevity we denote t.d. log sin Y by /3 and t.d. log sin Z by y, we have 



FORMATION OF THE CIRCUIT EQUATIONS. a 

As in this equation d log b as well as P and y represent quantities in the 7th place of decimals, 
it is convenient to treat it as if both sides were multiplied by 107, by which means dlogb, 

, m . t  

f l  and j become respecti'veli the number of units in the 7th place of decimals. If we put 1 
to represent the actual closing error in log b, and employ brackets to denote summation, the 
last equation may be ,written 

The value of E is derived by comparing the logarithms of the measured and computed 
vducs of a base-line, or those of the two computed values of the side of junction of any two 
chains. Thus at base-lines we have 

[Py - yz] = log b computed -- log b measured . . . . . . (36) 

and at junctions of chains we have 

the subscripts r and I referring to the right and left-hand chains of the circuit. 

The coefficients P and y are taken by inspection from any book of logarithms which 
gives the logarithmic sines of angles for every second of arc.* 

The form of h e a r  equation here given is the same as that employed for the South- 
East Quadrilateral, but differs from that employed in the reduction of the North-West Quadri- 
lateral, in that f l  there stands for cot Y and y for cot 2, and E is the error in log b multiplied 

cosec I" 

by Modulus' 

11. Geodetic Epuatione. 

The form& which have been employed for calculating differences of latitude and lon- 
gitude and azimuth, have already been quoted at pagcs 30 and 31. I n  now dealing with these 
we confine our attention to the first terms only. Differentiating them with respcct to c and 
A, treating p, v and X as constants, we have the following expressions for the errors in lati- 
tude, longitude and reverse azimuth at any station;- 

* To save time this is done in course of the prelin~inary calculation of the triangles, t l ~ e  tabular differences being then noted on the 
triangle sheets, from which they are afterwards tnken when wanted. Provision is also made in the triangle sheets for again eniploying 
the same tabular differences as fnctora of the h a 1  co~~ectiona of the angles in calculating the corresponding correctiona to the logarithms of 
the sides of the triangles. 
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I n  these formule dc and d B  represent the total errors in the length and azimuth of 
any side of a .triangle, which have been generated between it and the side of origin of the chain 
of triangles. These errors have to be expressed eventually as functions of the generating angular 
errors; consequently it is necessary to express them, in the first instance, in terms of the 
errors generated between the stations of which the geodetic co-ordinates have been computed 
consecutively from the origin. Let Station I be assumed to be the origin of co-ordinates, and 
2,  3, . . .  to be the subsequent stations ; suppose the origin of co-ordinates to be situated at 
either extremity of the initial side of tlie chain, and let the given data on which the calcula- 
tions are based be the length of the initial side c, the latitude and longitude of I, and the 
azimuth of c a t  I : also make the general symbols of the differential equations special by the 
addition of numerical subscripts, in the following order 

for the side 1 t o 2 ;  MI, ALI, &II, CI, A, and BI 
. . . . . . . . . . . . . . . . .  

a, n t o n + ~ ;  AX,, A&, AA,, c,, A, and B, 

where tb + I is the last flank station. 

Now if &, be the linear error generated between c and c, 
. . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  k n  . ~ * - 1 ~ n d c n  

and if 

6 8 ,  be the azimuthal error generated between c and c, 
. . . . . . . . . . . . . . . . .  

6 4 ,  . . . . . . . .  .CS-I andc, 

thcn for tho successive values of in the differential equations we have 
C 
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and for successive values of dB  

d d ,  = dB, + 6A2 
. . . . . . . . .  . . . . . . .  (42) 

d a ,  = d ~ , - ,  + sa, 

Returning.now to the expressions for d A X, d A L and dB,  but treating the Imt first be- 
cause it is required for the formation of the others, and omitting all terms in which higher 

dc 
powers of sin I" than the first occur, or are latent as in products of sin I" by 7,  we obtain 

the following general expression for dB,, the error in the azimuth of the nt%t the ( n + ~)th 
station 

The errors in latitude nnd longitude at the same station, the (lz + I) '~, are the sums of 
the respective errors generated betweeu the successive stations of the traverse, that is to say 

Expressing the d A X and d A L for each station in terms of 8c and sd, and making 
tho successive suuunrttions for the right-hand members of the last equations, we have 



and 

These formulre are given in Volume I1 and were employed in the reduction of the 
North-West Quadrilateral. Major Herschel made the following changes in their mode of 
expression with a view to obtaining the numerid coefficients of the unknown quantities 
in a more expeditious manner :- 

M and - x 107 = the number of units in the tabular difference of loge in the 7th placo of 
C 

decidals ; if we call this t.d. log c, and put 

then 

Similarly if we put 
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wo shall have 

& [ A L ] 7 = [ p ] t.d. log c.& I . . . . . .  (49) 
6c [ A A  ] 7 = [ ,)n ] t.d. log c.& 

A,+ putting 

v 0 = - cos X sin I" I o6 
A f 1 

it follows that 

- X tan A] sin 1" = - [ A g  A L $ 6 1  = [ A p  ] suppose 1 
+ p A cot A]  ,in I. = + [ A 0 A x k6] = [ p  ] J 

For calculating these expressions Ag,  Lg and Ag can be tabulated for every degree of 
latitude involved, and special values may be obtained by interpolation. 

The formula for errors in latitude, longitude and azimuth may now be expressed 
as follows:-- 

dim+, = :[ Am]t.d. log c..Sc, + '[ Am]t.d. log ca.aca i- . . . + ,% tad- 10% c..&~ 
, ( 5 2 )  

+ '[ I A p ] a A , +  ' [ A ~ ] 6 d a  a + * + A ~ p . 8 d .  
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and 

We have finally to express the values of the errors Sc,, h3, . . . and SA,, SA2, SA,3, . . . in side and azimuth, wliich were successively generated between the stations whose 
elements have been computed, in terms of the generating angular errora. I n  doing 

this there are two courses open to us. One is to carry the geodetic calculations from 

Fig. L Fig. 2 atation to station along either flank of each chain of 
triangles, the right flank being preferred because 
every value of A is then always obtained by add- 
ing the included angles of the traverse to the pre- 
vious B ; another is to carry them from flank to 
flank in a zig-zag manner across tlie chain, when 
the included angles of the traverse have to be 
alternately added and subtracted to obtain a fol- 

3 lowing d from a preceding 23. Thcse methods 
are illustrated in both the accompany in g figures, 
the dotted lines representing the traverse along 
one flank of the triangles, and the broken lines 
t l ~ e  zig-zag traverse from flank to flat~k. Of t l ~ e  
t\vo methods the first has been employed for the 
wl~ole of tlie triangulation comprised within the 

e North-West and South-East Quadrilaterals and 

t l ~ e  first ten Circuits of tlie present Quadrilateral. 
I But for the remaining triangulation, whicll falls 

to the east of the Calcutta Meridional Series, 
Major Herschel adopted the second method. The 
sets of equations wliicl~ result from either method 

mill now be shewn. 
But first it mrlst be stated, in explanation of the t71-o figures in the margin, that 

in both of them the block numerals I, 2, . . . indicate the numbering of the stations on 
the direct line of traverse. When tlie traverse is carried along a flank of the cl~ain of tri- 
angles, the traverse stations are much less numerous than the triangles, and they therefore 
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require a separate numbering ; but when it is carried in a zig-zag, from flank to flank, every 
traverse station is the vertex of a triangle and may take the number of the triangle, and con- 
sequently in this case the traverse stations do not require a special numbering. Thus different 
notations are needed in the two cases, as will xiow bo exemplified with reference, in both 
oases, to the chain indicated by Figure 1, becauso it is less direct, and thus leads to more 
complex expressions of error, than the chain indicated by Figure 2. 

1.-Tk Direct &kt? of Traverse. 

Following Fig. 1, and employing old face numerals as the subscripts for the traverse 
stations and ordinary numerals aa subscripts for the triangles, it mill be seen that Sc, and 68, 
are the linear and azimuthal errors generated between the initial side c and the traverse side 
1-2, Sea and 68, are the linear and azimuthal errors generated between the traverse sides 1-2 
and 2-3, and so on. Hence 

also writing 

a for t.d. log sin X 

/3 ,, t.d.log sin Y 

y ,, t.d. log sin Z 

it can be easily demonstrated that 

t.d. log c,.&, = P1 g1 - y, 2, + a, xa - 7, za 
t.d. log c,.&, = 6% y 2  - ~2 + as - 7 3  23 i ( 5 6 )  
t.d.log ~ j - ~ c j  = /33 y 3  - asx3 + /34 Y 4  - 74 Z4 + a6 $6 - 76 '6 

. . . . . . . . . . . . . . . . . . . . .  
Eliminating x from these expressions by help of the triangular equation x + y + z = o, 

substituting the values of Sd and 6c in the expressions for d A,+, , dL,+,  and d B m  , and 
introducing the following symbols, &z., 
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B for the left-hand member of either equation 

p, for the coefficient of t.d. log cI.8c,, or ' [ n ]  

ss t.d. log c..~c, ,, ' 1 [ rn ]  

8 ,  or ' [ p ]  

we shall have the following general expression for an error either in latitude, longitude or 
azimuth, in which when two consecutive ps occur as forming a factor of a, thus (pl+ - 
they may be replaced by - mi :- 

+ . . .  J 
The general forms for the coefficients of y and z are :- 

Firat.-If the pth triangle have no side in the line of traverse, but only an angle at 
the station I ,  

Secontlly.-If the qth triangle have a side in the traverse between the stations t and 
t +  1, 

Exceptions may present themselves at the commencement and end of chains, owing to the 
non-existence of some of tlie coefficients. In  all instances, however it will  be found that +I 

enters the coefficients of all the errors of the angles at station t ; also that pl enters the coeffi- 
cients of the errors of the other angles of the same triangles, with a plzcs sign if looking from 
station t the angle is the left-hand one of the triangle and a ntinus sign if the right-hand. 
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The substitutions for p and + to render the general equation applicable to either lati- 
tude, longitude or azimuth are now as follows :- 

Tabte of Szcbstitwtiolzl, for p and +. 
Latitude Longitude 

For E 

19 CL 

Azimuth 

dh+ I 

A p 

2.-The Zig-zag Line of Traueme. 

m e  Zig-zag Line of Traverse follows a course such as is indicated by the broken lines - - - -  in Figures 1 and 2 ; every two consecutive sides of the traverse include only those 
angles of the triangles mhicli are known as flank angles and are symbolized by X, in contra- 
distillction to the 'angles of continuation' which are symbolized by Y and 2; in the direct 
line of traverse all three angles occur indifferently. Tllcre is of necessity, therefore, a greater 
uniformity in the coefficients of y and z in tlie resulting geodetic equations, and further 
me may dispense with traverse numbers and employ tlie triangle numbers only in indicating 
the component factors of the coefficients which are respect.ively due to  the traverse and the 



triangle. This can be easily done in the case of a chain originally consisting of single tri- 
angles, such m is represented by Fig. 2 ; because the number of triangles and the number of 
sides in the traverse are tlie same. But when the triangles are taken f'rom a cliain which was 
originally double, as in Fig. 1- where however, the non-circuit triangles are not shemn- 
we must adopt numerical subscripts which will recognize the crossing of tlie line of traverse 
from the vertex of one triangle to that--not of the next but-of tho next but one, as frequently 
happens in such cases. Thus the symbols for Fig. 1 will be as follows :- 

For the side of continuation of triangle 1, A A,, A I),, A A,, c,, 8 1 ,  and B,, 

8 9  triangle 4, AX,, AX,, AA4, c,, A,, and B,, 

and so on, shewing by the subscripts the specific numbers of the triangles which are made use 
of in the successive deductions. &, and 6A, are now the Linear and geodetic errors generated be- 
tween the initial side c and the first side of the traverse, or the side of continuation of triangle 1.  
S c , ,  and 6A,3 are the linear and geodetic errors generated between the first and second sides 
of the traverse, or between the sides of continuation of the triangles 1 and 3; and so on. But 
it must be carefully borne in mind tliat whereas in the direct line of traverse the forward 
azimuth A at any station is deduced by the addition of the included angles to the back azimuth 
B, in the zig-zag line of traverse the included angles are additive only when they are to the 
left of the line of traverse and are subtractive when they are to the right ; hence 6A carries a 
plus sign in the former case and a minus sign in the latter. 

I f  we now substitute for & and 6 8  in t e r n  of x, y and z, we may dispense with dif- 
ferent symbols to distinguish between the traverse and the triangle,numbers, and shall have 

and 

We are now again in a position to substitute the generating angular errors for the 
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errors in side and azimuth in the expressions for dX, + , , d L ,  + , and dB, given by equations 
(52) to (54). But before so doing we must make further cllanges in the notation. n is now 
no longer the number of sides in the tl.averse but the number of triangles in the chain, and 
the right-hand subscripts of the expressions will be (I) ,  (2,3), (4), ( 5 ) ,  (6,'i), kc., double 
numbers occurring wherever two triangles are included between successive sides of the tra- 
verse. The same double numbers will have to be employed to symbolize summations, 

thus ' [ m ]  or 2:[P] ,  and also for the ps  and bs, thus A,S, #g,s. These double numbers, 
2.3 

although they somewl~at confuse the analytical expressions for the errors in latitude, longitude 
and azimuth, cause no trouble in practice, when the wlculations are rxmde with'the aid of a, 

reduction chart, as is usually necessary. 

The general expression for an error in latitude, longitude or azimuth now becomes 

On reference to Fig. 1 it mill be at once evident how easily this expression can be 
written'down for any chain of triangles, wit11 the aid of the figure. 

The general expressions for the coefficients of y and z in the preceding equation are 

where L stands for + or -, the former if the triangle lies to the right of tlie traverse and tBe 
latter if to the left*. 

* If the traverse stations are numbered in succewion, the 'Table of S~tbeti tut io~~s '  will furnial~ the formula for any p or 9 ;  bat  it was 
preferred to oulcu111te Lllase triangle by triangle in the mtne form ill wl~icll the coe5cients of the allgular errors, I + p B and I cp-p 7, were 
calculated. Besides the dispensing with eepnrhte subscripts for the p s  and cps, this form has the advantage that the longer expressions for the 
coeflicienta of  the st~pular  errom of t r ian~les  with one aide in the traveme are nbsent, while if the series to which it is applied are double 
the tntmbcr of p s  and + s  which have to be computed mug be much the ssme. On the other hand, when the  hai ins of triangles are single, 
see Fig. 2, the number of ps  and +a  is uearly doubled; some slight liability to error is also occasioned by the chaltge of sign of 9. This li- 
ability to error ie abeent from the old form, and the double form~llre for the coe5cienta of 1110 angulnr errors nre not no troublesome an might 
be supposed a t  i r e t  sight, aa they can be easily written down with the nid of the Keductio~l Chart, by llelp of the rules given OII  page 54. 

W. H. C. 
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3.-CaZMllatwn of the Absolute Temm of the Geodetic Eqwztiolacr. 

It has now been demonstrated how the geodetic errors met with a t  the close of any 
circuit of triangles, or a t  the junctions of separate chains of triangles, may be readily expressed 
in terms of the symbolic errors of the included angles. The absolute terms of the equations 
will be the differences of the values in latitude, longitude and azimuth, which are calculated 
from the origin of the circuit through the two branches up to this junction, The calculation 
of the absolute term E for the geodetic equations is performed thus. The circuit is divided 
into two branches-right-hand and left-hand-and the values of latitude, longitude and azi- 
muth are calculated from a common station a d  side of origin to a closing station and side by 
either branch ; and, if the subscripts r and 1 denote the vdues obtained by the right and left- 
hand branches, 

I n  calculating the factors p and + the following approximations were made :- 

I I ForA% = -AA- wa8 put -23 A h  M 1 0 7  

I  I  
,¶ zm = -AX- I 

M 1 0 7  
,. . . . . . . (65 )  

and A A, A L and A A were retained to the nearest second only. .g, p and j were tabulated for 
every degree of latitude required to two decimal places and were employed by interpolation 
to one decimal place. The table will be found at  the commencement of Section 11 of Chap- 
ter 111. The values of tho ps  and +s obtained in this manner are somewhat less rigorous 
than those of the South-East Quadrilateral ; but with the aid of Crelle's !Fables of Products 
the labour of calc dating them is greatly reduced. 
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6.-Apptkation of Equalizing Factore to t k  Lhear  and Geodetic Epuatione. 

When the linear and geodetic equations have been obtained in tlle manner here de- 
scribed, it will be found that the numerical values of the coefficients are much larger in the 
former than those in latter, and that those in the latitude and longitude equations are least of 
all. Although this can not produce any effect on the hd results, it leads to an amount of 
labour in the calculations, which may be materially diminished if the coefficients can be equa- 
lized roughly without much trouble, by multiplying each by a special factor. Such factors 
were employed for the North-East Quadrilateral ; their values were 

for azimuth equations . I 

,, latitude and longitude equations I 5 

,, linear. equations . .  0.03 

The Fina2 Reduction of t k  Triangulation. Sotutiolt of the E p u a t h  between t k  
Indetemninate Factore. 

If we assume that the number of triangles entering tile reduction ia t and that they 
furnish n circuit equations, the latter may now be written in order 

in which eq~iatiom the left-band subscript in ' old face' type corresponds to the number of the 
equation and the right-hand subscript in ordinary type gives the number of the triangle. 

Now for reasons which have been stated in Section 2 of Chapter XIV, Vol. 11, the 
angles appertaining to any single trigonometrical figure are taken as of equal weight in 
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the simultaneous reductions. Thus the minimum which governs the solution of the forego- 
ing equations will, when x has been eliminated from it, become 

The symbols employed for the 'indeterminate factors' are ,A, ,A, ,A, &., and the 
equations between them are* t 

. . .  # . . e * # . . . . * * * . . . . . . . e  e . . . . . .  I 

In  thew equations, sltllough the corresponding coetticients on o p p i t e  sides of the diagonal appear to differ, their values are in 
reality identical in each term of the summation. Both forms were made use of as a check on the cmlculationn in tke North-West and 
&nth-Esrt Quadrilatemh; and the diagonal aw5cients were obtained a h  by the formula 

Thm oheakr were superseded in the North-Ed Quadrilateral by eqasting the sum of the awfacients of the As in any, the ql', eqna- 
tion to 

t The analytical exprecaions for the coe5cient.a of the indeterminate &tors in equationr (68) hare been obtained by eliminating 
from the cirauit equations one of the angular e m m  of eaoh trintigle, by help of the triangular equation x t. y + r - 0. The 8trme form 
may be arrived at  by retaining the unknown quantities, but eliminating the fuctors appertaining to the triarlgular equations from the 
equations between the indetermillate factors, prior to lheir wlution. This has already been pointed out, sre note on pngo 401 of Vul. II. 

I f  ,a,,, ,1,. ,:,, be the m!Rcients of x,,, ya ,  c, ill any the h h  equation and their sum be put eqwl 3pa,, the mfRoient 
of# in the qth equatmn w i l l  l int  take the form 

L ,  s .  

n - t  

I)) I , [t [ P a -  qa- + PbM Q b a  + 8- - 3 P a ~  Q'M ] ] 
whicli is remarkable for ita rymmetry. 

If now we write b for b - a  and C for c - a  the coetticient becomes 

which ia the anme as in the text ; and the exprecnioiis for the errors y and r take the ramd form s l  in (69). 
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in which 

CC I B = - (2L -c), and = - (2c - b) 
3 3 

These equations having been solved, the values of the angular errors are given by the 
formula 



CHAPTER 111. 

THE DETAILS OF THE SIMULTANEOUS REDUCTION. 

On the General Aqec t s  and the Magnitude of the Undertaking. 

It has been stated, in the f i s t  chapter of tllis volume, that the eastern limit of the tri- 
angulation appertaining to the North-East Quadrilateral was originally intended to be the 
Calcutta Heridional Series. The Quadrilateral would thus have embraced eleven n~eridional 
series, starting from the already fixed Calcutta Longitudinal Series to the soutll and running 
parailel to the already fixed section of the Great Arc to the west; it would also have embrac- 
ed a longitudinal series to the north, and one obligatory measured length, viz, the SonAkhoda 
base-line, a t  its north-east corner. I ts  reduction would have involved the formation and 
simultaneous solution of 46* equations between indeterminate factors, of the form given in the 
last section of the preceding chapter. Now tae North-West Quadrilateral had only presented 
23 and the South-East 15 such equations ; and in both the labour entailed, first in the forma- 
tion of these equations, and afterwards in solving them by the method of minimum squares-so . 

as to obtain the most probable results-was very great, involving many precautionary calcula- 
tions, to guard against the occurrence of any error, without detection, througllout a mass of 
calculations occupying several computers for many montlls. Thus it was not unnatural that 
an undertaking which, at first sight, appeared to be so much more extensive than the two 
great reductions which had preceded it, should have been contemplated with some anxiety lest 
it might prove to be impracticable. 

In  reality there might have been 47 equations, for the Budhon Bforidiond Series hns a station, at Rbpur ,  near its middle latitude, 
which is only a few feet distant from a station of the Qrest Are, the intervening space being occupied by a temple ; and while the 5nal 
reductions were in hand the diatanoe and motual bearings of the two points were measured by an Offioer speci~lly deputed for the purpoae ; 
afterwards the Bndhon elements were adjueted to the fired olelnente of the Great Arc at  BPepur, by the i~~troduction of 2 additional equa- 
tions, 0110 in latitude the othor in longitude. 
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Now some of tlie interior meridional chains of triangles had been executed by inexperi- 
enced observers and with instruments of an inferior order to tl~ose subsequently employed on 
the other chains, so that these portions of the triangulation had been accomplished under less 
favourable conditions than the other portions. Thus a material simplification of the under- 
taking might have been effected by excluding the inferior chains from the general reduction, . 
a d  fitting them into their h a 1  places sub~equent~ly ; for the exclusion of any internal chain 
would diminish the number of equations for simultaneous treatment by four, and consequently 
leave four equations for subsequent'independent solution by themselves. It had been found 
necessary in the reduction of the South-East Quadrilateral to exclude the two nleridional 
chains known as the South Mallincha and the South PBrasndth Series, because of their mark- 
ed inferiority to the surrounding chains. This method of simplification was at first seriously 
contemplated ; but on closer examination it was found not to be desirable ; for the tlieoretical 
errors of the angles in the worst portion of the triangulation were not so much greater than 
tliose of the angles in the better portions, but that a judicious combination of the wllole tri- 
angulation might be made on the basis of the existing evidence regarding the relative weights 
of the several angles. 

One series only-the Budhon Meridional-was eventually excluded ; this was done not 
so much because of its inferior character, as because its connection with any other portion of 
the triangulation than the Calcutta Longitudinal, was so slight tliat its influence on the 
general reduction would have been barely if a t  all perceptible. Starting from the southern longi- 
tudinal series, the Budhon chain closes on the upper extremity of the Great Arc, and not on the 
northern 1ongit)udinal as do all the otlier series ; i t  is connected with the northern longitudinal 
series, but only by a single triangle, the one which is now numbered 5'7-see the Reduction 
Chart for that series. By excluding this triangle from the Simultaneous Reduction, and treating 
it as one of the redundant triangles of tlie polygonal figure to wliich i t  appertains, the Budtion 
Series could be, and was, completely severed from the North-East Quadrilateral, and made to rest 
entirely on the two fundamental series a t  its extremities. I ts  separate reduction mill be 
found in an appendix to Part I of this volume. 

The exclusion of the Budhon Meiidional Series diminished tlie number of equations, 45, 
originally presented for simultaneous treatment by four, and by six the number, 47, which 
would have been required to take cognisance also of the connection with the Great Arc a t  
Rhepur, indicated in the foot note to the preceding page. 

A further elimination of eight equations, by the rejection of tlie Rangir and the Kariira 
Series, mas at  first contemplated. For on comparing the closing errors of the several circuits 
it was found that tlie largest of all occurred in the circuits into which these series entered, 
and that the circuits wliich would be formed by omitting these series presented much smaller 
closing errors. And as the angles had been mostly measured with indifferent instruments- 
those of the former with Cary's two 18-inch theodolites and Harris and Barrow's 15-inch, and 
of the latter with Troughton and Simms' 18-inch No. 1, a Cary's 18incl1, Harris and Barrow's 
15-inch and Saiyad Mil* Mohsin's 18-inch-it was at  first thought that the angular measure- 
ments were in fault. But when tlie relative weights of the whole of the angles came to be 



investigated, with a view to assigning to each angle its proper weight in the final combination, 
it was found that the angles of these series were not so inferior in weight to the angles of 
the other series as to justify their exclusion from the Simultaneous Reduction. 

This will be at once seen from the following table of the average values of the #errom 
of mean square '-e.rn.8.-of the observed angles in each of the several series of trimgle8, 
which lias been deduced from the data-given in a subsequent section of this chapter-for 
the investigation of the Weights of the Angles. 

Average Bmore of Xealz Square of the Obeemed Alcglee, in each Seriee of To-tes*. 

Amua 

KaAm 

Gurw4ni 

Gora I -00 Calcutta Meridional I -40) 

r -64 Chendwh I '09 

I 2 North P h n 4 t h  o '90 

I . I  I North Maliuncha 1 '27 

Nortli-East Longitudinal Series o -42 

The old meridional chains, 
.appertaining to the North- 
East Quadrilateral. 

Assa,m Longitudinal -f o'"63 Brahmaputra The modem meridional and 
longitudinal aeries appertain- 

East Culcutta Longitutlinal o '34 Eastern Frontier ing to the Extension. 

West Calcutta Longitudinal Series o -29.t 

It will be seen that the value of the arigular e.m.8. is largest for tlie Rangfr Series 
which might have been eliminated ; but this value is not very much larger than that for the 
Calcutta Meridional Series, the retention of wl~icll was obligatory ; the value for the Kadra 
Series is less than that for either the Amua, tlie Hurilhong, or the Calcutta Meridional Series, 
and is the samo as for the North Mallincha. Thus the rejection of either the Rangir or the 
K a r h  Series, on the grounds of the general inferiority of the angular measurements, was 
evidently not admissible. Tliis became all the more obvious when an investigation of the 
relative magnitudes of the linear and geodetic errors at the close of the ' circuits ' pointcd to 

Theae d u e s  of the s.m.8. am the average velum of the adopted denominators of p - o r ,  in other words, of either lhe e, or the q, or 
the mean of both, ae rrss deemed most appropriate in each instance-which are given fur each p;ro~tp of triangles iu each wries, in the tab* 
Byn0p.i. qf the Valuer of ps 4 the Eoidesce for their Datsrminotiou in the seotion of this cllapter on the Weights of tho Angles. 

On mferena, to Section 12 of Chapter I1 of Vol. VI, data will be found for the calculation of the average e.m.a., not merely of the 
o h r v e d  but slro of the 5gumlly corrccted angles of this aeries; the angles are comprised in Figures 9 to 13 of Group 111, Figures 13 to 20 
of Group IY, and Figare 21 which forms Oroup XIV; the final weights, we, of these an~ le s  are the Abwlute Weights in the table at the end 
of the &ion. The sqrlam root of the reciprocal of we may be accepted as giving a very fairly &pproximate value of the average e.m.8. of the 
Qurally cormcted anglen of each 5gure ; these values l~nre  been combined with woights proportional to the number of angled in each 5gure. 
The value of the e.nu. thue deduced for the whole series in -+ o'a l ,  while tha t  for the aeries na it stands aftor final correction, by the 
reductio~~ of the South- EM^ Quadriiled, uuat be wmewht  less; oee Soction 18 of Chapter XVII, Volu~llo 11. 
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a preponderance in the magnitudes of the linear and the azimuthal errors, as compared with 
those in latitude and longitude, which is inexplicable, excepting on the assumption that the 
lengths and azimuths of the sides of some of the triangles had not remained constant throngh- 
out the operations, but had in some instances become altered, because of deflections occurring 
insensibly a t  the (solid) tower stations in the plains during the progress of tlie operations. 
Such deflections might take place when a newly built tower was used before it had become 
settled ; but they would most probably occur during the interval which elapsed between the 
closing observations of one field season and the initial observations of the next, and which 
sometimes comprised more than one monsoon season with its concomitant heavy rainfalls. 

It has already boon statcd, at  page 14, that deflections were met with a t  the towers 
a t  the extremities of the side Harpur to Barhitta of the North-East Longitudinal Series by 
which the length of that side may have been augmented by 10.8 inches, more or less, the 
exact amount not being ascertainable without pulling down the pillars-which were solid 
throughout-to refer to the markstones at  their basements. But since that page was passed 
through the press, some $formation has been obtained, from the old records of tho Ranglr 
Series, which renders certain what had previously been only conjectural, and furnishes positive 
evidence of the magnitude of the possible deflections. The pillars at all the stations of that 
series in the plains were made hollow from top to bottom, to enable plumb-hes suspended 
from the summit to reach the basement. Thus deflections were easily measureable. The cores 
of the pillars were about I z inches in diameter at top and I 8 inches at  base ; therefore whenever 
any deflection not exceeding g. inches tdok place, a plummet suspended from the centre of the 
orifice above would alight freely on the basement; this however was not found to be sufficient 
to give all the play that was desired ; conseque~ltly in several instances a ' capital ' was con- 
structed on the top of the pillar, exceeding the diameter of the shaft by about 12  inches, to 
enable the tlleodolite t.o be set up excentrically, and thus h i t  of a further deflection of 6 
inches. This sl~ows that experience indicated tho necessity of being prepared to deal with 
actual deflections of as much as 15 inches. But in some instances the deflections were even 
greater, for the upper half of the pillar had to be pulled down and rebuilt, to permit of 
reference k i n g  made from the summit to the ground level by plummet ; and in one instance, 
when there was not time to rebuild, four markstones, forming a quadrilateral figure with the 
diagonals intersecting in the normal of the point over which t l ~ e  theodolite was set up, had to be 
constructed round the station, in order to recover the point in case of any subsequent deflection 
of the pillar. Now it so happened that permanent platforms were not built round these 
hollom pillars, but a temporary stage was erected at each, whenever required. Subsequently 
the form of tower station was altered, and the solitary hollow pillar gave place to a solid 
pillar surrounded by a platform of earthwork ; and then it appears to have been expected that 
the platform would serve as a protection to the pillar and prevent it from deflecting ; but 
experience has shown that the platform is itself more liable than the pillar to become deflected 
during the rainy season, and that by pressing against the pillar on one side it not unfrequently 
aggravates the evil it was expected to obviate. Thus the introduction of the solid pillar was 
the eveutual cause of grave evil, though at the time it was attended with much advantage, 
in facilitating the construction and cheapening the cost of tllo tower stations. 
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We may msurne theprobable error due to the deflection of a station on the summit of 
a solid pillar, during the c&sation of operations in the rainy seasons, to be fully f 6 inches. 
Then the e.m.8. of deflection on the side between two deflected stations will be equal to - 
f 4; x 1-48 x 6 = say I a inches. 

Hence, as the average length of the sides of cessation on the North-East Longitudinal 
Series is 10.8 miles, we may assume that 

f 0ooo,oo77 in logarithmic length, 
the average e. m. s. of deflection is = 

f 3"*6 in azimuth 
on any side affected, while the corresponding e. m. 8. of deflection on the latitude and longitude 
of either of the tower stations at the extremity of that side would be only f oW.oo7. 

The normal relations between the magnitudes of the theoretical errors in length and 
azimuth of the side and in latitude and longitude of the stations at the extremity of a chain 
of sensibly equilateral triangles are given by the following equations, for a proof of which 
reference must be made to the Appendix to Part I of the present volume " On the Theoretical 
" Errors generated respectively in Side, Azimuth, Latitude and Longitude in a Chain of Tri- 
gg angles". Assuming that the triangles are sensibly equilateral, that the three angles of every 
triangle have been measured and corrected for geometrical error, that the angles are all of 
equal weight, and that no errors exist other than those of the fallible meamre8 of the attgle8,- 
and putting for the e. m. 8. of any angle, R for the ratio of the last to the first side of tile 
chain, n for the number of triangles, and 1 for the length of my side expressed in seconds 
of a great circle, roo feet being taken as = I", then we have 

f?. m. 8. of log B = Modulus 1/2 
- 3 . I" 

e. m. s. of Azimuth = 1 / ~ .  r very approximately 
3 - 

e, m. 8. of Latitude or Longitude = I J 2 ' 2 3 ~  3n2+ Ion. E sin I". 
6 

On applying these formdm to the North-East Longitudinal Series-which m y  be 
regarded as a chain of r 17 fairly equilateral triangles with an average side length of 7301', 
and with angles of which the average e.m.8. = -f 0"-4%-we find that the theoretical errors 
accumulated between the origin and terminus are approximately aa follows ;- 

e. m. 8. of log B = f *000,0078* 
e. m. 8. of Azimuth = f 3"-7 
e. m. 8. of Latitude or Longitude = * 01'*45. 

Thus then we see that the theoretical errors in length and azimuth, which the deflection 
of the tower stations have rendered only too probable, at any single side of cessation, are prac- 
tically identical with the theoretical errors accumulated througliout the entire length of this 
chain of I I 7 triangles by reason of the fallibility of the measurements of the angles. 

If inmtead of anauming tile triangulation to be sensibly equilateral, we take it es it atands, and employ the values of the actual angles 
in the alculatione of theoretical error--using the logarithmic tabular differences of the sines of the angles which are tile ooe5cienta of the 
m n  of t h w  anglw in the linear equations of condition, M given in Section 12 of the present Chapter--we obtain f 'ooo,w81 sa the 
d u e  of ti& s. m. r., which in very slightly in excm of the approrimate value. 
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And when we test this Series by reference to the measured base-lines which are situ- 
ated at its extremities-one in Dehra Dhn, the other a t  Sontikhoda-and compare the trigo- 
nometrical with the measured ratios of those base-lines, we find discrepancies which clearly 
indicate the presence of other sources of error than those due to the an,gular measurements. 
The ratio which is given by the bztse-line measurements may be assumed to be exact, as has 
been shown in Section 41 of Chapter XVII, Volume I1 ; then the (logarithmically expressed) 
error of the trigonometrical ratio becomes 'ooo,og~+g, wl~icll is four times greater than tlie 
preceding investigation would lead us to expect. But there are no less than eight sides of 
cessation on this Series at which tower-deflections may very possibly have taken place; we 
may therefore consider that, on the whole Series, 

the e. m. 8. of deflection is = 6 JT x .ooo,oo77 = & ~000,0218 
or more than twice and-a-half the e.nt.8. due to the angular measurements. Thns the mag- 
nitude of the actual error of the triangulation, which is inexplicable if account is taken of 
the angular errors only, becomes sufficiently probable when the influence of tower-deflections 
is also taken iuto account. 

The instances in which material deflections might have occrlrred insensibly, during a - 
suspension in the observations of tho angles, were much more numerous in the North-East 
Longitudinal Series than in any of tlie ten meridional chains which it ties together, and for 
the completion of ml~ich it had necessarily to wait ; thus though this Series is superior to all 
the others as regards the precision of the angular measurements, it is inferi0.r to them all in 
the matter of deflection. Its retention waa obviously necessary to permit of the final reduc- 
tion being undertaken. Clearly therefore the omission of any of the meridional chains in the 
final reduction would not have been justifiable. 

For these reasons it became necessary to undertake the very formidable task of first con- 
structing, and then solving simultaneously 41 geodetic and linear equations of condition, in- 
volving no less than I 269 unknown quantities. As this appeared, at first sight, to be a much 
more arduous undertaking than had been accomplished in tlie Simultaneous Reductions of ttle 
North-West and the South-East Quadrilaterals, it; was considered necessary to simplify the 
calculations a,s much as possible, by aiming at less arithmetical nicety and precision in the 
results than had been previously attained, when every equation of condition had been solved 
with almost perfect accuracy ; vide Section 17  of Chapter XVII and Appendix No. 12 of Volume 
11, and also Section 16, Chapter 11, of Volume VI. But that accuracy had been obtained not 
so much by the very perfect system of checks against accidental error which was established, 
as by carrying all the calculations to such a number of decimal places as would prevent any 
accumulation of arithmetical error to an extent which would become sensible at  the close of 
a very lengthy series of computations ; and this last had been found a most laborious matter. 
I n  the present instance it was therefore determined, from the outset, not to add to the labour 
of the undertaking by paying much regard to possible arithmetical accumulations of error; 
before the calculations were commenced, Colonel Walker intimated to Major Herschel-to 
whom they were entrusted-that he was prepared to accept residual errors at the junctions 
of the several chains of triangles with each other and with the base-lines, 'of, say, 0"*5 in 
azimuth, o"*o~ in latitude and longitude, and 5 in the 7th place of decimals of tho logarithm 
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of a side'. Thus while the material portion of each closing error mould be dispersed 
systematically over the whole of the triangulation, small residual errors might remain, not 
exceeding what would ordinarily be generated in a, few triangles; and these-it was 
expected-might be subsequently dispersed over a few of the triangles nearest the junctions, 
by calculations of a comparatively simple nature. 

It soon dawned on Major Herschel that the North-East Quadrilateral, though containing 
several more chains of triangles than either of its predecessors, mas actually much less 
entangled; for each chain abutted in succession on triangulation which had been finally 
adjusted ; and of the linear equations connecting base-lines, which usually introduce more or 
less entanglement and cause a very considerable amount of additional labour, there was no 
need to employ more than one. And he. noticed that by arranging the primary equations of 
condition in the order of the circuits-grouping together the linear and the three geodetic 
equations for the first circuit, and then those for the second, and so on up to the last-the 
subsequent equations between the indeterminate factors mould be presented in a far more 
simple form for solution, than if the primaries had been arranged in any other way- as, for 
instance, by grouping the linear, latitude, longitude and azimuth equations separately; or by 
forming tlie wliole of the linear equations into one group, and the geodetic equations into 
another arranged in the order of the circuits, as was done in the reduction of the two 
first Quadl*ilaterals. He further noticed that the single primary equation between base-lines 
might be so introduced as only to entangle with three other equations which appertained to a 
single circuit ; whereas in the previous reductions there were several equations between base- 
lines, and they caused an unavoidable entanglement with the whole of the circuit equations*. 

Wl~en a cl~oioe of equations exinta it is gsr~erdly preferable to select that wl~ic l~  involvw the fewer unknown quantities ; because, in 
moet cams, it will entail fewer dculationa T h w  calculations are :- (1). The formation of terms (b + c (lE) of which the s u m  
wnstitute the aigniflcant coefficicnta of the indeterminate factore (A) ; (2). The solution of the eq~~ations between the indeterminate factora ; 
and, (3). The deduction of tho errora by the formulm 

(1). Tlre number of terms ( b + t& ) which any geometrical equation will fnmish, may be ascertained by counting the number of 
 triangle^ involved in it, and the nuu~ber of those same triaugles which are involved in any of the other geometricsl equations. In each case the 
eum will give the number of terms in the mfficiont of the corresponding indetarmioate factor in the resulting equation between tlre factom. 
Buplmse for example the eqltation to be selected is the p th  geometrical equation; then ilre number of triangles involved will give the 
number of t e r n  ( b + t  (d ) which go to form the coe5cient of f l  in the pth equation between the factors ; and the number of 
wnlrnon triangles involved in the pth and 9th equations will give the number of terms forming the coefficient of 8 in the p t h  equation 
between the factom: the total number of terms ( b 38 + c & ) due to any geometrical equation may be thus easily ascertained. (2). One 
equation, however, will in all probsbi1it.y give more significant coe5cienta of As than another; and if the excess is great the additional labour 
in solring the equations will also be great ; if on t l ~ e  other hnnd the ex- is small, while the wving in terms ( b + c & ) is large, the 
choice l o u l d  be governod by the U r .  (9). The calculation of 

is of courw a miiri~num when the unknown qnantities, generally, e n h r  a minimum number of equations; a condition which is  often 
brtter fulfilled by selecting a short eqluation rather thlu~ a long one, altl~ough Llre fewer uuknown quanthiea appertaining to i t  may enter tho 
larger number of equations. 

In  illustrntion of this, in the North-West Quadrilateral a choice lay between a linesr equation between base-lines derived 
from a chain of 89 triangles, but enhiling 19 significant coefficients of indeterminate factors, and n circuit eq~~lrtion derived from 249 
triangle8 but entailing only 18 significant coefficie~~ta of factom. In this case there could be no question nn to which to select; but 
had an examination been ncceaMry it wol~lrl have sllevrn t l~nt  the shorter equation required the calculation of only 178 terms ( b a  + t & )  
while the longer would havo involved 1606 s11ch terma Fl~rther, althollplh certain of the 78 unknown quantities y and z of the el~ortsr 
equation entered 18 other equations, a very much larger proportion of the 498 unknown quantitiee ontered the I7 other equstions. In the 
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The arrangement of the equations between the indeterminate factors has obviously no 
significance on the final results ; but it may have much significance on the amount of labour 
which has to be gone through in order to obtain those results. The object which should be 
aimed at  in the arrangement is, to group together all equations which contain a large number 
of tlie unknown quantities in common, in such a manner that each group shall contain as 
many as possible of the unknown quantities included in the two groups immediately preceding 
and following it ;  in other words, when the coefficients of the unknown quantities are 
arranged in order vertically, the number of blank values between significant values should be 
a minimum, and the number of blank values exte~swr to significant values a maximum. 
When this is the case, the equations are presented in the simplest form, for treatment in 
successive groups, each group containing'one unknown quantity less than the group preceding 
it. Blank values entering (vertically) between significant values of the coefficients of any un- 
known quantity, lead to the introduction of significant coefficients in every subsequent stage 
of the calculations, until the unknown quantity itself becomes eliminated ; obviously there- 
fore that arrangement is the best which causes no unnecessary calculations of this nature. 

I n  the present instance the most appropriate arrangement was readily secured by 
grouping together all the four equations appertaining to each circuit, and then marshalling the 
several groups in the order of sequence of the chains of triangles from west to east; finally the 
linear equation, which was wanted to introduce the single base-line into the trianguIation, was 
formed on a, meridiond series, entering into the four equations of a single circuit-the last- 
whereas in both the previous reductions the base-line equations had necessarily been formed on 
the longitudinal series which enter the whole of the circuits. Thus there was much less of 
entanglement than had been previously encountered ; and when the equations between the 
indeterminate factors came to be formed, there were no blank values of coefficients between, 
while there were very many exterior to, the significant coefficients. 

Moreover it became obvious that additional groups of equations might be introduced 
for the purpose of bringing certain external chains of triangles lying to the east of the Cal- 
cutta Meridional Series-under treatment simultaneously with the chains first selected for re- 
duction, without causing any entanglement of the unknown quantitiee, but merely increasing 
the labour of the solution in proportion to their number ; whereas when every term in the 
equrations between the indeterminate factors is significant, an increase in the number, say k, 
of equations causes an increase in the number of terms in the proportion of t ( P  + k) to k, 
as has been shown at page 107 of Volume 11. Major Herschel thereupon extended the Si- 
multaneous Reduction to embrace the four chains of triangles lying immediately to the east 
of the Calcutta Meridional Series. Thus two circuits, involving eight equations, were added 
to the investigation. Consequently the total number of equations became 49, of which the 
first 40 are the circuit equations appertaining to the North-East Quadrilateral as originally 
designed, the 4lst is the linear equation introducing the Sodkhoda Base-Line, and the last 8 
are the circuit equations appertaining to the Extension. 
Bouth-Enat Quadrilateral an exactly aimilar choice existed ; but the equation bhtween the bm-lines now entailed three extrn significant co- 
efficients of indeterminate factora, but only 240 terma (fi JB + c &) against 891 and 480 products A snd & A ngainst 1782. Here 
again the mall extra labour enteiled by the extra ooeficients of fwtore wan quite counLerbalanced by thogroat saving iu the olher culculations. 



The following diagram indicates the significant terms on and above the diagotlat on the 
left-hand sides of Major Herschel's equations between the indeterminate factors, and is inter- 
esting as an illustration of the symmetrical arrangement which the conditions of the problem 
rendered possible. The absolute terms, of which there is of course one to each equation, are 
omitted. 

Number of the Equation. 

It may be here observed that in the North-West and the South-East Quadrilaterals tlie 
presence of base-lines or fixed lengths at the four corners, and the necessary linear equations 
connecting them, tied together the chains of triangles to such an extent that the application 
of the foregoing method of arrangement would not have led to a very material saving of 
labour. The number of blank values entering vertically between significant values of the 
coefficients would have been diminished by 67 in the first and by 16 in the second ; but this would 
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not have materially affected the calculations, as a considerable majority of the coefficients 
were significant in both cases, whereas here a considerable majority of the coefficients were 
= o. On the other hand if, through any inadvertence, the primary equations of condition 
of this Quadrilateral had been grouped for solution in the same way as in the two previous 
instances, the labour of solving them would have been enormously increased, and the intro- 
duction of the four additional chains of triangles appertaining to the Extension would have 
been impracticable. 

Synopsh of I~dependent  Figural Reductions antecedent to the Final 
Simzcltaneous Reduction. 

The North-East Quadrilateral is made up of the following single triangles, quadrila- 
terals, polygons of one or more centres, and compound figures ; and the angular errors have 
been obtained by the method of Least Squares. 

~- -~ 

8 ~ ~ 1 s ~  
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The figural conditions and reductions-excluding those of tlie single triangles, which 
are of so simple a form as not to require special exhibition, but will be found in the general 
data of the triangles-are given for each series, immediately after the abstracts of the ob- 
served angles : a diagram of each figure is also given in the plates for each series. These 
together afford the means of readily following the calculations appertaining to each figure*. 

Summing up the geometrical equations of condition, triangular, central and side, 
furnished by the whole of the figures, they amount collectively to 706 triangular, 58 central 
and 73 side equations, or 837' equations in all. 

Th6 weights employed in the figural reductions in tlie Series 1 and K to T mere the 
reciprocals of the squares of the ' probabilities of error '-see page 21-with the following ex- 
ceptions :-(I) Triangle No. 1 of the Ran& Series ; the angles were measured by Mr. Shelver- 
ton, when revising the western portion of the West Calcutta Longitudinal Series, and their 
weights were calculated by the nlodern formula. (2) Fig. No. 7 or the Sodkhoda Base-line 
Figure ; the angles of this figure were measured twice, first by Mr. Lane with Troughton and 
Simms' 36-inch theodolite, and afterwards by Mr. Nicolson with Barrow's 24-inch No. 1-see 
pages 8 and 9 ; both sets of measures were retained, and values of the observed angles mere 
deduced by combining the separate measures of each angle with their respective weights, but 
without the introduction of any equalizing modulus ; the reciprocal weights employed in 
the figural reduction are those of the sums of the individual weights of €he angles obtained by 
each measurement. (3) Fig. No. 15. The original station of Chendwh having been destroyed 
prior to the revision of the West Calcutta Longitudinal Series, and a, fresh one having been 
established, it became necessary to connect this with the triangulation of the Chendw4r 
Series ; consequently Mr. Keelan, when carrying out the revision, measured the angles of two 
of the triangles-see page 7 ; the weights of these angles and those of the other three tri- 
angles composing the figure, were reduced to s common standard of accuracy prior to the 
commencement of the figural reduction+.. For the remaining Series, LJ to X, weights cal- 
culated in the modern manner-as described a t  pages 22 and 23-were employed. 

* The aide equations in the flgural redudions are expre~ed  in different f o m  in digewnt portions of the triangulation. In the 
form first adopted the coetficienta of the unknown quantities are the wtangenta of the angles, in the other they are the tabular differenoer 
of the logarithmic sines of the angles. The latter have been made ww of for figures NOB. 7, 21, 23 to 41 and 46 to 53. - 

t Fig. No. 16 consists of five triangles, two memured by Mr. Keekn with Colonel Waugh'e 24-inch No. 1 and three by Mr. Logan 
wi th  Troughton and Simms' 18-inoh No. 8. Computing e, and sp for each we have 

For triangles by Mr. Keelan el - 0-33, % = 0.34 

)8 Mr. hgan  q - 0 ' 7 3 ,  % - 1 ' 3 (  

It appeared however that 87 anglee meaaured with Troughton and Simmn' 18-inch Ro. B on the Chendwk Series, give the average 
following valuer of el and e, ; 

el - 0.98, - 0.87 

Thus the calculations for thin inetmment from the figure itself give el eomawhat too a m d  and e, eomewhst too large ; consequently the mean 

of el m d  + rras taken and ita square employed for for Mr. Logan'r angler. Thus, with eu5cient approximation, we have for Mr. Kee- 



THE REDUCTION CHART. 

3. 
Description of the Redwtwn Chart. 

The Reduction Chart at  the end of this volume exhibits thc whole of the Principal 
Triangulation of the North-East Quadrilateral, as it was originally executed, including tlie 
Budllon Series, though, as has already been explained, that series was reduced after the simul- 
taneous reduction of the whole of the others. Part of the triangulation consists of polygonal 
figures or net-works, of which some of the angles are not introduced into the final reduction, 
and part of single triangles, of which all the angles are introduced. The fixed data for the 
final reduction are the length of the Sonslkhoda Bme-line, the Great Arc Series-Section 24" 
to 30"--of the North-West Quadrilateral, and the West Calcutta Longitudinal Series of the 
South-East Quadrilateral. The two fundamental series are fully exhibited, and are dis- 
tinguished by the sides of the triangles being shewn by thicker lines than those of all the 
other triangles ; the sides on which the several series of the North-East Quadrilateral abut, 
and of which the elements enter the calculations as fixed quantities, are defined by double 
lines terminated by black circles with white centres. 

The positions of Base-lines are indicated by thick black lines; of these fixed linear 
elements, tlie Sironj, Dehra D6n and Calcutta Bases, situated at the extremities of the funda- 
mental series, fall outside the limits of this Quadrilateral, and the Sonslkhoda Base alone enters 
in the simultaneous reduction of the Quadrilateral. Of the sevei-a1 series which enter the 
reduction, the civcuit triangles-the errors of whose angles are the unknown quantities in 
the reduction, and are all investigated simultaneously-are indicated by continuous lines. 
The non-circuit triangles are the portions of the original polygonal fignres and net-work's 
which are excluded from the simultaneous reduction, and their sides are indicated by broken 
lines. 

The fifteen chains I to X, J being excluded, form twelve circuits, into which each 
of the meridional cliains enter wholly; the longitudinal chins, 1, U and X are divided into 
sections which are denoted thus :- 

X by I,, I,, I,, . . .and I,,, 

X 9 ,  XI, and X,, 
the sections being numbered from west to east. 
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Thus the circuits are composed of the following chains :- 

Circuit I of IK: and I,, 
,, ~r ,, L, I,, a d  K 
,, I  , M I ,  ,, L 
9 )  I 7  ,, N, 144 9 ,  M 
9s  7 9 0, I,, 99 N 
99 72- ,, P, I,, ,, 0 
9 9  711 9,  Q, 17, 9, P 
9 ,  7111 3, R, I g a  ,, Q 
,a IX  ,, S, I,, ,, I3 
9 ¶ x ,, T, 110, ,, S 
9, 9, U,, W, T and Xi 
,, X I 1  ,, W2, w, W 3, X2 

Along the flank, on the right-hand side, looking north or west, of every chain of 
triangles but T which appertains to first ten circuits, a dotted line runs parallel to tlie sides 
of the triangles ; this is tlie Zhe of the traverse. In the chains which enter Circuits XI and 
XI1 this line zig-zags backwards and forwards across the chain*+. 

The line of traverse for each circuit is usually divided into two parts, known as the 
riglit-hand and left-hand branches ; but Circuit I has no left-hand branch, because tlie right- 
hand branch both orginates from and closes on sides already fixed in length and position. 
Where the station of origin of any circuit is not a point of wliicli the position has been 
already fixed by previous reductions, it is denoted by two concentric circles ; with a similar 
exception, the closing point is denoted by three concentric circles. The sides which form the 
origins of the right and left-hand branches of the circuits and on wliich they close are shewn 
by double lines. 

Tlie principal stations are indicated on the Chart by small circles, with their names 
and the serial numbers by which it has been found convenient to distinguish them for refer- 
ence in the course of the reductions. These numbers, which are in Roman character, are 
progressive in order from south to north in meridional series and from west to east in lon- 
gitudinal series, except in the Eastern Frontier Series, where the usual order of numbering is 
reversed, as the series extends many degrees to the south of the limits of this Quadrilateral. 

* Both the direot and the zig-zag line of traverse were employed for chain T, the former in Circuit X.and the latter in Circnit XI. 
I n  order to avoid confusion the zig-zag line alone ia hewn on the Chart, the direct line being au5ciently indicated by the sequence of the 
numbem in block type. 

t The course of the zig-zag line of traverse in the neighbourhood of triangle 461 needa explanation, since all three sides of that 
triangle are seoompanied by a dotted line. This is because the truverae for the right-htnd branch of Circuit X I  passes FiA Bkbupur, 1)aulat- 
pur, Hati6rq Maheehpnr, b., thut for the left-hand branch of Circuit XI1 commences from Or5 and passer aid Dnlllatpur, Hnt.iCra, 
Maherhpw, &.; and that for the right-hand branch of the same circuit also oommenoea from Offi and prmes aid Hatihrn, Baniiri, dro. 
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The principal stations on the right-hand flank of all the chains of circuit triangles, in 
the order in which the circuits are formed, have each an additional number in block type as- 
signed to them. These numbers indicate the stations of which the geodetic elements have 
been calculated in ascertaining the circuit errors ; and, for the first ten circuits in which the 
direct traverse has been employed, they are also the tnrverse numbers : they commence from 
the initial station of Circuit I, voiz., Rangir of the Rangir Series, which is numbered I ,  and 
terminate at Umter, 292, near the northern extremity of the Eastern Frontier Series. 

The circuit triangles are numbered from 1 to 673 ; commencing from the initial side 
of Circuit I, Rangfr-TinsmBl of the Rangir Series, they follow the same course as the 
traverse, and terminate at the northern extretnity of the Eastern Frontier Series. I n  each 
of these triangles one of the angles is marked y and another z; y and z are the symbols for 
the errors of the ' angles of continuation' which have been adopted tliroughout the Simul- 
taneous Reduction; x is the symbol for the errors of the flank angles; but as x has been 
eliminated throughout by the substitutioll for it of - (y + z), it is not indicated on the Chart. 
The addition of the number of any triangle us a subscript to either of these symbols, particu- 
larizes the angle in each itlstance. The nu~nbering of the ' non-circuit triangles ' is carried 
on in continuation of that of the circuit triangles, and enters the cllains in the same order 
as the numbering of the circuit triangles; here smaller numerals are used on the Cllart for 
distinction. 

Polygonal figures and net-works occur in all the series except L, N, IR and T, and 
are distinguished by numbers, carried collsecutively through the several series 1, K, &c., 
to U, taken in alphabetical order, which increase in the directions south to north and west 
to east. After chain U the numbering has been somewhat irregular, having been carried first 
through X, then down W from north to soutl~, and lastly up I! from south to north. These 
numerals have also been retained as the Figure-numbers in the diagrams and the reductions 
of the figures which are given for eacli series. 

I t  is to be remarked that the term ' figure ' is only applied in the Cl~art to groups of 
triangles forming a polygon or other net-work, and is not applied to single triangles. A 
single triangle has, however, as much cltiim to bo called a figure : hence the term 'figural 
errors ', when made use of elsewhere in t l~is  volume, is generally applied to errors of single 
triangles as well as of net-works. 

The course of the lines of Spirit Levels of this Survey wl~ich traverse tlie North-East 
Quadrilateral, and the connections wl~ich have been effected with many of the principal sta- 
tions, are also shewn on the Chart. The Spirit Leveling Operations orginate at the mran-sea 
level of Kurrachee (ICarAchi) Harbour; they approacli the Quadrilateral from the neigh- 
bourliood of Umballa, latitude 30" 211, longitude 76" 52', and after connecting wit11 the 
Dehra D6n Base-line, they pass down tlle Great Arc Series to Sironj : two main lines have been 
carried respectively east and south-east from tlie neigl~bourllood of Meerut and Agra, nucl 
they close on the SonJkhoda aud Calcutta Base-Lines. 



General Outline of the Forn~ation of the Linear and Geodetic Epuatwlts of Condition, and a 
Statement of the Etatire Number of Equations presented by the Triangulation. 

The triangulation having been first made consistent so far as all figural conditions were 
concerned, the linear calculations were commenced successively at  the sides Tinsma-Ran& 
Amua-Lakanpura, Kadra-MarwBs, kc., where series K to T abut on the Calcutta Longitudinal 
Series, and they were carried up those series and then westwards through the intervening 
sections of the North-East Longitudinal Series, to close successively on the sides Clihdfpah4r- 
Gliandihl, Attiria-Bel~eri, Dahlelnagar-Rhnagar, &c. They were then recommenced from the 
side Rhmganj-Newhni of the Son4khoda Base-line Figure (Fig. 7), and carried eastwards along 
Xl as far as the head of Series I! where they stopped. They were taken up again at  tlle side 
Chinsurah-Boga at the southern extremity of Series T, and carried through U,, I! and X,, closing 
on the side Harogaon-Tepkilabama ; and lastly they were recolnmenced at the side Orfi-Hat ih 
of Ul and carried through U, and W, closing again on the side Harogaon-Tepkilabama. 

Tlie calculations of the geodetic latitudes, longitudes and azimuths were carried in all 
cases along tho riglit flanks of the chains of circuit triangles, commencing and terminating 
with tlle linear calculations. 

The order in which the calculations have been made for the sirnultaneo~ls reduction, 
will be readily understood on reference to the Reduction Chart, for the linear calculations 
by tracing the sequence of the numbering of the circuit triangles, and for the geodetic cal- 
culations by noting the sequence of the numbers in block type. 

The errors of the circuits are the differences between the two sets of linear and geodetio 
values at the stations and sides of junction, as exhibited by the calculations through the right 
and left-hand chains of each circuit. 

The error at  the junction of the chain of triangles with the base-line, l ~ a s  been simply 
taken as the difference between the measured length of the base-line and the computed leugth 
brought up through the Calcutta Meridional Series. The base-line measurement was assumed 
to be errorless for similar reasons to those given in Section 4 of Chapter XVII, Vol. 11. 

We may employ formula (14) on page 27 to ascertain the number of equations of 
condition, here called circuit equations, to wliich the triangulation should still be subjected 
to make it consistent. Tlie figural equations make each group of angles of a figure or 
net-work consistent inter se ; 'but they take no cognisance of the connection of chains into 
circuits, and the conditions required for such connection. Tlie formula is however equally 
applicablo to both simple figures and to larger sections of triangulation forming circuits. 

Now this Quadrilateral is so closely connected with the Great Arc and the West Calcutta 
Longitudinal Series, that portions of some of the figures or net-works belonging to it are 
situated in the fundamental series, and have been therefore already reduced, thereby hrnish- 
ing fixed data to which the other portions have to conform; it will therefore simplify the 
application of the formula to include those series. The data will then be as follows :- 
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The Great Arc-Section 24" to 30°, has 247 angles connecting 67 stations, and has been 
sul~jected to I 17 figural eq~iations of condition (see Vol. IV). 

The Calcutta Longitudinal Series has 324 angles connecting 87 stations, excluding 
the 2 stations of the Great Arc on the positions of which it is based, and has been 
subjected to 150 figural equations of condition (see Vol. VI). 

The Nor th-East Quadrilat.era1 has 2 r 03 angles connecting 609 stations, excluding 
those appertaining to the foregoing series, and has been subjected to 837 figural 
equations of condition. 

Thus we have for the combined triangulation :-N (the number of angles) = 2674, 
S (the number of stations) = 763, or 

Now of these I I 5 2 equations it has been 'shewn that r I 04 have already been employed ; there- 
fore there remain 48 equations of condition to which the triangulation 11as not been sub- 
jected ; the SonBklioda  me-line' gives an additional equation. Thus there are in all 49 equa- 
tions for treatment. 

Let the symbols 1, K, L, . . .  X, which have been hitherto employed in lieu of the names 
of the several series, be now employed, with the addition of certain subscripts, to indicate the 
sum of the terms on the right-hand side of the linear equations-(35) or (36) page 47, as the case 
may be-and of the geodetic equations-(5 7) or (62) pages 54 and 67, wl~ich express the errors 
of the several angleq. Let the subscripts be c and A for the linear and azimuthal errors, X and L 
for the errors in latitude and longitude, placed on the left -hand side of the governing symbol. 
Also let E with a numerical subscript on the left-hand side, corresponding to the number of 
the equation, be employed to represent the absolute terms, as in equations (66) page 69. 

The several equations will now be briefly expressed in the order in which they enter 
the circuits as follows :- 

Circuit I .  Circuit I I .  

Circuit 111. Circuit IT. 

oM + O X 3  - .  c L  . = ,E. ON OX4 - OM . . . . .  6 I3E. 
. . . .  AM +  AX^ - AX* = ,,,E. AN + hXg - AM . . = 14E. 

- . . .  z M +  LXS - L L .  - I I ~ .  & N  + .I4 - L M  . . = 1 p .  

. . . .  A M +  AX, - AX1 = 1 2 ~ .  A N  + 1 - A M  . . . = , 6 ~ .  



Circuit 711. Circwit PIII. 

Circuit IX. Circuit X. 

Baae-tine Equation. 

Circuit XI. Circuit XII. 



FORMATION OF THE COEFFICIENTS. 

Formation of the Coegicients of the Unknown Quantitiee. 

On pnge 69 the Equations of Condition are represented by a form of which the follow- 
ing may be taken as a general illustration 

the left-hand subscript denoting the equation number and the right-hand subscript the num- 
ber of the triangle to which the errors appertain, and fi and c being the coefficients of y 
and z respectively. 

For the Linear Equations we shall have generally, see equation (34) page 47, 

fi, = & fIp = -& t.d.logsin Yfor I"; . . . . . .  
C, = JI yp = t.d. log sin Z ,, 

(71) 

For the Geodetic Equations we shall have 

Pirat, where the direct traverse has been employed, see expressions (58) and (59) on page 64, 

(72) being applicable to any, the pa, triangle when it has only the angle X in the traverse at  
station I ,  and (73) when it has the side opposite X in the traverse and lying between the 
stations I and I +  I ; 

Secovldly, where the zig-zag traverse has been employed, as appears from (63), page 57, 

in which the symbol L stands for + when the triangle lies to the right of the traverse, and 
for - when it lies to the left. 

I n  all the above expressions the double sign is necessary to make them applicable to 
both branches of -the circuit, the lower signs being required when the triangle forms part of 
the left-hand branch of a circuit and the upper when it forms part of the right-hand branch. 
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Exceptions to the General E x p r e s h  for 8 and C. 

The exceptions to the formula for b and c  are as follows :- 

( 1 )  Tlre Direct lkaceree. 

Circuit I. Equations I to 4. 

Equation I has no exceptional coefficients ; but in Equations 2, 3 and 4 

with the exception of c, in Equation 4 which needs the addition of unity; because otherwise 
the left-hand member of the eq~iation would only express the error in azimuth at the closing - 
station Q l~anW of Station 22 ; thus 

4css = I - (a* + 74s)' 

The same equation also has additional terms to those of s and 3 furnished by triangle 44 ; 
these are 

- yM and - z,. 

Circuit II. Equations 5 to 8. 

I n  Equation 5 

a,= +,; C, = + (a, + Y,). 

I n  Equatione 6, 7 and 8 

wit11 the exception of c,, in Equation 8, in Azimuth, which needs the addition of unit,y to make 
the equation applicable to the azimuth at I8 of 17 ; thus 

Circuit III, Equations g to 12. 

I n  Equation 9 

879 = + 4 7 9 ;  C,e = + ( 9 s  + 7 7 9 ) .  

I n  Equations 10, 1 1  and 12 
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E x c e p t h  to the General Expres&ns for B and c-(Continued). 

with the exception of c,, in Equation 12,  in Azimuth, which like sc, nee& the addition of 
unity; thus 

Circuit IT. Equations 13 to 16. 

In  Equation I 3 

In Equations 14 I 5 and I 6 

'180 = - + 4 9 1  ; '180 = - &I (a180 + ~ 1 8 0 )  ; 

with the exception of c,,, in Equation I 6, in Azimuth, which needs the addition of unity ; th ue 

Circuit 7. Equations I 7 to 20. 

In Equation I 7 

a171 = + qn  ; tin = + (a171 + ~ 1 7 1 ) -  

In  Equations I 8, I 9 and zo 

'171 = + P 8 6  a171 - 4 8 6  ; '171 = + ( q 7 l  + ~ 1 7 1 )  ; 

= - ~ 1 1 . 2  +a + 4 1 1 2 ;  C~ = - ~ 1 x 2  (a220 + ~2~zeo) ;  

with the exception of C, in Equation 20, in Azimuth, nrhicll needs the addition of unity ; tlrus 

aocm = 1 - 2op112 (aem + yew). 

Circuit PI. Equations z I to 24. 

I n  Equation ZI 

bell = + aeii ; '211 = + (a211 + ~ 2 1 1 ) .  

In Equations 22, 2 3  and 24 

'011 = + P l 0 7  %ll - 4107; '211 = + P I 0 7  (%Ill + y e l l )  ; 

'2.a = - ~ 1 3 s  %I) + 4 1 3 5  ; C~ = - ~ 1 3 s  (%e + ~ a s e )  ; 
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E ~ c e p t h  lo the Generat Bxpressiolts for b m d  C-(Continued). 

wit11 the exception of c,, in Equation 24, in Azimuth, which needs the addition of unity ; thus 

aqcp~a = I - 1 4 ~ 1 3 5  (%e + YM~)* 

Circuit PI . ,  Equations 25 to 28. 

I n  Equation 25 

b, = + a,4; Ce40 = + (% + ~24.9) .  

In Equations 26, 27 and 28 

with the exception of C, in Equation 28, in Azimuth, which needs the addition of unity; 
thus 

Circwit P%71. Equations 29 to 32. 

In  Equation 29 

$280 = + %89 ; '289 = + (%9 + ~ 2 8 9 ) .  

In Equations 30,3 I and 32 

aggO = - ~ 1 7 0  agg~ + + I f O ;  c~ = - PI70 (%SO + YSSO) ; 

with the exception of C, in Equation 32, in Azimuth, which needs the addition of unity; 
thus 

Circuit IX, Equations 33 to 36. 

I n  Equation 33 
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Exceptions to the General Expressions for b and C-(Continued). 

I n  Equations 34, 35 and 36 

with the exception of c,, in Equation 36, in Azimuth, which needs the addition of unity; 
thue 

Circuit X. Equations 37 to 40. 

I n  Equation 37 

',I = + % E l ;  ' ~ 6 1  = + (%1 + ~ 3 6 1 ) '  

I n  Equations 38,39 and 40 

b,l = + p 1 8 1  as61 - 4 1 8 1  ; c ~ ~ l  = + (%I + y % l )  ; 

= - p r 1 8  am + $218 ; cm = - (am + YW) ; 

with the exception of c,, in Equation 40, in Azimuth, which needs the addition of unity ; thus 

The Baseline Equation 41 has no exceptional coefficients. 

(2) The Zig-zag Traverse. 

Circuit XI. Equations 42 to 45. 

I n  Equation 42 

b,% = - %62 ; cMe = - (%62 + ~ 3 6 2 )  ; " = + (aM7 + I%,,); cqo7 = + a*; 

a,, = + Pm; cm = - 74438; 

'601 = - a601 ; C601 = - ( ~ 6 0 1  + ~ 6 0 1 ) '  



&cqtiolae to the General Expreudom for L m d  ~(Cont inued) .  

In equations 43, 44 and 45 Triangle 362 occurs in both branches of the circuit ; in the 
left-hand branch there is nothing exceptional regarding it; but in the right-hand branch the 
ooefficients of y and r me respectively 

+ h 2 A M  - h%44 %3 and - h~ (%62 + ~ 3 6 % ) .  

When the ooeffidents furnished by both branches m combined 

Again 

Circuit XII. Equations 46 to 49. 

Triangle 461 occurs in both branches of the circuit : in the left-hand branch there ia 
nothing exceptional regarding it ; but in the right-hand branch in Equation 46 the coefficiente 
of y and z are reepectively 

- a*, and - (a*, + ~ 4 1 )  

When combined 

I n  equations 47,48 and 4, right-hand branch, the coefficients of y and z are respeo- 
tively 

hence 

8 4 1  = - ~ 4 ~ 1 -  1 ~ ~ 1  PM1 + 4 4 1  - r ~ l  agsl ; 

Thc s~~bscripts 2 and r being employed to distinguish between the different values of 
I$,, and i n  the left and right-hand branches of the circuit. 
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Syltcqptical Exhibition of the several Equations of Conditiora. 

For the sake of brevity let us put ,k,, for -8, y, + ,c, z,, or in other words for the sum 
of the errors y and z of the angles Y and Z in any, the pth, triangle, respectively multiplied by 
their coefficients and c in any, the mth, equation of condition. Then in forming the equations 
it will be necesmry to substitute for m the number of the equation, and for p the number of the 
triangle. I t  will now be convenient to arrange the k s  in numerical order between the initial 
and the terminal sides or statioas of the cl~ains to which they respectively appertain, so far at  
least as this can be done without any break of continuity in the numeration of the triangles. 

We may here put .k 1 to represent the sum of the terms .k for a seriea of triangles of which 
0 

the first term is .k, aid  the last term .k, : when the triangles enter ae usual in a numerically 
increasing order p will be < q ;  when they enter in a numerically decreasing order, as some- 
times though very rarely  happens,^ will be > q. 

The equations will then be expressed rts follows :- 

Circuit I. Circuit II. 

( I ). Linear. - Ik7 . . - I &  
1 

( 5 ). Linear. 

92 
( 2 ). Latitude. ' k f  . . - 2 E . I  - ( 6 ). Latitude. 6k7 4- 6k 1 = 6E. 

46 

34 9s 
( 3 ). Longitude. 3k7  . . = 3E. ( 7 ). Longitude. $ 1  + 7 k h  = 7E- 

( 4 ). Azimuth. - ge 
,kT . . - ,E. ( 8 ). Azimuth. sky + gk / = 8E. 

46 

Cirwit 111. Circuit IT. 

79 
( g ). Linear. 9k 1 + ,klf = ,E. 

45 9 

79 . l  8 129 
(10). Latitude. ,& 1 + , o k ]  = toB. 

1 

46 93 (14). Latitude. ,,k QS 1 + ,,k 1 9  = ,,E. 

(16). Azimuth. ,dtl%p + ,$r = , a .  
0 1 0  
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Circuit 7. Circuit PI .  

( I 7 ) .  Linear. 
2 1 26% 

(2  I ) . Linear. a 1 1  + ,,k 221 1 = ,,E. 

1 1  220 211 eas 
(1 8 ) .  Latitude. .8k + ,8k 1 = I d *  ( 2 2 ) .  Latitude. ,.k I + I = i a E .  

139 1 1  181 2 1 

21 1 262 

(19). Lm~gitude. ,,Jclll + ,9k2r = 19E. (23).  Longitude. r3k Q + a3k I = a3E .  
139 181 1 1  221 

171 220 
( 2 0 ) .  Azimuth. ,,k ( + 1 = la. 

139 181 

211 
(24). Azimuth. ( + ,,kg[ = ,,E 

181 2 1 

Circuit PI I .  Circuit PI I I .  

249 302 28B 3 0 
(25). Linear. ask I + Z5k I = z5E- ( 2  9). Littear. 1 + a9kf = a& 

221 283 263 3 

249 289 330 
(26). Latitude. a6k I + 26kT = 2ti-E. (30). Latitude. 30k + jok 1 = 

ael e s 3 s 503 

a49 wa 289 330 
(27). Longitude. ,?k 1 + a7k 1 = I7Z- (31). Longitude. ,,k I + ,,k I = 31E. 

221 203 963 so3 

249 302 289 330 

( 2 8 ) .  Azintuth. I + ask I = a&. (32) .Az i?n~th .  3akI +3akI =3aE. 
221 203 203 503 

Circuit IX.  Cil-cuit 8. 

933 301 423 
(33). Littear. 33k I + 33k$ = 333-  (37). .Linear. 

SOS 1 
37k3? + 37kL = 37B* 

331 

323 301 423 
(34). Latitude. 34k I + 34kJ = 3 4 E -  (38). Latitude. ,8k3t1 + .& I = 383. 

303 1 33 1 302 

323 36 1 561 423 
(35). Longitude. 3Sk I + 35k l = 3 5 E -  (39). Longitude. 39k 1 + 39k 1 = 39E. 

so3 331 331 962 

929 361 361 423 
(36). Azi~nz~th. 36k I + 3& ( = 36E. (40).  Bzi?~tnth. 40k 1 + 40k 1 = '2. 

303 331 331 3G2 
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Circuit XI. 

407 415 601 
(42). Linear. 42k I + 4Zk + 4Zk3t32-k 4 z k L  = 4zE. 

408 4 

(43). Latitude. ,k$ + ,kT + . . . 
362 4% 444 

= 4 3 z .  

4Q7 4.48 601 - (44). Longitude. ,kJa + ,k I + 44kL . . . - ,E. 
424 

601 
(45). Azimuth. + ,,kX + 45kL . . . = 45E- 

36% 

Circuit XII. 

(46). Linear. , 46k6/7 + 46k:[ . . . - - 4E. 
481 

(47). Latitude. ,,k6i7 + ,,k61J . . . -4,E. - 
481 6 8 

617 673 - (48). Longitzrde. 4sk I + 481c6/8 . . . - 4aE- 
48 1 

9 .  i h  49k6i7 + ,k6T . . . = 4p- 
451 618 

The Nurnet-icaZ Pulues of the Pixed Data on which the Sintultaneous Reduction of the 
North- East Quadrilateral & based. 

It has been stated in Section 3 of Cliapter I, t l ~ a t  the North-East Quadrilateral rests on 
two chains of triangles, which, having been already finally adjusted, furnish, with one excep- 
tion, the whole of the data on u~hich the Quadrilateral is based, tlle exception being the 

. measured length of the So~ldkhoda Base-line. T l ~ e  two series are the Great Arc-Section 24" 
to 30°, or Series A of the North-West Quadrilateral, and the Calcutta Longitudinal, or Series ]8 
of the Soutli-East Quadiilateral. Tlle fixed data furnished by tliese series are given in 
Volumes I V  and V I  respectively; but for the geodetic elements a third place of decimals of 
seconds has been obtained by reference to the calculations of the North-West and South-East 
Quadrilaterals. The data are as follows :- 
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Volume IV page 29-:- 

North-East Longitudinal Series. 

Western terminus, CMndipahh or LIV to GhandiBl or LVI, GhanW being the 
closing station of Circuit I. 

At GhanW 

Latitude North ... ... ... 30' 13' 25"*321, 
Longitude East of Greenwich ... ... 78 27 54 -613, ... Azimuth of ChBndipah6.r ... ... 34 47 42 -606, 
Distance 93 ... ... Log Feet 5.1212764,1. 

Volume VI pages 166,, to 161,,:- 

Rangir Meridional 8eries. 

Station of origin Rangir or X ; side of origin Tinsma or VII to Rangir or X. 

At Rangir 

Latitude North ... ... ... 24' 0' 20"-365, 
Longitude East of Greenwich ... ... ;lg 28 26 '429, 
Azimuth of T i n s d  ... ... ... 106 I 22 '390, 
Distance 9 )  ... a.a Log Feet 5'1809675,5. 

Amua Meridional 8eries. 

Station of origin Lakanpura or XIX ; side of origin Amua or XVII to Lakanpura or XIX. 

... Latitude North ... ,.. 24' d 4gf"g1 8, 
Longitude East of Greenwich ... ... 80 49 51 '667, 
Azimuth of Amua * - a  ... ... 80 11 43'057, 
Distance ,, ... ... Log Feet 5moog8779,4. 

Karara Meridional 8eries. 

0tation of origin Marwb or XXVI ; side of origin Kar&ra or XXIII to Marwb or XXVI. 
At Marwb 

... Latitude North a * *  a.a 24' 4' 5gN.33o, 
Longitude East of Greenwich a.a ... 81 49 2 '460, 

... BLdmuth of K a h  ..a ... 89 31 10'757, 
Distance ,, ... a * *  Log Feet 5'2336163,3. 
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Gurwani Meridional Seriee. 

Station of origin Pokra or XXXI ; side of origin Chapri or XXIX to P o h  or XXXI. 
At Pokra 

Latitude North ... e..  ... 24' 18' 47f'.974, 
Longitude East of Greenwich ... ... 82 31 5 '683, 
Azimuth of Chapri ... ... . 89 57 44 '81% ... Distance ,, ..* Log Feet 4'9166608,4. 

Gora Meridional Series. 

Station of origin Sewhdhi or XXXYIII; side of origin Gora or XXXV to B e w W  
or XXXVIII. 

At Sewtldhi 

... Latitude North ... ... 23' 58' 24"-16$, 
Longitude East of* Greenwich ... ... 83 47 40 '015, 
Azimuth of Gora ... ... ... 103 I 7 '308, 
Distance ,, ... ... Log Feet 5'2475620,4. 

Hurilaong Meridional Seriee. 

Station of origin Hwrilhong or XLII ; side of origin n a i r a  P4ndu or XL to Huril$ong 
or XLII. 

At HurUong 

Latitude North ... ... ... 24' 2' 5"*9879 
Longitude East of Greenwich ... * - *  84 24 17 '757, 
Azimuth of Khaira P h d u  ... ... 128 18 27 -061, 
Distance ,, 99 ... Log Feet 5.!2'5767n6,9. 

Chendwar Meridional Heriee. 

Station of origin Chendwhr or LIII; side of origin KasUtu or XLIV to Chendwb 
or LIII. 

Latitude North ... ... ... 23' 57' 13".750, 
Longitude East of Greenwich ... ... 85 28 36 -468, 
Azimuth of K&giB.tu ... ... *.- 92 35 7 '003, ... Distance ,, ... Log Feet 5.24865 88,~. 
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North Parasnath Meridional Series. 

Station of origin Ghoranji or LIX ; side of origin BBmani or LVI to Ghoranji or LIX. 
At Ghoranji 

... Latitude North ... ... 24' 33' 34f''536, 
Longitude East of Greenwich ... ... 86 10 46 -965, 
Azimuth of BBmani ... ... a.w 71 4 51 '796, 

... Distance s, ... Log Feet 5*1150652,5. 

North Malunoha Meridional 8eries. 

Station of origin MalGncha or LXIV; side of origin Durgapur or LXII to Maldncha 
or LXIV. 

At MalGncha 
Latitude North ... ... ... 23' 54' 29"-021, 
Longitude East of Greenwich ... ... 87 8 g -038, 
Azimuth of Durgapur ... ... ... 74 46 40.026, 

... Distance 9 ,  ... Log Feet 5-0425046,7. 

Caloutta Meridional Series. 

Station of origin Chinsurah or LXXXI ; side of origin SBtten or LXXVIII to Chin- 
surah or LXXXI. 

At Chinsurah 
Latitude North ... ... ... s 2 O  52' 55'"874, 
Longitude East of Greenwich ... ... 88 26 38 -512, 
Azimuth of Sktten ... ... - e r n  122 3 47'437,  
Distance ,, ... ... Log Feet 4'8097497~2- 

The value of the SonAkhoda Base-line* has been taken from Vol. I, Section V, where 
full details of its measurement are given. Its length expressed in feet of the Indian Standard 
10-foot Bar A, at a temperature of 62" Fahrenheit, and reduced to mean sea level, is 

Feet 36685'7946, Log = 4'5644979,30 

* This base-line was reduced before the Spirit Leveling operations had approached its neighbourhood. The raluea of Height 
employed wcre ohtsined from the triangulation of the Calcutta Meridional Series and were :-for the South-West End 2a2.5 feet above mean 
aes level, and for the North-East E n d  246.9 feet. These are in excess of tlie Spirit Leveled heights, which were afterwards obtained, by 14'3 
and 15.4 feet respectively; thua the length of the base-line is more correctly 36685'8216 feet, the logarithm of which is 4'5644982,50, and 
thew values ehould have been adopted in place of thorre given in the text. 



SIDES AND ANGLES OF THE CIRCUIT !CRIANGtLEB. 

The Sides w d  Angles of the Circuit Triangles. 

The values of the Figurally Corrected Angles, and the logarithms of the Side-lengths, 
computed (in feet) with these angles in terms of the fixed sides of origin furnished by the West 
Calcutta Longitudinal Series, are exhibited in the following table. The given angles are the 
corrected plane angles, obtained by deducting the sum of the spherical excess and the figural 
error from the observed angles. Should it be desired to trace the formation of any corrected 
plane angle, reference must be made to the Abstract of the Observed Angles and to the final 
data of the Sides and Angles of the Triangles, which are given for each Series in this and the 
following volume. The final data will be found to contain three columns of angular correc- 
tions, which are respectively headed by the words 'Figure', 'Circuit' and 'Non-circuit',-'figure' 
being here taken to include single triangles as well as polygons and net-works ; the corrections 
in the first column are what have been. applied, with the spherioal excess, to the observed 
angles, in order to obtain tthe figurally corrected plane angles ; those in the second column 
are what have been derived from the Simultaneous Reduction ; and those in the third column 
are what have been computed to satisfy the geometrical conditions of figures containing non- 
circuit triangles, which have to be adjusted to the fixed circuit triangles ; the application of 
the correction in the second or the third column, as the case may be, to the figurally correct- 
ed plane angle gives the finally corrected plane angle. 

In  order that it may be readily ascertained-without reference to the Reduction Chart- 
whether any angle is a 'flank angle' or an 'angle of continuation', a column is inserted in 
the table which gives the symbolic error of the angle, either x, y, or z, but without the 
numerical subscript, as that may be inferred from the number of the triangle in the contigu- 
ous column. And since the stations on the right-hand flank of each chain are those at which 
the angles are the data for the formation of the values of the forward azimuth, and the side- 
lengths are the distances which were employed in the calculations of latitude, longitude and 
back azimuth-see the next section ; these stations are indicated by numbers in block type-- 
shewing by their sequence the order in which the geodetic calculations were performed-as 
well as by their Serial-numbers. The latter are distinguished in respect to the Series to which 
they appertain by their Serial-letters, as K for the Rangir Meridional Series, &c. 

The logarithm of the side* opposite any angle is given in the same horizontal line aa 
the angle. 

* In oalculeting these values 7-place Logarithm Tables were employed, the 8th place here 8hem being obtsit~ed by interpolation. 
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3 
3 
.a rn 

11 

'65 
'65 
'65 

'56 
'56 
-56 

'53 
'52 
'53 

'57 
'57 
'57 

'$9 
'59 
'50 

'62 
'Cia 
'63 

'59 
'60 
'60 

'42 
'42 
'43 

'16 
'16 
'16 

'63 
'64 
'64 

'65 
'65 
'64 

'55 
'56 
'56 

'59 
'59 
.58 

'74 
'74 
'74 

corrected Plane 

0 I 11 

62 33 50'85 
53 7 26-48 
64 18 42-67 

57 49 39-44 
51 16 11-09 
70 54 9-47 

61 21 24'44 
56 11 9'98 
62 '7 25'58 

58 5 48-95 
64 27 14-35 
57 26 56-70 

65 16 18.15 
5753 0'41 
56 50 41 '44 

58 33 56'39 
59 [a 9-76 
63 7 53-83 

54 " "2.37 
65 54 35 '39 
59 54 2-24 

57 15 4-60 
51 I 0'83 
71 43 54'57 

119 54 1-26 
IS 3 1 41-56 
44 34 17-18 

56 33 48-48 
63 44 49'95 
59 41 21 '57 

59 36 30'66 
64 29 11 '59 
55 54 17-75 

53 37 20.40 
59 3 37 '88 
67 19 I ' 2 %  

74 42 22'45 
55 20 42-37 
49 56 55-18 

51 57 55-47 
66 36 48'59 
61 25 15-94 

Logarithm of 
nide-length in 

Feet 

5~0028g30,1 
4'957766799 
5moog5~65,4 

4'9550790r5 
4'9196~81,3 
5'00a8930,1 

4'9506268,9 
4-gz68.+18,8 
$'955°f90,5 

4'9537225,S 
4'9801655,6 
4'9506268,9 

.+-g8gra7a,8 
4'9587643,o 
4'95372255 

4-9737337,s 
4'977O993,5 
4m9891272,8 

4.94~6367,~ 
4'9970640,S 

'4'9737337,s 

4'8929185~0 
4'8587024,3 
4'945636793 

4*9846722,1 
4'47437~4~8 
4'8929185,o 

4'9699343,S 
5'00~2300,5 
4'9846722r1 

4'987650916 
5'0072866,9 
4'969934325 

4'9284756~5 
4'9559532,5 
4'9876509,6 

5.0288895,~ 
4'9597329*9 
4'9284'156,s 

4'9816+34,8 
5'0.+80871,6 
5*0288895,6 

t 

s 
1 
Y 
a! 
s 

1, 

1, 

11 

6 .  

,, 

,, 

,, 

1, 

,, 

,I 

,, 

1, 

d 

1 

a 

8 

4 

7 

8 

9 

10 

11 

12 

13 

14 

LOg"ithm of 
aide-length in 

Beet 

5mog~40z8,0 
4'9667207,7 
5'1809675,S 

4.9830852~2 
5'1165878,o 
5'0914028,o 

5'06~1006~3 
5'1383042,~ 
4.983085282 

sa1995234,3 
5.1660679,8 
5'0621006,3 

5'26r4478,5 
5.1575922~6 
5'199523413 

sS13o2833,5 
5'2~01999,6 
5.2614478~5 

5'1222269,f 
5*0756827,5 
5'1302833,5 

5.1413682~1 
5'0967690,S 
5.1222269,7 

5.1483022,4 
5'1584330,7 
5.1413682,1 

5'1134368,g 
5'0586;61,1 
5'1483022,4 

5*0640170,6 
5'0290419,I 
5'1134368,~j 

5~oogo6~6,3 
5'0502735~4 
5~0640170~6 

5'0f21680,1 
4'9835941,2 
5'0090646,3 

5'009516.5~4 
5'0308288~3 
5*07a1680,1 

Corrected P h e  
h g l e  

0 I I1 

54 24 15-70 
37 36 19-34 
87 59 24-96 

44 20 35-70 
71 53 49.46 
63 45 34-84 

55 51 14-29 
80 31 14.99 
43 37 30'73 

73 16 38'15 
622742'31 
441539.54 

7412 3-92 
49 15 0 ' 2 0  

56 32 55-88 

45 37 4'65 
59 12 49-90 
75 10 5-43 

62 30 39'18 
52 50 21'24 
64 3'3 59'58 

64 59 46-84 
54 52 5'73 
60 8 7'43 

594221'18 
62 6 26-51 
58 11 12-31 

60 8 12-15 
495138.94 
7 0  o 8-91 

57 38 9-29 
5 1 1 I 49-84 
7 1  10 0.87 

53 8 37 ' 18 
61 36 58'71 
65 14 24'1 I 

72 58 4.5'20 
5' '4 26-84 
55 46 47 '96 

53 40 13'23 
57 47 40'35 
68 32 6-42 

% 
B 
3 

J 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

I a * 
3 
3, rn 

11 

-90 
'90 
'90 

-89 
'90 
'89 

'86 
'87 
'86 

1-28 
1-28 
1 - 2 7  

1-73 
1 - 7 2  

1'73 

1.67 
1.67 
1-67 

1-12 
I 

1'13 

1' 19 
1-18 
1-18 

1-36 
1'36 
1-35 

1-10 

r ' ro  
1-11 

'92 
'92 
'93 

' 82 
'82 
-82 

'74 
'74 
' 74 

-80 
'80 
-81 

Etation Rumbem 

Berkl 

B*X 
VII 

K I  

18 vII 
K I  

11 

I 
11 
111 

I1 
111 
Iv 

IV 
111 

111 
V 
VI 

IT 
V 
VII 

V 
VII 
VIII 

VII 
VIII 
J.x 

VIII 
IX 
X 

IX 
x 
XI 

X 
XI 
SII 

XI 
XI1 
xu 

XI1 
XI11 
2uv 

$ 
.S 

1 
y 
1 
z 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

Etation Numbers 

Berid 

R XI11 
XIV 
XV 

XIV 
XV 
XVI 

XV 
XVI 
XVII 

XVI 
XVII 
XVIII 

XVII 
XVIII 
XIX 

XVIII 
XIX 
xx 

X m  
XX 
=I 

XX 
XXI 
XXII 

XXII 
XXI 
XXIII 

XXI 
XXIII 
XXIV 

XXIII 
XXI V 
XXV 

XXIV 
XXV 
XXVI 

XXV 
XXVI 
XXVII 

XXVI 
XXVII 
XXVIII 

g 
i 

1 

2 

2 

2 

3 

3 

3 

3 

4 

4 

5 

5 

5 

6 

6 

6 

7 

7 

7 

8 

0 

8 
8 

0 

9 

9 

9 

lo 

1 0  

1 0  

11 

1 1  

1 1 

1 2  

1 2  

12  

1 2 

1 3  

1 3  

1 3  

1 4  

1 4  

1 4  

1 6  
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A ia the Scrid letter for the Great Aro Series wkiuh epportaind to the North-West Quedrikteral. 

2 5 
W 

1 1  
29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

li 
PI 

'i! 
2 
m a 

R 

'62 
'63 
'62 

'63 
'64 
'6+ 

'74 
'74 
' i 9  

'85 
'86 
'86 

'68 
-68 
-68 

'59 
'58 
'58 

'65 
'65 
'66 

1.11 
1'10 

1'10 

1 ' 89 
1'89 
1-89 

1-56 
1-57 
1-57 

'99 
!'OO 

'99 

' 7 7  
'77 
' 7 7  

I '  13 
1'13 
r . rz  

I '08 
:'08 
1.09 

" 
W 

CM 

3 H 

43 

45 

46 

47 

48 

49 

50 

51 

52 

53 

64 

55 

h 

m 

y 
s 
1c 

1, 

,, 

,1 

,, 

,, 

,, 

,, 

,, 

,, 

,1 

1, 

,, 

,, 

Logarithm of 
aide-length in  

Feet 

4'9765318~4 
4'9833740~6 
4.98164348 

4'975374194 
5.004945910 
4'9765318,4 

5'0630826,3 
5'0215121,o 
4'975374'14 

5'041 1°5119 
5.0461675~2 
5'06308a6,3 

4.97237~3~2 
4'9908a3016 
5.041 105 1,9 

5'o159798,4 
4'9203283,9 
$'9723723,2 

4'9881777~7 
4'968501195 
5*0159798,4 

5'zo17297,1 
5'1657519,o 
4.9881777~7 

5-27 96149,o 
5'1938266,7 
5.20'7297,' 

5'0292853~5 
5'2968494,s 
5'2796149,o 

5'oiO4i9o19 
5'1934'31~2 
5'0292853~5 

5*0151445,8 
4'999687722 
5'070.~790~9 

5.18661)8,5 
5'1529618,5 
5'0151445,8 

5'0297900~2 
5'11330.+.?,6 
5.1866178~5 

W 
.2! - 
I 

y 
x 
s 

$ 8  

,, 

,, 

,, 

$3 

,, 

,, 

1, 

Y, 

2,  

,, 

,, 

Btstion Nnmbere 

Berinl 

X 11 
I 

A* LVI 

1 I 
A LVI 

LIV 

B XVII 
XIX 

L I 

B XIX 
L I 

I1 

I1 
I 
I11 

I 
111 
IV 

I T 1  
IV 
V 

I V 
V 
VI 

VI  
V 
VII  

V  
VII 
VI I I  

VII  
VI I I  
I X  

VI I I  
I X  
X 

TX 
x 
X I  

3 

j 

2 2  

2 3 

2 3 

2 4 

2 4  

2 5 

2 6 

2 5 

2 6 

2 6 

2 6  

2 6 

2 7 

2 7 

2 7  

2 8 

2 8 

corrected Plane 
h g l e  

0 I I1 

59 5 50'06 
60 39 9.92 
60.15 0.02 

57 34 5.11 
64 37 20.40 
57 48 34'49 

7 0  35 32-73 
58 59 26-73 
50 25 0'54 

57 55 51-65 
j9 I 11-20  

63 a 57-15 

53 17 53-50 
56 46 40.35 
69 55 26.15 

71 26 51'03 
4931 ro'zz 
59 1 58.75 

58 59 9-06 
54 59 32-90 
66 I 18-04 

78 39 45.62 
642935'84 
36 50 38.54 

74 15 28 64 
521056.97 
53 33 34'39 

31 53 27-15 
78 I 36-02 
70  4 56-83 

48 50 56'09 
87 55 41'5.5 
43 13 22-36 

56 8 20.24 
53 1.5 35-53 
70 36 4'2 I 

75 35 12-30 
63 40 34'95 
qo.+.t1a.75 

43 nz 55 '64 
56 21  22'25 
80 15 qo.11 

Logarithm of 
oide-length in 

Feet 

5'1013045,~ 
5.0333387~2 
5'0297900,2 

5'1213051,2 
4'9420533,4 
5'1013045,2 

4'945359314 
5'"73152,3 
5'00987r9~4 

5'1427175,3 
5.1637393~4 
4'945359394 

5*1580298,3 
5'1479156,7 
5'14271f5~3 

.5*1590aaz,o 
4'9486462,9 
5'158ozg8,3 

5'1685985,s 
5*0760430,7 
5-15g0222,o 

5'0685573,3 
5'0991922,8 
5'1685985,5 

5.1282376~5 
4.9816618~9 
sm0685573,3 

5'0971j31,8 
4'985036912 
5'1~82376,S 

5-1171566,5 
5'0054349,9 
5'09;1331,8 

5'1331966,.5 
5'090778616 
5.117 1566~3 

5-1008.+96,a 
5'0f57701,o 
j.1331966~5 

corrected Plme 
Angle 

0 I 11 

71 54 2-10 

54 22 20'92 
53 43 36'98 

73 55 28-21 
39 29 26-66 
66 35 5 -  13 

42 12 35'04 
86 34 47-91 
5 1 12 37'05 

67 44 52-96 
76 16 11-74 
35 58 55-30 

61 58 14- 19 
59 35 8 -41  
58 26 37'39 

72 14 24'87 
35 55 24-07 
71  50 11-06 

67 18 35' 19 
48 12 13-89 
64 29 10.92 

50 o 18-49 
55 17 41-92 
74 41 59'59 

77 31 3'44 
44 9 41-41 
58 19 15-15 

63 6 19-76 
43-3250'9' 
73 20 49-33 

69 48 26-73 
46 3 1 24-07 
6340 9-21 

64 32 41-79 
54 58 30'57 
60 28 47 '64 

58 51 54-90 
53 53 37-10 
67 14 28-00 

Station Numbem 

Berinl 

R XXVII 
XXVIII 
XXIX 

X S V ~  
XXIX 
XXX 

XXIX 
XXX 
XXXI 

XSX 
XXXI 

X X I  

R XXXI 
X X I  
X  

X I  
X 
I X  

X 
Ix 
VII  

I X  
VII  
VIII  

VI I I  
VII  
VI 

VII 
VI 
V 

V I 
V 
IV 

V 
I V  
111 

I11 
IV 
I 

I V  
I 
11 

I 
'd 

m % 
11 

'87 
'87 
'86 

'84 
'83 
'84 

' 7  I 
'7' 
' 71  

'94 
'91 
'93 

1'36 
1-36 
1-36 

-96 
'96 
-96 

1-25 
I '25 
1-25 

I '  12 
1 - 1 2  

1'" 

'87 
'86 
'86 

'91 
'91 
'91 

'94 
'9.3 
'94 

1-15 
" '5 
r ' 15 

1-09 
1-09 
1-10 

E 
1 

1 5 

15 

1 6 

I 6 

1 6 

17 

17 

1 7 

1 8 

1 8  

1 8 

i 9 

r 9 

2 0  

20 

2 0 

2 1 

2 1 

21 

2 1 

2 2 



f 
4 

.g 
2 
m 

I 

'51 
'5 1 

'50 

'46 
'47 
'47 

'37 
'37 
'37 

'36 
-36 
'37 

'30 
'30 
'30 

'33 
'34 
'33 

'37 
'37 
'37 

'38 
.38 
'39 

-33 
'33 
'33 

'34 
'35 
'34 

'27 
'18 
'28 

'26 
'2.5 
'25 

'23 
'23 
'24 

'18 
'18 
'19 

Convoted Plane 
Angle 

0 I I1 

70 9 33-30 
70 2 14-08 
39 48 1-62 

37 59 26' 74 
66 46 50'32 
75 13 42'94 

75 18 17-73 
58 38 30.82 
46 3 11'43 

39 34 3-70 
68 45 16-22 
71 40 30'03 

59 40 13 '28 
74 1 7  48' 77  
45 51 57'95 

47 55 31-64 
77  4 19-18 
55 0 9.08 

65 a 30.23 
6751 3'92 
44 6 25'85 

44 55 35'26 
64 23 0'09 
704124.65 

65 ro 32.98 
64 55 16.97 
49 54 10'05 

51 47 57'96 
64 42 58-61 
63 29 3'43 

55 38 39-45 
62 47 18'65 
6134 1-90 

68 6 36-33 
52 52 34-37 
59 0 49'30 

5323 5-37 
53 55 39'03 
72 41 15'60 

63 3 58.05 
5 ~ 9  58-51 
65 36 3-44 

Logarithm of 
aide-length Feet in 

5'0001777,3 
4.9958506~5 
4'833015574 

4'80402.56~7 
4'9;80899,6 
5'00017i7,3 

4'9.32259296 
4.8781257~8 
4'8040256,7 

4'i5899329.5 
4'924.?020,8 
4.9322~92~6 

4'8391 199~9 
4'886875391 
4'758993225 

4'796.3~60~9 
4'9145917,l 
4'8391199,9 

4*9209886,3 
4'9204032.5 
4'7963060,9 

4'79506",a 
4.901 1996,7 
4'9209886,3 

4-8693212,1 
4'8684239,o 
4'i950611,2 

4.8119295?7 
4'8738558.5 
4.8693212,1 

4'7854982,7 
4.81781.52,4 
4'8129295~7 

4.8198723~7. 
4'7540103,Q 
4'785498~~7 

4.744538390 
4'747.5647,6 
4'8'9872397 

4'7353034~1 
4'6777014~3 
4'7445383,o 

W 

3 
m 

y 
x 
2: 

9, 

,, 

,, 

,, 

9, 

,, 

1, 

,, 

,, 

Btation Numbem 

Berial 

I' XXIV 
XXV 
XXVI 

XXV 
XXVI 
XXvII 

XXVI 
XXVII 
XXVIII 

XXVII 
XXVIII 
XXIX 

XXVIII 
XxIS 
XXX 

XXIX 
xxx 
XXXI 

XXX 
XXXI 
XXXII 

XXXI 
XXXII 

1 XXV 

L XXXII 
I[ XXV 

XXIII 

XXV 
XXIII 
XXIV 

XXlV 
XXIII 
XXII 

XXIII 
XXII 
XXI 

XXII 
XXI 
xx 

XXI 
XX 
XIX 

" 
A 

= ; 
8 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

6 
E 

3  5 

3  5 

3 6  

36  

3  6  

3  7 

3  7 

3  7 

3 8  

3 8  

3  8 

39  

39  

39 

4 0  

4 0  

41  

4  1 

41 

4 2  

4 2  

Logarithm of 
side-length Feet in 

4'9732275,o 
sS0834574,6 
5-1008496,2 

4'8804935,o 
4'9197276,4 
4'9732275,o 

4.8990329~0 
4'9.397055~5 
.~'880qy35,0 

4'91.1~495,7 
4'960j608,6 
4'8990329~0 

4'9006189,1 
4'97977356 
4'9'31495,7 

qm8547661,6 
4 ' i 973~97 ,~  
4'9006189,1 

4'813674993 
4*8451282,3 
4'8547661,6 

4.813484795 
4'895.5445r3 
4.84~6749~3 

4'9091 7662 
4.8976033~3 
4.813484725 

4.7913836,r 
4'9139.?25,9 
4'9091j66,a 

m 

t ' 
% m 

I1 

'84 
-85 
'85 

-47 
'48 
'48 

'44 
'44 
.44 

'48 
'48 
.48 

'49 
'49 
'49 

-34 
'34 
'34 

'34 
'34 
'34 

'34 
'34 
'34 

'38 
-39 
'37 

'37 
-37 
-37 

4.86293 12,6 
4'873882.5,8 
4'7913836~1 

4'7io4.56513 
4'8876897,1 
.ca86ay31a,6 

4.934401491 
4'9212490~0 
4'77045653 

4'83.?0155,4 
4'9289800,q 
4.934401491 

Corrected Plane 

""0 

0 I 11 

44 37 48'87 
64 53 32' 16 
jo 28 39'03 

50 18 40- I; 

57 22 53-82 
72 18 26-01 

57 42 48'8 1 
68 I 1 4'97 
54 6 6.22 

56 50 23'81 
69 r 39-90 
54 7 56'29 

52 37 50.85 
72 29 0'87 
54 53 8'28 

59 o 28-66 
48 41 7-49 
72  18 23'85 

59 2 13-77 
59 2 1  31.54 
61 36 14-69 

51 36 32.89 
7 1  13 40'27 
57 9 46'84 

67 44 40' 79 
6+ 18 42.82 
47 56 36'39 

44 33 ZJ"9 
68 29 16'00 
665722.81 

5 

66 

57 

58 

59 

60 

61 

62 1 

63 ' 

64 

65 

1 '33 
'33 
'33 

'32 
'33 
'32 

'37 
'37 
'37 

'42 
'+z 
'43 

80 

81 

82 

83 

6.3 41 23-17 
66 49 25'6.5 
49 29 11'18 

46 7 20'54 
70 46 5-45 
63 6 34'01 

7' 59 31-80 
671857'17 
40 4'  3 I'O3 

46 56 50'90 
65 42 10'23 
67 20 58-87 

66 

67 

69 

69 

a 
bl 

3 
E m 

Y 
a 
1c 

,, 

,, 

,, 

,, 

,, 

',, 

9, 

9, 

,, 

,, 

,, 

,, 

,, 

9, 

,, 

,, 

,, 

Btation Numbem 

d- 
L x  

XI 
XI1 

XI 
XI1 
XI11 

XI I 
XI11 
XIV 

XI11 
XIV 
XV 

XIV 
xv 
XVI 

XV 
XVI 
XVII 

XVII 
XVI 
XVIII 

XVI 
XVIII 
XIY 

XVIII 
XI X 
XX 

XIX 
XX 
XXI 

2  8  

2  9  

2 9  

2  9  

30  

3 0  

3 0  

3  1 

3  1 

3  1 

3 I 

32  

3  2  

3  2  

3 3  

XX 
XX I 
XXII 

XXI 
XXII 
XXIlI 

XXII 
XXIII 
=I v 

XXIII 
xx IV 
XXV 

33 

33  

3 4  

3 4  

34  

3  5 
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* 18 in the Serial letter for the Weet Calcutta Longitudinal Beriea which sppertaina to tho Houth-Esst Qundrilutenrl. 

2 s 
W 
m - 
F 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

95 

96 

I 

; n 
u 
g 

5 
m 

y 
a: 
z 

,, 

,1 

,, 

,1 

,, 

,, 

,, 

1, 

,, 

,, 

,, 

,, 

L P 

Pi a - 
? 
& 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

Logarithm of 
side-length in 

Fee t 

4'7326134,o 
4.67646557 
4.7353034~1 

4'7725455,s 
4.7062980,8 
4'7326134,o 

4~8012164,o 
4'7571053~2 
4'772545595 

4'736780732 
4'7812451,7 
4'8012164,o 

4'7254227,3 
4.7186237~7 
4.7367807,~ 

4.6699745,~ 
4'77053'7,7 
4.7254227,3 

4.7617047~4 
4'7698393,4 
4'6699745,2 

4'8321643,9 
4'7238615,8 
4'7617047,4 

4'9203276~6 
4.8320370,1 
4'8321643~9 

5'0686258,3 
5'2116199,8 
5'233616313 

4'9483798,9 
4'9178578~8 
5'0686258,3 

5'0281612,4 
5'0695734,o 
4'9483798,9 

4'9694495,o 
4'8470718,4 
5'0281612,4 

Corrected Plane 

Angle 

o r n  

63 39 35-88 
51 57 6 '03  
64 23 18-09  

68 41 37-51  
53 6 55'21 
58 11 27'28 

65 49 56-41 
55 30 39'62 
58 39 23'97 

5 2 1 6  9'77 
61 10 57'89 
66 32 52.34 

59 35 45'22 
58 6 4 2 ' 4 6  
62 17 32 32 

48 58 57-63 
72 0 24-25 
59 0 38-12 

65 8 18.93 
67 35 25 '54 
47 16 15.53 

75 34 17-39  
485959 .31  
5 5 2 5 4 3 . 3 0  

75 33 34'39 
52 12 33.78 
5 2 1 3 5 1 ' 8 3  

40 57 8 - 6 1  
65 38 41-46 
73 24 9 ' 93  

49 8 29'54 
44 49 45-89  
86 I 44'57 

60 27 41-94 
73 9 3'32 
46 23 14'74 

59 23 8 - 2 8  
40 29 13 '96 
80 7 37.76 

m 

3 
'S 
-3. 
m 

n 

'18 
'18 
'18 

' 2 0  
' 2 0  
' 2 0  

'25 
'24 
'24 

'23 
'24 
'24 

' I 9  
'19 
' 2 0  

'18 
'19 
'19 

' 20  
' 2 0  

'19 

'24 
'23 
'23 

'36 
'35 
'35 

1.44 
1 - 4 4  
1 - 4 4  

' 5 s  
'58 
'58 

-71 
'72 
' 7  I 

'51 
' 51 
'51 

Station Numberr 

Serial 

X XX 
XIX 
XVIII  

XTX 
XVIII 
XVII 

XVIII 
XVII 
XVI 

XVII 
XVI 
XV 

XVI 
XV 
XIV 

XV 
XIV 
XI11 

XIV 
XI11 
XI1 

XI11 
XI1 
XI 

XII 
XI  
I X  

13" XXVI 
XXIII  

M  11 

I3 XXIII 
M  I1 

I 

I 
I1 
IT1 

I1 
I11 
'J 

! 
5 
B 

4 2  

4 3  

4 3  

4 3  

44 

4 4  

4 4  

4 5 

45 

4 5  

4 6  

4 6  
17 

4 6  
17 
re 

4 7  

4 8  

4 e  

4 8  

4 8  

4 9  

g 
PI 

$! 
a, m 

Y 
x 
z 

,, 

,, 

,, 

9, 

,, 

,, 

,, 

,, 

,, 

,, 

1, 

,, 

Corrected Plane 
Angle 

o r *  

65 26 37'37 
69 37 0 '32 
44 56 22.31 

34 29 58'34 
62 39 52.40 
82 50 9 -26  

63 21 37'26 
42 17 16'37 
74 21 6 '37 

72 57 4 '37 
81 36 35'02 
2 5 2 6 2 0 ' 6 1  

46 21 48-03 
59 2 6 -19  
74 36 5 -78  

704650 '94  
61 46 23.60 
47 26 45'46 

6 2 2 6  0 -93  
44 31 54-17 
73 2 4 -90  

41 43 53.20 
48 51 18.76 
89 24 48-04 

49 48 44.56 
51 2 0  59.91 
78 50 15-53  

72 37 7 -19  
42 52 52.05 
6 4 3 0  0 - 7 6  

45 17 14-91 
63 16 49-30 
7 1 2 5 5 5 . 7 9  

72 58 35-68 
67 41 5.87 
39 2 0  18-45 

4 7 4 5 5 6 . 4 5  
36 16 6.40 
95 57 57-15 

49 54 2 2  '43 
72 44 19 '18  
57 2 1  18.39 

Station Numbers 

Berial 

M v  
I11 
VIII  

I11 
VIII  
TI1  

VTI 
VIII  
X 

VIII  
X 
XI1 

X 
XI1 
XI11 

XI1 
XI11 
XV 

XV 
XI11 
XVI 

XTTI 
XVI 
XIV 

XIV 
XVI 
XVII 

XVI 
XVII 
XVIII 

XVII 
XVIII 
XIX 

XVIII 
X I 9  
XX 

XIX 
XX 
XXI 

XX 
XXI 
XXIII 

I 

i 
.- 
2 
E4 

m 

n 

'83 
'83  
'82 

'57 
'58 
-58  

'23 
'23 
'23 

'70 
'71 
'70 

1.01 

1.02 

1.02 

1-01 

1-01 

I 'oo 

-95 
'95 
-96 

'63 
-63  
-63  

'34 
'34 
'34 

'24 
'24 
'24 

'25 
'25 
'25 

'30 
'29 
'29 

' 2 1  

. 2 1  
' 2 '  

'23 

E 
5 

4 9  

50 

5 0  

50 

5 0  

51 

I 5 1 

51 

5 2 

52 

5 3  

5 3  

5 3  

a 3 

5 4  

5 4  

5 4  

5 5 

5 5 

I 5 

1 5 6 

of 
aide-length in 

Feet 

- 

sa0792515,8 
5-0923408,1 
4'9694495,o 

4'8357783,s 
5'0312313,4 
5'0792515,8 

4.8034428,~ 
4'6801031,8 
4'835778395 

5'1509113,O 
5'1657549,5 
4.8034428,~ 

5'0263647,9 
5.1-130,8 
5'1509113,o 

5*1342040,8 
5'1041261,8 
5'0263647,9 

5.1011939~6 
4'999433791 
5'1342040,8 

4'9244562,2 
4'9780401~3 
5.1011939~6 

4.8158073~0 
4.8253S80,1 
4 .9244~62~2 

4-8400203~7 
4'6931332~8 
4.8158073~0 

4'7148893~3 
4'8141933,5 
4'8400203~7 

4'8934104,7 
4.8790618,6 
4'7148893,3 

4'7652368,o 
4'6677747,o 
4'893410427 

4'7235658,2 
'23 4.8198949,8 
2 3  4.7652368,0 



96 INTIEODU CTORY. 

Station Numbern I I i 
4 Logarithm of 

1 side-length in 
Feet 

% 
m 

I Btation Numbera 

- Corrected Plane 1 Angle 1 Logarithm of 
side-length in 

Feet 

4.8a58agr1o 
4'8589436,4 
4'8526048,o 

4'847301813 
4'8401876,7 
qt3258ag1,o 

4'847080524 
4.8530329~1 
1'8473018,3 

4'870957312 
4'88102a6,a 
4'847080524 

4'8369381,6 
4.7 8 10546,6 
4-8709573,s 

4'79206a0, I 
4'7899038,6 
4'8369382,6 

4'778780817 
4'7330248r0 
4'7~ao6ao,1 

4'82637 1819 
4'7497692s4 
4'778;808,7 

4'7964439.1 
4'793 18 1597 
4'8263 7 1 % ~  

4'749293812 
4'742088313 
4'i96$439,1 

4'743 1637,s 
4'7706185,4 
4'749293882 

4'798646225 
4'7411 73.5,6 
4'743163795 

4'7387702,2 
4'757380313 
4'7986463,5 

4'873904018 
4'8294802,7 
4.7387702,= 

Corrected Plane 
Angle 

72 35 36-72 
XXIII 5 6  4621 21 '17  

61 3 a.11 

M XXXV 6  2 
XXXVI 
XXXVn 6 3  

XXII 61 32 16'70 
XXIII 5 6  60 a7 12-28 
XXIV 58 0 3 1 ~ 0 2  

XXXVIII 
XXXVII 

X XXXIV 

XXIII 5 6  53 032.28 
XXIV 7 1  7 41-88 
XXV 5 7  55 5' 45'84 

M XXXVII 
1 XXXIV 
XXXV 

XXSV 
XXXIV 
XXXIII 

XXXIV 
XXXIII 
XXXI 

XXXIII 
XXXI 
XXXII 

xxxn 
XXXI 
XXX 

XXXI 
XXX 
XXIX 

XXX 
XXIX 
XXVIII 

XXIX 
XXVIII 
xxv11 

XXVIII 
XXVII 
XXVI 

XXVII 
XXVI 
XXV 

XXVI 
xxv 
XXIV 

XXIV 57 2 59' '5 
XXV 5 7  64 255'99 
XXVI 58 54 4-86 

XXV 5 7  61 16 49'78 
XXVI 65 38 33'96 
XXVII 5 8  53 4 36'26 

XXVI 61 33 8'43 
XXVII 5 8  61 40 50'96 
X X V  111 56 46 0'61 

XXVII 5 8  59 44 28-26 
XXVIIl 60 4 17'09 
XXIX 5  9  60 11 14'65 

XXVIII 59 1 28-56 
XXlX 5  9  60 33 28.98 
XXX 60 a5 a '46 

XXIX 5 9  6127 3'25 
XXX 62 45 3'31 
XXXI 6 0  55 47 53'44 

XXX 5 ;  44 58-50 
XXXI 60 60 48 36'17 
XXXII 61 26 25-33 

XXXI 6 0  54 22 25-04 
XXXII 63 33 44'64 
XXXIII 61 62 3 50'32 

XXXII 58 2 0  43-27 
XXXIII 61 62 6 4'03 
SXXIV 59 33 12 '70 

XXXIII 61 60 453'82 
XXXIV 7 0  5 18-85 
XXXV 6 2  494947'33 

XXXIV 67 49 20 '77  

XXXV 6 2  50 53 22-44 
XxXvI 61 17  16-79 





INTRODUCTORY. 

B is the Sorial lcUar for tho WerL Cduutto Longitudinal &rim wl~icli opportaina to tho Youth-Eat Quadrilateral. 
- 

j 
2 

f 
8 

181 

182 

183  

189 

186 

187 

188 

189 

190 

191 

102 

103 

104 

P 
'2 

3 
'E 
.;: m 
n 

'24 
'25 
'24 

-26 
'26 
'25 

'27 
'28 
'27 

'25 
'25 
'24 

'26 
'25 
'26 

'25 
'24 
'25 

' 2 2  

' 22  
' 22  

::% 
- 29  

-25 
'26 
' 26 

'27 
'27 
'26 

-23  
-23  
-23  

-27  
-27  
'27 

'30 
'30 
'30 

'26 
-26 
'25 

.. 
-i 
F2 

167 

168 

169 

170 

171 

172 

178 

174 

175 

176 

177 

17s 

179 

Logarithm of 
do- legth  in 

Feet 

4'7286101,4 
4'8178737,4 
4'7909707,o 

4 - 8 ~ 4 6 5 4 0 , ~  
4'8300361,7 
4'7286101,4 

4'7684646,o 
4'8261420,7 
4.8146540,: 

4'8031215,6 
4'7731450,4 
4 ' 7684646~  

4.8064525,3 
4.7578074~3 
4'8031215,6 

4'7749249,3 
4'7606115,4 
4'8064525,3 

4.8186925,7 
4'6926242,5 
4'7749249,3 

4.8339063~2 
4'7852025,1 
4'8186925,7 

4.7642423~5 
4'7776843,o 
4'8339063~2 

4'@125807,3 
4.8173459~4 
4'7642423,5 

4'7268156,7 
4 .76~5359~1 
4'8125807,3 

4'8370282,1 
4'8512066,6 
4'726815627 

4'771771295 
4.8668~30,8 
4.8370282,1 

4.7809905~6 
4.8086296,~ 
4'7717712,s 

L 

i 

1 1  
y 
x 
s 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

9, 

,, 

,, 

,, 

Corrected Plane 
Angle 

0 1  * 
49 30 48.91 
69 5 4.18 
61 24 6 - 9 1  

63 57 24-06 
68 34 6 ' 54  
47 28 29.40 

52 38 53' 76 
65 1 2  25-49 
62 8 40'75 

65 10 35-56 
57 53 40-91 
56 55 43'53 

63 46 33'84 
53 19 23'01 
6 2 5 4  3-15  

58 19 52.67 
55 26 13.92 
66 13 53-41 

73 48 55'03 
45 55 22.65 
60 15 42-32 

6 4 5 5 5 4 ' 6 3  
54 4 4 -14  
61 o 1 -23  

53 27 13-14 
55 57 29-62 
70 35 17'24 

62 57 11-85 
64 13 8-05  
52 49 40.10 

51 2 57.13 
57 36 10.04 
71 2 0  52-83  

65 19 9 -94  
6 9 5 1  6.11 
44 49 43'95 

48 57 11 '57 
69 49 46-08 
61 13 2 -35  

58 22  27-77 
65 g 16-24  
56 28 15 '99 

Station Nnmbra 

&rial 

N XXVII 
XXVIII 
XXIX 

S X P I I I  
XXIX 
XXX 

XXIX 
XXX 

X XLV 

N XXX 
1 XLV 

XLIII  

XLV 
XLIII  
XLIV 

XLIV 
XLIII  
XLII 

XLIII  
XLII 
XLI 

XLII 
XLI 
XL 

XLI 
XL 
XXXIX 

SL 
XXXTX 
XXSVIII 

XXXIX 
YXXPIII  
XXXVII 

XXXVITI 
XXX1-11 
X x X v I  

XXXVTI 
XXX171 
XYXV 

XSXVI 
XXXV 
SXXII I  

t 
&1 
3 
% 
ti 
m 

I) 

2.56 
2 ' 57  
2-56  

2 - 3 9  
2 - 4 0  
2-39  

1-40 
1 - 3 9  
1-40 

'57 
58 

'58 

'39 
'38 
'39 

-84  
'84 
'83 

'78 
'78 
'78 

'37 
'37 
'38 

'39 

% 
'34 
'35 
'34 

'26 
'27 
'27 

-30 
.3r 
'30 

'29 
-29  
-29  

-28 
'27 
'27 

Correoted Plane 
Angle 

0 1  * 
54 40 18-74 
75 49 6 .38  
49 30 34-88 

48 13 57-37 
73 43 19'42 
58 2 43.21 

55 49 7'54 
48 22  31-27 
75 48 21.19 

35 36 45'50 
36 4 33.24 

108 18 41 '26 

74 15 16.10 
38 12 20.73 
67 32 23-17 

85 3 40.22 
55 19 3.08 
39 37 16-70 

31 34 47-81 
67 50 37-92 
80 34 34.27 

56 6 54-48 
61 48 0.14 
62 5 5.38 

52 38 5 -63  
75 11 6 -45  
52 K O  47.92 

47 29 3 '83 
75 37 38-68 
56 53 17-49  

54 35 45-85 
65 47 59-08 
59 36 15'07 

62 22  33-60 
69 2 57.98 
48 34 28-42 

52 9 49-22 
6 0 5 6 4 6 . 9 6  
66 53 23-82 

68 6 55.02 
571953 .80  
54 33 " ' 18 

0 4  

8 s  

0 5  

0  a 

0 6  

8 6  

0 6  

0 7  

0 7  

e e  

0  0  

0 0  

0 9  

0 9  

0 9  

9  0  

9 0  

9 0  

9  1 

9  1 
6 4  

9  1 
6 4  
6  5  

Logarithm of 
aide-length in 

Feat 

5*2780661,7 
5'3530125,S 
5'2475620,4 

5'2220856,8 
5'3316631~7 
5'2780661,7 

5'1531955,3 
5'1091694.8 
5-2220856,8 

4'9409"911 
4'9457728,' 
5'1531955,3 

4.9585619~2 
4.7665027~3 
4'9409119,I 

5'1523229,r 
5'0689781,g 
4'9585619,2 

4'8772964,s 
5'1249098,3 
5'1523229,1 

4'8501818,o 
4.876145833 
4.8772964,5 

4'8528365,s 
4'9379045~7 
4.8501818,o 

4'797319',4 
4'9159868,7 
4.8528365,s 

4'7727391,4 
4'8215857,3 
4'7973191,4 

4 .8452220~  
4.8680790,t 
4.772739184 

4.779049591 
4.8231447,~ 
4.8452220,o 

4'8355945,6 
4 ' 7 9 3 2 9 ~ 6  
4'7790495,' 

H 

9  2 

9  3  

9  3  

9 3  

9 3  

9 4  

9 4  

9  5  

9s  

9 5  

9 6  

9 6  

9 6  

9 7  

9 7  

9  7 

9  8  

9  8  

9 8  

99  

99 

BhllNmbnl~ 
W 

$ 
1 m 

y 
x 
z 

,, 

,, 

9, 

,, 

,, 

,, 

9, 

9, 

9, 

,, 

,, 

,, 

,, 

B* XXXVIII 
XXXV 

0 1  

B XXXV 
0 I 

I1 

I1 
I 
I11 

I 
I11 
v 

V 
I11 
VI 

111 
VI 
VII  

VI  
VII  
VIII  

VII 
VIII  
IX 

VIII  
I X  
X 

I X  
X 
X I  

X 
X I  
XI1 

X I  
XI1 
XITI 

XI1 
XI11 
XIV 

XI11 
XIV 
XV 
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9 
0 
2 

3 

195 

lg6 

197 

198 

1% 

200 

201 

202 

303 

0 

2O5 

206 

207 

208 

8 

Fil ' 
'% 
a 
a m 

Y 

'30 
'31 
'31 

-31 
'31 
'31 

'24 
'24 
'24 

.zz 
-22 

' 21 

'25 
'25 
'26 

'24 
-23 
'24 

'24 
'24 
'25 

24 
-24 
'23 

'30 
'30 
'31 

'22 
-22 

-22 

'25 
'24 
'24 

'27 
-28 
.28 

'25 
'25 
'25 

'23 
'23 
'13 

$ 
5 
5 a .- 
i; 

209 

210 

211 

212 

213 

214 

215 

216 

217 

215 

219 

220 

221 

hga1it11rn of 
eide-length in 

Feet 

4.8101727~0 
4.8347839~ 
4.835594~~6 

4.8337587,~ 
4.8472380~4 
4.8101727~0 

4.7260772~8 
4'775029092 
4.8337587~~ 

4'8oa1174,9 
4.73751746~1 
4.7260772~8 

4.767339197 
4.7873158~9 
4.8021174~9 

4.8741129~7 
4.7124261~6 
4'7673391~7 

4.7237~36~2 
1'7733669.9 
4.8741129~7 

4.844021 5,7 
4.76687664 
4'7237536~2 

4.838919~~5 
4'797164393 
4.8440215~7 

4'7385115~6 
4'7175670~1 
4.838919295 

4'8201489~3 
4.7787376~ 
4.7385~5~6 

4'793577299 
4.7989~42~6 
4.8201489~3 

4'8364984,3 
4.7~88347~7 
4'793577299 

4.7837886~ 
4.6951994~2 
4'8364984,3 

E 
t: 

2 

$, 

y 
x 
z 

,, 

JJ 

,, 

,, 

,, 

99 

,, 

9, 

9, 

9J 

,, 

,, 

t 
W 
2 
2 
& 

y 
s 
z 

JJ 

,J 

JJ 

2, 

,, 

J J  

,, 

JJ 

,, 

IJ 

,, 

JJ 

,, 

Station Numbere 

serial 

----- 

1 LVIII 
LVI 
LV 

LVI 
LV 
LI I I  

LV 
LI I I  
LIV 

I.IV 
LIII  
L I I  

L I I I  
LII  
L I  

LII  
L I  
L 

L I 
L 
XLIX 

L 
XLIX 
XLVIII 

XLIX 
XLVIII 
XLVlI 

XLVIII 
XLFII  
XLVI 

XLVII 
x LVI 
XLV 

XLVI 
XLV 
XLlV 

I3 XLII 
XL 

P I 

Corrected Plnne 
Angle 

0 1  v 

54 26 52-99 
56 59 39'97 
68 33 27.04 

63 231.53 
57 50 55'33 
59 6 33.14 

52 32 29.00 
74 39 44-76 
52 47 46'24 

78 53 21'94 
50 25 1 5 - 0 0  

50 41 23-06 

52 36 35'73 
57 13 28'89 
70 9 55-38 

71 4 43-02 
55 47 36'55 
53 7 40'43 

5116 0.64 
53 59 40.12 
74 44 19' 24 

71 32 32.53 
49 50'58 
59 24 36-89 

55 50 58.40 
59 5 47'37 
65 3 14'23 

63 38 10.73 
61 48 44'89 
54 33 4'38 

56 I 27.09 
67 8 3-72 
56 50 29'19 

57 23 17.09 
57 22 27'75 
651415'16 

25 34 4-49 
25 20 49'88 
119 5 5-63 
- 

I 

H 

106 

107 

107 

107 

i  08  

l o 8  

1 o 9  

l o g  

109 

1 1 0  

1 1  o 

1 1  o 

1 1 1 

1 1 1 

1 I r 

1 1 2  

1 1 2  
86 

1 1  2 
86 
07 

1 13 

114 

Comcted Plane 

Angle 

0 1 .  

56 19 47'65 
61 44 6.65 
61 56 5-70 

60 32 10'71 
63 54 40'70 
55 33 8'59 

48 39 29-41 
57 10 41 ' 55 
74 9 49-04 

71 56 50'19 
55 6 26.61 
52 56 43'20 

55 57 26-93 
60 1 1  2.85 
63 51 30.22 

85 23 48'34 
43 23 14.21 
51 12 57'45 

44 38 25'9 
51 58 13.3! 
83 23 20'63 

77 27 20'60 
54 48 42-48 
47 43 56-92 

62 29 48'88 
53 40 33'03 
63 49 38'09 

51 28 19'15 
48 1 1  58'48 
80 19 42-37 

70 528.99 
58 43 45'35 
51 10 45'66 

57 32 45' 14 
58 40 46.82 
63 46 28-04 

721826'25 
48 I 55'66 
59 39 38'09 

59 18 50'20 
443149' g6 
76 9 19' 4 

Station Numbera 

Serinl 

0 XIV 
XV 
XVI 

XV 
XVI 
XVII 

XVI 
XVII 
XVIII 

XVII 
XVIII 
SIX 

XTII I  
XIX 
XX 

XIX 
XX 
3x1 

XX 
XXI 
XXII 

XXI 
XXII 
XXIII 

XXII 
XXIII  
XSIV 

XXIII  
XXIV 
XXV 

XXIV 
xxv 
XXVI 

xxy 
XXVI 
XXVII 

XXVI 
XXVII 

1 LvI I I  

0 XXVII 
1 LVlII 

LVI 

'E 
s 
R 

m 

I, 

'21 
'21 
'22 

'20 

'19 
'19 

'23 
'23 
'23 

'24 
'23 
'23 

'27 
'27 
'27 

-27 
' 27 
'26 

'25 
'25 
' 25 

'21 
'20 

-21 

'23 
'24 
'24 

'25 
'24 
'24 

'27 
'28 
'28 

'23 
'23 
'24 

'61 
'61 
' 6% 

t 
i 
H 

99 

1 o o  

1 o 0  

1 o o 

l o  r 

1 0 1  

i  o i  

102 

102 

102 

103 

103 

103 

104 

104 

104 

106 

i  o a 

i oa  

106 

106 

Logarithm of 
side-length in 

Feet 

4'7253442,~ 
4'7385033~9 
4'7837886,7 

4-7418256,~ 
4'7194841~0 
4'7253442,2 

4'740352794 
4.8248~56~0 
4.7418256~2 

4'843547912 
4'738675834 
4'7403527,4 

4.7702126~9 
4.794Soo5,8 
4.843547~~2 

4'84301oo,1 
4'7846494$7 
4.7702126~9 

4.7507345~6 
4.7665290~6 
4'8430100~1 

4.7928794~ 
4'6939074~4 
4.7507345~6 

4.7532161~2 
4'7689 17530 
4.79~8794~7 

4-7945582,s 
4.7874296,~ 
4'7532161~2 

4'7904475~1 
4.8362~66~6 
4 . 7 9 4 ~ 5 ~ ~ ~ 5  

4'757824397 
4.757757813 
4'7904475,I 

5'00275.39~2 
4.9992.?9.5,3 
5'2576i26,9 
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. . 18 is theaerial letter for the Wwt Calcutta Longitudind Series which uppertaim to the Bouth-Ed Quadrilateral. 
: . .. . . . . .: .-. - - , . . . . . , . ; .*. 

B W  
A 
2 .a' 
& 

222 

228 

224 

226 

226 

227 

228 

f 

W 
9 

E 
% m 

11 

'25 
-26 
.a5 

'a8 
'37 
'27 

-26 
'27 
' 27  

-28 
'28 
-28 

'32 
'33 
'33 

'33 
'33 
'33 

'31 
'31 
'31 

'27 
.27 
'27 

'26 
-26 
'26 

-28 
-28 
'27 

'29 
'a9 
'29 

-32 
'31 
'31 

'31 
' q r  
. ja 

'28 
'28 
-28 

Logarithm of 
aide-length in 

Feet 

5'064z131,6 
5'0383627,r 
5'0027539,2 

4'9633098,s 
5'2091580,o 
5'0€42131,6 

5-1$61304,2 
5'10081o7,o 
4'9633098,s 

4'99643~3~7 
5.a081686,o 
5.1561304,~ 

4'7218189,8 
4 '967~90,6 
4'9964353,7 

4'i487140,9 
47518768,o 
4.7218189,8 

4'7690"8,2 
4'7911420,g 
4'7487140,g 

4'760489'3,9 
4'767gg06,q 
4'7690118,~ 

4'7624796,4 
4'8223761,a 
4'7604893,9 

4'7732595,3 
4'6968487,4 
4 7624796,4 

4'7774121,6 
4'7578510,6 
4'773259533 

4'8837699,g 
4'9018.39718 
4 7774121,6 

4'79274534 
4'8684249,o 
4'8837699,g 

4'i872962,5 
4'7870646~3 
4'7927453,s 

e 
.Z! 
3 c 

Y 
s 
z 

,, 

,, 

,Y 

,, 

,, 

,, 

Correcrted Plane 
Angle 

0 I I f  

66 55 9-40 
60 5r7 .09  
52 59 33'5' 

33 46 42'28 
lor 40 56-38 
443aa1.34 

80 29 28- 17 
60 15 43-71 
39 14 48 ' I:" 

37 22 57'77 
812021.02 
6r 16 41-21 

31 39 6'58 
67 23 11-01 

80 57 42.41 

6141 7-38 
622821.83 
55 50 30.79 

59 32 37-31 
65 617'57 
55 21 5 "  12 

58 4: 38-90 
60 29 0' 10 
604321'00 

5.5 4 9-84 
70x4 4-42 
54 41 45-94 

66 24 r7.23 
50 13 26- 12 

63 22 16-65 

61 47 55'73 
57 24 10.56 
60 47 53'71 

64 37 14.29 
70 2% 7-54 
45 0 38-17 

48 41 58'35 
63 24 53-80 
6753 7'85 

59 35 54'57 
59 32 47-28 
60 51 18.15 

4 
2 
2 

.f 
H 

236 

237 

238 

239 

2410 

241 

242 

243 

244 

245 

246 

247 

248 

249 

Logarithm of 
side-length in 

Feet 

4'7697393,o 
4'79~3015,7 
4.78729625 

4.8356448,~ 
4'8041233,4 
4'7697393,o 

4'77439263 
4.78801 I 7.5 
4.8356448,~ 

4'8477578,~ 
4 8081769~3 
4.7743936,3 

4.8130923,8 
4'8551.358,3 
4'84i7578,1 

4'859297497 
4'8534733,3 
4'8130923,8 

4'8085790~5 
4'8277281,5 
4'85939i417 

4'7812295,2 
4.81 12037,6 
4'8085790,5 

4'7454535,3 
4'8636550,o 
4'781219512 

4-8190103.9 
4.8672434,6 
4.7454535,~ 

4-8217051,o 
4'8087091,3 
4.81g0103,g 

4.87~8688~8 
4'8074430~7 
4'8a17051,o 

4*85aio61,6 
4';802226,7 
4.8728688,8 

4'7708189~4 
4'80;03 13,j 
4'8522061,6 

m z 

'E 
.% m 

I1 

'80 
'80 
'79 

'82 
'82 
'8a 

'go 
'go 
'go 

1'1 1 

1.11 

I '  11 

'38 
'33 
'39 

'21 
' 21  

'ao 

'13 
'14 
'23 

'23 
'23 
.a3 

'25 
'25 
'24 

'21 
-20 
'a  r 

'24 
-23 
'23 

'34 
'35 
'34 

'33 
'34 
'34 

26 
'2.5 
'26 

! 
W 

E! 

y 
x 
a 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

Station Numbera 

Berid 

P I  
B* XL 
p 111 

I3 XL 
P 111 

V 

111 
V 
VI 

V 
V I 
VII  

VI  
VII  
IX 

IX 
VII  
XI 

VII 
X I  

Plane 
Angle 

0 I I f  

563036'13 
63 13 5 '  11 

60 16 18'76 

67 49 40'09 
59 27 14-38 
52 43 5'53 

54 10 58.72 
56 47 43 '98 
69 I 17-30 

6914 9-91  
58 36 18-81 
52 9 31-28 

54 28 19'67 
63 42 33'66 
61 49 6.6; 

63 51 7-69 
62 2 0  14-93 
53 48 35 '38 

54 45 50'75 
58 36 20.73 
66 3 i  48.52 

55 57 23-39 
62 20 51.63 
61 41 44'98 

48 6 39-92 
77  46 15-25 
54 f 4'83 

59 21 56'31 
74 3 3-06 
46 35 0'63 

6r I I  28.74 
58 15 19-26 
60 33 12'oo 

69 43 2 I 13 
53 47 18.86 
56 29 ao'or 

62 36 17-98 
48 47 6. ja 
68 36 35.50 

51 23 Z I ' ~ O  

58 8 19.32 
70 28 8 -  78 

Btation Numbera 

7q- 

1 
2 2 9  ,, 

r! 
El 

114 

1 1  5 

1 15 

1 15 

1 1 6 

116 

1 1  6 

1 17 

117 

110 

118 

X I  
X 
XI1 

X 
XI1 
XI11 

XI1 
XI11 
XIV 

XI11 
XIV 
xv 

XIV 
XV 
XVI 

XV 
XVI 
XVII 

YVI 
XVII 
XVIII  

P XVII 
XVIII 
XIX 

XVIII  
XIX 
XX 

XIX 
X x  
XXI 

XX 
XXI 
XXII  

XXI 
XXII 
XXIII  

XXII 
XXIII  
XXIV 

XXIII  
XXIV 
XXV 

XXIV 
XXV 
XXVI 

XXV 
XXVI 
XXvI I  

XXVI 
XXVII 
XXVIII 

XXVII 
XXVIII 
X X I x  

XXVIII 
XXIX 

X LXXI 

P XXIX 
1 LXXI 

LXIX 

LXXI 
LXIX 
L X S  

230 

231 

232 

233 

2% 

235 

1 18 

119 

119 

1 19 

120 

120 

1 2 0 

12 1 

12 1 

1 2 1 

122 

122 

12 2 

123 

12 3 

123 

124 

124 

124 

12 6 

125 

5 

12 6 

126 

126 

12 7 

12 7 

12 7 

128 

1 2 8 

128 

12 9 

,, 

,, 

,, 

,, 

,, 

,, 
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Station Numbem 

LSX 
LXIX 
LXVIII 

LXIX 
LXVIII 
LXVII 

LSVIII  
LXVII 
LXVI 

LXVII 
LXVI 
LXV 

LXVI 
LYV 
LXLV 

LXV 
LXIV 
LXIII  

LXIV 
LXIII  
LXII 

1,XIII 
LXII 
LXI 

LXII 
LXI 
LX 

LXI 
LX 
LIX 

LX 
LIX 
LVII 

LIX 
LVII 
LV 

llVII 
LV 
LIV 

Corrected Planc 
Angle 

0 I I1 

59 48 13' 18 
61 57 13.11 
58 14 33'71 

63 48 12-99 
54 o 17'61 
62 11 29.40 

62 38 40'41 
4fJ 40 31'37 
70 40 48.22 

65 a8 29'jg 
55 I 1 1-36 
57 20 29.05 

48 56 43'86 
70 4' 31-99 
60 2 1  43-15 

58 42 36-85 
62 o 22'82 
59 '7 0'33 

S i  34 55'34 
62 44 37'94 
59 40 26-71 

65 9 49'48 
60 48 36'63 
54 133.89 

5b.33 5.11 
67 59 8.05 
61 a7 46'84 

59 57 '9'79 
62 27 38.29 
57 35 1-92 

6.3 45 58' 1; 

67 6 3'37 
49 7 58-46 

60 3c 28'68 
54 31 7-20 
64 58 2+'12 

72 32 28-91 
48 22 13'42 
59 5 17-67 

91 
8 

3 W  

3 
i! - a m -- 

11 

'24 
'2.5 
'24 

-23 
'23 
'23 

' P O  

'20 

' 2 0  

' '4 
'23 
'23 

'24 
'25 
' 25 

' 2 0  

'20  
'20 

' '9 
'20 

' '9 

' P I  

'21  

'21 

'22  

' 22  

' 22  

' '9 
' I9 
' '9 

'23 
'23 
'23 

'24 
-24 
'24 

'24 
'23 
' 2.1 

Logarithm of 
side-length in 

Feet 

4'7779223,4 
4 ' i 8 7 0 0 ~ ~ , 4  
4.7 i08 1 8g14 

4'784 '496,9 
4'7392032,8 
4'77i922314 

4'7578'9799 
4.67 1 1420~8 
4'784 149619 

4'791494991 
4'75705 1.392 
4'757819719 

4.7~98rz1,6 
4.8272521~2 
4'79'4949,' 

4'72iZO12,4 
4.741423493 
4.7298 121~6 

4.71 753 ' 0 2 2  

4'7399925,' 
4.727201214 

4.7672820~8 
t'7504483,6 
4'7'7531092 

4'71 126.3015 
4'5906.576~1 
4'7672820~8 

4.722 1652,8 
4'73260.30,4 
4'7 " 2630,s 

4'796302914 
4.80786 I 7,8 
4'7221652,8 

4'7 788~2.3~4 
4 749903312 
4.;963029,4 

4'82490381 ' 
4'7189;05,7 
4'7788523,4 

f! 
C o d  Plane. a 

Augle 3 .e 
", 
01 

hgurithm of 
aide-lengtl~ it1 

Beet 



102 INTRODGCTORY 

Etation Numbers 

Serial Feet 
2 

m P. 
rn 

I 

$;I a77 x 
z XVII 

XVI 57 8 4-57 '21 4'7329389,6 
278 ,, XVII 143 61 52 35.35 -21 4'7541224,8 

XVIII 60 59 20'08 -21 4.;504593,5 

XVII 143 61 I 15-29 '21 4'7418569,o 
279 9, XVIII 59 59 45.1 1 '20 4.i37462331 

X I S  144 58 58 59-60 '20 4'7529389,6 

XVIII 55 32 8-95 '20 4.722936797 
280 ,, XIX 144 65 048.25 -21 4.7640795~9 

xx 5927 2.80 '21 4'7418569,o 

XIX 
281 ,, XX 

XXI 

XX 
282 ,, XXI 

XXII 

XXI 145 6623 5'31 -23 4.7852962,~ 
283 ,, XXII 57 0 57'97 '22 4'7469498,o 

XXIII 1 4 6 56 35 56';~ -22 4'7448819,5 

XXII 61 I; 48.73 ' 24  4.;804120,8 
2% ,, XXIII 146 56 1 1  58'34 '24 4'7.569436,8 

XXIV 62 30 12-93 'a4 . 4.7852y62,2 
XXIII 14 6 62 a2 54.12 '23 4-ff84412,g 

285 ,, XXIV 54 44 3-50 '23 4.74292;711 
XXV 14 7 62 53 2-35 '24 4.;804120,8 

I 

XXIV 
xxv 
XXVI 

XXV 147 6354 1-68 I 4'771~9+3,8 
XXVI 50 49 26-70 '21 4'70;i223,9 " 

1 LXXYV 148 651631'62 '22 4.;765462,2 

288 

289 

,, 

290 

I LXXXIII 
IlXXXII 
LXXXI 

Station Numbem 

Serial 

,I 

LXXXII 
LYXXI 
LXXX 

Q XXVI 
I LXXXV 

LXXY 111 

,, 

LXXXI 
IIX XX 
1.XXIX 

Corrected Phne 
A~lgle 

LXXXV 
LSXXIII  
LXXXIV 

LXXX 
LXXIX 
LXXVIII 

14 8 

LXXXIV 
LXXXIII 
LXXXII 

LXXVIII 
LXXVII 
LXXVI 

1 
3 
'E 
-& 
m 

14 8 

14 9 

LXXVII 
LXXVI 
LXXV 

LOg'~rithm of 
side-lengtlr in 

Feet 

63 5.5 59.7 1 
52 58 3.5' I.? 
63 5 25-16 

14 9 

15 o 

LXXVI 
LXXV 
LXXIV 

62 32 56'29 
58 46 43-16 
56 40 20.55 

LXXIV 
LXXI I1 
LXXII 

-22 

'22 

'22 

54 40 56.28 
63 5.5 54.80 
61 23 8-91 

LXXIII 
IIXXII 
LXXI 

4'774i78490 
4'79.?5792,3 
4.7;15943,8 

'25 
'25 

'24 

JAXXII 
LXXI 
LXX 

4.7913.3fj5,fj 
4'7752677,.3 
4'7~47;84,0 

'25 
'25 
-25 

18" LVI 
LIX 

R I 

+'759577-+,; 
4'8013171,5 
4'7913365,6 

- - 

I- 

* )8 in the Serial letter for the Welt Calcutta Longitudinal Serier which appertain# to the south-ghet &is~date;s l .  
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' d  . a  
2 
Q a 
.5 
i; 

8 0 4  

305 

3O6 

3O7 

ao8 

309 

310 

311 

312 

313 

314 

315 

316 

317 

$ 

% 
0 = 
2 
g, " 

y 

a 

,, 

,, 

,I 

,, 

,I 

,I 

I, 

,, 

,, 

,, 

,, 

, I  

,, 

Station h'umkrs 

Serial 

;8 LIX 
R I  

I1 

I 
11 
111 

I1 
I1 I 
I V  

I11 
I V  
V 

IV 
V 
VI 

V 
VI 
V I I  

VI  
V I I  
V l I I  

V I I  
VI I I  
Ix 

V I I I  
I X  
X 

I X  
X 
X I  

x 
X I  
XI1  

X I  
XI1  
XI11 

XI1 
XI11 
XIV 

XITI 
XIV 
xv 

6 
z 
H 

1 5 6 

15 7 

157 

15 7 

1 5 8 

I 6 8 

15 8 

159 

159 

15 9 

16 0 

160 

160 

1 6 1 

161 

161 

162 

I 6 2 

1 62 

163 

163 

Q 

- 
P .- 

318 

319 

320 

321 

322 

323 

324 

325 

32G 

327 

328 

329 

330 
. 

bgar i t l~rn  of 
aide-length ill 

Feet 

5'0407902,3 
5'0.186479~0 
5.1408669,o 

5.14329549 
5.0821605~3 
5'0407902,3 

4'9751017,o 
5'0324741,a 
5'1432954,r 

4'851174a,1 
4'8676774,6 
4'9751017,o 

4'7998557,a 
4.8738846,7 
4'851174a,1 

4'7703504,8 
4.77,37248,5 
4'799855792 

4.7063504~0 
.+.7109.+04,a 
4'7703504,8 

4'7235096~3 
4*j0~9182,8 
4'706350420 

46680891~1 
4'7449932,4 
4'7235096,3 

4.6800321~6 
4.7234109,6 
+'6680891,1 

4'6864815~6 
4.7;01025,6 
4'6800321,6 

4'7274131,8 
4.7480579~2 
4686481 j,6 

4'7304495~6 
4.803j027.2 
4.7274131,8 

44'7527778,0 
4'803343019 
4'7304495,6 

1 Corrected Plane 
Angle I. 

0 1 u  

50 45 13 ' 29 
52 3 8.39 
77 I J  38-32 

73 59 38'45 
5637 2'28 
49 a3 19-a7 

42 40 5-41  
50 39 59'09 
86 39 55'50 

48 I 7 '01  

50 32 51 '63 
8126 1'36 

51 11 zg.18 
67 31 40'07 
61 1650.75 

5; 26 3-24 
58 826.91 
642529'85 

54 a2 45-02 
55 14 16-25 
70 a2 58- 73 

62 57 33-25 
58 9 2-33 
58 53 24-42 

504542'05 
67 36 10.58 
61 38 7 '37 

57 6 33-73 
68 642'65 
54 46 43'62 

525457'87 
75 16 16-49 
514845'64 

60 54 41'85 
66 a+ 26-76 
52 40 51 '39 

53 51 16-97 
72 50 0'85 
53 18 42-18 

56 56 5-14 
70183j .71  
52 45 17-15 

2 
FA 

CC 

* 
'94 
'94 
'95 

1 . 0 1  

1.01 

1.00 

'80 
'80 
-80 

'41 
'41 
'41 

'32 
'33 
'33 

'24 
'2.5 
'25 

' 19 
-19 
'20 

'18 
'18 
'18 

'18 
'18 

' 18 

'16 
' 17  
' 16 

'18 
'18 
'17 

''9 
'19 
-18 

'2% 

'22 

'21 

'" 

'23 
'22 

I. 

i 
4 
1 
m 

y 
s 
z 

,, 

,, 

,, 

,, 

,, 

,, 

9, 

,, 

,, 

,, 

,, 

~ ~ ~ ~ d d  plane 

Angle 

O f ?  

61 5 49-51 
5% 314'44 
66 50 56-05 

67 53 6-02 
593940'37 
52 27 13-61 

53 31 47'26 
45 21 8'38 
81 7 4'36 

80 zo 48'2 I 
50 rg 6-49 
49 20 5-30 

5.9 24 " '47 
42 7 I '85 
84 28 46.68 

77 13 11-34 
52 5.5 14'.5I 
49 51 54' 15 

49 47 31.18 
55 9 45-80 
75 2 43'02 

58 0 51-94 
69 40 38-04 
52 18 30'0% 

61 47 52'.?.+ 
54 49 7 '92 
63 a2 59'74 

5 7  12 49.61 
6.3 16 53.67 
59 30 16'72 

5 2  43 3 I '46 
69 23 38-44 
57 5% 50' 10 

68 16 58-53 
63 41 22.09 
48 159.38 

58 40 50.97 
51 18 54'37 
70 o 14-66 

Station Nun~bern 

Serisl 

R XIV 
XV 
XVI 

XV 
XVI 
XVII 

XVI 
XVII 
XVIII  

XVII 
XVIII  

1 XCI 

R XVIII  
1 XCI 

XClII  

XCIII 
XCI 
XClI  

XCII 
XCI 
XC 

XCI 
XC 
x.xxxIX 

XC 
LXXXIX 
LXXXVIII 

LXSXTX 
LXXXVIII 
LXSXVlI  

IJXXXVIII 
LXXXVII 
LXXXVI 

LXXXVII 
LXXXVI 
LYXXV 

LXXXVI 
LXXYV 
LXXXIV 

P 

8 
A 
C. 
.- 
% 
m 

? 

'19 
'19 
'19 

'23 
'23 
'23 

'18 
'18 
'18 

'21 

'21  

'10 

' '9 
'18 
'19 

'23 
'23 
'23 

'24 
'24 
'24 

'23 
'23 
'23 

' 21  
'21 

' 22  

'22 

'23 
' 22  

'21 

' 22  

'22 

'25 
'24 
'24 

'24 
'24 
'a4 

Q 

6 
3 
i 

16 3 

164 

164 

1 6 4  

166 

165 

1 6 5 

16 6 

1 6 6 

1 6 7 

16 7 

1 6 8 

1 6 8 

i 6 8 

16 9 

16 9 

16 9 

17 0 

1 7  o 
148 

r 70 
1 4 8 
149 

Logarithm of 
dde-length in 

Feet 

- 

4'f314660,1 
4'686091.9,5 
4'7527;78,0 

4'799081 1,s 
4.7683063~1 
4'7314660~1 

q.7096663,6 
4'6564599,o 
q'7ggo811,5 

4'8235001,o 
4'7rj9615,5 
4'7096663,6 

4'7301537,.5 
4'652014.3~6 
4.8235001~0 

4'83.59009,6 
4'7.186907r1 
473015374 

4'7337914~7 
4'7650909~5 
4'8359009,6 

4'76.39322,6 
4'8075309,7 
4.7337914~7 

4'7577001,6 
4i249832,4 
4'7639322,6 

4'7169984,7 
47733207~9 
4'7577001~6 

4'7 199172~7 
4'7904313~4 
4'746998.~~7 

4'8166616~7 
4'801 1597,8 
4'7'99'7297 

4'7752874,o 
4'7361 104~7 
4.8166816,~ 



104 INTRODCCTORY. 

B is the Serial letter for the Welt Caloutta Longitudinal Seriee which appertpina to the South-Eaet Quadrilateral. 

3 
6 
.; u 

$, m 

y 
x 
B 

,, 

,, 

,, 

,, 

9, 

,, 

,, 

I, 

,, 

,, 

,, 

I ?  

,, 

3 
B 

g 
8 

345 

3443 

347 

348 

349 

350 

351 

352 

353 

354 

355 

356 

337 

358 

! 
= 
l 4  
331 

932 

333 

334 

335 

336 

337 

338 

339 

31.0, 

Logarithm of 
side-l~ngtl~ in 

Feet 

5-1978856,4 
5'1253628~8 
5'0425046,7 

5'1281964,g 
5'009355315 
5'1978856,4 

5'1659909,8 
5.2273264,4 
5-1281964,9 

5'1891866,4 
5'1888761,o 
5'1659909,8 

5'104184g.9 
5'2637821,s 
5'1891866~4 

5.1338149~4 
5'1039241,8 
5'1041849,9 

5.0921114~8 
5.1561185~7 
5.1338149~4 

4'9683353*7 
5.0382105,1 
5.0921114,8 

4'g108009,2 
4.95496444 
4 '96833~3~7 

4.931324298 
4'920954394 
4'9108009,2 

4'8777062.7 
4.811687117 
4.9313242,8 

4'8181503,o 
4.7827213,5 
4'8777062,7 

4'7405196,1 
4'749142435 
4-8181503~0 

4.750175125 
4'7574491~3 
4~7405196~1 

s 
", 
3 

y 
a: 
5 

,, 

,, 

,, 

,, 

I, 

,, 

,I 

,, 

,, 

~orrected Plal~e 
Angle 

0 I  I 1  

80 I 29.20 
56 a7 4'50 
4331 26-30 

57 36 6 -90  
39 57 25'37 
82 26 27-73 

56 27 29-68 
73 43 ZO*OI  

49 49 10.31 

61 43 58'94 
613925 '08  
56 36 35'98 

43 6 19-37 
80 41 7-13 
561233.40 

64 45 2-77 
57 35 50'93 
57 39 6 -30  

52 27 28.75 
66 45 13'65 
60 47 17.60 

46 33 38-07 
58 31 22.83 
74 54 59-10 

52 46 52.54 
61 49 57'23 
65 23 10.23 

62 23 33-33 
59 54 34'52 
57 41 52.15 

58 25 9.11 
47 2 3'97 
74 32 46-92 

563343 '65  
50 16 26-81 
73 949 '54  

52 55 22.91 
54 31 36-73 
72 33 0 '36  

60 7 53'54 
61 51 44-61 
58 021.85 I 

Btation Numbers 

Beriel 

B" LXIV 
LXII  

S I  

B LXII  
S I 

I1 

I1 
I 
I V  

I 
I V  
V 

IV 
V 
V I I  

V 
V I I  
I X  

I X  
V I I  
XI1  

V I I  
X I  I 
X I  

X I  
XI1  
XI11 

XI1  
XI11 
xv 

xv 
XI11 
XVII 

XI11 
XVl I  
XVI 

XIrI  
XVII 
YVIII  

XVII  
XVIII  
X IX 

Btatioll Numbem 

Berial 

S XVIII  
X l X  
XX 

XIX 
XX 
X X I  

xx - 
XXI  

I CVlI  

S XXI  
I CVII 

CVIII 

CVIII 
CVII 
CVI 

CVTI 
CVI 
C l I I  

CVI 
CI I I  
CII  

CIII  
CII  
CI 

CII  
CI 
C 

CI 
C 
XCIx  

c 
XCIX 
XCVIII 

S C I X  
XCVIlI 
XCVII 

XCVIII 
XCVII 
XCVI 

XCvI I  
XCVI 
XCV 

CorredodPlane 

""' 

0 I 11 

5922 5'52 
58 27 30'72 
62 10 23-76 

50 56 35-98 
69 22 37'47 
59 40 46-55. 

63 I3 37'27 
68 I 26.95 
48 44 55'78 

51 49 44'28 
673811 '18  
60 32 4' 54 

58 49 41-22 
65 1 2  45-04 
55 57 33'74 

62 16 6 -77  
59 35 42'27 
58 8 10.96 

59 59 15-04 
61 9 26'55 
58 51 18.41 

55 54 8 -87  
59 31 6.86 
64 34 44'27 

631448 .16  
59 56 19-79 
56 48 52-05 

75 36 21-35 
46 13 12.33 
58 I 0  25-32 

60 53 5'45 
51 52 54'94 
671359 '61  

67 50 24-01 
49 56 12'85 
62 13 23-14 

56 336 .80  
58 17 15-87 
65 39 7-33 

65 18 45-31 
53 43 58'  16 
60 57 16'5.3 

m 
a 

1 
2i m n, 

1 1  

1.15 
1-14 
1'14 

1 -07  
1-07 
1'08 

1-49 
1 -49  
I '49 

1 -57  
1 -57  
1-57 

1.52 
1-53 
1 - 5 3  

1'16 
1.15 
1'15 

1 - 2 2  
1 - 2 2  
1 . 2 2  

'77 
-77 
'78 

-52 
'53 
'53 

'48 
'48 
'47 

'37 
'37 
'38 

'30 
-30 
'30 

'23 
'23 
'23 

' 2 1  
' 2 2  
- 2 1  

f 
2 

171 

172 

172 

172 

172 

17 3 

173 

173 

174 

174 

175 

17 5 

175 

I 75 

17 6 

17 6 

177 

177 

177 

177 

178 

F 
178 

i 78  

17 9 

179 

179 

18 0 

180 

18 1 

18 I 

18 1 

I 8  2 

182 

1 8 2  

183 

183 

183 

184 

184 

184 

i 85 

1 8 1  

I 

g a 

2 
m Dc 

rn 

' 2 1  
' 20  
' 2 1  

'19 
' 2 0  

' 20  

' 2 1  
' 2 1  

' 2 1  

' 2 2  

'23 
' 22 

' 20  

' 2 1  

' 2 0  

' 2 1  

' 2 1  
'21 

' 2 2  

'23 
- 2 2  

' 2 0  
'20 
' 2 1  

.zo 
' 2 0  

'20 

' 2 1  

'20  
' 20  

'24 
'24 
'24 

'24 
'23 
'23 

'24 
-25 
' 2 5  

' 22  

' 2 2  

' 2 2  

341 

342 

Logarithm of 

Feet 
side-length in 

4'738~747~9 
4'7341174.5 
4.7501751'5 

4'6923097,4 
4.7733934,s 
4'7382747,9 

4.76694564 
4.7834320,o 
4'6923097,4 

4'7226167,4 
4'7931428,5 
4.7669456,4 

4'7365304,9 
4'7622736,4 
4.7226167~4 

4'7544768,9 
4'7432097,9 
4'7365304,9 

4'7595490,I 
4'7645514,~ 
4'7544768,g 

4'7218503~6 
4.7391pp.6 
4'7595490~1 

4 ' 7 p o 4 1 , 5  
4.7364381,~ 
4'7218503,6 

4'8069127.1 
4'6793026,9 
4'75OOO41,5 

4'7834747,6 
4'7379718.6 
4'8069127,1 

4'8033188,~ 
4'7204971,4 
4'7834747,6 

4'76265.$3,1 
4.77354839 
4'8033 1 8 8 , ~  

4.77939874 
-+'iljS0.50,i 
4'7626543,1 

,, 

,, 

343 j ,, 

344 ,I 
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$ k  

s 

372 

373 

374 

375 

376 

377 

378 

379 

380 

381 

382 

383 

381 

395 

i 
.- 

-% 
m 

rn 

'24 
-23 
'24 

-25 
4 
'25 

'23 
'24 
'24 

'28 
'28 
'28 

'23 
' 22  

'23 

'19 
'18 
' 19 

' 18 
'18 
' 19 

'18 
' 17 
' 17 

'19 
' 19 
'20 

' 74 
' 14 
'14 

' I7  
' { i  
' 16 

'21 

'20 

'a1 

'20 

' 2 1  

' 2 1  

5 
2 

% 
.El 

359 

360 

361 

362 

363 

364 

365 

366 

367 

368 

369 

370 

371 

t: 
W 

2 

% rn 

y 
z 
z 

,, 

9, 

,, 

,, 

,, 

,, 

,, 

,, 

9, 

,, 

,I 

,, 

,, 

Logarithm of 
aide-length in 

Feet 

4'77iz000,~ 
4'758498~~5 
4'7793987~4 

4'8177886,7 
4'7512333~3 
4'7772000,5 

4';486622,5 
4'7569999~4 
4.817788697 

4.8070143,6 
4'8073251,g 
4 8097497,~ 

4'753 142.$,5 
4'7324946,7 
4'8070143~6 

4'7~356.53~9 
4'6594653,4 
4';53r425,5 

4'6898034,8 
4'7o.toor9,9 
4'7535653,9 

4'7763317,9 
4'66.10092,3 
4‘689803.1~8 

4'6831118,r 
4'733.322392 
4'7763317,9 

4'6079419~1 
4'6949 I 09,3 
4'683 I r 18,r 

4'7526998,I 
4'7.1882;5,7 
4'60jg419,1 

4'7879413,4 
4'694l748,9 
4'7526998,r 

1'6697134,4 
4'j822393,6 
4'7879413~4 

9 W  
.1! 
2 
g A m .  

y 
r 
1c 

,, 

1, 

9 ,  

,, 

, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

Corrected Plane 

Angle 

0 ,  * 
61 1150-83 
57 4 18'00 
61 43 51.17 

68 47 2.3 I 
53 6 28.82 
58 6 28'87 

534412.68 
55 16 45'45 
70  59 1'87 

59 46 1 -92  
59 50 16.61 
60 23 40'47 

56 3 1 27.9.5 
52 41 32-28 
jo 46 59' 7 7  

66 18 37-91 
47 30 zo.5 I 
66 I r 1'58 

53 56 r I '86 
56 38 23.78 
69 25 24-36 

77  47 41-65 
48 59 42'87 
53 12 35'48 

49 47 37'89 
59 I 5-55 
71 11 16.j6 

48 59 34-28 
67 12 4 0 . 0 ~  
63 47 45'70 

69 31 17'77 
68 14 49'56 
42 10 52'67 

i o  2 1  26.83 
49 2 2  8.63 
60 16 24'54 

45 4 55'31 
66 33 10'30 
68 2 1  51-39 

Station Numbers 

serial 

T I X  
X 
X I  

X 
X I  
XI1  

X I  
XI1  
XI11 

X I  I 
XI11 
XIV 

XI11 
XIV 
X v  

XIV 
XV 
XVI 

XV 
XVI 
XVII 

XVI 
XVII 
XVIII  

XVII 
XVIII  
XIX 

XVIII  
XIX 
xx 

XIX 
XX 
XXI 

xx 
XXI 
XYII  

XXI 
XXII 
XXIII  

X S I I  
XXIZI 

Station Numbers 

Serial 

I XCVI 
XCV 
XCIV 

XCV 
XCIV 
XCIII  

XCIV 
XCIII  
XCII 

]8 LXXXI 
LXXVIII 
I 

I3 L x x v I I I  
T I 

I1 

I1 
I 
111 

I 
111 
I V 

I V  
111 
V 

111 
V 
VI  

V 
V I 
VI I  

V I 
V I I  
VIII  

V I I  : 
VIII  
I X  

VI I I  
I X  
X 

Corrected Plane 
Angle 

0 1  v 

78 39 26- 18 
52 31 37'9.3 
48 48 55 '89 

54 55 19-44 
62 41 49'48 
62 22 51 -08 

49 3 I 40' 2 I 

10 29 49'00 
59 58 30'79 

67 22  30' 18 
57 52 30'37 
54 44 59-45 

47 44 37'96 
61 33 2j.85 
70 41 56.19 

77 5 25'21 
5216  7'74 
503827.05 

492437.80 
77  16 50'97 
53 18 31'23 

69 53 23'00 
60 36 22'19 
49 30 14.81 

52 20 47.08 
58 9 "'43 
6930  1-49 

61 49 55'48 
61 .3 44-41 
57 620 '11  

58 24 32-23 
65 0 32-41 
56 34 55'36 

53 17 59' 74 
51 28 30' 10 

i 5 ' 3 3 0 ' 1 6  

53 13 43-02 
70 56 3-22 
55 50 13-76 

58 37 54'89 
74 6 34'70 
471530.41 

$! 
t, 
i; 

I 9 2 

1 9 3 

19 3 

1 9 3 

194 

1 9 4 

19 4 

19 6 

195 

196 

19 6 

19 6 

19 6 

197 

1 97 

1 9 7 

1 9:8 

1 9 8 

19 8 

1 9  9 

1 9 9 

0 
ti 
E 
H 

185 

18 6 

18 6 
16 6 

186 
1 6 6 
1 6 7 

1 8 7 

1 8 8 

18 8 

18 8 

1 8 8 

18 9 

18 9 

1 9 0 

19 0 

1 9 0 

1 9 1 

1 9 1 

19 1 

1 9 2 

19 2 

0 

4 
3 
a 'C 
a 
n 
m 

0 

' 18 
'18 
' 17 

'24 
'24 
'24 

'20 

' 2  1 

' 2 1  

'19 
' '8  
"8 

'17  
' 1 7  
' 1 7  

'15 
'15 
'1.5 

' 2 1  

' 22  

' 22  

'23 
"23 
'23 

'23 
'23 
'24 

- 2 %  
' 21  

"21 

'24 
'24 
'24 

' 17 
' 17  
'18 

' I 7  
' I 7  
'17 

' I9  
' 2 0  

'19 

Logarithm of 
aide-length in 

Feet 

4'78464663 
4.69~8378~4 
4'6697734,4 

4'750I3949 
4'78.58923,6 
4';846466,2 

4'6999428,'~ 
4'78i0.554~4 
4'7501392,9 

4'74713.10,0 
4'7097396,~ 
4'6939428~2 

4'6415738,9 
4'7163899,1 
.+'7+713+0,0 

4'7421714,' 
4'6514063,8 
4'6415;38,9 

4.718534;,6 
4.8272794,3 
4'7421714,l 

4.8101433,o 
4'7776136.3 
4'; ~85347,6 

4'7 37 1253,s 
4'767698.3,7 
4'8101433,o 

4.7582710,3 
4.755096115 
4'73712.53,5 

4'7670955J 
4'7940609,4 
4'75827 0 ~ 3  

4'68.57507~3 
4'6750920,l 
4'76;0955,3 

4'6716607,o 
4'7435097,S 
4'6857507,3 

4'7370916,4 
4'7887938,o 
4.6716607,o 



.ii 
fz 

3 
& 

M1 

902 

403 

404 

405 

400 

407 

408 

109 

410 

411 

h12 

413 

8 
.ig 
'6 
51 m 

a 

::% 
'18 

'23 
'24 
'23 

'24 
'23 
'23 

'30 
'31 
'31 

-28 
'37 
'27 

' 22  

' 22  

'20  
' 2 0  
' 2 0  

- 2 2  
- 2 2  
'a2 

'a9 

::% 
'25 
'25 
'26 

-23 
'23 
'23 

'27 
-28 
-28 

'a4 
'24 
-24 

' 22  
- 2 2  

'23 

Corrected p h e  
angle 

0 1  e 

67 52 8-25 
49 24 31 -69 
62 43 20.06 

59 17 14-51 
63 38 40.16 
57 4 5'33 

80 11 24-25 
46 8 18-24 
534017.51 

44 50 '4'17 
731637 '50  
61 53 8 -33  

66 58 12-97 
63 15 38-04 
49 46 8 -99  

45 47 16.77 
55 5 32-19 
79 7 I 1-04 

52 34 0'53 
77 38 50'56 
4947  8 -91  

66 41 30'03 
61 25 o m o o  
51 53 29-97 

74 17 53-09 
53 36 0'57 
52 6 6.34 

54 27 59'27 
45 8 4-67 
80 23 56.06 

77 54 22-51 
43 19 43'17 
58 45 54-32 

55 11 46'46 
55 17 12-02 
6931  1.52 

65 16 15-86 
52 22  59.50 
62 20 44-64 

64 38 47-94 
47 24 3-24 
67 57 8 -82  

Pi 

4 3  
8 

386 

887 

888 

889 

390 

891 

392 

393 

394 

395 

396 

397 

398 

399 

writhm Of 

ride-length in 

4'755053210 
6 6 8 1 1  
4-7370916,4 

4'765493713 
4'7834622,5 
4'7550532,O 

4.8529589,r 
4'7173005~9 
4'7654937~3 

4'7557340,' 
4'8887188,s 
4.8529~89~1 

4.8368846,o 
4.82383~7~7 
4'7557340~1 

4'7001390~2 
'2=44 '586159,7  

4'8368846,o 

4'7171073,3 
4-8070802~6 
4'7001390,2 

4'7842447,r 
4.76477~9~8 
4.717107393 

4'8705941,8 
4'7928504,9 
4-7842447.1 

4.7872250~7 
4.7272~35~7 
4'8705941,8 

4.8454871,~ 
4.6 16738~4 1 4'7 72250,7 

4.7882~33~8 
4.7887290~2 
4'8454871,1 

4.7991631~4 
4'739721013 
4-7882533,8 

4.7881598,~ 
4 . 6 9 ~ 8 4 4 ~ 4  
4'7991631,4 

i 
W 

m 

y . 
5 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

I, 

,, 

& 

y 

5 

9 

,, 

, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,I 

,, 

t 
4 
1 
'S 
-2, rn 

a 

'23 
'23 
'23 

2 1  
'20 
'21 

'22 
'21 
'21  

'21 
' 22  

'23 
'23 
'22  

'23 
'22  

'23 

' 22  

- 2 2  

'23 

' 23 
'24 
-23 

-14 
-15 
'15 

' 18 
'18 
'17 

27 
' 26 
27 

-23 
-23 
'a4 

'19 
' I 9  
'19 

- 2 2  
' 2 2  

' 2 2  

Loprithm of 
ade-length in 

Ewt 

4'760838986 
4 '743776~~6 
4'7881598,a 

4'738171t,4 
4'7278514,1 
4'7608389,6 

47691700~8 
4.73~7869~3 
4'7381712,4 

4 .7468548~ 
4'7328272,9 
4 - 7 6 9 x 7 ~ ~ 8  

4'7888421,8 
4'7480383~7 
4'7468548,o 

4.7994170~7 
4'7098653,8 
4'7888421,8 

~ 7 6 9 3 8 9 6 ~ 9  
4.7148182~4 
4'7994170,7 

4'7349543,~ 
4'8210257,6 
4'7693896,g 

4'5645016,o 
4.7298951~0 
4'7249543,~ 

4'8006368,3 
4'81 19221,5 
4'5645016,o 

4.8634171,~ 
4.7397~65~8 
4'8006368,3 

4m7272160,8 
4-7506017,6 
4'8634171,5 

4'7735028~8 
4'6793058~9 
4'7272160,8 

4*7706039,8 
4'7249280~3 
4'7735028,8 

Btation ~ n m b e n  

Berirrl 

T XXIII 
XXIV 
XXV 

XXIV 
XXV 
XxVI 

XXV 
XXVI 
XXvI I  

XXVI 
x X v I l  
XXVIII 

XXVII 
XXVIII 
XXUI. 

XXVIII 
XXIX 
XXX 

XXIX 
XXX 
XXX'I 

XXX 
XXXI 
XXXII 

XXXI 
XXXI I 
XXXIII 

XXXII 
X X x I I I  
X X n V  

XXXIII 
XXXIV 
XXXV 

XXSIV 
XXXV 
XXXVI 

XXXV 
XxxvI 
XXXVII 

XXXVI 
XXXVII 
BXXVIII 

arreoted-e 
Angle 

o f  

585231 '99  
55 23 34-66 
65 43 53-35 

58 52 31-17,  
56 42 50.91 
64 24 37.91 

65 9 28'98 
5 7 1 0 ~ 9 - 4 s  
5 7 4 0  1-57 

59 820.89 
56 12 54' 4 
64 38 44-17 

66 44 3'47 
56 45 5-04 
56 30 51-49 

67 14 10.07 
48 36 56-14 
64 8 53'79 

6039 42. 16 
50 14 48- 8 
69 5 28'16 

' 49 48 47'72 
72 aa 51-07 
57 48 21 - 2  I 

40 11 10.90 
704751 '64  
69 o 57-46 

70 52 34'85 
75 51 23-44 
33 16 1'71 

76 0 35-74 
46 52 40'30 
57 6 43' 96 

46 33 10.35 
50 041.82 
8 3 2 6  7 '83 

71 37 53'91 
49 49 4-14 
58 33 2'95 

62 58 0'78 
53 18 15-33 
63 43 43'89 

statwn ~umbem 

Beria 

T XXXVII 
XXXVIII 
XXXIX 

XXXVIII 
XXXIX 
XL 

SXXIX 
XL 
XIJI 

XL 
XLI 
XLII  

XLI 
XLII 
XLIII  

XLII 
XLIII  

1 CXXV 

T XLIII  
1 CXXV 

C n V I  

CXXVI 
CXXV 
CXXII 

CXXV 
CXXII 
CXXI 

CXXII 
CXXI 
CXX 

CXXI 
CXX 
cXIX 

CXX 
CXIX 
CXVIII 

CXIX 
CXvIII  
CXVII 

CXVIII 
CXVII 
CXVI 

E 
J 
199 

200 

2 0 0  

2 0 0  

201 

201 

2 0  1 

2 o 2 

2 0 2  

2 0 2  

203 

203 

203 

1 0 4  

2 0 4  

2 0 4  

205 

205 

205 

no6 

206 

g 
i! 

CI 

2 0 6  

207 

207 

207 

206 

200 

no6 

20 9 

2 09 

209 

2 10 

2 1 0 

2 1 1 

211 

2 1 1 

2 12 

2 1 2 

2 12 

213 

2 13 

2 13 

2 14 
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5 

427 

428 

429 

-630 

431 

432 

433 

4.34 

435 

436 

437 

438 

4.39 

440 

33 
.I H 

414 

415; 

416 

427 

418 

419 

920 

421 

422 

923 

424 

425 

426 

.. 

side-length in YwYof 
4'7860486,8 
4.7736160,~ 
4*7706039,8 

4'7698082,4 
4.763990~4 
4.7160486~8 

4.7368312~9 
4.75715 4,a 1 4'76980 2,4 

4.7703689~9 
4'7790663,~ 
4*7368312,9 

4'7731766.2 
4.7764161~3 
4'7703689,9 

4-8269676,s 
4-7580197,1 
4.7731766,~ 

4'7115115,o 
4.7083734~6 
4'8269676,s 

4*7703660,3 
4'7983118,1 
4'7115115,o 

4'754577597 
4.7~67643~7 
4'7703660,3 

4'7645741,B 
4'7528718~6 
4'754577587 

4.8705538~7 
4*8391242,4 
4 .8~10~57,6  

4'8443371,7 
4'8594650,3 
4'8705538~7 

4'7425462,1 
4'6913713~7 
4'8443371,7 

Corrwbd Plane 
Angle 

0 1  I 

47 8 54'546 
65 29 9'618 
67 21 55'836 

67 38 11 -933 
65 51 30'717 
46 30 17.350 

63 a2 54'850 
56 10 7'743 
60 a6 57.407 

53 48 32.082 
56 45 6-249 
69 a6 21'669 

55 7 42'667 
72 31 3.731 
52 21 14'602 

57' 50 19.352 
67 3 17.278 
55 6 23'370 

71 47 51 -163 
50 41 18.768 
57 30 50.069 

59 19 31'171 
525718.352 
67 43 10'477 

52 125'517 
65 46 7.010 
62 12 27.473 

58 43 29.037 
68 52 50.076 
52 23 40'887 

65 44 z rSa37  
57 29 21 '471 
56 46 17'292 

1 
69 44 24'239 

62 8 46.849 
71 I 11.386 
4650 1.765 

58 25 49'107 
58 33 20'630 
63 o 50'263 

Comated Plme 
Angle 

O f  v 

62 10 5-73 
59 1443'59 
58 35 10.68 

56 49 19-22 
6251 3.17 
601937.61 

56 412.64 
6023 54-61 
63 31 52'75 

61 -37 15-94 
63 50 49-51 
54 31 54-55 

59 57 38.80 
60 42 39' 3 
59 I9  41 '67 

701712.83 
532612'08 
56 16 35-09 

4 2053'83 I 4 5212'71 
81 46 53.46 

61 6 29'36 
69 1az .60  
4952 8-04 

60 35 35'66 
54 47 48'99 
64 36 35'35 

61 40 48-98 
58 58 17'1a 
59 2 0  53'90 

66 31 16-48 
58 33 31'31 
54 55 12.a1 

56 55 31'526 
60 11 17'948 
62 53 10'526 

51 51 11'493 
4420 52'500 
83 47 56'007 

Station Numbem 

Berisl 

X CXVII 
CXVI 
CXV 

CXVI 
CXV 
CXIV 

CXV 
CXIV 
cXILI 

CXIV 
C X I I I  
CXII  

CXII I  
C X I I  
CXI 

CXII  
CXI  
CX 

CXI  
C S  
CIX 

CX 
CIX 
cv 

CIX 
cv 
CvI 

CV 
CVI 
C I I  

X CXXII  
CXXVI 
CXXIV 

CXXIV 
CXXVI 

X I 

X CXXVI 
X 1 

I1 

.8 

,& 

y 
a, 
0: 

,, 

, 

,, 

,, 

,I 

1, 

9 

,, 

,, 

,, 

,, 

,, 

8 

!j 
P 

# 

'25 
'24 
-24 

-25 
-25 
-25 

- 2 2  
.a2 
' 22  

-23 
'23 
' 2 3  

'24 
'24 
'24 

'25 
-25 
'25 

-20 
'20 
2 1  

'a2 
-23  
'a2 

' 2 1  
1 
'22  

'23 
' 22  

' 22  

'33 
'33 
-33 

'354 
'355 
'355 

'213 
'213 
'213 

l 
a 

a: 
B 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

9, 

,, 

,, 

,, 

,, 

,, 

E 
ii 

2  I 4 

2  I 4 

2 1 s  

2  1 5  

2  1  6 

2  1 6  

21 6  

2 1 6  

2  1 7  

2 1 7  

2  1 7  

2 1 8  

2  1 8  
1 8  I 

2  I 8  
1 0 1  
I 8 2  

2  I I 
2  l o  

I 10 

2  1 0  

2  19 

8 
f 

'5 
rn St 

# 

' 174 
'174 
'174 

' 177 
'177 
'176 

'21 I 
'21 1 
'21 I 

'188 
'188 
'188 

'192 
'192 
'191 

'198 
'198 
'197 

'194 
' 193 
' 193 

'209 
'208 
'209 

' I97  
'198 
'197 

'194 
' 194 
'194 

'207 
'a06 
-206 

' 190 
191 

'191 

,217 
'217 
'217 

'227 
'227 
'227 

~ r ~ . o f  
dde-length in 

Feet 

4'6425288,3 
4'7363291,o 
4'7425462,1 

4'7479748,7 
4'7431830,8 
4-6425~88~3 

4-7598395,6 
4'7279303,6 
4.74797447 

4.6953~57~4 
4'7107876~7 
4.75983956 

4'7107551,8 
4'7761712,9 
4'6953257,4 

4'7244807,a 
4-7610287,1 
4'7107551,8 

4.7760891~3 
4'6869646,3 
4.72448074 

4'7443259,I 
4'7118800,6 
4'7760891,3 

4'694230517 
4.7575028,~ 
4.7443~59~1 

4*7271826,1 
4'7651807,a 
4'6942305,7 

4'7645657,7 
4'7306 85,4 1 4.7271 26,1 

4'6902134,4 
4.7208460,8 
4.76456~7~7 

4-7737869,4 
4'8029857,8 
4'6902134,4 

4 '754~937~9 
4.7548765,' 
4'7737869,4 

b 

Bhtion ~ n m b e m  

Beriel 

x "  
I V  

I1 
I V  
V I  

V I  
I V  
V I I  

IV 
V I I  
VIII 

V I I I  
V I I  
IX 

VII 
I X  
X 

X 
I X  
X I 1  

I X  
X I1  
XI11 

XI11 
X I 1  
X I V  

X I 1  
X I V  
XV 

X V  
X I V  
X V I I  

XIV 
X V I I  
XVILI 

X V I I I  
X V I I  
X I X  

X V I I  
X I X  
XX 

E 
E 

2  1 9  

2  1 9  

2  2  0 

2 2  0 

2  2  I 

2 2  I 

2 2 1  

2  2  1 

2 2  2  

2  2  2  

2  2  3 

2 2 3  

2 2  3  

2  2  3 

2  2 4  

2  2 4  

2  2 5  

2  2  6  

2 2 5  

2  2 6  

2  2  6 



18 in the Berid letter for the West Calcutta Longitudind Series which appertains to the South-East Q~~adrilateral. 

x 

Logarithm of 
aide-length in 

Feet 

4-7610;49,0 
4'7201583,' 
4.7317422~9 

4'7414715~3 
4.786~375~3 
4.7610749,o 

4'7635942,o 
4'7761154,a 
4'7414715,3 

4'7297788,7 
4'7'0373123 
4-7635942,o 

4.7165331,s 
4'673 1884~4 
4'7297788,7 

4'jj82031,6 
4'jgj0529,1 
4'7165331,2 

4'7311972,7 
4'8026437,r 
4'778ao31,6 

4'7213268,g 
4'75~3235,.5 
4'73119i2,7 

4'7549726,6 
4'75700i2,S 
4.7213268~9 

4'7576509,9 
4'7193135,3 
4'75497~6~6 

4-71 10627,8 
4'75062994 
4'7576j0?,9 

4.78~7452~4 
4.7647056~7 
4.71 10627,8 

4'7625600,4 
4'7727734~4 
4'7827451,4 

4'7559743,.? 
4'7558674,8 
4'7625600,+ 

a 

j 
!Z 
2 
M 

-3 
H 

454 

455 

450 

457 

458 

459 

460 

h 

8 
o 

a 

Y 
x 
z 

,, 

,, 

,, 

,, 

,, 

,, 

5 
B w  & 
3 .a 
13 

1 

442 

4 4  

445 

446 

, ,  

448 

449 

450 

451 

452 

$53 

Station Numbera 

E 
Bend 1 i Corrected Plane 

Angle 

0 I If 

65 38 1'078 
55 59 54-56' 
58 aa 4'361 

55 12 39'460 
6.5 33 52.650 
59 13 27.890 

60 31 38'915 
633840'390 
55 49 40'695 

58 24 36'395 
54 32 50'446 
67 2 33' 159 

61 47 43.812 
52 55 51 '254 
65 18 24.934 

61 15 44.049 
67 34 13'112 
50 10 2'839 

51 36 54'387 
673118'1ro 
6051 47'503 

56 58 48'692 
63 57 14.933 
59 3 56'374 

62 14 57'3.54 
624554'166 
54 59 8'480 

63 0 32'534 
5439 55.955 
62 19 31'511 

53 50 8.805 
62 ro 1 2 . 0 7 7  

63 59 39' 118 

6651 ~ 4 ' 4 1 0  
61 54 17'822 
5113  47'768 

57 43 10'23.5 
595648'925 
62 20 0,840 

59 30 3'830 
59 28 37'705 
61 I 18'465 

Logarithm of 
ride-length in 

Feet 

4'7916651,2 
4'7536244,9 
4'7542937,9 

4'8607684,3 
4*9006728,1 
4'791665v 

4'8945794,4 
4'7887636,3 
4.8607684~3 

4'7561828,8 
4'7758048,8 
4*8073251,9 

qa7826270,7 
4'7999839~5 
4'7561828,8 

4'80.39447,4 
4'7605568,8 
4.7826270,7 

4'7974079~6 
4'800x581,~ 
4'8039447t4 

4.7301854~8 
4'7584629,1 
4'7974079,6 

4'6629305,5 
4'7874230,o 
4'7301854,8 

4'7024476,3 
4'6768667,7 
4'6629305,5 

4.6923052~7 
4'6817764,8 
4'7024476,3 

4-74324rr,6 
4'6957816,4 
4'6923052~7 

4'7j1742z,9 
4'7412784,i 
4,7432411~6 

Corrected Plane 
Angle 

0 I I1 

66 5 49'953 
56 53 0'738 
57 1 9'309 

60 I n  19.060 
72 3 0.647 
47 44 40.293 

7 1  5 3'519 
47 51 14.026 
61 3 42'455 

54 42 10'963 
58 38 14'20r 
66 39 34'836 

60 21 43'3 ro 
64 46 13 '846 
5452 2.844 

65 6 17.034 
55 10 7'380 
59 43 35'586 

59 1 7  42'358 
59 54 49-01; 
60 47 28'625 

52 56 5'507 
58 23 23'878 
68 40 30.615 

46 34 38' 193 
75 25 58'482 
57 59 23'325 

65 11 12'827 
58 50 38'210 
55 58 8'963 

59 5.3 7'290 
57 48 22'20.3 
62 18 30.507 

68 621.582 
56 17 10.667 
55 36 27'751 

58 25 21'172 
60 33 25'8.33 
61 I 12.99j 

3 

f, 

y 
x 
B 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

Btation Numbers 

Berid 

X XX 
XIX 
XXII 

XIX 
XXII 
XXIII 

XXIII 
XXII 
XXIV 

T I  
18" L XnI 
U I 

]B LXXXI 
U  I 

I1 

I1 
I 
IV 

I 
IV 

IV 
V 
VI 

V 
v I 
VII 

VI 
VII 
VIII 

VII 
VIII 
IX 

VIII 
IY 
X 

1s 
X 
XI 

U x  
XI 
XI1 

XI 
XI1 
XI11 

XI1 
XI11 
XIV 

XI11 
XIV 
xv 

XIV 
XV 
XVI 

XV 
XVI 
XVII 

XVI 
XVII 
XVIII 

XVIII 
XVII 

XVII 
XIX 
XX 

XIX 
XX 
XXI 

XXI 
XX 

V I 

U  XX 
V I 

I11 

111 
I 
V 

I 
V 
IV 

P 
i! 

Frl 

3 .- 
r, 
LI 
m a 

I1 

-204 
'203 
'203 

'228 
'229 
'228 

. '226 
'226 
'226 

'200 

'200 

'200 

'176 
' 175 
-176 

'228 
'228 
' 227  

'235 
'236 
'236 

' 201  

'101 
'201 

'210 

' Z I O  

'210 

'210 

'209 
'210 

-205 
'205 
'206 

'217 

- 2 1 7  
'217 

'239 
'240 
'240 

'224 
'224 
'225 

.D 

3 
'd 

4, 
m 

I1 

'232 
'232 
'232 

'337 
'337 
'337 

'333 
'333 
'333 

-246 
.247 
' 2 4 7  

'247 
'247 
-246 

'250 
'250 
'250 

'272 
'273 
'273 

'226 
'226 
' 2 2 7  

' 188 
' 189 
' 189 

' 157 
' 15; 
'1j6 

' 166 
'165 
' 166 

'179 
' 179 
'179 

'205 
'205 
'205 

E 
E 
H 

2  2 6  

2 2 7  

2 2  7  

2 2 7  

2  2 8  

1  8 8  
1 8  7 

1  8  7  

2 2 9  

2 2 9  

2 3 0  

2 3 0  

2  3 0  

2  3  1 

2 3  1  

2  3 1  

2 3 2  

2 3 2  

2 3 2  

2 3 3  

2  3  3 

8 

2  3 3  

2 3 4  

2  3 4  

2 3 4  

2 3  5 

2  3  5 

2 3 5  

2  3 6  

2 3 6  

2 3 6  

2  3 7  

2  3 7  

2 3 8  

2 3 8  

2  3 8  

2 3 9  

2 3 9  

2  4 0  

2 4 0  

2 4 0  

2 4 0  

2 4  1  

4G1 i " 

462 

4G3 

4Gi 

4G5 

iGG 

,, 

,, 

,, 

,, 

,, 

i ,, 
! 
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r 3  

s 
R - 
.- 
i; 

468 

469 

470 

1 

472 

473 

474 

475 

476 

477 

478 

479 

480 

481 

8. e 
6 
o 

g 
y 
x 
.s 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

Btetion Numbers 

Serial 

V IV 
V 
VI 

V 
VI 
VIII . 

VIII 
VI 
X 

VI 
X 
I S  

IX  
X 
XI 

X 
XI 
XIII' 

XI11 
XI 
XV 

XI 
XV 
XI V 

XTV 
XV 
XVI 

XV 
XVI 
XVIII 

XVIII 
S V I  
XX 

XVI 
XX 
XIX 

XIX 
XX 
XXI 

XX 
XXI 
xxlv 

8. m 

5 
- 
M 

482 

453 

484 

485 

456 

487 

488 

459 

490 

491 

-1.92 

1.93 

49-1: 

493 

Logarithm of 
i d - n t h  I 

Feet 

4'7777925,4 
4.762~393~7 
4'7559743,3 

4.755~83~11 
4'7293452,6 
4.777792~~4 

4'7135362,~ 
4'7939912~3 
4.7552831,' 

4'6772401~4 
4'7392205,1 
4.7135362,~ 

4'7082519~2 
4'773536598 
4.67724014 

4'7616024,3 
4'7889819,8 
4.7082519,~ 

4'6884787,z 
4'7926021,8 
4'7616024,3 

4.6917810,4 
4'7378137,4 

Corrected Plaile 
Angle 

O I R  

625526.135 
59 12 48.219 
57 51 45'646 

59 50 59'921 
543245'443 
65 36 14.636 

5x11 59'962 
694a 37.701 
59 5 22'337 

525452'256 
66 56 32.091 
60 8 35'653 

55 45 45'048 
73 54 25'721 
50 19 49'231 

60 53 17'676 
6831 0.618 
50 35 41 '706 

47 55 30'429 
i03735.723 
61 26 53.848 

56 24 19'790 
67 50 12.790 

z 
H 

2 4 1  

2  4 2  

2 4 2  

2  4 2  

2 4 2  

2 4 3  

2 4 3  

2 4 4  

2 4 4  

2 4 4  

2 4 4  

2 4 5  

2 4 5  

2 4 6  

2  4 6  

2 4 6  

, 2 4 6  

2 4 7  

2  4 7  

2 4 8  

2 4 8  

rn 
0 

4 
3 .- 
2 
P. m 

n 

'232 
-232 
'231 

'219 
.21g 
'220 

'217 
'218 
.218 

'178 
'179 
'178 

'184 
-184 
'184 

'217 
'217 
'216 

'209 
'2x0 

'210 

'175 
' 176 

55 45 27.420 

61 58 22'074 
65 46 50.868 
52 14 47.058 

54 14 39'347 
66 34 24'730 
59 1 0  55'923 

84 46 56.661 
45 59 7'297 
49 13 56.042 

68 5 18.051 
45 56 39'831 
65 58 2.118 

57 56 24.170 
5 1 1 7  12'832 
70 46 22'998 

58 2 46'685 
55 7 76'379 
66 49 56.936 

8. 

2 
& 
$ 
a 

"i m 

y 
x 
z 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

9, 

,, 

,, 

,, 

,, 

9 ,  

Stntion Numbers 

. 
Serial 1 B 

V SXIV 
XXI 2 4 8  
XXVII 

XXI 2 4 8  
XXVII 
XXV 2 4 9  

XXF 2 4 9  
XXVII 
XXVIII 2  5 0  

XXVII 
XXVIII 2 5  0 
XXX 

XXX 
XX\'III 2  5 0  
XXXII 

XXTIII 2 5 0  
XXXII 
XXXI 2  5  1 

XXXI 2 5  1 
XXXII 
XXXIII 2  5  2  

XXXII 
XXXIII 2  6  2  
X B X V  

XXXV 
XXXIII 2 5  2  
XXXVII 

XXXIII 2  5  2 
XXXVII 
XXXVI 2  5  3 

XXXVI 2  5  3  
XXXVII 
XXXIX 2 5 4  

XXXVII 
XSXIX 2  5  4  
XL 

XL 
XXXIX 2 5 4  
S L I  

XXSIX n 5 4  
XLI 
YLIII 2 5  5  

I 

'175 / 4.6884787,~ 

of 
side-length in 

Feet 

Corrected Plane 
Angle 

'194 
'195 
'194 

'206 
'207 
'206 

'201 
'200 

'201 

'268 
'268 
-268 

'265 
'265 
'266 

'231 
'231 
'231 

0 

0 

.- 
L. 

% m 

4'7396214,3 
4'7537827,3 
4'6917810,4 

4'7150258,4 
4'7683687,8 
4.7396214,3 

4.8339187~9 
4'6925189,s 
4.7150258,~ 

4.8407350~2 
4'7298258,4 
4'8339187,g 

4'7937973j4 
4'7579157~3 
4.8407350,2 

4'7589519.9 
4'744318893 
4'7937973~ 

0 1 . 7  

72 30 46 ' 191 
47 27 59'1x1 
60 r 14.698 

67 29 52.071 
50 27 12.169 
62 2 55'760 

53 36 44.689 
583631'655 
67 46 43'656 

61 I 54-685 
58 42 46'838 
60 15 18'477 

65 9 45'756 
54 30 28.902 
60 19 45'332 

58 51 3'836 
56 19 25.105 
64 49 31 '059 

57 9 39'185 
595151.391 
62 58 29'424 

64 57 9.043 
62 2 I 33.509 
52 41 17.448 

56 25 38. 545 
61 39 0.732 
61 55 20.723 

58 49 I I '569 
61 2 30.918 
60 8 17.513 

81 27 24'499 
54 54 28.818 
43 38 6-683 

70 56 54'772 
44 53 15'636 
64 9 49'592 

52 33 9.066 
40 46 32'578 
86 40 18'356 

64 41 58'402 
53 38 37'786 
61 39 23.812 

-21 I 4.8007806,8 
-2 1 1  1 4.6887280,6 
'211 

'254 
'254 
'254 

'256 
'256 
'256 

'225 
-224 
'224 

'225 
'225 

'22s 

'227 
'227 
'228 

'210 

'2x1 

'211 

'232 
'232 
'231 

247 
-248 
'248 

-229 
'230 
-229 

'304 
'303 
'303 

'394 
'393 
'394 

'304 
'304 
-305 

'307 
'306 
'306 

4'7589519,9 

4.8202576,3 
4'7417636,7 
4'8007806,S 

4'7595809,4 
4'7850430,6 
4.8202576,3 

4.7628925,4 
4.7526906,1 
4'7595809,4 

4.7817792~3 
4'734(5599,9 
4'7628925,4 

4'7575087~6 
4.7453423,2 
4'7817792,3 

4'7321060,3 
4'7446601,6 
4'7575087,6 

4'7886562,s 
4'7789207,7 
4.7321060,3 

4.763776~4 
4'7875491,9 
4'7886562,j 

4'75788+8,6 
4'7676377,3 
4'7637762,4 

4.9141495,6 
4'8318707,g 
4'7578848,6 

4.9354216~1 
4'8085r80,1 
4'9141495~6 

4.8359~65~8 
4.7511342~6 
4'9354216,1 

4'8475921,1 
4'797368997 
4'8359265,8 



110 INTRODUCTORY. 

Come&,d 'plane 
Angle 

o I I I  

81 45 52.168 
3937 33'206 
58 36 34'626 

49 5 1  26.055 
48 44 4'726 
81 24 29'219 

45 36 8-99' 
58 157.682 
762153'327 

64 44 34.821 
711749';77 
43 57 3.5'402 

56 42 30.400 
59 2 30.243 
64 14 59'357 

59 41 47'134 
70 58 50'686 
49 19 2 2 '  180 

9040 2.068 
30 16 29' 105 
59 3 28'827 

30 49 10' 187 
78 14 5'386 
70 56 44.42; 

64 20 34.716 
60 16 20.340 
55 2.3 4'944 

56 56 19'487 
60 19 29. 736 
62 44 1 0 ' 7 7 7  

65 20 4'509 
53 3 9'644 
61 36 45.847 

56 2 7'337 
58 43 52'289 
65 14 0'374 

67 2 2  8.800 
54 58 39'669 
5739 11.531 

Logarithmof 
side-length in 

Feet 

4-8855859,3 
4.;97;833,9 
4.8475921,' 

4'8859109,6 
4'9302219,1 
4.885585913 

4'9463526,6 
4-90;898;,6 
4'88j9109,6 

4'83fj9673,6 
5'053661r,9 
4.9463 j26,6 

4'99621 18,6 
5'025609312 
4'8369673,6 

4'7~98524~5 
4'89+5,j64,0 
4 . 9 9 6 2 ~ 8 ~ 6  

4'8791018,8 
4.895~287~8 
4'7198524~5 

4'9144081,~ 
4.9164371~2 
4?3791018,8 

4'905646~,7 
4'8923;78,5 
4'9144081,1 

4'935473810 
5.0000988,5 
4'~056461,i 

4'9827155,5 
4';6502.51,7 
4.935473590 

4'7802.370,2 
4'8665155,o 
4.9827155~5 

4'7272519,3 
4.854917 I,O 

4'78023 jo,2 

4-9173832,~ 
4'8496036,o 
4'7272519,3 

a. 
2 
6 
R - r 
2 

510 

511 

512 

513 

514 

515 

516 

517 

518 

510 

520 

621 

522 

8 s 
W 

% 
m 

II 

'399 
'398 
'399 

'421 
'421 
'421 

,270  
'270 

' 270  

-289 
'289 
'289 

'316 
'3 16 
'317 

'368 
'369 
'368 

'261 
'260 
'261 

'320 
'320 
'320 

'239 
239 

'238 

' 246 
'247 
'247 

'221 
' 221  

'221 

'223 
'223 
'223 

-214 
'213 
'2x3 

a 
w R 
s - 
g 

496 

497 

498 

499 

500 

501 

502 

503 

SO4 

505 

5% 

507 

508 

I "  

E 
& 
u 
.;o 
5 

y 
x 
a 

,, 

,, 

11 

1, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

of 
side-length in 

Feet 

4*98160;5,2 
4'7907748,9 
4'9173832,s 

4*8698526,4 
4-86253a1,6 
49816075,a 

4-736~725~6 
4.8108435.7 
4'8698526,+ 

4'8511788,o 
.+'8;12559,2 
4'7362725,6 

4'8187484,o 
4'8298556,6 
4'8511788,o 

4'875047494 
4'9144732,6 
4'818;484,0 

4'9416885,5 
4.6442 ;5a,4 
4'8750474,4 

4'6757146,6 
4'9569394,6 
4.941688595 

4'f908502,5 
4.774647~~4 
4'75'323595 

4'7652830,3 
4'7809367,a 
4 ' 7 ~ 8 5 0 2 , ~  

4'7793709~2 
4'72.?5708,4 
4.7652830,3 

4'7400294,s 
4.7531092,6 
4'779370912 

4'7784657,o 
4'7265087,o 
4'740029495 

Corrected Plane 
Angle 

O I  n 

70  1 2  30.360 
50 14 13'205 
59 33 16.435 

56 23 46-2 70 
6; 16 19-483 
56 19 54'247 

68 4 24'362 
58 633'021 
53 49 2-61; 

37 22 25'397 
91 1 7  7'504 
5 I 20 27.099 

65 3 55' 147 
7559.59'2'9 
3856 5.634 

31 43 43'676 
51 5038'8j1 
~62537 '473  

67 12 8'775 
73 5 18'998 
39 42 32.227 

62 21 44.125 
625244.867 
5.1 45 31'008 

60 15 34'41.5 
57 22 6.366 
62 az 19.219 

55 47 20.347 
73 40 I I '230 
503228.423 

80 5.5 21 '289 
3644 24'314 
6% 2 0  14-39; 

38 50 42.976 
495445'732 
9 ~ 4  31.292 

4645 57.422 
77  50 16'627 
55 23 45 -95 1 

821620'612 
57 57 56'893 
39 45 42'495 

Station Numbers 

Berial 

X XXXV 
XXXIV 
XXXVII 

XXXIV 
YXXVII 
XXXVI 

XXXVI 
XSXVII 
XXXVIII 

XXXVII 
XXXVIII 
XL 

XSXVIII  
XL 
XLI 

XL 
XLI 
XLIII 

XLI 
XLIII 
XLII 

XLIII  
XLTI 
XLIV 

U XVIII 
XIX 
XXII 

XIX 
XXII 
XXIII  

XXII 
XXIII  
XSIV 

XXIII  
XXIV 
XXV 

XXIV 
XXV 
XXVI 

i 
2 
B 
m " 
y 
x 
a 

,, 

,, 

,, 

1, 

1, 

,, 

,, 

,, 

, 

,, 

,, 

1, 

P 
3 * 
$ 
2, m 

n 

'328 
'328 
'328 

'430 
'430 
'429 

'455 
'455 
'455 

'478 
'4;9 
'479 

.5a1 
'521 
'521 

'322 
'322 
-323 

'300 
'300 
'299 

'436 
'437 
'436 

'439 
'438 
'439 

'52j 
'525 
'525 

'391 
'390 
'391 

'319 
'350 
'350 

'a48 
'248 - a48 

.295 
'295 
'29-i 

C 
ii 
H 

2 6 0  

2  6  0  

2  6  1 

2  6  1 

2 6 2  

2 6 2  

2  6 2  

2  6  3  

2 6 3  

2 6 3  

2  6 4  

2  6 4  
2  6  5  

2  3 7  
2 3  8  
2 6 6  

2  3 8  
2  6  6  

2  6  6  

2  6 7  

2  6 7  

2 6 7  

2 6 8  

S t a t i o ~ ~  Numbers 

Serial 

v XLI 
XLIII  
XLIV 

XLIV 
XLIII  
XLV 

XLIII  
XLV 
XLVI 

XLVI 
XLV 

X XXV 

v XCV 
X XXV 

XXII 

XXII 
xxv 
XXIV 

XXV 
XXIV 
XXVI 

XXIV 
XXVI 
XXVII 

XXVII 
XXVI 
XXVIII 

XXVI 
XXVIII 
XXX 

XXVIII 
XXX 
XXXI 

XXXI 
XXY 
XXX I1 

XXX 
S X X I I  
XXXIV 

XXXII 
XXSIV 
x=v 

E 
d 

2 5 5  

2  5 5  

2 5 5  

2 5 6  

2  5  6  

2  5  7  

2 5 7  
2 2 7  

2  2 7  
2 5 7  
2 2 8  

2 5 7  
2  2 8  
2 5 8  

2  2 8  
2 5 8  

2  5 8  

2  5  8 

2 5 9  

2  5 9  

2  5 9  

2  5 9  

2  6  0  

2 6 0  



SIDES AND ANGLES OF THE CIRCUIT TRIANGLES. 

- -- 

Logarithm of 
side-length in 

Feet 

4'7659545,8 
4.7260275,7 
4 7784657~ 

4'7537355,6 
4'7530316,5 
4 7659545,8 

4'7642527,8 
4.6628449,4 
4'7537355,6 

4.7897025,g 
4'7039465,o 
4.76425~7~8 

4'7658652,9 
4.7493742,6 
4'7897025,9 

4'7492758,9 
4 7150789,3 
4 7658652,g 

4.7448497,3 
4'7376881,4 
4'7492758,g 

4 7332121,4 
4.7228132,5 
4'7448497,3 

4'7664268,7 
4.7771200,2 
4.7332121,4 

4'7330452,4 
4.7664994,: 
4.7664268,~ 

4'7594384,'~ 
4'7610950,9 
4.7330452~4 

4.6951947~5 
4'6846442,9 
4.7594384~ 

47795526.6 
4'7705590,8 
4'6951947,5 

4'6490003,3 
4.6940328~5 
4.7795~26~6 

L a 

P " 
0 -. 

-- 

523 

524 

525 

526 

627 

528 

529 

530 

531 

532 

533 

5% 

535 

536 

h " 
R , 
.% 
i; 

537 

538 

539 

540 
- 

541 

542 

543 

5 i d  

545 

596 

547 

548 

549 

650 

W 
u 
2 s 
g 

y 
x 
z 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

I 
X 
4 - dl 
0 ... - ?? 
P, 
m 

s. 
2 

w" 
u 
2 0 6' m 

y 
x 
z 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

Station Numbers 

Serial 

U XL 
XXXIX 

W XLIX 

U XXXIX 
W XLIX 

XLVII 

XLIX 
XLVII 
XLVIII 

XLVIII 
XLVII 
XLVI 

XLVII 
XLVI 
XLV 

XLV 
XLVI 
XLIV 

XLVI 
XLIV 
XLII 

XLIV 
XLII 
XL 

XLII 
XL 
XXXIX 

XL 
XXXIX 
XXXVIII 

XXXVIII 
XXXIX 
XZVI 

XXXIX 
XXXVI 
XXXV 

XXXVI 
XXXV 
x x x ~ v  

XXXIV 
XSXV 
XYXII 

Corrected Plane 
Angle t 

d 

2  7  5  

2 7  6  

2  7  6  

2 7  6  

2  7  7  

2 7 7  

2  7  8  

2  7  8  

2  7  8 

2  7  8  

2 7 9  

2  7  9  

2 7  9  

2  8 0  

2  8  0 

2 e 0  

2  8 0  

2  8 1 

2  8  1 

2  8  1 

Station Numbers 

Serial 

Logarithm of 
side-length in 

Feet 

4'8146649,4 
4'9067687,8 
4.6490003,3 

4.73662~5~1 
4'9057844,3 
4'8146649,4 

4'6927341,2 
4'9179241,4 
4'7366225,1 

4.8551990,9 
4'7281746,7 
4'6927341,2 

4'8596023~6 
4'8679866,6 
4.8551gg0,g 

4'8359244,9 
4.7503366,7 
4 8596023,6 

4'7246396,8 
4'8381004,1 
4'8359244,g 

4.7904931,~ 
4'8075474,1 
4.72463963 

4'9035897,o 
4'7813338,4 
4'790493 1,2 

4'9385080,4 
4'7434846,g 
4'9035897,o 

4'7156250,5 
4 8629348,o 
4'9385080,4 

4'8956949,9 
4-g631831,8 
4'7156250,5 

4'8531412,3 
4.8614971~5 
4'8956949,g 

4'9403170,1 
4'7549924,r 
4.853141293 

Corrected Plane 
Angle 

0 I 11 

53 54 27'595 
92 36 5.661 
33 29 26'744 

42 20 41 '280 
83 55 46'808 
53 43 31'912 

34 58 58'169 
105 38 57'112 
39 22 4.719 

881823'051 
48 15 7.205 
43 26 29'744 

59 40 8'128 
61 38 9'335 
58 41 42'537 

62 55 17'630 
46 58 49.804 
70 5 52'566 

45 24 42'323 
67 38 13.719 
66 57 3'958 

62 41 1'012 
67 32 40'227 
49 46 18.761 

81 55 8.851 
48 20 40.106 
49 44 I 1'043 

77 18 26.903 
38 30 31'185 
64 1 1  1.912 

36 40 48.232 
56 59 19'359 
86 19 52'409 

58 44 18.510 
86 52 54'516 
34 22 46'974 

56 3 14'988 
57 44 42'077 
66 12 2'935 

84 52 51.156 
40 32 40'486 
54 34 28'3j8 

! z 
H 

rn 
8 a 

3 
+i m 

I1 

'229 
'230 
'229 

'279 
'280 
'279 

'204 
'205 
'204 

'208 
'208 
.208 

'360 
'360 
'360 

'286 
'286 
'286 

' 265 
'266 
'265 

'239 
'239 
'238 

'292 
'291 
'291 

'342 
'341 
'341 

,298 
'298 
'299 

'322 
'322 
'322 

'374 
'374 
'374 

'319 
'318 
'319 

U SXV 
XXITI 
XXVII 

XXVI 
XXVII 
XXVIII 

XXVII 
XSVIII 
S X I X  

XXVIII 
XXIX 
XXX. 

XSIX 
XYX 
XXXI 

XXX 
XXXI 
XXXII 

XXXI 
XXXII 
XXXIII 

XXXII 
XXXIII 
XXXIV 

XXXIII 
XXXIV 
xxxv 

XXXIV 
XXXV 
XYXVI 

XXXV 
XXXVI 
YXXVII 

XXXVI 
XXXVII 
XXXVIII 

XXXPII 
XXXVIII 
XXXIX 

XXXVIII 
XXXIS 
XL 

2 6 8  

2 6 8  

2 6 9  

2 6 9  

2 6 9  

2 7 0  

2 7 0  

2 7  0 

2  7  1 

2 7  1 

2 7  1 

2 7  2  

2 7 2  

2 7 2  

2  7  3 

2 7  3 

2 7 3  

2 7 4  

2 7 4  

2 7 4  

2 7 5  

0 , 11 

61 39 32'655 
53 24 4'608 
64 56 22.737 

59 6 3'719 
58 56 46'782 
61 57 9'499 

675833'890 
47 13 16.230 
6448 9'880 

68 40 11'569 
49 52 12'929 
61 27 35.502 

59 9 21.884 
55 44 55.280 
65 5 42 '836 

60 54 42'075 
53 52 18.834 
65 12 59.091 

60 1 1  7'070 
58 35 19'144 
61 13 33'786 

59 49 13'562 
57 33 54.291 
62 36 52'147 

61 24 44.566 
64 9 17.171 
54 25 58.263 

55 9 27'855 
62 25 49'048 
62 24 43'097 

61 47 6.154 
62 1 1  45.357 
56 1 8.489 

55 221'461 
53 7 5'581 
71 5032.958 

664318'737 
64 7 40.344 
49 g 0.919 

46 42 25.440 
53 50 27.190 
79 27 7'370 

1 11 
'222 
'222 

'222 

'224 
'223 
'224 

'191 
' 191 
'191 

-216 
'216 
'216 

'234 
'234 
'235 

-209 
'208 
'aog 

-210 

-210 

'210 

'200 
'200 

'201 

'224 
'225 
'224 

-221 

'221 
'221 

'217 
-217 
'a17 

,180 
'179 
'180 

'2x2 

'212 

.211 

'171 
'171 
'17' 
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& 
& 
z a 
X 
g 

y 

z 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

&. 

1 
3 .a 
El 

551 

552 

553 

554 

555 

556 

557 

558 

559 

$ 
o 

3 
8 

y 
x 
s 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

Station Numbers 

Serial 

W XXXV 
XXXII 
XXXIII 

XXXIII 
XXXII 
XXX 

XXXII 
xxx 
XXIV 

XXX 
XXIV 
XXV 

XXIV 
XXV 
XXI 

xsv 
XXI 
XXIII 

XXIII 
XXI 
XY 

XXI 
XX 
XIX 

XIX 
XX 
XVI 

XX 
XVI 
XVIII 

XVIII 
XVI 
xv 

XVI 
XV 
XIV 

5 
i 
fi 

2  8  1 

28 2 

2  82  

283  

2 8 3  

283  

2 8 4  

2 8 4  

2 8 4  

285 

2 0 5  

286 

286  

2 8 6  

286  

28 7  

287  

288  

288  

Station Numbers 

Serial 

W XIV 
XV 
XI  

XV 
XI 
XI11 

XI11 
XI 
X 

XI 
X 
I x  

IX 
X 
VIII 

x 
VIII 
VI 

VIII 
VI 
V 

VI 
V 
III  

V 
I11 
I 

111 
I .  

X XLIV 

W I  
X XLIV 

XLII 

560 I " 

5 
R 

.a 
k 

563 

564 

565 

566 

567 

568 

569 

570 

571 

572 

573 

Corrected Plune 
Angle 

0 I I1 

62 23 35.902 
38 59 47'737 
78 36 36.361 

52 28 16.577 
552734'270 
72 4 9.153 

74 40 32'430 
55 55 48'583 
49 23 38.987 

82 43 52'431 
42 35 22.464 
54 40 45.105 

63 52 10.181 
54 33 54.100 
61 33 55'719 

57 55 57'808 
60 49 17'998 
61 1444.194 

35 57 6'237 
57 25 42.303 
86 37 11'460 

65 16 13.920 
64 54 58.706 
49 48 47'374 

80 51 52.175 
352052'769 
63 47 15.056 

35 34 45'075 
55 27 3.636 
88 58 1 1  '289 

60 33 58'316 
70 2 28'090 
49 23 33'594 

67 47 36.640 
72 39 9'505 
39 33 13'855 

Corrected Plane 
Angle 

0 I I1 

64 48 18'447 
60 9 27.175 
55 2 14.378 

44 643.418 
63 54 58.990 
71 58 17.592 

76 40 9.202 
43 20 12.813 
59 59 37'985 

87 23 17'739 
3935 7.322 
53 I 34'939 

47 31 30.262 
48 52 35-557 
83 35 54.181 

49 52 I I '007 
73 20 47'674 
5647 1'319 

72 36 33'714 
65 22 14.400 
42 I 11.886 

32 31 46'842 
65 1224.883 
82 15 48'275 

80 44 8.484 
54 I 19.854 
45 I4 31 '662 

47 22 30.488 
71 25 35'954 
61 1 1  53'558 

55 50 31'583 
58 57 35'372 
65 1 1  53'045 

g e 
3 

288  

2 8 8  

28 9  

2 8 9  

290  

2 9 0  

2 9 0  

2  9  0  

291  

2 Q i 

2 Q 1 

29 2  

292  

2 9  2  

2  65 

265 
264  

5G1 

5G2 

,, 

,, 

n 
m 

4 
.- 
C 

B a 
m 

I1 

'341 
'341 
-341 

'336 
'336 
'337 

'358 
'358 
'358 

'452 
'451 
'452 

'675 
'675 
'675 

'7x3 
'714 
'714 

'39' 
'392 
'392 

'295 
.294 
'294 

-246 
'246 
'246 

'224 
'224 
-225 

'171 
'171 
'171 

'289 
'290 
-289 

rn 
0 
u 

.* 
2 n, 
m 

n 

'422 
'422 
'422 

'353 
'353 
'354 

-222 
-222 

'222 

'290 
'289 
'290 

'317 
-318 
-318 

'274 
'274 
'274 

'339 
'339 
-339 

'261 
'262 
'262 

' 176 
'176 
' 176 

'240 
'241 
'241 

,166 
'166 
'167 

v 

Logaritlim of 
side-lmgtlr in 

Feet 

4.8964623,6 
4'7477952,9 
4.9403170,~ 

4'8173854~3 
4'8338686,3 
4'8964623,6 

4'9213039,f 
4'855243027 
4.8173654~3 

5.0061480,4 
4.8400754~8 ' 4'9213039,7 
5'0151567,5 
4.9730176,0 
5'0061480,4 

5'ooo4121,9 
5'0133779,4 
5'0151567,5 

4'7698830~9 
4.9268514,~ 
~ ~ O O O ~ I Z I , ~  

4'8450474,4 
4.8438~7,3 
4'7698830,g 

4.8866324,s 
4.6545106,~ 
4'8450474,4 

4'6514969,7 
4.8024409,o 
4'8866324,5 

4'7111278,8 
4'7442467,7 
4'6s14969,7 

4-8736528,7 
4.8869052,6 
4.7111278~8 

Logarithm of 
side-lengtli in 

Feet 

4.9166742,s 
4'8983083,~ 
4'8736528,7 

4'7811871,6 
4.8918885~3 
4'9166742,s 

4*8318207,8 
4.6801889,s 
4'7811871,6 

4'9288702~5 
4.7336158~9 
4'831820728 

4'7993916,~ 
4.8085512,~ 
4.9288702,s 

4'7602927~7 
4.8582601,6 
4'i993916,1 

4'914293593 
4'8931886,3 
4'7602927,7 

4'6488346,3 
4-876~687~3 
4.9142938~3 

4'7918199.3 
4'7056018,r 
4'6488346,3 

4'7159329,g 
4'8259414,3 
4'7918199,3 

4'6757248,6 
4.6908428,~ 
4'7159329,9 



GEODETIC ELEMENTS OF THE FLANK STATIOXS. 

Prelimiru;cy Zatitzcdes, Zongitudes m d  Azimuth of the S t a t k  ola the Bi ;ght -hd  
Ftmb of the Circuit Triangles. 

The following table gives the Qeodetic Latitudes, Longitudes and Azimuths which 
have been obtained for all the sfations and sides on the right-hand flank of the chains of 
circuit triangles, by applying the values of the difference of latitude, longitude and azimuth- 
computed by the formula (25), (26) and (27) of Section 5 of the preceding chapter-first to 
the fixed elements of the several stations of origin of the chains lH[ to T, as given in Sec- 
tion 7 of this chapter, and then to the deduced elements of every subsequent station : the 
order of succession is indicated by the numbers in block type. Each station is thus regarded, 
first as the ' Deduced Station B ' and afterwards as the 'Fixed Btation A'. 

I n  order to ascertain the differential values given by the geodetic calculations on 
which the tabulated elements are built up, we have for any, the ath, side on the flank of 
the chain 

A d ,  = B, - (n + A,) ; 

where A, stands for the forward azimuth a t  ' fixed station ' A, of ' deduced station ' B, and 
B, for the back azimuth of A, at B,. 

The three differential values depend on the length c, and forward azimuth A, of the 
side a, and also on the latitude A,. The logarithmic length is given in the preceding Section, 
on the same horizontal line as the angle at the Serial station which enters, in the table, between 
the stations numbered in block type a and (a+x). The forward azimuth of tlle side a may 
be deduced by adding all the spherical angles at a, aa given in the table, to the back azimuth 

Thus the logarithmic length of flank-side 11 is 4*9970640,5, which occurs in triangle 
21, on the same line as the angle for the serial . station X( XX, entering between the flank 
stations 11 and 12; a i d  the forward azimuth of this side is equal to the back azimuth of 
lo a t  11 + t l ~ e  sum of the spherical angles at 11, wllich occur in triangles 19, 20 and 21, 
the respective values of which are 10" 49' 43"'a I 5 and 1 70" 20' I 5"'360, together amounting 
to 181" 9' 58'"575. 

I n  the following table, breaks of continuity in the numbering of the stations necea- 
sarily occur at the origins and closing points of all the Circuits. The two values of each of 
the geodetic co-ordinates and of the azimuth of the side of junction at  these closing points, 
furnish the data for the determination of the absolute terms of the geodetic equations of 
condition in the Simultaneous Reduction. 
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* Tileme rtationn apprt.it~ to the Great Are M i m d  Berieb8ectio11 Z I o  to 30°-of the North-We& Quadrilateral. 

Fixed 

-5 

28 

1  

2  

3  

4  

6  

6  

7  

8 

9  

I o 

I 1 

12 

1 3  

i 4  

16  

I 6  

1 7  

i 8  

r 9 

2 0  

2  I 

2  2  

LVI* 

2 3  

24 

2  5 

2  6  

2  7  

2  8  

2  9  

30 

3  I 

3  2 
t 

' 

' 

' 

Station A 

Azimuth of B 

0 1 0  

160 25 38'990 

196 - 7  53.301 

217 8 7.931 

174 56 21.665 

174 g 3'237 

159 48 58.097 

185 31 49'285 

181 40 55'462 

178 37 28'413 

rgo 48 18-171 

181 g 58.575 

184 10 43'695 

181 59 16.399 

176 37 14'027 

176 15 12'597 

170 58 32'749 

182 13 30'030 

194 55 7'124 

126 4 44'086 

126 19 13'797 

I49 40 0.615 

111 43 34.677 

344754.204 

a34 31 35'577 

152 37 ~2.668 

I34 13 12.887 

181 9 43'101 

1 185 34 50.286 

164 36 2'777 

170 7 53'993 

165 5 1  20-959 

aoo 22 49'907 

186 26 55.682 

Azimuth of A 

p- 

o t *  

340 23 21'941 

16 10 44'511 

37 15 34'245 

354 55 33'077 

354 7 54'187 

339 46 2.015 

5 32 34'112 

I 41 8'473 

358 37 18.401 

10 49 43'215 

I lo 8'775 

4 11 20'999 

I 59 32'577 

356 36 39.627 

356 14 37.649 

350 56 59'370 

2 13 47.514 

14 58 33.916 

305 53 2'847 

306 7 28.145 

329 33 48.507 

301 34 48.874 

54 40 10'888 

332 32 32.667 

314 6 44.951 

I g 52.106 

5 35 46.147 

344 33 30.563 

350 6 42,579 

345 50 28.197 

2 0  25 3.742 

6 27 41.139 

-5 1 
22 

3 3  

34  

3  6  

3  6  

3  7  

3 s  

39  

40 

4  1  

4  2  

43  

4 4  

4  6  

4 6  

1 8  

4 7  

48  

4 9  

6 0  

6 1  

6 2  

a 3  

6  4  

6 6  

6 6  

5 7  

6  8  

6  9  

6 0  

6  1  

6 2  

6  3  

6 4  

.5 8 
E 

SCI 

2  

3  

4  

6  

6  

7  

8 

9  

10 

1  1  

i 2  

i 3  

1  4  

I 6  

' i 6  

17 

1 8  

1 9  

2  0 

2  1  

2  2  

LVI* 

LIT* 

2 4  

2'6 

2  6  

2  7  

2  8  

2  9  

3 0  

3  1  

3  2  

3 3  

Fixed Station A 1 

Azimuth of B 

0 1 .  

186 2 1  51'159 

183 44 56'980 

179 8 15.896 

172 34 27382 

186 37 23'004 

174 25 1.481 

181 49 1'556 

120 56 57.571 

108 41 40.508 

I 16 I 7 48.965 

119 34 12~og1 

118 55 53.659 

138 18 3.872 

130 4 22.723 

2 13 33'197 

130 28 20.807 

201 5 21.781 

166 41 31.753 

209 30 0'220 

184 50 53'449 

114 44 32.135 

180 28 55.912 

201 14 24'418 

146 47 23'907 

183 54 54.155 

185 6 49.230 

179 37 13.707 

181 48 59.333 

172 48 5-726 

177 2 12.951 

I53 a2 52.686 

216 58 53.556 

153 5 48-164 

.B 

22 

34  

3  6  

3 6  

3  7  

3 8  

3 9  

4 0  

4  1  

4  2  

4 3  

4 4  

4 6  

4  6  

I 8  

17 

4 8  

4 9  

6  o 

6  1  

6  2  

63  

5 4  

0 6  

6 6  

67 

6  8  

6  9  

6 0  

6  1  

6 2  

63  

6 4  

6  5 

Deduced Station B 

Latitude 
North 

0 1  I 

24 14 44.921 

a4 3633'385 

24 57 53'803 

25 17 28.421 

25 41 7'650 

25 57 41.507 

26 13 30.846 

26 28 29.147 

26 42 25'798 

26 57 1 0 . 4 ~  

27 13 33'983; 

27 30 4'477 

27 44 58.721 

28 3 22.994 

18 20 1.403 

I 

Asimuth of A 

- 
0 1 .  

6 a t  33.790 

3 45 24.806 

359 8 8.6aa 

352 33 31.514 

6 38 x z . 1 4 ~  

354 24 20'916 

I 49 14-081 

300 51 58.108 

288 36 58-375 

296 14 1-751 

agg a9 45.909 

298 51 47-782 

318 14 33.713 

309 59 41'0x7 

310 19 11'1x1 

a1 7 15'283 

346 39 22-440 

29 35 32-979 

4 51 43'795 

37 22.982 

o 28 57'888 

2 I 16 35.897 

326 44 29.145 

3 55 16.880 

5 7 17.417 

359 37 11'573 

I 49 1o.ao6 

352 47 23'951 

357 I 53.786 

333 20 7-316 

37 2 48.874 

333 3 26.623 

hnjjtude 
Ewt of 

Greenwich 

0 1  I 

79 2 2  51'134 

79 a9 45'141 

79 47 29'692 

79 45 35'273 

79 42 54'816 

79 36 10.589 

79 37 52'506 

79 38 21'819 

79 37 59'451 

79 41 7'874 

79 41 30'272 

79 42 51'432 

79 43 26.321 

79 4 2  12'814 

79 40 58.847 
I 

Latitnds 

0 1  

26 54 17.892 

27 8 17-061 

27 a3 58'576 

17 37 43.489 

27 51 11'533 

28 4 16.541 

28 16 36,772 

28 2 2  11.128 

28 25 8.246 

28 28 36-274 

a8 33 15.268 

a8 37 25-587 

28 44 40.555 

28 51 53.169 
' 

24  a2 24.552 

24  33 14'487 

24  53 6.897 

a5 14 9-225 

25 35 3'704 

25 41 56'820 

25 50 5.467 

a6 I 44'221 

26 10 51.470 

26 22  7.139 

26 32 42.981 

26 43 28.205 

26 54 49.367 

27 5 41.308 

27 17 45.042 

27 28 24'744 

27 38 25-999 

27 47 19.324 

Deduoed Station B 

Longitade 
East of 

~~~~~d 

0 1 .  

8042 5'314 

80 43 6.780 

80 4a 50-903 

80 40 50.184 

80 42 35.750 

80 41 9.236 

80 41 35'764 

80 31 4.581 

80 a1 11'287 

80 13 14'306 

80 3 56.736 

~g 55 22'912 

79 48 2-981 

79 38 18'317 

81 26 42.966 

81 31 17.047 

81 26 7,819 

81 39 13.407 

81 41 10'738 

81 a4 39.036294 

81 24 43.581 

81 29 44'240 

81 23 7.068 

81 23 58-403 

81 25 1-670 

81 24 56,910 

81 25 31-008 

81 23 49'004 

81 23 7'070 

81 17 7.542 

81 25 36'192 

81 20 31-847 

28 38 9'964 

28 51 53'521 

29 I5 14'645 

29 30 a3.528 

29 45 36'763 

30 4 5'317 

30 I3  26.260 

24 16 46.740 

24 37 23'041 

24 51 5.387 

25 7 1.396 

25 27 17.405 

25 46 34.639 

26 0 43'993 

a6 16 0.764 

26 28 10'656 

26 41 37'889 

79 37 43'057 

79 38 19.407 

79 45 25'151 

79 21 35.821 

78 57 48'679 

78 45 22'530 

78 27 55'547 

81 11 14.972 

8059 34'357 

80 44 Tagg 

80 44 28.618 

80 46 39.396 

80 40 47.320 

80 38 3'794 

8033 47'842 

80 38 49-177 

80 40 30'761 



GEODETIC ELEMENTS OF THE FLANK STATIONS. 116 

J, 

.g f 
:$ 

6 a 

136 

67 

6 8  

4 0  

7 0  

7 1 

7 2 

73 

7 4  

7 6 

76 

7 7 

7 0 

7 g 

0 0  

8 1 

8 2 

83 

0 4  

86 

86 

8 7 

8 0  

89 

9 0  

g 1 

6 a 

9 2 

93 

94 

Fired Station A 

Azimuth of B 

0 1 .  

160 56 43'313 

116 43 35'636 

107 51 13'498 

129 20 57.629 

136 57 26.514 

1 49 7'283 

204 57 18'442 

156 3 46'334 

145 53 11.048 

171 37 13'154 

173 24 2.710 

173 25 24.861 

185 25 25'550 

186 o 24'426 

181 6 32.391 

177 27 26'064 

186 21 31.973 

199 28 35.412 

187 9 4.569 

183 26 5.679 

163 38 38'383 

166 14 12'813 

I70 I 47'927 

1x1 14 53'434 

108 15 28.391 

108 5 13'085 

103 44 51.081 

96 40 52'307 

333 3 36.800 

157 41 28.608 

184 48 15.756 

187 22 57'588 

.i !j 
=& 

95 

96 

97 

98 

99 

100 

1 0 1  

1 0 2  

1 03 

104 

105 

1 06 

107 

108 

109 

1 1  o 

1 1 1 

1 12 

87 

1 1  3 

1 1  4 

1 1  5 

1 1  6 

1 1  7 

1 1  8 

119 

120 

12 1 

12 2 

12 3 

124 

12 6 

126 

.f: E e 
4 

9 6 

9 7  

9 8 

9 9  

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

1 1  0 

1 1 1  

1 1  2 

87 

8 6  

1 1  4 

i 1 5 

116 

117 

1 1  8 

1 1  g 

12 0 

12 1 

12 2 

12 3 

124 

12 5 

12 6 

127 

.B E e 
~8 

. 66 

67 

68 

69 

40 

39 

7 i 

7 2 

73 

7 4  

7 a 

76 

7 7 

7 8 

7 9 

8 0 

8 1 

82 

8 3 

8 4  

86 

86 

87 

8 8 

89 

90 

9 1 

65 

6 4  

93 

9 4  

9 8 

P i e d  Station A 

Arimuth of B 

o r *  

161 49 47'958 

176 47 17.185 

I79 11 7.867 

180 o 6'549 

180 33 12.689 

175 3 32'534 

180 16 50.966 

152 10 3'582 

172 49 40.228 

174 56 7'844 

177 5 40'910 

155 43 49'019 

154 38 47'398 

106 17 30'655 

105 1 2  38.126 

103 47 31.556 

105 52 1-56' 

104 51 25.166 

350 0 56.313 

153 52 32.161 

169 49 34.168 

224 58 8.283 

197 19 10,737 

160 o 7.732 

159 43 6.309 

177 3 15'321 

182 26 45.314 

170 28 28.885 

18a 21  44-736 

181 6 57.587 

180 50 17'219 

169 1 2  42.724 

188 I 40'446 

North 

0 1  * 
27 55 45.462 

27 59 55'449 

28 2 42.744 

28 8 29'275 

28 16 37'697 

24 34 17.869 

24 53 44'479 

25 3 53.247 

25 16 32.453 

25 27 33'454 

25 41 17.119 

25 50 18.412 

26 I 4.984 

26 10 42.690 

26 21 46.359 

26 31 45'510 

264037'172 

26 51 41.518 

27 2 53-643 

27 13 18.382 

27 24 2'927 

27 33 21'350 

27 36 47.806 

27 39 56.590 

27 43 17'995 

27 46 4'470 

27 47 18.115 

24 32 49'670 

24 47 20'996 

24 56 54.865 

Dedowd Station B 

Longitude 
Esst of 

Greenwich 

0 1  * 
81 17 14'998 

81 7 54'925 

80 58 8.268 

80 50 11'138 

80 41 35-581 

82 38 58.983 

82 29 31'047 

82 21  58'144 

82 19 55'141 

82 18 30.904 

82 16 46.101 

82 17 42'896 

82 18 58.197 

82 19 10.5gz 

82 18 37'874 

82 19 52.105 

82 23 21'428 

82 24 54.367 

82 25 39.425 

82 22  14.312 

82 19 17.412 

82 17 27.265 

82 7 30'163 

81 56 46.012 

81 45 11'343 

81 32 23.615 

81 2031.787 

83 32 13'139 

83 33 33'410 

83 34 34.970 

Azimuth of A 

O I *  

340 55 11'326 

296 39 13'008 

287 46 37'879 

309 17 12.944 

316 53 22.813 

25 o:34'284 

335 59 48.708 

325 49 59'784 

351 36 20'840 

353 23 26.621 

353 24 39.620 

5 25 50.236 

6 o 57.351 

I 6 37'844 

357 27 11.583 

6 2 2  5'032 

I 9  30 9'149 

7 9 46.429 

3 26 26.103 

343 37 4'833 

346 1 2  51.647 

350 0 57'104 

291 10 16.941 

288 10 29.565 

287 59 50'241 

a83 38 53.677 

276 35 20.560 

337 35 7'766 

4 48 59'258 

7 23 31.888 

Azimuth of A 

O I *  

341 46 35.605 

356 46 54.427 

359 11 3'409 

o o 6.559 

o 33 15'864 

355 3 7.676 

o 16 52.432 

332 7 47'448 

352 49 1'504 

354 55 41'410 

357 5 27.289 

335 41 55'388 

334 36 22.005 

286 13 2.386 

285 7 37'756 

a83 43 25.871 

285 46 59'226 

284 46 40.913 

333 49 17.718 

349 48 7.713 

45 4 52.627 

17 21 17'342 

339 58 38.379 

339 41 31.681 

357 3 3'034 

2 27 1.405 

350 27 40.576 

2 11 57.347 

. I 7 3.649 

o 50 22.314 

349 I I 43.096 

8 z 31.484 

North 

0 1 n  

25 17 49'577 

25 32 6.849 

25 43 3.640 

25 54 2.844 

26 5 1 g y 4  

26 15 7'749 

26 25 14.701 

26 33 54'378 

26 44 10.366 

26 54 3'087 

27 2 52.848 

27 11 7.226 

27 21 5.123 

27 23 36.992 

27 26 14.816 

27 28 11.211 

27 30 56'746 

27 33 21.733 

24 16 53.774 

24 34 38.943 

2449 22.116 

25 3 58.816 

25 1 2  44'529 

25 2 1  49-110 

25 30 1'343 

25 43 10.802 

25 53 9'078 

26 3 39.481 

26 14 16.202 

26 26 2.959 

26 36 32.871 

26 48 35.274 

Deduced Btution B 

Longitude 
East of 

Qrwnrioh 
- 

0 1  * 
83 27 21'909 

83 26 28.883 

83 26 18.575 

83 26 18.598 

83 26 25-842 

83 25 29'481 

83 25 32'785 

83 2 0  17.612 

83 19 1.280 

83 18 2'689 

83 1732'661 

83 13 23'363 

83 8 6.020 

82 58 22'539 

82 47 30'185 

82 38 37.281 

82 27 42'363 

82 17 27.502 

84 16 22.648 

84 12 53.604 

84 29 1.232 

84 34 1'427 

84 30 31.096 

84 26 49'573 

84 26 21.661 

84 26 58.889 

84 25 7'904 

84 25 36.700 

84 25 50'454 

84 26 1.939 

84 23 48.405 

84 25 41'958, 
I 
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.5 g 
ti ; z~ - 

2  I 0  

21 9  

220 

2  2  1 

2  2  2  

2  2  3  

2  24 

2  25 

226 

2  2  7  

I 8  7  

2  2  9  

2 3  0  

2  3  I 

2  32  

233 

2  34 

2  35 

236 

2  3  7  

238 

2  3  9  

2 4 0  

24 1 

242  

24 3  

244 

245 

246  

247 

24 8  

249  

2 5 0  

.g $ 
iJ - 

18 7  

18 8  

I 8  9 

I 9  0  

I 9  I 

I 9 2  

I 9 3  

I 9 4  

I 9  5  

1 g 6 

I 9  7  

1 9  8 

19 9 

2 0 0  

2  0  1 

1 0 2  

2 0 3  

204  

20 5  

2 0 6  

207 

208  

20 9 

2  10 

2  1 1  

2  12 

2  1 3  

2  14 

2  1 5  

2  16 

2  17 

2 18 

1 8  2  

5 

ii 

2  19 

220 

2  2  1 

2  2  2  

2  2  3  

2  24 

22 5  

226 

227 

22 8  

2  2  9  

2  30 

2  3  I 

2  32 

233 

234 

23 5  

236 

237 

2  38 

239 

24 0  

24  1 

242  

243 

244  

. 

&d 

18 8  

I 8 9  

190 

19 1 

1 9  2  

1 9  3  

194 

I 95  

I 9 6  

1 97 

I 98 

I 9  9  

200 

2  0  1 

2  02  

203 

204 

20 5  

206 

207 

2  08 

209 

2  I o 

2  1 1 

2  12 

2  13 

2  I 4  

2  1 5  

2  16 

2  17 

2  18 

18  2  

18 1 

Fixed Station A 

Azimuth of B 

O I *  

276 4 32'694 

313 3 48.269 

243 o 16.389 

310 37 33.671 

257 35 20.387 

312 36 55.199 

250 48 24'345 

315 7 21.578 

264 17 15.191 

261 17 10.947 

300 49 48'642 

240 51 53'759 

233 29 53'456 

262 50 48.027 

264 46 58'221 

266 38 20.080 

271 9 35.840 

263 24 1.108 

267 56 50'04 

205 51 52.181 

210 43 59.288 

146 55 33.266 

212 I4 13.076 

156 13 8.325 

2x1 13 29.674 

I47 9 54'114 

213 0 19.720 

150 46 20.426 

203 37 55'997 

I47 33 58.542 

208 23 12.582 

I44 4 51'687 

203 53 13'785 

Fixed lJtation A 

Azimuth of B 

o r  w '  

181 49 '50.637 

216 21 45.184 

183 36 57'748 

164 50 25.872 

187 I3 33,319 

212 43 1.597 

193 47 22.654 

179 24 5.691 

171 46 45'585 

158 1 44'441 

166 58 25'97a 

148 14 32'289 

166 I 18.267 

192 33 52'374 

206 29 52.876 

183 57 51.755 

189 28 14.972 

184 37 36.854 

183 57 18.415 

172 34 56.865 

180 10 36.727 

180 47 38.061 

166 35 13'049 

105 28 31.045 

124 52 8.593 

71 29 41.667 

87 38 34.052 

87 22 2.500 

89 37 46.236 

95 4 40.716 

81 15 19.984 

67 31 3.509 

306 47 42.901 

Latitude 
North 

o r  n 

26 15 8-855 

26 855.129 

26 12 55,170 

26 6 42.948 

26 8 26.225 

16 I 55.464 

a6 4 50.324 

25 58 10.974 

25 59 6.514 

26 I 3.538 

22 47 35.163 

22 52 12.891 

22 57 53.672 

22 58 49.084 

22 59 33.562 

23 o 3.786 

22 59 51.448 

23 o 44.889 

23 t 7.016 

23 g 29.891 

23 16 56.102 

23 24 43.602 

23 32 41.222 

23 41 25.617 

23 49 10.316 

~ $ 5 ~  ;4'J31 

Deduced Station B 

hngitude 
Baat of 

Greenwich 

0 1  ,I 
88 40 35'706 

884758'575 

88 56 41.560 

89 4 41.884 

89 13 23.1 74 

89 21 13.060 

89 30 30.276 

89 37 50.003 

8948 8.408 

90 2 18.504 

88 36 17.565 

88 45 15,772 

88 53 29.029 

89 I 53.651 

89 10 42.719 

89 20 3.729 

89 30 42.839 

89 39 3'908 

89 5023~082 

89 54 46.787 

89 59 34.020 

89 54 4.038 

89 59 30.822 

89 55 19.860 

90 o 26.137 

89 54 39.079 

24 5  

24 6 

247 

248  

249  

250 

25 I 

Azimuth of A 

o r r  

96 8 30.147 

133 7 3.802 

63 4 7.143 

130 41 5.463 

77 39 9'938 

132 40 21*820 

70 52 29.105 

135 10 34.516 

84 21 46.063 

81 23 23'624 

120 53 33.385 

60 55 22.597 

53 33 5'530 

82 54 4-973 

84 50 24.830 

86 41 59'256 

91 13 45'553 

83 27 16'932 

88 I 15.548 

25 53 35'593 

30 45 52'535 

326 53 22.494 

32 16 23.268 

336 1 1  27.782 

31 15 33.051 

327 7 33'572 

Azimuth of A 

o r *  

I 49 59'204 

36 23 51'368 

3 37 10.062 

344 49 30.709 

7 13 59'977 

32 44 56.464 

13 48 26'011 

359 24 3'315 

351 46 3.261 

338 o 7'152 

346 57 23.229 

328 12 20.997 

346 o 27'244 

12 34 44.076 

26 32 9'355 

3 58 12'262 

g 29 2.574 

4 37 55'465 

3 57 36.305 

352 34 22.837 

0 10 37'531 

o 47 41.799 

346 34 14'705 

285 23 20'333 

304 47 48.647 

251 25 20'652 

267 34 15.090 

267 16 57'376 

269 32 52'796 

275 o 2'154 

261 10 16.839 

247 26 48.781 

Deduced Station B 

Latitude 

0 1  n 

23 3 31.409 

33 2 30.563 

330 44 17'99a 

23 39 31'721 

327 31 41.061 

28 25 10.728 

324 2 9.621 

23 54 56.530 

24 4 58.652 90 o 0.518 I 

Longitude 
East of 

Greenwich 

0 1  4 

88 27 0.465 

24 13 9.040 

24 21 16.238 

24 29 15.009 

24 37 15.857 

24 45 24.805 

24 53 48,696 

89 55 1.274 

89 58 54.006 

89 53 21.476 

89 58 5.785 

89 51 37'783 

89 55 42.484 

23 1014.943 8832 21'893 
I 23 17 51'153 88 32 53'107 

23 25 44.880/ 88 30 34.04 

23 33 50'969 

23 40 41.870 

23 50 31'162 

23 59 6.807 

24 10 5.620 

24 19 3-738 

24 29 4.470 

24 36 51.060 

24 44 19'409 

24 52 43'715 

25 2 34.579 

25 13 8.380 

25 23 14.818 

25 31 20.274 

25 40 22'989 

25 49 27.493 

25 58 26.574 

26 7 41.017 

26 16 0.642 

26 18 55.189 

26 25 2.084 

26 22 4.725 

26 21 42.772 

26 21 13.846 

26 21 9.571 

26 21 59.408 

26 ao 24.315 

26 16 49'591 

I 88 31 40.866 
88 36 27'540 

88 39 4'790 

88 38 58.928 

88 37 15'182 

88 33 18.243 

88 30 46.369 

88 25 30'366 

88 23 28.154 

88 25 31'374 

88 30 54-784 

88 31 43.071 

88 33 34.444 

88 34 17.745 

88 34 59.153 

88 33 40.824 

88 33 42.665 

88 33 51.176 

88 31 39.016 

88 19 57'527 

88 10 12.207 

88 o 25.022 

87 50 41.890 

87 39 14.636 

87 28 13.593 

87 17 46.206 

87 6 23.302 

86 56 48'596 
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.!3 g . m 
g f! 
H 

2 6  I 

2  5 2  

2 5 3  

2  5 4  

2  6 s  

2  a 6  

2  5  7  

2  2 8  

2  5  7  

2  5 8  

2 5 9  

2 6 0  

2  6 1  

2  6  2  

2  6 3  

2  6 4  

2  3 8  

2 6 6  

2  6 7  

2 6 8  

2  6 9  

2  7  0  

Fixed Station A 

Asimuth of B 

o ~ a  

145 54 7.212 

2x1 40 0.486 

173 18 4'955 

187 17 22.724 

254 32 22.412 

165 49 58.593 

164 58 53'446 

81 23 26.029 

232 I I 2.521 

268 o 45.694 

272 6 23.779 

295 2 51'310 

242 8 46.886 

266 35 35.821 

312 34 53.310 

269 55 3.887 

325 37 15.014 

271 19 16.182 

279 5 45.200 

269 18 45-741 

267 I3  20.410 

265 24 5.180 

.!3 h 8 

6 5 
"& 

2 7  2  

2  7 3  

2 7 4  

2  7  5  

2 7 6  

2  7  7  

2  7 8  

2  7 9  

2  8  o 

2  8  I 

2  8  2  

2 8 3  

2 8 4  

2 8  5  

2  8  6  

2 8  7  

2 8 8  

2 8 9  

2 9 0  

2 9  1 

2  9 2  

2  6 5  

2 6 4  

' 
6 5 a* 

2  5 2  

2 5 3  

2 6 4  

2  5  5  

2 5 6  

2  5  7  

2 2  8  

2 2  7  

2  5  8  

2  5 9  

2 6 0  

2 6 1  

2 6 2  

2  6 3  

2  6 4  

2 6 5  

2 6 6  

2 6 7  

2 6 8  

2 6 9  

.- s E , 5 
" A  

2 7  1 

2 7  2  

2 7 3  

2  7 4  

2 7 5  

2  7 6  

2  7 7  

2  7 8  

2  7  9  

2 8 0  

2  8  1  

2 8 2  

2  8 3  

2 8 4  

2  8  5 

2 8  6  

2 8 7  

2 8  8 

2  8 9  

2  9 0  

2 9  1 

2  9 2  

2  6  5  
I 

Station B 

Longitude 
Bur of 

Greenwich 

0 1  a  

89 50 3'895 

89 55 38.563 

89 54 12.218 

89 55 39.092 

90 9 50.651 

p 4 47.401 

90 2 18.361 

go 16 7.781 

go 34 23.695 

go 47 28.108 

p 5 9 3 1 - 2 7 5  

91 9 58'279 

91 22  17.939 

91 28 13.555 

91 36 52.782 

go I 0'257 

90 10 26.572 

90 19 49.614 

9029 55'700 

Deducad 

zzp 
0 1  I 

23 0 47'873 

23 o 36.663 

23 029'810 

2 2  59 59.448 

23 g 4.923 

23 21 58.454 

23 29 23.380 

23 40 21.204 

23 49 40'429 

24 o 24.220 

24 5 0.382 

2416 3.252 

24 24 32.655 

24 39 24.139 

24 47 41.267 

24 57 57.983 

25 4 48.760 

25 17 38'549 

25 24 qz.zzo 

25 36 29.264 

25 46 48'558 

25 56 22.209 

Deduced 

North 

0 )  I 

25 I 24.266 

25 9 37.952 

25 2 0  45.986 

25 31 2'207 

25 34 35.1~2 

25 52 41.779 

26 I 3-667 

26 o 38'476 

26 I 11.680 

26 o 45.018 

255538.940 

26 o 37'945 

26 I 17.201 

25 56 21.621 

25 56 la-036 

23 I 4.5231 

23 o 52.15~ 

22 59 28.421 

zz 59 34.830 

Fixed Station A 

Azimuth of B 

o r *  

269 5 13'990 

a71 4 32.841 

270 47 27'773 

273 31 29'487 

226 56 31.256 

199 24 51'292 

147 7 16.098 

164 33 24'415 

2 0 0  56 59.306 

;a4 56 54'404 

240 5 25'014 

191 13 51'892 

221 58 42'010 

209 12 47.236 

126 28 25'339 

168 51 6.050 

138 22  19'955 

184 38 25.262 

153 I 7  21.882 

171 35 14'331 

146 I5  28.097 

I49 51 

89 58 37,867 

Azimuth of A 

O I W  

325 51 44'332 

31 42 22.410 

353 17 28.118 

7 18 0'031 

74 38 29'646 

345 47 46'955 

344 57 48'233 

52 16 0.188 

88 8 46'375 

g2 12 7-843 

115 8 7'985 

62 13 21.442 

86 41 0.252 

132 37 29.093 

89 58 5 1 . ~ 7  

145 39 41.469 

91 22 57'606 

99 g 25-224 

89 22  42'481 

87 16 51.664 

85 27 41,574 

2 7 0  

2  7  l 

Station B 

Longitude 
Eur of 

Greenwich 

o r  n 

90 57 35'541 

91 8 0'731 

91 16 38.559 

91 25 26.720 

91 35 58.445 

91 40 53'781 

91 35;4-~*886 

91 32 24.559 

91 36 17.330 

91 47 57'387 

91 56 40.788 

91 59 4'376 

92 7 25.129 

92 16 30.788 

92 4 13'345 

92 2 0'013 

91 55 19'003 

91 56 27.734 

91 52 32.969 

91 5037'638 

91 43 0.571 

91 36 52.155 2 2  59 58.86d 90 38 56.444 

23 0 39'815' 90 48 10.139 
I 

Azimuth o f *  

0 1  .v 

89 8 55'021 

91 8 37'240 

90 50 50'182 

93 34 55'891 

47 0 38'858 

19 26 47'916 

327 5 12'090 

344 31 5'474 

2 0  58 33'055 

45 I 38.220 

60 8 58'277 

11 14 50.696 

42 8-383 

29 16 33.803 

306 23 16.884 

348 50 9.954 

318 19 30.334 

4 38 54.512 

333 15 41.357 

351 34 24'662 

326 xz 9.928 

329 49 8.530 



NUMERICAL VALUES OF THE ABSOLUTE TERMS. 

Numerical Values of the Absolute T e r m  in the Primary Equations of Condition, 
and of their Products by the Epwalizing Fuctors. 

The Lengths and Azimuths of the Sides of the triangles, and the Latitudes and Longi- 
tudes of the Stations on the right-hand flank of the chains having been computed-as set 
forth in the two preceding Sections-the values of the several Absolute Terms in the Primary 
Equations of Condition are indicated by the discrepancies between the two sets of computed 
values which are presented at the close of the right and left-hand branches of the several 
Linear and Geodetic Circuits, and between the computed and absolute linear value at the 
junction with the Base-line. I n  all cases the closing linear discrepancies are first expressed 
logarithmically, as the differences between the logarithms of the two values which are given 
in each instance, and the 7th place of decimals is then treated as unity. Finally the Absolute 
Terms thus obtained, are multiplied by the Equalizing Factors-see page 59-which were 
employed for the purpose of obviating the inconveniences arising in treating a number of 
Simultaneous Equations, when the coefficients of the unknown quantities in some of the 
equations are generally much larger than those in others. 

The Absolute Terms will now be particularized. 

Circuit I. Equations I to 4. 

Equation I, Linear. Between the sides Tinsmfl-Rangir and Ql~andi&1-Ch&ndSpal1br. 

Log. computed length Qhandi&l-ChBndipaliBr by Triangle No. 44 . . . . . 5*121,305 7,2 

Log. final value from Great Arc Series-Section 24" to 30"-see page 88 , . 5.1 21,2764, I 

, E  = + 287'1 Logarithmic Emor + -000,0287, I 

Equations 2 to 4, Geodetic. Terminal Station, Ghandiiil. Terminal Side, Ghandiiil- 
Chhdipahh. 

Branch of Circuit. Latitude. Longitude. Azimuth. 

Right-hand . . . . 30 13 26.260 78 27 55347 34 47 54.204 
Final values from h t  Arc Seriea- 

Bection ZBO to SO0,-ree page 88, 
30 13 25'321 78 27 54'613 34 47 42'606 

Errors . . . . . . a g  = + 0.939 3n = + 0'934 4E = + i  1.598 
- -- - . -. - - -  



Circuit 11. Equations 5 to 8. 

Equation 5, Zinear. Junction, Baheri-At&ria. 

Log. computed length Baheri-A&ia by Triangle No. 92 . . . . . . . 4.920~3276~6 

91 21 ,, NO. 34 . . . . . . . 4.920,3283,9 

SE = - 7'3 Logarithmic Error - .ooo,ooo7,3 

~ ~ i a t i o n s  6 to 8, Geodetic. Terminal Station, Baheri, 18. Terminal Side, Baheri- 
A W ,  18-17. 

Branch of Circuit. Latitude. Longitude. Azivtuth. 

Right-hand 28 51 53.169 79 38 18.317 I3 33'197 
Left-hand 28 51 53.521 79 38 19.407 2 13 47'5'4 

Errors ( B  - 1;) 6E = - 0'352 ,E = - 1.090 gE = -14.317 
- 

Circuit 111. Equations 9 to I 2. 

Equation g, Linear. Junction, Rhmnagar-Dahlelnagar. 

Log. computed length Rgimnagar-Dahlehgrtr by Triangle No. 138 . . . 4'873,9040~8 

a s  9) ,, XO. 79 . . . 4'873,8558,5 

9E = + 482.3 Logarithmic Error + *000,0482,3 

Equations 10 to I 2, Geocletic. Teirminal Station, R&mnagar, 40. Terminal Side, 
RRmnagar-Dahlelnagar 40-39. 

Branch of Circuit. Latitude. 

0 l I/ 

Longitude. 

0 l 11 

Azimuth. 

0 I #I 

Right-hand 28 16 37'697 80 41 35.581 1 49 7'283 
Left-hand 28 16 36.772 80 41 35'764 I 49 14.081 

------ 
Errors (R - 1;) lox = +0.925 , , E  = - 0.183 ,,E = -6.798 

- - - - -. - - -. - - . - - - - - . -. 
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Circuit 17. Equations r 3 to I 6. 

Equation r 3, Zhzear. Junction, Bela-Misi. 

Log. computed length BelrtrM&si by Triangle No. 180 . . . . . , . 4'780,9905,6 
as ,a ,, NO. 189 . . . . . , . 4'781,0546,6 

,3E = - 641.0 Logarithmic Error - *ooo,o641,0 

Equations 14 to 16, Geodetic. Terminal Station, Bela, 6s. Terminal Side, Bela- 
ma 65-64. 

Bramh of Circuit. Latitude. Longitude. Azimuth. 

0 1 I# 0 1 I1 0 1 If 

Right-hand 27 47' 18.1 15 81 20 31.787 333 3 36'800 
Left-hnd 27 47 19'324 81 20 31.847 333 3 26'623 

Errors (B - L )  r a  = - 1-209 ISE = -0.060 18 =+ 10.177 

Circuit P. Equations I 7 to 20. 

Equation I 7, &hear. Junction, Loh Aphia-Bansid&, 

Log. computd lev@ Lohhph~ia-Band& by Triangle No. 220 . . . . 4*757,8243,7 
9 s  - . aa as No. 171 • . . , 4'757,8074,3 

17B = + 169-4 Logarithmic Eimr + *ooo,o I 69,4 

Equations I 8 to 20, Geodetic. Terminal Station, Loht ipU,  e 7. Terminal Side, 
LoMp~BansidLla ,  8 7-8 6. 

Branch of Circuit. Latitude. Longitude. Azimuth. 

Right-hand 27 33 21'733 82 17 27.502 350 0 56'313 
Left-hand 27 33 21.350 82 17 27.265 350 0 57'104 

E n o r ~ ( R - I ; )  I d = + 0 ' 3 8 3  Wpl3 = +0'237 - ao.E = -0.791 
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Circuit PI. Equations 21 to 24. 

Equation 2 I, Linear. Junction, Gham-Phna. 

Log. computed length Ghaus-Pkena by Triangle No. 262 . . . . . . 4824,9038,1 

39 92 ,, NO. 211 . . . . . . 4'824,8956,o 
- - 

Logarithmic Error + .ooo,oo82, I 

Equations 22 to 24, Geodetic. Terminal Station, Ghaus, toe. Terminal Side, Gham- 
Piirena, I 08-1 07. 

Branch of Circuit. Latitude. Longitude. Azimuth. 

0 1 11 0 1 11 0 1 11 

Right-hand 27 21 5'334 83 8 6.124 334 36 26.848 
Left-hand 27 21 5.123 83 8 6.020 334 36 22'005 

EITOITI(B-Z) azE=+ 0.211 23E = +0'104 a,B = +4'843 

Circzlit PII. Equations 25 to 28. 

Equation 25, Iji7zelur. Junction, RAmnagar-Naunangarhi. 

Log. computed length Rgmnagar-Naumngarhi by Triangle No. 302 . . . 4'807,o I 80,4 

99 99 ,, NO. 249 . . . 4'807,0313,3 

agE = - 132.9 Logarithmic Error - ooo,or p , g  

Equations 26 to 28, Geodetic. Terminril Station, lliimmgar, 129. Terminal Side, 
R&mnagar-Naunangarhi, I 29-1 2s. 

Branch of Circuit. Latitude. Longituk. Azimsrt h. 

Right-hand 27 9 3'870 84 22 2.878 339 I4 17.209 
Left-hand 27 9 4'227 84 22 a0908 339 I4 22.948, 

(R - Z) 2 d  = -0'357 a7E = -0'030 28E = -5'739 
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Circuit 7111. Equations 29 to 32. 

Equation 29, Linear. Junction, BulMpur-Madanpur. 

Log. computed length BuUkipur-Madanpur by Triangle No. 330 . . . . 4'775,2874,o 

9) 9s ,, NO. 289 . . . . 4'775,2677,3 

Logarithmic Error + ooo,o I 96,7 

Equations 30 to 32, ' Geodetic. Terminal Station, Bultikipur, i 49. Terminal Side, 
BuUpur-Madanpur, i 4 9-1 413. 

Branch of Circuit. Latitude. Longitude. Azimuth. 

0 1 11 0 1 11 0 1 11 

Right-hand 26 40 55,856 85 28 58.203 0 52 23'523 
Left-hand 26 40 55'553 85 28 58.230 o 52 19.082 

EI!~oF~ (B  - A) 3 2 =  + 0.303 31 E = - 0.027 3 a E  = + 4'441 

Cirmit IX. Equations 33 to 36. 

Equation 33, Linear. Junction, Narhar-Bherb Bisanpur. 

Log. computed length Narhar-Bheria Bisanp~u by Triangle No. 361 . . . 4'748,6622,s 

9s ss ,, No. 323 . . . 4'748,6907,' 

33E = - 284.6 Logarithmic Error - ~ooo,o284,6 

Equations 34 to 36, Geodetic. Terminal Station, Nmhar, 167. Terminal Side, Narhar- 
Bhe& Bisanpur, 167-1 6 6. 

Branch of Circuit. Latitude. Longitude. Azimuth. 

0 1  C 0 1 11 0 1 1 1  

Right-hand 26 31 45'408 86 8 37'959 345 21 1.821 
Left-harnd 26 31 45'722 86 t3 37'g23 345 21 4'100 

Errors ( B  - L) 34E = - 0'314 3SE = + 0.036 = - 2.279 



Circuit 9. Equations 37 to 40. 

Equation 37, Linear. Junction, Diwhganj-Chhi. 

Log. measured length Son&hoda, Base-line, see page 90 . . . . . . . 4'564,4979,3 
,, computed length 9, by Triangle No. 408 4'564,50 I 6,o 
9 s  ,a Diwhgmj-ChM by ,, N0.423 4'764,5741~8 *2oo,o725,8 

9, ss ss in terms of Son&hoda, Base-line . 4764,5705~1 
sa ,a 93 by Triangle No. 351 . . . . . 4'764,5514,z 

Logarithmio Error + 'ooo,o I go,g 

Equations 38 to 40, Geodetic. Terminal Station, Diwhganj, 182. Terminal Side, 
Diwhpj -Chih i ,  i 82-1 81. 

Branch of Circuit. Latitude. Longitude. Aximuth. 

Right-hand a6 16 49-591 86 56 48'596 306 47 42'901 
Left-hand 26 16 49.805 86 56 48'709 306 47 42'253 

Errors(B-I;) ~ ~ E = - o ' P I ~  39E = -0.1 13 ,a= +0*648 

Equation 4 I, Lkea~.  Side SBtten-Chinsurah and Son&khoda, Base-line. 

Log. computed length Sodkhoda Base-line by !hiangle No. 408 . . . . . 4~564,5016~0 
,, measured length ~3 as in Equation 37 . . . . 4*564,4979,3 

Logarithmio Error + *ooo,oo36,7 
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Circuit XI.  Equations 42 to 45. 

Equation 42, Linear. Junction, Dhubri-AlangjBni. 

Log. computed length Dliubri-AlangjAni by Triangle No. 601 . . . . . 4'89495564,o 

,, measured length Son&khoda Base-line as in Equation 37 . . . . . . 4-564,4979,3 
,, computed length ,, ,, by Triangle No. 408 4'564,501 6,o 
93 91 ,, Dhubri-Alangjbni 9 ,  No. 443 4'89495 79494 '330907 7834 

3 3 9  as 9,  in terms of Sodkhoda Base-line 4'894,575757 

42E = - l93'7* Logarithmic Error - ' 000 ,O  I 93,7 

Eqnations 43 to 45, Geodetic. Terminal Station, Dllubri, 228. Terminal Side, 
Dhubri-Alangjbni, 228-227. 

Branch of Circuit. Latitude. Longitude. Azimuth. 

0 1 n  o r e  0 1  I )  

Right-hand 26 I 3.667 go 2 18.361 81 23 26.029 
Left-hand 26 I 3.538 go 2 I 8.504 81 23 23-624 

- 
Errors (R - Z) = + o' I 29 = - 0.143 4 5 E  = + 2'405 t 

* T h b  numerical value is the absolute term of the equation 

which WM employed in the reduction ; see page 78. Through an u~~fortunata mietake the absolute term w u  taken M 230'4, the value 
which appertains to the liuear equation 

eUI + c ~ -  ( o ~  + = E  

-1106 employed ill the reduction-and is deduced as follows :- 

Log. comp~lted length Dhubri-Alaragjd~li by Triangle No. b01 . . . . . . . 4.894,5564,0 

- 130.4 Logarithmic Error - .oo0,0230,4 
The mistake ras not diaoovered until the vnlues of the nnkllown qllantitics had been obtnined and tested. I n  order to  correct i t  

the eqnat.iona between the I~idetrrmil~nte Factors were reverted to and a portion of the wlution wao re-calcolated, ~ i v i n g  new valuer to 
serrral of the factors. With the differwncrs between the old and t l ~ e  llew factors corrections were fouild to the previously detrrmincd valuer 
of the unknown quantities of Circuits XI and XII, nns will be explained hereafter. The unknown quantities appertaining to the other 
Circuits were allowed to stand unvorrectrd. 

t The error in Azimuth at  Alandini, + a"-qa4, was by an oversight ndopt.ed in plaoe of the error at  Dhubri, + a1"405. Thu 
mistake was not detected until the Simultaneous Beduction 1 1 4  been co~~fipleted. It wan then arbitrarily ndjnsted. 



Circuit XII. Equations 46 to 49. 

Equation 46, Linear. Junction, Tepkilabama-Harogaon. 

Log. computed length Tepkilabama-Harogaon by Triangle No. 673 . . . 4-675,7248,6 

9s 9s $ 3  No. 517 . . . 4'675,7146,6 

46E = + 102.0 Logarithmic Error + .ooo,o I o2,o 

Equations 47 to 49, Geodetic. Terminal Station, Tepkilabams, 26s. Terminal Side, 
Tepkilabama-Harogaon, 2 6  5-2 64. 

Bra~lclr of Circuit. Latitude. Longitude. Azimuth. 

0 1 1) 0 t It O I N  

Right-hand 2s 56 22.209 91 36 52'155 89 58 37'867 
Left-hand 25 56 22.036 91 36 52.782 89 58 51.007 

Errors (22 - x )  47E= + 0.173 483 = - 0.627 49E = -13.140 

The products of the Absolute Terms by tlle Equalizing Factors are shewn in the 
following Table. 

Equation. 

I .  X k a r  

2. Latitude 

3. Longitude 

4. Azimuth 

5 .  Linear 

6.  Xatitude 

7. Longitude . 

8. Azimuth 

Absolute Term. 

,E = + 287.1 

a = + 0.939 

3E = + 0'934 , 

4 E = +  11.598 

,E = - 7'3 

a = -  0'352 

7E = - I ,090 

a = -  14'3 1 7 

Equalizing Factor. 

'03 

15 

15 

1 

'03 

I 5 

1 5 

I 

Prodact. 

+ 8.613 

+ 14'085 

+ 14-010 

+ 11'598 

- 0.2 I 9 

- 5.280 

- 16.350 

- '4'3'7 
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Equation. 

9. Linear 

I o. Latitude 

I I. Longitude 

12. Azimuth 

I 3. Linear 

14. Latitude 

1 5. Zongitude 

16. Azimuth 

17. Linear 

18. Latitude 

I 9. Longitude 

20. Azimuth 

21. Linear 

22. Latitude 

23. Longitude 

24. Azimuth 

25. Linear 

26. Latitude 

27. Longitude 

28. Azimuth 

29. Linear 

30- Latitude 

Product. 

+ 14'469 
+ 13'875 
- 2'745 
- 6.798 
- 19.230 
- 18.135 
- 0.900 
+ 10.177 
+ 5.082 
+ 5'745 
+ 3'555 
- 0.791 
+ 2'463 
+ 3'165 
+ 1.560 

+ 4'843 
- 3'987 
- 5'355 
- 0.450 

- 5'739 
+ 5.901 
+ 4'545 

Absolute Term. 

9E = + 482.3 
12 = + 0.925 

I I E  = - 0.183 

E = - 6.798 

,,E = - 641.0 
14E = - I -209 

15E = - 0.060 

I &  = + 10.177 

17E = + 169.4 
IsE = + 0'383 

= + 0'237 

2 3  = - 0'791 

21E = + 82.1 

=,E = + 0.211 

a 3 E = +  0.104 

24E = + 4.843 

25E = - 132'9 
26E = - 0'357 

27E = - 0.030 

zgE = - 5.739 

z 9 3  = + 196.7 
= + 0.303 

Equalizing Factor. 

'03 

15 

15 

I 

'O3 

15 

15 

I 

'03 

15 

'5 

I 

'03 

1 5 

1 5 

I 

'03 

I5 

15 

I 

'03 

1 5 



800 the note referring to this abwlute term on page 146. 

Equation. 

31. Longitude 

32' Azimuth 

33. Linear 

34. Latitude 

35. Longitude 

36. A z h u t h  

37. Linear 

38. Latituds 

39. Longitude 

40. Azimwth 

419 Linew 

42- Linear 

43. Latitude 

44. Longitude 

45. Azimuth 

46. Linear 

47. Latitrsde 

48. Longitude 

49. Azimuth 

Product. 

- 0.405 
+ 4.441 
- 8.538 
- 4-710 
+ 0'540 
- 2.279 
+ 5'727 
- 3.210 
- 1.695 
+ 0.648 
+ 1.101 

6.91 2 -I  5-81 I 
+ 1'935 
- 2.145 
+ 2'424 
+ 3.060 
+ 2'595 
- 9'405 
- 13.140 

Ahlute  Term. 

3,E = - 0.027 

3 2 3  = + 4'441 

,,E = - 284-6 
34E = - 0'3 I4 

,,B = + 0.036 

3 6 2 3  = - 2'279 

37E = + 190.9 

38E = - 0.214 

39E = - 0.1 13 

,,E = + 0.648 

,1E = + 36'7 

230'4 
,2E*= - i 193.7 
43B = + 0.129 

44E = - 0' 1 43 

,sE*= + 2'424 

46B = + 102.0 

4 i E = +  0'173 

4 E  = - 0.627 

4 9 E  = - 13.140 

Equaliring Faator. 

1 5 

I 

'O3 

I5  . 
15 

I 

'03 

15 

I5 

I 

'03 

'03 

15 

I 5  

I 

'O3 

1 5  

I5 

I 



XIJMERICAL VALUES OF THR ps AND +a. 

Numericat Palzle8 of the p8 and +8. 

The Table of Substitutions a t  page 56 together with the formule 

and 

which are derived from pages 68 and 61 respectively, shew the general form of the factors 
p and +. The numerical values are tabulated in this section : they mere constructed in the 
opposite order to t l~a t  in which they are now recorded, commencing in each instance at the 
closing side of the circuit-branch to which they appertain. 

I n  the above formula, in place of the total differences AX, A Z  and AA, the values of 
the first terms of the expressions (a;), (26) and (27), pages 30 and 31, taken from the 
geodetic calculations, were made use of. For the North-West Quadrilateral the total values 
were employed ; and aa these were easily obtainable from the geodetic elements of the 
traverse stations already given, it was unnecessary to record them. I n  the case of the South- 
East Quadrilateral, although, as in the present instance, the first terms only were used, they 
did not differ so materially from the totals as to make it desirable to alter the form of the 
tables previously adopted. Here, however, the geodetic calculations, of which the results are 
given in Section 9, do not follow the course of the zig-zag tmverse; hence, where that obtains, 
there are no data, for furnishing the geodetic differences, even approximately, and it has been 
found necessary to record them; the opportunity has been taken of giving them for the 
direct traverse also. 

To facilitate the calculation of the 4 s  the following table of the factors Q, and d- 
the analytical expressions for which are given in equations (50)  page 61-was constructed, 
and the necessary values: corresponding to the latitude of each traverse station, were obtained 
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from it by interpolation and employed to one place of decimals only. 

Two forms of calculation were made use of, one for the direct traverse, in which every 
traverse station has its traverse number, the other for the zig-zag traverse where no traverse 
station is numbered, but each is defined by the triangle or triangles connecting it with the 
two preceding stations ; the process b, however, the same in both, as will be seen from the 
examples given below. 

Exampk8. 

(1). To find the ps  and 4 s  in latitude for the Right-hand Branch of Circuit I. For this Circuit the 
Direct Traverse was employed and the right-hand subscripts in the following expressions are therefore the 
traverse numbers. 
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(2). To find the p a  and 4 s  in latitude for the Left-hand Branch of Circuit XI. For this Circuit the 
Zig-zag Traverse was employed and the right-hand subscripts in the following expressions are consequently 
the triangle numbers. 

The necessary data for calculating the numerical values of the expressions in both these examples ss 
also the values themselves will be found in the following Table. With regard to this table, it is to be ob- 
served, that although the p s  are recorded to 5 places of decimals and the 4 s  to 4, as they were obtained, the 
full number of places of decimals was only availed of in the calculatio~la appertaining to the rig-zag traverse. 
For the direct traverse p was taken to 4 places and + to 3. 

Where the direct tmverse has been adopted the numerical values of the ma are 
required in the calculation of those coefficients of the unknown quantities which take the 
form (73) on page 79 ; but they are not tabulated beoause they are simply the Merences 
between the successive pa: thus mi = pl - p,+ ,. 
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The Direct Traverse. 
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CIRCUIT I. Rig11 t-band Branch. 
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332 

3x1 

292 

272 
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226 

'05 

180 

I57 

132 

"3 

08 I 

060 

03 9 

0x3 

+ 865 

1 309 

1281 

1175 

1419 
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CIRCUIT 11. Left-hand Branch. 
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a01 
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I75 
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I 86 
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I35 

07 5 

044 

2 ' 2  

2 ' 3  

2 '4 

2.5 

2'6 

2'7 

2 '8  

- 335 

+ 413 

1062 

- 114 

I 60 

403 

+ 102 

29 

- 2 2 

+ 18s 

22  

8 I 

35 
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74 

I95 

+ 36 

424 

- 1426 
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744 

104 5 
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40 

44 

54 

53 

51 

47 

48 

48 

48 

50 

50 

51 

51 

50 

49 

47 

47 

52 

36 

20 

1 2  

+ ' I 2 1 1  
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-0966 
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786 
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64 5 
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538 
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315 
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I43 
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4 4 2  

- 48 

68 

I75 
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10 

3 7 

I 6 

- 3 4 

35 

93 
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- 697 
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369 
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5.3 

5 '4 
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895 
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1281 

1175 / 
1419 

994 

949 
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+I-0418 

1.0399 
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1'0316 

1.0283 

1.0260 

- 136 

+ '70 
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- 48 

68 

'75 
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353 
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z19 I3 
- 

2 . 2  

2.3 

+'oooo4 

07 

03 

- 07 

06 

0) 
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The Direct Traverse-(Con timed). 
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CIRCUIT II. Left-hand Branch- ( Contimed). 
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CIRCUIT Ill. Rig11 t-hand Branch. 
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Tk Direct Travw8e- (Continued). 
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CIRCUIT 11. Right-hand Branch-( Continued). 
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CIRCUIT 11. Left-hand Branch. 

- 245 

211 

28 I 

- 513 

43 9 

584 

+.ooo26 

20 

10 

-'ooo3j 

23 

13 

5'5 +.0066 

44 

25 

2 '6  +'0062 

48 

24 

+ 838 

123 7 

823 

9.5 7 

I215 

"57 

849 

917 

730 

80: 

760 

8.39 

942 

825 

808 

785 

74O 

5 '3  

5 ' 4  

5 '5  

4 ' 4  

4'3 

CIRCUIT 111. Right-hand Branch. 
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2'5 

2.6 

+ 1281 

- a99 

9'5 

+ 2 1  

I3O 

- 351 

163 

2.55 

+ 301 

101 

94 

6 I 

- 16 

120 

+ 105 

- 86 

+ 26 

+'oo351 

332 

304 

285 

263 

235 

208 

I 88 

167 

15" 

13l 

1 1 t  

095 

O73 

054 

035 

017 

+1'0019 

r'oozz 

1.0011 

-'00013 

4% 

26 

O5 

O5 

08 

00 

+ 04 

10 

03 

0 1 

- 01 

02 

02 

+ 01 

- o I 

+ 01 

+'0oi2 

78 

4 7 

, 06 

O 7  

13 

- 02  

09 

20 

0 7  

03 

+ 01 

04 

"3 

- 02 

+ 03 

- or 

+ 1047 

650 

1193 

I 263 

"55 

414 

489 

-~oooo6 

18 

11 

02 

02 

03 

00 

+ 02 

05 

02 

01 

00 

- 01 

01 

oo 

or 

oo 

- ' O O O ~ I  

28 

31 

28 

36 

37 

a7 

+1'0361 

1.0343 

1.0316 

1.0198 

1.0277 

1'0249 

I .oazz 

1 '0202 

1.0180 

1~0162 

1'0143 

1-0125 

1~0104  

1'0080 

rsoojg 

1.0039 

r 'oolg 

+'0819 

7 i 5  

709 

66-i 

614 

550 

489 

443  

393 

354 

3 lo 

269 

224 

I73 

128 

084 

041 

+1'0356 

1.0333 

1'0319 

1.0293 

1 '0~6.5 

1'0236 

1.0226 

+ 522 

- 287 

386 

+ 9 

55 

- 151 

71  

112 

+ 1-33 

45 

42 

28 

- 7 

55 

+ 49 

- 40 

+ 12 

2 .2  

''3 

4 '4  +'0035o 

3 2 6 .  

31 1 

284 

2.55 

226 

216 

+'o176 

1 1 7  

129 

1.5  

149 

1.54 

"0 

+'o813 

758 

724 

661 

594 

527 

505 

- 545 

+ 113 

- 128 

+ 330 

50 

- 4 ~ 8  

+ 2 

-'ooo93 

62 

68 

6 I 

79 

82 

59 

- 1336 

+ 274 

- 308 

+ 783 

"7 

- 991 

+ 5 

5 ' 3  

5 ' 4  



NUMERICAL VALUE8 OF THE ps A N D  +s. 

The Direct 11raver8e-(Continued). 

3 g 
m 3: , e 
O~ 

g .5 

6 4  

5 5  

5 6  

6 7  

5 8  

6 9  

6 0  

6  1 

6 2  

6 3  

6 4  

6 5  

6 6  

6 7  

6 8  

6 9  

4 7  

4 8  

q g  

5 0  

5  1 

5 2  

6 3  

6 4  

5 5  

5 6  

5 7  

5 8  

5 9  

6 0  

.8 p 
5 
s: 
% &  

'4" .El 

6 4  

6  5  

6 6  

5 7  

6  8  

5  9  

6 0  

6  1 

6  2  

6  3  

6 4  

6  5  

6 6  

6 7  

6 8  

6 9  

4 7  

4  8  

4  9  

5 0  

6  1 

5  2  

5  3 

5 9 

5 5  

5  6  

5  7 

5  8  

5  9  

6 0  

Latitude 

u a 1  s J , flLlr; , L# 1 AA , , *# 
Az 

CIRCU~T III. Right-hand Branch-(Cmttinued). 

+ 699 

547 

676 

63 6 

645 

68 I 

6.52 

7=4 

640 

602 

533 

So6 

, as0 

I 68 

347 

489 

+'0110 

123 

106 

1 08 

1 1 1  

1 1 1  

112 

I 08 

I 06 

091 

113 

100 

O9 2 

068 

043 

022 

4.4 

4'3 

CIRCUIT IT. Left-hand Branch. 

-'OOOSY 

66 

5 7 

58 

59 

59 

60 

s8 
57 

49 

6 I 

5.C 

49 

3 6 

23 

12 

+'o0205 

'89 

176 

160 

'45 

130 

1 14 

O99 

082 

067 

O53 

O4r 

029 

023 

019 

01 I 

+ 300 

- 397 
i- 51 

63 

- 5 

+ 24 

- 92 

4% 

359 

+ 508 

- 304 
'97 

560 

586 

477 

5'5 

+lo47 

650 

I I93 

1263 

'255 

414 

489 

699 

517 

676 

6.3 6 

645 

68 I 

65% , 

5'4 

5'5 

+'0479 

411 

411 

3 74 

340 

305 

268 

233 

'94 

I59 

126 

O9 7 

069 

O5.5 

046 

O27 

+1'03Io 

1'0287 

1'0273 

1.0247 

''0219 

i'oryo 

1.0180 

1.0169 

1'01.53 

1'0140 

1.0124 

I ' O I O ~  

1'0094 

1.0078 

2'3 

2'4 

2.5 

2-6 

+ 131 

- 174 

+ 23 

2 8 

- 2 

+ 1 1  

- 42 

I9 

16s 

+ 234 

- 141 

92 

262 

275 

224 

243 

4.4 

4.3 

+'0716 

661 

627 

56, 

497 

430 

408 

382 

344 

3 

277 

a+.? 

258 

1 7 1  

2.1 

2'3 

2'4 

2'5 

+'o0309 

235 

a 70 

243 

214 

185 

'75 

'64 

148 

'35 

1'9 

104 

089 

O73 

- 545 
+ 113 

- 128 

+ 330 

50 

- 428 

+ 2 

131 

- 174 

+ 23 

2 8 

- 2 

+ X I  

- 42 

-'00027 

30 

26 

27 

28 

28 

28 

27 

27 

23 

a8 

a5 

23 

17 
I 1  

06 

-'00039 

08 

14 

07 

25 

28 

05 

05 

12 

03 

04 

O.5 

05 

06 

-'0oo16 

03 

06 

03 

I 1  

12 

02 

01 

05 

91 

oz 

03 

03 

03 

+1'0215 

1'0199 

1'0186 

1'0170 

1'0155 

1.0140 

1'0124 

1.0108 

1.0090 

1'0074 

1'0059 

1.0046 

1.0033 

I .oo26 

1'0022 

1'0013 

5'3 

5'4 

+'00;6 

'7 

29 

1.5 

49 

54 

1 0  

I 0  

23 

06 

08 

[I 

11 

12 

- 1336 
+ 274 

- 308 
+ 783 

"7 

- 99' 
+ 5 

300 

- 397 

+ 51 

63 

- 5 

+ 24 

- 9% 



I1PTRODUCTORY. 

me Direct Trauer8e-(Continned) . 

C 
.B $ 
5 % 
2 E OH 
d .f! z 

6 1 

6 2 

63 

6 4  

7 0  

7 1 

7 2 

7 3 

7 4  

7 5 

7 6 

7 7 

7 8 

7  9 

8 0 

8 1 

8 2 

8 3 

8 4 

8 5 

8 6 

87 

8 8 

89 

9 0  

9 1 

7 0  

7 1 

Latitude 

1 ag 1 ap 1 A$ 

Lo~~gitude 

~4 

C 
.- i r 
m t &. -& 03 

6.5 
F5 

hr~mnth 

6 t 

6 2 

6 3  

6 4  

7 0 

7 1 

7 2 

7 3 

7 4  

7 6 

7 7 

7 8  

7 9 

8 0 

e l  

82 

8 3 

8 4  

8 5  

8 6  

8 7  

8 8  

8 9  

go 

g 1 

7 0  

71 

AA 1 d 

CIRCUIT IT. Left-hand Branch-( Cmtirtued). 

A' 

5'4 + 724 

640 

602 

533 

+'0008 

06 

- 09 

+ 13 

CIRCUIT 17. Right-hand Branch. 

-.oo004 

03 

+ 0 5  

- 07 

4'3 - 42 

359 

+ 508 

- 304 

+'a1058 

4 1 

26 

I2 

+ 930 

I 167 

609 

759 

. 6 6 1  

824 

541 

647 

578 

664 

599 

532 

664 

672 

625 

645 

558 

207 

189 

202 

167 

74 

5 ' 3  

5'4 

+'0136 

097 

062 

029 

CIRCUIT 7. Left-hand Branoh. 

- 19 

165 

+ 234 

- 141 

2'5 

4'4 

4'3 

-'00098 

1°9 

096 

086 

083 

08 I 

O79 

080 

08 2 

08 2 

08 I 

0 ~ 3  

088 

090 

091 

086 

08 2 

O79 

065 

O5O 

03 4 

016 

+'00286 

265 

238 

224 

207 

192 

I73 

161 

146 

133 

I 18 

104 

092 

077 

06 2 

048 

03 3 

020 

0x5 

0 1  I 

006 

002 

+'0184 

205 

I 80 

I 60 

I 5 5  

151 

146 

'49 

152 

I53 

152 

I55 

164 

I 68 

170 

161 

153 

148 

122 

O9 4 

06 4 

031 

+ 930 1 4'4 +'00266 +.cm36 + 472 5'3 

1 1 6 7  2 4 5  571- 5661 

-.oo002 

02 

+ 02 

- 03 

+ 472 

- 566 

452 

123 

8 4 

105 

+ 57 

7 5 

12 

- 33 

+ 74 

20g 

93 

4 5 

- 205 

I77 

I 10 

597 

644 

694 

76 7 

712 

-'00043 

47 

42 

38 

37 

36 

35 

36 

37 

37 

37 

38 

40 

00 

41 

39 

37 

36 

30 

23 

16 

08 

-.ooo19 

030 

+'o615 + 194 1'2 -~00007 

5761- 2 3 6  / 1 1  

+I-0062 

1'0044 

1'0028 

1'0013 

+1'0293 

1.0273 

1'0247 

1.0234 

1.0217 

I-0202 

1.0183 

1.0171 

1.0156 

1'0142 

1.0126 

1.0112 

1'0099 

1'0083 

1.0067 

I'O05I 

1'0035 

I'OOZI 

1.0016 

1.0011 

1-0006 

1 . m 2  

+I-0272 

1*0252 

2'2 

2.3 

2'4 

2.5 

+'0670 

621 

559 

527 

487 

452 

408 

379 

3 44 

313 

277 

245 

216 

I 80 

144 

I 10 

07 5 

O45 

034 

024 

013 

004 

+ 194 

- 236 

190 

52 

36 

4 5 

+ 25 

3 3 

5 

- I4 

+ 33 

9 3 

42 

20 

- 93 

81 

51 

2 76 

~ 9 8  

322 

357 

332 



NUMERICAL VALUES OF THE ps AND $s. 

The Direct Traverse-(Continued). 

r 

Latitu?e Longitude 

2 . 5  

Azimuth 

AA 1 A? 1 A* 1 A".~ 

.; !3 E 
2 g m 
c f? 
o m  

7 2 

73 

7 4  

7 5 

76 

77 

78 

79 

8 0  

8 1 

8 2  

83 

84 

85 

86 

92 

93 

gq 

95 

96 

97 

Q 8 

99 

loo 

101 

102 

103 

104 

lo5 

106 

107 

72 

73 

74 

7 6 

7 6 

7 7 

7 8 

7 9 

8 0 

8 1 

8 2 

8 3 

84 

8 5 

8 6 

92 

93 

94- 

9 5 

96 

9 7 

9 8  

9 9 

100 

10 1 

102 

103 

104 

105 

106 

107 

CIRCUIT 7. Left-hand  ranch-( ~ontinued) . 

+ 609 

759 

66 I 

824 

54I 

647 

~7~ 

664 

599 

532 

664 

672 

625 

645 

5 58 

4'4 

4'3 

CIRCUIT P. Right-hand Branch. 

+-00218 

204 

187 

172 

153 

141 

126 

113 

q8 

084 

072 

05 7 

042 

02 8 

013 

+'0032 

12 

07 

03 

- 02 

+ 01 

04 

05 

04 

07 

I 6 

10 

22 

I 3  

O5 

- 452 

123 

8 4 

105 

+ 57 

75 

I2 

- 33 

+ 74 

209 

93 

45 

- 205 

I77 

I I0 

+.0691 

582 

536 

506 

439 

394 

359 

323 

286 

254 

221 

'93 

I 60 

I 28 

O99 

o72 

+ 2066 
871 

574 

1255 

857 

657 

659 

677 

588 

607 

520 

6x6 

593 

530 

494 

~9~ 

5'3 

5'4 

-'ooo17 

07 

04 

02 

00 

0 I 

O3 

03 

02 

04 

09 

I I 

I a 

07 

O3 

4.5 

4'4 

4'3 

-'00122 

101 

103 

105 

O9 5 

094 

094 

094 

094 

O93 

09 3 

086 

084 

083 

08 2 

076 

- 923 

+ 80 

8 I 

- 452 

53 

10 

0 

+ 7 

- 56 

+ 3 

- 305 

86 

5 9 

30 

249 

3'7 

- 375 

+ 33 

3 4 

- 191 

23 

4 

o 

+ 3 

- 25 

+ 1 

- 136 

3 9 

2 6 

I4 

113 

I45 

5'3 

5'4 

2'2 

2.3 

2'4 

2.5 

-.00006 

02 

01 

oo 

+ 01 

00 

- 01 

01 

or 

02 

04 

05 

05 

03 

0 1  

+'0514 

482 

442 

407 

363 

334 

299 

268 

232 

200 

171 

I35 

099 

065 

“30 

2'1 

2.2 

2.3 

2'4 

2'5 

+.00298 

250 

230 

217 

188 

168 

153 

138 

122 

108 

094 

082 

068 

054 

042 

03I 

-'00057 

48 

49 

50 

46 

45 

45 

45 

45 

44 

44 

41 

40 

39 

39 

36 

+1'0226 

1.0213 

1.0196 

I-ox81 

1.0162 

1.0150 

1'0135 

1'0121 

I '0105 

1.0091 

1'0078 

1.0062 

1.0046 

1.0030 

I'WI4 

- 190 

52 

36 

45 

+ 25 

33 

5 

- 14 

+ 33 

93 

42 

20 

- 93 

8 I 

5' 

+'0233 

192 

196 

200 

I 80 

178 

1 78 

178 

178 

176 

176 

163 

I59 

156 

155 

I44 

+1'0298 

1'0255 

1'0236 

1'0223 

1.0195 

1'0175 

1.0160 

1'0145 

1'0129 

1'0115 

I'OI00 

1.0088 

1.0073 

1.0059 

1.0046 

1.0034 



INTRODUCTORY. 

Tk Direct Traverse - (Continued). 

- - 
.- i 
-A 
w .f 
0 3  . - 
0 .z 
;4 

Latitude 

a * I J  # I  d 

108 

109 

110 

1 1 1  

112 

92 

93 

9 4 

96 

9 6  

9 7 

9 8 

9 9 

10 0 

101 

102 

103 

10 4 

106 

106 

10 7 

1 1  3 

114 

115 

116 

1 1  7 

118 

." 3 : z 
0 -  

6.5 
'Z 

Longitude 

A& d fl 1 d 

Asimutl~ 

lo8 

109 

110 

1 1 1  

1 1  2 

92 

9 3  

9 4  

96 

96 

97 

98 

99 

100 

101 

102 

1 0 3  

104 

105 

106 

107 

113 

1 1  4 

1 1  6 

116 

117 

118 

AA I / 1 AP 

CIRCUIT P. Bight-hand Branch- ( Contitrzced). 

A+ 

+ 152 

158' 

1'7 

I 66 

I45 

4'3 

CIRCU~T PI. Left-hand Branch. 

+'00017 

I4 

I 0  

07 

03 

+'ox30 

'05 

077 

054 

026 

-'ooo24 

15 

16 

17 

13 

12 

12 

12 

12 

11 

X I  

08 

07 

06 

06 

03 

- 583 

652 

533 

655 

615 

+1'0279 

1.0236 

1.0217 

1'0204 

1'0176 

1'0x56 

1'0141 

1'0x26 

1.0110 

1.0096 

1.0081 

1.0069 

1'0054 

I '0040 

1.0027 

1.0015 

+'or03 

062 

066 

070 

050 

048 

048 

048 

048 

046 

046 

03 3 

oz9 

026 

025 

0x4 

+ 2066 
871 

574 

1255 

857 

657 

659 

677 

. 588 

607 

520 

616 

593 

530 

494 

598 

CIRCUIT PI. Right-hand Branch. 

- 268 

300 

245 

302 

284 

- 923 

+ 80 

8 I 

- 452 

53 

10 

0 

+ 7 

- 56 

+ 3 

- 305 

86 

5 9 

30 

249 

3'7 

5'3 

5'4 

4'5 

4'4 

4'3 

+ 888 

1065 

884 

877 

526 

545 

+'0040 

32 

23 

I 7  

08 

5'4 2'5 

2.1 

2'2 

2.3 

2'4 

2'5 

-'00053 

32 

34 

36 

2 6 

25 

25 

25 

25 

2 4 

2 4 

I7 

15 

14 

'3 

07 

+.ooz81 

233 

2x3 

200 

171 

151  

136 

121 

105 

Ogl 

077 

065 

051 

03 7 

025 

014 

-'00107 

096 

09I 

1 1 3  

120 

1 1 5  

-.00069 

56 

4' 

29 

I4 

4'4 

-'00033 

27 

20 

14 

07 

+*o651 

542 

4g6 

466 

399 

354 

3'9 

283 

246 

214 

181 

'53 

120 

088 

O59 

032 

+.0638 

59' 

535 

488 

442 

414 

+1.0019 

1'0015 

1'0011 

1'0008 

1'0004 

- 375 

+ 33 

3 4 

- 191 

23 

4 

0 

+ 3 

- 25 

+ 1 

- 136 

3 9 

26 

14 

"3 

145 

+'ooz73 

253 

229 

209 

189 

177 

- 193 

86 

+ 402 

I 26 

- 89 

94 

+-0196 

I75 

166 

209 

222 

213 

2.2 

2'3 

- 474 

2oY 

+ 966 

300 
- 2x0 

221 

5 ' 3  -.00048 

44 

42 

51' 

54 

52 

+1.0276 

1.0256 

1'0233 

1'0214 

r'0195 

1.0183 



NUMERICAL VALUES OF THE ps AND 4s. 
The Direct Traveree- (Cont inued) . 

- 

a 
.O - 
-" t u, , P 
0 9  . - 
0,s z 

1 1  9 

120 

121 

122 

123 

I 2 4 

12 5 

12 6 

127 

128 

129 

130 

131 

132 

1 3 3  

135 

134 

1 1  3 

114 

116 

116 

117 

118 

119 

120 

121 

I 22 

123 

124 

125 ~ 
I 

- 
.: g 
5 0 : 2 sic 
d .q 
z 

1 1  9 

120 

12 1 

122 

123 

124 

125 

126 

127 

12 8 

129 

130 

13 1 

132 

133 

134 

135 

I 13 

114 

1 1  5 

116 

117 

118 

119 

120 

12 1 

122 

123 

124 

125 

Latitude 

AX 

Lonptude 

9 1 AP 1 A+ 

CIRCUIT PI. Right-hand Branch-(Continued). 

Azimuth 

L$ A l  1 fl 
I 

AA 

+ 492 

789 

598 

630 

637 

707 

630 

722 

635 

594 

203 

1 1 5  

128 

103 

ao 

105 

51 

iP P A 1 A+ 

+.oo16~ 

I53 

135 

121 

107 

092 

076 

06 2 

O4 5 

O3O 

016 

011 

008 

005 

003 

003 

001 

4.4 

4'3 

CIRCUIT PII. Left-hand Branch. 

1 ~ 1  lSaa4 

f 888 

1065 

884 

877 

sz6 
545 

492 

789 

598 

630 

637 

707 

630 

+'o203 

zof 

204 

'99 

zoo 

20 I 

201 

195 

200 

201 

190 

163 

141 

I 10 

084 

O5 5 

025 

- 28 

+ 37 

- 1 1 1  

+ 29 

I4 

I I 

- 133 

+ "3 

32 

- 251 

639 

503 

73 f 

598 

684 

703 

5 78 

5'3 

5.4 

4.4 

-'OOIIO 

1°9 

1x0 

107 

I 08 

108 

108 

105 

I 08 

1°9 

103 

088 

076 

059 

04 5 

029 

013 

+ '0385 
359 

317 

285 

251 

217 

I79 

'45 

I 06 

072 

040 

029 

023 

016 

010 

Oc'9 

003 

-'00004 

+ 07 

12 

10 - 
17 

12 

07 

06 

07 

04 

05 

O5 

0 5  

2.3 

2'4 

2'5 

- 12 

+ 16 

- 48 

+ 13 

6 

5 

- 59 

+ 5' 

'5 

- 114 

292 

230 

334 

274 

314 

322 

265 , 

+'m257 

237 

213 

193 

173 

161 

148 

137 

119 

105 

091 

076 

060 

2.2 

2'3 

2'4 

- 474 

209 

+ 966 

300 

- 2 10 

221 

28 

+ 37 

- 1 1 1  

+ 29 

I4 

I I 

- I33 

+ . m 6  

- I 5  

24 

+ I9 

32 

23 

I 3  

12 

14 

O9 

10 

I I 

1 1  

+'0598 

551 

495 

448 

402 

374 

345 

319 

277 

245 

ZII 

177 

I39 

-.00050 

50 

50 

49 

49 

49 

49 

48 

49 

49 

46 

39 

34 

26 

20 

5'3 

5.4 

-.-z 

+ 02 

04 

- 
05 

08 

06 

04 

04 

04 

03 

03 

03 

03 

- 193 

8 6 

+ 402 

126 

- 89 

9 4 

12 

+ 16 

- 48 

+ 13 

6 

5 

- 5 9 

+I-0170 

1'0159 

I ' O I ~ I  

1.0127 

1.0113 

1'0098 

1.0081 

1.0066 

1'0049 

1.0034 

1.0019 

I'm14 

1'0011 

1.0008 

I ' m 5  

+1*oz57 

1.0237 

1'0214 

1.0195 

1.0176 

1.0164 

1'0151 

1'0140 

1.0122 

1.0108 

I'CO94 

1.0079 

''"62 

06 I ~ O O O I  



INTI1ODUCTORY. 

The Direct Traverse-(Continued) . 

g ,  3 a 
m z 
%g 
d .9 
B 

1 2 6  

12 7  

1 2 8  

1 3 6  

1 3  7  

1 3 8  

1 3 9  

1 4 0  

1 4 1  

1 4 2  

1 4 3  

14 4  

14 5  

1 4 6  

1 4 7  

1 4 8  

14 9  

150 

r s l  

162  

1 5 3  

154 

15 5  

136  

1 3 7  

1 3 8  

139 

140 

a 
.2 8 3 Q m c 

a8 
6 .B 
A 

Azimuth 

126  

12 7  

12 8  

1 3 6  

1 3 7  

1 3 8  

1 3 9  

140 

1 4 1  

1 4 2  

1 4 3  

1 4 4  

1 4 5  

1 4 6  

1 4 7  

1 4 8  

1 4 9  

1 5 0  

1 5  1  

162  

1 5 3  

1 5 4  

1 5 5  

1 3 6  

1 3 7  

138 

1 3 9  

140  
% 

Ad 1 I 
Longitude 

~r 1 1 A 

Latitude 

AP 1 A+ M 

CIRCUIT 711. Left-hand Branch-(Continued). 

9 1 A 1 A$ 

+ 722 

635 

594 

+ 113 

32 

- 251 

4'4 

4'3 

CIRCUIT 711. Right-hand Branch. 

+'ox05 

66 

32 

5'4 +'00046 

29 

I4 

+ 51 

1 5  

- 114 

-'oooo2 

05 

06 

+-mi35 

10 

11 

+1364 

1303 

1078 

768 

781 

633 

600 

539 

562 

553 

546 

5O5 

590 

257 

- I 

+ 280 

365 

349 

263 

1 78 

+.o615 

543 

474 

417 

3 76 

335 

301 

269 

2 40 

2 I0 

I 80 

'5' 

124 

092 

078 

078 

0 ~ 3  

043 

024 

010 

5'3 

5.4 

CIRCUIT PIII. Left-hand Branch. 

2.4 

2'5 

-.00091 

091 

104 

107 

097 

097 

097 

O94 

093 

O93 

093 

"g2 

0g2 

092 

077 

063 

('5' 

040 

029 

015 

+rSo266 

1'0237 

1'0208 

1.0184 

1'0166 

1.0148 

1.0133 

1'0119 

I.0107 

1.0094 

1'0081 

1 . ~ 6 8  

1.0056 

1'0042 

1.0036 

1'0036 

I'WZg 

1'0020 

1.0011 

1'0004 

- 8 

+ 238 

5 3 

- 179 

3 

+ 2 

- 5 5 

23 

6 

0 

23 

0 

+ 4 

- 286 

281 

241 

20g 

216 

283 

299 

4'5 

4'4 

4'3 

+1364 

1303 

1078 

768 

78 I 

-'ow02 

03 

03 

+'00266 

235 

205 

I 80 

162 

144 

129 

"5 

103 

OgO 

077 

064 

052 

038 

032 

032 

026 

01 8 

010 

004 

+'ox74 

I73 

1 9 ~  

204 

185 

'85 

185 

'79 

I77 

176 

176 

174 

174 

174 

146 

119 

0 9 ~  

076 

"5 5 

028 

+1'ooq7 

I'CCI~O 

1 . ~ 1 5  

- 21 

+ 578 

128 

- 424 

6 

+ 5 

- 128 

53 

I 5  

I 

52 

+ I 

10 

- 636 

624 

535 

46 2 

477 

6 ~ 3  

6 56 

2.1 

2'2 

2'3 

2'4 

2.5 

+'0523 

451 

382 

325 

284 

-'ooo44 

44 

49 

50 

46 

46 

46 

45 

44 

44 

44 

43 

43 

43 

36 

30 

24 

rg 

I4 

07 

- 8 

+ 238 

5 3 

- 179 

3 

4'5 

4'4 

+1'0224 

x.0195 

1.0166 

1'0142 

1'0x24 

2'1 

2.2 

2'3 

+,00228 

197 

167 

142 

124 

--'oooo~ 

or 

06 

07 

03 

' m -  

- 01 

+ 24 

30 

I I 

5'3 21 

+ 578 

I 28 

- 424 

6 

+'oooo~ 

01 

- 12 

'5 

05 



NUMERICAL VALUES OF THE pS AND +s. 

The Direct Traverse-(Continued). 

- 
.2 $ 3 2 
" E " k 6 .3 

Latitude 

A* I A ~  AP 1 d 

8 Q .= g 3 Q 

2 z 
2 o b  . .= - 

Longitude 

AL 1 d 1 r" 

14 I 

1 4 2  

143 

1 4 4  

145 

146  

1 4 7  

148 

1 5 6  

157 

I b e  

159 

160 

I 6 2  

1 6 3  

164 

165 

166  

167 

168 

169 

170 

156 

1 5 7  

1 5 8  

159 

160 

Azimuth 

r * I  A* 1 A# 

14 1 

1 4 2  

14 3 

144  

14 5  

14 6  

1 4 7  

14 8  

1 5 6  

1 5 7  

1 5 0  

1 6 0  

160 

16  1  

162 

1 6 3  

164  

165  

16 6  

167 

168 

169  

17 o 

156  

15 7  

15 8  

15 9  

160  

CIRCUIT 7111. Left-hand Branch-( Con timed). 

+ 2 

- 5 5 

23 

6 

o 

23 

o 

+ 4 

+ 633 

600 

539 

562 

553 

546 

505 

5 90 

4'4 

CIRCUIT 7211. Right-hand Branch. 

+'ooro6 

09 1 

077 

065 

052 

O39 

026 

014 

2-3 

2'4 

5'3 

5'4 

+.oorr 

X I  

O5 

03 

02 

0 2  

0 0 +  

00 

-.oooo3 

03 

02 

or 

or 

01 

00 

00 

+ 1108 
1067 

737 

509 

55' 

583 

627 

48 I 

449 

441 

537 

- 5O 

+ 192 

2'7 

I93 

-'coo05 

0 5  

0 2  

o I 

01 

o I 

00 

00 

+ 5 

- 128 

53 

1 5  

I 

52 

I 

10 

+I-or06 

1.0091 

1'0077 

1.0065 

1'0052 

1.0039 

1'0026 

1.oo1q 

+1'ox77 

I'0153 

1*013o 

1.0113 

1'0101 

1.0088 

1'0075 

r.oo61 

''0049 

1.0038 

1,0027 

I'ooI4 

1'0015 

I'mIo 

1.0005 

4'4 2.2 

2.3 

2'4 

C ~ a c u r ~  IX. Left-hand Branch. 

+'0243 

209 

'77 

I 48 

118 

088 

059 

032 

+ 1 2  

- '9 

+ 38 

o 

- 3 

+ '0 

- 3' 

5 

4 

+ 14 

- 69 

285 

243 

z8q 

25' 

-.ooo28 

28 

28 

29 

29 

29 

29 

28 

2 8  

28 

28 

26 

19 

13 

06 

+ 29 

- 4 4 

+ 88 

o 

- 7 

+ 22 

- 72 

I I 

10 

+ 32 

- 156 

639 

544 

636 

561 

5.3 

5'4 

+'cox74 +'OIIO 

'49 1 1 x 1  

+ 12 

- 19 

+ 38 

o 

- 3 

+ 1108 
1067 

737 

509 

55' 

124 

107 

09 5 

082 

069 

05 5 

044 

034 

024 

012 

013 

O09 

004 

4.4 

I-'000581 

59 

58 

60 

60 

60 

6 I 

59 

59 

5 9 

60 

s6 
4 I 

109 

113 

113 

113 

1x4 

1 x 1  

I I I 

1 1 1  

1x2 

1°5 

077 

O53 

025 

2.2 

2'3 

+*00162 

I37 

I I Z  

09 5 

083 

+'0408 

349 

292 

253 

226 

197 

166 

132 

106 

082 

058 

029 

032 

02 2 

+ 29 

- 44 

+ 88 

o 

- 7 

+'0005 

06 

04 

08 

08 

28 13 I OIO 

-'ooooa 

02 

oz 

03 

03 

+xao163 

1.013g 

x.0116 

r.0099 

1.0087 

5.3 -.ooooz 

03 

o z 

04 

04 

+'0379 

320 

263 

224 

797 



INTRODUCTORY. 

The Direct Traverse-(Continued). 

Longitude 

AL I d  fl 1 L+ 

I 

B~ 3 t 
m p 

sb 
2 . ~ l  

Azimuth 

1 1 A 1 A' 

Latitude 

" g  fl A )  

161 

162 

163 

164 

165 

166 

171 

17 2 

173 

17 4 

17 s 

17 6 

17 7 

178 

179 

180 

18 1 

182 

18s 

184 

186 

186 

17 1 

17 2 

17 3 

17 4 

17 5 

.8 1 3 0 

2 i 
OH 

g.5 

16 1 

162 

163 

1 6 4  

165 

166 

17 1 

17 2 

173 

174 

176 

176 

177 

178 

179 

180 

18 1 

1 8 2 

183 

184 

185 

186 

17 1 

172 

173 

174 

17 6 

CIRCUIT IX. Left-hand Branch- ( Contifbued). 

+ 583 

627 

48 1 

449 

444 

537 

+.or68 

137 

103 

077 

053 

029 

+.o008 

O9 

06 

06 

06 

07 

CIRCUIT IX. Right-hand Branch. 

2'3 

2'4 

+ 10 

- 3' 

5 

4 

+ I4 

- 69 

4'4 +'00070 

5 7 

43 

32 

22 

I a 

--00003 

03 

0 2  

O2 

02 

02 

-.OOOO~ 

O5 

03 

03 

03 

O4 

+ 22 

- 72 

I I 

10 

+ 32 

- 156 

+'0160 

132 

'49 

184 

146 

166 

148 

I 60 

166 

172 

151 

129 

108 

083 

05 5 

028 

+ 1197 
1487 

I02 1 

1176 

719 

5 30 

514 

574 

602 

379 

345 

335 

205 

I57 

156 

44 

+1.oo74 

1.0061 

1'0047 

I'O035 

1.0024 

I'wI3 

5.4 

- 612 

+ 395 

805 

- 871 

+ 446 

- 400 

+ 264 

140 

141 

- 476 

511 

469 

557 

630 

607 

627 

CIRCUIT X. Left-hand Branch. 

4'5 

4'4 

5.3 

5'4 

-.00082 

6 8 

77 

96 

76 

86 

7 7 

83 

86 

89 

78 

66 

55 

42 

2 8 

14 

+'00219 

191 

I57 

134 

107 

090 

078 

066 

053 

O3 9 

030 

02 2 

014 

009 

005 

001 

+'0502 

439 

360 

306 

244 

206 

178 

150 

1x9 

086 

066 

047 

029 

018 

010 

ooa 

+'oo197 

169 

I35 

112 

085 

+ 1197 
1487 

102 I 

1176 

7I9 

- 248 

+ 162 

336 

- 367 

+ 190 

- 172 

+ 114 

6 I 

62 

- 209 

225 

208 

247 

2 80 

271 

280 

4'5 

4'4 

2'1 

a'a 

2-3 

2.4 

-'00036 

30 

34 

42 

34 

38 

34 

37 

38 

39 

34 

29 

24 

18 

12 

06 

+'0031 

03 

20 

55 

17 

--'oo007 

01 

05 

13 

05 

+1'0213 

1'0188 

1'0155 

1'0133 

1'0107 

1'0090 

1'0078 

1.0066 

1'0053 

1'0039 

1'0030 

1'0022 

1'0014 

1 . ~ ~ 9  

1.0005 

1.0001 

- 248 

+ 162 

336 

- 367 

+ 190 

+1.0191 

1'0166 

1.0133 

1'0111 

1-0085 

2'1 

a - a  

2'3 

+'0455 

392 

3'3 

259 

197 

-.00016 

02 

I I 

3O 

10 

- 612 

+ 395 

805 

- 871 

+ 446 

5.3 



NUMERICAL VALUES OF THE pa AND 4 s .  
The Divect Itraoeree- (Continued). 

Longitude 

i d  d 

a 

3 1 
m b e  OH 

g. .a 

drimuth 

18 / AP I A+ 

Iatitude 

1 g AP 1 A 

1 7 6  

17  7  

1 7 8  

1 7 9  

1 8 0  

18 1 

1 8 7  

188 

189 

1 9 0  

191 

1 9 2  

1 9 3  

194  

19 5  

196  

1 9 7  

1 9 8  

1 9 9  

2  0 0  

201 

2  02 

2 0 3  

2 0 4  

205 

2 0 6  

2 0 7  

2  08  

2 0 9  

2  10 
-- 

.% e 3 0 
m * 

i . 3  a8 

176  

1 7 7  

178  

1 7 9  

1 8 0  

181 

187  

1 8 8  

189 

1 9 0  

1 g  1 

1 9 2  

1 9 3  

1 9 4  

1 9 5  

1 9 6  

1 9 7  

1 9 8  

199  

2 0 0  

201 

2 0 2  

2 0 3  

2 0 4  

2 0 5  

2 0 6  

2 0 7  

208 

2 0 9  

210 

CIRCUIT X. Left-hand Branch-( Cotttinued). 

+ 530 

514 

574 

602 

379 

345 

+'0159 

131 

103 

072 

039 

019 

CIRCUIT X. Right-1mnd Branch. 

4'4 - I72 

+ "4 

6 I 

6 1 

- 209 

125 

5'3 

5.4 

-'00020 

I I 

I 7  

20 

23 

12 

+.00068 

56 

44 

31 

17 

08 

1'3 

1-4 

+ 636 

404 

456 

474 

486 

41 1 

589 

516 

659 

~3~ 

60 I 

467 

448 

504 

591 

634 

606 

485 

543 

545 

539 

554 

500 

I75 
- -  

- ' ~ I Z O  

121 

r 28 

129 

I 26 

128 

'35 

'39 

139 

I37 

132 

129 

I?? 

119 

122 

129 

130 

'33 

'34 

'35 

'33 

'33 

I33 

'30 

4.5 

4'4 

. 

-- 

-'OOOOg 

05 

08 

09 

10 

05 

+'0037 

19 

31 

3 7 

43 

12 

5'1 

5'3 

5'4 

-'00056 

56 

59 

59 

58 

59 

62 

63 

63 

62 

60 

59 

s6 
55 

56 

59 

59 

60 

60 

60 

59 

59 

59 

58 

+-00281 

266 

157 

247 

136 

125 

216 

102 

190 

I75 

163 

'49 

1 3 ~  

I 28 

I 16 

102 

08 7 

073 

06 2 

OS0 

03 7 

025 

01 2 

000 

+1'0068 

1'0056 

1.0044 

1.0031 

1~oo17 

1'0008 

- 400 

+ 264 

140 

141 

- 476 

Sx1 

+I-0269 

1.0256 

1.0248 

1.0238 

1.0228 

1.0218 

1'0209 

1.0197 

1'0186 

1'0172 

1.0160 

1'0147 

I'Or37 

1'0127 

r.0116 

1.0103 

1.0088 

1.0074 

1.0063 

1.0051 

1'0038 

1'0026 

1.0013 

"OOo' 

1'0 

2.1 

1'2 

0.3 

1.4 

+*0650 

617 

596 

572 

547 

521 

499 

468 

441 

466 

377 

345 

320 

296 

269 

238 

104 

172 

146 

117 

088 

059 

029 

002 

+-0238 

239 

253 

254 

148 

251 

264 

271 

271 

266 

256 

l49 

235 

230 

235 

149 

251 

256 

258 

260 

257 

257 

257 

251 

+ 9 

126 

11 

- 5 5 

+ 27 

"5 

6 3 

- a 

41 

97 

62 

'3' 

5' 

+ 52 

136 

20 

47 

'9 

I 8 

- 3 4 

+ I 

4 

- 58 

3x0 

+ 22 

311 

31 

- I39 

+ 67 

286 

'57 

- 6 

104 

237 

151 

316 

122 

+ 123 

323 

48 

I I I 

43 

4 I 

- 78 

+ 2 

9 

- 131 

701 



INTRODUCTORY. 

The Direct Traverse-(Continued). 

.I 
30  m * - .E 
o* 

; ." 

2 1  1 

2 1 2  

2 1 3  

1 2 1 4  

2 1 5  

2 1 6  

2 1 7  

2 1 8  

g 0 .- 
P 6 
'3 
6 ." 

Longitude 

AL d 1 JP 1 it 

Iatitude 

AA 1 9 1 1 ~ 4 )  

The Zig-zag Traver8e. 

Azimuth 

1 A I '1. 1 A 

2 1 1  

2 1 2  

2 1 3  

2  1 4  

2 1 5  

2 1 6  

2 1 7  

2 1 8  

Y .- 
P,m .G M 

w. .4 
0 b 

6 CI z 

CIRCUIT X. Right-hand Branch-(Continued). 

Longitude 

d 

Latitude 

"* r~ 1 A+ 

+ 367 

- 177 

a 2 

28 

4 

+ 50 

- 95 

214 

362 

363 

364 

365 

366 

367 

368 

369 

I370 

371 

372 

373 

874 

875 

376 

Azimuth 

"A 1 ~g 1 AP I A+ 

362 

36-4 

365 

366 

367 

368 

369 

370 

371 

372 

373 

874 

375 

376 

Y .- 
1 e 5 M 

.4 
S 

CIRCUIT XI. Left-hand Branch. 

+.ozzo 

194 

168 

142 

11% 

083 

0.5 5 

02.5 

4 '4 -'00004 

012 

008 

007 

006 

006 

007 

00.5 

- 585 

587 

583 

687 

66 I 

627 

683 

37.5 

-*ooo51 

45 

39 

33 

26 

I9 

13 

06 

+'00149 

Ij.5 

'39 

127 

138 

130 

142 

I 28 

136 

12 I 

129 

1'7 

127 

+ 296 

{ 536 

324 

208 

266 

'5 3 

233 

322 

89 

452 

'37 

368 

148 

5.4 +r*ooo3 

0'9988 

0'9992 

0.9993 

0'9994 

0'9994 

0'9993 

0'9995 

4'5 +'oo251 

244 

232 

225 

220 

214 

208 

203 

196 

I94 

184 

181 

I i3  

-.oo114 

101 

087 

07 4 

058 

043 

OZY 

013 

+'057; 

562 

534 

5'7 
506 

492 

479 

467 

450 

445 

421 

414 

394 

-'ooo7 

27 

1 7  

I 6 

'4 

14 

'7 

12 

- 259 

26 I 

25 9 

305 

293 

278 

3 03 

25.5 

-'0277 

250 

258 

234 

255 

240 

264 

237 

253 

224 

240 

2 1 7  

2 3 7  

2.4 

+ 237 

- 72 

f 212 

- 184 

+ 130 

- 216 

+ 243 

- 145 

+ 260 

- '42 

+ 206 

- 182 

+ 180 

+ 607 

- 184 

+ 536 

- 466 

f 327 

- 542 

+ 609 

- 361 

+ 648 

- 354 

+ 511 

- 450 

+ 444 

5'2 

5'3 

2 ' 0  

2.1 

+-0o059+1-0241 

54 

56 

51 

55 

57 

51 

54 

48 

51 

46 

50 

1 '0235 i 
1'022.+ ! 
' '0217 

1'0213 

1 ' 0 2 0 7  

1'0202 

1'0197 

1'0190 

1.0188 

1'0179 

1-0176 

I 0168 



NUMERICAL VALUES OF THE ps A N D  +a. 

The Zig-zcag Traverse- (Continued). 

Longitude 

Ar I f i  d 1 LI 

r 
.5 
f-. .c m 

% 4 . E.l 
2 

Azimuth 

377 

378 

379 

380 

381 

382 

383 

384 

386 

386 

397 

388 

389 

390 

391 

392 

393 

394 

395 

396 

397 

898 

399 

400 

M)l 

402 

403 

404 405 

4.06 

42h 

42.5 407 

, 

i? 

2 %  .- 
U = 
c f 
0 .* 

;4" 
Ad 

Latitude 

A* 1 AP 1 A$ A I AP 1 A+ 

377 

378 

379 

380 

38 1 

382 

383 

384 

385 

386 

387 

3'38 

389 

390 

391 

392 

393 

39 4 

39.5 

398 

897 

398 

399 

400 

401 

402 

$03 

404 

405 

406 

425 

CIRCUIT XI. Left-hand Branch-( Contirawd). 

5'3 

5.4 

I 53 

+'00170 

163 

I 5 5  

1 5 1  

I43 

I39 

129 

I 28 

118 

I 16 

107 

102 

09 5 

085 

08 I 

073 

066 

060 

052 

048 

04 1 

03 4 

-'0217 

240 

zaa 

252 

233 

259 

240 

263 

254 

280 

260 

. 286 

255 

273 

241 

259 

239 

265 

234 

262 

232 

258 

230 

+ 293 

366 

173 , 
366 

I 80 

420 

4 2 

' 425 

76 

372 

2 20 

285 

r29 

162 

328 

306 

258 

3 50 

174 

311 

292 

251 

244 

0'9979 

+'00117 

129 
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INTRODUCTORY. 

The Zig-zag Traverse-(Continued). 
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CIBCUIT XI. Left-hand Branch-(Continued). 
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CIRCUIT XI. Right-hand Branch. 
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NUMEBICAL VALUES OF THE p8 AND 4 8 .  

I'he Zig-zag T'raver8e - (Continued). 
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Branch-(Continued). 
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I m O D U m O E Y .  

The Zig-zag Traser8e- (Continued). 
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CIRCUIT XI. Right-hand Branch-(Contiuued). 
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NUXERICAL VALUES OF THE ps AND #a. 

2% Zig-tag 5aver8e-(Continued). 
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INTRODUCTORY. 

The @-aag Zkaveme- (Continued). 

2 

618 

618 

614 

615 

616 

617 

461 

518 

619 

620 

621 

522 

623 

624 

625 

626 

627 

628 

529 

680 

'631 

582 

533 

634 

535 

637 

538 

639 

540 

841 
> 

Lntitade 

" 1 ~ g  1 AP 1 A+ 

Longitude 

I d  

612 

518 

514 

516 

516 

617 

461 

618 

619 

520 

521 

622 

528 

624 

625 

626 

627 

528 

629 

680 

581 

682 

583 

534 

535 

636 

637 

638 

539 

540 

641 

Azimuth 

M l a g  AP 1 A* 

CII&IT XII. Left-hand Branch-(Conthmd). 

I & 
%g 
El r 

- 404 

+ 610 

- 570 

+ 553 

- 848 

+ I 

4'4 

CIRCUIT 811. Right-hand Branch. 

-'ooo15 

06 

20 

07 

20 

00 

+'00245 

a33 

245 

233 

245 

'34 

a47 

a35 

246 

a33 

245 

a33 

144 

a33 

2 44 

a33 

244 

a33 

2 44 

135 

a33 

a21 

205 

+ 503 

- 505 

+ 519 

- 531 

+ 463 

- 547 

+ 500 

- 493 

+ 546 

- 522 

+ 526 

- 485 

+ 480 

- 471 

+ 469 

- 480 

+ 462 

- 469 

+ 408 

108 

520 

1 698 

3 30 

-'0287 

275 

158 

246 

133 

''9 

a08 

'94 

181 

172 

I57 

I45 

132 

119 

107 

O P  

078 

062 

05 5 

03 4 

003 

010 

004 

1 4'5 

+'ooo47 

38 

29 

a I 

08 

12 

5'4 -'0087 

70 

5 3 

38 

14 

23 

5 - a  

5'3 

+ 163 

374 

273 

a93 

309 

'54 

3'4 

ailz 

198 

343 

a59 

295 

191 

'75 

367 

158 

359 

158 

4 70 

689 

- I 5 7  

+ 141 

- 644 

+ 396 

388 

352 

549 

- 195 

+ 519 

-'0036 

I4 

47 

16 

46 

oo 

+.00148 

142 

133 

I a 7  

120 

"3 

107 

100 

093 

088 

080 

074 

067 

060 

05 4 

046 

040 

032 

028 

017 

001 

005 

002 

+ 174 

170 

I55 

241 

- 86 

+ a27 

1.4 

1-3 

+.oooa~ 

17 

13 

09 

03 

05 

+'00056 

54 

51 

4g 

46 

43 

41 

38 

35 

33 

30 

a8 

15 

aa 

a0 

17 

15 

12 

1 1  

07 

01 

02 

I or 

a'o 

2'1 

1.0 

2'1 

2-0 

2'1 

2.0 

1'1 

''0 

2.1 

2'0 

2'1 

a-o 

2.1 

1'0 

2-1 

2-0 

1.1 

2.0 

2.1 

+'0556 

5 3O 

556 

s29 

5 57 

533 

561 

535 

56' 

533 

560 

533 

558 

533 

558 

534 

559 

535 

559 

538 

532 

505 

469 

+on9984 

0'9994 

0'9979 

0'9993 

o'gg80 

1'oooo 

+1-0227 

1'0217 

1'0228 

I -0218 

1'0229 

1'0220 

1'0231 

1.0~21 

1.0231 

r'otao 

1'0231 

1'0220 

I '0230 

I-oazo 

~'oago 

1-0221 

1'0231 

~'oaaa 

1'0232 

~'ozaq 

x'oaaa 

I*oaII i 
1.o1g6 

+ 103 

147 

107 

115 

121 

I00 

123 

1x5 

77 

135 

101 

116 

114 

108 

143 

102 

141 

62 

18~' 

a71 

- 6 2 

+ 56 

- 258 



NUMERICAL VALUES OF THE ps AND 4s. 
The fig-zag Daverse- (Continued). 
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N d a Z  TaZues of the Cot@&& 16 and C of the Unknown Qucwrtitka y and z. 

The following table gives the numerical valuea of the mefficients 16 and c of the un- 
known q d t i e s  y and a in every equation of condition. Bhould it be desired to reproduce 
any one of these coefficients, as the vdue of 16, in the qth equation, it is &st necessary to 
asmrtain, by refereno8 to pages 80-84, whether the coefficient is one of those of an excep- 
tional form for which symbolid expressions are there given. When not found in this 
list it will be understood to fake one of the general forms on page 79; if it occurs in a 
l k w  equation the form ie (71) ,  if in a geodetic equation, appertaining to any one of the 
Circuits I to X inolusive, it lakes one of the forma ( 7 2 )  or (73)  ; but if the geodetic equa- 
tion mure in h u i t a  XI or XII the form will be given by (74). 

(1). To find the values of 16, and C, in equation (5). 

This is a linear equation, and the forms of the coefficients are exceptional, see page 80, being 

&,= + a, = + t.d. logsin 49O31' 1oU = + 17 

= + (a, + 7J = + t d .  logsin qgO 31' lom + t.d. logsin 59' I' 5tlH 

The values of the angles are given in the data for Triangle 8 4  page 93, in the same horizontal liues as 
the symbolical errore x and z. 

(2). To find the valuea of 16, and c, in equation (46). 

This is a linear equation and the forms of the coefficients are normal, but the angles appertain to a 
triangle on the left-hand branch of a circuit. 
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(3). To find the values of b,, and c,, in equation (I 2). 

The equation is azimuthal, appertaining to Circuit III, and the forms of the coefficients are excep- 
tional, see pages 80 and 81, being 

(4). To find the values of a,, t,,, bC5 and c,, in equation (7) .  

The equation is longitudinal, appertaining to Circuit II, and the forms of the coefficients are normal. 
Triangles 54 and 55 are both situated in the right-hand branch of the circuit; the former has a side in the 
traverse between the stations 27 aud 28 ;  the latter has no side in the traverse, but it haa an angle at 
stationi8. Thus 

( 5 ) .  To find the values of b, and c,, in equation (47). 

The equation is in latitude, appertaining to Circuit XII, for which the zig-zag traverse has been em- 
ployed, and the forms of the coefficients are normal, while they occur in t l ~ e  left-hand brauch of the circuit. 

I n  these coefficients L stands for +, because Trianglc 484 falls to the right of the linc of traverse. 

. The numerical coefficients b and c which follow, before being manipulated for finding 
the coefficients of the Indeterminate Factors, were multiplied by equalizing factors-see page 
69-which may be symbolized by , f, ,f, kc., the subscripts I, z, . . . corresponding to the 
equation-numbers. The products f b and f c, were retained to two decimal places only. 
For the sake of convenience the value of the equalizing factor for each equation is .placed 
at the commencement of tile statelllent of the coefficients and a t  the head of every succeed- 
ing column, in tllc following table. 
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.' ? A  
a E" 
"8 
Z d 

4 .- 
'e .z Tb 
; .g 
6h , 2 

Coetaoientr of y and z 

) I r  
'3 u .g s 
2 1 
0 'C 
d H  z 

Coetacienta of  y and z 

@ I  
Coefficianta o f  y and r 

1st Equation Linear. 

Y ... 
A 

yd 5; ." 
A d & 

2nd &~at~n-(&utinued). 1st Eqzlation-(~ontinlld). 

Equalizit~g Factor = -03. 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

3 1 

82 

% 

Coefficients of y and z 

I I  

- 

= 16. 

-059 

-026 

,048 

-016 

'036 

, 0 7 1  

-013 

-051 

-005 

-057 

-007 

-041 

, 0 0 7  

' 045 

.002 

a028 

,001 

,029 

*or4 

,001 

-019 

-006 

-011 

-018 

'002 

-004 

3rd Equation-(continued). 

18 

19 

20 

21 

22 

23 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

- 8 

1 2  

10 

28 

15 

8 

23 

7 

25 

4 

15 
10 

Equalizing Factor 

+ 1 5 -  

2 2 

15 

6 

6 

2 I 

I I 

9 

'3 

12  

'3 

'5 
6 

16 

I I 

'3 

I I 

13 

10 

I3 

15 

13 

- 12 

+ 13 

I3 

I 6 

5 

I 6 

'3 

13 

7 

14 

33 I +  15 

Equalizing Factor 

- + - 0 2 0 -  

'042 

'017 

-054 

-015 

- ,048 

+ ,046 

'01 I 

050 

- -008 

+ '045 

'004 

038 

- -007 

+ -032 

'002 

-023 

- .oo5 

+ -018 

-021  

,006 

,022 

- -002 

so06 

+ ,006 

- 0 0 2  

= .03. 

11 

22 

22 

14 

6 

10 

12 

13 

8 

7 

9 

'5 
8 

7 
11 

14 

14 

11 

1 2  

7 
21 

12 

14 

9 

18 

11 

12 

13 

1 7  

10 

34 

35 

86 

37 

38 

39 

40 

41 

42 

43 

4i4 

= 16. 

- -090 

'097 

+ -106 

. I 08 

- -084 

+ -103 

- -081 

+ -093 

- -076 

+ .og3 

- - 0 7 1  

+ .084 

- '067 

+ -080 

- '055 

+ '079 

- ' 0.54 

+ -071 

- -052 

a038 

+ ,066 

- -040 

+ -058 

- '031 

+ '054 

- -031 

+ '051 

- • 021 

+ -042 

- -024 

+ '039 

- -01 7 

4 

5 

6 

7 -  

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

25 

26 

27 

28 

29 

30 

31 

32 

33 

35 

7 

1 2  

4 

6 

34 

I9 

14 

5 
22 

7 
6 

2nd Equation. Latitude. 

Equalizing Factor = 16. 

3rd Equation. Lottgitude. 

Equalizing Factor = 15. 

Equalizing Factor 

' 1 1 5  

'"5 

+ ,085 

-091 

- -107 

+ -084 

- -101 

+ '079 

- -098 

+ -078 

- -095 

+ -068 

- '087 

+ -063 

- -082 

$ '059 

- -078 

+ ,050 

- ' 0 7 2  

'047 

+ ,046 

- -067 

+ -038 

'054 - 
+ '033 

- -056 

+ '(230 

- . o ~  

+ -024 

- -047 

+ '025 

- '039 

+ '004 

- -069 

.096 

*118 

-081 

,012 

.029 

-069 

'037 

' 049 

-013 

-049 

.03g 

044 

.018 

'040 

-019 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

l1 

12 

13 

14 

15 

16 

17 

+ - 1 2 1  

- -108 

+ el28 

1 

2 

8 

+ -085 

-096 

-084 

'013 

-013 

-103 

060 

-017 

,066 

'ozg 

-062 

,036 

' 034 

'035 

'049 

- 0 2 2  

'0.17 

+ -112 

- .13j 

+ '103 
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Y ." 
8 2  .- 
0; 

c"& 6 
R 

U .- 
0 5is 
$ a  
d "& 
b 

Coe5oientn o f  y and r 
- 

Che5oienta o f  y and z 

Y 

'@ 
G; L.  
0 C 
6 3  
PI 

b 

3rd Eq~atio*(~ontinued). 

Equalizhg Factor = 16. 
6th zq~at&~-(continued). 

c 

Bqualizhg 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

76 

76 

77 

l8 

+ -046 

'036 

- ,008 

+ -025 

- -006 

+ '001 

.008 

'006 

4th Equation-(continued). 

36 

37 

38 

39 

40 

41 

42 

43 

Coe5oients of  y and r 

6th Equation-(continued) 

Factor 

+ 1 1  

7 

9 

17 

5 
I 0  

8 

10 

13 

2 1 

18 

14 

I4 

I 6 

'3 

13 

17 

9 

22 

10 

20 

7 

19 

8 

27 

6 

25 

12 

19 

9 

2 I 

10 

+ ,022 

-020 

- -038 

+ -006 

- -015 

'011 

+ -008 

-006 

.a .- 
I e 
G; 
C 0 .- I. 

6 3 
% 

il 

= 1. 
- 1.025 

1.018 

+ 1'032 

- 1.019 

+ 1.029 

- 1'015 

+ 1.027 

- 1.oIj 

+ 1.025 

- I .oo9 

+ .o.,I 

- 1'012 

+ 1.020 

- 1-009 

+ 1'023 

1.018 

- 1.004 
+ 1.014 

- 1.004 

I -000 

+ 1.004 

I '004 

- I . ~ ~  

Zqualizing 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

= -03. 

- 13 

7 

10 

6 

1 3 

7 
I I 

12 

9 

8 

6 

15 
I 6 

15 
6 

12 

13 

19 

4 

18 

10 

25 

9 

25 

6 

20 

7 

2 I 

1 5 

22 

7 
I 8 

Equalizing Factor 

4th Eqclation. Azimuth. 

Equalizing Factor = 1.  

Coe5oieota of  y and z 

L I c  C 

22 

23 

24 

25 

36 

27 

28 

29 

30 

3l 

32 

33 

34 

,3ii 

36 

87 

88 

39 

41 

42 

43 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

-1.036 

I -023 

+ 1.022 
- 1.033 
+ 1.018 
- 1'027 
+ 1.016 
-1.028 

+ 1.014 
- I .022 
+ I .orI 

-1.024 

+ 1.012 
- 1.020 
+ 1.011 

1.011 

-1.021 

+ 1.003 
- 1.008 

I -006 

+ 1.004 
I -004 

- 1.- 

Factor 

- 21 

1 1  

9 

13 

12 

I3 

'5 
6 

I 6 

I I 

13 

I I 

13 

10 

13 

15 

'3 

+ I2 

- 13 

13 

I 6 

5 
1 6 

I 3 

I .7 

7 

14 

'5 

+ 17 

Right-hand 

6th Equation Zinear. 

Equalizing Factor = -03. 

Left-hand Branch 

= -03. 

+ 6 

lo 

12 

13 

8 

7 

9 

15 
8 

10 

7 
1 1  

14 

14 

I J  

12 

7 

21 

12 

14 

9 

18 

I I 

12 

13 

17 

lo 

8 

29 

Branch 

+1'049 

- 1.062 
+ 1.047 
-1.053 

1.053 

+ 1'039 
1.042 

- 1'050 
+ 1.038 
-1.048 

+ 1'035 
- 1.048 
+ 1'0g7 
- 1.045 
+ 1'031 
- 1.042 
+ 1.029 
-1'0qo 

+ 1.028 
-1.038 

+ 1'023 46 

45 

+ 1.053 

- 1.049 

+ 1.060 

- 1.042 

1.045 

+ 1'049 

1.050 

- 1'039 

+ 1.049 

- 1.038 

+ 1.044 

- 1-035 

+ 1.045 

- 1.033 

+ 1 '040 

- 1-031 

+ 1,039 

- 1.026 

+ 1,038 

- 1.02j 

+ 1.035 

+ r 

1 1  

22 

14 

22 

1 

2 

3 

4 

5 

1 7  

9 + 23 I - 29 

- 15 

2 2 

15 
6 

6 
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I .* 
B =  .- IP 
D 

as 
2 

Y 

2 

Y, 

.- g% 
u a 
s .e 
0h z 

CoeBcienb of y and c 

C 

Y ." 
es 
5 3 
..# .- 
Oii k 

Coe5cient.a of y and r 

- 

Coe5cient.a of y and r CosBcienta of y md r 

5th &@&-(&ntinued). 

Equalizing Pactor = -03. 

il 

6th Equation-(Continued). 

Equalizing Factor = 15. 

,001 22 + -032 + -032 

6th Bquutwn-(continued). 

8 

'or3 33 - 0 0 2  

2 -005 

3 Right-hand Branch 
- -087 

'047 4.6 '052 1 '093 

6 1 .c6r , '0.59 I -032 
I 

7 -030 -033 48 -004 .046 

8 -023 -038 40 '047 '022 

9 ! 
I 'O33 , 'O39 I -037 

10 I 
-030 1 - 0 2 2  -060 

I 

C 

6th Epuation-(Centinued). 

Equalizing Factor = 15. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

35 

26 

+ OI , 

- 11 

1 2  

79 

80 

11 
1 . 0 2 y  I 0 2 2  

12 , '037 1 .or1 
I 

13 .ooy I '039 I 

I t  'O3.5 -018 

Factor = 15. 

- -009 

-032 

-026 

-053 

-023 

-027  

-040 

.o14 

' 054 

-004 

-048 

-004 

-056 

+ .oar 

- -052 

+ .oog 

- *o41 

+ -006 

- -037 

+ -001 

- -035 

+ -008 

- ,029 

+ -006 

-007 

- -019 

+ -009 

- ,015 

+ '003 

- 

87 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

+ 17 

15 

52 1 ' moo8 044 -010 

53 -051 
1 

5 t  I 
I '041 I 0 2  

I 
65 I -018 I -043 

I 

- .ooo 

-006 

-002 

' 005 

'004 

- -019 

-026 

'017 

-023 

-013 

'020 

' 020  

-01 7 

+ -018 

- -013 

- -010 23 '032 / '032 

Bqualizirag 

+ '070 

' 03.' 

-048 

.erg 

'049 

'01 j 

-015 

-047 

• 002 

' 054 

'002  

a 046 

- - 005 

+ -041 

- .oo6 

+ -047 

- .OIO 

+ -040 

- -004 

+ ,030 

- .or0 

+ '030 

- .ooy 

+ -4123 

'021  

- '011 

+ - 0 2 0  

- -007 

+ -012  

- sc07 

88 

89 

90 

91 

92 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

9 1 

02 

+ -02; 

-014 

-025 

'025 

-027 

-019 

- 0 2 0  

,011 

-030 

-018 

+ -008 

' 000 

'CQ4 

- ' 002  

+ -001 

6th Equcctiol,. Lntitzbde. 

Bqualizit~g Factor = 15. 

Left-hand Branch 

12 

6 

7th Epucrt ion. Lottgitude. 

Equalizit~g Factor= 15. 

Left-hand B m c h  

I 

.or2 

-009 

-010 

-008 

27 

28 

29 

80 

31 

10 

10 

-000 -008 

,013 / -016 

. 004 

- 009 

008 

004 

-002 

10 

10 

- ,093 

+ -092 

- '079 

+ -085 

084 

- '073 

-071 

+ -069 

- • 063 

+ ,061 

- ' 060 

+ -057 

- ' 052 

+ -052 

- '047 

+ '047 

- ' 042 

+ '042 

- -038 

+ -038 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

- 0 1 2  

13 

13 

J 6 9 
I 

' 2  I I1 
1 

1 2  

10 19 
I 

I 
15 

5 '  16 

'032 

- -100 

+ -086 

- -092 

+ -082 

082 

- '079 

'075 

+ -071 

- -069 

+ '063 

- '064 

+ -057 

- '057 

+ -052 

- '052 

+ '047 

- '047 

+ ' 0 4 2  

- -042 

+ -038 

- 0 1 2  
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.t. 2 v r: 
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0 * 
d H  
z 

Coefficienb of y and z 

L l c  
.% e 
5 %  0 - .- .2 
0 & 

5E.C 

Coefficiente o f  y and z 

) I c  
7th Equation-(continued). 

Equalizing Factor = 16. 

Y ." 
L3 Q 
.3 - 
0"M 
k .9 
0 h 

z 6E.C 

Coefficient6 of  y and z 

) I  
Y .- 
g2? .- ta 
;p 
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7th Equation-(continued). 

- '027 

+ 7026 

- -023 

+ '020 

- '017 

+ -015 

- '012 

+ '011 

- -005 

+ '005 

'ooo 

24 

25 

26 

27 

28 

29 

30 

31 

32. 

33 

34 

Coeefc~entn o f  y and z 

) I  

- '031 

+ -028 

- -025 

+ '023 

- -020 

+ -01: 

- -016 

+ '011 

- -011 

+ '005 

- .005 

= 15. 
+ '051 

- '027 

+ -048 

- -016 

+ -042 

- - 0 1 1  

+ '034 

- - 0 1 1  

+ -030 

- -cog 

+ -03.4 

-000 

+ ~ ~ 2 2  

-000 

+ -022 

-023 

- -002 

+ -015 

- -003 

+ -016 

- -001 

+ .or5 

- -002 

+ .ole 

- -003 

+ -007 

,000 

+ -004 

Azimuth. 

8th Equation-(continlied). 

Equalizing Factor = 1. 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

83 

86 

87 

88 

89 

90 

45 

46 

47 

48 

49 

50 

51 

52 

63 

54 

55 

66 

57 

58 

69 

60 

61 

62 

63 

64 

Equalbi,rg Factor = 1. 
Left-hand Branch 

l / - 1 ' 0 4 4 1 -  1.040 

Equalizit~g Factor 

+ -027 

- '052 

+ -025 

- '045 

+ -022 

- ,041 

+ -010 

- '034 

+ -006 

- -035 

+ .007 

- -028 

+ ,001 

- - 025 
+ -001 

'003 

- .016 

+ e002 

- -015 

+ -006 

- -012 

+ -006 

- -012 

+ -005 

- -009 

+ -005 

- 003 

8th Equation-(~t,ntinued). 

Equalizing Factor = 1.  

34 I - 1.002 1 0-ooo + I - O ~ I  

- I '035 

+ 1.037 

1.037 

' - 1.033 

1.033 

+ 1-03' 

- 1'029 
+ 1.028 

- 1.026 
+ 1.025 

- 1.024 
+ 1.024 

- 1.022 

+ 1-022 

- l-ozo 
+ I-OZO 

- 1.018 
+ 1.018 

- 1.015 
I + 1.015 
I 

91 l -  9% + -004 

8th Equation, 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

45 

46 

47 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

Right-hand 
- '117 

+ -080 

080 

- -091 

+ '079 

- '093 

- -083 

+ -069 

- -080 

+ -063 

- ,080 

4- '049 

- '077 

+ '050 

- -067 

+ '044 

- '061 

-061 

+ -035 

- 'Ojj 

I 4. 1.038 

- I '040 
+ 1.037 

1.037 

- 1.034 
1.033 

+ 1-033 
- 1'032 
+ 1.028 
- 1.028 
+ 1.026 
- 1.026 
+ 1.024 
- 1.0~4 
+ 1'022 
- 1.022 
+ 1.0~0 
- 1.020 
+ 1.018 
- 1.018 
+ 1.015 

Branch 

- '077 
+ -116 

'103 

- '075 

+ '093 

- '073 
- -066 

+ '079 

- '063 

+ -078 

- -058 

4- '070 

- ,056 

+ '070 

- '0.13 

+ '064 

- 
O 

+ -0j6 

- -030 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 71 1 - 1.016 1 - 1'003 

Right-hand 
- 1.054 
+ 1.036 

I '035 

- 1.041 
$ 1.03; 

- 1'042 
''037 

+ 1.031 
- 1.036 
+ 1.029 
- 1.03j 
+ 1.022 
- 1-035 
+ 1.022 
- 1.032 
+ 1.0~0 
- 1.029 

I -029 

+ I -017 

- 1.026 
+ I -013 

- 1'024 
+ 1.012 
- 1.021 
+ 1.010 
- 1.019 
+ 1.005 
- I -016 

+ 1.004 

Branch 
- 1.033 
+ 1.054 

I 046 

- 1.033 
+ 1.042 

- 1'033 
I 030 

+ 1.036 

- I -029 

+ 1.035 

- 1.026 
+ 1.031 

- 1'024 
+ 1'032 

- I '020 

+ 1.030 

- 1'022 
1 -019 

+ I -027 

- I '014 

+ 1.024 

- 1.013 
+ 1.022 

- 1.008 
+ 1-020 

- 1.006 
+ 1.016 

- 1.006 
+ T-014 

+ 1,015 ' + 1-015 

- 1.015 I - 1.013 
+ 1'013 -t 1.013 

- 1.013 - 1.010 
+ 1.01o + 1.010 

- 1.010 - 1.008 
I 

+ 1-008 + 1.008 
1 

- 1.038 - 1.005 

+ I 'O0j + I.OOj 

- 1.005 - I -002 
I 

+ 1'002 + 1.00'2 
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8th Equation-(continued). 

Equalizing Factor = 1. 
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2 

c 

9th Equatb(6ntinued). 9th Eqr~atim-(continued). 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

92 91 

9th Equatio4t-(~ontinuai). 

Equalizing Factor = -03. 

I 5 

= '03. 

+ 9 

8 

6 

15 

16 

15 

6 

12  

13 

19 

g 

18 

10 

25 

g 

2j 

6 

zo 

7 

21 

15 
22 

7 
18 

21 

Branch 

56 

66 

57 

68 

69 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

7 1  

72 

78 

74 

75 

76 

77 

78 

79 

= -03. 

- 6 

44 

6 

19 

6 

I 

5 
I I 

7 
26 

+ 2 

- I4 

1 1  

I3 

14 

I3 

16 

14 

12 

12 

34 

12 

I r  

12 

18 

12 

1 11 I 

99 

100 

101 

102 

108 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

131 

132 

183 

134 

135 

136 

137 

138 

+ 1.003 
- 1.013 
+ 1.001 
- 1.011 
+ I-ooo 

1-002 

- 1.007 
+ 1.002 
- 1'007 
-t 1.004 

- 1.006 
+ 1.004 
- 1.006 
+ 1.003 
- 1.004 
+ 1.002 

Equalizing Factor 

- 13 

21 

I 8 

14 

14 

I 6 

J 3 

13 

17 

9 

22 

10 

PC 

C I 

I9 

8 

27 

6 

25 
12 

'9 

9 

2 1 

10 

+ lo 

Riglit-hand 

Equalizing Factor 

+ 1 1  

7 
20 

7 
1 1  

23 

17 

6 

2 I 

6 

I Y  

18 

7 
I I 

16 

14 

1 1  

I I 

12 

12 

J I 

'3 

15 

13 

12 

8 

I4 

+ 1'015 

- reooc 

+ 1.010 

- 1.000 
+ 1.010 

I -011 

- 1.001 
+ 1.008 

- I-oor 
+ 1.009 

- 1.001 
+ 1.008 

- I.OOI 

+ 1.005 

- I-OOI 

+ 1.004 

- 0.999 

9th Equation. .Linear. 

Eq~alLiug Factor = .03. 

Left-hand Branch 

13 95 1 

126 

117 

128 

129 

130 

+ 11 

8 

13 

14 

14 

8 

15 

6 

- 1 ' w 2 i  + 1.003 + 1.004 

45 

46 

20 

98 l +  24 

I 18 

I2 

- 9 

14 

10 

8 

13 

14 

9 

2 I 

10th Equation. Latitude. 

Equalizing Factor = 16. 

- 6 

2 

4 

- 23 

9 

T I  

12 

12 

12 

14 

96 i 13 52 10 

Branch 
+ -062 

'095 

'042 

-026 

' 033 

.ox8 

'039 

,023 

-030 

' 034 

-023 

-022 

-013 

' 035 

-029 

'032 

,008 

-018 

'024 

~028 

Left-hand 

+ 17 

zy 

I I 

4-8 4 7  I 

49 1 9 

1 7  

=O I 5 1 

14 

12 

I; 

7 
8 

7 

8 1 1  

5 4 1 2  

45 

a 
47 

* 
49 

50 

5 1  

52 

58 

54 

55 

56 

57 13 

7 
lo 

97 4, 21 

9 8  3 1  3 

- '079 

'031 

'037 

-016 

-027 

-048 

-914 

-023 

, ' 020 
I 

,021 

~030 

- 042 
, ,038 

58 ' 025 

59 1 -028 

60 -025 
I 

61 

62 

'024 

' 024 

63 1 -023 

64 1 ,015 
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Coeffioients o f  y and z 
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10th j3'quath-(continued). 

Equalizing Factor = 15. 

Y ." 

jj, 
0 

%g 
Z 

Coefacieuts of  y and r 

b l  
10th Equation-(continued). 

Equalizing Factor = 15. 
l l t h  Equation. Longitude. 

Equalizing Factor = 15. 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

+ ,016 

' 023 

-015 

-028 

*or2 

-025 

-008 

-014 

-007 

- 0 1 1  

-009 

-009 

-005 

-004 

.004 

l l t h  Equation-(continued). 

Equalizing Factor = 15. 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

CoeBcienta of y and s 

76 

77 

78 

79 

- a026 

-013 

-020 

-008 

-017 

,008 

.017 

004 

-01 1 

006 

-007 

-004 

'002 

'002 

+ -002 

Branch 

+ -080 

- '079 

'079 

t -069 

- ,074 

+ -066 

-066 

- -062 

+ -060 

- -056 

+ '054 

- '051 

+ '049 

- '044 

+ -044 

- -040 

+ '040 

'040 

- '033 

+ -0.35 

- '031 

+ -031 

- -027 

+ -027 

- -022 

+ -022 

- -017 

45 

443 

47 

48 

49 

60 

51 

62 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

b 

+ -024 

'043 

• 002 

-009 

-036 

-01 1 

-026 

-006 

025 

-005 

-021 

'003 

024 

'002 

-019 

- - 005 
+ -019 

,001 

Left-hand 

+ '084 

- -076 

-078 

+ -073 

- '074 

+ -069 

-068 

- -066 

+ .062 

- -060 

+ -056 

- -056 

+ '049 

- "049 

+ '044 

- '047 

+ -038 

-038 

- -038 

+ .03j 

- '035 

+ -0.31 

- -031 

-027 

Right-hand Branch 

c 

- -008 

-017 

-031 

-034 

.015 

'232 

-017 

-032 

-009 

-027 

-009 

-024 

-003 

'023 

,009 

'021 

'002 

.or9 

+ .008 

- -008 

+ ,004 

- '004 

!! 1 ;  -027 

+ '022 

71 1 - ,022 
I 

72 , + -017 , + ,017 

73 - 
I .OI7 I - '013 

.or7 

- W I  

+ -w4 

- -013 

+ ,003 

.OOI 

- -009 

+ -002 

- .coy 

.003 

.003 

-003 

+ -008 

- '004 

+ -004 

-000 

Right-hand Branch 

- .or1 

,078 '019 

-005 

-055 

. -020 

-029 

-109 

'031 

,037 

.ooj 

'013 

.022 

.015 

~026 

' 045 

93 

94 

95 

96 

97 

98 

99 

1 0 0  

101 

102 

103 

104 

127 126 I - -001 

128 + 014 

129 -OJJ 

130 - -004 

131 + .OII 

1321 moo9 

74 i + '013 
I 

75 - '013 

+ -09j 

' 047 

-028 

.047 

-036 

'O75 

,019 

-029 

'037 

-028 

'037 

• 040 

' 026 

133 

134 

135 

+ .or3 

- ,008 

+ -084 

- '075 

064 

+ -071 

-082 

- -064 

-062 

+ ,084 

- ' 054 

+ -068 

-060 

- -050 

.048 

+ ,055 

- ' 044 

93 

94 

95 

96 

97 

98 

99 

100 

101 
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1 0 3 '  

104 

105 

106 

107 

l o 5  106 0 2 2  

107 1 '  -033 

108 / .020 

' - .004 

+ -010 

- -001 

+ -070 

- '087 

so83 

+ '064 

-068 

- -085 

'073 

+ -0j9 

- '075 

+ -053 

050 

- -065 

.061 

+ -047 

1 - -061 

136 , + -003 

137 ; ' 000 

138 1 -001 

i 
I 

I 

108 I +  '043 1 + '0.59 

- '045 

+ -052 

- ' 034 

'033 

+ .04j 

- .oay 

+ -044 

- ~026 

+ '038 

- :024 

+ '035 

I 
109 ; - '057 

I 

110 ; + -034 

111 1 - .045 

048 I 
113 1 + .o31 

'0.~5 
114 i - 115 

116 

117 

118 

119 

+ -030 

- '041 

+ '027 

- ,038 

+ '024 
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4 .- 
Ea 
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Coefficients of  y and z 
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CoeiBcienta of  y and z 
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Coefficients o f  y and r 
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Coefficieiits o f  y and z 

- 

11th Equation-(continned). 

Equalizing Factor = 16.  

b 

12 th E q ~ u  tion -(Continued). 

Equalizing Factor = 1. 

12th Equation-(Continued). 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

c 

98 

99 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

12th Equation-(continued). 

Equalizing Pactor = 1. 

- -035 
+ -018 

- -031 

+ -016 

- -024 

+ -013 

- -022 

-022 

+ -008 

009 

- -017 

+ -006 

-006 

- -011 

+ -005 

- -008 

+ -006 

- -005 

+ ~004 

- 1.038 
I '032 

- 1.003 
+ 1-006 

I -008 

- 1.001 

+ 1.006 

- 1'001 
+ 1.004 

- I -000 

+ I - w g  

- -020 

+ -030 

- ,016 

+ '030 

- -012 

+ -024 

- -009 

-010 

+ .020 

-016 

- a006 

+ -014 

.oIj 

- -002 

+ - 0 1 0  

- -002 

+ -068 

- -002 

+ '003 

130 

131 

132 

133 

134 

135 

136 

137 

138 

Eqzlalizing Factor = 1. 

12th Equation. Azivruth. 

Equalizing Factor = 1.  

Left-hand Branch 

- 1-028 
1.027 

- 1-009 
+ 1.003 

1.003 

- 1.006 
+ 1.004 
- 1-003 
+ 1.003 
- 1.003 
+ rSooz 

- I + 1.025 
- 1.025 
+ 1.022 
- 1.022 
+ 1.020 
- 1.022 
+ 1.017 

I -017 

- 0 8  

+ 1.016 
- 1.016 
+ 1.014 
- 1.014 
+ I - O I ~  

- 1.013 
+ 1.010 
- 1.010 
+ 1.008 
-1.008 

+ 1.006 
- 1.006 
+ 1.004 
- I -004 
+ 1.002 
-1.002 

Right-hand 

45 

47 

48 

49 

50 

51 

52 

53 

+ 1.040 
- 1.025 
+ 1'032 

1.027 

- 1.023 

1.021 

+ reo.r5 

- 1.020 
+ 1.028 

- I '021 

+ 1.023 

- 1-016 
1.015 

+ 1'021 

- I - O I ~  

+ 1-02] 

- 1.012 
+ 1.018 

- 1.oro 

+ 1.016 

- 1.008 
+ 1.014 

- 1.007 

+ 1.014 

- I-wj 
+ 1.010 

- 1.004 
I -005 

+ 1.008 

1.007 

1.025 - 
+ 1.025 

- 1.022 
+ 1.022 

- 1.020 
+ 1.020 

- 1.018 
+ 1'019 

1.019 

- 1.015 
+ 1.016 

- I '014 

+ 1.014 

- 1.013 
+ 1.013 

- I-oro 
+ I-OIO 

- 1.008 
+ 1-008 

- 1.006 
+ 1.006 

- 1.004 
+ 1.004 
- 1.002 

+ 1.002 

.ooo 

Branch 

+ I -026 

loo I 101 - 1.035 

13th Equation. Linear. 

Equalizing Pactor = -03. 

Left-hand Branch 

+ 1.036 

- 1.032 
1.027 

+ 1.033 

1.035 
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95 

96 

97 
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93 

94 

95 

96 

97 

98 

99 
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101 
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+ 1.030 
- 1.038 

1'037 
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- 1.036 
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t- 1.033~ + 1.031 - 1 . 0 3 4 1  - 1'033 
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- 24 

1 8 

12 

'3 

9 

3I 
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7 

PO 
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11 

23 

'7 
6 

2 1 

6 

'9 I -030 

- 1.028 
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2 

20 

4 

2 I 

3 

6 

44 

6 

19 

6 

I 

5 
I I 

7 
26 

- 2 

1101 18 

111 1 . 
I 

104 - 1.030 
I 1.028 

lo5 I 106 + 1.021 
107 - 1.028 
lo8 ~ + 1.020 
109 - 1.026 
110 + ImoIj 
111 - 1-021 
112 1'022 

113 + 1.014 
114 - 1.021 
115 + 1.014 

I 
116 - 1.019 
117 +1.012 

I 

118 - 1.018 
119 + 1.011 
120 - 1.016 
121 + 1.007 
122 ! - 1.015 
123 ' + 1.007 

+ 1.028 + 1-028 

+ '4 

I I 

124 

125 

126 

127 

128 

-1.011 

+ 1.006 
- 1.009 

1 -009 

+ 1.002 
129 I 1.002 
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13th Equatt&+-(continuea). 

Equulizing Factor = -03. 

Coefficie~~ta of  y and 8 

13th Equation-(Continued). 14th Equation. Latitude. 

Equalizing Factor = 16. 

b 

+ 13 

14 

13  
16 

14 

12 

12 

14 

12 

11 

12 

18 

12 

1 1  

14 

12 

15 

25 

14th Equation-(continued). 

Rqualizing Fclcto~ = 16. 

112 
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114 

116 

116 

11 7 

118 

119 

120 

131 
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123 

121 

125 
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127 

128 

129 

c 

= -0% 

- 10 

19 

ro 

13 

I.? 

1.3 

13 

16 

14 

16 

8 

15 

I I 

16 

12 

1 1  

20 
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14 

10 
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12 
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16 

7 
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Equalizing 
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1.56 
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15% 

159 

160 

161 
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164 
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166 

167 

168 
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170 

171 

172 
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174 

175 

176 

177 

170 

179 
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- 1 1  

I 6 

14 

I I 

I I 

12 

12 

?I  

'3 

15 

13 

r 2 

8 

14 

I I 

12 

12 

+ 19 

Branch 

+ -019 

.008 

-060 

'014 

'0.57 

009 

-016 

'I02 

-018 

-038 

-012 

-003 

-010 

-021 

-012 

-042 

- .OOI 

+ .021 

-016 

.or9 

-020 

-017 

.020 

-015 

'013 

-012 

,014 

-009 

-009 

-008 
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94 

95 

96 

97 

98 

99 
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103 

104 
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108 

109 
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114 
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117 
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Factor 

+ 16 

9 

I 6 

I I 

I4 

I 6 

17 

I I 

1 2  

6 

1 5 

I3 

I 6 

14 

I I 

I 8 

1 I 

I 6 

9 

I I 

13 

6 

10 

I 6 

I I 

'7 
10 

I 8 

13 

+ -006 

-0c7 

-003 

'm3 

005 
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Left-hand 
- -076 

050 

'033 

-03% 

-023 

'072 

• 024 

-016 

'037 

.ol j 

.023 

040 

030 

'O09 

' 03.3 

008 

-027 

.026 

-009 

-014 

-019 

-016 

-010 

-010 

*a10 

'010 

-007 

,008 

008 

-007 

' 00.4 

Right-hand Branch 

- -002 

-003 

• 004 

,005 
+ 'oor 

129 1 -001 

- 21 

9 

25 

8 

8 

10 

15 

9 

13 

11  

I 8 

8 

I 6 

139 

140 
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142 

1-13 

144 
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146 
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14.43 

1 49 

150 
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Branch 

- -079 

-007 

-052 

'037 

' 005 

-038 

'019 

'035 

-015 

no36 

-021 

-029 

-013 

,031 

'or 7 
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-006 

-032 

004 

'031 

'004 
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-002 
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+ '001 
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+ 9 

I 8 

1 0  

I 8 

9 

23 

. 9 

I 8 

10 

13 

10 

28 

7 

Right-hand 
+ ,008 

065 

' 043 

-c25 

036 

' 035 

'('33 

-022 

'032 

'010 

030 

'033 

-025 

-01 I 

'027 

,009 

-028 

,003 

'032 

-005 

-025 

- '004 

+ .erg 

- -002 

+ '024 
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Coefficients of y and r 
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Coe5cienta o f  y and r 

14th i!i!quat~n-(continued). 

Equcxlizimg Factor = 16. 

16th Equation-(continued). 
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105 
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- '014 
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+ '001 
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15th Equation-(continued). 

1641 

165 
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176 
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Ooe5cients of  y and r 
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164 
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- -040 
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+ ,036 
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- '017 
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- -012 

+ -005 
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Right-hand 

- '004 

+ '024 

- -010 

+ . O Z j  
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+ -015 

-016 

- -011 

+ -013 

- '007 

+ '009 

- '004 
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a I 

z 

: 

16th &'quatio~~-(continued). 

Equalizing Factor = 16. Factor = 15. 

+ '041 

-040 

- -039 

+ -037 

- .036 

+ '034 

- -033 

+ '03' 
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- -028 
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- -018 

+ .016 
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-007 
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Branch 

16th Equation. Longitude. 

Equalizing Factor = 16. 

Left-hand Branch 

139 
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Equalizing 

- '074 

+ .046 
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+ -041 

- '055 
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+ -035 
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Ftrctor = 16. 

- -044 

+ -003 

- -042 

+ '0.55 
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+ '055 

- -035 

+ ,051 

- -030 

+ '049 

- '026 

+ '041 

- -021 

+ -038 

- -018 

+ -038 
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'033 

- -015 

+ -032 

- -008 

+ '028 

- -003 

+ -022 

,007 

-018 

-003 

-013 

-012 

-005 

-013 

'002 

E E .  

+ '001 

- -006 

+ -001 

- . 004 

+ -002 

- '073 

+ -068 

.067 

- ,062 

063 

+ '059 

'057 

- 'O53  

+ -056 

- -048 

' 046 

+ -011 

'001 

008 

'002 

'003 

16th Equation. Azimuth. 

Bqualizin,q F a c t o r = l .  

- -071 

+ -066 

-064 

- -060 

'059 

+ '056 

-055 

- 053 

+ 'c48 

- '049 

-047 

Branch 

- 1'031 

+ 1*02g 

I -029 

- 1 '027 

I '027 

+ 1-025 

1.025 

- 1 '022 

+ 1.021 

- 1-021 

1.021 

+ I -018 

I -018 

- 1.017 

+ 1.017 

- 1.015 

+ 1.015 

- 1.015 

+ 1.014 

r -014 

- 1.012 

+ 1.012 

- 1.011 

Left-hand 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

- 1.032 

+ 1.029 

I ,029 

-1.028 

I '027 

+ 1'025 

1.025 

- 1.024 

+ 1.024 

- 1.021 

1.021 

+ 1.018 

1.018 

- 1.018 

+ 1.017 

-1.016 

+ 1.017 

- 1 . o l j  

+ 1.014 

I -014 

-1.014 

+ 1.012 

- 1.01s 
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NUMERICAL VALUES OF TRE COEFFICIENTS. 

, 

C 
Y ." 
&S 

;j 2 

3 
2 2  
G z? 
+.a 

;g 
2 

." 
1 
2' 
c-g -, .C 
gB 

Coeficientr o f  y and r 
* ... 
g 2  
G 
% .c 
ti FI z 

Coeflicienta of y and r CmfRoients of y end s 

B 

- Coe5cienfa of y and r 

17th E q ~ a t i o n - ( C o n t i n u e d ) .  

R q t c a l i z i n g  Factot* = -03. 
17th E q ~ t i o n - ( ~ o n t i n n e d ) .  16th Eq tba t i on - ( con t inued ) .  

Equalizing Fmtor = 1 .  

t B 

16th Equation-(Continued). 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

165 

156 

157 

158 

159 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

208 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 1 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

c 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

1 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

- 18 

9 

"3 

9 

I 8 

10 

13 

10 

2 8 

7 
16 

9 

16 

I I 

14 

1 6 

17 

I I 

Equalizing Factor 

+ 19 

14 

3O 

6 

2 

34 

14 

1 6 

19 

'5 
I I 

1 6 

8 

14 

12 

19 

7 

15 

2 

. 21 

5 
I I 

17 

7 

14 

6 

'3 

1.5 

I I 

I 6 

4 

I 6 

+ 1.011 

-I.OII 

+ 1.009 
-1.oo9 

+ 1.008 
- I .008 
+ 1.006 
- 1.006 
+ 1.004 
- 1.004 
+ 1.003 

1-003 

- 1.002 
1 - 0 0 1  

E q u a l i z i n g  

- 1.020 
+ 1,008 
- 1.020 
+ ~ . o o g  

- 1.016 
+ 1.009 
- 1.016 
+ 1.005 
- I -014 
+ 1*oo2 
- 1,011 
+ 1-000 
- 1.009 
+ 0.999 
- 1.0~8 
+ 1.000 

1'000 

- 1.004 
+ 1'002 
- 1.004 
+ I ,000 

- 1.004 
+ I-OOI 

+ 8 

8 

lo 

15 

9 

13 

11 

18 

8 

16 

lo 

19 

lo 

13 

13 

13 

13 

16 

= '03. 

- 14 

6 

+ 7 

- 9 

25 

4 

11 

I7 

14 

I2 

'9 

9 

15 

I I 

14 

6 

I 6 
I 

10 

'7 
2 

19 

10 

4 

17 

I I 

12 

5 

9 

I3 
I 6 

17 

8 

+ 1.011 

- 1.009 
+ I - w g  

- 1 . 0 ~ 8  

+ 1.008 

- 1.006 
+ 1-006 

- 1.004 
+ r ,004 

- 1.003 
+ 1.003 

1.003 

- 1-ooo 
-000 

Right-hand Branch 

Factor = 1. 

- 1.009 
+ 1.018 

- 1.008 
+ 1.017 

- 1.005 
+ 1.016 

- 1.007 

+ 1.014 
, - 1.004 
+ 1.013 

- 1.002 
+ 1'009 

- 0.997 
+ 1'008 

- 0.998 
+ 1.006 

1.008 

- 0.998 
+ I.001 

- 0.999 
+ 1.005 

- rSow 
+ 1.005 

179 - 1~002 
180 + ~ ~ o o r  

14 

16 

8 

15 
11 

16 

12 

11 

20 

I I 

14 

25 

139 

140 

141 

142 

143 

144 

195 

. 146 
147 

148 

149 

150 

151 

152 

153 

154 

155 

160 1 12 

- 0-ygy 
+ 1.ooz 

Right-hand Branch 
181 151- 18 

161 

162 

163 

164 

I65 

166 

167 

168 

169 

170 

171 

- 1.033 
+ 1.020 
1.0~4 

- 1'032 
+ I'OZI 
- 1.032 
+ 1.019 
- 1.029 
+ 1.018 
- 1,025 
+ 1.016 
- 1.029 
+ ! ,015 
- 1.023 
+ 1.0~3 
- 1.022 
+ 1.012 

6 

15 

'3 

16 

14 

I I 

18 

1 1  

I 6 

9 

+ 15 1 

- 1.021 
+ r-ogr 

1.039 

- 1.012 
+ 1.026 

- 1.019 
+ 1.028 

- 1.018 
+ 1.025 

- 1.016 
+ 1.025 

- I '015 

t 1 

- 1.013 
+ 1.024 

- 1.012 
+ 1.019 

17th Equation. L i n e a r .  

Equalizing Factor = -03. 
Left-hand Branch 

139 

140 

141 

- 9 

I 8 

10 

+ 21 

9 

25 



164 INTRODUCTORY. 

.t? 
A 

i5 

?a g 

.% 
a Q .E a 
2.2 
"&  d 
2i 

Coetiicie~~tr of  y and c Coe5cienta of  y and c 

1 .  
Coe5cientr of  y and r 

r a 

u 

'g 3 

:.j d 
Ei 

C 

17th Equation-(continued). 

Equalizing F'actor = -03. 

Y 

2 Q 
.% s 

' 8  g 

214 

21 5 

216 

21 7 

21 8 

219 

220 

18th Equation-(continued). 

Bqualiziag Factor = 16. 

18th Bq&tion-(continlled). 

Equalizing Factor = 15. 

% 

Coe5cienta of y and r 

19th Eq~atiofi-(continnd). 

160 

161 

162 

163 

la 
165 

166 

167 

168 

169 

170 

171 

- '033 

+ '012 

- '031 

+ -006 

- '019 

+ -003 

- -022 

+ -008 

- ,018 

+ -009 

- -018 

+ 0007 

-008 

- . O I Z  

+ -co6 

- ,009 

+ -004 

- ,006 

+ .wr 

- ,003 

.ooo 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

218 

214 

215 

216 

217 

218 

219 

220 

+ 7 

1 7  

7 

14 

11 

14 

'3 

- -016 

+ -033 

- ' 0 1 2  

+ -022 

- -004 

+ -019 

- 'oc9 

+ -016 

- -011 

+ '020 

- '011 

+ -016 

-013 

- -009 

+ -012 

- -006 

+ ;oo9 

- '004 

+ '005 

- '003 

+ '003 

= 15. 
+ '044 

- '041 

+ -041 

- '036 

+ '036 

- ' O33 

+ '033 

- 030 

+ .030 

- -027 

+ '027 

- 023 

+ -023 

- * 0 2 0  

+ - 0 2 0  

- 'O1 , j  

+ -016 

- -or 6 

+ -013 

- - 0 1 2  

+ -009 

- '009 

+ '005 

- -004 

+ -003 

-000 

Branch 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

- 16 

6 

13 

g 

15 

14 

10 

- -009 

. 00.3 

.009 

-008 

-008 

- 007 

-002 

006 

-002 

-001 

'000 

+ -001 

18th Eq?tatim. Zatitzlde. 

Eqz~alizing Factor = 16. 

Left-hand Branch 

Eqecalizirsg Factor 

+ '044 

- ' ow  

+ -041 

- -041 

+ -036 

- -036 

+ '033 

- '033 

+ '030 

- -030 

+ - 0 2 7  

- -027 

+ -023 

- -023 

+ .o2o 

- '017 

+ -019 

- -016 

+ 0016 

- -013 

+ -011 

- .cog 

+ '008 

- - 0 0 7  

+ ,003 

- ' 00.3 

Right-hand 

+ -012 

-013 

-006 

-011 

-009 

-009 

-007 

-004 

'007  

-004 

-002  

-003 

Right-hand Branch 

19th Equation. Zongitude. 

Eqtcalizistg Factor = 16. 
Left-hand Branch 

+ -061 

-020 

-062 

-021  

-019 

'021 

'031 

' -018 

. .028 

.019 

'033 

-012  

-025 

'014 

-029 

'013 

'017 

-015 

-016 

'013 

-016 

139 

140 

141 

142 

143 

I& 

146 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

139 

140 

141 

142 

14.3 

14.6 

146 

- - 0 2 0  

' 047 

.026 

'037 

-019 

-045 

-016 

'O33 

'01.5 

'012 

-013 

-042 

009 

-022 

'0 10 

' 0 2 1  

'011 

'014 

'or5 

-01 7 

-008 

- -038 

'054 

'034 

+ '032 

- '004 

'075 

+ .006 

- '039 

-015 

'042 

'004 

' 047 

+ -002 

- -039 

+ 'oar 

- '035 

+ 'or0 

- -036 

+ -006 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

+ -081 

- '044 

-052 

+ '047 

060 

181 

182 

183 

184 

185 

+ -058 

029 

,016 

-082 

'030 

- -016 

+ -082 

.009 

' 044 

-014 

'039 

- -001 

+ -038 

- - 0 0 7  

+ -033 

- -004 

+ -038 

- - 0 1 0  

+ -031 

+ -065 

- '057 

'057 

+ '055 

- .052 

+ ,050 

- -048 

+ '055 

- ,077 

'072 

+ -028 

' 047 

+ '059 

- ' 059 

-060 

+ '049 

- ,052 

+ ,047 

- '046 



NUMERICAL VATlUES OF THE COEFFTCTENTB. 

W &  

' Z  , 
.b -, U c 

~2 
d 

Ooefacienb of y and s 
- 

b l  
8= 
5 M 

% 3 
.5H 
R 

Coefficients of y and z 

b l  
Y ." 
l a  .z z 

,"g 
O &  
0 
2 

19th Equotwn-(~olltint~ed). 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204. 

205 

206 

207 

208 

209 

210 

21 1 

212 

213 

214 

215 

216 

217 

Coefaoiente of y and s 

19th Equation-(conti~luttd). 

Equalizing Factor = 16.  

218 + ,003 

219 1 - ,002 

220 j + -002 

Equalizing Factor 

- -0.53 

+ -018 

- '05u 

+ '030 

- -056 

+ -025 

- -046 

+ '022 

- ~0.39 

+ .019 

- -040 

+ .OIZ 

- '031 

-+ 'or1 

- '024 

+ '005 

- '024 

+ -010 

- -0.30 

+ .ore 

- .024 

+ -008 

- '020 

'oar 

.016 

'00.3 

+ -004 

- -013 

+ -003 

- 009 

+ -002 

- .oo6 

8% 
c .4 
0 8. 

54 
0H 

+ -008 

'000 

-002 

= 15. 

- -023 

+ -049 

- -0.33 

+ -056 

- '026 

+ -047 

- -019 

+ '040 

- -018 

+ -0.39 

- -016 

+ '030 

- - 0 1 1  

f ,031 

- '00: 

+ '023 

- -002 

+ -025 

- -013 

+ -027 

- -004 

+ -020 

- '006 

+ -015 

'003 

. -018 

'017 

'002 

-015 

'000 

.ooy. 

-001 

20th Equation-(continued). 

Bqualizing Factor = 1. 

I 

Coefficienb of y and s 

b l  
20th Bquation-(continad). 

Eqluttizbg Factor = 1. 

+ 1.005 

- 1.007 

+ 1.004 

- 1.004 

t 1.003 

- I -001 

+ 1.001 

0.000 

164 

165 

20th Equation. Azimuth. 

Equalizir~y Factor = 1. 

Left-hand Branch 

- r *oog 

+ 1.013 

- 1-002 

+ 1.010 

- r ,003 

+ 1.007 

- 0.998 
+ 1.008 

1.009 

- 1.000 

+ 1.007 

- 1.000 

+ 1.006 

- 1'000 

+ 1.003 

- 0.99~ 
+ 1.00~ 

+ 1.008 
- 1.005 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

- 1.014 
+ 1.004 
- 1.012 
+ 1.004 
- 1.010 
+ o-ggg 
- 1.007 
+ 0.998 

I -003 

- 1.007 
+ 1.00z 
- 1.004 
+ 1-002 
- 1.002 
+ 1.001 

- I-OOI 
+ I - W I  

+ I.oZj 

- 1.026 

1.027 

+ 1.022 

- 1.022 

+ 1.021 

- 1.020 

+ 1.020 

- 1.018 
+ 1.018 

- 1.016 

+ 1.016 

- 1-015 

+ reor, 

- 1.014 
+ 1'014 

- I'OIZ 

+ 1.012 

- I - O I I  

+ 1.011 

/ - r-oocj 

139 f 1.028 

166 + 1.006 
I 

167 ) - 1.005 

1-U) 

141 

143 

1 

Branch 
+ 1.038 

- 1.019 

1.023 

+ 1.0~0 

1.027 

- 1.009 

+ 1.022 

- 1.014 
+ 1.027 

- I . or I 
+ 1.022 

- 1.006 

+ 1.~020 

- 1.007 

+ 1.019 

- 1.006 
+ 1.015 

- 1.006 

+ 1.014 

- 1.003 

i. 1.010 

- 
+ r.011 

181 

182 

153 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

191 

195 

196 

197 

198 

199 

200 

201 

202 

203 

2l8t Equation. Zinear. 
Equal izhagFmt0t=~03.  

Left-hand Branch 

168 

169 

170 

171 

- 1.025 
1.025 

+ 1.025 
- 1.023 

Right-liand 
+ 1.023 
- 1.036 

1.033 

+ 1.011 
1 . 0 ~ 1  

- 1.023 
+ 1.005 
- 1.027 
+ 1.012 
- 1.028 
+ 1.010 
- 1.022 
+ 1.008 
- 1.019 
+ 1.008 
- 1.019 
+ 1.005 
- 1'015 
+1.006 

- 1.011 
+ 1.002 
- 1.011 

+ 1.005 

160 

161 

162 

163 

+ 1.003 
- I -003 
+ 1.001 

- 1.001 

+ 1.009 / + 1.009 

- 1.009 - 1.008 

+ 1.008 + 1.008 
I 

- 1.006 

+ 18 

I 4  

6 

- 7 

+ 9 

25 

4 

I I 

17 

I4 

12 

181 

182 

183 

184 

185 

1116 

187 

188 

189 

114 / + 1.021 
145 - 1.021 

- 15 

'9 

14 

30 

6 

2 

, 31 

14 

I 6 

146 

19 

191 

+ I-ozo 
147 - I-ozo 
148 1 + 1.018 
119 ( - 1.018 
150 I + 1.016 

I 151 

152 

153 

154 

155 

156 

157 

158 

159 

- 1.016 
+ 1-015 
-1.015 

+ 1.014 
- 1.014 
+ 1.012 
I 

+ I'OII 
- 1.011 
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Y 

hg 0 
6 
& 

Coefflcientr of y and s 

L I  
e 

1% % B  
z o 

.a .'. 
$2 6 $ 
.LI .3 

t " A  0 

Coefflcienta o f  y and t. 

b 1 c 

2let E q u a t b ( c o n t i n u e d ) .  

Equalizing Factor = .03. 
192 

193 

1% 

195 

196 

197 

198 

199 

200 

201 

202 

203 

209 

205 

!a36 

!207 

208 

209 

210 

211 

2lst Equation-(colltinued). 

CoeUioienta of y and s 

L l  
Coeffioienta of y and s 

- 

L I  

- 11 

16 

8 

14 

12 

'9 

7 

15 

2 

21 

5 ,  
I I 

17 

7 

1 4 

6 

13 

15 

I I 

+ 6 

3 
U Q g s  
, a  
z O 8  o 

+ 19 

9 

15 

11 

14 

6 

16 

10 

17 

n 

19 

10 

4 

17 

11 

12 

5 

9 

13 

22 

= -03. 

- 12 

21 

9 

12 

12 

16 

8 

16 

1 1  

15 

9 

12 

15 

19 

12 

14 

8 

7 

13 

1 1  

7 

14 

12 

13 

12 

16 

1 1  

13 

18 

10 

232 

233 

234 

235 

236 

237 

238 

239 

210 

241 

242 

243 

244 

246 

246 

297 

248 

249 

250 

251 

252 

253 

254 

255 

256 

257 

268 

259 

260 

261 

22nd E q u a t i o n .  Latitude. 

Equaliziny Factof- = 16. 

Right-hand Branch 

Equalizing Factor 

+ 12 

10 

18 

12 

13 

8 

16 

8 

'5 

11 

14 

I 4  

I9 

12 

I I 

7 

I I 

17 

1 2  

I I 

I I 

10 

19 

13 

'3 

10 

17 

13 

1 1  

12 / 

22nd E q ~ c a t i o n - ( c o n t i n u e d ) .  

Equalizing Factor = 16. 

262 

Brancli 

+ ,047 

-038 

-020 

- -017 

+ '015 

'057 

.oo6 

'024 

-025 

-026 

.or5 

-032 

.ox0 

,023 

-010 

-020 

-003 

-019 

-005 

-019 

-001 

-016 

-006 

'005 

,007 

-007 

-004 

,005 

-003 

.ooz 

, -003 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

W 5  

246 

247 

248 

249 

' 250 

251 

181 

182 

183 

la 
185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

196 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

+ 17 

- 16 

21 

25 

1 1  

3 

' 14 

14 

12 

15 

1 I 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

%I 
13 

Left-hand 
- '042 

-038 

-026 

-063 

-016 

+ '003 

- -062 

.erg 

-028 

.024 

-024 

'010 

-022 

-005 

-018 

-008 

-021 

-001 

-016 

+ -003 

- '018 

'001 

007 

,006 

-005 

'003 

'003 

1 -001 

+ 44 

9 

32 

4 

27 

35 

11 

'3 

13 

' 5  

9 

Right-hand 
+ -121 

'037 

'057 

-023 

' 036 

,086 

-041 

'002 

'041 

'004 

'032 

- -002 

+ -033 

00; 

'033 

- -004 

+ '028 

- -002 

+ '024 

- .oo6 

+ '027 

- .oOg 

+ -02; 

- '009 

+ -025 

- -014 

+ '019 

- -017 

+ '022 

-019 

- .or5 

Branch 

+ '055 

- -025 

'065 

'039 

044 

+ -014 

- -007 

046 

'003 

' 044 

-000 

-038 

.or3 

' 033 

+ '002 

- ' 034 

-000 

-029 

-001 

-030 

+ '004 

- '027 

+ -009 

- - 0 2 9  

+ -008 

- .026 

+ -010 

- '022 

+ '016 

'01 2 

- -01 7 

209 

210 

21 1 

moo4 

mooo 

' O W  
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~ o e t ~ o i s n t a  of y and s 

L I  
'2 :; 
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.?I e 

$3 
" A  

21nd Eqwat~n-(continued). 

Eqf~alizing Factor = 16. 

CoeBcientr of y and c 

1 1 1  
Y 

.$ 
5 y * .- 
O A  

.;i 

Coe63cie11t.u o f  y and c 

252 

253 

254 

255 

256 

257 

258 

259 

260 

261 

262 

~ o i  of  y I c 

b i t  

+ '017 

- -013 

+ .016 

- '010 

+ -011 

- -008 

+ -008 

-- -006 

+ -006 

- '003 

+ -003 

24th Eqwath-(co~ltinued). 

L I  2 1 

23rd Equat~rt-(continued). 

Equalizing Factor = 16. 

+ -013 

- '015 

+ -010 

- -012 

+ -007 

- 0008 

+ -006 

- -006 

+ -003 

- '003 

'000 

23rd Equation-(continued). 

198 

199 

200 

201 

202 

203 

204, 

205 

206 

207 

208 

209 

210 

211 

23rd Eqwatwn. Zongitude. 

Equalizing Factor = 16. 

Left-hand Branch 

238 

259 

241) 

241 

242 

248 

244 

245 

296 

247 

%9 

250 

251 

252 

253 

254 

%5 

256 

257 

258 

259 

260 

261 

262 

Factor = 1 .  

- 1'021 

1'022 

+ 1.015 

- 1.019 

+ 1.017 

- 1.018 

+ 1.015 

- 1'015 

+ 1.012 

- 1.014 

+ I - 0 x 1  

- 1,012 

+ I -oro  

- 1.011 

+ 1.008 

- I .oog 

+ 1.006 

- I -007 

+ 1.005 

- 1.006 

+ 1.005 

- ~ ' 0 0 6  

+ 1.003 

- 1.004 

+ 1.002 

- I-oog 

+ 1.002 

0.000 

Branch 

184 

185 

186 

187 

188 

189 

190 

191 

192 

198 

194 

195 

196 

197 

198 

199 

200 

W1 

202 

203 

2041 

205 

2Q6 

207 

208 

209 

210 

211 

181 

182 

1 83 

185 

186 

187 

LS8 

189 

190 

191 

192 

193 

194 

195 

196 

197 

+ ' 022  

- -018 

+ -018 

- ,016 

+ -016 

- '013 

+ -015 

- '011 

Eqwlizhg 

- 1.018 

1.021 

+ 1.020 

- 1'017 

+ 1.019 

- 1.016 

+ 1.018 

- 1.014 

+ I . o I j  

- 1.012 

+ 1.014 

- 1.012 

+ 1.012 

- 1.009 

+ 1.011 

- 1.008 

+ 1.008 

- 1.006 

+ 1.008 

- 1.006 

+ 1.007 

- 1.004 

+ 1.005 

- 1.003 

+ 1.004 

- r.003 

+ 1.002 

- r -002 

Right-hand 

Equalizing Factw 

- '043 

+ .or6 

- '039 

+ -010 

- '033 

+ -003 

- ' 036 

+ -002 

- -023 

+ -003 

- -019 

.m9 

.ooj 

.oI.Z 

'004 

-010 

-008 

'010 

'004 

-006 

-002  

'O05 
+ .002 

- -001 

+ -002 

+ -018' 

- - 0 2 0  

+ .or5 

- '017 

+ -011 

- -014 

+ so11 

- . 012  

Right-hand Branoh 
- 

.061 1 - ,064 

+ -060 + -050 

058  1 . o j l  

- -048 

- . 0 4 5 1  048 -050 

+ so48 + -037 
- I -038 - -043 

+ + '037 

- -035 - -040 

= 15. 

- 'or6 

+ '040 

- -010 

+ '035 

- '008 

+ -028 

-002 

'032 

'002 

'022  

' 0 0 2  

'013 

.ot8 

-007 

-010 

.oog 

-013 

-006 

-009 

. O O ~  

.oog 

-003 

.007 

-001 

.oo3 + -041 

- '030 

+ -03; 

- so27 

+ '030 

- -024 

+ .029 

- * O ~ I  

+ 1.017 

I .c29 

- 1.015 

221 

212 

223 

24th Eqwtion. Azimuth. 

Equalizing Pactor = 1. 

Left-hand Branch 

+ -010 / + -008 

+ -OM 

-071 

- '035 

+ -070 

'037 

+ .046 

' 0.59 

- '024 

+ .o54 

- -032 

+ -048 

- ,023 

+ '055 

- ,022 

+ -042 

- -016 

+ .043 

221 / + ,024 

252 1 ' 052 

223 - -083 

2% ! + -048 

+ -031 

- ,036 

+ -026 

- -031 

+ -023 

- -028 

+ -021  

- -023 

+ I - O I O  

1'002 

- 1.036 

- -008 

+ '007 

- . O O j  

-t -004 

- -004 

225 

226 

227 

218 

2 

230 

231 

232 

233 

234 

235 

236 

237 

- 1.029 

+ 1.021 

1.023 

181 

182 

183 

- -007 

+ '005 

- . O O ~  

+ -002 

- -003 

- - 0 7 9 , -  

+ -006 

'032 

- '057 

+ -028 

- ,056 

+ -029 

- -049 

+ -025 

I - -0.52 

+ -019 

- -043 

+ -020 

- 1.026 

+ 1.028 

1.027 
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Y ... 

%$  

2 

~ o e 5 c r n t a  of y u ~ d  c 

) I  
LI 

'e 3 % s 
w .s 
" A  d 
Zi 

~oe5nsnt s  of y and c 

) I  
24th Eq~atkon-(continued). 

Y .- 
Hr 
6 g ". .- 
0 I. 

dCc 
Z 

.a .- 
a 
e 2  5 ;  
0 i: 
6H 
B 

Ooeacienta of  y and s 

) I  
Factor = I .  

+ 1.030 

- 1.015 
+ 1.022 

1.025 

- 1.011 
+ 1.023 

- 1.009 

+ 1.022 

- 1.010 
+ 1.0~5 

- I -009 

+ 1'019 

- 1.007 

+ 1.019 

- 1.007 

+ 1.018 

- 1.004 
+ 1.016 

- 1.003 

+ 1.013 

- 0.999 
+ 1.015 

- 0'999 
+ 1.010 

- 0-ygg 
+ 1.006 

1.009 

- 0.997 
4- 1.006 

- 0.997 
+ 1.006 

- 0.997 

21th Equation-(continued). 

Equaliz i~g Factor = 1. 

2% 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

259 

24Q 

241 

242 

!248 

244 

245 

24l6 

247 

248 

249 

250 

251 

232 

258 

254 

255 

Coeficienta of y and s 

) I  

256 

237 

258 

259 

260 

261 

262 

Equalizing 

+ 1.0~0 
- I '035 
+ 1.003 

1.014 

- 1-025 
+ 1.011 

- 1.025 
+ 1.012 
- 1'022 
+ I -01 I 

- 1.0~3 
+ 1.008 
- 1.020 
+ 1'009 
- 1.019 
+ r.007 

- 1.018 
+ 1.004 
- 1-015 
+ I - W I  
- 1.017 
+ I - W I  

- 1.011 
+ 1.001 

- 1.009 
+ 0.994 
0' 998 

- 1.005 
+ rSooo 
-1.004 

+ 0.996 
- 1.005 

26th Eqzbatwn-(continued). 

Equalizing Factor = .03. 

+o-999 

- 1.003 
+ ~'ooo 
- I - W I  

+ ~.ooo 
- 1.001 
+ 1.002 

212 

243 

244 

245 

246 

247 

248 

2.40 

25th Equation-(continued). 

EqzlalLing $'actor = 1. 
+ 1.006 

- 0.998 
+ 1.003 

- 0.999 
+ 1.003 

- 0.999 
+ 1.003 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

25th Equation. L k e a r .  

Bqualizing Factor = '03. 

Left-hand Branch 

- 14 

14 

'9 

1 2  

1 1  

7 

I I 

-t 13 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

282 

233 

234 

235 

236 

287 

238 

239 

2 M  

241 

+ 12 

10 

I I 

I I 

'5 

6 

I 8 

13 

9 

17 

9 

14 

9 

15 

1 7 

8 

10 

+ g 

12 

15 

19 

12 

14 

8 

20 

263 

264! 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

283 

- 12 

10 

10 

12 

I I 

12 

6 

17 

14 

12 

15 

9 

14 

9 

15 

12 

I 6 

.- 44 

9 

32 

4 

27 

35 

I I 

13 

13 

15 

9 

12 

10 

I 8 

12 

'3 

8 

I 6 

8 

15 

1 1  

26th Equation. Xatittrde. 

Equalizitlg Factor = 15. 
Left-hand Branch 

Right-hand 

+ 25 

27 

I I 

4 

1 1  

15 

24 

7 
2 6 

3 

2 I 

12 

'3 

1 I 

15 

14 

I I 

15 

12 

I I 

9 

12 

11 

- 17 

+ 16 

21 

25 

1 1  

3 

14 

14 

12 

15 

1 1  

12 

21 

9 

1 2  

12 

16 

8 

16 

1 1  

15 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

Branch 
o 

- 14 

17 
28 

3 

5 

5 

17 

6 

15 

9 

10 

14 

13 

I I 

I 1 

13 

12 

14 

13 

14 

11 

1 1  

- 
' 0.3 3 

-015 + -042 

-069 '042 
- 0 ~ 8  I - 
'004 

' 049 

-060 

' 020 

-019 

'023 

-022 

-012 

' 053 

- 023 
'c'c'5 

023 

' 024 

'Oig 

024 

-018 
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5 a 
.2 
0 u 
c .9 0 r 

6 3 
R 

4 .- - 
0 0 L-  

6 E" 
=g .3 

A d 
R 

2% 
3 
.d 

0 5 
L. .E 
O C I  
d 
Z 

Coefficielitn o f  y and z 

b I C  
Coefficientn of y and z 

C1 .- - 2 a 
g ?  
~3 
F5 

Coefficients of y and z 

b  

26th E q z c a t ~ n - ( c o n t i n ~ ~ e d ) .  

Eqzializing Factor = 15. 

Coefficients of y and z 
. 

c 

332 

233 

234 

235 

236 

237 

238 

239 

24.0 

241 

242 

243 

244 

2-45 

2-46 

247 

248 

249 

26th Eqzca t ion- (Cont inued) .  

E q u a l i z i ~ t g  Factor = 15. 
27th E q z c u t i o n - ( c o n t i n u e d ) .  

276 

277 

278 

279 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

27th E q ~ c a t i o n - ( c o n t i n n e d ) .  

E q t c a l i z i n g  Factor = 15. 
- -016 

'012 

'021 

'or3 

'0x3 

-007 

-013 

. 004 
'011 

006 

-007 

.007 

-009 

004 

'002 

+ '001 

- 000 
' 000 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

= 15. 

- '049 

+ .052 

- -040 

+ '044 

'039 - 
-041 

+ -036 

- -037 

+ -033 

- '033 

+ -631 

- -030 

+ -027 

- -026 

+ -025 

- -021 

+ 'ozo 

- 
+ I O 2  

- -016 

+ '013 

- -012 

+ '011 

- -007 

+ -006 

' - ,004 

-I- -002 

- '002 

Branch 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

231 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

215 

246 

2k7 

248 

249 

' + -018 

-029 

-012 

'014 

'014 

-018 

,008 

,016 

'010 

.or3 

-006 

'007 

-009 

'010 

'005 

-006 

-002 

'002 

- -005 

+ -036 

- -001 

+ -028 

- -003 

+ -028 

- -008 

+ -024 

- -008 

+ -023 

- '010 

+ -020 

- - 0 1 1  

+ -020 

-02 J 

- -013 

+ .ozo 

- -008 

+ -014 

- -005 

+ .or1 

-005 

E q z c a l i z i n g  Factor 

- '057 

+ '047 

- -048 

+ -048 

- '037 

040 

+ -038 

- '037 

+ -037 

- '034 

+ -033 

- -031 

+ '030 

- -028 

+ -025 

- -024 

+ -023 

- -020 

+ ,020 

- '017 

+ -015 

- -014 

+ '011 

- -010 

+ -008 

- -006 

+ -004 

- -004 

Riglit-hand 

Right-hand Branch 

- -036 

+ '003 

- '031 

+ -001 

- -030 

+ '003 

- '030 

+ '004 

- '027 

+ -006 

- ,024 

+ .ooy 

- -022 

+ . O I ~  

-010 

- -ory 

+ -010 

- -017 

+ -005 

- ,014 

+ :002 

- .OIO 

297 I - 298 + eco8 

299 1 - 004 

+ .Ooj :xy 1 - 

+ -049 

- -058 

062 

+ -021 

-036 

- -064 

041 

+ -017 

- -046 

+ -021 

- -047 

'+ -016 

- -0.50 

+ -017 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

+ '002 

- -007 

-000 

-003 

+ '071 

- ' 044 

-042 

+ ,047 

058 

- '032 

-023 

+ ,043 

- '024 

+ -044 

- -01 7 

+ ,038 

- -01 7 

+ -036 

- -062 

+ '067 

- ,039 

263 

6 4  

265 

soo3 I 302 1 + -003 -000 

27th Equcrtwn. Lo~zgitude.  

E q u c a 1 i z i ) ~ g  Factor = 15. 
Left-hand Branch 

221 1 - -0681 - -0j9 

- '013 

+ '034 

- 009 

+ '031 

- -008 

+ -025 

- a 004 

+ -021 

- -003 

+ -020 

280 - .038 

+ '051 

-082 

009 

'022 

~ 0 0 3  

'012 

- -085 

+ '038 

- -064 

281 

2 8 2 -  

- '017 

'021 

'ojo 

026 

275 / + '034 

+ -013 

-031 

290 

291 

292 

293 

294 

295 

296 

-003 

- + 'Oo2 I .020 

1 -002 

'OO1 

.or 3 

0 0 2  0 1 4  

'002 

+ -004 

016 1 01j 

- - 000 
+ -003 

0 1 5  

01.( 

0 6  + 

297 1 - 
'OI0 i ' 000 

+ '013 

284 2 8 3 1  - . 

-028 

'023 

- -014 

+ '046 

- -002 

285 

286 

287 

288 

289 

- 0 

-029 

'043 

+ '003 

- '033 

+ '008 

- -026 

$. a006 

- '022 
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$2 
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4a 

$2 

?I 
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3 

z 

Coe5cietits o f  y and e 

L I  
Coe5oienta of  y and r 

6 1 C  
27 th Equation-(cantinued). 

Equalizing Factor = 16. 

.a .- 
g . 2  ." 
U 2 
k .s 
;& 
b 

298 

299 

300 

301 

302 

u ... 
g Q 

.C 0 
U E ... .s 
0 * 
d H  
?i 

Coe5cients o f  y and e 

6 l  
28th Equat ion-(continuea). 

Equa.lizing Factor = 1. 

Coetecienta o f  y and z 

I I  

+ *ooz 

- -007 

• 000 

,003 

+ '003 

244 

245 

246 

247 

24.8 

249 

+ -009 

'001 

-007 
-001 

-005 

28th Equation-(continued). 

Equalizing Factor = 1. 

28th Equation. Azimuth. 

Equnlizing Factor = 1. 

29th Equation-(continad). 

Equalizing Factor = .03. 
+1*o05 

- I.ooj 
+ 1.003 
- 1.003 
+ I-ooz 
- 1.002 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

321 

222 

223 

2% 

225 

226 

227 

228 

229 

230 

231 

232 

233 

231 

235 

236 

257 

238 

239 

240 

241 

%2 

241 

276 

277 

278 

279 

280 

281 

283 

283 

284 

285 

286 

287 

288 

289 

+ I'OO~ 

- 1.003 
+ 1.003 

- 1'002 
+ 1.002 

0-ooo 

Righ t,-hand Branch 

-I.OIO 

$. 1.002 

0'999 

- 1.006 
+ 1.000 
- 1.008 
+ 1.003 
- 1.006 
+ 1.002 
- ISOOj 
+ 1.002 
- 1.003 
+ I-ooo 
- I-OOI 
+ I -001 

263 

264 

269 

266 

267 

268 

269 

270 

271 

Left-hand 
-1.026 

1.024 

+ 1*021 
- I-ozo 
+ 1'023 
- I-or6 

1.017 

+ 1.017 
- I -016 
+ 1.015 
- I -or5 

+ 1.014 
- 1'014 
+ 1'012 
- 1-012 
+ I - O I I  
- 1-01 I 

+ 1'009 
- 1.009 
+ 1.008 
- 1.008 
+ 1.006 
- 1.006 

- X I  

'5 

14 

I I 

'5 
I z 

I I 

9 

12 

I I 

12 

JO 

11 

+ 12 

- 1'002 
+ 1.009 

I-oog 

- 0.999 
+ 1.007 

- 0.999 
+ 1.008 

- I -001 

+ 1.006 
- 1.000 
+ 1.005 

- I -000 

+ 1.003 

- 0.999 
+ I -003 

Branch 
- 1.024 

1.021 

+ 1.021 

- 1.019 
+ 1'019 

- 1~0x8 
1.017 

+ 1.015 

- I -01 6 

+ 1.015 

- r -014 

+ 1-014 
- 1.012 
+ 1.012 

- I - O I I  

+ 1.011 

- 1.009 
+ 1.009 

- 1.008 
+ 1.008 

- 1.006 
+ 1.006 

- 1-00.5 

291h Equation. Xinear. 

Equalizivzg Factol* = -03. 

Left-hand Branch 

+ I3 

I I 

J I 

13 

12 

14 

13 

14 

I I 

11 

12 

10 

10 

24 

- 1.037 
+ 1.016 
- 1.028 
+ 1.021 
- 1.027 

I -029 

+ 1.009 
I .or4 

- 1.030 
Right-hand Branch 

- I -027 

+ 1.030 

- 1.017 

+ 1.031 

- J -019 

1.018 

+ 1.021 

I -026 

- r.014 

o 

+ 14 

'7 

28 

3 

5 

5 

17 
6 

15 

9 

10 

14 

263 

262 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

r -009 

+ I .ozo 

- 1.010 
4. 1.020 

- 1.006 
+ 1.018 

- 1.006 
+ 1.018 

- 1.006 
+ 1.015 

- 1.004 
+ 1.014 

- I -004 

+ 1.011 

- 1.002 
+ 1.010 

- I3 

5 
r 8 

I 

3 

12 

10 

7 

I 3 
'I I 

1 4 

'7 

I 6 

' 5  
1 6 

9 

I 6 

393 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

311 

315 

316 

317 

318 

319 

272 1 I .or9 

- 25 

27 

I I 

4 

1 1  

15 

24 

7 
26 

3 

2 I 

12 

I 3 

+ 10 

'7 
6 

23 

'9 

17 

13 

1 -5 
I T  

17 

14 

I 6 

X I  

r 6 

13 

IT 

8 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

285 

286 

t 1.006 

- 1.021 
+ 1.008 
- 1.019 
+ I.ooj 
- 1.019 
+ 1.008 
- 1.017 
+ 1.006 
- 1-org 
+ 1.005 
- 1.013 
+ 1-004 
- r.012 

287 1 + 1.003 
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Y .* 
g2. 
5 F % z  d 
R 

.a .- 
$ 
2.3 
;$ 
2 

Coefficients of  y and r Coe5oie11te o f  y and z 

) I  
29th Equation-(continued). 

Equalizing Factor = -03. 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 

* .- 
5 
o o 
.b u a 
r 0 .d 8. 

6 E-c z 

30th Equalion-(continued). 

Equalizing Factor = 16. 

+ 16 

4 

I 6 

5 
18 

13 

12 

I 4  

16 

9 

13 

- 3 

18 

3 

17 

6 

16 

11 

13 

14 

18 

8 

+ -008 

-011  

.007 

-008 

-004 

'006 

-004 

-005 

'W1 

'002 

30th Equation-(conti~lued). 

Equalizing Factor = 15. 
280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

30th Equation. Latitude. 

Equalizing Factor = 15. 

Left-hand Branch 

Coefflciellts of y and r 

318t Equation-(continued). 

Equalizing Factor = 16. 
- -011 

'w5 
-006 

003 

005 

'001 

moo4 

+ .oar 

- -001 

+ -001 

4 ." 
Zz 
G F * .9 
0 * 
d H  
2 

b 

+ -007 

- -010 

+ -004 

- -006 

+ '001 

- -003 

- ooo 

324 

325 

326 

327 

328 

329 

330 

-000 

+ '032 

'034 

'057 

'007 

'011 

-009 

'026 

-008 

-019 

'012 

.OIZ 

-016 

-013 

'ore 

-010 

-011 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

2 79 
L 

Coefficients of y and z 

b l  c 

+ -009 

- -006 

-t '006 

- - 003 
+ -003 

' 000 

284 

285 

286 

287 

288 

289 

+ -013 

- -007 

+ so09 

. - -004 

+ -004 

- -003 

+ '003 

Branch 

- -033 

-003 

-038 

+ '004 

- -015 

'OOj 

-022 

+ -002 

- -024 

-001 

.022 

-004 

-022 

.wl 

-021 

+ -004 

- -017 

+ -008 

- -016 

+ -008 

,006 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

319 

320 

321 

322 

323 

- -058 

'054 

'022 

004 

-017 

024 

'033 

008 

030 

-003 

'022 

-012 

-01 I 

-009 

'012 

'010 

-008 

+ -009 

- -009 

+ a006 

- -006 

+ -003 

- 003 

318t Eqzcatwn. Zongitude. 

Epualizi?~g Factor = 15. 

Right-hand 
+ -006 

-032 

- ' 002 

+ '034 

-012 

-028 

-003 

-025 

'000 

.024 

'000 

'021 

- 003 

+ -020 

- -003 

+ -013 

- -008 

+ -014 

- -010 

+ .o12 

-010 

Branch 

- '033 

'038 

- - 024 
+ '030 

- -027 

+ -032 

- -019 

+ -027 

- -015 

+ '027 

- '01 2 

+ '027 

- ~007 

+ .o~r 

- -003 

+ -016 

- '001 

+ - 0 1 0  

003 

-008 

-013 

'010 

003 

-007 

'002 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

319 

320 

321 

322 

323 

324 

325 

326 

327 

Branch 

+ -052 

- ' 045 

+ '045 

- '037 

+ a038 

'037 

- -034 

'032 

+ -027 

-026 

- .OZj 

+ -023 

- -022 

+ '020 

- -oly 

+ -018 

- -015 

+ -015 

- -012 

+ .orz 

- -009 

263 

264 

265 

266 

267 

268 

269 

270 

271 

2:2 

273 

27-4 

275 

276 

277 

278 

279 

280 

281 

282 

283 

Right-hand 

- '047 

-k '031 

- '039 

+ -021 

- -040 
+ -019 

- ,033 

+ -016 

- '030 

+ -013 

- ,028 

+ -010 

- '024 

+ .ooj 

- '021 

+ -006 

- -016 

+ ,001 

- -010 

'ooz 

+ '003 

- -001 

- 008 
'000 

-006 

Left-hand 

+ -052 

- -052 

+ '04j 

- -044 

+ -039 

' 040 

- '033 

'033 

+ -031 

-028 

- -026 

+ -025 

- '023 

+ -022 

- -021 

+ -018 

- .018 

+ '015 

- -015 

+ -012 

- -012 
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Coe5cieuts o f  y and r 
- 

.- Y 

' m  5% 
z.3 
O € i  

; 

Coefficients o f  y and x 
a 

'I Z! " p .r 
0 C 
d B  
R 

Coefficients of  y and z '2 2 .- m 
U E: 

% i? 
dH 
R 

.r 
& m 
.5 xi, : 
0 i: 
d B  
k-4 

339.d Equation-(~ontinned). 31st Equation-(continued). 

Equalizing Factor = 15. 

~ o e ~ c l e n t .  o f  y and r 

= -03. 

- '3 

6 

7 

7 

33 

I I 

13 

I 8 

12 

J4 

I 3 

I 3  

10 

14 

'3 

9 

11 

10 

J I 

1 1  

'3 

7 

+ e006 

-001 

* 003 

328 

329 

330 

Xqualizing Factor 

32nd Equation-(continued). 

Equalizing Factor = 1. 

288 + reool + 1.001 

289 1 -  l.001 I O*OOO 

+ *oar 

- '002 

+ -003 

340 

841 

842 

343 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

354 

355 

356 

357 

358 

359 

360 

361 

33rd Eq~cation. Linear. 

Equalizing Factor = '03. 

Left-hand Branch 

303 

301 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

319 

320 

311 

322 

323 

32E 

+ II 

'3 

'4 

I 6 

12 

13 

1 7 

I I 

I 6 

73 

I I 

12 

14 

10 

5 
I I 

9 

14 

10 

12 

8 

1 6 

32nd E ~ u a t w n .  Azimzcth. 

Equalizing Factor = 1. 

Left-hand Branch 

34th Equation. Latitude. 

Eqtcalizkg Factor = 15. 

Left-hand Branch 

+ 13 

5 
18 

I 

3 

12 

10 

7 

13 

1 1  

14 

1 7  

16 

15 

303 

804 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

Right-hand 
- 1.0~1 
+ 1.013 
- 1.017 
+ 1.008 
- 1.019 
+ 1.008 
- 1.015 
+ 1.006 
- 1'013 
+ 1.005 
- 1.013 
+ 1'004 
- 1-or1 
+ 1.003 
- 1.010 
+ 1.003 
- 1'007 
-t 1'000 

- 1.005 
+ 0.999 

1.001 

0.999 

303 

304 

305 

306 

307 

308 

- 10 

'7 
6 

23 

1 9 

17 

13 

I 5  
I I 

17 

14 

I 6 

1 1  

Branch 
- 1'014 

+ 1.017 

- 1.010 

+ 1.013 

- I-or2 

+ 1.015 

- 1.008 

+ 1.012 

- 1.006 

+ I - O I ~  

- 1.005 

+ 1'013 

- 1.003 

+ 1.011 

- 1.001 

f 1.008 

- 1.000 

+ 1.005 

- 0.999 
+ I -004 

1.006 

I ,006 

+ 1-022 

- 1'020 

+ 1'020 

- 1.016 

+ 1'017 

1.016 

- 1.01j 

1'014 

+ 1.012 

1.012 

1.011 

263 

264 

265 

266 

267 

268 

317 

318 

319 

320 

321 

322 

323 

- 0.999 
+ 1'004 

- 1.000 

+ 1.003' 

- 0.999 
+ I -003 

+ 1.022 
- 1'022 
+ 1'020 
- 1.019 
+ 1.018 

I -019 

- -015 

' 020 

so07 

-021 

'021 

I - 1.005 
326 1 + 1,002 

269 - 1.015 
270 1'014 

271 + 1'012 
2 7 2 1  1.012 

1 ~ 0 1 1  

+ -022 

'012 

026 

-006 

-003 

327 

328 

329 

l6 

275 - I.OII 

.015 I -014 

- 1.002 
+ 1-000 
- 1 ~ 0 0 2  

'3 

I I 

8 

I 6 

4 - 1.009 

Right-hand Branch 

310 + I ,003 

16 

9 

16 

3 

18 

331 

332 

333 

3 

+ Id 16 1 33 

276 1 + l-ooy + 1.009 

277 ! - ~ ~ o o g , -  1.008 

278 1 : :I:: 279 

280 + 1.007 
28i  / - 1.007 
282 + I'OOj 

+ 3 

I3 

14 

+ I ,008 

- 1.007 

+ 1.007 

- 1.00j 

+ 1.005 

- 23 

3 

18 

14 

14 

14 

I I 

5 

9 

334 I I 

333 283 1 - 1.005 - 1.004 

836 

337 

338 

339 

284 + 1.004~ 
285 - I -004 
256 I + 1-003 

I 

10 

16 

20 

I 6 

+ 1.004 

- 1.003 

+ r.003 

8 7  , - 1.003 I - I-oor . 
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Coe5oienta of y and t 

) I c  
-3 
Ed 

Pi 

13 
$1 6 
Pi 

r 
Y 

$3 

:j G 

.t: 

$% 
eg G 

&efacienk of y ahd s 

& I  

Coemoienk of y and s 

c 

h 5 o i e n k  of y and z 

34th E~~tio*(aontinued). 

Equalizing Factor = 15. 

b  

36th Eq~dh-(~ontinued).  

Equalizing Factor = 16. 
34th Equatkm-(cont;nu4. 

Equalizing Factor = 16. 

C 

816 

317 

818 

319 

820 

321 

322 

823 

36th Equation-(continued). 

Equalizing Factor = 16. 

+ -011 

.oo;. 

-011 

*oog 

-011 

-012 

-011 

-009 

-007 

-005 

-006 

-002 

-005 

-OOZ 

,004 

809 

310 

811 

318 

813 

814 

815 

816 

817 

818 

819 

820 

821 

822 

8 

- '026 

+ *ore 

-008 

- -019 

+ '008 

- '015 

+ '007 

- .orz 

+ -005 

- -009 

+ -005 

- -007 

+ .ooz 

- -003 

.WO 

847 

848 

, 349 

850 

851 

852 

853 

354 

855 

356 

357 

358 

359 

360 

861 

- ,012 

-01 2 

-008 

-01 2 

'O04 

'010 

-006 

-006 

*004 

-002 

'001 

awz 

'000 

-001 

+ -001 

- '014 

+ -010 

- *ore 

' +  * w 8  

- -008 

+ -005 

- -005 

'003 

1- -005 

'O09 

,002 

006 

'00% 

'004 

-001 

'003 

854 

855 

356 

857 

858 

859 

860 

861 

- '011 

+ .ozz 

-020 

- a 0 1 2  

+ -016 

- -010 

+ -013 

- -010 

+ .OIO 

- -007 

+ -009 

- -005 

+ -006 

- -003 

+ '003 

Right-hand Branch 

- '012 

+ *ore 

- '008 

+ -008 

- .oo5 

+ -005 

- -003 

-000 

- -006 

+ -001 

- -006 

-001 

'004 

+ .oar 

- -001 

+ -0oz 

331 

882 

338 

834 

835 

836 

837 

338 

839 

840 

841 

842 

843 

844 

3-45 

846 

347 

848 

a49 

850 

851 

352 

353 

36th Equation. Longitude. 

Equalizing Factor = 16. 

Left-hand Branch 

36th Equation. Azimuth. 

Equalizing Factor = 1. 

- '042 

.o19 

'047 

*or5 

'037 

-007 
'wz 

- O Z I  

,025 

+ -001 

-008 

- ,021 

*OZI 

+ '005 

- ,024 

+ -007 

881 

832 

833 

8a4 

385 

836 

837 

338 

889 

840 

a41 

a42 

343 

a 
345 

346 

Right-hand 

+ '049 

- '053 

' 054 

+ '034 

- -054 

+ -023 

• 020 

- '040 

'037 

+ -013 

-013 

- .029 

'031 

+ -007 

- .ozg 

-000 

-022 

:ma 

'000 

.016 

' ow 

-015 

-000 

803 

304 

805 

806 

807 

808 

809 

810 

811 

312 

818 

814 

815 

316 

317- 

318 

819 

320 

321 

322 

+ ,018 

-01% 

0014 

'028 

'020 

-025 

'033 

-007 

'O03 

-023 

-025 

- -004 

aooz 

+ '022 

- -007 

+ .a24 

+ -038 

- '032 

+ -032 

- -026 

+ *026 

- '022 

+ -022 

- ,020 

+ '020 

- -017 

+ '017 

- -014 

+ - 0 1 2  

803 

304 

805 

806 

807 

808 

309 

810 

311 

812 

813 

814 

315 

Branch 

+ '063 

- '042 

-031 

+ '045 

- -025 

+ '039 

-037 

- -020 

-017 

+ ,030 

'025 

- -01% 

-012 

+ -024 

- .m6 

+ .ozz 

-004 

-020 

'021 

-003 

-016 

.ocz 

'014 

+ ,038 

- .038 

+ '032 

- ,032 

+ -026 

- '026 

+ '022 

- -022 

+ '020 

- -020 

0 1  

- .or5 

+ -015 

Left-hand Branch 
+ 1.016 

-1.016 

+ 1.014 

- 1.014 

+ I - O I ~  

- 1.012 

+ I-oro 

- 1.010 

+ 1.009 

- 1.009 

+ 1.007 

- 1.007 

+ 1.006 

- 1.006 

+ 1.005 

- 1.005 

+ 1.004 

- 1.004 

+ 1.002 

- 1.002 

+ 1.016 

- 1.014 

+ 1.014 

- 1.012 

t 1-012 

- 1.010 

+ I -o lo  

- 1.009 

+ 1.009 

- 1.007 

+ 1.007 

- 1.006 

+ 1.006 

- I * 005 

+ 1.005 

- 1.004 

+ 1.004 

- 1 '002 

+ 1 . ~ 2  

- 1.001 



INTRODUCTORY. 

.r 
0'  :' f f 13 

:I $ 

-3 
.5 3, 
:J 

Coe5oients of y and c 

& I C  

Coetaoienta of y and c 

) I C  
'3 
39 4 

Coeficients of y and s 

I c  

~ae5cienta of y z 

3 6th Equation-(Continued). 
Eqzcalizhg Pae tor=l .  

323 ( - 1.001 I 0.000 

b 

37 th Equation-(oontinuea). 

EqualizingPactor=.03. 

331 

332 

833 

384 

335 

336 

837 

338 

339 

340 

84 1 

342 

343 

341 

345 

346 

347 

348 

349 

350 

851 

352 

353 

354 

355 

856 

357 

858 

859 

360 
v 

36th .&~atiOn-(continued). 
Equalizing Pac to r= l .  

361 ( + 1.002 1 + 1-003 

37th E q u a t h .  Zinew. 
Eq~alizing Factor = -03. 

Left-hand Branah 

C 

38th Equatwa-(continued). 

i Y q e ~ ; I i z ~ P a c t o r = l S .  

- 13 

12 

10 

15 

13 

14 

3 
18 

10 

13 

414 

416 

416 

417 

418 

419 

4r20 

a1 

a 2  

423 

Right-hand 
+ 1.021 

- I -023 

I -023 

+ 1.016 

- 1.023 

+ i.011 

I -009 

- 1.017 

I .o16 

+ 1-007 

1.005 

- 1-01% 

I -013 

+ 1.003 

- 1-012 

+ 1.000 

- 1.00g 

+ 0.999 

1.001 

- 1.006 

+ 1.000 

- 1.006 

+ 1.001 

- 1.002 

+ raoo1 

- 1'00g 

+ 1,001 

- 1.002 

+ I -001 

- 1.001 

+ 23 

3 

18 

14 

14 

14 

11 

5 

9 

13 

6 

7 

7 

13 

11 

13 

18 

12 

14 

13 

25 

331 

332 

833 

334 

335 

336 

337 

338 

839 

340 

341 

342 

3 ~ 3  

344 

845 

346 

347 

3~ 

350 

351 

+ l o  

13 

14 

12 

12 

8 

I 8 

I I 

12  

12 

+ -00% 

'003 

002 

349 

350 

351 

Branch 
+ 1.029 

- I -018 

I . O I ~  

+ 1.020 

- 1-012 

+ 1.016 

1.016 

- 1'009 

1.008 

+ 1.013 

1.010 

- 1.006 

1.006 

+ 1.011 

- 1.003 

+ 1.010 

- 0.998 

+ 1.009 

1.010 

- 0.999 

+ 1.007 

- o-ggg 

+ 1.006 

- 0.998 

+ 1.005 

- o'ggg 

+ 1.004 

- 1.000 

+ 1.002 

- 0.999 

- 3 

13 

I4 

I I 

22 

10 

I 6 

20 

16 

11 

13 

14 

16 

1 2  

I3 

17 

I I 

I 6 

'3 

I I 

+ I 2  

- '004 

+ -oar 

- '001 

38th Equation. Latitude. 
Eqlsatizkg Factor = 15. 

Left-hand Branch 

Right-hand Branch 

362 

363 

ax 
365 

366 

367 

368 

369 

370 

371 

372 

373 

374 

375 

376 

377 

878 

379 

380 

381 

382 

383 

884 

385 

386 

387 

888 

389 

+ -050 

-005 

-031 

-025 

-022 

,017 

- -013 

-007 
-010 

-010 

'004 

-006 

-006 

,006 

-007 
-002 

-009 

-001 

331 

332 

333 

334 

335 

386 

337 

388 

339 

340 

341 

342 

843 

344 

345 

846 

847 

348 

- 32 

13 

2 

13 

11 

4.09 

410 

411 

412 

413 

Right-hand 

+ .054 

014 

-000 

'065 

,036 

-018 

'067 

- -008 

+ ,039 

-023 

'032 

'007 
-061 

- ,009 

+ -062 

- -017 

+ '060 

- 014 

+ '053 
- -008 

+ '045 
- '001 

+ -046 

- -006 

+ -034 

- ,006 

+ -026 

,001 

- -004 

'022 

'024 

-012 

-029 

'010 

-017 

.or 6 

'012 

.oo8 

'010 

.006 

-008 

-006 

-002 

'007 

+ ,001 

- '006 

+ 7 

5 

20 

7 

10 

Branch 
- 'OIZ  

'043 

-051 

+ -002 

- -016 

' 043 

'001 

080 

-006 

046 

• 020 

-050 

-000 

'057 

+ ,012 

- -061 

'004 

'059 

+ -011 

- 048 

+ 'ooz 

- ' 033 

+ -002 

- -052 

+ ,006 

- '040 

+ *OOI 

- '037 
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A 

Y ." 
2 o 
.b -& 

R o 
; g  

a ." 
3 .- M 

t4 
g 

9, 
3% 
i 

Coemcienta of y and c 

I 
Coe5cienta of y and o 

b 1 c  

.u 

.d 

%g rl 0 

CoeBoienta of  y and c Coeffloienta of y and E 

b l C  
b  

39th Equation-(Oontinued). 

c 

89th Eqzlatwn-(continued). 88th Equatb(Cbntinued). 
= 16. 

+ -026 

- 0001 

+ '023 

'004 

'023 

'007 

'021 

-011 

'010 

-01 7 

-010 

' '033 

a016 

'002 

-014 

-010 

-01 I 

.009 

'007 

,010 

-006 

-006 

'003 

-006 

-002 

'002 

398 

399 

400 

M1 

4 2  

908 

a 
405 

406 

407 

408 

409 

410 

411 

412 

413 

414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

88th Bquation-(oontinued). 

Equalizing Factor = 15. 

4!22 -004 - '002 

4111 1 ; -004 1 + . m 2  

39th Equatiorc. Zongitude. 

Eqz~cliahgFactor=15. 

Left-hand Branch 

= 15. 

+ '077 

- -048 

+ -068 

- -025 

+ -068 

- -040 

+ '073 

'035 

+ '064 

- -026 

+ -054 

- ,019 

+ '063 

- -016 

+ ,050 

- -020 

+ -053 

- -028 

+ -051 

- -008 

+ '043 

- ,014 

+ '046 

- '014 

+ -045 

- -019 

+ '043 

'001 

'039 

- '01 2 

+ '032 

- -005 

= 15. 

+ -002 

- '029 

+ -006 

- -039 

+ -009 

- -029 

+ '015 

- '031 

+ -017 

- ,030 

+ '019 

- -030 

+ so20 

- ,929 

+ -021 

- '027 

+ -022 

-022 

- -022 

f -018 

- -018 

+ -017 

- -016 

+ '015 

- '013 

+ -012 

- -010 

+ ,010 

- -007 

i- -007 

- 0006 

2 '005 

Bqualizing Factor 

+ '001 

- -026 

'004 

-025 

'004 

023 

'007 

*or 5 

'013 

-019 

-027 

'007 

'002 

-019 

004 

'007 

,006 

-008 

007 

'004 

'004 

-001 

-003 

-001 

-000 

-000 

Equalizing 

390 

891 

392 

393 

394 

395 

396 

897 

398 

399 

800 

401 

402 

908 

404 

4-05 

406 

Po7 

4108 

4Q9 

410 

411 

412 

413 

414 

415 

416 

417 

418 

419 

420 

421 

Equalizing 

366 

887 

368 

369 

370 

371 

372 

373 

874 

375 

376 

377 

378 

379 

380 

381 

382 

383 

384 

385 

386 

887 

388 

389 

390 

391 

392 

893 

394 

395 

396 

397 

Pactor 

+ '032 

- ,005 

+ -038 

- ,017 

+ .027 

- -015 

+ '027 

- '017 

+ -029 

- ,021 

+ -029 

- -021 

+ -028 

- -022 

+ -026 

- ,025 

+ -024 

025 

- -022 

+ ,020 

- -020 

+ -017 

- ,018 

+ -016 

- -015 

+ -013 

- -012 

+ -010 

- -009 

+ ,007 

- ,008 

+ -005 

Factor 

+ '053 

- '019 

+ -034 

- -064 

+ -046 

- -079 

+ '044 

- '071 

+ '02j 

- -060 

+ ,020 

- '051 

+ -017 

- .ogr 

+ '020 

- '052 

+ .021 

- '056 

+ -017 

- '048 

+ .o21 

- -046 

+ '025 

- -05% 

+ '014 

- '050 

+ '003 

- ,032 

+ .OIZ 

- '037 

+ '010 

- ,035 

- ' 045 

+ '039 

-039 

- '030 

+ -030 

- 024 

-025 

+ -019 

-019 

- -016 

-016 

+ -012 

.OIZ 

- -010 

+ '008 

- -010 

+ -003 

- -006 

-006 

+ -001 

- .ma 

831 

332 

333 

334 

~5 

337 

338 

339 

340 

341 

342 

343 

344 

M 

846 

347 

343 

849 

850 

851 

40th Equation. Azimuth. 

Equalizing Factor = 1. 
Left-hand Branch 

- '047 

+ -039 

'039 
- '037 

+ -033 

- -025 

-026 

+ -022 

-022 

- -017 

-017 

+ -014 

-015 

- -010 

+ '013 

- -007 

+ -009 

- ,004 

004 

+ .003 

- ,003 

381 

332 

Right-hand Branch 
362 

363 

364 

365 

- r*oao 
+ 1.017 

- 1'020 

+ 1'017 

+ ,051 

- ,079 

'073 

+ -040 

+ -076 

- -054 

-050 

+ -069 



INTRODUCTORY. 

.a ." 
% a 
.b 3 
2 1 
xg 

W 

3 ,  3 te '.. .% 
"€i .ri 

u ." 
2 

9% .ri 

Coefficients of y and s CoefBcientn of y and z 

B 

Ooe5cienta of y and z 

40th Zquation-(Continued). 
Eqzlaliz;ing Factor = 1. 

u 

.$ q' 
0 
2 

a c B 

333 

334 

335 

336 

337 

338 

389 

540 

341 

342 

343 

344 

345 

346 

347 

348 

349 

350 

351 

40th Equation-(continued). 
Equalizing Factor = 1. 

40th Equatwm-(continued). 

Equalizing Factor = 1. 

Coe5oient.a of y and 5 

) I c  c c 

874 

875 

376 

377 

378 

379 

380 

881 

382 

383 

384 

385 

4lst Equatwrc-(continned). 

44% 

407 

408 

609 

410 

411 

412 

413 

4114 

415 

416 

417 

418 

419 

420 

421 

422 

423 

+ 1.017 
- 1.016 
+ 1.015 
- 1.011 

1.010 

+ r.011 

1.011 

- 1.008 
I *006 

+ 1.007 
1-008 - 1.0~5 

+ 1.005 
- 1.002 
+ 1.004. 
- 1.001 

I '002 

+ 1.002 
- I-ooz 

373 

874 

875 

376 

877 

378 

379 

380 

881 

882 

388 

884 

885 

886 

387 

888 

889 

390 

891 

392 

893 

394 

395 

396 

397. 

398 

399 

POO 

401 

402 

403 

404 

+ 1.017 

- 1-01rj 
+ 1.012 

- 1.011 
I-OII 

+ 1-008 

1.008 

- 1.008 
1.007 

+ 1.005 

1.005 

- 1.005 
+ 1.003 

- 1.004 
+ 1.001 
- 1'003 

.I.OO~ 

+ 1-000 
- 0.002 

+ 1.010 
- 1.025 
+ 1.009 
- 1.022 
+ 1.008 
- 1-021 
+ 1.007 
- 1.023 
+ 1.008 
- 1.025 
+ 1-oo5 
- 1*022 

+ 0.994 
O' 992 

- 1.013 
+ 0.997 
- 1.002 
+ 0.993 
- 1.002 
+ 0.998 
- 1.003 
+ 0.996 
- 1~003 
+ 0.998 
- 1.001 
+ I-ooo 
- l o o o r  
+ 0.999 
- r-ooo 
+ I - o w  

Right-hand Branch 

Equalizirsg 

+ 15 
I 8 

9 

19 

5 

I9 

7 

I7 

I I 

13 

16 

I 6 

I3 

9 

I 3  

4 

21 

9 

20 

I 6 

9 

6 

'5 

5 

15 

10 

10 

. 12 

12 

10 

'3 

10 

+ 1.027 

- 1.011 
+ 1.023 

- 1.008 
t 1-027 

- 1.006 
+ 1'021 

- 1.008 
+ 1.023 

- 1.012 
+ 1.022 

- 1.00~ 

+ r-ooj 

I -009 

- 0.996 
+ 1.016 

- 0.992 
+ 1.002 

- 0,994 
+ 1-005 

- 0.995 
+ 1-004 

- 0.996 
+ r.mg 

- 0.996 
+ 1.004 
- 0.999 
+ 1.002 

- 0.998 
+ I -ooz 

41st Eqwtwn. &bear. 

BqwlbingFmtor=.03.  

Factor = -03. 
- I I 

12 

I 5  

7 
I 8 

I 6 

I 8 

8 

14 

14 

5 

I 4  

20 

I I 

13 

16 

II 

I 8 

4 

18 

I 6 

17 

4 

13 

8 

I I 

8 

10 

10 

'3 

10 

14 

+ 1.020 

- 1-005 
+ 1.022 

- 1.005 
+ 1-021 

- 1.008 
+ 1.020 

- 0-999 
+ 1.017 

- 1.005 
+ 1-014 

- 1.001 

+ 1.012 

- 1.000 
+ 1.010 

- 0.998 
+ I-0x1 
- 0.997 
+ 1.009 

- 0,994 

386 1 + 1.009 

+ 1.033 

- 1'022 
1.020 

+ 1,030 

I '033 

- 1.020 
+ 1.029 

- 1.009 
+ 1.029 

- 1.017 
+ 1'032 

- 1.014 

362 

363 

364 

365 

366 

367 

368 

369 

370 

371 

372 

373 

862 

363 

364 

365 

366 

867 

368 

369 

370 

371 

372 

887 

388 

389 

890 

391 

392 

893 

394 

395 

396 

397 

898 

399 

400 

401 

402 

403 

405 

+ 1.020 
- 1.034 

1.031 

+ 1.016 
1'022 

- 1'034 
+ 1.013 
- 1.027 
+ rSorg 
- 1.03j 
+ 1.020 
- 1.030 

-1.021 

+ 1.011 
- 1.025 
+ 1.007 
- 1.022 
+ 1-000 
- 1.014 
+ 1.005 
- 1.016 
+ 1.004 
- 1.015 
+ 1.000 
- 1.011 
+ 0.998 
- 1.011 
+ om998 

- I'orI 
+ 0.997 
- 1.006 

+ rz 

14 

9 

16 

5 

17 

I 8 

7 

7 
2 I 

4 

- 12 

7 
10 

8 

15 

7 
10 

23 

IZ 

9 

19 
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'ii %, 
Z .I 
0 6ic 
2 

d 
.d 

a 
E %  8 - .a 
O &  
0 

5r, 

Coe5cienta of y and c 

. 

@ I  
4a .- 
u Q 

2-z 
L. .- 
0 * 9 

'& 

Coe5cients of y aud c 

@ I  
Coefficient* of y and c 

@ I c  
Coefficients of y and r 

@ I  
U r d  Equation-(continued). 

C1 .- 
g-0 
5 E' 
L el 0 .c 

3 
z 

43rd Equatioti-(continued). 

393 

394 

395 

396 

397 

398 

399 

4QO 

401 

402 

403 

4dl4 

405 

406 

407 

424 

425 

426 

427 

428 

429 

430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

440 

43rd Equatioti-(colltinued). 

Equalizing Pactor = 16. 

1 

4.12 

443 

44th Eqvcation. Longitude. 

Equalizing Fuctor = 15. = 16. 

- -033 

- 0 2 7  

' 0 1 7  

-025 

-028 

-016 

-026 

.016 

-014 

-009 

.013 

-018 

-013 

- 0 1 1  

' O I O  

'014 

-015 

-010 

'007 

'013 

.020 

.003 

+ .oo2 

- -011 

-004 

-004 . 
-005 

-005 

-004 

-000 

Equalizing Factor 

- -030 

+ '023 

- '031 

+ -024 

- -029 

+ -022 

- -026 

+ '023 

- -025 

+ so25 

- '024 

+ .026 

- ' 022  

+ -028 

-023 

- '022 

'021 

+ -027 

- .018 

+ .022 

'022  

- -015 

-015 

+ -018 

.016 

- -012 

'011 

+ 'orz 

'012 

- -008 

. -008 

+ -007 

472 

473 

474 

475 

476 

477 

478 

479 

480 

481 

482 

483 

484 

485 

486 

487 

488 

489 

490 

491 

492 

193 

494 

495 

496 

497 

498 

499 

500 

501 

362 

363 

364 

365 

366 

367 

368 

369 

370 

371 

372 

373 

374 

375 

376 

377 

378 

379 

380 

381 

382 

383 

384 

385 

386 
. 
387 

388 

389 

390 

39 1 

392 

+ -006 

- -004 

.004 

= 15. 

- ,013 

+ '037 

- -021  

+ -032 

- -020 

+ '030 

- -021 

+ -028 

- .ozz 

+ -027 

- '023 

+ '026 

- '024 

+ '025 

- -004 

'027 

-026 

+ -021  

- a023 

+ -015 

-017 

- -019 

-020 

+ -012 

,012  

- -014 

-014 

+ -008 

.oog 

- -009 

-009 

+ '005 

Equalizing Factm* 

+ -023 

' 022 

' 034 

. 0 2 0  

-015 

024 

-005 

-007 

-014 

.OI 9 

-01 I 

.oo5 

-013 

-015 

-012 

.008 

-008 

-01 1 

-015 

'005 

- '002 

+ so06 

-011 

eooo 

. ocg 

-007 

,001 

'O05 

-001 

003 

+ -005 

- '003 

-003 

Left-hand 
- '032 

+ '037 

' 044 

- .076 

060 

+ '030 

- '075 

+ -040 

- -058 

+ -020 

- -050 

+ -026 

- -065 

+ '031 

- -064 

+ -033 

- -062 

+ -027 

- '057 

+ -019 

- '050 

+ -009 

- -052 

+ -009 

- -040 

+ -006 

- 029 

'007 

'032 

-007 

'039 

4 4  

446 

446 

447 

448 

449 

450 

461 

452 

453 

454 

45 5 

466 

457 

458 

459 

460 

461 

462 

4.63 

464 

465 

466 

467 

468 

469 

470 

471 

Branch 

- -071 

+ '064 

070 

- .bqz 

'033 

+ -061 

- '037 

+ -079 

- '031 

+ -058 

- .or9 

+ -058 

- -027 

+ -059 

- -031 

+ -060 

- -017 

+ '057 

- '024 

+ '050 

- '012 

+ -036 

- ,009 

+ -054 

- -010 

+ '042 

-001 

'03? 

-007 

'024 

- 008 

Right-hand 

+ .064 

-007 

- 0 0 2  

' 034 

-019 

-069 

'007  

046 

-006 

046 

'0-1 I 

'049 

-01 7 

'041 

-019 

'033 

' 036 

- 029 

.028 

' 022 

-031 

-021  

-030 

-021 

-01 7 

' 025 

' 034 

-027 

Branch 

+ -002 

- -058 

.056 

'or1 

'040 

-014 

'051 

-014 

-051 

-014 

'OM 

'021 

' 045 

'014 

'029 

'039 

-030 

'033 

'034 

.028 

'026 

'035 

-024 

.026 

-030 

-018 

-023 

-024 
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NUMERICAL VALUES OF THE COEFFICIENTS. 

Y .- 
q, 
B 
% .% 
0 -b 

dC' z 

.2 .- 
2 0 

2 3  
~2 
2 

Coefficient8 o f  y and r 
Y .- 
g 2  
6 F 
+ 0 .3 * 
6 B  

Coe5cients o f  y and s 

B 

U t h  Equati~tt-(continued). 

C 

C o e 5 c i e 1 1 l  of y and r 

44th Equution-(continued). 

Equalizing Factor = 15.  = 16. 

-t '035 

. O I O  

' 0 1 7  

'007 

-019 

'007 

-016 

-008 

-016 

-015 

-013 

-020  

.o11 

-014 

-024 

-014 

-009 

. O I I  

.004 

,027 

'017 

.003 

,011 

-016 

-016 

'004 

-005 

'013 

-011 

-002 

-008 

'005 

393 

394 

395 

396 

397 

398 

399 

400 

401 

402 

4Q3 

404 

405 

406 

407 

424 

425 

426 

427 

428 

429 

430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

440 
P 

a I c  
Equalizing Pactor 

+ -004 

- - 0 2 2  

-007 

.or 8 

.009 

'021  

em6 

'022  

'011 

-016 

-015 

-013 

'013 

-013 

+ '013 

- -016 

- 0 2 1  

- 0 1 2  

-028 

004 

- 006 

-018 

-018 

006 

'001 

'01 I 

. O I ~  

'004 

003 

-009 

006 

'002  

z 

.o 

9, ..4 

.r '" 
O %  

+ -006 

-004 

-003 

441 

442 

443 

Coeacienta of y and r 

- -001 

'c02 

-001 

~ i ;  
2 
d B 1  

Branch 
- ' 072  

+ '042 

' 043 

- ,073 

+ -048 

- ' 071  

+ '043 

- 0068 

+ '044 

- 0066 

+ '047 

- so65 

+ -048 

- -062 

+ '052 

- -063 

+ -053 

'052 

- '056 

+ -050 

'051 

- -051 

. o j l  

+ '045 

'045 

- -045 

-0.46 

+ '041 

4&4 

445 

446 

447 

448 

419 

450 

431 

452 

453 

451 

455 

456 

457 

458 

459 

460 

461 

462 

463 

464 

5 

466 

467 

468 

469 

470 

471 

44th Equation-(continaed). 

Right-hand 
- -040 

+ '073 

~070  

- -046 

+ '074 

- '040 

+ -065 

- -048 

+ -063 

- '049 

+ -062 

- '049 

+ '061 

- -052 

+ -059 

- '054 

+ .0;9 

'058 

- '0.54 

+ '054 

' 05.5 

- '049 

'049 

+ '049 

' 049 

- ' o++  

' 043 

+ '044 

472 

473 

474 

475 

476 

477 

478 

179 

480 

4.81 

482 

483 

484 

485 

486 

487 

488 

489 

490 

491 

492 

493 

494 

495 

496 

497 

498 

499 

500 

501 

45th Equation. Azimuth. 

Equalizing Factor = 1. 

362 

363 

364 

365 

366 

367 

368 

369 

370 

371 

372 

373 

374 

375 

376 

377 

378 

379 

380 

381 

382 

383 

384 

885 

386 

387 

388 

389 

390 

391 

392 

Equalizing Facto?* 

+ .044 

- so38 

-038 

+ -039 

'O39 

- 'O33 

' 034 

+ '034 

'O35 

- -028 

-028 

+ -028 

-030 

- -022 

-023 

+ -024 

-024 

- -017 

'01 7 

$- -019 

-01 7 

- -012 

-011 

+ ,013 

- -009 

008 

+ '006 

= 15. 

+ -040 

- .o41 

-041 

+ '035 

'035 

- '036 

-036 

+ -030 

-030 

- '030 

-031 

+ '024 

-025 

- -026 

-026 

+ -019 

-019 

- ' 022  

-021 

+ -013 

. O I I  

- -014 

.or3 

+ .008 

- -011 

' 0 1 1  

+ '005 

Left-hand Branch 
- 0.013 l 
+ 1-016 

1.019 

- 1'031 

I '025 

+ 1.013 

-1.031 

+ 1'017 

- 1'024 

+ 1-009 

- 1 . 0 2 1  

-t 1.012 

- 1.027 

+ r ao lq  

- 1.026 

+ 1.014 

- 1.026 

+ 1.012 

- 1.024 

+ 1.009 

- I - O Z I  

+ 1-004 

- 1:022  

+ 1 . ~ 0 5  

- 1 ' 0 x 7  

+ 1.003 

- 1'013 

+ 0.998 

- 1.014 

+ 0.998 

- 1.016 

- I '029 

+ 1.027 

1.029 

- 1.018 

I -014 

+ 1 . 0 ~ 5  

- 1.016 

+ 1.033 

- 1.013 

+ 1.024 

- I -ooy 

+ 1.024 

- 1.012 

+ 1.025 

- 1 '013 

+ 1.025 

- 1.008 

+ 1.024 

- 1.011 

+ 1.021 

- 1.006 

+ 1.org 

- 1.005 

+ 1'022 

- 1 -005 

+ 1.018 

- I - 000 

+ 1.016 

- 0.998 

+ 1.010 

- 0.997 

-008 1 '004 

- '003 

'C'0-I 

I - .ooz 

-003 
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Ooe5cients of y and c , , 

46th Equati0l2. Linear. 

Equalizing Factor = -03. 

- .- 
z2 
'- M 

; .?i A 0 
2 

r 
$ 2  .- M 
0 c 
c. .I 
0 d H  * 

- 2 4  

* .- 
52 
5 F 
LI .B 
0 t'l r. 
2 

Coe5cient.a of  y aud c 

) I  
Coe5oie:t.a o f  y and c 

@ I  

Branch 
- 1 1  

+ *5 

I I 

10 

17 

12 

1 1  

I3 

10 

I3 

12 

1 7 

17 

I I 

I 4 

I 6 

12 

19 

8 .  9 

7 

9 

12 

12 

8 

'3 

I IL 

10 

I I 

I 6 

12 

12 

461 

462 

463 

44% 

463 

466 

467 

468 

469 

470 

471 

472 

473 

474 

475 

476 

477 

478 

479 

480 

481 

482 

4-83 

481 

485 

486 

487 

488 

489 

490 

491 

Coeffloienb of y and r 

b I  

Left-hand 

- 25 

1 1  

1 I 

I5 

9 

13 

12 

10 

12 

'7 

16 

14 

12 

'9 

14 

11  

'5 

2 

'3 

'3 

7 '  
8 

'5 

12 

9 

I3 

13 

10 

14 

13 

45th Equat ion-(cont inued) .  45th Equation-(oontinued). 46th Equation-(continued). 

Equalizing Pactor = 1. = 1. 
+ 1.017 

- 1.018 

1-017 

+ 1.015 

1.015 

- 1-015 

1.016 

4- 1.013 

1.01g 

- 1.013 

1'013 

+ 1.010 

1.011 

- 1-01] 

1.011 

+ 1.008 

r -008 

- 1.010 
I -oog 

+ 1.006 

1.005 

- 1.006 

1.006 

+ 1.003 

- 1.005 

I -005 

+ 1-002 

1.002 

- 1.001 

0.001 

472 

473 

474 

475 

476 

477 

478 

479 

480 

481 

482 

3 

4.84 

4.85 

486 

487 

488 

489 

490 

491 

492 

493 

494 

,495 

496 

Factor = 1. 

+ 1.015 

- 0.996 
+ 1.007 

- 0.998 
+ 1.008 

- 0.997 
+ 1.007 

- 0.997 
+ 1.007 

- 0.994 
+ 1.006 

- 0.992 
+ 1.005 

- 0.994 
+ 0.010 

1.006 

1.004 

- 0.995 
+ 1.002 

- 0.989 
0'9Cj3 

+ 1.002 

1.005 

- 0.993 
0.993 

+ 1.002 

1.002 

- 0.995 
0.996 

+ 1.001 

I -003 

- 0.998 

398 

394 

395 

396 

397 

398 

399 

400 

401 

402 

403 

404 

44% 

406 

407 

424 

425 

426 

427 

428 

429 

430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

440 

Equalizing Pactor 

+ 1.019 
- 1.016 

I -016 

+ 1.017 
1.017 

- 1.014 
1.015 

$ 1.014 

1'015 

- 1.012 
I'OI2 

+ ~'orz 
1-013 

- 1.010 
1.010 

+ 1.011 
1-01 I 

- 1.007 
1-007 

+ 1.008 
I '007 

- 1.005 
I -005 

+ 1.006 
- r.004 

- 0.997 
+ 1.002 

1.001 

Eqzlcalizhg 

+ 1.002 
- 1.010 
+ 0.998 
- 1.008 
+ 0.997 
- 1.009 
+ 0.998 
- 1.009 
+ 0.996 
- 1-007 
+ 0.994 
- 1.006 
+ 0.995 
- 1.006 

0.995 

+ 0.993 
0' 99I 

- 1.005 
+ 0.998 
- 1.002 

1'002 

+ 0.993 
0'993 

- 1.002 
I • 000 

+ 0.996 
0.994 

- 1.002 
1.001 

+ 0.997 
0'997 

- 1.001 

1 

442 

4.43 

- I-ooo 
+ 0.999 

1.000 

445 

446 

447 

448 

449 

450 

451 

452 

453 

454 

455 

456 

4 7  

458 

459 

460 

461 

462 

463 

464l 

465 

466 

467 

468 

469 

470 

471 

497 I 4 + 1.003 
499 

500 

501 

Right-hand 
- 1.017 
+ 1.029 

I -029 

- 1.019 
+ 1.030 
- 1.017 
+ 1'027 
- 1-020 
+ 1.026 
- I .ozo 
+ 1.026 
- 1.020 
+ I.oZj 
- 1'022 
+ 1.025 
- 1.022 
+ 1.025 

I 024 

- 1.022 
+ 1.023 

I -023 

- 1.020 
1-020 

+ 1.ozi 
1,021 

- 1.018 
1.018 

+ 1.019 

I -004 

-1.001 

I '002 

Branch 
- 1.029 

+ 1.018 

1.018 

- 1.029 

+ 1.020 

- 1.029 
+ 1'018 

- 1.028 
+ 1.018 

- I -027 

+ 1.019 

- 1.027 

+ 1.020 

- 1'026 

+ 1-022 

- 1.026 

+ 1'022 

1'022 

- 1'024 
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THE WEIBH!CS OF THE AXBLES. 

13. 
The Weig i~ te  of the h g l e s .  

The last Section has furnished us with the coefficients of the unknown quantities, 1146 
in number, wliich enter the 49 circuit equations ; the absolute terms of the same equations 
are shewn in Section 10. The next step, therefore, in order to obtain the most probable 
system of values of the unknown quantities which satisfies these equations, is to ascertain 
the weights of the angles, for employment in the expression for the minimum-see equation (67) 
page 60-which is to govern the solution of the equations. This is done--for reasons which 
have been set forth at length in Section 5 of Chapter VII,  Volume 11-by multiplying the 
preliminary weights,-viz., those obtained from the evidence afforded by the actual measures 
of each angle-by certain factors or modzcli which are required to reduce them all to a common 
and absolute unit of accuracy. Each group of angles, measured with the same instrument 
and under similar circumstances, has a constant value of the modulus, p, obtained as shewn in 
Section 2 of the preceding chapter. 

Disparity of circumstance necessarily occurs whenever there are very marked variations 
in the general elevation of the observing and signal stations above the level of the ground; 
for on this condition freedom from grazing rays-and their concomitant lateral refractions- 
greatly depends. Disparity also occurs when the system of operation is varied, even without a 
change of instrument ; for altllough there is a standing rule, to which no exception has ever 
been permitted, that the measurement of every angle must rest on readings taken at  equidis- 
tant points of the azimuthal circle ; yet the number of points read has varied with the number 
of microscopes attached to the theodolite, and with tlie number of changes of zero which were 
effected in each instance: again the number of standard measures on each zero has been 
sometimes 2, sometimes 3. Moreover certain of the theodolites, after having been employed 
for some years with three azimuthal microscopes, hare had two more added-dl five being 
placed at  equal distances apart-which has led to a corresponding change in tile arcs between 
tlie circle readings before and after the alteration. Now it has been found that the value of 
p q s  frequently more influenced by changes of circumstance than by change of instrument ; 
and consequently considerable circumspection is necessary before applying a value of this 
factor to any observations other than those of the group for which it was determined, even 
when made with the same instrument; for though this factor is partly dependent on the in- 
strument, it is also dependent, aud probal~ly-in the case of all the best instruments, uiz., the 
36-inch and 24-inch theodolites-to a greater extent, on various extraneous influences ; and of 
these there can be little doubt that the most important is lateral refraction, which is liable to 
be greater in the plains than in the hills, and much greater in traots of country which are 
covered wit11 dense forest and jungle, than in tracts which are open and cultivated. 

It has already been stated, at page 24, that the trigonometrical figures ml~ich are ordi- 



narily employed in the operations of this Survey have too few angles and geometrical condi- 
tions to permit of a reliable value of the modulus being usually determinable from the evi- 
dence of a single figure. I n  order therefore to obtain a fairly exact value, it was necessary 
to group together the several figures of which the angles have been measured with the same 
instrument and as nearly as possible under similar circumstances, to determine an average 
value of the Absolute Weights of all the observed angles from the geometrical errors exhibited 
in the several figures, and then to find the ratio of that average to the average of the Pre- 
liminary Weights of the same angles. This ratio gives the value of the modulus pa. The 
several figures appertaining to the North-East Quadrilateral have been collected into 33 groups, 
for each of which a separate value of pa has been determined. The values of the weights of 
tlie angles which are obtained by multiplying the preliminary weights by p2 are considered to 
be absolute and final; thus, with these values, independent measures of the same angles, 
made with different instruments, may be legitimately combined together ; moreover the several 
angles of portions of tlie triangulation, which have been measured with different instruments, 
or under different circumstances, may also be combined together in the final reduction, with 
due regard to tlie relative accuracy of each angle. 

The details on wllich the determinations of p%ave been based will now be given. The 
symbols el, e, and e, will be here employed, as in Section 2 of the preceding chapter, to indicate 
the several values of tlie e. m. 8., whicli are respectively deduced from tlie preliminary 
weights, the triangular errors, and the geometrical errors of tha angles of the polygonal 
figures. The values of el, e, and e, will be given for each group for comparison, and because 
e,  is always the numerator of p, while either e,, e,, or a combined value of them, has been 
taken as the denominator of p. 

Putting w for the preliminary weight of any angle, w, for the average preliminary 
mcight-or the unit of weight-of the whole of the angles, t in number, which are contained 
in any figure, and for the number of geometrical equations of condition presented by the 
figure, we l~ave 

sum of squares of triangular errors 
ep2 = -- number - of trian-iles x 3 

Then, when we accept e, as the most probable value of the e. m. 8., we have 

n 
for a single polygonal figure, 

( [[L:z]] for a group of figures. 

The value of the quantity [lo s?] for each polygonal figure is given a t  the end of the 
reduction of the figure, among tlie numerical details of the series to which it appertains. 

The Data fat* the Calculation of p. 

The following table gives the data from which the values of e,, e, and e, were determined 
for each group of figures ; also the approximate values of e, which are given by each figure. 
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Data for the Calculation of p-(Continued). 
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Data for the Cakulatwlt of -(Continued). 
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Data for the Calcdation of p-(Continued). 
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Data for the CalcuZutwn of p-(Continued). 
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Sympak of the PaZws of pe, and the evidence for their determination. 

* The angle8 wem memiired on two sets of zeros. f The nnglee were measured on t,hree sets of zeros. 

f The values of t,he Adopled Ueno~ninalor of p, are thoee which were employed in deducing the Aoerage Errori of Mean Sluara of the Obieroed A n g h  L rack 
Ssriu of Z'rianglu, which are given at  pnge 64. 
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S y n q &  of the Values of p2, and the evidence for their determination-(Continued). 

* The angles were measured on two sets of zeros. 
f The vnlues of the Adopted Denominator of p, are tllose which were employed in deducing the Average Errwr of Mean Square of the Obsaned Angles in each 

S e r b  of Tria~rgles, which are givd11 at page 64. 
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A few remarks in explanation of the details given in the preceding table are here 
necessary. 

I n  forming the several combinations of angles, angles observed at  hill stations liare 
been combined with tliose observed at stations in the plains, wherever t,he magnitudes of the 
triangular or polygoual errors shewed that either instrumental defects, or want of skill on the 
part of the observer, had influenced tlie observations in a greater degree than they were in- 
fluenced by variations in the atmospheric conditions of the localities of operation. Thus, as 
the instruments employed were frequent,Iy of an i~rfttrior character, hill and plain observa- 
tions have been cornbind together far more frequently than in t l ~ e  reductions of the North- 
West and South-East Quadrilaterals. 

The value of p had in previous reductions been taken as = e, t e, wherever possible, 
otherwise as = e, t e,. I n  tlie present reduct,ion the denominator of p has sometimes been 
atqsigned a value intermediate between e, and e,, as in groups nrhicli are composed both of 
single triangles and of polygonal figures ; for this reason a column llas been added giving the 
adopted value of the said denominators for each group. I t  is fro111 the q~~nntit,ies in t,his co- 
lumn that the average values of the em. 8's of the observed angles in each series of triangles, 
which are given in Section 1 of the present cllapter, were determined, as has already bcen 
explained in a foot note to page 64. 

Group I11 comprises 41 single triangles and one polygonal figure composed of 6 tri- 
angles : all the angles were measured with ~ar rom's  36-inch theodolite, and the de~lonlinator 
of p for the whole group was taken as 

Groups VIII ,  IX, X and XI. These groups make up the Rangir Meridional Series, 
The first three were almost entirely executed nyit,h Cary's two 18-inch tlieodolites and t l ~ e  
last with Harris and Barrow's 15-iuch. As Group I X  only contained one triangle and Group 
X I  only three, the data afforded by each for the calculation of p was insufficient, and a value 
of the denominator of p for all four groups was obt,ained by taking the mean of e, for Groups 
V I I I  and X. 

Group XII .  There is some doubt as to tlie instrument employed in measuring the 
angles of this group. It mas one of the two 18-inch tlieodolites by Troughton and Simms, 
but the present distinguisliing numbers of these instruments were not assigned to them ori- 
ginally, nor until some years after tiley had both been extensively employed; tlius i t  is only 
possible to arrive at  any conclusions as to which of the two instruments had previously bcen 
employcad in any particl~lar instance by an examination of the observations. The zero means 
by tile instrument now known as No. 1 have of late years exhibited far larger discrepancies 
than those by No. 2 ; and these discrcpa~~cies have formed the subject of the special investi- 
gations which are mentioned at  page 96 of Vol. 11, and are given in detail in Appendix No. 4 
of tlie same volume, whme they are shown to he due to periodic errors of graduation, entering 
the zero means but eliminated in the general mean of the zeros. Thus for all the later obser- 
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vations with this instrument, e, is always much larger than e, or e,, as previously pointed out 
and here shewn in Groups XX and XXVIII. But in Group X I 1  el is materially less than e,, 
and is much smaller than usual, while e, is much greater t11m usual. An interval of about 
four years elapsed between the measurement of the angles of this group and that of the angles 
of tlie next group, XIV-taken, it is believed, with the same instrument-in which the value 
of e, is only half as great, while that of e, is the same as in Group XII .  This may arise from 
the circumstance that the observer of XIV is known to have discovered that the large differ- 
ences between the results obtained a t  successive zero-settings with liis instrument, were due 
to systematic graduation error which might be eliminated to a great extent by taking the 
means of pairs of zero means, on face left and face right, for circle readings 180° apart from 
each other ; he oprrated accordingly, and recorded the results without giving any details of the 
circle readings ; thus his angles give much smaller values of e, than those of other observers 
wlio recorded tlie whole of their observations in the usual way; on the other hand his e, is as 
large as that of Group X1I. The angles of that group were memured in 1833-38, tliose of 
XIV in 1841-44, tliose of XXVIII  in 1846-47, and of X X  in 1848-49. All tlie old instru- 
ments that were employed in the principal triangulation are known to have been occasionally 
modified as well as repaired in the Mathematical Instrument Department at  Calcutta. Thus 
it is very possible that No. 1, wliich had been unfavorably reported of and removed from tlie 
KarBra Series and sent to that Department for repair in August 1814, was modified before 
being again employed a few months aft<erwards, in April 1845, on the Calcutta, Meridional 
Series ; if so, it appears that the alterations, while improving the general efficiency of the in- 
strument and rendering it capable of giving much more accurate results, must in some way 
have increased the magnitude of tlie periodic but eliminable errors of its azimuthal circle. 
On this subject however no information is now forthcoming. 

Group XI11 comprises 7 triangles of which tlie angles were measured with Troughton 
and Sirnms' 18-inch tlleodolite No. 2, arid as the same theodolite was e~llployed for measuring 
the angles of Group XXI, wliich comprises 4 triangles and 1 polygonal figure, a mean value of 
e, from both groups was taken as the denominator of p for each. 

Group XV comprises 6 txiangles and 1 polygonal figure, and tlie value of the deno- 
minator of p has been taken intermediat,ely between e, and e,. 

Group XX1.-See remarks on Group XII I .  

Group X X I I I  comprises 1 2  triangles and 3 polygonal figures, and the mean of e, 
and e, lias been taken as the denominator of p. 

Group XXIX comprises 32 single triangles, and 2 polygonal figures embracing 12 tri- 
angles. The angles were :ill m~basured with Trought,on and Simms' 24-inch theodolite No. 2, 
aud the denominator of p was obtained as in Group 111. 

It is to be noted that the values of e, for angles observed with the old ant1 less accu- 
rate instruments mere computed with the old "probability" formula-page 21-and are 



196 INTRODUCTORY. 

therefore not comparable with those for the modern angles and better instruments which were 
computed with the modern " weight " formula-page 23. When both forrnulae are applied 
to the same observations, the modern one gives the largest value of e, ; but the difference be- 
tween the two results is usually insignificant when the graduation errors of the azimuthal 
circles are larger than errors of observation, as generally liappened in the case of the old in- 
struments. The value of e, is not required to be known absolutely, as it merely furnishes a 
determination of relative weight, whicli is eliminated in tlie calculation of the final and abso- 
lute weight to be employed in the simultaneous reduction of the triangulation as a whole. 

The Weight8 employed in the SimuZtaneozc8 Redzcction of the North-Emt Quadrilateral. 

On multiplying the several Preliminary Weights of the angles in each group by the 
corresponding value of the Factor p2, as now set forth, we acquire the most exact values of 
the Firial or Absolute Weiglits of the observod angles wliich appear to be o1)tninable. And 
had it been desirable, in tlie Simultaneous Reduction, to introduce the circuit errors of the 
whole of the angles of the polygonal figures and net-works, we sllould have wanted nothing 
more; for tlie~i the weights to be employed nlould have been the ahsolnte weigl~ts of tlie 
observed angles. But this would liave caused so large a number of equations to be presented 
for simultaneous treatmetlt, that the solution would not liave been manageable. Thus such 
portions only of the polygorial figures and net-works have been introduced into the Simul- 
taneous Reduction as are necessary to complete the chains of single triangles, and the remaining 
were reserved for subsequellt treatment, figure by figure. 

This departure from rigorous accuracy in the treatment of the facts of observation, 
has necessitated a, transition from the weights of the observed angles to those of the corrected 
angles, for reasons wllich hnve been fully set forth at page 168 of Volume 11. The transition 
is performed with all desirable exactitude, by multiplying the averagc absolute weiglit of all 
the angles appertaining to any single triangle, polygonal figure, or net-work, by the factor 
t i ( t  - 91.) -in whicli t is tlie number of observed angles and n the number of geometrical 
conditions for the figure-as is demonstrated in Section 6 of Chapter XV, Volume 11, for 
figures in which all tlie observed angles are of equal weight. Illustrations of the differences 
of this valuo of tlie factor and the value whicli obtains when the variations of weight are 
recognised, will be found a t  pages 220 and 241 of the same volume. 

If  we now put zoo for the average value of the Preliminary Weights of the Observed 
Angles of a single triangle, or those of a polygonal figure, as formerly; also w, for the 
avesage value of the Absolute Weiglits of the Corrected Angles of the same triangle or figure, 
we have 

t w , = w 0 x  P2 X  -. 
t - n  

It will be evident that lo, corresponds to the A of the formulae for the normal equa- 
21 
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tions from which the values of the Indeterminate. Factors me determined for the Simul- 
taneous Reduction ; see Section 11 of Chapter 11. 

I n  the formation and calculation of the Normal Equations between the I n d e t e d t e  
Factors it was considered that if the adopted value of any weight does not differ by more 
than a tenth part from its computed value, it is sufficiently accurate, arithmetical nicety being 
here out of place. A table was therefore employed, which is given below, for determining 

the working values of from the values of wc in the formation of the equations between the 
3 

Indeterminate Factors and those in which the most probable values of the angular errors are 
expressed in terms of those factors; see again Section 11 of Chapter 11. 

The following table gives the average values of w, for the angles of every circuit tri- 

angle and also the corresponding value of 2 employed in the oalculations. 
3 
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The Abeolute Weighk of the Figurally Corrected draglee with the data for their determination. 
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The Bbsolate Weighk of the Pigzcrally Corrected Angles with the data for their determination-(Continued). 
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The Absolute ?$%9ht8 of the Figurally Corrected Alzgles with the data far their determination-(Continued). 
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The Abeolute Weights of the Figurallg Corrected Artgles with the data for their determination-(Continued). 
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The Absolute Weights of the Egwrally Corrected Alzgles with the data for their determhtion-(Continued). 

The Coemients of the Indeterminate Factors in the Values of the Unklwwn Quantities. 

On reference to equations (20) on page 28 it will be seen that the general expression 
for the error xp of any angle Xp appertaining to a trigonometrical figure, is 

so that the coefficients of &, &, . . . X,, the indeterminate factors, are products of the 
reciprocal weight of the angle by the coefficients of the xp in the several absolute geo- 
metrical equations to which the indeterminate £actors are respectively related. But one 
of the three unknown quantities appertaining to every triangle having been eliminated, as a 
preliminary to the Simultrtneous Reduction of the North-Errst Quadrilateral, the coefficients 
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of the indeterminate factors take a more complex form, which is given by equations (69) 
on page 61. The expressions are 

where 

the left-hand subscripts indicating the number of any one of the equations into which the 
errors y and z of any, the pth, triangle happen to enter. 

I n  the present instance, however, the coefficients and c and the absolute term E of 
each primary equation of condition have been multiplied by an equalizing factor-see pages 
69 and 163-before the subsequent calculations were proceeded with. 

I t  is evident that this is a mere computer's artifice for facilitating the solution of the 
problem, which does not alter the application of any of the formulae or the results arrived at, 
although it changes the numerical values of certain of the symbolical coefficients. For 
instance, instead of b, c and I3 we now have to deal with b', C' and E', where 

, f denoting the equalizing factor employed for the qth equation. Corrosponding to these 
values we have 

and 

The coefficients bp and C, of yp and zp, in each equation into which these unknown 
quantities enter, and the corresponding equalizing factors are given in the table in Section 12 ; 

'U 
the value of - for every triangle will be found in the table on pages 198 to 203. From these data 

3 
%'p and ;ere obtained and entered in the following table. As the continued use of the 
accents is now no longer necessary they have not been introduced in the headings to the table. 

Examples. 

= 1.0 (2 X 15 X '032 - 15 X '00%) = + '930 

* The introduction of equnliaing factors, ie in fact the same thing as employing indctorminato factore with uumerical wo5cienta1 
thus , f ,A', ,f 2A'l &c., in place of lA, aAl h., which ie perfectly legitimate. 
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0.888 

1.272 

0.912 

1.650 

1.287 

1 '55' 

0.984 

0.810 

om 288 

0'513 

0.189 

0. 254 

0.360 

0.294 

0.285 

0'022 

0.038 

0.017 

0.018 

6th Equation-(continued). 

25 

26 

27 

28 

29 

SO 

31 

82 

83 

34 

115 

36 

37 

38 

39 

r10 

41 

42 

- 0.051 
0.007 

0.013 

O.OO~ 

+ O . O O ~  

0.002 

4th 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

+ 1.344 

1-053 

1.287 

2'160 

I -536 

2'325 

1'053 

1-287 

0.615 

0.684 

0.630 

0'702 

0.324 

0.360 

0'777 

0.738 

0.918 

0.738 

1.026 

0'777 

0.468 

0.851 

0'459 

oa6j1 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

!20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

SO 

31 

32 

33 

- 0.624 
f o-gog 

- 0.624 
+ 0.909 
- 0.728 
+ 0.396 
- 0.721 
+ 0'450 
-0.721 

+ 0.090 
-0.093 

+ 0.090 
0.050 

- 0.~52 
+ 0.035 
- 0.036 

0.026 

-t 0.025 

- 1.536 
1.287 

1-52' 

I -620 

I -920 

2-400 

1.287 

1.287 

0.600 

0.612 

0.666 

0.756 

0'396 

+ 0.036 
-0.798 

0.720 

1.107 

0'504 

1.161 

0.798 

0.468 

0.651 

0'573 

- 0.606 
+ 0.936 

- 0.606 
+ 0.936 

- 0.707 
+ 0.420 
- 0'700 
+ 0.464 

- 0.700 
+ 0.093 

- 0.090 
+ 0.093 

0-052 

- 0.049 
+ 0.036 

- 0.03; 
0.025 

+ o.0~5 

* 1 
0.025 

44 - 0.025 

Equation. 

+ 0-095 
- 1.712 
+ 1.664 
- 1.060 

P'IOO 

+ 0.412 
0.412 

- 0.636 
+ 0.618 
- 1.696 
+ 1'352 
- 1.378 
+ 2.060 
- 1.712 
+ 2-550 
-1.365 

+ 1.326 
- 0.525 
+ 0.612 
- 0.630 
+ 0.600 
-0.420 

0.408 

+0.707 

34 

0.02j 

- 0'025 

Azimuth. 

+ 0.095 

- 1.664 
+ 1.712 

- 1.030 
2'100 

+ 0.424 

0.424 

- 0.618 
+ 0.636 

- 1.648 
+ 1'352 

- 1'339 
+ 2.120 

- 1.616 
+ 2-625 

- 1-326 
+ 1.365 

- 0.510 
+ 0-630 

- 0.612 
+ 0.636 

-0.408 

0.408 

+ 0.728 

+o-0x4 0'798 1 O*IIJ 

Right-hand Branch 

6th Equation. Xinew. 
Left-hand Branch 

+ 0.046 
2.112 

2 '  832 

1.500 

2.040 

0.396 

0.372 

0'594 

0.702 

1 

2 

3 

4 

5 

6 

7 

8 

9 

- 0.684 
I -005 

0.777 
0.284 

0.609 

0.609 

45 

46 

47 

48 

49 

60 

-0.084 

2 640 

2'496 

I -020 

I -560 

0'576 

0'384 

0.540 

0.702 

+oS756 

0' 705 

0' 735 

0.284 

0.588 

0- 840 
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7th Equatwn. Zongitude. 
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6th ~qz6ation-(continued). 6th Bquation-(continued). 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

25 

26 

27 

28 

29 

SO 

31 

3$ 30 

6th Equation-(continued). 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

a 

20 

21 

32 

23 

M 

25 

26 

27 

28 

29 

30 

31 

82 

38 

34 

- 0.525 
1-144 

0-goq 

1-320 

0 . 7 ~  

1.176 

0.891 

1-760 

0.638 

1.176 

0.221 

0'327 

0.126 

0.148 

0.066 

0.273 

0.042 

0.185 

0.003 

0.003 

0.008 

0-000 

0.003 

0.001 

0.003 

0.002 

0.004 

0.002 

0-002 

O'COI 

0.010 

0.013 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

Left-hand 

-0.144 

+ 1.920 
- 2-512 
+ 1.180 

2 - 400 
- 0.512 

0.476 

+ 0.660 
- 0.678 
+ 1-568 
- 1-326 
+ 1.118 
- 1.880 
+ 1.248 
-2.125 

+ 0.923 
- 1.027 
+ 0.315 
- 0.414 
+ 0.342 
-0.396 

+ 0.192 
0.19~ 

- 0.371 
+om270 

- 0.369 
+ 0.240 
- 0.306 
+on2o3 

- 0.120 
+ 0.119 

+ 0.435 
0.848 

1'304 

0.696 

1'344 

0.624 

1 '584 

0.748 

1.342 

0.480 

O'5g0 

0.096 

0'333 

0-062 

0- 141 

0.069 

0. 156 

0.040 

0.010 

0.016 

- 0.001 
+ 0.007 

omooo 

0.005 

omooo 

0.004 

0.001 

0.005 

0-001 

0'002 

0'002 

0.009 

+ 0.008 
0.014 

0.010 

0.015 

0.016 

0.021 

0.019 

0.014 

0.060 

0.070 

Branch 

- 0.117 
+ 2-352 

- 1.600 
+ 1.330 

2.580 

- 0.404 
0 ' 404 

+ 0.606 

- 0-516 
+ 1.424 

- 1.092 
+ 1.118 

- I -400 

+ 1.248 

- 1.600 
+ 0'923 
- 0.715 
+ 0-315 

- 0.306 
+ 0-342 

- 0.234 
+ 0.192 

0'192 

- 0.245 
+ 0.216 

- 0- 288 
+ 0.150 

- 0.198 
+ 0'140 

- 0.048 
+ 0.119 

-. 0.534 

0'540 

0.276 

+ 0.036 
- 0.469 

0'384 

0.486 

0.228 

0.414 

om 266 

0.108 

0.126 

0.09 

0.091 

+ 0.002 

- 0.008 
0.014 

0.012 

0.016 

0.013 

0-020 

0.016 

0.017 

0.084 

0.100 

6th Equation. Zatitude. 
Left-hand Branch 

+ 0.528 

0.540 

0.240 

0.252 

0.518 

0.408 

0.486 

0.348 

0.450 

0.280 

0.144 

0.189 

0.108 

0.077 

0.010 

Right-hand Branch 

+ 0.103 
3.936 

5 ' 344 

2.610 

3'540 

0.648 

0.604 

0.912 

1'044 

1.776 

1.430 

1.560 

2.640 

1'712 

2.625 

1.053 

1'325 

0'555 

0.612 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

45 

46 

47 

443 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

- 0.151 
5' 136 

4' 400 

I 830 

2.820 

0.876 

0'57% 

0'798 

0.972 

I -968 

+ 1.404 
I -480 

1.58~ 

0.3~5 

1-225 

1.218 

0' 990 

1.617 

1 ~ x 1 1  

0.716 

0.952 

2 ' 464 

0.994 

1.281 

1.104 

- 1.488 
I .?go 

1-ag5 

0.648 

0.959 

1.197 

1.980 

1.056 

1'826 

0'594 

1.256 

I -463 

1.oo1 

1.050 

1-512 

60 1 2.013 

11 1 1.573 

1.584 

12 

13 

14 

15 

16 

17 

18 

19 

I '872 

1.740 

2.128 

2.400 

1.287 

1.170 

0-90 

0.486 



l a  
; g 2 

9 
.g = 
;g d z 

I = 
eg 33 33 Qt 3 

7th E q ~ a t b ( ~ o n t i n u e d ) .  

a Qt 

7th Equatio*(~ontinued). 8th E q ~ a l ~ n - ( h n t i n u e d ) .  

82 

83 

% 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84r 

85 

86 

87 

88 

89 

90 

91 

92 

Y ." 
2 3 

; g 6 
R 

+ 1.648 

- 1-339 
+ 1.339 

- 2-020 
+ 1.632 

- 2,550 
+ 1'326 

- 1-326 
+ 0.510 

- 0.612 
+ 0~612 
- 0.612 
+ 0'408 

0.408 

- 0'700 
+ 0.606 

- 0.909 
+ 0.606 

- o*go9 
+ 0.707 

- 0-404 
+ 0.707 
- 0-446 
+ 0.700 

0-090 

Branch 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

83 

84 

- 1'122 
+ 1.155 

- 1.122 
+ 0.473 

- 0.816 
+ 1-144 

- 0.714 
+ 0.728 

- 0.808 
+ 1.144 
- 0-505 

0.808 

+ 0.832 

- 0.792 
+ 0.824 

- 0.800 
+ 1 ~ 1 3 3  

- 1.100 

+ 1.133 

- 0.800 
+ 0.464 

- 0'300 
+ 0.306 

- 0.137 
+ 0.166 

- o.zg7 
+ 0'204 
- 0'248 
+ 0.016 

0.031 

- 0-020 
+ 0.016 

8th E q ~ a t ~ n - ( c o n t i n n e d ) .  

- o . I I ~ ' +  

+ 0.056 
- 0.014 

+ 1.648 
- 1'339 
+1'33g 

- 2.080 
+ 1.632 
- 2'550 
+ 1.326 
- 1-326 
+ 0.510 
-0.612 

+ 0.612 
- 0.612 
+ 0.408 

0-408 

- 0.701 
+ 0.606 
-0-gog 

+ 0.606 
- 0'909 
+ 0.707 
-0'404 

+ 0.707 
- 0-459 
+ 0.700 
-0.180 

Right-hand 

61 

52 

63 

64 

65 

66 

67 

68 

69 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

76 

76 

77 

78 

79 

80 

81 

82 

-0.081 

0.137 

0.046 

0.252 

0.058 

0.190 

0.005 

0.008 

omoog 

0.003 

0.004 

0.001 

0-004 

O*OOI 

0.004 

0-000 

0.003 

+ 0.001 
-0'008 

+ 0.005 

0.005 

0.056 

o.mg 

45 

86 

47 

48 

49 

50 

6 1 

52 

63 

54 

55 

56 

57 

58 

69 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

8 

- 1'1.55 
+ 1-122 
-1.155 

+ 0.459 
-0.840 

+ I*III 
-0-735 

+ 0.707 
- 0.832 
+I'III 

- 0.520 
0.832 

+ 0-808 
- 0.840 
+ 0.800 
- 0.824 
+ I-loo 
- 1'133 
+ 1'100 
-0.824 

+ 0-450 
- 0'309 
+ 0.297 
- 0.146 
+ 0'157 
-0.306 

+ 0~198 
-0.255 

+ 0.016 
0.030 

- o-ozo 
+ o*o16 

+ 0.243 

0'05% 

0.146 

0.126 

0.128 

o'ogg 

c.010 

o-ozo 

0.004 

0.007 

0.001 

0.006 

0.00~ 

0.006 

0.002 

0.004 

o'oo~ 

0.002 

0.004 

0-005 

8th Equation. Azimuth. 
Left-hand Branch 

445 

46 

47 

48 

49 

50 

Qt 

Right-hand 
- 0.944 
+ 0'330 

O.595 

- 0'725 
+oS686 

- r.Igo 
1 -661 

+oe979 

- 1,595 
+ 0.329 
- 1.224 
+ 0.473 
- 1.036 
+ 0'315 
- 1.096 
+ 0.396 
-0'575 

0' 976 

+ 0'176 
- 0.968 
+0'040 

- 0-gzo 
+ 0'044 
-1-232 

4-0'033 

- 0.856 
0'095 

0' 255 

Branch 
- 0.224 
+ 1.140 

1'330 

- 0.401 
+ 1.127 

- 0.560 
0.803 

+ 1'474 

- 0.770 
+ 0.626 

- 0'432 
+ 1.496 

- 0.364 
+ 0'945 
- 0'232 
+ 1.386 

- 0~230 
0.256 

+ 0.920 

- 0.056 
+ 0.904 

- 0'032 
+ 1-166 

0*220 

1.023 

0-224 

0.392 

0.051 

- 0.094 
+ 1'664 

- 1'664 
+ 1.040 

2.080 

- 0'412 
0.41~ 

+ 0.618 

- 0.618 

1 

2 

8 

4 

5 

6 

7 

8 

9 

- 0'428 
+ 0.515 

0' 721 

- 0.473 
+ 0.728 
- 0.735 

- 0-094 
+I-664 

- 1'664 
+ 1-040 

2-080 

- 0'412 
0.412 

+ 0.618 
- 0.618 

- 0.404 
+ 0.530 

0.742 

- 0-459 
+ 0.728 

- 0.714 
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8th Equatio+(continnd). 

33 33 

9t h Equatiolz-(hnhnd). 9th Ep~cttb(&ntinnd). 
10th Equation. Zatitude. 
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- 0-080 
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83 

84 
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92 

- 0.226 
0.068 

0.207 

0.131 

0-322 

0.462 

0.360 

0'452 
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0.216 

0.351 

0.500 

0.666 
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0.504 

0.336 
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0-410 

0.216 
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0.006 
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0.012 
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o.011 
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0 - w g  

0.023 
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72 

73 
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120 
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125 
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+ 0.016 
- o.012 
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- o-013 
+ 0.020 
- 0.013 
+ 0.012 
- 0.080 
+ 0-ogo 
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+ 1.220 
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1.274 

0'459 

0'987 
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I '3 20 

0.603 

0-gzo 
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0' 294 

0.285 
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0' 483 
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0'399 
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0.513 

O' 738 
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0' 294 
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9th Equation. Lhear. 

Left-hand Branch 

Left-hand 
- 1.324 

I -185 

1.225 

0'392 

0.924 

1.197 

1.111 

I ' '55 

1.155 

0.518 

1.000 

1'749 

0' 938 

0.903 

I '024 

1'364 

0.420 

0' 792 

0.848 

0' 704 

0.816 

0.600 

O.9'3 

0.726 

0' 770 

0'496 

0.288 

0.099 

o m  13j 

0'049 

0.058 

0.078 

45 

416 

47 
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60 

61 

62 

53 

64 

66 

56 

67 

58 

69 

60 

61 

62 
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Right-hand Branch 
93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

-0.756 

0°705 

O' 735 

0.284 

0.588 

0. 840 

0' 759 

0.891 

0.891 

0'432 

0.840 

I -650 

0.882 

0' 903 

I -056 

1.551 

0.480 

0.912 

1.128 

+ 0.684 

1.005 

0.777 

0.284 

0.609 

0.609 

1.023 

0.792 

0.990 

0'459 

0.744 

1'221 

0.630 

0.924 

1-104 

raj18 

0.375 

0.888 

1.032 

+ 0.486 
0'342 

0-528 

0.360 

0.468 

0.780 

0'336 

0.696 

0'552 

0.396 

0.336 

0.564 

0.129 

0.110 

0.294 

' - 0.324 
0.198 

0.624 

0.252 

0.612 

0'444 

0.276 

1.140 

0.384 

0-540 

0.276 

0.300 

0.089 

0.134 

0.210 
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10th Eqwatiim-(continued). l l t h  Equation-(continued).  
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1% 
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134 
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0.420 
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0.056 

+ 0-312 

- 0.060 

+ 0.305 

- 0.032 

+ 0.256 

- 0.030 

+ 0.210 

- 0-032 

+ 0.378 
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0.000 
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1% 
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+ 0-038 

0.038 

0.001 

- 1.001 

+ 0.518 

- 0.574 

+ 0-528 

- 0.902 

+ 0.270 

0'432 

- 0.512 

+ 0.424 

- 0.472 

+ 0-376 

- 0.583 

+ 0.451 

- 0'539 

+ 0.264 

- 0.180 

+ 0.078 

- 0.096 

+ 0.028 

- 0.045 

+ 0.036 

- 0.036 

+ 0.015 

- o * w z  

Right-hand 

- 0.276 

0.256 

0.200 

0.196 

0.123 

0.196 

o.100 

0.075 

o.001 

0.004 

0.001 

o -WI  

0.001 

0.001 

0.001 

0.001 

0.001 

0*002 

+ 0.208 

- 0.580 

+ 0.232 

0- 240 

- 0-484 

0.123 

+ 0.094 

- 0.236 

+ 0.053 

- 0.156 

+ 0.036 

- 0.128 

0- 188 

+ 0.091 

- 0.276 

+ 0.084 

- 0.170 

+ 0.088 

- 0.156 

+ 0.057 

- 0'342 

+ 0.054 

- 0.245 

+ o-OII 

- 0.189 

+ 0.014 

- 0.182 

0- 102 

0.018 

0-000 

0.005 

0.006 

Branch 
- 0.531 

0.387 

1'104 

0.348 

0.880 

0.692 

0.468 

1.488 

0-600 

0.616 

0.288 

0'400 

0.116 

0.126 

0- 256 

0.216 

o'ogo 

0.176 

0.146 

0-232 

0.35'3 

0.339 

0'319 

0.210 

0.231 

0.180 

0.180 

0.347 

93 

94 

95 

96 

97 

98 

99. 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

118 

114 

115 

116 

117 

118 

119 

120 

1l thEq~~rt ion.Xongi tude .  
Left-hand Branch 

Right-hand 
+ 0.909 

0'513 

0.804 

0.600 

0.764 

I -024 

0.408 

1.008 

0.636 

09560 

0.480 

0.560 

0.122 

0' 142 

0.278 

0.166 

0.126 

0 ' 234 

0.080 

0.158 

0'459 

0.246 

0' 364 

0.132 

O.3'5 

0.114 

0' 234 

0' 207 

45 

46 

47 

48 

50 

51 

52 

63 

54 

55 

+ 0'441 

- 0.285 

0.268 

+ 0'472 

0.576 

- 0.256 

0.304 

93 

94 

95 

96 

97 

98 

99 

+ 0.252 

- 0.447 

0.616 

+ 0'340 

0'324 

-0 .640  

0.508 

+ 0.528 

- 0'545 

0.805 

+ 0'522 

- 0'777 

+ 0.763 

I ' '55 

- 1.155 

+ 1.056 

- 0.432 

+ o m 6 9 6  

+ 0-456 

- 0.620 

0.847 

+ 0.441 

- 0.777 

+ 0.658 

1.056 

- 0.957 

+ 0-957 

- 0.351 

+ 0.624 



THE VALUES OF THE W 8  AND &8. 

Qt 

C1 

.g ., : .I 
" A  
i 

3$ 

Y ... 
& 2 
iIj 
..# .I 
" A  d 
'Li 

Y .- 

g % 
k .I 
" A  

54d 

11th Equation-(continued). 

33 

132 

133 

134 

135 

136 

137 

138 

a 

12th Equation-(continued). 

38 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

- 0.001 
0-002 

0-000 

0-001 

0'000 

0.001 

+ 0.001 

Y ." 
g.9m 3 % 8 
K 2  

Qt 

+ 0.004 . 
0.001 

0.003 

0.000 

0.001 

0.000 

0.001 

12th Eq~ation-(continued). 

12th Equation. Azimuth. 

- 1 1 1  

+ 1.111 
- 1.111 
+ 0.808 
- 0.455 
+ 0'303 
- 0.303 
+ 0.141 
- 0.163 
+ 0.300 
- 0.200 
+ 0.250 
- 0.032 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

1% 

125 

126 

127 

128 

129 

130 

131 

182 

133 

134 

185 

136 

137 

138 

13th Eq~ation-(~ontinuea). 

45 

$6 

47 

48 

49 

60 

5 1 

52 

53 

54 

65 

56 

57 

68 

69 

60 

61 

62 

63 

64 

65 

66 

33 

- 1'111 

+ 1.111 

- 1.111 

+ 0.808 

- 0.455 
+ 0'303 

- 0'303 
+ 0.141 

- 0.158 
+ 0'300 

- 0.200 
+ 0.250 

0.016 

Right-hand Branch 

a 

13th Eqzcation. Zinear. 

Left-hand Branch 

03 / - 0.486 + 0.324 I 

+ 0.198 

0.624 

0' 252 

0.61 2 

0 ' 444 

0- 276 

1-140 

0'384 

0' 540 

0.276 

0'300 

0.089 

0' I34 

0~210 

0 -  226 

0.068 

0'207 

0' 131 

0'222 

0.462 

0.360 

0'452 

0' 234 

0'378 

0.216 

0.35' 

0.500 

0.666 

0.389 

0.504 

0'336 

0'378 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

- 0'153 
0. 204 

+ 0.350 
-0.309 

+ 0.350 
- 0.206 
+ a-.3.5o 
- 0.206 
+ 0.300 
- 0.464 
+ 0.606 
- 0.361 
+ 0.354 
- 0-354 
+ 0.354 
- 0.357 

0'202 

+ 0.297 
0.008 

- 0 . 0 1 ~  

+ 0-oog 
0.01 I 

- 0.006 
+ o-0x2 
- 0.006 
+ 0.007 
- o - w g  
+ 0.016 

Left-hand 

+ 0.420 
- 0.510 
0' 714 

+ 0'464 
- o.7z1 
+ 0.721 

'"33 

- 1.133 
+ 1'133 
- 0.464 
+ 0.824 
-1.144 

+ 0.714 
- 0.714 
+ 0.816 
- I-IZZ 
+ 0.510 

0.816 

- 0.816 
+ 0.816 
- 0.824 
+ 0.808 

. 93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

- 0'342 
0.528 

o m  360 

0.468 

0.780 

0' 336 

0.696 

0' 552 

0'396 

0' 336 

0'564 

0.129 

0.110 

0' 294 

0.148 

0.162 

0'225 

0. I 13 

0-210 

0'483 

0'369 

0'399 

0.216 

0'378 

0- 216 

0'324 

0'513 

0' 738 

0'399 

0.441 

0' 294 

0.410 

- 0.153 
0.204 

+ 0.361 

- 0-300 
+ 0.361 

- 0.200 

+ 0.361 

- 0.~00 
+ 0.309 

- 0.450 
+ 0.606 

- 0-350 
+ 0-354 

- 0.354 
+ 0-354 

- 0.347 
0'202 

+ 0.306 

0.008 

- 0.012 
+ oaoog 

o.011 

- 0.006 
+ 0.012 

- 0.006 
+ 0.007 

- 0-oog 
+ 0.016 

Branch 

+ 0.408 

- 0'525 
0'735 

+ 0'464 

- 0'721 
+ 0.721 

1'133 

- 1.133 
+ 1'133 

- 0.464 
+ 0.824 

- 1.111 

+ 0.714 

- 0'714 
+ 0.816 

- 1.1~2 

+ 0.510 
0.816 

- 0.816 
+ 0.816 

- 0.800 
+ 0.808 

+ 0.306 
- 0.315 

0'420 

+ 0.412 
o 408 

- 0.420 
0.412 

+ 0.408 
- 0'420 
+ 0.404 

0 ' 404 

- 0.416 
0.114 

+ 0.162 
- 0.208 
+ 0-131 
- 0.156 
+ 0.153 

+ 0.315 

- oa30G 
0.408 

+ 0'412 
0.420 

- 0.408 
0.412 

+ 0'420 

- 0'408 
+ 0'416 

0.416 

- 0.404 
0.111 

+ 0.166 

- 0.~02 
+ 0.135 

- 0.152 
+ 0.153 



212 INTRODUCTORY. 

126 - 0-378 + 0.410 
127 0.216 o* 216 

128 0.351 0'378 

129 + 0.003 0.008 

Right-hand Branch 
139 + 0.410 - 0.536 
140 0.405 0'324 

141 0'473 0.630 

1 42 0.924 O* 714 

143 0.468 0.450 

1449 0.672 0.516 

145 0.446 0'527 

146 2.160 1.728 

147 0.891 O.972 

148 0.777 0' 735 

149 0.684 0.828 

150 0'384 0.264 

151 0' I35 0.176 

152 0.176 0.151 

153 0.278 0' 353 

151 0 504 0'43% 

155 0-210 0' 222 

156 0.615 0.600 

157 0- 162 0.151 

158 0'353 0'323 

159 0' 137 0' 155 

160 0- 171 0.180 

161 0.168 0.228 

162 0.103 0.084 

163 0'197 0.206 

1644 0' I55 0' I37 

165 0.119 0.124 

14th Bqzsatwn. Zatitzcde. 
Left-hand Branch 

93 - 0.771 + 0.516 

94 0.486 0' 297 

95 o m  760 0.920 

96 0.468 0.360 

97 0.624 0.828 

98 0-920 0'544 

99 0.384 0'336 

100 0.804 1.320 

101 0.556 0.440 

102 0.412 0.548 

103 0.352 0.284 

104 0.500 0.280 

105 0.116 0.083 

106 0- 096 0.125 

- 0.236 + 0.172 

0.113 0'179 

0- 120 0,056 

0.165 0' 155 

0.078 0'093 

0'142 0. 158 

0.308 0'312 

0- 222 0- 228 

0~210 o* 263 

0.106 0.122 

0.175 0' I93 

0.096 0.102 

o. 129 0' 159 

0.171 0.180 

0.228 0.240 

0.1 19 0.123 

0.105 0- 147 

0.053 0'074 

0.074 0.095 

o 060 0.056 

0'042 0.036 

0.012 0- 042 

0'000 0'001 

ght-hand Branch 
+ 0.501 - 0.875 

0.621 0.360 

0.728 0'774 

0.924 1.050 

0.696 0'420 

0.652 0.668 

0.581 0.486 

I ' 904 2' 224 



THE VALUES OF THE 33s AND &a. 

- 

33 Qt Qt u "1 6 
2 

.2 

!! .3, ." 
," .9 

gi 
54 

33 33 

Y 

.g 3 

$ 
d 
2 

16th Equation-(continued). 

a Qt 33 

16th Bq~ation-(~ontinued). 14th Equation-(continued). 

- o.oo~ - 0.001 ::: I + 0.002 1 0.001 

16th Equation. Zmgitude. 

' 3 
b .% 
0 8. 

z 

+ 0.408 

- 0'408 
0.408 

+ 0.408 

0-112 

- 0.163 
+ 0'204 
- 0'133 
+ 0.153. 

- 0'153 
+ 0.152 

0.202 

- 0 - 3 9  
+ 0'30.3 

- 0'354 
+ 0.202 

- 0'354 
+ 0'202 

- 0-303 
+ 0'455 

- 0.606 
+ 0'354 

- 0-347 
+ 0.350 

- 0.350 
+ 0'350 

0' zoo 

- 0.300 
+ 0.008 

16th Zqmtion-(contind). 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

1% 

125 

126 

127 

128 

129 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

139 -0.364 - 0'354 
1M I +  0-30.ql + 0.312 

120 

121 

122 

123 

1Za 

125- 

126 

127 

128 

129 

+ 0.408 
- 0.408 

0.408 

+ 0.408 
0.112 

- 0.163 
+ 0'294 
- o. rgg 
+ 0.153 
- 0.153 
+ 0.152 
0' 202 

- 0.354 
+ 0.303 
- 0.3j4 
+ o-a02 
- 0.3j4 
+ o.zo2 
- 0.303 
+ 0.455 
- 0.606 
+ 0.354 
- 0.357 
+ 0.350 
- 0-350 
+ 0'350 

o m  200 

- 0.300 
0.016 

Right-1iandBranch 

Branch 

- 0'312 
+ 0.288 

0.364 

- 0.348 
0.332 

+ 0.316 

0.320 

- 0'320 
+ 0'240 
- 0'304 

0.292 

+ 0.236 

0.061 

- 0.093 
+ 0.104 

- 0.070 
+ 0'072 

- 0.071 
+ 0.071 

0.094 

- 0'130 
+ 0.126 

- 0.109 
+ 0.064 

- 0.109 
+ 0.054 
- 0'072 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

10-6 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

- 0.128 
+ 0.008 
- 0.077 

0.029 

o m  IOI 

0'023 

0.107 

0.130 

0'338 

0. I 98 

0.123 

0~010 

0.007 

0.009 

0.006 

0'010 

0.008 

0.003 

0'002 

0.003 

O*OOO 

Left-hand 

- 0.339 
+ 0'315 
0'424 

-0.384 

0.404 

+ 0.376 
0.3 j6 

- 0.320 
+ 0.384 
- 0.280 

0.268 

+ 0.272 
O'O77 

- 0.098 
+ 0.128 
-0.070 

+ 0.086 
- 0.084 
+ 0.071 

0.094 

- 0.182 
+ 0.126 
- 0.161 
+ 0.082 
- 0.130 
+ 0.072 
- 0.099 

+ 0.135 
- 0.174 
+ 0.074 
- 0.095 
+ 0.053 
- 0.088 
+ 0.018 
0.010 

-0.036 

0'001 

+ 0.017 

0.146 

0.007 

0.130 

0.029 

0.068 

0.042 

0.238 

0.243 

0.342 

0.083 

0.017 

0.012 

0.008 

0.015 

0.006 

0.019 

o.002 

0.004 

0-003 

0.001 

16th Equation. Azintzcth. 

Left-hand Branch 

+ 0.095 

- 0.120 
0'074 

- 0.032 
+ 0.053 

- 0.014 
+ 0.045~ 

0.028 

0.018 

0.000 

93 

94 

95 

96 

97 

98 

99 

100 

Branch 
- 0.084 
+ 0-423 

0.616 

- 0.231 
+ 0.490 

- 0.084 
+ 0'545 

- 0.496 
+ 0.936 

- 0'175 
+ 0.660 

- 0.022 
+ 0.152 

- 0.018 
+ 0'253 

- 0.028 
+ 0.172 

- 0.005 
+ 0.104 

0.023 

0.102 

139 

140 

141 

142 

143 

1 

'145 

116 

147 

148 

1.19 

150 

151 

152 

153 

154 

165 

156 

167 

158 

159 

Right-hand 

- 0.557 
+ 0.099 

0-1 I= 

- 1.050 
+ 0'330 
- 0.624 
$ 0.194 

- 2.032 
+ 0.369 
-0.784 

+ 0.174 
- 0.274 
+ 0'044 
- oS1j3 
+ 0.050 
- 0.412 
+ 0.028 
- 0.470 

0.004 

0.248 

+ 0.001 

- 0.309 
+ 0'309 

0,412 

- 0.412 
0.412 

+0-41a 

0'412 

- 0.408 

- 0-309 
+ 0'309 

0.412 

- 0.412 
0.412 

+ 0.412 

0.412 

- 0.408 



1 , 5 
% 
d 
2 

33 Q? 

16th 

141 

142 

143 

144 

145 

146 

147 

1 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

la 
165 

166 

167 

168 

169 

170 

171 

172 

QT 

33 I a 

Y 

.$ 2 
t .r & 2 

Bqmtwrt-(aontk~ea). 16th Equat&(Continud). 

B 

+ 0'350 
- 0.728 
+ 0-606 
- 0.416 
+ 0'455 
- 1.664 
+ 0.909 
- 0.728 
+ 0.606 
- 0.208 
+ 0,153 
- 0.144 
+ 0.250 
- 0.41~ 
+ onaoo 
- 0'515 
+ 0.120 
- 0.258 
+ 0.120 
- 0.15; 
+ 0.200 
- 0.093 
+ 0.162 
-0.122 

+ 0.089 
- 0.163 
+ 0.347 
- 0.459 
+ 0-594 
- 0.255 
+ 0.040 

0.030 

+ 0-371 

- 0'707 
+ 0.624 

- 0'404 
+ 0.468 

- 1.616 

+ 0.936 

- 0.707 
+ 0.624 

- 0.202 
+ 0.153 

- 0.140 
+ 0.258 

- 0.400 
+ 0.206 

- 0.500 
+ 0.124 
- 0.250 
+ 0.124 
- 0'150 
+ 0.206 

- 0-ogo 
+ 0.162 

- 0.119 
+ 0.092 

- 0.158 
+ 0.357 

- 0.446 
+ 0.612 

- 0.248 
+ 0.041 

0.031 

17th .Epz~at~?+(contkned). 

- 0.030 
+ 0.041 

- 0.030 
+ 0.061 

- 0.013 
+ 0.020 

- 0.020 
+ 0.015 

173 

174 

175 

176 

177 

178 

179 

180 

Qs .I 
0 L 

d H  
A 

17th .Equation-(hntinued). 

-0.030 

+ 0.040 
- 0.030 
+ 0.059 
- 0.013 
+ 0-020 
- 0.020 
+ 0.015 

a 8 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

+ 0.180 

0.228 

0.084 

0-206 

0.137 

0.124 

0.168 

0.420 

0.689 

0.684 

0.278 

0.042 

160 

161 

162 

163 

164 

166 

166 

167 

168 

169 

170 

171 

17th Equation. Linear. 
Left-hand Branch 

i 

- 0.171 
0.168 

0.103 

0' '97 

0' 155 

0.119 

0- 163 

0'494 

0'567 

0'774 

0.240 

+ 0.006 

+ 0.158 
0' 330 

0. I74 

o m  240 

0.456 

o m  186 

0.351 

0.079 

0.186 

0'035 

0.032 

0.043 

0-026 

0.054 

0.063 

0.036 

0.024 

0.006 

0.039 

0 050 

0 ' 054 

+ 0.536 

0.324 

0.630 

0.714 

0'450 

0.516 

0.527 

1'728 

0'972 

0.735 

0.828 

0.264 

0.176 

0.151 

0.353 

0-432 

0.222 

0.600 

0.151 

0.323 

0'155 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

162 

153 

154 

155 

156 

157 

158 

159 

Right-hand Branch 

- 0.270 
0- 188 

0.258 

O' 233 

0.3~0 

0. 246 

0'324 

0'099 

o. 138 

0.030 

0'033 

0.043 

0.040 

0'043 

0.082 

0.026 

0.030 

0.005 

0'043 

0.050 

0.050 

- 0.410 
0.405 

0.473 

0.924 

0.468 

0.672 

0.446 

2.160 

0.891 

0.777 

0.684 

0'384 

0' 135 

0.176 

o. 278 

0'504 

0.2~0 

0.615 

0' 162 

0'353 

0' 137 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

18th Equation. Latitude. 
Left-hand Branch 

+ 0.504 
0.218 

0'204 

0.318 

o- 126 

0.174 

0.432 

0' 234 

0.368 

0' 390 

0.252 

0.308 

0.246 

0.186 

0.234 

0'342 

0'33O 

0.180 

0.360 

+ 0-749 

"'393 

0- 788 

0' 840 

0'522 

0'528 

O.531 

I '664 

139 

140 

141 

142 

143 

145 

146 

- 0-536 
0.197 

0.156 

0.096 

O-I+.+ 

0.312 

0'252 

0.216 

0'375 

0'353 

0' 234 

0.368 

0-204 

0.228 

0.216 

0.360 

0.233 

0.234 

0.315 

- o'j32 
0.516 

0'599 

I -008 

0.522 

0.672 

0.428 

2'032 
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33 a 

18th E q u a t i o n - ( ~ o n t i n u e d ) .  

+ 0.963 

0.63; 

0'720 

0.198 

0.135 

0.105 

0.258 

0.288 

0.138 

0'335 

0.085 

0.165 

0'072 

0.075 

0.090 

0.034 

0.074 

0.048 

0.035 

0.040 

0.074 

0.113 

0.084 

0.015 

0.003 

Branch 

18th E q ~ a t w l z - ( c o n t i n u e d ) .  

147 

148 

149 

150 

151 

152 

153 

154 

156 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

Y .a 

z .2 

%. ..?! 
S F  

0 " A  
b 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204r 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

216 

216 

217 

218 

- 0.792 
0.665 

0.540 

0.288 

0'099 

0' 122 

o- 185 

0' 336 

0- 120 

0'325 

o 084 

0.180 

0.058 

0.069 

0.060 

0.036 

0.066 

0.046 

0'032 

0.027 

0.084 

Os077 

0.060 

0.008 

0'000 

Right-hand 

.a 

3 

'.. .- e 3 
0 O fi 
Z 

18th E q ~ a t i c m - ( ~ o n t i n u e d ) .  

- o.002 - 0.002 
220 219 1 +o.005 1 0.003 

19th Equation. Zongitade. 

181 

182 

183 

184 

185 

186 

33 

+ 0.474 
c.174 

0.388 

0- 263 

0.248 

0.168 

0- 222 

0.074 

0.196 

0.123 

0.248 

0.048 

0'2j5 

0.005 

0.205 

0' 022 

0' 143 

0.068 

0.106 

0.015 

0.040 

- 0.014 
I- 0.014 

- 0.002 
+ 0.011 

0.010 

- 0.005 
+ 0.019 
- o-oor 
+ 0.007 
0'000 

0-005 

19th E p a t i o l l - ( c o n t i n n d ) .  

139 

la 
141 

142 

14.3 

144 

145 

146 

147 

1 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

Qt 

- 0.210 
0.264 

0.280 

0.368 

0- 142 

0.350 

0.102 

0.214 

0.092 

0.300 

0.068 

0.186 

0.087 

0.190 

0.035 

0.152 

0-038 

0.208 

0.038 

0.156 

0-000 

0.074 

0.001 

0.011 

o-oor 

+ 0.001 
- o-oro 

0.000 

0.006 

0.001 

0.001 

0.001 

+ 0.809 
0.237 

0- 198 

0'396 

0.192 

0.130 

Qt 33 

+ 0.018 

- 0.049 
-t 0.018 

- 0.006 
+ 0.013 

0.002 

166 

161 

168 

169 

170 

171 

Left-hand 

+ 0.375 
-0'249 

0.287 

+ 0.644 
- 0.468 
+ 0.316 
- 0.338 
+ 1.056 
- 0.630 

+ 0'434 
- 0.420 
+ 0.108 
- 0.087 
+ 0.070 
-0.138 

+ 0.180 
- 0.098 
+ 0.205 
- 0.056 
+ 0.088 
- 0.048 
+ 0.045 
- 0.058 
+ 0-031 
- 0.038 
+ 0,034 
- 0.020 

- 0'704 
0.288 

0.252 

0-054 

0.114 

0.404 

+ 0-032 
- 0.049 
+ 0.072 
- 0.096 
+ 0-013 
- 0.004 

Branch 

+ 0.280 

- 0.276 
0.329 

+ 0.455 

- 0.468 
+ 0.268 

- 0.297 
+ 1.056 

- 0.522 

+ 0.434 

- 0.276 
+ 0.108 

- 0.069 
+ 0.070 

- 0.100 
4- 0.180 

- 0'074 
+ 0.20; 

- 0.035 
+ 0.088 

- 0.030 
+ 0.045 

- 0.040 
+ 0.017 

- 0.038 
+ 0.019 

- o.014 

. Qt 

Branch 
+ 0.564 

- 0.022 
0.096 

+ 0.200 

0.218 

0.020 

0' 242 

- 0.026 
+ 0.308 

0.015 

0' 208 

0.028 

0.174 

0'010 

0' I 78 

0.036 

o. r8o 

0.026 

0- 231 

0.035 

0' 155 

0.060 

0' 153 

0.020 

0,134 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

Y 

i$/ 6 
Z 

Right-hand 
+ 0.154 
- 0.232 

0.276 

+ 0.026 
0- 104 

- 0.250 
0.040 

0.248 

+ 0.015 
- 0-323 
+ 0.010 
- 0.273 
+ 0.012 
- 0.182 

0'002 

0.288 

0.023 

0' I54 

0'039 

0' 153 

0.048 

0- 138 

0.020 

o m  280 

0.022 



33 a 
%' = 
% j' . ... 
d 
Z 

a .- 
.E % 
2 3 
d 8 
Z 

33 Qt .i 
& .- 
d O & 
k 

33 

2let Equatio~;t-(~ontinued). 19th Equation-(oontinued). 

Qt 33 Qt 

182 

183 

184 

186 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

2 a 
.5 2 z .I 
0 L 

G5k 
Z 

20th BquatimL-(~ntinuea). 

+ 0.072 
0.053 

0.024 

0.014 

0.010 

0.018 

0.016 

0.012 

0.029 

0.004 

0.008 

0.001 

0.007 

o-oor 

o'oo2 

206 

!207 

208 

209 

210 , 

21 1 

212 

21 3 

214 

215 

216 

217 

218 

219 

220 

211 210 / 1:::; 1 0.0% 

Right-hand Branch 
221 1 + 0-128 1 - 0.018 

- 0.218 
on 204 

0.318 

0.126 

0'174 

0'432 

0 ' 234 

0.368 

0'390 

0- 252 

0.308 

0.246 

0.186 

0.234 

0'34% 

0'330 

0.180 

0.360 

0.158 

0'330 

0.174 

0.240 

0.456 

0.186 

0.351 

o"07g 

o. I 86 

0.035 

20th E ~ ~ t i c m - ( ~ o n t i n n e a ) .  

-- 0.198 
0.007 

o m  102 

0.008 

0.016 

0'01 I 

0.005 

0.019 

0-009 

0.008 

0'002 

0'001 

0-001 

0'002 

+ 0.002 

+ 0.197 
0- 156 

0.096 

0'144 

0'31 2 

0-252 

0.216 

0-375 

0'353 

0' 234 

0.368 

0. 204 

0- 228 

0.216 

0.360 

0'233 

0'334 

0'3'5 

0-  270 

0.188 

0 -  258 

0' 233 

0-300 

0.246 

0'324 

0'099 

0- 13s 

0.030 

0 ' 033 

- 0.250 
+ 0.404 

- 0.202 
+ 0-505 

- 0.121 
+ 0-253 

- 0.121 
+ 0'152 

- 0.202 
+ 0.091 

- 0.162 
+ 0.121 

- 0.091 
+ 0.158 

- 0.347 
+ 0.450 

- 0.600 
+ 0,250 

0.040 

163 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

20th Equation. Azimuth. 
Left-hand Branch 

+ 0.206 

- 0.~00 
+ 0.206 

- 0~300 
+ 0.258 

- 0.200 
+ 0.303 

- 0.248 
+ 0.255 

- 0.198 
+ 0.253 

- 0'404 
+ 0.204 
- 0.297 
+ 0.112 

- 0.198 
+ 0.031 

- 0-030 
+ 0.031 

0.036 

- 0.045 
+ 0.071 

- 0.030 
+ 0.031 

- 0.005 
+ 0.035 

- 0'040 
+ 0.050 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

208 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

216 

216 

217 

218 

219 

220 

- 0.258 
+ 0-404 
- 0-202 
+ 0.505 
- 0.121 
+ 0.253 
- 0.121 
+ 0.152 
- 0.202 
+ 0.091 
-0.162 

+ 0.121 
- 0.091 
+ow163 

-0.357 

+ 0.450 
- 0.600 
+ 0.250 
- 0.080 

2lst Equatiott. &hear. 
Left-hand Branch 

181 / - 0.5041 + 0.536 

+ o-zoo 
- 0.206 
+ 0.~00 
- 0.309 
+ 0'250 
- 0.206 
+ 0.303 
- 0'255 
+ 0.248 
- 0.204 
+ 0.253 
- 0'404 
+ 0.198 
-0.306 

+ 0.109 
- 0.204 
+ 0.030 
-0.031 

+ 0.030 
0.035 

- 0.046 
+ 0.069 
- 0.030 
+ 0.030 
- 0.005 
+ 0.035 
- 0-040 
+ 0.050 

+ 0.361 

- 0'309 

0'361 
+ 0'707 

- 0.612 
+ 0.408 

- 0'459 
+ 2'632 

- 0.918 
+ 0.714 

- 0.612 
+ 0- 204 
- 0.153 
+ 0'143 

139 

140 

141 

142 

148 

144 

145 

146 

147 

148 

149 

150 

151 

152 

Right-hand Branch 

+ 0.361 
- 0.309 

0.361 

+ 0.728 
- 0.612 
+ 0.408 
- 0'459 
+ 1'632 
-0.918 

+ 0.714 
- 0.612 
+ 0- 204 
- 0.153 
+ 0.143 

+ 0.371 

- 0.140 
0.202 

+ c-206 

0.208 

- 0-200 
+ 0.206 

- 0.198 
+ 0.263 

- 0.248 
+ 0.206 

- 0.250 

+ 0.350 1 182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

- 0.148 
0.208 

+ 0.200 
0' 202 

- 0.206 
+ 0.~00 
- 0-210 
+ 0.248 
- 0.263 
+ 0.200 
- 0.258. 



THE VALUES OF THE W S  AND Qts. 

.x .- 
2 0 * -. c z 
c .?I 
0 * 
6 H  z 

Qt 
-j; 
.d 
2 

8 
z 

18 

2lst  

222 

223 

224 

225 

226 

227 

228 

229 

230 

23 1 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

!247 

248 

249 

250 

25 1 

252 

253 

Qt 

22nd Eq~atwn-(continued). 2lst  Equatiorti(contiuued). 

a 

a .d 

0 0 * - 
S F  " 0 d 
Pi 

22nd Equation-(Conthued). 

254 

255 

256 

257 

258 

259 

260 

261 

262 

Equation-(continued). 

w 

+ 0.078 

0.100 

0.073 

0.100 

0.060 

0.081 

0.019 

0.036 

0.005 

0-002 

0.003 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

+ 0.06~ 
0.153 

0.059 

0.488 

0.548 

0'270 

0.300 

0.228 

0'338 

0.174 

0.119 

0.738 

1.215 

0.972 

imj96 

0.480 

0.960 

0.768 

0.861 

0.888 

I '554 

I • 440 

1'431 

I 290 

0.816 

0.672 

0.900 

0.031 

0-012 

0.009 

0.O3.5 

0.009 

- 0.232 
o'b52 

o m  156 

0.666 

0.140 

0.456 

+ 0.008 

- o 400 
+ 0.004 

0.001 

- 0.003 
+ 0.006 

- 0-002 
+ 0.001 

- 0.005 
+ 0.004 

- 0.005 
+ 0'005 

- 0.007 
0-OGO 

0'002 

0.002 

- 0.140 
0.056 

0.078 

0.104 

0.054 

0.063 

0.018 

0.024 

o a 005 

0.001 

0.002 

+ 0.030 
0.029 

0.091 

0.043 

o. 108 

0.094 

0.019 

0.031 

0.0~4 

- 0.074 
0-133 

0.097 

0.368 

0.308 

0.293 

0.308 

0.222 

0.338 

0.186 

0. r I 9 

0.936 

0.972 

0.972 

1.554 

0.600 

0.768 

0.960 

0'777 

0.984 

1.344 

1.368 

1'323 

I ,500 

0.840 

0.840 

0.810 

0.023 

0.013 

0.009 

0.030 

0.010 

241 

242 

243 

2-44! 

245 

24.6 

247 

248 

269 

250 

251 

252 

253 

254 

255 

256 

257 

258 

259 

260 

261 

262 

- 0.026 
0.029 

0.089 

0.050 

0.094 

0.094 

0.023 

0.029 

0.030 

+ 0.608 
0' 182. 

0.816 

0.144 

0.640 

- 0.024 
+ 0.344 
- 0.190 
+ 0.011 

0.004 

- 0.002 
+ 0.013 
- 0.002 
+ 0.007 
- 0.003 
+ 0.018 
-0.005 

+ O ~ C I Z  
- 0.007 
+ 0.00~ 
- 0.00~ 
+ 0.003 

22nd Eqfcatwn. Zatilude. 

Left-hand Branch Right-hand Branch 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

23rd Equation. Zongitecde. 

Left-hand Branch 

- o-oro 
0-079 

0.169 

0'092 

0.465 

0.218 

0.210 

0'353 

0'144 

0.345 

o m  096 

o- i 22 

0.540 

0.972 

0.396 

1.344 

0.210 

0.680 

0.320 

0.567 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

181 

182 

183 

184 

185 

186 

187 

- 0.690 
0.239 

0- 216 

0.328 

0-142 

0' 152 

0'39O 

0.188 

0.3O.5 

0.278 

0.190 

0.195 

0.162 

0- 102 

0.138 

o m  162 

0'173 

0.066 

0.168 

0.048 

+ 0.169 
oeogo 

0- 162 

0.077 

0'435 

O.593 

0.33~ 

0- 188 

0' 258 

0. 195 

0.192 

0.056 

0-720 

0.594 

0.873 

0.546 

0.420 

0'304 

0'592 

0.189 I 

+ 0.718 

om agy 

0.198 

0.086 

0.140 

0'334 

0'232 

0 . ~ 0 ~  

0.295 

0.285 

0.164 

0.278 

0.126 

0.156 

0.114 

0.216 

0.1~5 

0-120 

0.120 

0'133 

- 0.308 
+ 0.147 

0'192 

- 0.128 
0.138 

+ 0.176 
- 0.098 

- 0.350 
+ 0.084 

0.138 

- 0' 152 
0.156 

+ 0.080 

- 0.146 - 



218 INTRODUCTORY. 

~t 
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w .2 
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23rd Equation-(continued). 

3 

.! 
C i H  
Zi 

18 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

23rd Eqwtwlz-(Continued). 23rd Equation-(continued). 

a 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

24.0 

24J 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 

256 

257 

258 

259 

24th Equation-(continued). 

+ 0.003 

0.00~ 

0.00~ 

260 

261 

262 

207 

208 

209 

210 

211 

+ 0.~52 
- 0.115 
+ 0.193 
- 0.072 
+ 0.168 
- 0-070 
+ omIro 
- 0.060 
+ 0.168 
- 0.073 
+ 0.078 
- 0'072 
+ 0.078 
- 0-055 
+ 0.062 
- 0.048 
+ 0.116 
- 0-032 
+ 0.~54 
- 0.014 
+ 0.028 
- 0-002 
+ 0.003 
- 0.00~ 

- 0'340 
+ 0.006 
- 0.338 
+ 0.032 
- 0.124 

omo4z 

1.107 

0'045 

1'484 

0'02 j 

0.848 

0.096 

0.721 

0.184 

1.232 

0'384 

O.999 

0- 420 

0'584 

0.184 

c.610 

0.012 

0.005 

0.005 

0.011 

0.004 

0 - w g  

0.010 

0'021 

0.012 

0.016 

0.017 

- 0.001 
0'002 

0.000 

+ O'OgZ 

- 0.168 
+ 0.080 

- 0.126 
+ 0.063 

- 0.106 
+ o.Ojo 

- 0.096 
+ 0.060 

- 0'095 
+ 0.042 

- 0.099 
+ 0.048 

- 0.070 
+ 0.020 

- 0.05j 
+ o.04 

- 0.038 
+ 0.~27 

- 0.011 

+ 0.010 
- 0.002 

0.000 

0.001 

+ 0.03; 

0.240 

0.045 

o m  zoo 

0.004 

0.768 

0.108 

0.873 

0.238 

0.500 

0.136 

0.768 

0.203 

0.728 

0.364 

0.948 

0.540 

0.930 

0.328 

0.488 

0.350 

0.014 

0.007 

0.004 

0.014 

0.004 

0.010 

0.008 

0.027 

o-orz 

0.025 

0.014 

Right-hand Branch 

- 0.110 
+ 0.200 
- 0-030 
+ 0.030 
- 0.060 24th Equation. Azimuth. 

+ 0.058 

0.082 

0.011 

0.083 

0.018 

0.323 

0.325 

221 

222 

223 

224 

225 

226 

227 

- 0.110 

+ 0-200 

- 0-030 
+ 0-030 

0.030 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

2341 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

+ 0.004 
0.029 

-0.118 

+ 0.023 
- 0.455 

0.128 

+o-or8 

Branch 

, - 0.361 
+ 0.141 

0.~02 

- 0.204 
0.204 

+ 0.204 
- 0.204 
+ 0.204 
- 0-255 
+ om2j5 

- 0.206 
+ 0.250 

- 0'202 
+ o-zoz 

- 0.202 
+ 0.303 

- 0'253 
+ 0.202 

- 0.303 
+ 0.253 

- 0.253 
+ 0-202 

- 0'253 
+ 0.404 

- 0.204 
+ 0.297 

181 

182 

183 

184 

186 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

2 

205 

206 

Right-hand 
+ 0.060 

0.061 

- 0.064 
+ 0.061 
- 0.265 
+ 0'245 

0.248 

-0.263 

+ omzoo 
- 0.263 
+ 0.200 
- O . X I ~  

+ 0'594 
- 0.927 
+ 0 . g ~  

- 1.442 
+o m 5 0 0  

-0.824 

+ 0.800 
- 0.728 
+ 0.784 
- 1-456 
+ 1-188 
- 0.936 
+ 0.980 
- 0.816 

Left-hand 

- 0.361 
+ 0.146 

0- 208 

- 0.204 
0- 204 

-+ 0.204 
- 0.204 
+ 0.204 
-0.255 

+ 0.255 
- 0.200 
+ 0.258 
- 0.202 
+ 0-202 
- 0.202 
+ 0.303 
-0'253 

+ 0 . ~ 0 ~  

- 0.303 
+ 0.253 
- 0.253 
+ 0.202 
-0.253 

+ 0'404 
- 0.198 
+ 0.306 

Branch 
+ 0.062 

0.062 

- 0-060 
+ 0.062 

- 0- 250 
+ 0-260 

0. 263 

- 0.248 

+ 0.206 

- 0.248 

+ 0.206 

- 0- 110 
+ 0-630 

- o . ~  

+ 0.927 

- 1 - 4 0 0  

+ o-srj 
- 0-800 

+ 0-824 

- 0.686 

+ 0.832 

- 1.372 

+ 1.224 

- 0.882 

+ 1.040 

- 0' 7 9 2  



THE VALUES OF THE 43s AND as. 

.El 
: 2 a 
c .% : 3 z 

Qt 18 18 
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Qt Qt 
'l-s 
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24th Equation-(continued). 

18 

26th Zq~~ti~n-(continued). 26th Eq~atio7t-(continaed). 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

24.6 

247 

248 

249 

278 

279 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

892 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

+ 0.816 
- 0-990 
+ 0.026 

o-011 

- 0.009 
+ 0.041 
- 0.009 
+ 0-020 

- 0.025 
+ 0.082 
- 0.040 
+ 0.080 
- 0.080 
+ 0.016 
- 0.030 
+ 0.030 

26th Equation-(coutiuued). 

%k7 

2-68 

249 

250 

251 

252 

253 

254 

255 

256 

257 

258 

259 

260 

261 

262 

+ 0.792 
- 1.0~0 
+ 0.024 

0.01 1 

- 0.009 
+ 0.040 
- 0.009 
+ 0.020 
-0.026 

+ 0.079 
- 0.040 
+ 0.080 
- 0.080 
+ 0.016 
- 0.030 
+ 0.030 

- 1'215 
0.972 

1'596 

0.480 

0- 960 

0.768 

0.861 

0.888 

1'554 

I ' 440 

1.431 

I 290 

0.816 

0.672 

0.900 

+ 0.005 

+ 0.360 

0' 265 

0' 250 

0' 253 

0.180 

0. 263 

0. 144 

0:086 

0.636 

0-612 

0'558 

0.868 

0'325 

O.352 

0'432 

0'329 

0'392 

0.406 

0'396 

0'378 

0.360 

0' 152 

0. 128 

0.060 

0-002 

Branch 

226 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

+ 0.468 
0'420 

0.630 

0.4j6 

0'525 

0' 240 

0'095 

0-ozo 

0.119 

0'054 

0.086 

0.031 

0'037 

o'ozj 

0.050 

0.058 

0.029 

0'035 

o.o;o 

0.013 

0.01 I 

0.015 

0.051 

0.008 

0'027 

25th Equation. Linear. 

Left-hand Branch 

+ 0.972 

0.972 

1-554 

0.600 

0.768 

0.960 

0.777 

0.984 

1.344 

1-368 

1.323, 

I -500 

0.840 

0.840 

0.810 

0-020 

- 0.458 
0'470 

0.238 

O.235 

0.188 

o'zjg 

0.126 

0.083 

0.480 

0' 738 

O.549 

0' 854 

0.245 

0.416 

0.288 

0' 343 

0' 304 

0'434 

0'396 

0'378 

0.270 

0.112 

0.040 

0- 030 

0.001 

Right-hand 

- 0.432 
0.444 

0.585 

0.480 

0.555 

0.278 

0.092 

0.020 

0.119 

0.054 

0.084 

0-032 

0.033 

0.~32 

0.036 

0.063 

0-033 

0.031 

0.059 

0.012 

0.012 

0.013 

0'049 

o-oro 

C-032 

Right-hand Branch 

221 

222 

223 

224 

225 

226 

227 

2% 

229 

230 

231 

232 

233 
t 

26th Equation. Zatitude. 

Left-hand Branch 
263 

264 

265 

266 

267 

268 

221 

222 

223 

224 

- 0.098 
0.215 

0.176 

0.720 

0.204 

0.300 

0.408 

0.492 

0.456 

0.495 

0.702 

0,384 

0.615 

0.389 

0.222 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

- 0.128 
0.061 

0' I53 

0'059 

0.488 

0.548 

0-270 

0.300 

0.228 

0'338 

0'174 

0.119 

0' 738 

+ 0.195 
o. a65 

0' 152 

0'432 

0.300 

0'420 

0.636 

0.372 

0.696 

0'315 

0.918 

0.408 

0.600 

0.368 

0. 246 

+ 0.018 
0.074 

0-133 

0.097 

0.368 

0.308 

0.293 

0.308 

0.222 

0.338 

0.186 

0.119 

0.936 

+ 0.234 
0.361 

0.150 

0.564 

0.196 

0'332 

- 0.146 
0.065 

0.163 

0.055 

. - 0.168 
0' 243 

0.244 

0' 732 

0'332 

0.448 

+ 0.028 
0.089 

0.138 

o-roo 
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Y .- 

8 +, 
% $ 
G 

18 Qt 

26th Eqzccrtwt+(conthued). 

0 ." 
3. 

.2 GI 

; .j 
6  
b 

- 0.288 
0'352 

0'492 

0.545 

C'354 

0.388 

0.305 

0.350 

0.088 

0.368 

0'152 

0.425 

0.128 

0.390 

0.060 

0.063 

0.003 

0.063 

O.OOI 

0.044 

o"ooo 

o.001 

0.013 

0.000 

0.018 

0.002 

0.009 

0.006 

0.003 

o.001 

0.002 

0.003 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

2&E 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

29 7 

298 

299 

300 

26th Equation-(Continued). 

- o.001 - o-001 
301 I I 302 +oaoo3 0.001 

27th Equation. Zongitude. 

+ 0.684 
0.428 

0.456 

0- 115 

0' 798 

0- 176 

0'535 

0' I33 

0.206 

0'172 

0.328 

0.17; 

0.316 

0- 105 

0.165 

0.015 

0.012 

0.007 

0.028 

- 0.001 
+ 0.014 

0.015 

-0.004 

+oSo18 

0.001 

0-010 

0-001 

0.016 

0'000 

0'002 

0-000 

0.006 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

2% 

235 

236 

237' 

238 

239 

240 

241 

242 

243 

U 

24.5 

246 

2-47 

36 

27 th Bqwtwn-(continued). 

248 + 0.090 I 1  o-ooo 

%9 -0.002 0-ooo 

27th Equation-(continued). 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

285 

286 

287 

388 

289 

290 

291 

Left-hand 

-0.069 

0'059 

+ 0.~38 
- 0.050 
+ 0.195 
- 0.133 

0' 145 

+ 0.150 
- 0.112 
+ 0.155 
- 0.104 
3- 0.058 

- 0.294 
+ 0.441 
- 0.405 
+ 0-532 
-omzoo 

+ 0'320 
-0.240 

+ 0.238 
- 0.224 
+ 0.364 
-0.288 

+ 0.153 
- 0.190 
+ 0-120 
-0.096 

Qt 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

Branch 

- 0.046 
0.037 

+ 0.051 

- 0.029 
+ 0.150 

- 0'155 
0.160 

+ 0.128 

- 0-112 
+ 0.110 
- 0.098 
+ 0.048 

- 0.258 
+ 0'333 

- 0.324 
+ 0.532 

- 0.140 
+ 0.200 

- 0'240 
+ 0.154 

- 0.176 
+ 0.238 

-0.180 

+ 0.153 

- 0-070 
+ 0.048 

- 0.024 

Right-hand 
- 0.212 
+ 0.017 
-0.173 

+ 0.164 
- 0.432 

0'492 

0.028 

+ 0.084 
- 0.576 

0.445 

0-078 

0.408 

o-oro 

0'343 

0.018 

0'376 

0.008 

0.470 

0 ' 044 

0.400 

0.018 

0.068 

0.003 

0'079 

0.008 

0'055 

0.007 

0.010 

0.015 

- o-or1 
0.023 

0.003 

0-012 

0.005 

0.004 

0.001 

0.003 

0.004 

0'001 

+ 0.001 

Branch 
- 0.075 
+ 0.189 

- 0.029 
+ 0.560 

- 0.180 
0'132 

+ 0'440 

0.480 

0-000 

- 0.040 
3- 0.624 

- 0.012 
+ 0.500 

0.035 

0.180 

0'032 

0-328 

0.08; 

0.328 

0.095 

0.185 

0.018 

omo13 

0.030 

0.033 

0'021 

0.01;. 

c-org 

o-oog 

+ 0.018 

oSorq 

0.012 

0-006 

0.018 

0.002 

0.003 

0.002 

0.008 

0'001 

0'003 

28th Equation. Azimuth. 
Left-hand Branch 

.a .A 

" c .& GI 
c" % 
0 '& 

d B  
A 

Qt 

Y . - 
5 2 a: 

G. 0 .fi h 
d H  
2 

18 

- 0.061 
0.061 

+ 0.061 
- 0.061 
+ 0.255 

- 0.255 
0'255 

+ 0.255 

- 0.204 
+ 0-255 

- 0' ZOO 
+ 0.111 

- 0.606 
+ 0.909 
- 0-909 
+ 1.414 
- 0.505 
+ 0.808 

221 

222 

2% 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

18 

- 0.062 
0.061 

+ 0.061 
- 0.061 
+ 0.255 
-0'255 

0' 255 

+ 0.255 
- 0.204 
+ 0.255 
-0.206 

+ 0.111 
- 0.606 
+ 0.909 
- 0.909 
+ 1.414 
- 0.505 
+ 0.808 

Qt 
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+ Y 

$i 75 2 
2 

% Qt !]I % I a 
Ei 

28th Equation-(continued). 

28 
d 
zi 

239 

241 

242 

243 

2414 

245 

246 

247 

248 

a 9  

29th Equation-(continued). 28th Equation-(hntinued). 

Y .- 
!i 2 

eg d 
zi 

29th E q ~ t ~ ~ ( h n t i n n e d ) .  

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

283 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

Qt 

- 0.808 

+ 0-707 

- 0.808 

+ 1.414 

- 1.212 

+ 0.909 

- I *ozo 

+ 0.800 

- 0.800 

+ 1.000 

-0.050 

m 

33 

- 0.193 

0.270 

0.218 

0.300 

0.198 

o • 240 

0.231 

0.164 

0'072 

0.108 

0.082 

0.168 

0. 145 

O' 135 

0.087 

316 

317 

318 

319 

320 

321 

322 

323 

3% 

325 

326 

327 

328 

329 

330 

- 0'315 

0.918 

0.408 

0.600 

0.368 

0.246 

0.468 

0'420 

0.630 

0'456 

O' 525 

0-  240 

0.095 

0' 020 

o' rig 

0'054 

0.086 

0-000 

+ 0'253 

- 0.092 

t 0.020 

- 0.112 

+ 0.059 

- 0.092 

+ 0.030 

0.030 

- 0.036 

+ 0.040 

- 0.046 

+ 0.030 

- 0.026 

+ 0.050 

- o.012 

+ 0.011 

- 0.013 

+ 0.035 

- 0.010 

+ 0 .0~5  

- 0.808 

+ 0'707 

- 0.808 

+ 1'414 

- 1'212 

+ 0-go9 

- o'ggo 

+ 0.800 

- 0.800 

+ 1.000 

0.025 

Qt 

4- 0.197 

0'252 

0' 233 

0' 240 

0'3I5 

0.156 

0.368 

o.113 

0.101 

0- 101 

0. 084 

0- 172 

0.152 

0.108 

0'102 

+ 0'495 

0'702 

0.384 

0.615 

0.389 

0 '222  

0.432 

0 . 4 4 . ~  

0.585 

0.480 

0'555 

0.278 

0.092 

0 .020  

0.119 

0.054 

0.084 

0.032 

+ 0'253 

- 0.089 

+ 0.020 

- 0.109 

4- 0.061 

- 0.089 

+ 0.031 

0.031 

- 0.035 

+ 0.041 

- 0.045 

+ 0.031 

- 0.025 

+ 0.051 

- 0 - 0 1 2  

+ omo[r  

- 0.013 

+ 0-035 

- o.010 

+ 0.025 

Branch 
- 0.133 

+ 0.135 

- 0.131 

+ 0.416 

- 0-404 

0.404 

+ 0.412 

0.420 

- 0.396 

o-  joo 

+ 0.618 

- 0-400 

+ 0'515 

- 0'350 

+ 0.206 

- 0.400 

+ 0.412 

- 0.500 

+ 0.412 

- 0'495 

Right-hand 

Right-hand Branch 

29th Equation. Xinem. 
Left-hand Branch 

263 

26.41 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

30th Equation. Zatitude. 
Left-hand Branch 

303 

309 

305 

306 

387 

308 

309 

310 

311 

312 

313 

314 

315 

263 

264 

265 

266 

267 

268 

269 

270' 

271 

- 0.137 

+ 0.131 

- 0-135 

+ 0.404 

- 0.416 

0.416 

+ 0-400 

0'396 

- 0-420 

0'515 

+ 0.600 

- 0.412 

+ O e j W  

- 0.361 

+ 0.200 

- 0.412 

+ 0.400 

- 0.515 

+ 0.400 

- 0.510 

+ 0.113 

0. 230 

0.176 

0.712 

0.192 

0- 280 

0.312 

0.360 

0. 276 

0'3I5 

0.414 

0.216 

0' 325 

0.189 
i 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

+ 0.099 

0.164 

0.344 

0- 282 

0.160 

O"93 

0'324 

0'389 

O'3l5 

0.405 

o n  176 

0.118 

0.182 

- 0.195 

0.265 

0' 152 

0'43% 

0.300 

0'420 

0.636 

0'372 

0.696 

- 0-226 

0'273 

0'152 

0'392 

o m  252 

0 . 3 5 ~  

0.456 

om 252 

0.408 

O' '95 

0'504 

0.216 

0. 290 

0.168 

- 0.108 

0'113 

0.202 

0.150 

0.098 

0.172 

0.297 

0.305 

0.333 

0.351 

0.176 

0.120 

0.206 

+ 0.098 

0.215 

0.176 

0.720 

0.204 

0.300 

0.408 

0.49: 

0'456 
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. 

Qt 
.r 0 9 
;i 

3 3 .b M 

; j d 
k 

33 Qt 
I %  
9 8 
G 

318t Eq~tiotz-(Cbntinud). 

33 

8 

827 

328 

329 

380 

4 
8" 
% g i 

28 28 

30th EqtcatiOn-(continued). 30th Bq~~tb(~ontinued).  

Qt Qt 

- o * w 9  
0.029 

0-006 

0.008 

+ 0.005 

318t E~~tioa-(Contind). 

- 0.066 
+ 0.021 

0.004 

0*002 

- 0.015 
0.002 

o*o17 

0.00~ 

0.005 

0.005 

+ 0.018 

0.021 

0.018 

0.007 

0.005 

+ 0.096 
0.180 

0.184 

0.205 

0-168 

0.155 

0.073 

0.018 

0.004 

0'020 

0 008 

0.005 

0.001 

282 

283 

284 

285 

286 

287 

288 

289 

277 

278 

279 

280 

28 1 

282 

288 

2&& 

285 

286 

287 

821 

822 

328 

824 

825 

826 

827 

828 

829 

880 

32nd Equatkm. AzimzctA. 

- o*roa 
0.180 

0.164 

o* 230 

0'132 

0' 145 

0'055 

0- 020 

0.003 

0-020 

0'002 

- 0.012 
+ 0.084 

0.029 

0.023 

- 0.006 
+ 0.018 
- 0.004 
+ 0 ~ 0 1 1  
-0.005 

+ 0.010 
263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

276 

276 

277 

278 

279 

280 

281 

282 

283 

284 

285 

286 

0.005 

288 289 1 0 - m  

+ 0.090 
- 0.055 
+ 0.013 
- 0.004 
+ o-OIO 
- 0.008 
+ 0.005 
- 0.003 

318t Equation. Zongitzcde. 
Left-hand Branch 

Right-hrandBranch 

+ 0.090 

- 0.025 
+ 0.013 

- 0.001 
+ o.010 

- 0.001 
+ 0.005 

0.002 Left-hand 

+ 0' 133 
- 0.133 
+ 0.133 
- 0.408 
+ 0-408 

0.408 

- 0.408 
0' 404 

+ 0.404 
0 !i05 

-0.606 

+ 0.404 
-0.505 

+ 0.354 
- 0.202 
+ 0.404 
- 0.404 
+ 0.505 
- 0.404 
+ 0,505 
- o*a55 
+ 0.090 
- 0.020 
+O.IIO 

808 

309 

305 

306 

307 

808 

809 

310 

311 

812 

313 

814 

816 

316 

817 

818 

319 

320 

821 

322 

323 

824 

325 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

278 

274 

275 

276 

277 

278 

279 

280 

281 

303 

809 

805 

306 

307 

308 

309 

310 

311 

312 

813 

814 

315 

816 

317 

318 

819 

820 

Branch 

+ 0'133 

- 0.133 
+ 0'133 

- 0.408 
+ 0.408 

0.408 

- 0.408 
0.404 

+ 0.404 

O ' 505 

- 0-606 
+ 0-404 

- 0-505 
+ 0-354 

- 0- 202 
+ 0-404 

- 0.404 
+ 0-505 

- 0-404 
+ 0'50j 

- 0-a48 
+ 0.- 
- 0.020 
+ o-1x0 

Right-hand Branch 

+O.IOI 

- 0.114 
+ 0.088 
- 0.304 
+ 0.244 

0- 256 

-0.196 

0.208 

+ 0.212 
0'225 

- 0.240 
+ 0.164 
- 0.185 
+ 0.126 
-0.070 

+ 0.108 
- 0.124 
+ 0.115 
- 0.112 

+ 0.068 
o. 141 

0-082 

0.192 

0.077 

0.129 

0.129 

0' 256 

0.108 

0' 222 

0.046 

0.056 

0.037 

0.087 

0. 044 

0.085 

0.005 

oSogo 

- 0.092 
+ 0.052 
- 0- 131 
+ 0.038 
-o.rog 

+ 0.014 
- 0.213 
+ 0.025 
- 0.201 

0.003 

0.092 

0. 009 

0.098 

0.015 

0. 118 

o.01 5 

0- 1x5 

0.033 

0.070 

0.063 

0.014 

0.015 

0.023 

+ 0-101 
- 0.075 
+ 0.088 

- 0.184 
+ 0.220 

0.208 

- 0.208 
0.184 

+ 0.140 

0.180 

- 0.222 
+ 0.128 

- 0.155 
+ osogj 

- 0.052 
+ 0.108 

- 0.076 
+ 0,115 

- 0.052 

- o-rog 
0.081 

0.178 

0.078 

0.083 

0.081 

0.213 

0.112 

0.216 

0~120 

0.092 

0.035 

0.~98 

0.048 

0.118 

0-020 

0 . 1 ~  

+ 0.009 

- 0.029 
+ 0.094 

- 0.021 
+ 0.116 

- 0.029 
+ 0.094 

- 0.024 
+ 0-203 

- 0.003 
+ 0.186 

0.008 

0.054 

0.022 

0.077 

0.044 

0.098 

0.050 

0.084 

0.050 

0*095 

0.049 

0.026 

0.018 
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a 

2 a 

$1 
& 

%3 Qt 

32nd Ep~t io l s - (cont inuea) .  

Qt 

33rd Equation. Linear. 
Left-hand Branch 

33rd E p ~ t i m c - ( ~ h n t i n u e d ) .  

Y .- 

4 4  9 6 
2 

803 

804 

305 

30s 

307 

808 

809 

810 

811 

312 

818 

814 

815 

316 

817 

818 

319 

820 

821 

822 

328 

841 

342 

M 3  

344 

846 

346 

847 

348 

849 

350 

851 

352 

353 

8541 

355 

356 

857 

858 

859 

360 

861 

- 0.060 
+ o*ogo 

0.030 

287 

288 

289 

34th E q w t b ( ~ h n t i n d ) .  

36 
1. 
5 .!' 
O & & 

- 0-060 
+ 0-090 
-0.060 

811 

812 

313 

814 

315 

816 

817 

818 

819 

820 

821 

822 

323 

- oSogg 
o. 164 

0. 144 

0.282 

o. 160 

0' 193 

0'324 

0'389 

0.315 

0'405 

0.176 

0.118 

0.182 

0.197 

0' 2 52 

0' 233 

0.240 

0'315 

0- 156 

0.368 

0.004 

+ 0.288 
0.3'5 

O' 293 

0' 333 

O' 333 

- 0.846 

0.720 

0.462 

0.096 

0.084 

0.089 

o-ogr 

0.082 

0.055 

0.093 

0.070 

0-091 

0'112 

0.116 

0.096 

0.187 

3l 

+ 0.108 

0.113 

0.202 

0.150 

0.098 

0'172 

0.297 

0'305 

0-333 

0.351 

0.176 

0.120 

0.206 

0'193 

0.270 

0.218 

0.300 

0.198 

0'240 

0.231 

0.210 

- 0,225 
0.252 

0.225 

0.342 

0.315 

0.774 

0-846 

0-420 

0.098 

0.089 

0.091 

0.082 

oSog1 

0.074 

0.087 

0-074 

0.082 

0.115 

0.112 

o-112 

0 - ~ q q  

- 0'123 
0.150 

0.063 

0.038 

on 056 

0.045 

0.046 

0.035 

0.033 

0.027 

0-016 

0.025 

0.003 

Branch 
- 0.100 

4- 0.144 

- 0.160 
+ 0'202 

- 0.130 
+ 0.144 

- 0.300 
+ 0'354 

- 0.303 
+ 0.303 

- 0.141 
+ 0.082 

- 0.158 
+ 0.143 

- 0.198 
+ 0.255 

- 0.248 
+ 0.306 

- 0.198 
+ 0.350 

0'143 

0-082 

- 0.079 
+ 0.080 

- 0.140 
+ O*IIO 

- 0.100 
+ 0-100 

, 803 

804 

306 

306 

307 

308 

309 

810 

811 

812 

818 

814 

315 

816 

817 

818 

319 

820 

821 

822 

823 

824 

825 

826 

327 

828 

829 

880 

Right-hand Branch 
34tAEpzlatwn. -Latitude. 

Left-hand Branch 

+ 0.138 
0.138 

0-067 

o.041 

0.069 

0'052 

0.056 

0.048 

0.050 

0.027 

0.032 

0.028 

0'014 

Right-hand 
- 0*103 
+ 0.140 
- 0.165 
+ 0-202 
- 0.134 
+ 0.140 
-0.309 

+ 0.354 
- 0'303 
+ 0.303 
- 0.141 
+ 0.079 
- 0.163 
+ 0.139 
- 0.204 
+ 0.248 
- 0.255 
+ 0.297 
- 0.204 
+ 0.350 

O' '39 

0.079 

- 0.082 
+ 0.080 
- 0.140 
+ 0'110 
- o.roo 
+ om 100 

Right-hand Branch 

803 

804 

305 

306 

307 

308 

809 

810 

Qt 

- o.qq1 
0.171 

0.450 

0.351 

0.375 

0.285 

0.285 

0.225 

0.306 

0'333 

3.31 

882 

338 

834 

835 

886 

887 

888 

339 

840 

- 0.459 
o- 228 

0.489 

0. a64 

0' 355 

0.150 

om 140 

0- 188 

0' 243 

0.093 

0'042 

0'174 

O* I53 

0.051 

o. I 83 

0.084 

0.366 

0'011 

331 

882 

883 

834 

335 

836 

837 

838 

839 

340 

841 

842 

848 

844 

846 

896 

847 

848 

+ 0.261 
0.261 

0,414 

0'324 

0.435 

0' 255 

0'323 

0'338 

0'369 

0.3'5 

- 0.079 
o-log 

0.098 

o- 146 

o-ogo 

0.094 

0' I59 

0.165 

Y 

i j  & 

+ 0'351 
0' Ig!i 

0'339 

0'321 

0'290 

0.218 

0.258 

0' I35 

0-144 

0' 204 

0' 192 

0.060 

0.065 

0' 1 74 

0.042 

0.366 

0.030 

0' 179 

+ 0.089 

0.092 

0'142 

oSroo 

0'055 

0.091 

0.156 

0.140 

36 Qt 



INTRODUCTORY. 

& 

. Qt Qt 

.t: 
= e .z % 

2 3 " A  G 
36 a 

36t h 

333 

334 

335 

336 

337 

338 

339 

8441 

341 

342 

343 

344 

345 

346 

347 

348 

899 

350 

351 

352 

363 

354 

355 

356 

357 

358 

359 

360 

361 

34th Equation-(conthud). 

4 

.$ 2 
% 
, '" % 0 

6 
R 

Equation-(continued). 35 th Eqztatw*(conti.ued). 

- 0.005. 
0.032 

0.000 

0.025 

+ 0.002 

- 0.017 
+ 0-001 
- 0.014 
+ 0.002 

- 0.017 
0.003 

0.006 

0.008 

349 

850 

351 

852 

853 

354 

355 

356 

357 

358 

359 

860 

361 

- 0.309 
+ 0-306 
- 0.258 
+ 0.250 

0.250 

- 0.258 
0'309 

+ 0.303 
O' 3O3 

- 0-303 
0.253 

+ 0.297 
-0.306 

+ 0.594 
- 0.612 
+ 0.347 

0'0'19 

- 0.082 
+ 0.079 
-0.082 

+ 0.079 
- 0.080 
3- 0.099 

- 0.080 
+ 0.080 
-0.120 

+ o.110 
-0.11o 

+ 0.160 

319 

320 

321 

322 

323 

3 6th Eq~t~n-(aontinuecI). 

+ 0.038 
-0.006 

+ 0.029 
-0.006 

+ 0.023 
- o-OIO 
+ 0.022 
- 0.006 
+ 0.016 
- 0.006 
+ 0.017 
- 0.006 
+ 0.016 

28 

- 0-306 
+ 0-306 

- 0'250 
+ 0.258 

0.258 

- 0- 250 
0.306 

+ 0.303 

O.303 

- 0.303 
0' 253 

+ 0.306 

- 0.297 
+ 0.612 

- 0.594 
+ 0.357 

0.082 

- 0.079 
+ 0.083 

- 0-079 
+ 0.082 

- 0.080 
+ 0.102 

- 0.080 
+ 0.080 

- 0' 120 
+ o-I-ro 

- 0'110 

+ 0.160 

36th Equation. Zongitzcde. 

Left-hand B m c h  

f 

Qt 

+ 0.016 

0.014 

omorI 

0.007 

0.011 

357 

358 

359 

360 

361 

4- 0.030 

- 0.048 
+ 0.016 
- 0.039 

0.014 

303 

304 

305 

306 

307 

308 

309 

810 

311 

812 

313 

314 

815 

816 

317 

818 

- o-OIO 
0.018 

0'002 

0.007 

+ 0.002 

+ 0.030 

- 0.012 

+ 0.016 

- 0.007 
+ 0.007 

Branch 
+ 0.348 

- 0.138 
0.039 

+ 0'255 

0.013 

0.208 

0.205 

o-ooo 

0.012 

0.210 

0.168 

0.024 

0.028 

0.183 

0.060 

0.396 

0.270 

0.221 

0.051 

0.027 

0.038 

0.023 

0.034 

0- 020 

1::: 

331 

332 

333 

334 

335 

336 

337 

338 

339 

S40 

341 

342 

343 

3 U  

34& 

346 

847 

348 

349 

350 

361 

352 

353 

364 

356 

856 

36th Equation. A ~ i m ~ t h .  
Left-hand Branch 

+ 0.057 
- 0.092 
+ 0.077 
- 0.114 
+ 0.051 
- 0.063 
+ 0.099 
- 0.126 
+ 0.090 
- 0.102 
+ 0.036 
- 0.020 
+ 0.045 
- 0.034 
+ 0.030 
- 0.045 

Right-hand 
+ 0.1 jy 

- o-agr 
O' 345 

+ 0.102 
- 0.310 
+ 0.028 

0.010 

- 0.225 
0.258 

0.015 

+ 0.006 
- 0.210 

o- 190 

0.042 

0- 201 

0.198 

0'43% 

0.126 

0.026 

0. 042 

0.019 

0.039 

0.017 

0.021 

0'010 

0.017 

303 

3041 

805 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

319 

320 

321 

322 

323 

+ 0.057 

- 0.055 
+ 0.077 

- 0.060 
+ 0.051 

- 0.038 
+ 0.099 

- 0.095 
+ 0.090 

- 0.066 
+ 0.036 

- 0.015 
+ 0.021 

- 0.021 . + 0'030 

- 0.023 

Right-hacd Branch 
+ 0.303 + 0.312 1 - 0306 1 - 0.306 

+ 0.102 
- 0.144 
+ 0.162 
-0.202 

+ 0.131 
-0.141 

+ 0.303 
- 0.354 
+0-303 

- 0.303 
+ 0.141 
-0.081 

+ 0.162 
- 0 . 1 4 ~  
+ 0.20~ 
- 0.255 
+ 0.250 
- 0.300 
+ 0.200 
- 0-350 

0.280 

+ o-roz 

- 0.140 
+ 0.162 

- 0.202 
+ 0.131 

- 0.141 
+ 0'303 

- 0.354 
+ 0.303 

- 0.303 
+ 0.141 
- o-081 
+ 0.162 

- 0.141 
+ 0.202 

- 0.248 
+ 0.250 

- 0.300 
+ o - w o  

- 0.350 
+ 0.140 



THE VALUE9 OF THE 368 AND &a. 225 

-3 a 
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2 .c 
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Zi 

36 33 ii 

37th Bquatwn. Liltear. 

Left-hand Branch 

Qt a Qt 

331 

332 

333 

834 

335 

336 

337 

338 

339 

340 

341 

342 

3 43 

344 

345 

8.46 

347 

348 

349 

350 

851 

37th Equatwrt-(continued). 

c) .a 8 6 
1 

% g o 
2 

- 0.462 

0.368 

c-408 

0.785 

0.525 

0.912 

0.385 

0.865 

0'432 

0.805 

0.368 

0.632 

0.285 

0,632 

0.510 

0.785 

0.230 

0.660 

0.310 

0 . 3 ~ 2  

0-2.52 

0.735 

0.165 

0.555 

0.140 

0.456 

0.168 

0'320 

o' 156 

o. 460 

0.052 

0.260 

38th z~~th?+(Oontinaed). 38th Equation-(continued). 

9 s p  
" -& 2 

- 0.086 

0'079 

0.099 

0.077 

419 

420 

421 

422 

364 

865 

366 

367 

368 

369 

370 

371 

372 

373 

374 

375 

376 

377 

378 

379 

380 

381 

382 

383 

384 

385 

386 

387 

388 

389 

390 

391 

392 

393 

394 

395 

- 0.261 

0-261 

0.414 . 

0.324 

0.435 

0' 255 

0'323 

0'338 

0'369 

0.3'5 

0.288 

0'315 

O' "93 

0'333 

O.333 

0.846 

0'720 

0.462 

0.096 

0.084 

0.002 

+ o.ozo 

- 0'272 

+ 0.040 

- 0.290 

+ 0.056 

- o m  290 

+ 0.072 

- 0-275 

+ 0.125 

- 0.220 

+ 0.120 

0.008 

- 0.010 

+ 0.007 

- 0.022 

, + 0.021 

- 0.01 7 

+ 0-013 

- 0.010 

+ 0.014 

- 0.004 

+ 0.006 

- 0.005 

+ 0.009 

- 0.007 

+ 0.006 

0'000 

0~000 

+ 0 .072  

0.129 

0.084 

0.082 

+ 0.231 

0.772 

0.528 

0' 595 

1'020 

0.384 

0.635 

0'695 

0.504 

0.485 

0.736 

0.232 

0-  840 

o m  160 

0' 930 

0'  235 

0.715 

0.240 

0.665 

0.184 

0.540 

O-.;OO 

0.465 

0.210 

0.304 

o m  240 

0'372 

0.112 

0.420 

0'035 

0- 272 

- 0.008 

+ 0.441 

0.171 

0.450 

0'351 

0'375 

0-  285 

0- 285 

0 .22  j 

0.306 

0'33.7 

0'225 

0.252 

0'225 

0.342 

0.315 

0.774 

0.846 

0'420 

0.098 

0.089 

0.091 

396 

397 

398 

399 

400 

401 

402 

403 

404 

405 

Po6 

407 

408 

409 

410 

411 

412 

413 

414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

Right-hand Branch 

ii 

+ 0.236 

- omo20 

+ 0.310 

-0.095 

+ 0.236 

- 0.095 

+ 0.216 

- 0- 110 

+ 0.230 

- 0.175 

+ 0.156 

0.013 

- 0-010 

+ omoro 

- 0.030 

+ o-ozr 

-0 .024 

+ o .o I j  

- 0.016 

+ 0-ozo 

- 0'007 

+ 0.006 

- 0.010 

+ 0-009 

- 0 . 0 1 ;  

+ 0.006 

-0.007 

+ o q w 7  

423 0.089 0.091 

38th Equation. Latitude. 

Left-hand Branch 

409 

410 

411 

412 

413 

414 

416 

416 

41 7 

418 

Qt 

39th Equation. .Longitude. 

Left-hand Branch 

+ 0.468 

0.147 

0.390 

0-282 

0'275 

0.168 

0.165 

0.115 

0.144 

0.126 

0.081 

0.081 

0'075 

0.081 

0 . 0 7 5  

0.102 

0.156 

0.046 

o-oro 

0.006 

0.006 

331 

332 

333 

334 

335 

336 

337 

338 

339 

310 

341 

342 

343 

844 

345 

3116 

347 

348 

849 

350 

351 

+ 0.041 

0'062 

0.101 

0.065 

0.056 

0.067 

0.103 

0- 040 

0.047 

0.067 331 1 -  0.222 

- 0.261 

om 222 

0.357 

0.222 

O ' 3O3 

o. 140 

0.180 

0-  148 

0' 153 

0 .117  

0.108 

0.081 

0.083 

0.081 

0.051 

0' 150 

0.060 

0.070 

0.012 

0.001 

0.006 

- 0.064 

0.084 

0.058 

0'079 

0.058 

0.068 

0.100 

0.036 

0.050 

0.068 - 0.195 

Right-hand Branch 

+ 0.720 1 0.428 

- 0.468 

0.604 
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36 33 36 Qt 

39th .Eq~ath-(htinued).  

Qt Qt 

332 

333 

334 

335 

336 

337 

338 

339 

340 

341 

342 

343 

344 

345 

346 

347 

34.8 

349 

350 

351 

39th Eq~tion-(Continud). 

+ 0.005 

0.616 

0.048 

0.660 

0.076 

0.820 

0.145 

0.600 

0-ogo 

0.640 

o'ooo 

0.512 

0.240 

0'490 

0.135 

0.400 

O.I& 

0.460 

0.068 

0.500 

0.260 

0. 400 

0.080 

0'324 

0.148 

0.380 

0.175 

0.304 

0.250 

0.304 

0.285 

0-375 

40th Equatiolt-(Continnd). 

405 

406 

407 

4-08 

409 

410 

411 

412 

413 

414 

415 

416 

417 

41 8 

419 

420 

421 

422 

423 

39th B'q~ation-(continud). 

v 
G. -9 
0 C 

6 H  
Z 

341 

342 

343 

344 

3 4  

346 

347 

348 

359 

350 

351 

+ 0.177 
0'177 

-O02Ol 

+ 0.138 
- 0.100 

0- 100 

+ 0.093 
0'111 

- 0.084 
0.084 

+ 0,072 
0.070 

- 0'045 
+ 0.084 
-0.042 

+ 0.138 
- 0.011 

0'002 

+ 0.006 
- 0.006 

373 

374 

375 

376 

377 

378 

379 

380 

381 

382 

383 

384 

385 

386 

387 

388 

389 

390 

391 

392 

393 

394 

395 

396 

397 

398 

399 

4.00 

401 

402 

403 

404 

+ 0.177 

0.177 

- 0.102 
+ 0 . 1 ~  

- 0.08j 
0.093 

+ 0.063 

0.075 

- 0.066 
0.066 

+ 0.045 

0.033 

- 0.045 
+ 0.012 

- 0.114 
0.024 

0.042 

omoro 

0.001 

0.001 

- 0.805 
0.080 

0.5~4 

0. IOj 

0.500 

0.215 

0- 650 

0.075 

0- 630 

0.080 

0 ' 504 

om 100 

0.660 

O'OOj 

0' 585 

+o-028 

-0.540 

0.104 

0.484 

0'220 

0.490 

. 0.092 

0.376 

0'072 

0'392 

0' I75 

0.380 

0.188 

0.410 

0.188 

0.405 

0.270 

- 0-315 
0'220 

0.025 

0'029 

0'022 

0.027 

0.049 

0.026 

0.022 

0.021 

0'034 

0.012 

0.01 I 

0.013 

0.010 

0.017 

0.009 

0.002 

0'002 

Right-hand Branch 

33 

- 0'303 
+ 0'303 

O' 253 

- 0.303 
+ 0.306 
- 0.600 
+ 0.600 
- 00.50 

0.080 

+ 0.080 
- 0.160 

+ 0-285 

0-zoo 

0.024 

0.021 

0.033 

0.046 

C-028 

0.038 

0.025 

0.026 

0.036 

o.01 2 

0.014 

0.014 

0.016 

0.017 

0.014 

0.00; 

0.005 

862 

363 

364 

365 

366 

367 

368 

869 

370 

371 

372 

40th Equation. Azimuth. 

Left-hand Branch 

Qt 

- 0'303 
+ 0.303 

O' 253 

- 0.303 
+ 0.297 

- 0.600 
+ 0.600 

- 0.350 
0-080 

+ 0-080 

0.080 

331 

332 

333 

334 

335 

336 

337 

338 

339 

34.0 

Branch 
+ 0-416 
- 0.404 

0'303 

+ 0.416 

0.416 

- 0'505 
+ 0'525 

- 0.396 
+ 0.520 

- 0.500 
+ 0.416 
- 0'495 
+ 0'420 
- 0-396 
+ 0'5J5 
- 0.400 
+ 0-525 
- 0.500 
+ 0 - 5 1 5  

- 0' 500 

Right-hand 

+ 0.160 
- 0.628 

"'435 

+ 0.064 
0.176 

-0.830 

0.000 

0.616 

+ o. 180 
- 0.890 
+ 0.088 

362 

363 

364 

365 

366 

367 

368 

369 

370 

371 

372 

373 

374 

375 

376 

377 

378 

379 

380 

381 

+ 0.604 

- 0.172 
0.120 

+ 0.592 

0.608 

- 0.125 
+ 0.765 

0.080 

0.675 

- 0.005 
+ 0.616 

- 0.306 
+ 0.306 

0.306 

- 0.309 
+ 0.258 
- 0.253 
0' 253 

+ 0.253 
O' 3O3 

- 0.303 

+ 0.404 
- 0.416 

0.312 

+ 0'404 
0.404 

- 0.520 
+ 0.495 
- 0.420 
+ 0'50j 
-0.530 

+ 0'404 
- 0'525 
+ 0.396 
- 0.420 
+ O'jOO 
-0.412 

+ 0'495 
- 0'515 
+ OSjOO 
- 0.515 

- 0.306 
+ 0.306 

0.306 

- 0.300 
+ 0.250 

- 0.253 
0.253 

+ 0.253 

0.303 

- 0-303 



THE VALUES OF THE 338 AND Qt8. 227 

Qt 

0 .- 
g .!& ." 
," 3 
0 2 6 
2 

Y 

'i! 2 
6 "0 

b g 2 
33 Qt 

+ o.515 
- 0.396 
+ 0.412 
- 0.490 
+ 0.515 
- 0.500 
+ 0.412 
- 0.396 
+ 0.412 
- 0.400 
+ 0.416 
- 0'495 
+ 0.412 
- 0-400 
+ 0.408 
- 0.392 
+ 0.510 
- 0.495 
+ 0.408 
- 0.495 
+ 0.408 
- 0'495 
+ 0'510 
- 0.485 
+ 0.412 

0.031 

- 0-030 
+ 0.031 
- 0.088 
+ 0.081 
- 0.078 
+ 0.061 

40th .Equation-(Continued). 

2 

b $  
$ 

33 

40th Eqtl~ti~n-(&ntinued). 

882 

383 

384 

385 

886 

887 

388 

389 

39Q 

891 

392 

393 

394 

395 

396 

397 

398 

399 

400 

401 

402 

403 

404 

401 

406 

407 

408 

409 

410 

411 

412 

413 

*j s 
.$' 

g B  
Qt 

+ 0.500 
- 0.420 
+ 0.400 
- 0'520 
+ o . 5 ~  

- 0.515 
3- 0.400 

- 0.423 
+ 0-400 
- 0.412 
+ 0.392 
- o-510 
3- 0.400 

- 0.412 
+ 0.396 
- 0.416 
+ 0.495 
-0'510 

+ 0.396 
- 0.510 
+ 0.396 
- 0'510 
+ OS49j 
- 0.515 
+ 0.388 

0.029 

- 0.031 
+ 0.029 
- 0.091 
+ 0.078 
- 0.081 
+ 0.0.59 

33 33 

- 0.060 
+ 0.090 
- 0.035 
+ 0-041 
- 0.060 
+ 0.080 
- 0.110 
+ 0.070 
- 0.080 
+ 0.080 

418t zq~at~?&-(~ontinned). 

414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

Qt 

42nd Eq~atirrn-(~ontinaed). 

382 

383 

884 

385 

386 

387 

388 

389 

390 

391 

892 

393 

39 % 

395 

396 

397 

398 

399 

400 

401 

402 

403 

4.04 

405 

406 

407 

408 

- 0.060 
+ 0.090 
- 0'035 
+ 0.040 
- 0.060 
+ 0.080 
-O.IJO 

+ 0.070 
- 0.080 
+ 0.080 

4% 

425 

426 

427 

428 

429 

430 

431 

432 

438 

434 

435 

436 

437 

4 8  

439 

440 

Ml 

442 

44S 

418t Equation. Z k a r .  

+ 0.600 
0'444 

0'.!i52 

0.690 

0'435 

0' 585 

o- 288 

0.636 

0'432 

0.528 

0.600 

0.510 

0.348 

0.408 

0.276 

0.456 

0.465 

0.420 

0.408 

0.510 

0'396 

0.540 

0.510 

0'435 

0'384 

0.044 

0.052 

362 

363 

364 

365 

366 

367 

368 

369 

370 

371 

372 

373 

374 

375 

876 

377 

378 

879 

380 

381 

- 0-030 
0.122 

0'122 

o- 158 

0.125 

0.109 

0.125 

0.138 

0.120 

0.084 

0'099 

0.068 

om 065 

0.050 

o - 060 
0.076 

0.067 

0.058 

0'077 

0'039 

- 0.615 
0.312 

0.528 

0'795 

0.465 

0.585 

0'432 

0.516 

0.540 

0.336 

0.624 

0.615 

0.480 

0.276 

. 0.372 

0-372 

0.480 

0,390 

0.384 

0.480 

o -432 

0'495 

0.570 

0.465 

0.336 

0-040 

0.037 

42nd Equation. -Linear. 
Left-hand Branch 

+ 0'035 
0.116 

0.076 

0.119 

0.162 

0.109 

0.102 

o- 141 

0.123 

0.105 

0.090 

0'059 

0.071 

0.054 

0- 048 

0.092 

0.063 

0.067 

0.090 

0'047 

+ 0-432 
0.420 

0'252 

o 480 

0' 300 

0.615 

0.690 

0'444 

0'390 

0' 765 

0.324 

0.615 

c-576 

0.39~ 

0.675 

0'336 

0.810 

o 480 

0.630 

0' 540 

Right-hand Branch 

- 0.432 
0.336 

0.261 

0.384 

0.420 

0.465 

0.570 

0.636 

0.465 

0'58j 

0'504 

0'555 

0.504 

0.468 

0'495 

0'492 

0.765 

0' 645 

0.495 

0.585 

- 0.011 

0'037 

407 

408 

- 0'432 
0.020 

0.024 

0.022 

0'022 

0.048 

0.048 

0.046 

0 ' c43 

0.029 

0.026 

362 

444 

445 

446 

447 

448 

449 

60 

45 1 

452 

453 

+ 0.038 
0-052 

O'oOo 

+ 0.023 
0.023 

0.~20 

0.023 

0.060 

0.056 

0.041 

0'04.3 
A' 

0.025 

o- b28 
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42nd Equatb(~ontinied) .  

%3 

43rd 

375 

376 

377 

378 

379 

380 

381 

382 

383 

3% 

385 

386 

387 

888 

389 

390 

39 1 

392 

393 

394 

395 

396 

397 

3911 

399 

400 

41  

402 

403 

404 

405 

406 

42?td Equation-(Continued). 

Qt 

- 0-016 
0.037 

0.025 

0.028 

0.022 

0'049 

0.035 

0'023 

0.025 

0-020 

0'042 

0.052 

0-044 

0.041 

0.049 

0.043 

0.058 

0.054 

0.050 

0.048 

0.043 

0.044 

0.032 

0.029 

0.030 

0.020 

0.028 

0.033 

0-033 

0.034 

0.093 

0.1 14 

464 

455 

456 

457 

458 

459 

460 

461 

462 

463 

464 

465 

466 

467 

468 

469 

470 

471 

472 

473 

474 

475 

476 

477 

478 

479 

480 

481 

482 

483 

484 

485 
* 

' 

43rd Equation-(~onhued). Eptcatwn-(continued). 

- 0.492 
o'qro 

0.416 

0'485 

0'54.5 

0.300 

0.565 

0'220 

0'436 

0- 192 

0.605 

0.040 

0.510 

+oS032 

-0.460 

0.020 

0.352 

0.068 

0'350 

+ 0.056 
-0.248 

+ 0.096 
- 0.232 
+ 0.105 
- 0.230 
+ 0.112 
-0-215 

+o.rqo 

- o-185 
+ 0 - 1 9 5  

- 0.150 
+ 0.184 

+ 0.015 
0.035 

0.022 

0-032 

0.023 

0.042 

0.041 

0.024 

0'022 

0-020 

0.048 

0.042 

0.046 

0.042 

0.045 

0.046 

0.063 

0'059 

0.047 

0.043 

o - 051 
0.044 

0.029 

0'032 

0.017 

0.019 

0.035 

0.037 

0.027 

0.029 

0.114 

0'111 

- 0.099 
c-ogg 

0.063 

0.076 

0.068 

0.067 

0.086 

0.049 

0'032 

0.061 

0.061 

0.063 

0.059 

0'092 

0.093 

0-020 

486 

487 

488 

489 

490 

491 

492 

498 

494 

495 

496 

497 

498 

499 

500 

501 

407 

424 

425 

426 

427 

428 

429 

430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

a 0  

441 

442 

4.43 

+ O . ~ O O  

0.610 

0.292 

0-805 

0.340 

0.570 

0. 245 

0-620 

0.056 

0'492 

0.280 

0'485 

0-120 

0.392 

0'092 

0.400 

- 0.016 
+ 0.388 

0.025 

0.308 

- 0.068 
+ 0.240 

- 0.064 
3- 0.285 

- 0.125 
+ 0.196 

- 0.140 
+o.176 

- 0'170 
+ 0 - 1 9 5  

- 0.195 
+ 0-136 

+ 0.090 
0- 108 

0.067 

0.065 

0.072 

0.068 

0.054 

0'043 

Om059 

0.058 

0'052 

0.063 

0. c50 

0.107 

0.069 

- 0.029 

4 3 ~ d  Equation. Zatitude. 

Left-hand Branch 

+ 0.023 
- 0'008 

0.028 

+ 0.055 
- 0.021 
+ 0'047 

0.044 

- 0.019 
0.016 

+ 0.036 
0.030 

- 0.015 
0.007 

+ 0'012 
0.01 I 

- o'w5 
0.006 

+ 0.008 
0.006 

-0.004 

0.004 

362 

368 

364 

365 

366 

867 

368 

869 

370 

371 

372 

378 

374 

- 0.014 
0.015 

0.051 

+ 0.025 
- 0'047 
+ 0.014 

0.021 

- 0.039 
0.037 

+ 0.009 

0.01 2 

- 0.024 
0.013 

+ 0 . ~ 0 3  

0-ooj 

- 0.008 
0-010 

+ 0.003 

0- ==+ 
- o'wa 

0'002 

Right-hand Branch 

- 0.672 
0.664 

0.420 

0.400 

om 200 

0.870 

0'570 

0.624 

0- 205 

0' 95O 

0.164 

0' 770 

0.388 

- 0-018 
0'037 

0'034 

0-023 

0'075 

0-051 

0.066 

o 044 

0-041 

o -028 

P a  

445 

446 

447 

448 

499 

450 

451 

463 

453 

+ 0.300 

0.260 

0.201 

0.596 

0.652 

0'345 

0.825 

0.540 

0.680 

0.415 

0.652 

0.370 

0.608 

+ 0.038 
0.022 

0.018 

0.036 

0'0.59 

0.080 

0.040 

0.064 

0.024 

0.040 
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U r d  Equation-(Continued). 

36 

43rd Equation-(conthuod). 44th Equation-(~ntinued). 

454 

455 

456 

457 

458 

459 

460 

461 

462 

463 

464 

465 

466 

467 

868 

469 

470 

47 1 

472 

473 

474. 

475 

476 

477 

478 

479 

480 

481 

482 

483 

404 

485 

875 

376 

377 

378 

379 

380 

381 

382 

383 

384 

385 

386 

887 

388 

389 

390 

391 

392 

393 

394 

395 

396 

397 

398 

399 

400 

401 

402 

403 

404 

805 

406 

44th Eq~ati+(~ontinuwi). 

Qt 

- 0.048 
0.054 

e-035 

0.028 

0.027 

0.029 

0.034 

0.011 

0.007 

0.020 

0.012 

0.012 

0-oog 

0.012 

0.007 

0.003 

486 

487 

488 

489 

490 

491 

492 

493 

494 

495 

496 

497 

498 

499 

500 

501 

+ 0.015 
0.054 

0.024 

0 . 0 ~  

o - 026 
0.056 

0.046 

0.028 

0'027 

0.022 

0.053 

0'047 

0.050 

0'041 

0'044 

0.046 

0.062 

0.053 

0.042 

0'037 

0.045 

0.034 

0'022 

0.024 

0.014 

0-012 

0'022 

0.025 

0.019 

0.015 

o 060 

0.063 

+ 0.020 
- 0.725 
+o.040 

- 0.800 
o - 020 
0.680 

0,085 

0.660 

0.104 

0.568 

0.265 

0'525 

0.22 j 

o -360 

0.312 

0.428 

0'232 

0.520 

0.205 

0'324 

0.1 gz 

0- 260 

o m  228 

0'375 

0.210 

0.312 

0.290 

0.284 

0'330 

0'350 

0' 285 

0' 244 

+ 0.016 

0'020 

0.066 

0.057 

O'O59 

0'097 

0.067 

0.041 

0.061 

0.057 

0.050 

0.029 

0.019 

0.023 

0.020 

0-010 

0'020 

0.011 

0.012 

0-oog 

0.006 

+ 0.051 
0.045 

0.028 

0.029 

0'034 

0.~22 

0.014 

0.014 

0.019 

0,010 

0.013 

0.014 

0.006 

0.012 

0.005 

0.005 

- 0.022 
0.041 

0.032 

0.031 

0'029 

0.059 

0.043 

0.029 

0-029 

0.023 

0.050 

0.055 

0.047 

0.044 

0.052 

0.041 

0.054 

0- 05 [ 

0,047 

0.040 

0.036 

0.037 

0.027 

0.021 

0.022 

0.015 

0.022 

0-020 

0.020 

0-022 

0.060, 

0.057 

407 

424 

425 

426 

427 

428 

429 

430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

P4X) 

441 

442 

4 3  

3 

$ 3  
" A  
i2 

+ 0.524 

0.010 

0.520 

0-205 

0.655 

0.070 

0.605 

0.195 

0.376 

0.200 

0.740 

0-130 

0.585 

0.192 

0'492 

0.280 

0'332 

0.332 

0.500 

0.252 

0.252 

o. 196 

0.288 

0.270 

0.285 

0.228 

0:325 

0.280 

0-315 

o"400 

0.270 

0.248 

+ 0.001 
- 0.021 

0.086 

0.058 

OS099 

0.058 

0.048 

0.065 

0.071 

0-042 

0.028 

0.040 

0.~25 

0.016 

0.014 

0.016 

0.018 

0.008 

0.008 

0.007 

0.005 

44th Eqzcat,wn. Jongitude. 
Left-hand Branch 

Right-hand Branch 

36 

- 0.664 
+ 0.568 

0.432 

- 0.048 
0.040 

+ 0.695 

0.005 

. 0.712 

. -  0.035 

+ 0.720 

0.068 

0.675 

0.064 

362 

363 

364 

365 

366 

367 

368 

369 

370 

371 

372 

373 

374 

Qt 

+ o . 0 ~  

0'051, 

0.081 

- 0.660 
0'520 

o-oro 

0.850 

+ o m o o 4  

- 0.635 
0.135 

0.484 

0 045 

0.620 

- 0.031 
+ 0'003 

o*ooj 

- 0.030 
+ 0.017 

- 0.054 
+ 0.013 

- 0-053 
+ o-oog 

- 0.031 

444 

446 

446 

447 

468 

9 

450 

451 

452 

453 

- 0-002 
+ 0.031 

0.029 

- 0.006 
0.075 

- 0.005 
+ 0.052 
- o.01: 
+ 0.031 
- 0.012 
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33 

+ 0.007 

- 0'037 
+ 0.010 
- 0.032 
+ 0.017 

- 0.038 
+ 0.021 

0.014 

- 0.017 
+ 0.014 

0'028 

- 0.032 
0.032 

+ 0.025 

0.028 

- 0.032 
0'033 

+ 0.026 
0.01g 

- 
0'023 0-023 

+ 0.016 
0.012 

- c.015 
0.014 

+ 0.010 
0.013 

- 0'017 
0.018 

+ 0.011 
0.031 

- 0.045 

44th Equath-(continued). 

Qt 

44th Eqzlat~n-(continuea). 

454 

455 

456 

457 

458 

459 

460 

461 

462 

463 

464 

465 

466 

467 

468 

469 

. 
33 

+ 0.017 
- 0.015 
+ 0 ~ 0 2 2  
- 0.019 
+ 0.025 
- 0.023 
+ 0.029 

0.019 

- 0.016 
-t 0.017 

0.036 

- 0.028 
0.028 

-t 0.032 

0.036 

- 0.029 

-3 g -" 

% b: 6 
6 
Fri 

Qt 

46th 

375 

376 

377 

378 

379 

380 

381 

382 

883 

384 

385 

386 

387 

388 

889 

390 

391 

392 

393 

394 

395 

396 

397 

398 

399 

800 

P01 

402 

803 

404 

805 

406 

- 0.043 
+ 0'022 

0.013 

- 0.024 
0.023 

+ 0.007 
0.005 

- 0.014 
0.014 

+ 0.002 

- 0.012 
0.011 

+ 0.004 
o-ooo 

- 0.001 
0.002 

486 

487 

488 

489 

490 

491 

492 

493 

494 

495 

496 

497 

498 

499 

500 

501 

46th .Epz~ation-(~ontinued). 

- 0.031 
+ 0'043 

0.026 

- o.011 
0.01 2 

+ 0.023 
0.021 

- o-oog 
0.008 

+ 0.017 
- 0-007 

0.004 

+ 0.005 
0-oog 

- 0.004 
0.004 

4701 0.027 

33 

Equatw9.a-(continued). 

+ 0.396 
- 0'525 
4- 0.396 

- 0'525 
+ 0.500 
- 0.515 
+ 0.500 
- 0.515 
+ 0.392 
- 0.412 
+ 0.500 
- 0'515 
+ 0-490 
- 0,408 
+ 0.392 
- 0.408 
+ 0.396 
- 0.416 
+ 0.490 
- 0.408 
+ 0.396 
- 0.408 
+ 0.396 
- 0.510 
+ 0-495 
- 0.408 
+ 0.495 
- 0'412 
+ 0.485 
- 0.515 
+ 0'495 
- 0.412 

407 

424 

425 

426 

427 

428 

429 

430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

44.0 

4 1  

442 

443 

471 

472 

473 

474 

475 

476 

477 

478 

479 

480 

481 

482 

483 

484 

485 

45th Equation. Azimuth. 

Left-hand Branch 

Ql 

+ 0'420 
- 0'495 
+ 0.420 
- 0.495 
+ 0'515 

- 0'500 
+ 0'515 

- 0.500 
+ 0.416 
- o.400 
+ 0'515 

- 0.500 
+ 0.520 

- 0.396 
+ 0.416 
- 0.396 
+ c-408 
- 0.392 
+ 0.520 

- 0.396 
+ 0.408 
- 0-396 
+ 0.408 
- 0.495 
+ 0.510 
- 0.396 
+ 0.510 
- 0.388 
+ 0'515 

- 0.485 
+ 0.510 
- 0.388 

+ 0.032 
0-025 

- 0.018 
0.018 

+ 0.023 
0.016 

- 0.01~ 
0'012 

4. o.014 

0'021 

- 0.014 
0.013 

+ 0.017 
0'052 

- 0.027 

- 0.060 
+ 0'029 

0.108 

- 0.112 
+ 0.108 
- 0.111 

0 - 1 1 1  

+ 0.108 
0.097 

- 0.101 
0' 101 

+ 0.100 
0'049 

- 0.050 
0.050 

+ 0-050 
0.060 

- 0.060 
0.060 

+ 0.060 
0.050 

- 0.820 
+ 0.416 

0.312 

- 0.404 
0.396 

+ 0.525 

- 0-5oj 
+ 0.416 
- 0.500 
+ 0.515 
- 0.400 
+ 0'515 
- 0-396 

+ 0.404 
363 362 / 0.404 

+ 0.031 
0.031 

0 - 1 1 1  

- 0- log 

+ o-111 
- 0-108 

0- 108 

+ oSrII 
0- 103 

- 0.098 
-0.098 

+ 0.100 

o.og1 

- 0.050 
0.050 

+ 0.050 
0.060 

- 0.060 
0.060 

+ 0.060 
0.050 

364 

365 

366 

367 

368 

369 

370 

371 

372 

373 

374 

Right-hand Branch 0'303 

- 0.416 
0.420 

+ 0'495 
- 0.520 
+ 0'404 
- 0.515 
+ 0.500 
- 0-412 
+ 0.500 
- 0.420 

- 0-021 
+ o-oio 

0' 020 

- 0'021 
+ 0.051 
- 0.036 
+ 0.040 
- 0.042 
+ 0.025 
- 0.026 

444 

446 

446 

447 

448 

449 

450 

451 

452 

453 

- 0-020 
+ o*o21 

0-021 

- 0-020 
+ 0.052 
- 0.035 
+ 0'042 
- 0.040 
+ 0.026 
- 0.025 
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45th Equation-(continued). 46th E q ~ a t i o ~ ( ~ n t i n u e d ) .  

33 

506 

507 

508 

509 

510 

511 

512 

513 

514 

515 

+ o.oIj 
- 0.031 
+ 0.020 

- 0.031 
+ 0.025 

- 0.036 
+ 0.030 

0-020 

- 0.020 
+ 0.020 

0.041 

- 0.041 
0.041 

+ 0.041 
0.046 

- 0.046 
0.046 

+ 0.046 
0.036 

- 0.036 
0.036 

+ 0.036 

0.026 

- 0.026 
0.026 

+ 0.025 
0.035 

- 0'035 
oao3j 

+ 0.035 
0~ x 0 1  

- o-IOI 

454 

455 

456 

457 

458 

459 

460 

461 

462 

463 

464 

465 

466 

467 

468 

469 

470 

471 

472 

473 

474 

475 

476 

477 

478 

479 

480 

481 

482 

483 

484 

485 

45th Ep~tiofi-(~ontinued). 

* .- 
g 2 

& .  a ?  o i: 
6 B  
% 

+ 0.016 
- 0.030 
+ 0.021 
- 0.030 
+ 0.026 
- 0.035 
+ 0.031 

0-020 

- 0.020 
+ 0'020 

0.041 

- 0.041 
0.041 

+ 0.041 
0.046 

- 0.046 
0- 046 

+ 0.046 
0.036 

- 0.036 
0.036 

+ 0.036 
0.026 

- o*oz5 
0.026 

+ 0.025 
0- 036 

- 0'035 
0'035 

+ 0.035 
om 101 

- 0.101 

46th 

474 

475 

476 

477 

478 

479 

480 

481 

482 

483 

484 

485 

486 

487 

488 

489 

490 

491 

492 

493 

494 

495 

496 

497 

498 

499 

500 

501 

502 

503 

504 

505 

- 0.041 
omo?7 

0.083 

0.048 

0.032 

0.067 

0.071 

0.063 

0.057 

0.063 

Qt % 

- 0.101 

+ o.101 
0.061 

- 0.061 
0.061 

+ 0.061 
0.061 

- 0.061 
0.061 

+ o-ogg 

- 0.061 
0.051 

+ 0.050 

O.OjO 

- 0.050 
+ o.Oj0 

486 

487 

48.88 

489 

490 

491 

492 

493 

494 

495 

496 

497 

498 

499 

500 

501 

+ 0.060 

0.036 

0.075 

0.083 

0'049 

0.041 

0'047 

0.081 

0.051 

0'072 

516 1 ;:::: 517 

- 0'101 
+ 0.101 

0.061 

- 0.061 
0.061 

+ 0.061 
0.061 

- 0.061 
0.061 

+ 0.061 
- oSo5g 

0.050 

+ 0.050 
0.050 

- 0.050 
0.100 

Bquation-(continued). 

0.038 

0.092 

.a .- z a 
.5 s z .g 
6 & 
B 

- 0.051 
0.044 

0.029 

0.032 

0.017 

0.019 

0 ' O35 

0- 03'7 

0.027 

0'029 

0.114 

C - I I I  

0.090 

0.108 

0.067 

0.065 

0.072 

0.068 

0'054 

0'043 

O.O.59 

0.058 

0.052 

0.063 

0.050 

0- 107 

0.069 

OS0gg 

0.065 

0.056 

0.084 

0.110 

46th Epuatiott. Xinear. 

Left-hand Branch 

+ 0.043 

0-044 

0.032 

0-ozg 

0.030 

0-020 

0.028 

0.033 

0.033 

0.034 

0.093 

0.114 

0'099 

' 0.09~ 

0.~63 

0.076 

0.068 

0.067 

0.086 

0'049 

0.032 

0.061 

0.061 

0.063 

0-059 

0.092 

0.093 

0.045 

0.089 

0,062 

0.082 

0.120 

Right-hand Branch 

461 

462 

463 

464 

466 

466 

467 

468 

469 

470 

471 

472 

473 

?i3 

518 

519 

520 

521 

522 

523 

524 

525 

526 

527 

528 

629 

630 

531 

532 

533 

534 

535 

536 

a 

- 0.023 
0'02% 

0.020 

0.048 

0.042 

0- 046 

0.042 

0.045 

0.046 

0.063 

Om059 

0.047 

0'043 

+ 0.0~1 
0-022 

0.024 

0'033 

0.022 

0.011 

0.033 

c. 029 

0.041 

0'053 

0.061 

0.065 

0.168 

omo;o 

0.043 

~1.027 

0.028 

0.01 g 

0'021 

+ 0.00~ 
0.025 

0.020 

0.042 

0.052 

0,044 

0.041 

0.049 

0'013 
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0.054 

0.050 

0.048 

- 0.024 
0.021 

0.026 

0.029 

0-026 

0.010 

0'032 

0.030 

0'045 

0 ' 047 

0.058 

0.065 

om 163 

0'055 

O'O39 

0.029 

0'022 

0-022 

0.012 
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46th Equation-(continued). 

a ?i3 

46th Equation-(continued). 

+ 0.014 
0- 008 

0.087 

0.055 

0.004 

0.001 

0.048 

0.055 

- 0.011 
0.017 

+ 0.040 

- 0.013 
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+ 0.025 
0.028 

- 0.016 
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0.025 

o.040 
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0.035 
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47th Eqt~tio+(continued). 47th Equation-(continued). 

517 1 - 0-002 1 - 0.002 + 0.022 
0.026 

0.089 

0.022 

0-035 

0.028 

0.051 

0.042 

0.025 

0.021 

0.068 

0.068 

0.044 

0.023 

O'O35 

0'049 

0'034 

0.025 

0.069 

0.078 

0.126 

0.080 

0.038 

0'122 

0.088 

0.088 

0.053 

0'077 

0'033 

0.027 
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511 

512 
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530 

531 
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534 
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537 

538 
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540 

541 

542 
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+ 0.056 
0.104 

0'044 

O'O75 

o'O.57 

- 0.097 
0.088 

0.003 

0.003 

0.050 

O“'53 

+ 0.005 
0-010 

- 0.037 
0'039 

+ 0.015 
- 0.034 

0'032 

+ 0.016 
O-CIO 

- 0.021 
0'021 

+om021 

- 0.016 
0'025 

+ 0.034 
- 0.018 

0.011 

+ 0.018 
- 0.009 

0.011 

+ 0.013 
0'012 

- 0.003 
+ omoro 
- o-WI 
+ 0.003 

- 0.080 
0,059 

0.069 

0.065 

0.051 

Right-hacd 
+ 0.017 

0'035 

0.019 

0'0j2 

0.017 

0.017 

0.031 

0.046 

0'035 

0'077 

O.059 

0.092 

0- 168 

0.069 

0.046 

0.036 

0.031 

0.023 

0.024 

0.026 

0.030 

0.098 

0.024 

0.036 

0.030 

0'049 

0.041 

0-022 

0.019 

0.061 

4'7th Equation. Jatitude. 

Branch 
- 0.037 

0.018 

0.040 

0'02j 

0.038 

0.009 

0.046 

0-029 

o 066 

0.045 

0.081 

0-068 

0.221 

0.061 

0.051 

O'O33 

0.029 

0.025 

0.016 

0'034 

0.026 

O.093 

0.046 

0.036 

0-026 

0.041 

0'047 

0'040 

0'023 

0'032 

Branch 

+ 0.019 

0.020 

0.030 

0.063 

0.039 

0.030 

0.057 

0.067 

0'023 

0.036 

0.068 

0.058 

0.026 

0.021 

0.049 

0.035 

0.011 

0.011 

0.024 

0.034 

0.006 

0.005 

0.034 

0.094 
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4.64 

465 

466 

467 
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471 
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473 

474 

475 
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481 
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483 

48.4 

Left-hand 

- 0.036 
0'034 

0.013 

0.036 

0.061 

0.064 

0.024 

0.024 

0.061 

0'077 

0'035 

0.027 

0.050 

0.056 

0.020 

0.01 I 

O'C32 

0.023 

0.001 

0.007 

0'037 

0.031 

0.001 

0.01 7 
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47th Equ~tWn-(continued). 

33 33 
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48th Equ~tion-(~ntinued). 
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0.010 

0.015 

0.005 
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0.106 
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0.067 
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48th EqtbutWn-(continued). 
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48th Equatioft. Xongikde. 

Left-hand Branch 

& 

48th Equation-(Continued). 
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502 
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513 
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515 
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O*OOO 

-0.003 
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0.063 

0.004 

0.015 

0.071 

0.056 

0'010 

0.016 

0.051 

0.O3.5 

omolo 
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0.025 
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0.01 T 

0.005 

0.035 

0.124 

0.046 

. 0.032 

0.112 

0.069 

0.031 
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552 
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567 

558 

559 
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- 0-039 
0.037 

0.077 

0.044 

0.062 

oao.+x 

0.033 

0.050 

0-ojo 

0-0x9 

0.034 

0.029 

0.018 

0.014 

0'01 2 

0.014 

0.014 

0.004 

0.008 

+ 0'004 
- 0.008 

- o-oor 
+ 0.001 
- 0.030 

0.066 

+ 0.070 
-0.02g 

+ 0.181 
- 0.024 
+ 0.038 
- 0.016 
+ 0.024 
- o.011 
+ 0°015 

0.012 

- 0.011 
+ 0.029 

0.024 

- 0.021 
0.025 

+ 0.029 
- 00.22 
+ 0.026 
- 0.020 

0.023 

+ 0.023 
- 0.026 

0.027 

+ 0.020 
c.016 

- 0.024 
+ 0.015 
- 0'045 
+ 0.015 

0.007 

- 0'039 
o -030 

+ 0.051 

0.038 

0.061 

0.060 

0.029 

0.059 

0.034 

0.046 

0.067 

0-024 

0.013 

0.032 

0.027 

0.017 

0.013 

0.014 

0.015 

0.011 

0.006 

0.005 

0.006 

Right-hand Branch 

- 0.031 
+ 0.033 

0.000 

o-oor 

+ 0.027 

- 0'072 
+ 0.080 

- 0.053 
+ 0.019 

- 0.027 
+ 0.017 

- 0'017 
+ 0.012 

0.007 

- 0.01 I 
+ 0.~25 

0-OZI 

- 0.02~ 
0.025 

+ 0'020 

- 0-025 
+ 0.017 

- 0'022 
0.026 

+ 0.022 

- 0.020 
0.023 

+ 0.024 

0'022 

- 0'012 
+ 0-021 

- 0.018 
+ 0.036 

0.036 

- 0.005 
0.013 

- oSoor 
0.031 

+ oSoo.+ 

- 0.043 
+ 0.006 

- 0.015 
+ 0.009 

- 0'043 
+ 0.021 

- 0.061 

518 
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+ 0.031 
- 0.00~ 
+ 0.035 
- 0.005 
+ 0.032 
- 0.003 
+ 0.041 
- 0.016 
+ 0.057 
- 0.022 
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48th Eq~ation-(continued). 

Qt 
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33 Ql 

.% 

.f % 
9 2 g 

d z 

+ 0.036 
- 0'036 
+ 0.036 
- 0,036 

0.041 

+ 0.041 
- 0.041 

0.046 

+ 0.045 
0.040 

- 0'040 
+ 0'040 
- 0.072 
+o-o7r 

0.071 

- 0.071 
0.071 

+ owo71 
0.071 

- 0.071 
0.051 

1- 0.051 

0.051 

- 0.051 
0.051 

+ 0.050 
- 0.050 
+ 0-050 
- 0'050 
+ 0.050 
- 0.050 

49th Equation-(continued). 

+ 0.028 

0'032 

- 0.002 
0.006 

+ 0.013 
0.013 

- 0.004 
0.005 

+ 0-010 
0.003 

0.004 

o-oor 

0.000 

+ 0.005 
560 561 1 0.009 

E q ~ t h - ( ~ o n t i n u +  

+ 0.036 
- 0.036 
+ 0.036 

- 0.036 
0.041 

+ 0.041 
- 0.041 

0.046 

+ 0.045 
0.040 

- o 040 
+ 0.040 
- 0.070 
+ 0.071 

0.071 

- 0.071 
0.071 

+ 0-071 

0.071 

- 0.069 
0.051 

+ 0.051 

0.051 

- 0.050 
0.050 

+ 0.050 
- 0.050 
+ 0.050 
- O.ojo 
+ 0-050 
- 0-050 

49th Equation-(continued). 

562 

563 

564 

565 

566 

567 

568 

569 

570 

571 

572 

+ 0.026 
- 0.025 

0.035 

+ 0.036 
0.036 

- 0.034 
0.100 

+ o-104 
0.104 

- 0-098 
0.059 

+ 0.062 
0.062 

- 0.059 

478 

479 

480 

481 

482 

483 

484 

485 

486 

487 

488 

489 

490 

491 

- 0.027 
0.019 

+ 0.007 
0.009 

- 0.010 
0.014 

+ 0.004 
- 0.011 
+ 0-004 
- 0.004 
+-0-005 

49th Eq~ation.  Azimuth. 

Left-hand Branch 

+ 0.025 
- 0'026 

0.036 

+ 0.034 
O.035 

- 0.036 
0- 103 

-t 0.098 

0.098 

- 0.104 
0.062 

+ 0'059 
0.059 

-0~062 

- 0.060 
0.050 

+ 0.050 
- 0.050 
+ 0.050 
- 0'050 
+ 0.060 
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510 

- 0.060 
0.050 

+ 0.050 
- owo50 
+ 0.050 
- 0.050 
+ 0.060 

- 0.041 
+ 0.021 
- 0.020 

0.040 

+ 0.042 
0.042 

- 0'040 
oao4j 

+ 0.046 
0.047 

- 0-045 
0.035 

+ 0.037 
0.036 

- 0.035 
0'025 

+ 0.026 

461 

462 

463 

464 

465 

466 

467 

468 

469 

470 

471 

472 

473 

474 

475 

476 

177 

+ 0 ~ 0 2 0  
0-020 

- 0.021 
0.042 

+ 0.040 
0.040 

- 0.042 
0.047 

+ 0.045 
0'045 

- 0.047 
OS037 

+ 0.035 
0'034 

- 0.036 
0.026 

+ 0.025 

Branch 
+ 0.020 
- 0.021 
+ 0.025 

- 0.031 
+ 0'025 

- o-OII 
+ 0.030 
- 0.036 
+ 0.051 

- 0'052 
+ 0.061 
- 0.062 
+ 0.162 
- 0.047 
+ 0.035 
- 0.026 
+ 0.026 
- 0.017 
+ 0.016 

0.012 

- 0.014 
+ 0.036 

0.031 

- 0.031 
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531 
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534 

536 
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537 
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539 
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0.062 1 0.058 

542 641 1 0.036 1 0.036 

Right-hand 
t 0.021 

- 0.020 
+ 0.026 
- 0.030 
+ 0~026 
-O.OII 

+ 0.031 
- 0-035 
+ 0.052 
- 0°051 
+ 0.062 
- 0.061 
+ 0.166 
- 0.045 
+ 0.036 
- 0.025 
+ 0.026 
- 0.016 
+ 0.016 

0'012 

- 0.014 
+ 0,036 

0.031 

- 0.031 

0.059 

0.059 

- 0.061 
+ 0.059 

0.050 

- 0.052 
0.053 

4 0'049 

0.048 

-0.052 

+ 0.044 
0.078 

- 0.08~ 
+ 0.080 

0.049 

- 0.052 
+ 0.050 

0.060 

+ 0.061 
0.061 

- 0.059 
+ 0.061 

0.051 

- 0'049 
0.048 

+ c-052 
0.~51 

- 0.049 
+ 0.052 

0.082 

- 0.078 
+ 0.080 

0.051 

- 0'049 
+ 0.051 

0.060 



THE EQUATIONS BETWEEN THE INDETERWNATE FACTOM. 

Tk Equations between the Indeterminate Factore, and their Solution. 

I n  the equations between tlle Indeterminate Factors, the coefficients of the factors 
are summations of terms of the form (b + c a ) ,  such as are exhibited in equations (68) 
on page 60. But as in the present reduction equalizing factors have been applied to the 
primary equations, the numerical values of the coefficients will correspond to (brw1 + d a'), 
br being = f b, and 18' = f B, . . . and f being the equalizing factor. The values of 18' and 
a '  are given in the tables in tlie last section ; those of b and c are given in the table in Sec- 
tion 12, with the values of the equalizing factors shewn a t  the head of each column. This 
much being premised we may again drop the accents, as in Section 14.* 

The following table gives the numerical values of the coefficients of tlie Indetermi- 
nate Factors and the values of the Absolute Terms, in each of the 49 Equations which were 
presented for simultaneods solution; the Absolute Terms are the products of those of the 
primary equations of condition by their respective equalizing factors, as shown in the table rtt 
the end of Section 10. The solution of the equations was effected with the aid of the 6-place 
Logarithm Tables--comprised in three ' openings '-in the Auxiliary Tablee to facilitate the 
Calczllatiom of the Survey Department of India. 

* I t  .appeam dwirable to point out here that equalizing faotors may be introduoed into the equations between the Indeterminste 
Faatom, without going through the labour of aotnnlly multiplying the ooefflcienta of the unknown quantities in esch of the primary eqos- 
tiom of aondition by an equaliring &tor, M hae been done in the prese~~t  instanoe. If we multiply equations (18) page 28 in suocwion 
by the equalizing factorsf- fb . . . . f* and put ~6 A'* . . . . A', for the Indeterminate Fwtom oarresponding to the equdired equ- 
tiona, we eventuslly obtain the following group6 of equations between the Indeterminate Fnotom :- 

Ja fa t b ~ . u I  "a + fa f b  Cd.*I + a a ' + .fb Jm [ m a * ]  Aim - fm em 

I t  will be seen that in thew equation6 the identity of the m 5 0 i e n b  that sre ~ymmetricslly eituated on opposite sides of the &god, 
which is ro valuable an aid in solving the equetionq is preserved. 

Now it m y  be readily found that 

Bow whtever advantages m y  be derived from the employment of equaliring fsotora am rwtricted, dm& mlely, to the aolution 
of the eqnations between the Indeterminste Paotom, and those advanbga may obviously be obtained by introducing the equalizing factore, 
an above, into the equations between the Indeterminate Factom ; after wlving the equcrtiona we may proceed to and the valuw of the Inde- 
terminate Factom which wrreapond to the primary equation, of condition, l u~d  then employ those values in the aubsequent ccrlculatioris, 
w r r e u p ~ i d i ~ ~ g  to equations (20). 
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5 e  Equations between the Indeterminute 
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THE COEFFICIENTS OF THE INDETERMINATE FACTORS BEFORE THE SOLUTION. 

- 45.10 

+ 11-27 

+ 0'40 

+ 50'31 

+ 57-94 

- 7'03 

+ 3-02 

6A 

-30.22 

- 60.22 

+ 15.91 

+ 2.98 

+ 57'94 

+ 81.39 

- 1-76 

+ 9'94 

x A  

+ 26.44 

+ 45-31 

- I I ' ~ ~  

- 0.40 

- 35'87 

- 30.22 

- 1-37 
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COEFFICIENTS &c.-(Continued). 

5" 1 6" 1 7" 1 8" 1 9" 1 10" 1 1 1 1 "  3 1 14" ( 15" 1 16" 1 J7A  1 l a A  1 1 20" 

9 

- 24.13 

- 27.67 

+ 8-35 

- 2-90 

ad 

+ 45-32 

+ 90.20 

- 8 

+ 14-15 

- 45-10 

- 60.32 
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3 A 
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7* 
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loA 
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COEFFICIENTS kc.-(Continued). 
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- 1-67 

- 8-09 

- 29.97 

- 32-18 

-24.12-27.67 

-21'33-a8-39 

- 8.09 

3 ' a3-1~ '68  

1 4  
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- a.51 

+ 1-73 

-11'83 

-11'9a 

0'39 

1-47 

-11'87 

- 9.01 

+ 0.91 

+ I . 2 j  

+ 8-35 

+ 9.07 

-29-97 

-38'90 

9.63 

-11'8.3-11-92 

+ 3-93 

+ 1-72 

+ 19.56 

+a1-06 

2.98 

+ 2-16 

+ 0.91 

- 1-88 

- 9.46 

-12-97 

- 9-91 

- 9-06 

- 1-88 

- 3-93 

- 2'85 

- 1-51 

+38'92 

+47'91 

+ 4-50 

+ 3-93 

-10.28 

-15.74 

+ 1-10 

- 0'39 

-10.28 

- I ~ - I O  

- 6.92 

- 2.98 

+ Z I - I O  

+zf-26 

+ 1-15 

- 3-93 

-15'07 

-24.70 

+ 5-77 

+ 4-56 

- 9.46 

-15.07 

- 2.90 

- 0.11 

-32.18 

-48'36 

+ 1-51 

+ 1'73 

+47'91 

+71'71 

+ 1-69 

+ 1 - 7 2  

-12.10 

-23.15 

- 9-01 

- 9.66 

4.56 

+ 1.45 

+ 1-56 

- 1'47 

-15.74 

-23.25 

- 3-02 

+ 2.26 

+27.26 

+48.48 

+ 1-48 

+ 1-45 

-12'97 

-24-70 

+35*89 

- 2.85 

+ 1-51 

-11.69 

- 9-63 

+ r e l o -  

+ 1.56- 

-11.87 

- 9'91 

+ 5'77+ 

+ 1'48 

I +18.46 +14.08 

I +14'08 +14.13 

- 3-15 

- 3-15 

- I .oj  

+ 12-83 

+ 19.17 

+ 3-18 

+ 1 - 2 0  

- 3-49 

- 6-13 

- 1-05 

- 0.62 

+ 2-61 

+19.17 

+38'81 

- 0.70 

- 1-30 

- 5'63 

-13'42 

- 4-40 

- 4.44 

+ 1 - 2 0  

- 1.20 

+ iz -51  

+11"79 

0.95 

+ 9'95 

- 0.62 + 2-61 

- 6.281- 5-05 

- 6-28 

- 5.0j 

+ 2-18 

- 0.70 

+22.56 

+12'51 

- 9.00- 

- 1.20 

+ o.12 

- 1-29 

- 3.49 

- 5-63 

- 9.00 

- 0.95 

+xg'oo 

+18'48 

- 4'40- 

+ 0 . 1 2 -  

- 0.84 

- 3-93 

- 6.13 

-13.42 

- 1 - 2 0  

+ 9'95 

+18'48 

+48'24 

4-44 

1'29 

- 1 8  

- 8.09 

+ 8-79 

+ 2-05 

- 0 

- 4.86 

+ 4.06 

+ 0.81 - 0.84- 3'93 
I 

+ 0 

- 2-5s 

- 4'56 

- 9'80 

+ 6 

- 8-71 

-12.61 

-33.72 
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li'actor8 expre88ed in Natural Numbera. 
L 

a 
S 
W 
C 

; 
A 

26 

26 

81 

28 

29 

30 

31 

82 

COEFF~CIENTS &c.-(Continued). 

'8 
5 
% 3 
4; 
P 
H 

- 3'987 
- 5'355 
- 0.450 
- 5'739 
+ 5-gor 
+ 4-545 
- 0-405 
+ 4-41 

COEFFICIENTS h.-( Continued). 

21' 

-15'85 

- 7-40 
+ 0.46 
+ 1.68- 

COEFFICIENTS kc.-( Continued). 

2ZA 

- 8-09 
- 4.86 
- 2.52 

8.71 

6 

+13'a2 

+10.3g 

- 0.89 
+ 3.21 
- 5-15 
- 3-81 
- 1-35 
- 3'83 

34 ' 

1-24 

- 0.67 
+ 0.26 
- 0.15 

+ 8'79 
+ 4-06 

- 4.56 
-12.61 

ilA 

- 4-20 
- 0.89 
+ 10-33 
+18'65 

+ 3.6; 
+ a-32 
- 3.68 
- 8-70 

35' 

- o'a8 
- 0.4 
- 0.72 
- 2-14 

zgA 

- 2-23 
+ 3-21 
+ 18.65 
+5z'31 

+ 0.55 
+ 0.57 
- 6-23 
-16.81 

z4' 

+ a.05 
+ 0.81 
- 9.80 
-33.72 

36' 

- o.9t 

- 1.53 
- 2.26 
- 8.65 

ZSA 

+23.85 

+rjmzz 

- 4-ao 
- 2-13 
- 1-65 
- 4'49 
+ o.17 
+ 0.37 

agA 

- 7-65 
- 5-75 
+ 3-67 
+ 0.55 
+11'88 

+ 6-10 
- ~'oo- 
+ 0'39 

30A 

- 4-49 
- 3'82 
+ 2.32 
+ 0.57 
+ 6.10 

+ 4-13 
0.19 

+ I ' I ~  

33' 

- 3.58- 
- 1-55 
+ 0'76 
- 0'57 

31 
A 

+ 0.17 

- 1-35 
- 3'68 
- 6.a3 
- 1.00 
- 0.19 
+ 3'81 
+ 8-58 

32' 

+ 0.37 
- 3.83 
- 8-70 
-16.8a 

+ 0.39 
+ 1.12 
+ 8'58 
+26*97 
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THE EQUATIONS BETWEEN THE INDETERMINATE FACTORS. 

Pactor8 expreeaed in Natural Nwmbercl. 

F 
5 Ln 
% 8 

$8 
1 
'3 

- 1.603 

- 3.180 

+ 5-280 

- 0.130 

+ 2.544 

+ 0'389 

+ 0.781 

+ 2'703 

- 6.582 

- 1'128 

- o* r 18 

+ 3.888 

+ o'aao 

- 6.267 

- 1'337 

+ 7'897 

+ 4.627 

- 6.8!26 
- 5'725 

+ 1: ;::; - 0.196 

I + 1.606 
+ 1.430 

{ + 0.86; 
+ 0.40 

[ +  + 0 . 9 1  IWO; 

{ 
-10.914 - 10.804 

d' 
W 0 

- 
I 

26 

n 
28 

529 

80 

81 

88 

88 

84 

55 

86 

87 

38 

89 

40 

41 

42 

48 

44 

45 

46 

47 

48 

49 

THE COEFFICIENTS $C.-(Continued). 

IsA 

+ 8-59 

zaA 

+ 5'89 

+ 2-19 

THE COEFFICIENTB &.-(Continued). 

3 3 1  / HA 1 3 5 ~  1 3 6 ~  1 3 7 ~  I 3gA 1 39" 1 4oA I 4xA 1 4zA / 4 3 ~  1 rA / 4rA 

35 A 

- 0.28 

- 0-34 

- 0.62 

- 0-34 

36A 

- 0.91 

- ~ ' a o  

- 1'89 

- 2'89 

+ 7-13 

- 3'47 

+ 1-66 

+ 4-25 

- 7-65 

- 0.50 

+ 0.96 

- 0'34 

+ 4-71 

2sA 

- 0.50 

+ 3.84 

+ 5-86 

+ 4'25 

+ 3-19 

+ 1.22 

- 5'73 

- 0'40 

+ 0.69 

- o.rg 

+ 1.62 

THE COEFFICIENTS $C.-( Continued). 

4sA I 43A I UA 1 45A 1 4hA 1 47A 1 4 A  1 49 A 

- 1-43 

- 0.66 

+ 0'59 

+ 0'31 

+ 0.06 

+ 17-81 

+ 3.91 

+ 0'39 

- 0'59 

- 1-37 

+ 0 . 1 1  

- 0.03 

- 0'84 

+ 20.15 

- 2'38 

+ 0.63 

+ 1.98 

34 A 

- 1-24 

- 0.22 

+ 0 .18  

+ 0.08 

30 A 

- 4-49 

- 0.74 

+ 1 - 0 7  

+ 0.13 

+ 1'70 

+ 0.65 

- 5-57 

+13'65 

+ 4'58 

- 0.17 

- 0 ' 2 0  

+ 2'29 

+ 3-58 

+ 5-22 

+ 1-80 

+ 2-91 

+ 0.28 

- 3'29 

- 3.16 

- 2-23 

+ o s r l  

+ 14-55 

+ 21-81 

+ 9.89 

-13'82 

- 5-02 

+ 0-44 

- 3.45 

33 A 

- 3'58 

- 0.26 

+ 0.38 

- 0.24 

31 A 

+ 0.17 

- 1-41 

- 1-50 

- 0.19 

- 0.65 

+ 0.27 

+ 1.14 

+12'81 

-10.33 

- 0.27 

+ 2-14. 

-14 .12  

-20.97 

- 6.47 

- 0.03 

+ 1.14 

- 0'53 

+ 2-41 

32 A 

+ 0.37 

- 4-08 

- 5-46 

- a . la  

+ 0.85 

+ 1.05 

+ 2 - 2 1  

+ 5-15 

+ 0-08 

- 0.53 

+ 0.07 

- 0 . 1 0  

- 0.03 

- 3'35 

+ 2-38 

+ 5-88 

- 1.64 

- 0 ' 2 0  

+ 0.29 

- 0.50 

+ 4'46 

- 0.85 

- 0.36 

+ 0'73 

+ 0'47 

+ 2'15 

+ 1-61 

- 1.19 

- o.07 

- o . 5 ~  

- 1-05 

+ 1-23 

- 0'59 

+ 2'30 

- 0.11 

+ o-ro 

- 1-49 

- 3-30 

+ 

- I . &  

+ 3-53 
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The manner of the formation of the coefficients of the Indeterminate Factors has 
already been indicated in Section 11 of Chapter 11. Here i t  is only necessary to repeat that 
the coefficient of the mth A in the Zth equation is equal to that of the Zth A in the mth equa- 
tion in each term of the summation, and these coefficients may be expressed either aa 

in which expressions the summations are for all values of p from 1 to t, corresponding to 
the numbers of the triangles whose angular errors enter into the mth and the Zth equation. 
The identity of the coefficients was taken advantage of in the former reductions as a means 
of checking their accuracy. I n  the present instance the coefficients were only computed 
once, and a check was obtained by equating the sum of all the co&cients of any, the mth, 
equation to 

between the limits p = 1 and p = t, the numbers of the triangles involved, and q = I and 
q = n the numbers of those As of which the coeficients enter the equation. 

When the solution was first undertaken an erroneous value had been assigned to the 
absolute term of Equation 42, as already stated in the note to page 125. This was not 
discovered until the equations had been solved and values of tlie unknown quantities, x, y and 
z, had been obtained and applied to the calculations, when a large closing linear error in 
Circuit XI made it manifest. The true absolute term was then introduced, and the solution 
of the equations between the indeterminate factors was corrected onwards from the point 
where Equation 42 first became operative ; then the values of the factors were re-computed 
backwards as far as ,,A. This last was done not so much with any definite purpose of employ- 
ing the corrected values of the earlier factors, as to ascertain how far back the effect of the 
error had extended. It was then decided to employ only the corrected factors #A to ,,A, 
disregarding the re-computed factors back to ,,A, and not attempting to ascertain the errors 
of the anterior factors. 

The differences 6A, between the true and the erroneous values of the factors 
. . . 49A, were employed in the computation of differential corrections ax, 6y, 6z to the 

values of the error x, y, a of the angles in Circuits XI  and XI1 and in the Base-line equa- 
tion, No. 41, which had been obtained with the erroneous factors; these angles appertain to 
triangles 362 onwards to the end, excluding triangles 409 to 423. 

' 

No further corrections were appGed, as it was evident that they would not be large, 
and probable that the employment of the values of the errors of the angles in the first ten 
circuit8 as already determined, would not lead to the occurrence of larger closing errors than 
those of which the limits had been primarily assigned-see page 67. 

Recently, by General Walker's direction, the second or revisionary solution was com- 
pleted and the values of all the factors were found. The whole of these with the correspond- 
ing values of are hereafter shewn, those quantities which mere not made use of being in 
different type. 
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The table following the Equations between the Indeterminate Factors, gives the first 
of each group of equations between certain of the Indeterminate Factors which remained 
after the other factors had been eliminated. These are the equations which were used in 
obtaining the numerical values of the factors by successive substitution backwards from the 
last to the first. 

The double solution of the equations between the Indeterminate Factors has necessitated 
double numbers in the column of Absolute Terms. Where these occur, the first numbers are 
those which belong to the first solution and the second to the second solution. 

The following table gives the values of the Indeterminate Factors to 3 places of decimals, 
as deducedfrom the solution of the equations. Those quantities shewn in large type were em- 
ployed in the calculations ; those in small type were subsequently obtained as previously stated. , 

T&e Pitlues of the Indeterminate Factors. 

8 '  
Fr 

,A 

,A 

A 3 

,A 

5 A 

6~ 

7 A 

8A 

A 
9 

I0  
A 

A 1 1 

I a A 

A 
'3 

A 14 

A '5 

16A 

sn 

-0-00s 

- '077 

+ .oaa 

+ -046 

- .00a 

-0'151 

- 'I04 

+ .082 

- '208 

+ '501 
- -226 

- -168 

- '032 

+ '059 

+ '034 

+ -120 

- -066 

s* 

-0.004 

+ -oat 

+ -011 

- -017 

+ -007 

+ so27 

+ *or1 

- ,006 

+ -04 

+ s o 4  

+ . o ~ a  

+ -001 

+ '011 

+ -or8 

+ -017 

+ .q 

Numerical 

I d  
Wution 

+9'290 

+0*054 

+3'538 
-2-048 

+8'oo5 

-0'379 

+3'111 

-0.545 

+6*492 

-0-356 

+3*568 

-0.378 

+4'241 

-0'505 

4-1'379 

+I'M5 

d u e  by 

2nd 
Solution 

+9-a86 

+O.OSI 

+3'549 

- a s 4 5  

+8.01a 

-0'352 

+3'1a2 

-0.551 

+6*s00 

-0.318 

+3*r80 

-0377 

+4'25a 

-0.477 

+I-396 

+ ' . u s  

3 
G 

A 17 

A 19 

,,A 

,,A 

,,A 

A a3 

A 
al 

A 15 

A a6 

A 
27 

A a8 

A 
29 

A 
30 

A 31 

,,A 

f 
Fr 

3 3 ~  

3 4 ~  

35A 

36h 

3 7 ~  

38A 

39A 

A 40 

4I  A 

4aA 

4 3 ~  

44* 

A 
45 

A 46 

,7A 

48A 

A 49 

sa 

+ o a q  

+ *oz7 

+ .oas 

+ ~007  

+ a 0 0 8  

+ '0.3 

+ -039 

+ '*008 

- *q 

+ .oao 

+ .i47 

+ .or5 

- 'or5 

+ -ma  

+ ~ 4 9  

+ -028 

Numerical value by 

Solution 1 S ~ i 2 o n  

N u m e r i d  value by 

lot I 2nd 
Solution Solution 

-0.582 

-2'925 

- 1'061 

4-1'212 

4-0'157 

-2.325 

-0.858 

+oa718 

+o.g2o 

-2'420 

-0.120 

-0.532 

-0'309 

+1.961 

-1'148 

-4.784 

+oeo35 

4-3'405 

+0'373 

+4'022 

+0'006 

+3'036 

-9.883 

+3'702 

+0*438 

+ 1.630 

-2.306 

+2.560 

+0'579 

-0.264 

-1.028 

4-0'538 

+1'153 

- 0 . 5 p  

-3.wa 

-1.039 

+1.a58 

+0.155 

-2.476 

-0.962 

+0.800 

+0'712 

-1.919 

-0.346 

-0-700 

-0'341 

+2'020 

I 

-4'664 

-0*031 

+3.414 

+o-400 

+4.047 

+O.OIJ 

+g.oy( 

-0.860 

+3'741 

+ o a u 6  

t1.621 

-1 .46  

+am607 

+0.594 

-0.179 

-1.026 

+o.s87 

+1*181 
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The Phat Patue8 of the Aagzclar Error8 x, y md z. 

The values of the As having been obtained, the next step was the deduction of the 
errora x, y and z. The formulm which have usually been employed-for this purpose are the 
following, as indicated in Section 11 of Chapter 11. 

In the present instance equalizing factors were applied to the primary equtions of 
condition. Thus the numerical values of the coefficients 33 and Q, and of the Indeterminate 
Factors A for the two f is t  of the above equations, which are given in Sections 14 and 16, me 
the values obtained after the said equalization; and these values would have been employed 
if the angular errors y and z had been calculated by those equations. 

But the course which was actually adopted in the present instance, was to revert to 
the primary equations and employ the factorially equalized coefficients in combination with 
the corresponding Indeterminate Factors. The values of the angular errors may then be 
obtained from the following equations in which ,f, . . . are the eqdizing factors for 
the primary equations, ,A, . . . the corresponding 1ndetermina.te Factors of which the 
numerical values are given in Section 16, while a and c are the coefficients in the primary 
equations of which the numerical values are given in Section 12. 

These equations may be put in the following form, in which they were actually em- 
ployed in computing the values of the angular errors ;- 
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The following is an example of the calculation of the angular errors of a single 
triangle, the 26th. 

E x a v  le. 

The numerical values of the angular errors were computed to 3 places of decimals. 
They were contracted to 2 places for the angles appertaining to the h t  ten circuits, with the 
exception of those of Fig. 15 of the Cllendwhr Series, for which the 3 places were retained; 
3 places were also retained in the remaining angles of Circuit X I  and a31 the angles of Cir- 
cuit XII. 

The Lengths and Azimuths of the sides, and the Latitudes and Longitudes of the sta- 
tions, were recomputed with the values of the corrected angles. The arithmetical error in the 
absolute term of Equation 42 then became apparent. I t  was disposed of in the first instance 
by recomputing the values of such of the Indeterminate Factors as were believed to be princi- 
pally affected, leaving the others unaltered, as has already been described in the last section. 

The next step taken was to apply corrections to those values of angular error which 
would be affected by the corrected Indeterminate Factors. The same formulae which had 
been employed for finding x, y and z were now used for deducing corrections to these values 
for all angles e n t e ~ g  Equations 41 to 49, by substituting Sx) 6y and 8a in plrtoe of x, y 
and a, and Sri for A. 

.C( 
C, 

5 
5 
PI 

I 

2 

3 
4 

5 
6 

7 
8 

-0'044 

,I 

y = + om6(2 (-0.121) - (-0-04)) = - 0.119 
z = + oS6(2 (-owo4q) - (-0.121)) = + 0.020 
x = - om6( (-0.121) + (-0.04)) = + 0.099 

% 

U Triangle No. 25. - = o 6 
3 

f b 

+oS39 
+0.17 
I 

-1.03 

-0'39 
-0'20 

+0'42 

+I.OI 

f c 

-0.42 

-0.77 
-0.60 

-1.02 

+0'4% 
+0-24 

A 

+9-290 

$0.054 

+3'538 
-2.048 

+8-005 

-0'379 
+Q-111 

-0.545 + 1-01 -0.550 -0.550 

f ah 

+3.623 
+O.OO~ 

-3.j73 
+2-109 

-3'122 

+oS076 

f ch 

-3-902 

-0.042 

-2.123 

+zao89 

+3'362 
-0.091 
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Corresponding aonections having been next made to the linear and geodetic calcula- 
tions, the discrepancies which are exhibited in the following table of residual errors were 
met with at the close of the several circuits. 

Bere it may be remarked that, with a singb exception, the residual errors are well 1 

within the limits which had been previously prescribed, as stated on page 67. 
These errors were to have been dispersed, circuit by circuit, over the angles apper- 

taining to the triangles nearest the junctions of the circuits, selecting for that purpose trian- 
gles of the North-East bngitudinal Series which only enter single circuits. It had been 
expected that the requisite degree of hamony might be produced without either violating 
the integrity of the angles subjected to treatment by applying corrections of unduly large 
magnitude, or extending the calculations to triangles entering some other circuit, which 
would disturb the consistency of that circuit. But it was found that the h t  condition I 

could not always be maintained without violating the second; for unfortunately all the trig 
angles near the closing points of the circuits were situated in the plains, and they had such I 

short sides that small changes in the closing l inar  and geodetic elements largely affected 
the angles. Consequently the adjustment wae extended beyond one circuit into the next, ~ 

Ibmurr, EPBOm or O ~ B B M ~ D  CIBCUITI 

b i m n &  w 

+ 0'080 

+ '272 

- 0182 

- '040 

+ -023 

- '065 

- '01 2 

- '053 

- '002 

+ 0286 

+ '016 

- -086 

i z  of lop.  

0.0 

-6.5 

-0.8 

+2.0 

-2.0 

I.Li+ade u 1 bngi+ab u 

PI 
711 
7111 
IX 

xr 
XI1 

+ 0.014 

- -008 

+ -020 

- '024 

- -007 

- -001 

- '003 

+ '003 

- 0006 

- '01 I 

- -001 

+ '003 

-0.2 

+2'4 

-1 .1  

+0.4 

0'0 

(-1.4 
-1'4 

-0.2 

- 0-031 

+ *o21 

- -021 

+ 'oog 
- '001 

- *005 

+ '002 

- '004 

+ *OOI 

*ooo 

.OOO 

+ -004 

- 
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and in three cases was wholly thrown on portions of the rnkridional chains. The correc- 
tion of the triangles common to two circuits for the adjustment of the circuit first treated, 
necessarily disturbed the consistency of the second. Thus the residual errors of many circuits 
became changed. 

The actual errors for dispersion are shewn in the following table, which also indi- 
cates the triangles subjected to adjustment, and the maximum and average changes of their 
angles*. 

The errors in latitude and longitude of Circuits 7111, XI  and XII being already 
small, no attempt was made to reduce them, and the linear and azimuthal errors were dis- 
posed of by inspection in a terminal triangle in each instance. 

RB~IDUAS E a ~ o a s  ? o ~  DIBPEWOI 

After the necessary calculations had been made, sundry slight discrepancies remained 
which were adjusted arbitrarily by inspection. 

* With regard to the magnitude of the angular enorr admissible, General Walker, on being applied to, prior to their aalcdation, 
to noaign the limita, while refraining from laying down any hard and fast rule, expressed it M his opiniot~ that the residual e m  should be 
diapermd over a rufecient number of tr iangl~  to give residual angular wrrections not exceeding half the probabls m r r  of the angler. 

Circuit 

I 
I I  

n-1 

IT  
P 
J71 

PII 
PIII 

I x  

x 
X I  

XI1  
\ 

Azimuth 

H 

+o.080 

-:582 

- '323 

- '371 
- '386 

- '424 

- -407 

- '053 
- -002 

+ -286 

+ -016 

- -086 

Linear 

7th place of lop. 

0.0 

3.12'6 

- 3'4 
- 1'4 

- 3'4 

- 3'5 

+17'g 
- I 

+ 0.4 
0'0 

- 2-4 
+ 0.8 

- 0.2 

Laeitnde 

N 

+o.orq 

- -001 

+ .020 

.OOO 

'000 

+ '003 
+ -008 

+ '003 
- -006 

- ' 0 x 1  

- -001 

+ '003 

Triangles involved and the 
number Longitude 

II 

-0~031 

+--012 

- '022 

- -014 

- -017 
- '020 

- '008 

- '004 

+ .OOI 

- '003 

-000 

+ '004 
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Thus the finally determined values of the angular errors rest 
1. On the original calculations. 
2. On the calculations for correcting the effect of the error of the absolute term of 

the 42nd equation on the original calculations. 
8. On the calculations for dispersing the residual errors at the close of the circuits. 
4. On the arbitmry corrections for dispersing the ultimate small residual errors at 

the close of the circuits. 

The principal details of the calculations for determining the corrections to the angles 
corresponding to the residual errors of the circuits, will be given in Section 17. 

The whole of the components of the finally adopted valuea of the angular errors are 
given in the following table. In a large majority of instances the primary value could be 
adopted without alteration of any kind, and these values are printed in ordinary type without 1 

I remark. I n  the instances in which the final value is derived from more than one' component, 
the several components are entered in small type, with a distinguishing number attached, 
either (I), (2), (3) or (4), corresponding to the preceding numeration of the order of their de- 1 
termimtion ; their sum is entered below in the larger type. 1 

flryrx.-(1) Originrl E m  ; (8) Ramdud Error. 
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2 

3 

4 

5 

6 

7 

8 

9 

10 
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13 
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Y 
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+ '44 
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-'07 

- '27 
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0 M 

6 2  a2 
-------. 

14 
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18 
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+ *OI 
-1'54 

- -64 
--87 

-1.48 

- 0 
'00 

- '30 
- '03 
- -86 
- -02 
- -62 
- -02 
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27 
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31 

1) 
8 
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(1) 
(8) 
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( I )  
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( 1  
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- -20 - '02 - -02 

- -32 
+ -03 - -29 
- '15 
+ '10 - -15 



Nm-(1) Original Error ; (3) Besidual Error j and (4) Arbitrary mpporbioument of Error. 
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Non-(1) Original Error ; (2) Error by chnge of Absolute term of 4znd Equation ; (8) IWdual Error ; and (4) Arbitrary apportionment of Error. 
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NOT~.-(~) Original Error; and (8) Error by change of Absolute term of qmd Equation. 
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- 'or5 

- -107 
+ 4 - -002 

+ -246 
-217 

+ - o w  
+ -227 
- I 
+ .00I - -200 
- '2.37 + '001 - -236 
+ .218 - -002 

+ -216 
- .212 
+ '001 - -211 
+ .ZII 
+ - W I  

+ -212 

+ -086 

+ '173 
+ '114 

.ooo 

+ -124 
- -136 

-000 - -136 
+ -164 - .ool 
+ '163 
- .a05 
+ - '204 
+ .164 

+ -164 
+ -018 
+ -001 
+ -019 
- -165 
+ ~006 

- '159 
+ -081 
+ '004 
+ -085 
- '231 
+ -007 
- '224 
+ '116 
+ -006 
+ '122 
- -182 
+ '010 - -272 
+ "57 
+ '007 + -164 
- '723 
+ .o26 - '697 

+ -063 - '002 

+ ,060 
- '050 - '004 
- '054 
+ '180 
- '006 
+ '174 
- '111 - -006 - '117 
+ '248 - -008 

+ -240 
- '147 - '007 

- -154 
+ '293 - '010 
+ '283 
- -444 - -018 - '462 

+ '117 
+ ' 1 ~ 1  
+ '006 
+ -158 
+ -171 

+ '004 + '176 
+ '101 

+ '005 + '106 
+ 'laa 
+ 'ma 
+ '124 
+ - 1 1 0  

+ '007 
+ '117 

+ '071 
- 0 + -010 

- -954 

- '099 
+ -003 
- -096 
+ -128 
+ *00.3 
+ -131 
+ '1.39 + *ma 
+ '14r 

- -91 
+ -006 
- -085 
+ -138 
+ '004 
+ -142 
- .096 
+ -003 

- -093 

- -016 
- -260 
- '125 

+ .004 - -121 
+ .OII 
+ -004 
+ -015 
- -142 
+ .005 

- -137 
+ '029 
+ -005 

+ '034 
- -1r8 
+ -004 
- -124 

- -172 
- -156 - -001 - '158 
- -123 - -007 - '130 
- -1.U - - 0 0 1  

- '135 
- -118 
- '007 - '1 25 

- -102 

'000 - -102 

+ '036 
- I - -008 - -182 
- '128 
- -003 - '131 
+ '073 - '004 
+ -069 
+ '098 
- 'w.3 
+ '095 
- '127 - '004 - '131 
+ '074 - '005 
+ -069 
- - 1 1 5  - '004 - 'I 19 

- '070 
+ -087 
+ '001 - -004 - -003 
+ -1z5 - .w4 + -121 
- *oaz - -004 - -026 
+ '176 - '006 
+ '170 
- -0.36 - .w4 - '040 



DISPEBSION OF THE RESIDUAL ERRORS. 

The Dkpersion of the Reddual Errors remaining after the Simultaneous Reduction. 

The residual errors that remained after the completion of the Simultaneous Reduction 
have already been exhibited on page 244. The method adopted for their dispersion has now 
to be described. Certain triangles having been cllosen in wllicll the residual errors were to be 
dispersed, new equations, both linear and geodetic, had to be constructed in a similar manner 
to the original equations, but restricted to contain only those of the angles of continuation 
over which the discrepancies were to be dispersed. This was readily done by taking the ori- 
ginal equations furnished by each circuit in &de, latitude, longitude and azimuth, substituting 
the residual errors for the absolute terms, and equating to zero all the angular errors, except 
those of the selectsd triangles. As the coefficients already employed stood multiplied by tho 
equalizing factors given on page 69, the absolute terms had also to be multiplied by the same 
factors. 

The equations being thus given, their solution was effected in two different ways. First, 
in Circuits I to PI, the previous calculations up to the products f b W ,  f c a, were made use 
of, the coefficients of the Indeterminate Factors being the sums of these quantities which ap- 
pertained to the triangles retained; thus the real calculation began with the solution of the 
Equations batween the Indeterminate Factors. The factors being found, the errors y and z of 
the angles of continuation were obtained by the usual formula. This method necessarily em- 
ployed the same weights that were used in the original calculations. 

I n  the second method, which was applied to Circuits PII, IX and X, the angles were 
all assumed to be of equal weight (= I )  and the triangular equation 

was neglected. Thus the circuit equations which are represented by equations (66), page 59, 
had to be solved subject to the minimum 

The coefficients of the As therefore took the form 

in plaoe of those given in equations (68), page 60 ; and this involved fresh calculations. 
The values of the angular errors were theu given by the form& 

y = [fbh], 2 = Gfc.\]. 
Bfter they were obtained 

x was put = - (y + 2). 

In dispersing the residual errors of one circuit those of the next in several instances 
beoame changed. The actual errors dispersed in each case are given on page 245. 

Very considerable trouble was occasioned in selecting a sufficient number of triangles 
to make the residual angular errors small enough to be admissible ; in some cases several trials 
had to be made before the resulting angular errors were deemed acceptable ; in other cases mo- 
difications were introduced which need not be described here as they are exhibited in the 
details of the caloulations on the following pages. 



INTRODUCTOBY. 

CIRCUIT I. 

* In the tables of the eqt~ations between the factors the coefecients of the terms below the diagonal an, omitted for convenience, the 
coe5cient of the pth term in the qth line being alwayn the mne M the coe5cient of the qth term in thepth line. 

Triangles employed Nos. 31 to 44. 

Equations to be satisfied. 

(Left-hand Members taken from Circuit Equations I to 4; Absolute Terms from Residuals page N5). 

Factors 

Page 154, Side. [fay + ~ c z ] ~  = 1EE = 0.0 x '03 = 0-000, 
31 

A E  

,J ,, Latitude. [fiy+fczlU = a E a = +oe014 x 15 = +o-210, 
2 31 

a A2 

43 

,, 154 & 155, Longitude. [fby + fcz] = 3Ea = -0.031 x 15 = -0.465, A 
31 

3 B 
3 

155, Azimuth. [fiy+f~z]* = = +o-080 x I = +o-080, A 
4 31 

4 B 

Values of the Factora 

,A, = - 3.042 
= + 1.438 

3AR = - 5'347 
,A, = + 2'174 

Equations between Factors 

(Formed with the aid of the previously computed values of b23 and c&) 

Residual Angular Errors. 

Triangle x Y z Triangle x Y z Triangle x Y x 

31 -*498 +a809 I 36 I +.or5 +a098 41 +a057 -.085 +.028 

32 +.271 -.161 - .  IIO 37 -'057 +.or5 +.042 42 -'037 --065 +'1o2 

33 -'074 +'455 --381 38 +.171 -'15n -.o19 43 -.102 -.ozo +-122 

34 -.oxg - e m 4  + '023 39 -.091 -*045 +.136 44 +-099 --I& + ,007 
35 +-072 -.ooz -'070 40 +a130 - . I I ~  --ox5 

No. of 

EB 

I 

2 

3 

4 

Values of 

E, 

-000 

+ - 2 1 0  
- '463 
+ .080 

Coefficients of 

A3 JB  3 A a 4 A a 

-0.03 

+1.16 

+ 2-31 
+4'92 

+2.06 + 1-28 
+ 1.17 

* 

-0.84 

+ 0-02 
+ 1.51 



DISPERSION OF THE RESIDUAL ERRORS. 

CIRCUIT II. 

Triangles employed Nos. 79 to 92. 

Equations to be satisfied. 

(Left-hand Members taken from Circuit Equationa 5 to 8 ; Absolute Terms from Residuals page 245). 

Factora 

Pagea155&156,Side. [ f l y + f ~ z ] *  = ,EB = + I % - 6  x . o 3 = + 0 . 3 7 8 ,  A 
5 79 

5 B 

9a 

,J 156, Latitude. [ f b y  i- fC.21 = 6ER = - 0.001 x 15 = -0.015, 
6 79 

6Aa 

, 156 & 157, Longitude. [ f f i y  + f c z I m  = 7ER = + 0.012 x 15 = +o.180, , A 7 79 

,, 157 & 158, dzirnutb. [ f f i y  f c z IBI  = 8ER = - 0.582 x I = -0.582, 
8 79 

8Aa 

Values of the Factors 

,A, = + 8.628 

6AB = - 6.662 

,AB = +39'209 

an, = - 3'899 

Equations between Factors 

(Formed with the aid of the previously computed valuea of f i  23 and c &) 

Reaidual Angular Errors. 

Triangle x Y z Triangle x Y  z Triangle x Y z 

79 - ' O 5 I  -'I35 +-186 84 -so46 - . o I ~  +'059 89 -.055 +.OgO -'O35 

80 - ' r 71  -.21o +'381 85 --or7 --024 +.o41 90 +so09 +'roo -.rag 

81 -.003 -. lzr +-124 86 -.055 +.004 +-051 91 --314 +-so3  -'18g 

82 -.028 -.o72 - t . loo  87 -.069 +so25 +.OM 92 +-542 $ -389 -0931 

83 +.028 -.053 +.025 88 + . O I I  +so70 -.oar 

No. of 

EB 

5 

6 

7 

8 

Values of 

EB 

+'378 

- . o I ~  

+ '180 

- '582 

Coe5cient.a of 

f i x .  A 7 A a 8Aa 

+om262 -0.040 

- '001 

+ -020  

4.0-046 

+ - 0 2 1  

* 

+ 0.002 

+ 'O59 

+ -067 

+ -725 



INTBODUCTOBY. 

CIBCUIT III. 

I 

Triangles employed Nos. 117 to 126. 

Equations to be satisfied. 

(Left-hand Members taken &om Circuit Equations 9 to I z ; Absolute Terms fmm Residuals page 245). 

Factors 

Page 158, Si&. [fay + f ~ z ] ~  = 9Ea = -3.4 x -03 = -0*102,' 9 A B 
9 ll7 

, 158 & 159, Latitude. + fczIu = = +ooozo x 15 = +0°300, 
10 U7 

,, 1698r160,Longitdr. [ f l y + f ~ z ] m =  ,,EE = - 0 ~ 0 2 2  x I S =  --0*33o, I I  A a 
11 w 

,, lm, Azimuth [fty+fcz]m= 1 2  E a = -0.323 x I =  -0.323, l a  A a 
I a 1l7 

Values of the Factors 

9 A a = - 7'571 

loba = +r1.630 

r l A 8  = - 5'8.54 

= + 0.489 

Equations between Factors 

(Formed with the aid of the previously computed values of 83S and cQt) 

Residual Angular Errors. 

Triangle o Y x Triangle x Y z 

117 +-689 +'458 -1-147 122 +-269 -.089 -*180 

118 -*123 +*so3 - '380 128 -.or3 -a298 +.311 

119 4- '43% +*082 - '514 1M +.550 -.642 +*og% 

120 -*014 +-a98 - -284 126 -*or5 -*524 +.539 

121 +"j17 --a34 - -083 126 +'398 -*948 +*550 

No. of 

EB 

9 

10 

I I 

1% 

Values of 

Ez 

-.IOZ 

+ '300 

- '330 

- '323 

Coefficients of 

9 A B r r A 
' 2  B 

$3'127 +o.040 

+ I '034 

-t 2.683 

+ 7.482 

+ I" 633 

+ 1.025 

* 

-0'779 

- -041 

+I-207 



DISPERSION OF THE REBIDUAL ERROM. 

CIRCUIT 17. 

Triangles employed Nos. 163 to 170. . 
Equations to be satisfied. 

(Left-hand Members taken from Circuit Equations 13 to 16 ; Absolute Terma from Residuals, page 295). 

Factora 

Pages 160 8~ 161, side. [fay +fCz] lm = ]PR - - -1.4 x .03 = -o'o42, 
13 168 

,, 161&162,Lotilude. [ f i ~ ~ + ~ c z ] ~ ' ~  = ,gR = 0'000 x 15 = 0-000, I4  A 
14 169 

,, 162, Lo~@*u&. [fly + fCZ]lm = lSEP = -0'014 X 15 = -0.210, 
1.5 169 

, 162&163,Azimuth. [fiIy+fCz]M= 16EB = -0.371 X 1 = 
I 6 

-0'3711 
168 

Values of the Factors 

13AB = - 9' 102 

14As = + 9.982 

15AB = - 15.282 

,6Aa = + 0.588 
I 

Equations between Factors 

(Formed with the aid of the previously computed value8 of 823 and cQt) 

Residual Angular Errors. 

Triangle x Y z Triar~gle r Y P 

U N N /I N 
163 +!662 --137 -*525 167 +-163  --069 -*094 

164 -.255 -tm379 -'I24 168 +'395 +'I44 -'539 

165 +-168 --081 -no87 169 -.084 -.855 -tm939 

166 -*042 +.156 - - - I I ~  170 +-440 -a558 - t ' 1 ~ 8  

. 

No. of 

BIZ 

I 3  

14 

15 

I 6 

Va111es of 

ER 

~ ' 0 4 2  

-000 

- -210 

- ,371 

Coe5cients of 

13AR ' 14 A a I s A J t  I aAa 

+0.270 

+I-007 

+ 0.691 

i-4'4x1 

+2'299 +o-689 

+ -416 

* 

-0-906 

- -100 

+ '515 



3 

Triangles employed Nos. 199 to 206. 

Equations to be satisfied. 

(Left-hand Members taken from Circuit Equations 17 to 20 ; Absolute Terms from Residuals, page 245). 

Factors 

Pages 163 & 164, Side. [fay + f c z l m  = 1 7 ~ B  = -3.4 x -03 = -0- 102, A 
= 7 198 

'2% 

1) 164, Latitude. [fby + ~ C Z ]  = = 0.000 x 15 = 0.000, 
18 198 

,, 164&165,Longitude. [ f b y + f ~ z ] ~ =  19EB = -0.017 x 15 = -0.255. 19Az 
19 1 w  

J, 165, Azimuth. + ftr]m = a0 E B = -0.386 x I = -0.386, 
20 198 

Values of the Factors 

= - 9.677 

I&, = + 9'969 

,,AB = -14'93 

aoA, = + 1.577 

Equations between Factors 

(Formed with the aid of the previously computed values of 3f3 and c &) 

Residual Angular Errors. 

Triangle x Y z Triangle x Y z 
4/ // // I/ 

199 +4672 +'~18 --790 203 +'z07 -.198 -.009 

200 -.208 +'403 - 'I95 204 $ -299 - -192 - -107 

201 + -483 --041 - '442 205 - .220 - - lo3  +-323 

202 -'047 +'273 -.226 206 +'737 -'774 +'037 

No. of 

E~ 

17 

I 8 

'9 

20 

Va111es of 

E B 

- . I O Z  

'000 

- ' 255 

- .386 

Coefficients of 

1 7 ~ 2  1 8 ~ a  1 20 

+I-632 +oe675 

+ -548 

* 

- 0.586 

+ -046 

+ '547 

+ 0' 135 

+1.109 

+ 1.140 

+4'366 



DISPERSION OF THE RESIDUAL ERRORS. 269 

CIRCUIT PI. 

+ 

Triangles employed Nos. 243 to 262. 

Equations to be satisfied. 

(Left-hand Members taken from Circuit Equations 21 to 24; Absolute Terms from Residuals, page 245). 

Factors 

Pages 1G5 & 166, Side. [fbY + fcz lm = a1  E B = -3.5 x -03 = -0.105, ' a,& 
a 1 843 

,, 166 & 167,Latitude. [fby + fCzlm = 2aEp = +OS003 X 15 = +0'045, 22AE 
aa u9 

88a 

,J 167, Longitude. [f iI + f c r] = a3EB = -0-020 x 15 = -0.300, 
243 

z3Aa 
23 

A ,, 161&168,Azimlb. [ f b y + f c ~ ] ~ =  ,BE = - 0 . 4 2 4 ~  I =  -0.424, z 4 ,  
zq !M3 

Values of the Factors 

alAB = -2,252 

= + 2.699 

23AB = -3.113 

zJAa = -om 220 

Equations between Factors 

(Formed with the aid of the previously computed values of iI33 and c&) 

Hesidual Angular Errors. 

Triangle x Y z Triangle x Y z Triangle x Y z 
// /I I/ /I U // /I /I 

243 +1[664 -.104 --560 250 --006 -.002 +so08 257 -.006 -so65 + - 0 7 1  

244 -0176 +-482 -a306 251 +so05 -.ooi +.ooz 258 +a049 -.17g +.130 

245 +a209 --085 -'124 252 -so12 -so19 +so31 259 - -007  -a160 +-167 

246 +.o92 + . o 9 j  -.187 253 +.003 - - 0 x 1  + -oc8  260 -000 -.o39 +'039 

a 7  -.o29 --185 + - z r q  254 -moo2 -so25 +-027  261 +.oar -.062 +so61 

!&I3 +.545 I -'128 255 +'004 -.036 +.032 262 +.003 -.Oj3 + . o ~ o  

249 -.Wj -.008 + .o r3  256 -.OOI - - lo8  +-109 

No. of 

E~ 

3 I 

22 

23 

24 

Values of 

E~ 

- - l o 5  

+ '045 

- -300 

- '424 

Coe5cients of 

ar  a A p  23 A a 24 A a 

- 0'552 

+ 3'231 

+ 2'452 

+ 12.548 

+5-811 + I  -376 

+1.299 

* 

-2'939 

-0.112 

+"953 



INTRODUCTORY. 

CIRCUIT 

Triangles employed Nos. 295 to 802. 

Equations to be satisfied. 

(Left-hand Members taken from Circuit Equations 25 to 28; Absolute Terms from Residuals, page 245). 

Factors 

Page 168, Side. [ f b ~  + f 21- = lsEE = +17.9 x -03 = +oS537, A 
25 885 

,, 168 8z 169, Latitude. [fby + , ~ C Z ] ~  = ,6EB = + o.w8 x 15 = +oS1 20, z 6 ~ E  
a6 295 

, 169 a 170, Longitude. [fby +fczja = ,,EZ = - 0.008 15 = -oo120, 
295 

2 7AR 
27 

,, 170, ~ s i m u t r .  [jay + f c z ~  a = r 8 ~ E  = - 0'407 x I = -0.407, 
28 895 

Values of the Factors 

a5Aa = -0.275 

26AE = +3'406 

,,A, = -I ,036 

= -0.235 

Equations between Factors 

(Formed with the aid of values of L B and CC) 

Residual Angular Errors. 

Triangle x Y z Triangle r Y z 
I/ 8 

295 +1318 +!lo62 -.380 299 +!'06~ +lio2x -.OM 

296 . w o  +.217 -*217 800 +-328 -*103 --2ng 

297 +a198 + . w 3  --201 801 -*194 +-051 +*143 

298 +-egg +so68 --163 802 +.386 -.zoo -*186 

No. of 

E~ 

25 

26 

27 

28 

Values of 

I% 

+'537 

4- ' I 20  

- -120  

- '407 

Coefficients of 

a s  Aa lCiAa 27 A a asAz 

+2.409 -0.455 

+ 0061 

+ 'I75 

+om158 

+ '154 

* 

- 0.81 

+ 1'27 

-t 1-16 

+ 16 



DISPERSION OF THE RESI1)UAL ERRORS. 

CIRCUIT IX. 

Triangles employed Nos. 352, 353 & 361. 

Equations to be satisfied. 

(Left-hand Members taken from Circuit Equations 33 to 36; Absolute Terms from Residuals, page 245). 

Factors 

Page 172, Side. + f l y + f c z  = 3 3 E a = + 0 . 4  x ~ o 3 = + 0 ~ 0 1 2 ,  33Aa 
33 [fbY+fCZ]== 3s 33 ( ) rn 

SSI 

,, 172 & 173, Latitude. [fb y + ftz] + +ftz) =34ER = -0.006 x 15= -0-090, A 
34 3s 34 561 

34 a 

JJ 173, longitude. [fb9 + czIs ( ) + fby + ~ C Z  =35ER = +O.WI x I j= +o.orj, A 
35 35 561 

35 R 

,, 173 & 174, Azimuth. [fly + f t ~ ] m +  =36BR = - 0 . ~ 2  x I = -0.002, 
36 3s 36 

36% 

Values of the Factors 

3 3 A ~  = +0'47 

3+Aa = -2'51 

354hR = + 1-38 

36AR = +OSI94 

Equations between Factore 

(Formed with the aid of values of b t  and cc) 

Residual Angular Errors. 

Triangle e? Y z Triangle x Y z 
I Y Y Y 

352 - -346 + -063 + -283 861 - '499 + 1335 + rr64 

853 + '156 - '167 + ,011  

The Angular Errora of triangle 361 being large were arbitrarily divided between triangles 360 and 
361 &B below 

Triangle x Y z 
It Y 

860 + rz39 - a066 - 173 

861 - -259 + -188 + -071 - I 

No. of 

Ex 

33 

34 

35 

36 

Values of 

E~ 

+ . O r 2  

-.090 

+ -015 

- '002 

Coefficients of 

33 A a 34 A B 35 A a 36Aa 

+om807 -0.190 

+0.052 

+ 0'101 

0.044 

+ O . I ~ O  

* 

+ o w 3  

+O. 74 

+or49 

+ 6  







INTRODUCTORY. 

The Finat Reszllts of the Simzlttaneowr Reduction. 

After tlie total values of the angular errors, tabulated in Section 16, had been applied 
with changed sign to the linear and geodetic calculations, trifling residual errors still remain- 
ed in the 8th place of decimals of logside and the 3rd place of decimals of seconds in 
latitude, longitude and azimuth, which are shewn in the following table. These errors are 
of no greater magnitude than those whiah remained at the close of the reductions of the 
North-West and South-East Quadrilaterals, and, as in those cases, no attempt was made to 
disperse them ; for the Logarithm Tables employed in the calculations gave only 7 places of 
decimals, an 8th place being obtained by interpolation, while the first terms of the expres- 
sions for AX, A& and A A  given on pages 30 and 31 often contained 4 integral figures, mak- 
ing their determination with accuracy to the 3rd place of decimals doubtful : thus such small 
inconsistencies mere almost unavoidable and quite immaterial, especially as it was not intended 
to give the final geodetic results to more than two places of decimals of seconds in the details 
of each series. 

I 
11 

111 

IP 
P 

PI 
n r  
PIIl 

I X  
x 
xr 

! 

7th p l w  
of logs. 

- 0'2 
0'0 

0'0 

+ 0.1 
- 0'1 
+ 0.1 
- 0.3 
0'0 

+ 0.2 
- 0'1 
- 0'2 
+ 0.2 
- 0'2 



THE FINAL RESULTB. 265 

Contrasting the primary values given at the ends of the several branches of the 
uncorrected circuits, wit11 those now furnished by the corrected oirouits we have the following 
results, from which it will be seen that in 25 instances the final value is intermediate between, 
and in 19 it is outside of both, the two primary values given by the respective branches of 
the circuits. 

Linear and Geodetic Value8 at the side8 and Statiolas of the Circuit-Junctions. 

Logarithmic h g t h .  Azimuth. Latitude. Longitude. 

C m n m  I .  Side QhanU-Chhndipahh. ' Station Ghandi&l. 

Fidsl values from Great Am 0 1  a 0 1  H 0 1  a 

Series-9ection 24'to Be- 
see agew, 34 47 42'606 30 13 25'321 78 27 54'613 

branch 305r,2 54' 204 26. 260 55 ' 547 
Final 2764,~ 42-61 25'32 54-61 

CIRCUIT I I .  Side Baheri-Attiria. Station Baheri. 

Left branch 4'920,3283,9 13 47'5'4 28 51 53.521 79 38 19.407 
Right ,, 276~6 33'197 53' 169 18'317 
Final '55~7 35-20 53 '07 18-56 

CIRCUIT I I I .  Side RAmnagar-Dahlelnagar. Station Rgmnagar. 

Left branch 4' 8~3J8558,5 I 49 14.081 28 16 36'772 80 41 35'764 
Right ,, 9040~8 7 ' 283 37'697 35'581 
Filial 85' 833 15' 36 36'69 35'94 

CIRCUIT I V .  Side Bela-M4si. Statiolz Bela. 

Left branch 4' 78 ~~0546~6 333 3 26.623 27 47 19'324' 81 20 31.847 
Right ,, 0,9905,6 36-800 18- 115 31 ' 787 
h a 1  1,~38,8 34'45 18-45 31-86 

CIRCUIT 7 .  Side Lohhphnia-Bansfdila. Station Lohtiphia. 

Left branch 4' 757,8074~3 350 0 57'104 27 33 21 '350 82 17 27.265 
Right ,, 243~7 56'313 21 ' 733 27 ' 502 
Final 241,6 55'58 21 -68 27'47 

CIRCUIT V L  Side Ghaus-Phena. Station Qhaus. 

Left branch 4' 824,8956,o 334 36 2z.005 27 21 5.123 83 8 6.020 
Right ,, 9038,~ 26.848 5' 334 6.124 
Final 8978,6 21 '34 5.08 5'99 



INTBODUCTOBY. 

Linear and Geodetic Value8 at the Side8 and Statirms of the Cil*cuit- Jomctiow.-(Continued). 

L.ogarithmic Length. Azimuth. Latitude. Longitude. 

Statwn Rglmnagar. CIRCUIT PII. Side magar-Naunangarhi .  
0 1  e 

Left branch 4 '  807J0313,3 339 '4 22.948 
Right ,, 1 8 0 ~ 4  17.209 
Final 266~3 '7'93 

CIRCUIT PIII. Side BuMpur-Madanpur. 

Left branch 4 '  7752677,3 o 52 19.082 
Right ,, 874,o 23'523 
Final 78814 19-84 

C1R.Curr IX. Side Narhar-Bheria Bisanpur. Station N a r k .  

Left branch 
Right ,, 
Final 

Side Diwdnganj-Chbni. 

Left branch 
Right ,, 
Final 
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Final 2446 5x.20 22.18 52-96 
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The amount of error which has devolved on each entire chain, or on each part of a 
chain, that enters into the several circuits (see page 74) is sheurn in the following table, in 
which the number of triangles between the extreme sides is given for each linear and each 
azimuthal apportionment of error. The arc-length of each chain, in latitude and longitude, 
as measured between the adopted terminal and junction stations, is also given. 

Apportionments of Error. 
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The following table gives the number of determinations of the several angular cor- 
rections, ranged in order of magnitude, and classed in the order in which they were determined, 
namely- 

(1). Corrections, as primarily computed, simultaneously ; 

(2). Corrections-for the error of the absolute term of one of the primary 
equations ; 

(3). Corrections for residual errors within authorised limits, arising from con- 

- .  traction of tlie number of figures employed in the calculations ; - 

(4). bbitrary corrections for ultimate petty residual errors ; 

as already set forth at page 246. The last line of the table gives the number of the aggre- 
gate corrections-the algebraical sum of the respective partial corrections-ranged in order 
of magnitude. 

Table of the Number and Magnitudes of the Severat Correctwrrs. 
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THE GENERAL REDUCTION 

Review of the Grelteral Beduction. 

It has been shown in Section 1 of the present chapter that when the question of tlie 
general treatment of the mass of triangulation which is contained within the North-East 
Quadrilateral was under consideration, the Simultaneous Reduction of the whole appeared 
at first sight to be so much more formidable than either of the two corresponding Simul- 
taneous Reductions previously completed--viz., those of the Sections of the great triangula- 
tion known as the North-West and the South-East Quadrilaterals, both which had been found 
to be excessively laborious-that the propriety of omitting certain of the interior chains of 
triangles, with a view to diminishing the labour of the reduction, was discussed, but was 
eventually abandoned as unjustifiable. Thus the Computing Office was confronted by the 
task of first constructing 41 geometrical equations of condition involving I 269 unknown 
quantities, and then solving the equations ; and this appeared to be a very formidable under- 
taking, as in each of the two preceding reductions the number of equations of condition was 
materially less and yet the labour involved had been very great. 

The office was then under the charge of Major Herschel, as a temporary measure 
during the absence in Europe of Messrs. Hennessey and Cole. The two previous Simul- 
taneous Reductions had been effected under their supervision, and with remarkable precision, 
every condition of the triangulation having been fulfilled with almost perfect accuracy. But 
in order to secure this degree of accuracy, the cdculations had been carried to a large num- 
ber of decimal places, sufficient to prevent any sensible accumulations of arithmetical error 
at the close of the very lengthy computations (see page 67) ; and this had been found very 
laborious. Thus when the third section of the triangulation-which appeared to be very 
much more arduous and difficult to treat than either of its predecessors, because of the larger 
number of geometrical conditions it presented for simultaneous satisfaction--came to be 
taken in hand, the measure of arithmetical accuracy to be aimed at was purposely lowered, 
by contracting the number of decimal places employed in different stages of the calculations, 
as a set off against the additional labour involved by the increased number of geometrical 
conditions to be satisfied. 

For these reasons the present reduction is not so strictly simultaneous as either of its 
predecessors; for though the simultaneous calculations still form by far the greater portion 
of the reduction, and satisfy broadly all the geometrical conditions involved, they had to be 
supplemented by further calculations, in order to disperse the residual errors ' which were 
caused by tlie intentional neglect of arithmetical nicety. 

I n  supervising the reduction of this great mass of triangulation, Major Herschel avail- 
ed himself of the opportunity afforded him to re-investigate de lzovo all the formulae which 
had been elaborated for the two first reductions, and to examine the methods of their prac- 
tical application. He made whatever changes he believed to be improvements. Thus in 
reviewing the present Reduction it is necessary first to notice these changes, and then to in- 
dicate the results which followed from aiming at a lower degree of arithmetical refinement. 
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.Change8 in Previozcs Method8 of Treatment. 

Of these the most important are :-(1). The arrangement of the geometrical or pri- 
mary equations of condition in the most appropriate order for the formation of the equations 
between the Indeterminate Factors. (2). The introduction of the ' rig-zag ' instead of the 
' direct ' line of traverse, in forming the several geodetic equations of condition. (3). The 
introduction of a table of constants to assist in the construction of the coefficients in the 
geodetic equations of condition. (4). The introduction of ' equalizing factors ', for applica- 
tion to the primary equations, with a view to facilitate the solution of the equations of 
condition. (5 ) .  An alteration of the usual procedure in solving the equations between the 
Indeterminate Factors. 

(1). I n  the reduction of the two first sections of the triangulation, the arrangement 
of the primary equations of condition had been as follows :-the whole of the linear (or 
side-length) equations-whether formed between the base-lines of verification or round the 
circuits of triangles-were collected together in a group by themselves, which was followed 
by the several geodetic equations in groups of three-for latitude, longitude and azimuth- 
one group for each circuit in succession. I n  the present reduction, tlie linear and the three 
geodetic equations for each circuit are grouped together, and the single base-line equation 
is introduced in such a manner as to avoid any general entanglement of the equations. This 
arrangement is the most advantageous for the formation of equations between the Indeter- 
minate Factors of which the solution will entail the minimum amount of labour, as has 
already been sl~own at pages 68 and 69 ; thus it is also the most suitable arrangement for 
the primary equations, because in such very complicated and laborious calculations as these, 
any changes in the grouping of the unknown quantities under determination are liable to 
cause serious mistakes and are therefore to be greatly deprecated; thus the primary equations 
must of necessity be arranged and numbered from the very outset in the order which is best 
suited for the solution of the equations between the Indeterminate Factors. 

I n  the present instance the conditions to be fulfilled were happily such that the 
system adopted for the arrangement of the equations permitted of t l ~ e  introduction of four 
additional chains of triangles, in extension of tlie triangulation as originally limited, for treat- 
ment simultaneously with the chains which had a t  first been selected for disposal, without 
causing a disproportionate increase of labour. Usually additional equations cause more or 
less entanglement among the first equations, and then the labour of calculation may be very 
greatly increased; but in the present instance all entanglement could be and was avoided. 
Consequently a much larger extent of triangulation has been treated simultaneously than was 
a t  first contemplated ; it comprises I 7 I g angles connected by 49 equations, instead of I 269 
angles connected by 41 equations, as had originally been intended. The additional calcula- 
tions entailed little more labour than would have been required for the separate treatment of 
the four chains of triangles forming the ' Extension '. Thus the arrangement has been most 
advantageous and is to be much commended. 

The diagram at page 70 indicates the significant terms in the equations between the 
Indeterminate Factors, and is interesting as an illustration of the simplest possible arrange- 
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ment of the primary equations of condition of any triangulation. Of course such an ar- 
rangement is only possible in exceptional instances as the present ; but the more closely the 
principle underlying it is followed, the greater will be the saving of labour in the calculations. 
Even in the present instance 'a re-arrangement of the equations on a different principle, 
separating, instead of grouping together, the equations containing the same unknown quan- 
tities-as for instance adopting the symmetrical order I, 9, 17, 25 . . . , 2, 10, 18, 26. . . . , 
and so on-would have increased the labour of calculation enormously and prevented any 
extension of the area of triangulation embraced in the first programme of operation. 

(2). The methods of procedure entailed by the adoption of the two lines of traverse 
known respectively as the 'direct' and the 'zig-zag', one or other of which has to be followed 
in forming the geodetic equations of condition, are described at pages 62 to 67. The relative 
merits of these two methods are a matter of opinion, as their respective advantages and dis- 
advantages appear to be pretty fairly balanced. The zig-zag system has not commended itself 
to the Computing Office, which continues to employ the direct method, ns applied in the re- 
duction of the South-East Quadrilateral. 

(3). The introduction of a table of constants,-formed as a t  page 130, on the analyti- 
c d  expressions in page 51-in constructing the coefficients in the geodetic equations of con- 
dition, has not commended itself to the Computing Office, which continues as formerly to 
employ the data furnished in the primary calculations of latitude, longitude and azimuth. 

(4). The introduction of ' equalizing factors ' to facilitate the solution of the equa- 
tions between the Indeterminate Factors is a matter of which no one will question the 
propriety when the factors are powers of 10, the application of which merely necessitates a 
general shifting of decimal places. .But when other factors than these are employed, opinions 
may well differ as to their propriety. And there can be no doubt that the application of any 
such factors-whether powers of 10, or other numbers-to the primary equations of condition, 
as has been done in the present instance, causes a yery needless amount of labour; for by 
the method of treatment which is exemplified in the footnote to page 235, and is due to Mr. 
Cole, the equalizing factors may be applied to the equations between the Indeterminate 
Factors, without disturbing the desirable identity in each pair of coefficients symmetrically 
situated on opposite sides of the diagonal, which is of such value in diminishing the labour 
of the solution. 

(5) .  The usual procedure in solving the equations between the Indeterminate Factors 
is, first to eliminate one unknown quantity from the whole of the given equations, say, TZ in 

. number, leaving (a - I)  equations between as many unknown quantities for treatment, and 
then to continue the process until a single equation containing a single unknown quantity is 
arrived at. The adopted procedure was as follows :- 

Given equations 

I 
2 Combine I and 2 to eliminate X, and call the combination 2,. 

3 Combine 1,2, and 3 to elimnats A, and A, simultaneously, and call the combination 3,. 

4 Combine I, 2,, 3, and 4 to eliminate A, to X, simultaneously, and call the combination 4*. 
6 and so on. 
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I'he number of products to be performed is the &me by both processes; but the 
number of coefficients to be written down is less in the proportion of (n + 7) to z (n + I )  

when all the coefficients are significant; the saving of labour has been roughly estimated 
to be about one-sixth. 

I n  very elaborate and complicated cdculations, such as those which are needed for 
the reduction of the great Sections of the Triangulation of India, any modifications of the 
governing formulm which may be introduced from time to time with a view to reducing the 

Table of Equivalenk. 

* These quantitier were all multiplied by the equalking factor 0.03 in wdmcting the linear equetions. t The coe5cienb in 
the latitude and longitude equati~xu~ formed by oombinationa of theae quantities, were all multiplied by the:eqdizing factor 15. 
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labour of calculation, without impairing the accuracy of the results or tending to increase 
the risk of error, are obviously not only legitimate, but highly desirable. Thus vazious forms 
of procedure were introduced from time to time; these are given in the table on the 
preceding page, those in the last column being due to Major Herschel. 

It will be seen from the table that important modifications in the forms of the 
coefficients of the unknown quantities in the geometrical equations of condition were 
introduced when the second section was about to be reduced; tlie tabular differences of the 
logarithms of the sines were substituted for the cotangents of the angles in the linear (or 
side) equations, and this well-known system of substituting tabular logarithmic differences 
for numbers mas extended to the far more complex coefficients in the geodetic equations, 
by an ingenious re-arrangement of previous formula which was devised by Babu Cally Mo- 
llun Ghose of the Computing Office, with a view to more fully utilizing the data, to hand in 
the primary calculations of the latitudes, longitudes and azimuths. 

Beszclts of Aimkg at a Zower Degree of ArithmeticaZ Befnement. 

The following table shows the maximum number of significant figures retained at 
each stage of the numerical cttlculations in the course of the reductions of the North-West, 
the South-East, and the North-East Quadrilaterals. 

Maximum Number of Signifimt Numerals. 
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We may assume that the average number of significant figures in each column is a 
fair indication of the relative amount of labour of computation, provided that the conditions 
to be fulfilled had been otherwise alike in the three instances ; on this assumption the amount 
of labour involved would be as 7 for the N. W. Quadrilateral is to 6 for the 5. E. Quadrilateral 
and to 4 for the N. E. Quadrilateral. I n  reality however there was much dissimilarity of cir- 
cumstance, as has already been abundantly indicated; every change that ingenuity could 
devise was made in the course of the 3rd reduction; moreover while the 1st was effected 
with the aid of tables of common logarithms and sum-and-difference logarithms, both to 7 
places, the 2nd was effected with the aid of arithmometers, and the 3rd with common lo- 
garithms to 5 places and Crelle's multiplication tables. Thus the hypothetical labour-ratioa 
indicate rather the possible savings of labour which might have been obtained by the con- 
traction of significant figures in the calculations, all other things remaining constant, than 
the savings which actually were obtained. I n  the 3rd reduction the saving happened 
eventually to be much less than had originally been anticipated. 

I t  has already been shown by the table at  page 244 that, with a single exception, 
the residual errors are well within the limits of "o"'5 in azimuth, oM.05 in latitude and 
longitude, and 5 in the 7th place of decimals of the logarithm of a side" which had origi- 
nally been prescribed. And this happens notwithstanding that other errors occurred in the 
calculations, the influence of which may possibly exceed that of the errors arising from the 
neglect of arithmetical refinement. The mistake in the absolute term of the 42nd equation 
was purposely rectsed to a limited extent oxily, in calculating the finally adopted values of 
the Indeterminate Factors ; I 2 of the Factors were corrected while 37 were left uncorrected, 
and it will be seen on reference to page 2411 that several of the latter contain errors exceed- 
ing 2 per cent of their magnitudes. Assuming then the limits for the residuals to have been 
correctly fixed, it appears that even a lower degree of arithmetical refinement would have 
sufficed to satisfy the required conditions. 

But the application of final corrections for the dispersion of the residual errors was 
found to be a much more laborious matter than had originally been contemplated, necessi- 
tating the extension of the dispersion over larger groups of triangles than those primarily 
treated-with of course corresponding recomputations of those groups-in order to diminish 
the magnitudes of the corrections to be finally applied to the angles. And even then it 
occasionally became necessary to apply larger angular corrections than, strictly speaking, 
me permissible. It happened unfortunately that all the triangles in the vicinity of the 
points which had been adopted for the circuit closings mere small triangles, lying in the 
plains on the north flank of the Quadrilateral; thus the dispersion of residual errors in 
latitude and longitude which were materially less than the prescribed limit of oU.o5, required 
angular corrections which were occasionally of a magnitude exceeding the mean probable 
errors of the angles ; they were much larger than would have been needed had the circuits 
been arranged to close at the large triangles in the hills on the south flank, which however 
was undesirable for other reasons. Full details of the h a 1  dispersions are given in Sec. 17 
of this Chaptor. The number and magnitudes of the angular corrections are given in the 
3rd line of the table at page 268 ; it will be seen that in all 279 angles out of 1719 were 
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adjusted for the dispersion, and that in 28 instances the alterations exceeded 0"'s. 
Thus for a time it seemed that the limits assigned to the residual errors had been 

too large, and that the degree of arithmetical refinement aimed at  had been too low. But 
subsequent examination. by Mr. Cole showed that this was merely the result of the procedure 
which had been adopted in dispersing the residual errors, and that the required consistency 
in the final results might have been obtained with very much less labour and by the appli- 
cation of far smaller corrections. If the numerical values of the coefficients of the angular 
errors in the geometrical equations of condition-mz., the Zts and cs of Section 12 of this 
chapter-are examined with a view to ascertaining whether their magnitudes are influenced 
by the place, in the general reduction, of the triangle to which they appertain-as shown in 
the Reduction Chart--it will be found that the coefficients in the latitude and longitude 
equations are materially greater for the triangles at the commencement than for those at the 
close of each chain; on the other hand the magnitudes of the coefficients are not at  all 
influenced in the linear equations, and only very slightly in the azimuth equations, by the 
position of the triangle. ' Thus when residual errors in latitude and longitude have to be 
dispersed arbitrarily, i t  is obviously desirable to apply the requisite corrections to the angles 
of triangles situated near the commencement of a chain, because minute corrections applied 
there may be made to produce as much influence as large corrections applied to the angles of 
triangles situated near the end of the chain. 

I n  the present instance this simple method of final adjustment was overlooked, and the 
whole of the final corrections were applied to the angles nearest the sides of circuit junction, 
and therefore near the ends of the several chains. By so doing there was less of seeming 
arbitrariness in the dispersion; for the values of the corrections were determined in each 
instance by applications of the rigorous theoretical method, the coefficients in the equations 
expressing the second series of angular errors were the same as those which had already been 
employed in evaluating the first series, and much of the numerical work was common to 
both calculations, as has already been set forth in page 263. But, strictly speaking, it is 
quite as arbitrary to adjust-the angles a t  the end as those at tho commencement, or in any 
other part, of a chain of triangles; and as it is imperatively necessary to apply the smallest 
corrections which will produce the required result, in order that the values of the angles may 
not be unduly disturbed, the selection of the angles for treatmentashodd obviously be made 
with this object in view. 

I n  Appendix No. 4 to the present volume Mr. Cole has shown how residual terminal 
errors may be dispersed with the smallest possible expenditure of labour and'disturbance of 
the values of the angles, far less than was actually incurred in the present instance. 

Thus it appears that the magnitudes of the limits of residual error which were pre- 
scribed before the reduction of the North-East Quadrilateral was commenced were not too 
large, and that the degree of arithmetical refinement aimed at was not too low. I f  the labour 
of calculation had actually been reduced in the proportion of 6 : 4-that of the number of 
significant figures employed in the preceding and in this Simultaneous Reduction-and the 
residual errors had been dispersed by Mr. Cole's method, the gain would have far outweighed 
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any practical loss arising from the relaxation of numerid accuracy. As mattera stand the 
final adjustments have occasionally been of objectionable magnitude ; but this happens to be 
of no practical importance, as the triangulation is mostly of a second rate order of accuracy, 
and its value is moreover much impaired by the deflections of the tower stations of the North- 
East L o n g i t u W  Series, aa h a  been fully set forth in Section 1 of the present chapter. 

It m y  be here repeated of this Section of the Principal Triangulation-most of which 
waa completed before the chains of triangles in the two adjoining Sections had been com- 
menced-that its general inferiority, as compared with those Sections, was the reason why its 
reduction was postponed until their reductions were completed; see pages 32 and 426 of 
Vol. 11, and page 4 of the present volume. 
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APPENDIX. 

No. I! 

T H E  D E T A I L S  O F  T H E  SEPARATE R E D U C T I O N  O F  T H E  B U D H O N  M E R l D l O N A L  SERIES, 
O R  SERIES J O F  T H E  NORTH-EAST-QUADRILATERAL.  

The Budhon Series, which is the westernmost meridional chain of the North-East Quadrilateral, was 
omitted from the Simultaneous Reduction of that Quadrilateral for reasons which have already been stated on 
page 63. Its severance waa effected by treating the triangle, now numbered 57, as a nm-circuit triangle, and 
the Series was thus made to close, as it had originated, at a side which had been fixed in length and position by 
former reductions. Its adjustment then involved the solution of a group of four Circuit Equations, viz., one 
each in side, latitude, longitude and azimuth, and it was commenced accordingly; but when nearly complete the 
position of Rtiepur Station was brought under further control by special measurements connecting it with the 
station of the same name of the Great Arc Meridional Series, situated only a few feet distant from it but on 
the other side of a temple*. This connection necessitated the introduction of two supplemental equations, one 
in latitude, and the other in longitude, whereby additional calculations, practically constituting a Secoud Re- 
duction, h a  to be made at many stages of the reduction as originally effected; this will be shewn hereafter 
in Section 4. 

2. Preliminaty Calculatwnspreceding the Simultmeow, Reduction of the Series. 

The Budhon Series embraces 171 angles, which are grouped in the following figures :-1 quadrilateral, 
5 simple polygons and 25 single triangles. Three of the single triangles connect the two sides Sheopuri- 
Mahesari and Mahesari-Mabegarh, and form a portion of what was once a large compound figure uniting the 
extremities of the Great Arc, North-East Lorigitudinal and Budhon Series. Partly for convenience, and 
partly owing to the different character of the triangulation, the portions of this figure which appertai~led to 
the several series were reduced separately, each portion in succession furnishing fixed data which had to be 
maintained in the next. The order of reduction was :-first the portiou appertaining to the Great Arc, next 
that falling within the North-East Longitudinal Series, and lastly the three triangles in question. It thus 
happened that the figural errors of these triangles had to be obtained simnltaneously, subject to the conditious 
that the ratio between two sides, which had already resulted from the previous calculations, should be main- 
.tained, and that the angle contained by these sides should not alter. 

Bee the deb& of the Budhon Meridional Beriel pager 73-= snd 7 L J  in Part I1 of thb Volume. 
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The figural errors were in all cases deduced by the method of Least Squares, as usually applied in this 
Survey, with the aid of the formulee given in Section 3 of Chapter 11, the weights employed being the recipro- 
cals of the squares of the (probabilities of errorJ obtained by the formula given on page 21. The conditions 
and reductions-excluding those of the single triangles-are given, as usual, in the details of the Series imme- 
diately after the Abstracts of the Observed Angles ; a diagram of each figure will also be found in the plate 
at the end of the Series. 

3. The Reduction Chart. 

The whole of the principal triangulation of the Budhon Meridional Series is exhibited on the Reduc- 
tion Chart at the commencement of this Appendix. This Chart also includes the Great Arc Series-Section 
a0 to 3O0-and sufficient portions of the Calcutta Longitudinal and North-East Longitudinal Series, to shew 
the connection with the Budhon Series. The description given of the Reduction Chart of the North-East 
Quadrilateral in Section 3 of Chapter I11 is generally applicable to this Chart. 

Prior to the special determination of the position of Uepur, the Budhon Series formed but one circuit, 
of which only the right-hand branch was susceptible of correction. But afterwards it formed two circuits 
which were so arranged that while each originated from the side Budhon-Tinsma of the Calcutta Longitu- 
dinal Series, one closed on the side Sheopuri-Mahesari of the Great Arc for its linear and azimuthal elemeuta, 
and on the station Mahesari for its elements in latitude and longitude, while the other closed on the station 
REiepur. As J is the serial letter for the chain, the section to the south of RQepur is denoted by J, and to the 
north of that station by J,. The Circuits are symbolically indicated for the First Simultaneous Reduction 
thus :- 

Circuit I by J1 + J, 

and for the Second Simultaneoun Reduction due to the determination of RQepur thun :- 

Circuit I by Jl + J, 

Circuit 11 by J, 

The Direct Travenre, see page 53, was employed for this Series ; it is indicated on the Chart an usual 
by a dotted line parallel to the sides of the triangles in the right flank of the chain, looking north ; all the 
stations in this line have traverse as well as serial numbers. The traverse numbers commence from T i n a d ,  
one of the initial atationa of the Series, which is numbered I ,  and end at Harpasid, 23. 

The Circuit Triangles are numbered from 1 to 44, commencing from the initial side Bndhon-Tinamtil 
and ending at the closing side Sheopuri-Mahesari. The errors of the angles of continuation' are, aa ueual, 
denoted by the symbols y and z, the flank angle, of which the symbolical error is r, being left blank. The 
triangle numbers are employed as subscripts to distinguish the errors. The numbering of the Non-circuit 
Triangles' commences with 45 and terminates with 57, smaller numerals being used on the Chart in order to 
distinguish these triangles from the Circuit Triangles. 

The Polygonal Figures are numbered from 1 to 7, and these numbera are also employed in the Dia- 
grams and Figural Reductions. 

4. The Bqzcatiorre of Condition. 

First Simultaneotcs Reduction. 

The reveral polygonal figurer having been made consistent, linear caloulations were commenced at the 
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side Budhon-Tinsma and carried through the selected circuit triangles to the side Sheopuri-Maheaari. The 
calculations of latitude, longitude and azimuth were then made from Tinsmd along the c o m e  of the 
traverse to Mahesari. These calculations furnished the errors of Circuit I, J, + J,, which are the Werences 
between the final linear and geodetic values at the side and station of junction, ae given by the Great Arc 
Series and the values as obtained by calculation through the Budhon Series. 

Employing now the symbola J, and J, with the addition of the customary distinguishing subscripts, 
to indicate the sums of the terms on the right-hand side of the linear Equation (35) page 47, and of the 
geodetic Equations (57) page 64, we have the followkg circuit equations 

The solution of these equations was the problem first presented to be solved. After this had been 
done, and the resulting angular errora had been applied to the calculations, the connection at Rgepur was 
effected, furnishing the two new equations, iu latitude and longitude, which have been already referred to and 
thne necessitating M h e r  calculations. 

Second ~ U ~ ~ R M O U ~  Reduction. 

The First Simultaneops Reduction being so far complete, was allowed to stand; but in order to maintain 
ita effect while solviug the new equations, it was necessary to include the former equations in the subsequent 
calculations with new absolute terms, see Section 8 of Appendix No. 8, Vol. 11. Had the former equations 
been completely satisfied, these absolute terms would each have been =o; but as a matter of fact small residual 
errora remained after the First Reduction; they were denoted respectively by 6,E, 6 ,E, a3E and 6,E. Thus 
for the Second Reduction the followi~~g equations, in which the left-hand members of the f h t  four stood 
unaltered from what they were in the E h t  Reduction, were presented for solution :- 

Circuit I. 

cJl + cJs = S I R  . . . I: 

It is to be observhd that AJl  and J, in equations 5 and 6 d s  not represent the aame coeacienk a8 the 
rame symbola in equations a and 3 although they include the same angalar erron. 
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6 .  Formation of the Coeficiente of the Unlcrzown Quantitiee in the Primnry Equations 
of Conditiori. 

These coefficieuts are given by the formulze (7 I), (72) a11d (73) on page 79, with the following exceptione. 

Iu  Equations 2 and 3 

bG = - ppg a* + +%, c,= - t~39 (a, + Y*), 
ba = o, c,., = 0. 

In  Equation 4 

b43 = - tL39 a43 + $ 2 3 9  c* = 1 - P23 (a* + Y*), 
bH = - 1 ,  $*& = - 1 .  

111 Equations 5 and 6 

619 = P-7 rBl* - &I 

6. Sytlopt ical flxhilrilion of the Several Eqt~atione of Coudition. 

Makir~g use of the symbols in Sectiou 6 of Chapter 111, the Equatio~is are as follows :- 

E r s t  Sinzultaneow Reduction. 

Circuit I. 

44 43 
I .  Linear. ,k 1 = ,E.  3 .  Longitude. 3k = B. 

1 

43 44 
2. Latitude. rk I = ,E. 4 .  Azimuth. 4k I = 4E. 

1 .  1 

Second Si~nultaneous Reduction. 

Circuit I. 

44 
I .  Linear. ,k I = 6 , E .  

1 

43 
2. Latitude. ,k I = 6,E. 

1 

Circuit II. 

12 
5. Latitude. 

= 5E.  

43 
3. Longitude. 

3k ! = 63E- 

44 
4 .  Azimuth. 

4k ! = 

. l 2  
6. Lonyilude. 6k I = ($3. 



7. The N u ~ w ~ . i c a l  Talrcee of the ~ i x e d  Data on zolrich the Simultaneozrs Beduction of 
the Budhora Zliericlio?zal Series ia based. 

The fixcd data are the length and position of the side Budhon-Tinsmll of the Calcutta Longitudirlal 
Series-the side of origin of the Budhon Series-and the leugth and positioll of the side S1leopul.i-Mahesari 
of t l ~ e  Great Arc Series-tl~e closillg side of the Budhon Series. These data will be found in Volumes V I  and 
I V  respectively; but for tile geodetic elements a third place of decimals of seconds has bee11 obtained by 
reference to the manuscript calculations of the North-West aud South-East Quadrilaterals. lur ther  we have 
the position of R h p u r  Station fixed. 

The numelical values of the data are as follows :- 

Vol. VI, page 1 5 6 ~ ~  

Station of origin Tiusmiil or VI I  ; side of origin Tinsmkl or VI I  to Budhon or 111. 

... Latitude North ... ... ... 24' 7' 12'"965 

... Longitude East of Greenwich ... ... 79 2 12 '451 

Azimuth of Budhon ... ... ... 85 34 7 -811  

Distance .. Log. feet ... ... ... 5 -  zo20309,o . 

Vol. IV, page 29--a 

Closing station Mahcsari or L I I  ; closing side Sheopuri or XLVIII to Mahesari or LII .  

At  Jlahesari 

Latitude North ... ... ... ... 29O 30' 18". 206 

... Longitude East of Greenwich ... ... 78 1 1  18 -883 

Azimuth of Sheopuri ... ... . . . .  3 j  52 46 '318 

Distance ,, Log. feet ... ... . . .  4'9274737,O 

Page 74eJ of the Details of tlie Budhon Series given in Part 11 of t l~ is  Volume. 

- At Rlicpur or XI11 

Latitude North ... ... ... ... 26' 8'14'"29 

... Longitude East of Grccumich ... ... 78 7 1 6 . 1 j  
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8. The Sides and Angte8 of the Circuit Triangles. 

Tlie following table gives the Fignrally Corrected Plane Angles and the logarithms of the Side-lengths 
in feet of all the Circuit Triangles of the Series. It hae been prepared on the same principle as that given 
in  Section 8 of Chapter 111. 

Si&s and Angles of the Circuit Triangles for the Erst Sbnultaneous Reduction. 

* 18 i the Serial letter for the West Cdcuth Longitudinal Serier which appertainr to the 6011th-Ed QdrhblaL 
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2.08 
2'08 
1-08 

1 - 2 7  

I ' 27  

1'28 

1 '  13 
1 -  rg  
1'  14 

'82 
'81 
'82 

1-31 
1.31 
I '31 

1 '21  
I '22 

1 -22  

w 
2 

5 
# 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

\ 

;4 a , 

Bi 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

~ogarithrnof 
aide-lengthin 

5'1693282~0 
4'~8j2680,2 
5.2o2o3oglo 

5.2302982~3 
5'2599340~0 
5'1693282~0 

5'2308020,7 
5'0731257,2 
5'2302982~3 

5.~243285~5 
5'2590643,o 
5~2308020~7 

5-~284014~7 
5.2768813~2 
5'224.3~85~5 

5~2443695,o 
5-25.3;174,8 
5-2284044,7 

5'1699859~3 
5'0400704~7 
5'2443695,o 

5'097473517 
5'0767022,~ 
5'169985913 

5'0784837,s 
4'959975718 
5'097473517 

5'1;81898,8 
5-1806g35,o 
5'078489;,5 

5-03 14536,6 
5'1935464~4 
5'1;818g8,8 

8 
.B 

2 
." 

y 
x 
z 

, I  

11 

,, 

,, 

I, 

I, 

,, 

,, 

,, 

,, 

lg 
~2 

Y 
x 
8 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

corrected Plane 
Angle 
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65 18 10.~0 

36 I 7 41-56 
78 24 8-24 

61 I 28.67 
69 29 22'96 
49 29 8'37 

69 43 34'2.5 
40 43 36-19 
69 32 49'57 

56 48 44'99 
6.5 2 7'54 
58 9 7.57 

56 13 32-61 
68 oo 26-17 
55 26 1-02 

60 23 40.86 
62 40 7'28 
56 56 11-86 

57 0 34'" 
38 27 18-81 
84 32 7'08 

54 35 51'63 
50 59 24-35 
74 24 4.C'02 

65 3 16'23 
43 38 35'98 
7 ~ 8  7'79 

66 16 16-70 
67 a 11-50 

46 41 31.80 
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66 48 23-75 
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II 
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I 
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VI 
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VII 
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Ix 
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CorrectadPkne 

0 1  I1 

76 21 3a.n~ 
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54 725.98 
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28 36 16-86 
51 I 59'10 

40 42 28.45 
38 15 27-06 

101 a 4'49 

53 2 59'36 
70 45 8-38 
56 11 52-36 

475057'32 
76 29 I 1-88 
55 39 50.80 

62 47 5-76 
57 45 4'43 
592749.81 

65 42 21.88 
62 56 23-79 
51 " 14'33 

61 29 7'58 
425427'05 
75 36 15-37 

58 26 41.38 
58 o 18-36 
63 33 0.06 

7 1 28 6.05 
50 32 31-85 
57 59 22'10 

66 30 21-87 
59 47 20'09 
53 42 18'04 
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7 

7 

8 
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8 

e 
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g 

1 0  

10 
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11 
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'76 
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'6% 
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Feet 

5.1 103887~0 
5'0039719~5 
5'031453616 

5'~125.+15,1 
4-8998042~8 
5.1103887~0 

5.0350~87, 
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5-0350a87,g 
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5'0421503~4 
4'9851633,3 

5'0099209,7 
4'899112715 
5'0jz2330~5 

4'9884499,7 
4'98638565 
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5'0369555~8 
4'~477487,7 
4'9884499,7 

5'0930491~0 
5'0672342~3 
5'036955518 
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Sides and Angle8 of the Circuit Diangles for the First Si~~~ultaneous Reduction--(Continued) . 

* A L the Serial letter far the Greot Am Serios--3cction 24" k, 30'-wlricl~ appertuino ta the S0rt.h-Weat Quadrilateral. 
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After the completion of tlre First Reduction the angles obtained corrections which, having been applied, 
gave the following values of the sides and angles for the Second Reduction 

Sides and Angles of the Circuit Triangles for the Second Simultaneous Reduction. 

* ]B is the Serial letter for the West Calcntto Longitudinnl Series which appertains to tho South-East Quadrilateral. 
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'62 

-67  
-66  
'67 

'65 
'64 
'65 

'92 
'92 
'91 

Corrected Plnne 
Angle 

$ 
2 

5 

y 
s 
z 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

Station Numberr 

Berid 

L o p r i O m d  
side-length in 

Feet 

5'1103693,5 
5'0039521,4 
5'0314351~8 

j'2125219,1 
4'8997843,7 
~'"0369395 

5.0350087.0 
5.0124554~8 
5'2125219,I 

j'0180576,5 
5.0904444~6 
5'03500S7,o 

4'9712519,O 
5.0890183, 
5 . ~ ~ 8 ~ 5 7 6 , z  

4'9851389,r 
4'96332953 
4'9712519,O 

5.0522075,5 
5'0421247,2 
4'9851389,~ 

5'00g8950,z 
4.8990876,8 
5.0522075,s 

4'9884233, 
1.9863588.; 
5.0098950~2 

5.0369287~5 
4.9477221~9 
4.9884233,g 

5'0930213,8 
5'0672062,5 
5'0369287,5 

!! 

d 

~ " 1 1 1  
VII 

J I  

B*VII 
J 

I I 
I 
111 

I 
111 
IV 

IV 
111 
V 

111 
v 
VI 

T I  
v 
VII 

V 
VII 
VIII 

VII 
VIII 
IX 

VIII 
I x  
X 

IX 
X 
XIV 

1 

1 

2 

2 

3 

3 

3 

3 

4 

4 

5 

5 

5 

6 

6 

6 

7 

Station Nunlbem 

Berial 

J X 
XIV 
XI11 

xn' 
XI11 
XVI 

XI11 
XVI 
xv 
XV 
XVI 
XPLI 

XVI 
XVII 
XVIII 

XVIII 
XVlI 
XIS 

XVII 
XIX 
X S  

XIX 
XX 
XXI 

XX 
XXI 
XSII  

XXI 
XXII 
XXIlI  

XXII 
XXIII 
BYIV 

0 f 6 i m ~  
i 
H 

7 

7 

8 

8 

8 

8 

g 

9 

10 

lo 

10 

i 1 

1 1 

1 1  

12 

12 

5'1693278,8 
4'9832675,6 
5.~020309,o 

5'2302935,9 
5'2599314,I 
5'169327818 

5.2307968~0 
5'0731213,1 
~ ' ~ 3 0 ~ 9 3 5 ~ 9  

5'2243211,5 
j'2590575,1 
5'2307968,9 

j'2283944,f 
5.2768721,o 
5'2243211,5 

5 .2443~76~9 
5'2537068,9 
j.2283944,7 

5'169973372 
5'0403596,~ 
5'2443576,9 

5'0974603,4 
5'0766893,1 
5'1699733~2 

5'0784753~9 
4 .959963~7  
5'0974603,4 

5.1781736~7 
5.1806773~2 
5.0784753~9 

5'0314351,8 
5 . 1 9 3 5 3 ~ ~ ~ 8  
5'1781736,7 

6 j 18 10.00 
36 17 41-44 
78 24 8.56 

61 I 27'10 
69 29 23-17 
49 29 9'73 

69 43 33-83 
40 43 36.35 
69 32 49-82 

56 48 44'30 
65 2 7.25 
58 g 8.45 

56 13 31-87 
68 20 26-06 
55 26 2.07 

60 23 40'03 
62 40 7.49 
56 56 12.48 

57 0 33'56 
38 27 19.18 
84 32 7.26 

54 35 51'34 
50 59 24.28 
74 24 44'38 

65 3 15'41 
43 38 36.36 
71 18 8.23 

66 16 16.31 
67 2 11.14 
46 41 32'55 

40 58 4-41 
72 13 31-40 
66 48 24.19 

1.10 
1 ' 10 

I ' 10 

1 -85  
1 -86  
1 -85  

1 '49 
I .48 
1 -49  

2-03 
2.04 
2.04 

2-08 
2.08 
2 -07  

2-08 
2 -08  
2.08 

1 -27  
1 '27 
1 '28 

1 '  I 3  
I ' 13 
I ' 14 

'82 
'81 
'82 

1-31  
1 - 3 1  
1 '31  

1 ' 2 1  
1 ' 2 2  

1 ' 2 2  



BUDHON MERIDIONAL SERIES. 11 

Sides and Angles of @e Circuit Wangles  for the Second Simultaneous Reduction-(Continued). 

* A is the Serial letter for the Great Arc Series-Section 24' to 80'--wliah appertains to tho Nortll-West Qudrilnteral. 

1 

I 

q 
.Z 
m PI 

n 

'34 
'34 

'31 
'31 
-31  

'38 
-38  
'37 

-34  
-34 
'35 

'31 
'31 
.31 

'33 
'34 
- 3 4  

'36 
'36 
'36 

'47 
'48 
'47 

1-00 
I '00 

'99 

1 - 0 2  
I '02 
I ' 0 2  

'53 
'53 
'53 

Logarithm of 
side-lmgt11 in 

Feet 

'344.8642187,3 
4 .824569~~9  
4'8577946,4 

4*8322215,7 
4'7968477,7 
4.8642187,3 

4.8895910,4 
4.8920857~7 
4'8322215,7 

4.7868355,~ 
4'8826423,5 
4.8895g1oI4 

4.8499368,~ 
4.8558838, 
4-78683551: 

4+3376061,2 
4.8476017, 
4.84993681z 

4.8829437,8 
4'8641645,8 
4.8376061,~ 

4'9366884,1 
4.944683914 
4'8829437,g 

5'2240890~6 
5'1642032,5 
4.9366884,1 

4'9j91699,4 
5.1523276~4 
5.2240890~6 

4'9274736,g 
4'9501472,4 
4'9591699~4 

P 

8 

.- 
2, 
(I) 

n 

-98  
'97 
-98 

'98 
'98 
'99 

'70 
-69  
'70 

'75 
'74 
'74 

'63 
'64 
' 64  

'36 
'35 
'35 

'28 
'28 
'29 

-25  
'25 
'25 

'32 
'32 
'32 

'39 
'40 
'39 

'39 
'39 
'39 

! 

$2 

3 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

Logarithm of 
aide-lengthin 

Feet 

5'0922162,~ 
5'0503936~9 
5'0930213,8 

5'0697236~7 
5.0741883,~ 
5.0922162,2 

4'9963724,7 
4.9633191,1 
5'0697236~7 

5'1015407~3 
4'9841658,8 
4'9963724,7 

4'8687408,4 
5.0413690,7 
5.1015407~3 

4'8901457~0 
4.8150622,6 
4'8687408,4 

4.8266200,S 
4.7429659,~ 
4.8901457,o 

4'7915508,g 
4 .74~3279~4  
4.8266200,8 

4.8670252,7 
4 ' 849755~~0  
4'7915508~9 

4'880545317 
4'8937219.4 
4'8670252~7 

4'8577946,4 
4.8945840~4 
4'8805453,7 

Correotad Plnne 
angle 

o I #  

6 3 2 7  2-41 
54 44 8.87 
61 48 48-72 

59 27 32'67 
52 33 4-00 
67 59 23.33 

63 45 26.47 
64 26 6.15 
51 48 27'38 

46 52 26-90 
65 30 20'63 
67 37 12.47 

63 44 48.63 
65 23 49'00 
50 51 22.37 

58 19 37'58 
60 33 37.56 
61 6 44.86 

65 I 6.53 
60 14 12.36 
54 44 41-11 

62 57 44'12 
65 7 44'65 
51 54 31'23 

88 23 43-91 
60 33 27-65 
31 2 48'44 

32 54 28.50 
57 57 4.81 
89 8 26.69 

56 0 35'14 
60 52 34-21 
63 6 50'65 

* 
2 

21 3 , 
2 - 
3 

34 

35 

36 

37 

3s 

39 

40 

41 

42 

43 

44 

Correobd Plane 
Angle 

O I *  

62 54 57.66 
53 57 33'53 
63 7 28.81 

57 55 48.30 
58 53 16.12 
63 10 55.58 

54 56 14-53 
49 2 0  8.30 
75 43 37.17 

80 27 37.62 
48 49 5-22 
50 43 17.16 

35 36 24'24 
60 2 31.21 
84 21 4.55 

67 27 52-43 
50 59 11.91 
61 32 55-66 

57 42 23-23 
44 12 14'97 
78 5 21.80 

59 50 44.36 
50 32 9.19 
69 37 6.45 

67 2 52-71 
62 14 35.61 
50 42 31.68 

59 54 3'92 
63 6 6.77 
56 59 49-31 

55 37 36'87 
63 56 28.51 
60 25 54.62 

u 

2 s 

y 
x 
z 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

Stntion Numbers 

Serial 

J XXXVI 
XXXV 
XXXVIlI 

XXXF 
XXXVIIl 
XXXIX 

XXXVIII 
XXXIX 
XL 

X S X I X  
XL 
XLII  

XLII  
XL 
XLIV 

XL 
XLZV 
XLl I I  

XLIV 
XI1111 
XLV 

XLIII  
x L v  
XLVI 

X1,V 
XLVI 
XLVIII  

XLVII l  
XLVI 

A* L I I  

J XLVI 
A* LII 

XLVIII 

* 

f; 
3 .  
2 
R ra 

y 
s 
z 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

I' 

,, 

6 
i 

Cc 

I 8 

I 8 

19 

19 

1 9 

20 

20 

2 1 

2 1 

21 

22 

22 

2 2 

2 3 

2 3 

Station Numbers 

4- 
8 . d  

J XXII I  
XXlV 
XXV 

XXIV 
XXV 
XXVI 

XXV 
XYVI 
XXVII 

XXVI 
XXVII 
XXVIII  

XXVII 
XXVIII  
XXIX 

XXVIII 
XXIX 
XXX 

XXIX 
XXX 
S X X I I  

XXXII 
XXX 
XXXIV 

XXX 
XXXIV 
XXXIII  

XXXIV 
XXXIII 
xxxv 
XXXIII 
XXXV 
XXXVI 

i 

r 2 

13 

13 

13 

4 

14 

I 4 

1 5  

15 

15 

16 

r 6 

r 7 

1 7  

17 

18 

1 8  



12 SEPARATE REDUCTION OF THE 

9. P~*elintina~*y Latitudes, L.otzgitutEes a?zd Azimzcths of the Xtatiom 0th the Line of 5 a v e r a e .  

The Geodetic Latitudes, Longitudes and Azimuths given in the next table have been calculated from 
the elements at TinsmAl on page 7 by employing the side lengths and spherical angles obtained from the 
triangles recorded in the first table of Section 8. For further explanation see the preamble to Section 8 of 
Chapter 111. 

Geodetic Elements of the Flank Stations employed in the R r ~ t  Simultaneous Reduction. 

* Thew stations apperCain ta the Great Arc hferidioaal Sories-Sectior~ 24" to 30'--of tho North-West Quadrilaloral. 

.s E 
c 

$8 

1 

2 

3 

4 

5 

6 

7 

8 

g 

1 0  

1 1 

I 2 

1 3 

14 

15 

16 

17 

1 8 

1 g 

20 

2 1 

2 2 

2 3 

LII. 

- 
Fixed Station A 

Azimuth of B 

0 1  * 
182 53 20'991 

1 2 2  6 47'963 

205 18 25-315 

139 21 7'775 

159 50 24.850 

I59 6 24'259 

195 43 9.801 

223 38 29'309 

162 12 22'660 

166 3 26.633 

rgx 6 42'767 

191 49 51.870 

188 48 52'057 

168 59 14'062 

182 o 5.149 

139 56 22'134 

151 39 0'468 

206 43 42.862 

206 4 12.275 

157 29 16.087 

153 52 53'802 

182 6 8.356 

66 3 57.302 

35 52 54.602 

0 

." 
g z  CI 

2 

3 

4 

5 

6 

7 

8 

9 

1 o 

1 1  

12 

13 

I 4 

15 

16 

17 

18 

19 

20 

21 

2 2 

23 

1.11. 

a 
XLVIII 

Latitude 
North 

0 1  * 
24 37 '3'235 

24 47 35'369 

25 14 21'002 

25 28 4.678 

25 42 12'588 

26 6 17.263 

26 18 54.218 

26 33 33'248 

26 47 59'891 

27 041.810 

27 15 3'412 

27 33 "'962 

a7 48 11'330 

28 6 0.502 

28 15 8.099 

28 2 2  6.682 

28 33 28.811 

28 42 42-700 

28 54 1-389 

29 4 57'693 

29 15 47'811 

2939 51.880 

29 30 19.208 

Deduced Statio~i B 

Longitude 
East of 

Qree~iwich 

o r *  

79 3 51'841 

78 45 44'030 

78 59 39.118 

78 46 39'549 

78 40 55'895 

78 30 44'939 

78 34 41.360 

78 50 14.456 

78 45 4'463 

78 41 33'256 

78 44 42.613 

78 48 58.475 

78 51 35'319 

78 47 40.656 

78 48 2.268 

78 41 24.151 

78 34 27-161 

78 39 43,615 

78 46 1.040 

78 40 j1.321 

78 34 47'722 

78 35 48.419 

78 I I 19.1go 

Azixnulh of A 

o r  n 

2 54 2.003 

301 59 13.285 

25 2 1  18.455 

3x9 15 33'960 

339 47 56'439 

339 I 57'351 

15 44 54.219 

43 45 24'740 

342 10 3.473 

346 i 51.057 

11 8 9.120 

11 51 49'627 

8 50 4'912 

348 57 24.069 

2 0 15.354 

3x9 53 13.328 

331 35 41.732 

a6 46 14.515 

26 7 14.137 

337 26 45'972 

333 49 56.566 

2 638.212 

245 51 51'922 
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After the completion of the First Reduction of the Series, and the application of the Angular 
Errors therein determined to the linear and geodetic calculations, the value of the sides and angles given 
in the second table of Section 8 were obtained, and the values of Latitude, Longitude and Azimuth in the 
line of traverse were corrected. The corrected values are now given as they were employed ill the Second 
Reduction. 

Geodetic Elements of the Flank Stations as employed in the Second Simultaneov~ Reduction. 

Theae station8 appertaiu to t,l~e Great Arc hlcridioiial Seriee-Sectioii ZC to 30°-of the North-West Quadrilateml. 

.- ' ' 
:$ 

1 

2 

3 

4 

5 

6 

7 

7 

8 

9 

10 

1 1  

12 

i 3 

14 

la 

16 

17 

1 8 

i 9 

20 

2 1 

22 

23 

UI* 

Fixed Shtion A 

Azimuth of D 

O I  a 

182 53 19.301 

1 2 2  647.206 

205 18 23.381 

139 21 5.896 

159 50 22'266 

159 6 20.974 

...... 
195 43 6.545 

223 38 25.413 

162 1 2  18.734 

166 3 22.276 

191 638.167 

191 49 46'685 

188 48 46'540 

168 59 8.078 

181 59 59'036 

139 56 15'932 

151 38 54.072 

206 43 36.129 

206 4 5'172 

157 29 8.768 

153 52 46.121 

182 6 0.394 

66 3 49.166 

35 52 46.300 

.s i 
28 

2 

3 

4 

6 

6 

7 

x ~ n  

8 

9 

1 o 

1 1 

12 

13 

1 4 

I 5 

i 6 

17 

18 

19 

20 

2 1 

2 2 

2 3 

LIP 

XLVIII 

Latitr~de 
North 

0 ) .  

24 37 13'225 

24 47 35'349 

25 14 20.950 

25 28 4'599 

25 42 12.480 

26 6 17.092 

26 8 14.39 

26 18 54.016 

26 33 33.016 

26 47 59'606 

27 o 41.477 

2715  3.030 

27 33 11.517 

27 48 10.830 

28 5 59.925 

28 15 7.484 

28 2 2  6.027 

28 33 28.096 

28 42 41'954 

28 54 0.606 

29 4 56'853 

29 15 46.913 

29 39 50.883 

29 30 18.200 

Deduced Station B 

Longitude 
East of 

Oreet~wich 

3 1 W  

79 3 51.824 

78 45 44'021 

78 59 39.072 

78 46 39.515 

78 40 55'860 

78 30 4 4 . ~ 1  

78 7 16-13 

78 34 41.298 

78 50 14'328 

78 45 4'334 

78 41 33.122 

784442'446 

78 48 58.261 

78 51 35'068 

78 47 40.386 

78 48 1'978 

78 41 23.875 

78 34 26.890 

78 39 43.301 

78 46 0.673 

78 40 50.950 

78 34 47'349 

78 35 47.978 

78 11 18.878 

Azitnutli of A 

O f  * 
2 54 0.306 

301 59 12-53: 

25 24 16.506 

319 I5  32.086 

339 47 53'854 

339 I 54.065 

...... 
I5  44 50'953 

43 45 20.81 4 

342 9 59'546 

346 I 46.697 

11 8 4.505 

I I 51 44.420 

8 49 59'378 

348 57 18.076 

2 o 9.232 

319 53 7.132 

331 35 35'339 

26 46 7.762 

26 7 7.008 

337 26 38-65' 

333 49 48.884 

2 630.216 

245 51 43.850 
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10. N ~ ~ ~ z e j . i c a l  Palzaes of the Absolute T e m a  in the E q u a t i m  of Condition, and 
of their Products by the Bqualizing Fwtor8. 

. - 
The numerical values of the Absolute Terms were obtained as described in Section 10 of Chapter 111: 

after which they were multiplied by the Equalizing Factors-see page 59. 

For tlie First Reduction we have 

Circuit I. Equations 1 to 4. 

Equation I, Linear. Between the sides Tinsm6l-Budhon and Mahesari-Slleopuri. 

Log computed length Mahesari-Sheopuri by Triangle No. . . . . . . . . . .  4.927,5039,6 
Log fiual value from Great Arc Series-Section 24' to 80'-see page 7 . . . . . .  4'927,4737,O 

. . . . . . . . . . . . . . . . . . .  , E = + 302,6 Logarithmic Error + .w0,0302,6 

Equations z to 4, Geodetic. Terminal'Station, Mahesari ; Terminal side, Mahesari-Sheopuri. 

Branch of Circuit. Latitude. Longitude. dzimutk. 

Rigllt-hand . ~ 9 . ~ 0  19-208 78 1 1  19.190 35 52 54'60% 
F i ~ ~ n l  vnlnes from Great Arc Seriea- 

Seotioe zc to  sQD-ee page 7 ] 2 9  30 18.206 78 11 18.883 35 5 2  46'318 

Errors . . . . . . .  SE = + 1.002 

After the completion of the First Reduction the Absolute Terms became as follows for the Second 
Reduction, due to the prcvious fixing of Rbpur  by the Great Arc :- 

Circuit I. Equations I to 4. 

Equation I, Linear. Between the sides Tinsmkl-Budhon and Mahesari-Sheopuri. 

. . . . . . . . . .  Log computed length Mahesari-Sl~eopuri by Triangle No. 44 4'927,4736,9 
. . . . . . .  Log final value from Great Arc Series-Section 24" to 30'-aa above 4'927,4737,o 

S,E = - 0.1 . . . . . . . . . . . . . . . . . .  Logarithmic Error - '000,0000, r 

Equations 2 to 4, Geodetic. Terminal Station, Mahesari; Terminal Side, Mahesari-Sheopuri. 

Branch of Circuit. Latitude. Longitude. Azimuth. 

0 1 I/ 

. . . . .  Right-hand 29 30 18.200 
Final raluea from Great Arc Series- ] zg 30 18.206 

Section 24' to 80'-as abore - 
Errors . . . . . . .  a2E = - 0.006 S3E = - 0.005 6+E = - 0.018 

- - .  - , 



BUDHON MERTDIONAL SERIES. 

Circuit II. Equations 5 and 6. 

Terminal Station, RBepur. 

Branch of Cil'mit. Lutiluds. Limgitmiu. 

O I W  O l Y  

Right-hand . . . . . 26 8 14.39 78 7 16'13 
Film1 vsluen from Budhon Meridiod 

Seriebpage 7 ] 26 8 14.29 78 7 16-15 

Errors . . . . . . . $3 = + 0.10 6E = - 0'02 

The products of the Absolute Terms by the Equalizing Factors are aa follows :- 

For the First Simultaneous Reduction. 

For the Second Simr~ltaneoun Reduction. 

Equation 

I. Linear 

2. Latitude 

3. Longitude 

4. Ari~nuth 

Product 

+ 9.078 
+ 15.030 
+ 4.605 
+ 8.284 

d h l u t e  T~~ 

, E  = +3oz-6 

1E = + 1,002 

3E = + 0.307 

4E = + 8'284 

Product 

- 0.003 
- 0.090 
- 0.075 
- 0.018 
+ 1-50 
- 0.30 

EqllEJsillg 
Faotor 

'03 

15 

15 

I 

Ysctor 
- 

'03 

15 

15 

I 

1.5 

15 

Equation 

I. Linear 

2. Latitude 

3. Longitude 

4. Azimuth 

5. Latitude 

6 .  Longitude 

~ h l ~ t e  T~~ 

6 , E =  - 0.1 
6,E = - 0.006 
S3E = - o.ooj 
S4E = - 0'0x8 

S E  = + 0.10 
6 E =  - 0'02 



SEPARATE REDUCTION OF THE 

11. Numerical Values of the ps and 4s. 

The values of the ps and +s were obtained in the form employed in the reduction of the South-East 
Quadrilateral, and described in Section 13 of Chapter I, Volume VI ; from which section the following table 
of substitutions for p and + in Equation (57), page 54 of this volume, has been extracted. 

Table of Subslitutiom fix p and 4. 

Latitude Longitude Azimuth 

For E 

Y, P 

J, 9 

dB* 

AP 

114 

t.d.log cos A, 
+ t.d.log A h .  

YJ 4, 

,, 4 2  

t.d.log sin A, 
+ t.d.log AL. 

t.d.log sin A, - -- 
I +  t.d.log Ad.  

+ . [ t  d.log cos A ]  
I t.d.log AX 

f i  [ t.d.log cos A] 
+ 2 - t> ; loc~x-  

I n  applying these formulz the tabular log differences of the first terms of AX, A L and A A in the  
expression (25), (26) and (27), pages 30 and 31, were employed for t.d. log Ak, t.d. log A L  and t.d. log A A. 

The values of m are not recorded for the reason already assigned on page 131, viz.  that r n ~  = - p, + , 
and can therefore be obtained by inspection. 

[t.d.log sin A]  ' 2 x d . l o g ~ L -  

n [t.d.log sin A ]  
' + t.d.log AA 

I + [t.d.lng sin A 1 
2 t.d.log A A 



In the following table will be found the p s  and +s for both circuits. It is obvious that those for 
Circuit I will be the same in the Second Reduction as in the First. 

Numerical Values of the ps and +s. 

Lat,itude I Longitude I Azimuth 
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Numerical Values of the ps and +s-(Continued). 

12. 1Vzlmej.ical Pakes  of the Coeflcieflte b and c of the Unknowtr Quatttiti.8, y and z, 
in the Prinaafy Equation8. 

The next table contains the numelsical values of the coefficients b and C for both circuits ; those for 
Circuit I necessarily remain the same both for the First and for the Second Reduction. The following 
example will illustrate the deduction of values appertaining to the geodetic equations : those for the lillear 
equation have already been illustrated in Section 12 of Chapter 111. 

c 
." 

0 

d .5! 
P.5 

Exainple. 

Longitude 

To find the values of b, and r, in Equation 3. 

The equation is iu longitude, and the forms of the coeficients arc normal. 

LP 

Latitude 

CIRCUIT 11. 

= - ~ % 6  aso + ~ t 4 , 7  P, + LA6 

= - 917 t. d. log sin so0 32' 9" - 4173 t. d. log sin 5g0 50' 44" + -02498 = + '021 12  

- J r ~  - - 1,m16% - f i a  7.w + ~ + 1 7  

- 917 t. d. log sin so0 32' 9" - 5090 t. d. log sin 6y0 37' 6" + -02278 = + -02841 

L 4 A~ A 4 

+ '03844 

289 7 

2.572 

1 706 

1278 

829 

65 

1 

2 

3 

4 

5 

6 

+ 'or449 

1491 

998 

I 368 

1029 

872 

606 

+ 16743 

12594 

1114.5 

7441 

5554 

3593 

- 7559 

7786 

5286 

7209 

5423 

4636 

3247 



BUDHON MERIDIONAL SERIES. 

Numerical Values of the Coeflcients. 

Y .- 
a 

83 ... .- 
0 L 

OH z 

Coefficielits o f  y and z 

a l  
Coefflcientn o f  y and r . 

a l  
.d .- 
2 c 
$2 
% .E 
dB a 

.,= 

$ 2 
6 2 
Ir .d 
0 L 

6tc a 

1st Equalion. Linear. 

Coefacients of y nnd r 

1 

2 

a 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

% 

24 

25 

26 

1st Equation-(Continued). 

Equalizing Factor * '03. 
27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

Equalizing Factor 

+ 9'5 

12 

8 

13'5 

I4 

12 

'4 

15 

10 

9 

24 

5 

- 4 

+ 24 

15 

I F  

I 1 

9'5 
1 1  

13 

7 

9 

1 1  

'3 

'5 

4 

2nd Equalion-(Col~tinued). 

= .03. 

- 4.5 

I 8 

8 

13 

14.5 

13'5 

2 

5'5 

7 

20 

9 

15'5 

'7 

+ 4 

- ' 14 

14'5 

12.5 

17 

6 

I I 

J 3 

15-5 
I I 

10.5 

5'5 

'7'5 

= 15. 

- 0.044 
.003 

'027 

• 020 

-070 

.026 

048 

' 049 

+ '005 

- ' 043 

-030 

'025 

'04; 

-010 

030 

-022 

'037 

-015 

'026 

-002 

' 035 

+ '003 

- '029 

+ 'oor 

- '002 

024 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

a7 

28 

29 

30 

31 

+ 30 

9 

13 

'3 

9 

12 

l4.5 

I I 

12 

1 1  

'9'5 

I0 

? 3 
10 

10.5 

I 

33 

14 

Equalizing Factor 

+ 0.047 
' 054 

-041 

-036 

'021 

'073 

009 

- -01 3 

+ .058 

'034 

'051 

'032 

,013 

-027 

-020 

.OI: 

-009 

-022 

'01 2 

-027 

- -005 

+ .042 

'001 

.020 

'020 

'001 

- 2 

I I 

4 ' j  

8 

' 7 
13 

12 

12 

8 

1 7 

9 

'7 

" ' 5  

'5 
16.5 

35 

0.5 

10 

2nd Equation. Latitude. 

Equalizing Factor = 15. 

1 

2 

8 

4 

5 

+ 0.029 
-058 

~041 

'044 

,046 

- 0-033 
.070 

-027 

'059 

-065 



SEPdBhTE BEDUCTIOIS OF THE 

Nunlerical Values of the Coeflcient8.-(Coutinued). 

Coefficients o f  y and z $,I ,. 
% G 
&t; 
a 

2nd Equation-(continued). 

Equalizing Factor = 15. 

9 

Coe5cirnts o f  y and r 

) I  

- 0.008 

-015 

'015 

-001 

-018 

+ .oor 

- -002 

.ol 

-001 

. O O ~  

-005 

+ -002 

32 1 + 0.015 

+ .- 
$ 2  .- M 
U c 
% .?! 
0 * 

E-c 
6 

.g5 
L .z 
0 * 
dH z 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

Coefficientn of y and r 

-006 

003 

' 012  

. 000 

-016 

-011 

- -003 

+ .008 

- 004 

+ ' 002 

.008 

3rd Eqitation. Longitude. 

Equalizing Factor = 15. 

3rd Equation-(continued). 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

3rd Equation- (Continued). 

Equalizing Factor = 15. 

- 0.101 

+ '107 

-104 

- -086 

-08.5 

+ -087 

.08j 

- -076 

+ .o;q 

- .066 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

- 0.111 

+ -096 

'057 

- -098 

-098 

+ .082 

-081 

- ,086 

+ -076 

- -078 

+ 0 .017  

- -004 

+ -012  

• 000 

-008 

-005 

Equalizing Factor 

- 0.068 

+ -066 

- -070  

-068 

+ 'cjl 

' c54 

- -0 j8  

+ -050 

- '0.55 

+ '045 

- -049 

+ '038 

- '04.5 

+ .030 

- -036 

+ -019 

- '033 

+ - 0 2 1  

'021 

- -027 

+ - 0 2 0  

- -024 

- ' 0 2 2  

+ -013 

- '020 

+ -006 

38 

39 

40 

41 

42 

43 

11 

= 15. 

- 0.062 

+ -065 

- -064 

-058 

+ ,062 

-061 

- ' 04.5 

+ -053 

- -04.5 

+ '049 

- '037 

+ -043 

- -033 

+ -036 

- '024 

+ -030 

- - 0 2 2  

+ -027 

,028 

- -016 

+ -025 

- .or5 

- -015 

+ '017 

- *009 

+ 0 5  

+ 0-oog 

- .or4 

+ -006 

- -008 

+ '005 

-001 

+ -069 / + -071 

4th Equation. Azimuth. 

Eqtlalizing Factor = 1. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

- I '0;O 

+ I m O 4 3  

1.044 

-1 .045  

1 '045 

+ 1.037 

1'037 

- 1-040 

+ 1.035 

- 1.036 

+ 1.031 

- 1.032 

+ 1.031 

-1 .033  

I '032 

+ 1.024 

K '025 

- 1'045 

+ 1.049 

1 -047 

- 1 . ~ 3 9  

I -038 

+ 1.040 

''039 

- 1.035 

+ I -037 

- I 030 

+ 1.033 

- I -029 

+ 1.031 

- 1.030 

I -027  

+ 1.029 

I .029 



BUDHON MEBIDIONAL SERIES. 

Numerical Values of the Coe~cients-  (Continued). 

13. The Weight8 of the Artglee. 

The principles on which the weighta of the unknown quantities have been calculated, are the same as 
hnve .been already described in Section 2 of Chapter I1 and Section 13 of Chapter 111, and no further 
explanation is here required. 

The first table on the followil~g page givea the data from wlrich the values of e,, e, and es were deter- 
mined for each group of figures; also the approximate values of q which are given by each figure. The 
second table gives a synopsis of the values of ps, with the evidence for their determination; the data adopted 
for their calculation are iudicated in continuation, at the commencement of page 23. 

CoefflcienC b ,  of y and z 

... .?! 

g r ;  
b 

4th Equation-(continued). 

Equalizing Factor = 1. 

.L a 
," .% 
O r ;  0 
'4 

- 1.021 

+ 1'025 

- 1.021 

+ 1.023 

- 1.018 

+ r .ozo 

- 1.016 

+ 1.017 

- 1.011 

+ .or4 

- I .  

+ 1.013 

1-014 

- 1.007 

+ 1.012 

- 1.007 

1.007 

+ 1.008 

- 1.004 

18 

19 

20  

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

32 

33 

34 

30 

36 

Coefflriente o f  y nnd z 

b l  

- 1.027 

+ 1.023 

-1.026 

+ 1.021 

- '1.023 

+ 1.018 

- 1.022 

+ r . o r q  

- 1.017 

+ 1.009 

- o16 

+ I -o ro  

1-010 

- 1.013 

+ 1 . ~ 0 9  

- 1 . 0 1 1  

1.011 

+ 1.006 

- 1.010 

4 ." 
e 0 

.L a u a 

0 B 
Cd.2 
'4 

4th Equation-(continued). 

Equalizing Factor = 1 .  

Coefacients of y and r 

1 c 

5th Equation-(continued). 

Equalizing Factor = 15. 

9 

I0 

11 

12 

+ 1.007 

1.008 

- 1.002 

+ 1.006 

- I ' 000 

+ I -004 

1 -002  

- 1.000 

37 

38 

39 

4 0  

41 

42  

43 

44 

+ 1.003 

1.004 

- 1.007 

+ 1.003 

- 1.004 

+ I -002 

1.001 

- ~ ' o o o  

+ omoro 

- '00s 
+ -007 

- -006 

5th Equation. Latitude. 

Equalizing Factor = 15. 

+ o.001 

- -016 

+ .oox 

- .006 

6 th  Equation. Longitude. 

Equalizing Factor = 15. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

- 0.022 

-019 

-004 

'024 

-026 

,005 

+ -004 

- -013 

1 

2 

3 

4 

5 

6 

7 

8 

+ o.oor 

-026 

• 0 2 0  

005 

006 

;erg 

-016 

- ' 0 0 2  

-0.046 

+ 'ozg 

,031 

- '033 

'033 

+ -013 

-014 

- -021  

-+ .or0 

- -012 

+ .oar 

- '002 

- 0.035 

+ -042 

,038 

- .or9 

-018 

+ ' 022  

-019 

- '010 

+ -014 

*OOI 

oc6 

'004 



SEPARATE RKDUCTION OF THE 

Data for the Calculation of p. 

Synopsis of the Values of p4, and the Evidence for their Determination. 

Data for e, Data for e, 

Only one a~rgle wan no memared, mid one pair of zeros was omitted t l~us giving 10 measures inntend of 12. 

Group or 

Wrigllta . 

Approxi- 
mare Bingle 

~ n l u e r  
of e, 

*a's8 

'F9 

*1'45 

Data for e, 

Sum of 
8qusres of 
Triangular 

airoup 

I 

I1 

I11 

*2-21 

2-48 

1.~36 

1 - 1 2  

Number of 
Geotl~etrial 
Equations 

la 

. ,  
8 

4 

Number 
of 

Angles 

62 

48 

60 

Hills 
or 

Plainr 

H,P 

P 

,, 

39-04 

49'28 
12.90 

6-27 

107'49 

L'rinnglrs, Errom 
I 

I 

I11 

- 
w 0 

19.92 
2'jO 

Avenge of 
Prelirninsry 

Weighta 
w 0 

0.88 

1'27 

Instrunrent 

22')~ 

16-73 

16' 73 

17-53 
3-18 

IZ I 

Totals 

18 

l 8  

'5 

9 
- 

Fig. 4 ( P 

Triangles 
1 t o 9  

Fig. 1 

,, 2 
Triangles 
16 to 17 

8 

Q 

5 

3 

19-14 

'3'OY 
~1.23 

5-37 
- - . - - 

J 

,, 6 

rr  7 

pe 

.2j 

-26 

.31 

e3 

+ 2.379 

I -495 

2.569 

Q) 

5: 
7, a 

H 

,, 
,, 

P 

Totals 

60 1 48-83 

,J 

,, 
1, 

e, 

+ I '367 

I -446 

1.959 

0 I 

(*loo 

27 
18 

8 

9 

1 
2-47 

20 1 396- lo 

184.94 

'75'79 
22-78 

'2.59 
- 

k0.987 

0.774 

1.108 

1 0 0  1 

Ilams and Barrow'e 15-inch 

5 0  2 4J3 

28.69 

15-89 
10.18 

8-95 

9 
6 

3 

3 

P 

,, 41-32 

62 163.71 

11 

1 

Troughtonand Simms' 18-inch 
No. 2 

Cary's 15-inch 

- 

257.25 

79-36 

3-44 

16'40 

21 

10 

6 

Tutnla 

30 
18 

Tria~lgles 
18 t027  

~ i g .  a 

8 

8 

7 

5 

101 

3.56-45 

49'50 

57'77 
- -- 

3j.52 

44'52 

10 0 

10 0 

16 ( 107.27 48 I 80.04 

1-06 

0.73 

0'75 
0.60 

41-38 

35'97 
9.68 

3.76 

2 

2 

24 

% 



BUDHON MEBIDIONAL SERIES. 23 

The triangulation.wrrs executed with Harris and Barrow's 15-inch, Troughton and SimmsJ 18-inch 
No. 2, and Cary's 15-inch theodolites. , 

For Groups I and 111, which were executed with the two 15-inch theodolites, the mean values of e, and 
e, from both groups was employed for the deno~ninrtor of p. 

For Group I1 a meall value of e, and e, for the group was used. 

The Absolute W&ghta of the Rgurally Corrected Angles with the Data for their Determi-wtion. 

14. I'he Coeflcients of the Indetel-miltate Factors in  the Values of the Unknown 
@antitie8 y a d  z. 

The analytical expressions for the values of the unknown quantities y and z in terms of the Inde- 
terminate Factora are given by equations (69) page 61, and are repeated in Section 14 of Chapter 111. The 
numerical values of the coefficients of the Indeterminate Factors in these expressions will now be given. For 
the First Reduction only four Indeterminate Factors were employed, for the Second six were wanted : but as 
the coefficients of the first four Indeterminate Factors of the Second Reduction are the same as those of the 
corresponding factors in the First, i t  will be sufficient to give them only once for both reductions. 

W, 

1 '9  
0.6 

1 ' 4  

O.9 
0 '9  
0 ' 9  
1 ' 1  

1 ' 4  

0.6 

0.9 
1 '3 
0 '7  
1.1 

1 .2  

1.0 

.\I1 A11g1ca 
in 

Triangles 

1 

2 

8 

4 

6 

6 

7 
8 

9 

10-12 

13,14 

15 

lG 

17 
18 

- 

P2 

pS,,0 '25 

,, 
9 )  

93 

#) 

I)  

~3 

89 

8 s  

,, 
99 

s t  

,S 

a ,  

pP,, 0'26 

Z 
C 
1;1 

1 

2 

Wo 

1'0 

1.1 

1'8 

O.9 
0 '9  
0 ' 9  
1'4 
1.6 

1 ' 3  
2'5 
1'1 

0'7 
0 ' 7  
0'6 

P" 

p4, 0'26 

$ 9  

# #  

9 )  

1 )  

9 9  

)I 

8 ,  

~8 

,, 
pS,, 0.31 

PS 

8 )  

9 )  

t - 
t - n  

3 + 2 , 1 ' 5  
3 2, 1.5 
3 2 , I S 5  

3 2, 1'5 
3 2,1 '5 
3 2, 1 '5 
3 2 , 1 ' 5  
3 2 ,1 '5  
3 2 ,1 '5  

18 1o,1.8 
8 4, 2 - 0  

3 2 , l . s  
3 2, 1 - 5  

3 2, 1 - 5  
3 2, 1 '5 

t - 
t-n 

3 +  2, 1'5 
3 2, 1 '5  
3 2 , r . s  

3 2 , I .S  
3 2 , I .S  
3 2 , I .S  

3 291.5 
3 2, 1'5 
3 2 , 1 ' 5  

18 10, 1 - 8  
18 10, 1 .8  
18 10, 1.8 

15 8, 1.9 
9 4 ~ 2 ' 3  

All Angles 
in 

Triangle8 

19 

20 

21  

22 

23 

24 

25 

20 

27 
28-31 

32-35 

36-39 

40-42 

43,441 

w, = 
,,st 

(FO.  - t - n  

0'72 
0.23 

0'53 
0 '34 
0'34 
0.34 
0'42 

0 '53 
0.13 
0.41 

0.65 

0'27 
0 ' 4 2  

0.46 

0'39 

w, = 
pst 

w0.- t - n  

0'39 
0 '43 
0'70 

0'35 
0'35 
0'35 
0'55 
0.62 
0.51 
1-18 
0'62 

0'39 
0 ' 4 1  

0 '43 

t 

i;c 

3 

4 

5 
6 

7 



SEPARATE REDUCTION OF !CHI3 

The Values of the ?3s and &8. 

u 

j c c 
% -2 
dt'c ,  
2 

* 

I 3  
23 
g- 

a- ?3 

u ." 
@, 
% $  
2 d 

33 a B a 

2nd 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

lat 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

15 

16 

17 

1st Equation-(continued). 

0'576 

0.995 

1 ' 233 

0' 944 

0.961 

0- 840 

0.912 

0.888 

1 -600 

0.91 2 

28 

29 

30 

31 

32 

33 

34 

Equation-(~ontinnd). 

+1.946 

I -360 

2.056 

0.808 

0' 1 75 

0.835 

I ' 992 

1.584 

0.917 

0.918 

0.825 

0.824 

0.415 

0.820 

0.880 

0.760 

0'504 

o m  228 

0' 787 

0 - 1 1 1  

0.174 

0.192 

O'ILI 

0 ' 348 

0'234 

0.186 

0.228 

0.504 

1.148 

0.961 

1.122 

0.927 

0.960 

I '056 

1.704 

0.824 

0.816 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Equation. 

+ o S 3 6 o  

1'764 

0'432 

1.210 

1.280 

1.130 

0-720 

0.642 

1'134 

0.912 

I -368 

0.616 

0' 135 

0.660 

1'584 

I. 264 

0.728 

- 1-624 
I ' 952 

1 '496 

1.280 

0'635 

0'365 

2' 148 

I -320 

0.847 

1 '352 

0.604 

0'952 
A 

0.455 

I ' 250 

0.770 

0.980 

0.288 

0.582 

0'345 

0-204 

0.078 

0. I 14 

0.213 

0.282 

0'324 

0-300 

0' I32 

Linear. 

- 0.285 

2.016 

0'432 

1.190 

1.300 

1.180 

0.432 

+oS26r 

0.276 

0.306 

0'3I5 

0.666 

0.744 

0.612 

0' 927 

0'714 

0.888 

0'4O5 

1-010 

O' 99O 

1.100 

0.642 

0.462 

1 209 

0.474 1 85 

- 0,279 
om2o1 

0.261 

0.387 

0.684 

0.696 

0.630 

I -008 

1.176 

r -008 

0.872 

0.450 

0,240 

1.548 

1.160 

0.763 

36 

37 

38 

39 

40 

41 

42 

43 

1'114 

587 

0.840 

0.495 

1-210 

0.990 

1.030 

0'474 

0.708 

0.663 

2nd Equation. Latitude. 

- 0-720 

4'172 

0.864 

2.440 

2.650 

2.040 

0.728 

0.864 

1 

2 

3 

4 

5 

6 

7 

8 

+0.690 

3'934 

0' 990 

2.210 

2.360 

2.070 

1 '336 

O m  99O 



BUDHON MERIDIONAL 8ERIE9. 

The Values of the 36s and as.-(Continued). 

9 
U 0 
.5 5i 

; .$ 
6 H  z 

?3 a 

CI .- 
g Q 
.5 zi 

;j 
2 

a. 

Y .- 
E3 

$ .! 
dtc 
z 

2nd Equation-(Continued). 

?3 

Azimuth. 

- 0.525 

+ 1.484 

0.636 

- 1.040 

I .o4o 

+ 1.040 

0.831 

- 0.612 

+ 1.470 

- 0.816 

+ 0.824 

- 0.824 

+ 0.515 

- 0-515 

1.236 

4- 0.832 

0.728 

- 0.859 

+ 0.884 

- 0.808 

+ 0.510 

- I -020 

+ 1.020 

- 1-020 

+ 0.618 

- 0.600 

+ 0.657 

4th 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

25 

26 

27 

?3 

- 0.417 
+ 0.723 

- 0.416 
+ 0-400 
- oS3cjo 
+ 0.710 

- 0.320 
+ 0.384 

- 0.108 
+ 0'397 

- 0.057 
+ 0.150 

0.162 

- 0.024 
+.0.276 

- 0.066 
0.072 

+ 0.192 

+ O-OI'/ 

0.298 

0.332 

0.077 

0.216 

0.104 

0.136 

0.096 

- 0.476 
0.162 

0.204 

0.264 

0.128 

0.176 

0.136 

0.048 

36 

37 

38 

39 

40 

41 

42 

43 

3rd 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

41 

42 

43 

Equation. 

- 0.525 
+ 1.442 

0.618 

- 1.040 
1 -040 

+ I - Q ~ O  

0.832 

-0.630 

+ 1.428 
- 0.840 
+ 0.824 
- 0.824 
+ 0.515 
- 0.515 

1.236 

4- 0.808 

0' 707 

- 0.884 
+ 0.859 
-0.832 

4- 0.510 

- 1.020 
+ 1.020 
- 1 ~ 0 2 0  
+ 0.600 
- 0.618 
+ 0.657 

a 

- 

+ 0.238 
0'374 

0.306 

0.068 

0- 208 

0.016 

0.104 

0.168 

Equation-(Continued). 

- 0.901 
+ 0.595 
- 0.776 
+ 0.310 
- 0.900 
+ o m 5 0 0  

-0.860 

+0.204 

- 0.432 
+ 0.085 

- 0°192 
4- 0.069 

0.063 

- 0.168 
+o.132 

- 0.282 
0.270 

+ 0.084 
- 0.391 

0'034 

osooo 

0.306 

0.000 

0,208 

+ 0.016 
- 0.024 

3rd Equafion- Longitudem 

- 0.685 
+ 2.506 

0.996 

- 1.090 

1.060 

+ 1-400 

I -064 

- 0.594 
+ 1.722 

- 0.648 
+ 0.888 

- 0.688 
+ 0.485 

- 0.430 
0.876 

+ 0.856 

0.721 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

- 0.910 
+ 1.750 

0.816 

- 1.660 
1 -690 

+ 1.130 
0.920 

- 0.864 
+ 1.554 
- 1.080 
+ o S 7 9 2  

- 0.880 
+ 0.500 
- 0.580 

I -380 

+ 0.496 
0' 490 



SEPARATE REDUCTION OF !CHE ' 

The Valws of the 36s and as-(Continued). 

16. The Epwtwna between the Iadeterminate Factors and their S o t u t h .  

I n  the present Section Table I gives the numerical values of the coefficients of the Indeterminate 
Factors, denoted by A', and the values of the Absolute Terms of each of the four equations, which were 
presented for aimultaneoua solution by the First Reduction of the Series. Table I1 is an abstract containing 
the first of each group of equations, which remained after the auccessive elimination of the Factors ; these 
are the equations which were used in obtaining the numerical valuea of the factors given at the end of this 
section. Table 111 exhibits the six equations between the Indeterminate Factors denoted by A", furnished 
by the Second Reduction ; and Table I V  givea the first of each group of equations remaining after the suc- 
cessive elimination of the Factors; these are the equation6 which were used in obtaining the numerical values 
of the factors given at the end of thie aection. 

Y 

3 2 
5 "  
'8 4 
0& 
tr; 

a Qt - 

.a 

3 g. 
'8 .G 
6 H  
Pi 

Y 

R 

36 36 

UA Equation-(continued). 6th Equation-(Continaed). 

12 1 - 0.064 1 - 0.088 
6th Equation. Longitude. 

Qt 

28 

29 

80 

81 

82 

i33 

84 

85 

86 

37 

88 

39 

4X) 

41 

4th Equation-(Continued). 

+ 0.800 + 0.800 

44 - 0.800 - 0.800 * I  I 
6th Equation. Latitude. - 0.190 

+ 1.190 

0.408 

- 0.070 
0.040 

+ 0.440 
0-280 

0.006 

0'378 

0.168 

0.128 

on 136 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

- 0.309 
+ 0.~303 

0'303 

- 0'303 
+oo606 

- 0 - 6 0 6 . -  

0.606 

4-0.606 

- 0.867 
+ 0.842 

0.842 

-0.867 

+ 0.792 
- 0.800 
+ 0.800 

- 0'415 
+o-308 

0'210 

-o*700 

0'730 

+ 0.110 
0.112 

- 0.282 
+ 0.126 
-0.312 

0.040 

0.104 

- 0.340 
1.330 

0.240 

0.820 

0.860 

0.380 

0.104 

0.212 

0.~68 

0.320 

0.07~ 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

- 0.300 

+ 0.303 

0'303 

- 0'303 

+ 0.606 

0.606 

0.606 

+ 0.606 

- 0.842 

+ 0.867 

0.867 

- 0.842 

+ 0.816 

- 0.800 

+ 0.800 

+oS185 

1'484 

0'390 

0'530 

0' 550 

0.520 

0'352 

0.084 

0'378 

0.064 

0.168 
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The formation of the coefficients of the Factore has bean snffiaiently explained in Section 15 of 
Chapter 111. It will be observed that for the first four factors in the group of equations for the Second 
Reduction, the coeficients are the same as for the First Reduction. A similar identity must also hold in 
Tables I1 and IV from which the numerical values of the factors are derived. 

The Absolute Terms for the First Reduction are the products of those of the primary eqnations of 
condition by their respective equalizing factors, aa shewn at the end of Section 10 of this Appendix. For 
the Second Reduction they are the residual errors remaining after the final completion of the Firat Reduction, 
also multiplied by the equalizing factors. These too wil l  be found at the end of Section 10. 

The solution wae performed with the aid of the 5-place Logarithm Tables--comprised in three 
openings'-in the A e l i a r y  Tabler te facilitate the Calculations of Ilk Survey Department of Indicr. 

TABLE I.-Arst SimuWanem Reduction. 

TABLE 11.-Erst Simultanew Reduction. 
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TABLE 111.-Second Simultaneous Reduction. 

TABLE 1V.-Second Simultaneous Reduction. 
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The Values of the Factors to 3 places of decimals, as deduced from the equations in Tables I1 and IV 
are now given. 

The Values of the Indeterminate Pactors. 

Second Sinaultmotu Reduction. 

,A1' = + 0'275; ,A1' = - 0 . 6 0 2 ;  3 A" = - 0 . 1 ~ 5 ;  

4 A " =  + - 0 9 4 ;  5A1'= + 3.155; - ' ' 9 7 .  

16. The &a1 Values of the Angular Errora x, y and z. 

The same formulae which were employed for calculating the angular errors of the North-East Quadri- 
lateral, and which are given in Section 16 of Chapter 111, were employed here also. ' 

Making use of the A's furnished by the First Reduction the first portions of x, y and z were obtaihed. 
Afterwards, the second portions were derived with the A s  furnished by the Second Reduction. Thus-see 
page %!2-denoting the two portions of y,, obtained by the First and Second Reductions, by y, (1) and y, (2) 
we have 

aud 

The several componente of the angular errors are given in the following table, being distinguished by 
the numbers (l), (2) and (8). 

(1). The values given by the Firet Simultaneons Reduction. 
(2). The values given by the Second Simultaneous Reduction; and 
(3). The Arbitrary Ad jnstmenta. 
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Rnal Valuer of the Angular Errors. 

" 

II 

- .3a - -30 - -61 
- 1-36 
- 1.~34 
-2'70 

- -25 - '27 

- '52 
- -98 - ~ 5 6  

-1.54 
-1.05 - '5b  
-1.61 

- '62 - .lo 
- -72 
- .18 
- .03 - '21 
- -36 - '07 - '43 
- .44 
+ - 1 7  - 

'27 

- -7.5 
+ '14 

- '44 + .40 
- '0426 
- '51 
+ '33 

- .17 
+ '24 
+ .07 
- - 1 7  
+ .16 - -01 

- '8.3 + -86 
+ '03 

Y 
---- 

n 

+ '20 
+ '23 

+ -43 
+ 1-57 
+ 1.15 
+2-72 

+ -42 
+ '27 + -69 

+ -69 
+ '41 
+I.IO 

+ '74 
+ '39 
+ I - 1 3  

+ '83 
+ - 1 1  

+ '94 
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-64 
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+ -14 
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+ '04 
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+ '15 
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The values of the Angular Errors are the results of the general solution of the problem that was pre- 
sented by the Budhon Meridional Series. The first components of the errors were severally applied with 
changed signs, to the values of the figurally corrected auglea given in the first table of Section 8 before 
the second components were obtained. The corrected sides and angles are shewn in the second table in 
Section 8; a~ ld  with these the new values of latitude, longitude and azimuth in the second table of Section 
9 were obtained. The second components of the errors mere in turn applied to the corrected angles in the 
second table of Section 8 and the resulting changes in angles and sides applied to finally correcting 
the values of latitude, longitude and azimuth in the second table of Section 9. After these final corrections, 
the closing values in latitude and longitude at R h p u r  Station agreed exactly but there were small 
residuals at Maliesari Station in latitude, longitude and azimuth and i n  the closing value of the side 
Mahesari-Sheopuri, viz., 

/I 

Latitude + 0.005 
Longitude - 0.004 
Azimuth - 0.027 
Log side + I - 8  in the 7th place of decimals. 

The discrepancies in latitude and longitude being so small were allowed to stand, but those in azimuth 
and side were reduced by the arbitrary corrections in triangle No. 44, shewn on the preceding page, the 
former to I- 0"-oog and the latter to zero. 

Janwry, 1882. W. H. COLE. 





APPENDIX- 

No. 2. 

R E D U C T I O N  O F  T H E  N O R T H - E A S T  QUADRILATERAL.  

T H E  N O N - C I R C U I T  T R I A N G L E S  A N D  T H E I R  F I N A L  F IGURAL ADJUSTMENTS.  

The primary chains of triangles being composed of variolls compound trigonometrical figures, aa well 
as single triangles, and only as many triangles of tl~osa figures having bee11 iiitroduced into the.Simultatieoua 
Reduction as were necessary for the co~istructioi~ of the circuits-for reasons already explained at page 45- 
it remnined, or1 the completion of the said reduction, to bring the excluded or non-circuit triangles of each . 
figure intb adjustment with the circuit triangles. This had to be done by the calculntion of certain correc- 
tions to be applied to the excluded a~igles only, so as to p ~ o d ~ ~ c e  consistency without disturbing the included 
a~lgles, the values of whicl~ by the Simi~ltai~eous Reduction must necessarily be regarded as final. 

The details of the corrections to the Non-circuit angles form the subject of this Appendix. They 
present themselves in groups wllich are referred to by the numbel-s of the figures to which they respectively 
appertain. 

I n  explanation it is only necessary to say that, since the values of the angles entering the Circuit 
triangles might not alter, each group of Non-circuit triai~gles had to be adjusted so as to satisfy the following 
conditions, viz., 

1. That at any station falling within the circuit at which angles had been measuted completely round 
the l~orizon, the sum of the Non-circuit ai~gles + the sum of the Circuit angles should be equal 
to 360'. 

2. That the ratios of sides common both to Circuit and Non-circuit triangles, must be the same by the 
latter as by the former. 

3. That the algebraical sum of the corrections to the angles of each Non-circuit triangle ehould = 0. 

These three conditions alone sufficed, in every case aave one, to furnish the necessary equations of 
condition for reducing the angles." 

The iiumber of equatioiis in each group ranges from z to 16. When only two presented themselves 

* The exccption is Figure No. 35 which falls within the Eastern Frontier Series-Section 23' to 26'. In this flgore there ere ten tri- 
englea numbered 677 to 686. The first six of these connect sides of Circnit tri~nglea and are tlierefore governed by the m e  conditions, Hoa. 
1 to 3, M other Non-circuit triangles ; but the last four do not connect aides of Cirouit triangles ; tliey, however, with Nos. 681 and 688 
form a polygon round Mama Bhagna Tfla (Station XXVI), and thna furniah, in addition to tha triangular equation8 given by the 8rd oondi- 
tion, one central equation and one rids equation of the forms dewribed on page 26, Chapter 11. 
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the case was that of a triangle of which two sides and the included angle had been fixed by the Simultaneons 
Reduction, and the unkriow~l quantities were the errors of the other two angles. Conditions Nos. 2 and 3 
furnished the necessary equations; and being equal in number to the unknown quantities they have been 
solved as ordinary simultaneous equations. 

1 1 1  all other cases the unknown .quantities are greater in number than the equations connecting them ; 
the latter had therefore to be solved by the method of minimum squares, the weiglits of the angles in each 
group being considered equal. 

The following table exhibits the number of groups of Non-circuit triangles in each Series, claesed 
according to tlle llurnber of equations of condition which each fun~isl~es. 

The 64 groups involve 402 angles, or  more than one-sixth of the whole of the angles contained in  the 
Quadrilateral; the magnitudes of the final correctious and the number of corrections of each magnitude are 
Irs follows :- 

S e r i e s  

North-East Longitudinal ... 
Budllon Neridional ... 
Rnngir Meridional ... 
Karin  ,, ... 
Uora ,, ... 
Huriliong ,, ... 
Cl~endwBr ,, ... 
NorLh Mal\incl~n Mcridionnl ... 
East Calcutta Longitudinal ... 
Brshlnaputra . . . 
Elrstern Frontier, Ser. 23'to 26O 

Asssm Longitudinal ... 

TotIda, 

161 errors between ~"no and o".r 88 errors between O".I and 0".2 59 errors between oU.2 and oU.3 

28 ,, ,, 0 -3 3, 0 '4 23 J, ,, 0 . 4  ,, 0 '5  15 r, ,, 0 '5  1, 0 '6 
12 I, ,, 0 .6 ,I 0 '7 2 1, ,, 0 - 7  ,I 0 '8 4 1, ,, 0 -8  ,, 0 '9 
2 ,J ,, 0 '9 ,, I '0 I error between I .o ,, I . I  2 ,, 11 I I , I -2  

I error between r ' 2  ,, r .3 1 3, rr 1 '5 rr 1 '6 r error between r -6 , I -7 
1 r, ,, 1 9 ,I 2 '0 1 3, ,I 2 '4 1, 2 '5 

I n  the pages of tabular matter which follow, are given, separately for each Series, the data of the Non- 
circuit triangles similar to thoee of the Circuit triangles shewn on pages 92 to 112, and in the same t e r m  

Equations of Condition 

2 I 1 4 I 5 ( 7 1 8 / l o  / 12 1 la 

ATumber of CJrorcpa 

'Iota1 for each 
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Gr012ps i.rrianglen 
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I 

1 0  
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with them; these are followed by the " Final Figural AdjustmentsJJ of the groups. I n  connection with tile 
sides and angles are shewn first the Figure to which each Non-circuit triangle belongs, secondly, ttie ilumber of 
the triangle, slid thirdly the Figural numbers of the angles employed in tile Preliminary Reductions and again 
made use of Iiere, as shewn on tlie Plates at the end of the i~umerical details of each Series. I n  the col~imn 
giving the serial number of the station, tliove stations of which the positions stand fixed by tlie Simultaneous 
Reduction are printed in Roman type, the rest in Italic type. 

I n  the abstracts of the final adjustments, each group of triangles is designated by the figure to which 
i t  appertains and by the numbers of triaiigles i t  includes. The constants furnished by tlie Sirnulta~ieoua 
Heductiou are given, with a reference to the page from which they are taken; these are followed by tile 
equatio~is of condition which have to be satisfied, and where the method of minimum squares has been 
employed, by the equations between the Indeterminate Factors, and the values of these factors. Lastly are 
shewn the adopted arigular errors. They are so designated because they differ occasioually, but only in the 
last place of decimals, from those which actually resulted from the calculatioris; slight arbitrary corrections 
llaviilg been applied in order to make die logarithmic values of common sides agree where the number of 
places of decimals emploged in tlie calculations had not sufficed to do so. 

Two examples of the process of reduction will now be given. 

Example 1.-Figure 14, a hexagon (see the Reduction Chart and the Plate at the end of the details of 
the Hurfliong Meridio~ial Series) of which the four Triangles 225 to 223 were fixed by the Circuit chains ; 
Triangles 601 and 602 have now to be adjusted. Tlie constants known are, sides V to V I I  and 'CTII to X and 
the angle contaiued between them; hence the equations to be satisfied are, two triangular, one central and 
one side. Stated symbolically they are :- 

. . . . . . . . . . . . . . . . . . .  xld + xI7 + X18 = e, 
Tria~tgular 

. . . . . . . . . . . . . . . . . . .  + X14 + xlS = ep i - .  

Central . . . . . . . . . . . . . . . . . . . . .  Xld + x13 = e, 
. . . .  Side t.d. log sin 18 x x,* - t. d. log sin 17 x x,, . . .  =e ,  

+ t.d. log sin 15 x x,, - t.d. log sin 14 x x,, 

the 7th place of logs being taken as unity. 

The errors el, e,, e, and e, are found as follows :- 

e, and e, (tlie errors of Triangles 601 and 602) are each = o 

. . Angles 16 + 13 of Triangles 601 arid 602, p. 52.  

. . 360' - Angles 1 + 4 + 7 + 10 of Triangles 225,226,227 8 238, p. kP. 

f log [VII to XI - log [V to VII] ) , . . Triangles 602 and 601, p. 52. 

e, = ~o,ooo,ooo 
- { log [VII to XI - log [V to VII] ) . . .  ,, 228 & 225, p. 4 4 ~ ~ .  

= + 30.6 

See the foot-note on page 27, Chapter 11. 
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Exarnpk 2.-Figure 39 is a double polygon (see Reduction Chart, and Plate 2 of the Eaatern Fron- 
tier Series-Section 23' to 26'). Triangles 542 to 546 were fixed by the Circuit chains; Triangles 668 to 671 
have now to be adjusted. The constants known and the symbolical expressions of the equations are given in 
full on page 77, and need not be repeated here. Stated generally, the equations to be satisfied are, four tri- 
angular, two central, and two side. The absolute terms are found as  follows, the variables in all cases being 
taken from this Appendix and the constants from the final results of the Simultaneous Reduction. 

niangular . . . e,, e,, e, and e, (the errors of Triangles 668 to 671) are each = o 

Centrrrl 

= { lR4O 34' 1 3 ~ '  359 1 . . . Angles 4 + 7 + 10 of Triangles 671, 670 and 669, page 70. 

-184 34 33 -75; . . . 360°-Angles 13 + 16 + 1 of Triangles 544 to 546, page 85-w. 

r j g O  34' 5ir'.91 2 . . . Angles 12 + 19 of Trisllgles 669 and 668, page 70. 
e 6 = {  - ~ j g  34 52 '365 . . . 360'- Angles 22 + 2 5  + 14 of Triangles 542 to 544, pages 85-w and 86-w. 

Side 

( (log [XL to XLlT] - log [XXXVIII to XL] 11 . Triangles 669 & 671, page 70. . - -  

e, = 1o,ooo,ooo .J ( - (log [XL to XLIV] - log [XXXVIII to XL] 1 . ,, 544& 546, ,, 85-w. 

(log [XLIV to XLV] - log [XL to . Triangles 668 & 669, page 70. 
eg = ~o,ooo,ooo 

- (log V L I V  to XLV] - log [XL to . ,, 542 & 544, pp. 85-w & 8 C w .  

Thus the whole of the principal triangulation of the North-East Quadrilateral has been made consis- 
tent: inter se, so that if the co-ordinates of any one station are computed from the given co-ordinates of any 
other station, or the length and azimuth of any side from the corresponding values of any other side, the 
results will always be the same by whatever possible route they are calculated. 

The values of the final angles corrected for Figural and Circuit or Non-circuit error-as the case may 
be-are given for each Series among the details of the calculations of the principal triangles at pages 142- 

1, *,=, 31-=, 27-&, 3gAdi of Part I1 of this Volume, and pages 27-x, 46-*, 43-,, 41-Q, 27-,, 

37,s, 49,TJ 56,U, 71-FJ 81-w, and 66,= of Volume VIII. 



NORTH-EAST LONGITUDINAL SERIE8. 

Sider and Angkr of the Non-Circuit %angkr. 

PCnal PCgural A+atments  of the Non- Circuit Diangkr. 

Rgure 1 .  

l'riangle 519. 

(!onatants (from pages 23,. and 142-J. 

Contained Angle. 
LII to L1V Log feet 5 -  I 851 626,8 ] ... 6 
LIV , I 

... 83' 18' 47.065 
11 4' 94202464 

Equations to be satisfied. Adopted Errors. 
X 4 + q =  + . I 1  - + "'03 I x 4  

- 
- 35 - 1 0 x 4  - + 2-6 X6 - + 908 - 

+ A im the =rid lettar for the Q& Aro leriw whioh appertainr b the North-Wert Qdribteml. 

B 

';d .o 
c" 

9 0  
m 
- 

1-05 
I '05 
1 - 0 5  

I '75 
1 -76  
I '75 

-50 

'49 

2'47 

2.47 

'71 
- 7 1  
'71 

- 2 2  

Cd 

6  

,, 

,, 

7 

,, 

m a 

Serial Letter 
and Number of 

Station 

A* LIV 
X I 
A L I I  

LTI 
x I 

111 

Logarithm 
of Side-length 

i n F e e t  

5'2235712,o 
5'18j1911,2 
4.942053314 

5.1529618,~ 
5.2480171,~ 
5.2235712,~ 

5 ' 0 ~ 9 ~ 8 5 3 . 5  
- 5 0 5 ~ 2 9 4 0 8 4 5 , ~  

4.9996877,~ 

5'20x7297~5 
25.102-475'381!3~)45,; 

5'2968494,5 

4.8320377~4 
5.2689242,6 
5'1657519,~ 

4 . 7 ~ 9 9 0 0 1 , ~  

Serial Letter 
and Nun~ber of 

Station 

1 c 
CII  
CI P 

crr 
C I I  
cv 

CVIII 
CVI 
CIX 

cxx 
CXXII 
cssnr 

CXXIII 
C S S I I  
C X s I v  

.En 
h 

1 

,, 

Corrected 
Plane Angle 

O f  * 

8 3  18 46.49 
65 23 37 '77 
31 17 35 '74 

48 41 18 '79 
69 1 2  51'3S 
62 s 49 '83  

V I  

4 v 
3 5 7 6 3 + 2  V I I  

1 VIII - 
V I I I  

14 XI1 

11 LVIII 
LV 
LIX - 

I 

'23j4'7912701.3 
' 2 2  4'73S5033~9 

m 
g x . .  
' 0 2 4  

2 
E $  

g --- 

616 

Gli 

G16 

620 

G19 

- 

18 35 56.64 
144 4 3-06 

I 7  2 0  0 ' 3 0  

41 3 53'50 
84  4 
54 51 41-40 

19 2 0  32-53  
115 4 47-50 
45 34 39'97 

57 15 58.89 
67 42 29.75 
55 1 31 '36 

2 

d 

5 
$ ." 

LZr 

IS 
16 
17 

15 
13 
14 

26 
2.5 
27 

18 
16 
17 

15 
13 
14 

.z 
6 P P  

z g 9  
Z Z K  --- 

579 

578 

Lognrithm 
of Side-let~gth 

in Feet 

'204.7223584~2 
'~0,4'739779S,0 

4.7364361,~ 

~z04'7528491,o 
'194'7216345,3 

4'7223584,2 

4'7267416,4 
4.7516226,~ 
4'7622736,4 

4.7640166,; 
4.7605288,~ 

.254.8119221,5 

*204'8391242,2 
-194'6344938.5 

4.7640166,; 

Comected 
Plane Angle 

O I  n 

57 39 18-87  
61 34 22-36  
60  46 1 8 - 7 7  

64 56 I ' 47  
57 27 29 .0s  
57 36 29-45 

55 34 53'54 
60 52 35.20 
63  32 31.26 

56 14 47 '74 
55 34 0 . 4 8  
68  11 11.78 

84 41 2.62 
38 25 5 4 -02  
56 53 3 - 3 6  

4 
2 
d 

2 
M 

5 
4 
6 

8 
7 
9 

0 
n 
0 

8 
w 
;; 
u 

2 - 
CI 
cn 

- 2 0  

' 2 0  

'21 

. Z I  

- 2 1  

- 2 4  
' z 4  

. z o  



REDUCTION OF THE NORTH-EAST QUADRILATEBAL. 

Anal Agural Adjustmentr of thelNon- Circuit %angler. 

Figure I -(Continued). 

'l'riangle 578. 

Constants (from page 142-I). 

Contained Angle. 
LII to I Log feet 5 ' 2 ~ 3 5 4 2 8 ~ 1  1 ... 1 ... 69" 12' 5 ~ ~ ~ 9 4  
I J, 111 9 )  5' 1529342~1 

Equations to be satisfied. Adopted Errors. 
x e + x , =  - '20 I '8 

- - 
- - - "033 

18 xs - 12 x, - - 7.8 X, - + '13 

. 

Figure 2. 

Triangle 577. 

Constants (from page 143- ). 
I 

Contained Angle. - 
I11 to V Log feet 4'9996613,s ... o + a  ... v ,J VI ,, 5 m o z 9 2 6 ~ ~ J ~  

14.4' 4' 3"'27 

Equations to be satisfied. Adopted Errors. - x1 + x4 - - -29 - + "'02 I XI 
- 

62x4 - 6 8 x ,  = - 20.5 x4 - - - '3' 

+ 

Triangle 576. 

Conatante (from page 143- ). 
I 

Contained A ~ ~ g l e .  
V to VII Log feet 5'2968281,o 
VII J, VIII 

... 8 + z  ... 84" 4' 26"-61 
,J 5 ' 201 709489 

Equations to be satisfied. Adopted Errors. - x, + x4 - - -96 I XI 
- .  - - I / .  3' 

24x4 - 1 5 x ,  = - 10.9 - - -65 x4 - 



NORTH-EAST LONGITUDINAL SERIES. 

Final EFg.ura2 Adjustments of the Non-Circuil 13.Mngler. 

Rgure 4. 

Triangle 575. 

Conatants (from page 143, 
I)* 

Contained Angle. 
VIII  to I X  Log feet 5- 1657314,4 
IX J, XI1 

... 18 ... I 15" 4' 47#' 23 
8 ,  4' 8320241J7 

Equations to be satisfied. Adopted &nr. - 
4 + x16 - - 098 - + **12 I '14 

- 
- 60 x,, - 21 x14 - - 68.9 XIS = - I -10 

Constante (from page 147, ) . 
I 

I Contained Angle. 
LVIII to LV Log feet 4- 7385054,s 
LV J I  LIX ,I 

... 10 ... 67" 42' 30"' 00 
4' 7499025>7 

Equations to be satisfied. Adopted Errors. , - 
X l l  + XIS - + ' 02  - I XI 1 

- - ""5 

r3X11 -35X11 = - 4'3 = + '17 

Tria~~gles 618 and 617. 

Constants (from page 151-I). 

Contained Angle. 
C to CII Log feet 4~7364566~8 
CII JJ cv 1 ... 16+18 ... 119' I' 5 1 ~ ~ 7 6  

JJ 4'7528678J7 

Equations to be satisfied. Factor 

'1s + x ~ 7  + Xis . . . - el = '"0, 
- 

... = % =  
x, 

X1s + x14 + x1, '00, ... . . . r e, = 
x, 

X l ~  + xu + '071 
1 4 ~ , ,  - I 2 x I 7  + l o x 1 ,  -13xI4  - - e, = -2.1, 

x, 
X4 



REDUCTION OF THE NORTH-EAST QUADRILATERAL. 

Final Agural Adjustmentr of the Non- Circuit Wangler .  

Agure &(Continued). 

Figure 6- (Continued). 
. 

Triangle 616. 

Constants (from pages 1 5 L 1  and 152- ). 
I  
Contained Angle. 

CVIII to CVI Log feet 4.762291 1,2 

CVI ,, CIX 1 ... % ... 60° 52' 34"'75 
JJ 4' 7267589>4 

Equations to be satisfied. Adopted Errors. 
x s s + x , =  - -66 - - "920 I x, - 

14% - lox, = + 1 . 8  xw - - - -46 

Equations between the Factors 

Triangles 620 and 619. 

Constants from (page 1 6 i L I ) .  

Contained Angle. 
CXX to CXXII Log feet 4-81 I g I 76,3 
CXXII ,J CXXIV 1 ... 16+18 ... 9 3 O  59' 54"-8a 

,J 4'8391 20120 

Equations to be satisfied. Fact or 

'1s + '17 + X I S  . . . - e, = - ' CO, - x, 
'1s + Xlr + Xis . . . - ep = • 00, - x, 
'1s + XI8 ... . . . - e, = + *lI, - A8 

'4 x1a - 8 XI, + 2 XI& - 13 Xir - e4 = -4.0, A4 

Values of the 
Factors 

hq = - '015 
X , = -  . 021 
X,=  + '053 
X, = - -004 

No. of Value of 

- 1 
2 '00 

8 +'07 
4 -2.1 

* In the tabler of the eqolrtion8 between the fadom the co-e5cient.n of the tsrms below the diagonal are omitted for col~renience, 
the m-e5cient of the pth term in the qth line being almy8 the rame ae the co-e5cient of the 9th term in the pth line. 

Adopted Errom 

XIS = +'"03 X16 = -kU'04 
X14 = + '02 xI7 = + '03 
XIS = - -05 xla = - '07 

Co-efficient8 of 

x, x, x, x4 

+ 3  ... + 1 +2 
+ 3  4-1 -3 

' * +2 . . . 
+609 



NORTH-EAST LONGITUDINAL SERIES. 

EFRal Rgural Adjudtments of the Non-Circuit D-iangk8. 

Fipre 7 +-(Continued). 

f For &ue 8 of thin nqwnae ree page 41, Brngfr Seriw. 

L 

Equations between the Factore 

Values of the 
Factom 

Aq = - -010 

Xp = - -072 

&, = ,+ -096 

A, = - '011 

No. of Vdne of 

1 

2 

8 + -11 

4 1 -4.0 

Co-efficienta of 

x, x, '9 X, 

+3  ... + I  + 6  

+ 3  +I I 

+ 3  ... * 
+433 

Adopted Errom 

XU =. +".03 I,,, = + Y . ~  

I,, = + -a8 I,, = + -07  

xlI = - -10 xlg = - '16 

4 



4% REDUCTION OF THE NORTH-EAST QUADRILBTEBAL. 

Budhon M e r i d i d  Seric8.-Side8 and A n g h  of the Non-Circuit Triangle#. 

Rnol Rgwral A@ustmetJs of the NO;- ~i tcui t  Tkiangler. 

Rgure 1.1 

Triangles 45 to 47. 
Constante from (page 46, ). 

J 

Contained Angle. 
VIII to x Log 5*1806703,8 . . le+ n + lo . . . 164O 43) 201-55 
X ,, XI11 ,, 5'0039476,2 

Equations to be aatiefied. Factor 

'16 .. . + x17 ... + xle ... = q =  00, - - % =  
h? 

x1s .. . + x14 ... + Xu . . . ' 00, - x, 
x10 . .. + Ill ... + I* ... - e, = '00, - x, 
=]a ... + Xa ... + Xlo . . . - e4 = + 1-0% A4 

I ~ X ,  -IIX~, +36x16 + 5 X l 4  + 7 x l D  - 2 0 s ~ ~  = es = t 12.5, A6 

r 

t A in the &rial letter for the 0M.t Am a e r i e i o n  24' to 8V-which appertain8 to the North-Weat Quadrilateral. 
f An the Budhon M e n  rru mdaosd by itrelf md not ~ u l ~ e o u n l y  with the N o r t h - h t  Quadriitenl, the flgm n u m h  of the 

former have a wquenw of their orrn 

a - 
4 
% 
d 

2, 

18 
16 
17 

15 
13 
14 

18 
10 
11 

3 
4+5  

6 

18 

= 

I 

4 

4 

5 

,, 

6 

,, 

7 
, 

iG 
2 

,, 

,, 

2 

Serial Letter 
and Number of 

station 

J VIII 
X 
XI 

XI 
X 
XII 

XII 
x 
XI11 

XIP 
XIII 
XV 

xxmn 
xxx 
LYXI 

xxxr 
KXX 
XXXIII 

xxxrv 

17 

15 
13 
14 

5 
4 51 4 

6 

$ 2  . 
& 

4 
= a $  

g --- 

52 

53 

54 

55 

56 

57 

Q - 
p c m  2 .- 

E 
$ @ a  * 
G g z  --- 

1 4 5  

4G 

47 

48 

I 

4 
7 

- .E - 
0 
m 
- 

1 - 5 0  

1.50 

'59 
.60 
'60 

'53 

-52 

'98 
-98 
'98 

-33 
'33 
'32 

'36 

Hano Angle 

0 1 1 1  

56 45 54.90 
61 8 
62 5 44-20 

30 52 39-61 
43 41 56.42 

105 25 23.97 

73 33 51 '66 
59 53 1 '68 
46 33 6 - 6 6  

46 7 14-12 
69 18 45.98 
64 33 59'90 

58 56 22.82 
66 33 57'71 
54 29 39'47 

56 7 56.35 
70 5 48.10 
53 46 I 5 ' 55 

58 29 29.77 

1 

81 Logwithrn 
of Side-length 

in h e t  

5'1568045,7 
20~841~505 .1767760 ,~  

5'1806935,o 

4.88302 56,5 
j.0121294,$ 
5'1568045,7 

5'0039719.9 
'534'9591117,~.  

4'8830256,5 

5*0124748,4 
5'1257142,s 
5'1103887,~ 

4.8372280,6 
4.8670526,~ 
4'8150927,9 

'364.84978~9~f5 
'374.9037SSS.r 

4.8372280,6 

XXZT 
xxxv11 

$ 

+ 

." 
Cr 

8 
7 
9 

18 
16 
17 

15 
13 
14 

5 
4 
6 

8 
7 
9 

8 
7 

Corrected 
Plane Angle 

o r  n 

48 55 49'93 
70 3 27.57 
61 o 42-50 

58 50 3 -46  
54 31 I I -82 
66 38 44'72 

56 19 22-16 
64 26 32-17 
59 14 5.67 

56 29 I -37 
70 2 47'63 
53 28 11-00 

69 13 39.70 
81 40 59.29 
29 521 ' 01  

91 57 49-27 
30 0 47.67 
58 I 23'06 

54 48 30'60 
66 41 59'63 

Serial Letter 
and.,Number of 

Station 

J X S ~ I  
XSLT:P 
X X Z X  

X X ~ I I  
XL 
XLI 

XLI 
XL 
X L n I  

XLIV 
X L r  
XLVII 

XLVII 
X L P  
XLrIr r  

XLPIII 
~t LII 

9 1 1  

- 
.; I, 

u - 
I=, w, 

0'34 
'34 
'34 

-36 
'37 

'36 
'37 
'37 

'41 
'42 
'41 

'86 
'87 

'94 
'94 
'94 

Logarithm 
of Side-le~db 

in Feet 

4'7968785,8 
4.8927016,; 
4'8614258,6 

-374'8615492,3 
4'8400346,h 
4.8921 173,s 

4'8476334,s 
4.8826980,o 
4.861 5 4 9 2 ~  

4.8802115,6 
4'9323008,4 
4'8641955,4 

5'1642335,6 
5'1888317,1 

'864'8802115,6 

5'2235732,6 
4'9229722,~ 
5'1523580,7 

J 



. 
BUDHON MERIDIONAL SBRIES. 

final Hgural Alljwtrnentr of the Non-Circuit Wangkr .  

Figure 1-(Continued). 

Figure 2. 

mangle 443. 

Conetantm (£corn page 416, ). 
J 

Contained Angle. 
XI11 to XIV Log feet 5' I 103651,3 
XI11 ,, X V  

... 4+6 ... 69" 18' 47ng r I 
,J 5'01245I2~4 

Equations to be satisfied. Adopted Errors. 
X s + $ =  + '15 - f "-06 I '8 

- 
20xg - 10% = + '3  X6 - - + '09 

Equations between the Factors 

Figure 3. 

Value8 of the 
Fadore 

h, = - -205 

X , = -  '370 

= - -136 

X4 = -I- '577 

X, = + -013 

No. of 
e 

1 

2 

3 

4 

5 

Triangles 49 and 50. 

Constante (from page 48->. 

Contained Angle. 
XXVIII to XXX Log feet 4'8150686,9 
xxx ,, XXXIII ,, 4.8497616,1 1 ... 16+18 ... 136' 39' 46"-33 

Equations to be satisfied. Factor 

xis + xi7 + Xie . . . - el = -00, X, - 
'1s + x14 + x16 ... S &, = ' O0, 

... - x, 
Xia + XIS . . . - e, = + -18, - - e, = 

X, 
1 2 X i e  - 15x17 + lSx1s - 15x14 + 2'5, h4 

Adopted Errors 

XI,,= f “ ' 4 4  X16 = +"-09 

x,,= - '40 + '37 

x, = - '04 q 7 =  - '34 

Xis= + -21 x l a a  - -03 

xi,= - '30 

Value of 
e 

-00 

'00 

'00 

+ 1 . 0 2  

+12.5 

Co-efficient, of 

x, As X, A4 X, 

+3  ... ... + I  +3  

+ 3  ... +I.  3.41 

+3 + I  -13, 

* + 3  ... 
3-2087 



REDUCTION OF !L'HE NORTH-EA8T QUADRILATEBAL. 

Final Figural A@wtmentn of the Non-Circuit Tkiangkn. 

Agure 8- (Continued). 

Agure 4. 

Equations between the Factors 

Values of the 
Factors 

= - -041 

x , = -  ' 044 

& = + '133 

X4 = + -003 

1 

2 

Triangles 5 1  and 52. 

Constants (from page 48-J). 

Contained Angle. 
XXXIV to XXXV Log feet 4.8937283.6 , ,  &+, ... 124' 51' 59"'- 9 

, XXXV ,, XXXIX ,, 4 '  7968539>4 

Equations to be satisfied. Factor 

x4 + x, + I 6  ... - - q = .oo, 
= % =  

x, 
' I + % + %  ... '00, % 
x4 + =I ... . . . = % = - ' 4 % ~  

= e, = 
x, 

1 3 %  - 9 %  + 1 8 4  - X I S g  +4'7J x4 

Adopted Errom 

XIS = -kN'09 X16 = -kU'09 

x14 = - -09 xll = - '09 

= '00 Xl8 = '00 

- 

Co-efficient8 of 

x, x, x, k 4  

+3 ... + I -3 

+ 3  +I 0 

+1 ... 
* +819 

Equations between the Factors 

Values of the 
Factors 

x, = + '094 

= + -089 

A, = - -301 

X 4 = + * 0 0 5  

-00 

2 

t 

Adopted Errom 

x4 = 31 = - " ' 2 ~  

q =  + -17 q,= + -18 

x,, = + -04 x, = + -03 

Co-e5cients of 

x, x, x, X4 

4-3 ... +I +4 

+3 +I + 7  

+1 ... 
+695 



BUDHON MERIDIONAL BEBIE9. 

Final Agural A&utmentr of the Non-Circuit lHangk8. 

Figure 5. 

Figure 6. 

Triauglea 53 and 54. 

Constants (from page 49- ). 
J 

.r 
Contained Angle. 

XXXVIII to XL Log feet 4~8920916~1 ... ... XL ,, XLIII ,, 4.8476064J4 1 is+is 118' 57' qq".08 

Equations to be satisfied. Factor 

... 4 6  + x17 + x18 = q =  'OOJ - XI 

... ~ 1 ,  + XI, + '16 - ep = • 00, - x, 

... ... =ls + - e8 = + '64, - x, 
13x18 - 10x17 + 14xl6 - 1 % ~ ~ ~  - e4 = +12.7, A4 

I 

Triangles 55 and 56. 

Constants (from page 49- ). 
J 

Contained Angle. 
XLIV to XLV Log feet 4-8641688,r ... ... XLV J, XLVIII ,, I 4 + 7  r51° 43' 48"-67 5' 16420j3,2 

Equatione to be satisfied. Factor 

x4 + x, + %I .., r r q =  '00, 
= q =  

x, 
... x? + = a  + x e  ' 00, - x, 

... ... X4 + LI e 8 = -  ' 46, - x, 
14 x, - 6 x + 8 x, - 38 x, - e, = + 15'3, A4 

Equations between the Factors 

Valuea of the 
Factors 

- 

x , = -  -191 

xp = - '184 

X, = + '508 

A , =  + -022 

Adopted ~ k o n ,  

x18 = +u-32 x16 = + #.3a 

x14 = - -46 x,, = - -41 

X16 = $ ' I 4  X18 = + ' 0 9  

Co-efficients of 

x, x, x, A4 

... + 3  + I  + 3  

+ 3  + I  + z  

* + z  ... 
+609 

No. of Value of 
e I e 

1 

2 

3 

4 

'00 

'00 

+ -64 

-I-12.7 



REDUCTION OF THE NORTH-EAST QUADRILATERAL. 

final Agural Adjurtments of the Non-Circuit Nangk8. 

Figure 6- (Continued). 

I'riangle 57. 

Constants (from pages 50, and 142- ). 
J I 

Contained Angle. 
XLVIII to LII Log feet 5' 1523301,6 
LII 

] ... 7 ... 30° 0' 49"'02 ,, 1 ,, 5'2235428,1 

Equations to be satisfied. Adopted Errors. 
% I + % '  + '41 - + 2"*40 I '8 

- 
- 4 - 1 4 ~ ~  = + 2 5 - 4  x, - - - I '99 

Equations between the Factors 
Values of the 

Factors 

\ = + '155 
% = + - 2 6 7  

x,=- '441 

X4 = + -01% 

Adopted Errors 

- -''.29 q = -"- 17 x4 - 
xs = + '33 % = + -36 
+ = -  -04 xQ = - "9 

Co-efficient8 of 

A1 x, X8 A4 

+3 ... + I  -2 

+3 + I  -30 

* +2 . . . 
+1960 

No. of 
e 

1 

2 

8 

4 
t 

Value of 
e 

.OO 

'00 

- -46 

+I5'3 



RANGIII MERIDIONAL SERIES. 

Sides and Angles of the Non-Circuit Wangles .  

Final Rgural Adjustments of the Non- Circuit Tkiangks. 

Rgure 8.1 

Triangle 574. I 

Corrected 
Plane dng,e 

0 1  I 

3 23 29'57 
168 22 3.54 
8 14 26.89 

I 
b! 

2 
'i: 
s 
m a 
- 

w 

'03 
'04 
'03 

M 

2 

8 

Constants (from page 33- ). 
K 

Contained Angle. 
XX to XXII Log feet 4'8586873,9 I -  ) ;.. 7 . . . 168' 22' 3"51 
XXII ,, XXIII ,J 4'47.~3~03,3 ' - 0  

Logarithm 
of Side-length 

in Feet 

4'4743755,I 
5.0069111,6 
4'8587024,s 

Equations to be satisfied. 
x , + =  -07 - 3 56 X, - 145 XB - + 1.4 I 

Adopted Errors. 
=a 

- - - "-05 
xo - - - '02 

s e ~ i d  Letter 
and Piumber of 

Station 

R sx 
XXII 
la111 

* 

5 

$ 2 2  
Z z  --- 

574 

-- 

t Ncrm.-In continndion of Figure 7, page 41. 

4 

$ 
? 
Z 

9 
7 
8 



48 REDUCTION OF T m  NORTH-EA8T QUADRILATERAL. 

Kardra Meridional Series.-Sidcr and Angku of the Non-Circuit Ik.iangles. 

Final Agural Adjustment8 of the Non-Circuit Diangku. 

Figure 9 .  

Triangle 680. 

Constants (from page 39-x). 

Contained Angle. 
XXIII to XXVI Log feet j* 23361 63,3 
XXIII ,, I ,, 4-91 78545,a ... 4+6 ... 114' 47' 13"'59 

Equations to be satisfied. Adopted Errors. 
= a + % =  + '57 - + '-58 I 1 8  

- 
57 =a - 2' =a = + 33'3 *a - - - 'Of 

2 

+ 8 L the nrid W r  for the Wat aelcutta Longitudid aerier which sppartrinr to the 8outh.Enh Quadrilateral. 

Berial Letter 

0 2 2  m 

.5 
i; 

4 
C, Corrected 

9 

10 

,, 

,, 

,, 

4 

a 2 2  
2 " "  

.: 
t; 

% 
0 

$ 
,$ - 
I 

.-" 
h 

25 
27 
26 

42 
40 
41 

37 
39 
38 

5 4 
52 
63 

12 
10 
11 

2 
5 3 P  = s ;  

--- 

585 

586 

587 

588 

589 

Lognritl~m 

0 - 
a 
w, 

* 

I '01 

1 - 0 2  

' 

--- 

580 

581 

582 

683 

584 

Serial Letter 
and Number of 

Station 

M VII 
I S  
x 

IX 
x 
XI 

x 
XI 
XIII 

XI 
XIII 
XlV 

XIX 
XXI 
XXII 

of Side-length 
in Feet 

5,3408881,~ 
4'91 75578,s 
5'2336163,3 

70,4'9601054,6 

4+5 
3 
6 

21 
19 
20 

18 
I 6  
17 

13 
15 
14 

30 
sa 
29 

0 

2 

10 

m 
0 

,, 

,, 

,, 

11 

Corrected 
Plane Angle 

0 1  v 

IOO 55 41-69 
38 40 51-44 
40 23 23.87 

62 1 43-58 
75 18 56 '84 
42 39 10.58 

41 58 6-52  
86 59 23-57 
51 2 29-91 

50 30 6 - 4 8  
86 I9  8 '45  
43 10 45-07 

29 36 1 8 . 9 ~  
118 42 6.19 
31 41 34.87 

hgsrithnl 

B* X X ~  
KXVI 

M I  

I 
111 
IV 

IV 
111 
PI 

111 
VI 
VII 

PI 
VII 
IX 

-705'0033121,S 
' 7015'0695734,~ 

0  I I 

11447 12.0o1.02 
20 2 43'40 
45 10 4.60 

48 42 38'33 
56 5 49'89 
75 11 31 '76 

53 2 21-09 
59 4 34.26 
67 53 4 '63 

53 50 4 '  I 2 
80 r 5-08 
46 8 50'80 

33 39 38-80  
66 43 36.14 
79 36 45'06 

-48  

'49 

' 54 
-54 
-54 

'31 
.31  
'32 

- 
.g 
0 - 
a, 
m 
- 

N 

'19 

' 18 

-56 
'57 
-56 

-65 
'65 
'65 

'63 
'63 
'63 

-14 

' 14 

4 8958663,3 
'494.0267060,5 

4'9601054,h 

4.9448990,~ 
5.0312313,' 
4'8958663,3 

4.6958007,1: 
4.9152166~3 
4.9445990,~ 

of Side-lengtl~ 
in Feet 

4.8762855,~ 
-1S4.6801031,j 

4.6958007,s 

4'9913707,3 
5'030S979,~1 
4.8762555,~ 

4'9258580,s 
j'!OOo130,4 
4'9913707~3 

4'9780401,4 
5'0897259,i 
4'9258580.S 

4.6410571~2 
'14~4'8903759,2 

4'6677747,~ 



KARAEA MEBIDIONAL SERIES. 

Anal Agural Adjustments of the Non-Circuit %angles. 

Rgure 10. 

I to I11 
I11 ,, VII 
VII ,, X 
X ,, XI11 
XIXI ,, XIV 

1 + =so 
"16 + 
'1s + '14 

% I +  x, 
xss + Xpd 

40 + xu 
x4 + 'sa 
xss + x6s 

- x19 + X16 

1 4  + XPs 
XBS + =10 

xsa + X64 

' 9 %  - 6 %  
l6 x18 - 3 '16 - 4 x.36 - 26 ' 9 7  

Triangles 581 to 588. 

Conetanta (from pagee 89-M and 40-M). 

Contained Anglea. 
Log feet 5*0695674,2 ) ... le+ie+ia ... 169' o' 28"-78 

,, 5.0312218,9 ... 14+Z8+26 ... 213 48 1 2  '14 
,, 4~6800g00,z ... ... 1 M+40+87 157 40 29 '01 
1 5'0999923~9 ... 
1, 4'9780165,9 

,+, '37 21 39 '73 

Equations to be eatbfied. Factor 
... ... ... + Xs1 = e ,  = 00, 

= %  = 
A1 

... ... + xie ... '00, ... ... ... = e ,  = 
x, 

+ =1s '00, ... ... ... = e4 - -00, - x, 
+ x, - x, ... ... ... = e, - ' 00, + Ipl - X6 ... ... + Xu ... = e, - • 00, ... ... ... = a ,  = ' 00, 

x, 
+ Is9 

... ... ... - = e, - x, 
+ x, 'oo, ... ... a , .  = e ,  = 

x, 
+ X~~ + 1-24, ... ... ... - - el, = 

x, 
+ x~~ + '538 A,, 

... ... ... + Xs7 = ell = '391 \I - 
- 

.,a e m ,  ... ... - el% = - ' 09, x, + 16x,, - 9Xl7 + 3x16 - 2 0 X 1 4  = qs = + 34' 8~ A,, 
+ ~ I X ,  - 4 %  + z6xw - 25xS6 = e14 = +36.6, A M  

+ I I X ~  - agx,, + x,, - 17x, = q,= +75'3, Als 
... ... 23% - xs9 + I7 XM - 23 X 6 ~  = e,, = + 29.0, & 8 

Equations between the Factors 



REDUCTION OF THE BOEm-EAST QUADRILATEBAL. 

Final FwraZ A@ubtments of the Non-Circuit Triangk8. 

Figure 10-(Continued) . 

Figure 11. 

Values of the Factom 

% = - '348 X, = + -511 

X, = - -266 A , , =  + -495 

& =  - . 2 6 0  A l l =  - - a 6 7 4  

X4 = - '492 4% = + -716 

X, = + I ' O O ~  = + '041 

& = + '607 X 1 4 =  + -036 

= + '295 X I , =  + -096 

X, = - '184 h e =  + ,028 

Triangle 589. 

Constants (from page 41,M). 

Contained Angle. 
XIX to XXI Log feet 4'6677467,o 
XXI ,, XXII ... 10 ... 1 1 8 ~ 4 2 '  6"-53 ,, 4'64'0274,0 

Equation8 to be satisfied. Adopted Errors. - x11 + x19 - + ' 2 0  I XI1 
- - - "'13 

+38 XIS - 35 '11 = + 17'2 xis - - + '33 

Adopted Errors 

XU = +"*83 $1 = + "'44 xt8 = - "-6% 

x14 = - '59 Xs6 = + I  ' 1 2  Xa9 = + -36 

X16 = - ' 24 xpd = - .58 XU) = - 'O7 

XI, = + '95 x , = -  '54 XII = -1 ' 59  

X ~ 7  - - - -66 '9s = '00 x, = +I *66 

X18 = + '41 xpg = - - 6 j  xrs = + '53 

XID = + - 1 6  % =  + '65 xu = - -81 

xW) = - -60 - +  -26 '57 - x u =  + -28 



QORA MERIDIONAL SERIES. 

Sides and Angks of the Non-Circuit I).iarrgles. 

Final Agural Adjustments of the Non-Circuit Triangles. 

Figure 12. 

w q Y  
M 

2 ; ;  
2 
o 

w - z  

4 

l'riangles 590 and 691. 

Constants (from pages 4 L o  and 47,0). 

Contained Angle. 
I1 to I11 Log feet 5.1091678~7 I ... 21+18 ... 1 2 q O  51' I ' - I ~  
111 ,, VII ,, S ' O ~ ~ ~ ~ S ~ J ~  

Equations to be satisfied. Factor 

XSI + %Q + X P ~  . . . - el r '00, 
- 
=: e, = 

x, 
Xla + Xlo + %a . . . • 00, - - es = 

x, 
$1 + x1a . . . . . . + '30, x, - 1 7 %  - 4 x g g '  + 13xM - 2 0 ~ ~ ~  - e4 = +7'1, A4 

Logaritl~m 
of Side-length 

in Feet 

Corrected 
Plane Angle 

12 

,, 

Equations between the Factors 

Co-efficients of 

x, h, x, A4 

1 + 3  . . . + i  +13 

2 + 3  + I  - 7 
3 + 2  ... 

* +874 

Serial Letter 
andNumherof 

Station 

- 
w 
B - .s - 9 
m 
1. 

--- 

590 

591 

35 15 20.02 

Values of the 
Factors 

= - -121 

& = - ,058 

% =  + '239 
X, = + - 0 1 0  

Logarithm 
of Side-length 

in Feet Plane Angle 

23 
21 
22 

20 
18 
19 

Adopted Errors 

xIB = +".18 xSl = +".I% 
x19 = - '25 xg9 = - ' 15 
x, = + '07 x, = + '03 

2o 
2 
2 

I 

3 
.: 
'2 - a 
cn 

' 9 s  
12 

Serinl Letter 
aud Number of 

Station 

0 I1 
111 
I P 

IT 
IIZ 

0 z 2  
tn .s 
6 
a 

$ - y g  
G Z t ; ;  

4'9555619,~ 

0 111 
vr 
VIII 

CD 
4 
'g 
d 
z 

tn 

592 
10 

l l + ~  
1s 

57 51 2 - 1 5  
74 59 2 .80  
47 9 55.05 

'90 
'91 

5'0689782,r 
5.1261788,g 

'90 j'006j598,7 



52 BEDUCTION OF TEE NORTH-EAST QUADBILATERBL. 

Anal Agural AdMtmentu of the Non- Circuit Friangku. 

Triangle 692. 

Constants (horn pager 46-0 and 47-J. 

Contained Angle. 
I11 to VI Log feet 4*9585600,5 ... 11+1a ... 8 6 O  53' 52u*3a 
VI ,, v111 18 5' 1249"77,5 

Equations to be satisfied. Adopted Errors. - 40 + "1s - - '19 I f10 = - ' -08  
13xl0 - 2 9 ~ ~ ~  = i - 2 ' 0  x l ~  - - - *I 1 

- 

Hurilciong Mme+rdional Serie8.-Sides and Angku of the Non-Circuit Nangks .  

f B ir the Serial letter for the Went Calcutta Longitudinal Serier which appertainn to the louth-Eant Quadrilateral. 
No~r.-The rymbol a here denoter an angle of the Went Calcutta Longitudinal Seriem, aha* &red by the Bimultureour Beduction 

of the South-Ewt Qudrilateral. 

go .- 
R 

8 

- 

13 

,, 

,, 

,, 

Se~ial  Letter 
nnd Number of 

S t a t i o ~ ~  

ED 

4 
2 
d 
- 
E 

Corrected 
Plane Angle 

0 1  v 

m m a 
0 

4 
.; - - 
u, % 

- 
I I  

Logarithm 
of side-lengtll 

in Feet 

0'68,4'977980~,6 
'68 ~ . I O O S I O ~ , I  
'67 4'9561272,9 

1 '07~5-1561301.0 
1.07 5'2166365.5 
1 '07'4'9779S04,h 

' 9 ~ ~ 5 ' 0 ~ ~ 0 0 ~ 9 , 4  
.945'01fio502.2 
'95 5.toS1686,c 

-534-7911420,F 
'53 5'04539S7,S 
'545'0660019,j 

594 

593 

596 

597 

5 
& 

40 
2 

IV 

Serinl Letter 
and Number of 

station 

Corrrct~rl 
Plane Angle 

0 1  n 

a 1 2  

.z 

P a  
2 B r  

- 

m 0 9  
yl 
2 

& 
t 

5 5  
Z G ~  

6 ; s  --- 

CD 

4 
.;: 
d 

I 

." 
-R- 

28 49 7-21  

g 
& 
3 
.? 
f. - - G 
V1 

- 
I I  

48 43 12 '82 
-85 40 4.27 
45 36 42.91 

60  2 54 '73 
84 51 31.53 
35 5 33 '74 

45 57 52'35 
39 51 5'47 
94 I I 2 - 1 8  

31 25 53-27  
69 27 59'77 
79 6 6 '96 

a+8 sf XL 25 $ 111 
i z  P I 

30 VI 

4 21 IT 
16 p I 
9 

10 I I  18 V 
1.5 I VI I 

.64 5.0642131,7 

Loenrithm 
of Side-length 

m Feet 

17 

14 
18+19 

26 

"9 "9.59 .6415.2709S50.5 
2 2  4 33.20, ' 64  4.9561272,9 

I 

- 

I P  

I 
I P  
111 

38 32 52'89 

45 4 6 .31  
58 49 8.52 
76 6 45' 17 

4'8933349,o 

'754'95fi1272.9 
5'0383628,z 

'7615'0932402,4 

' 51 

'75 ,, GO2 

17 

1.5 
13 
14 

TIII 

rrrr 
VII 
x 



HUBILAONG MERIDIONAL SERIES. 

fiaZ figural A@wtmmts of the Non-Circuit Ikiangleu. 

Eiyure 13. 

Triangle 694. 

Constants (from pages 4 L p  and 150-B). 

Contained Angle. 
I to XL Log feet 5~00~jr530,z ... a+8 ... 101' 46' 15'"48 
XL ,, XXXVIII ,, 5 -  1693413,7 

Equations to be satisfied. Adopted Errors. 
- 

X1 + X ~ S  - + -17 I 1 1  
- - + I'm26 

19 x19 - 36 xl = - 11.4 XIS - - - -09 

* 

Figure 13- (Continued). 

Triangles 595 to 600. 

Constants (from page 43- ). 
P 

Contained Aaglea. 
XLII  to I Log feet 4' 99924045 ] . . . 16 + 15 + 14 ... 163O 59' 43'"67 
I ,, I11 ,, 5'038361 8,3 ] ... 2 1  ... 
XL ,, 111 )J 5'0642121,o 

52 59 34 '34 
... I11 ,, V I  5- 1008087,8 

] % t + L + I  
2, 

'77 49 33 '87 
... v ,J V I  5. 1561284,. ." a t  39 1 4 4 9 . 0 8  

>, 

Equations to be satisfied. Factor 

... ... ... X4 + X9 + Xia = el = '00, XL 

... ... ... Xlo + XIS + x11 = e9 = '00, Xg 
... ... Xlr  + X18 + Xis + Xzs = e, - -00, X, - 
... ... Xw, + X21 f- Xzs + X a o  = e, - '~'0, A, 

- 
... ... X, + X ~ B  + 4 s  ... = e, = + -04, X, 

... ... ... 41 + X n  + Xso = e, = + .06, X, 

... ... ... Xla + XIS + xu = e , = -  '12, $ 
... ... ... XM 4. XPS ... = e 8 = -  -10, A, 

23 x4 - 12 x, - 3 XIO - - 26x17 + I ~ ( X ~ ~ + X ~ ~ )  - 6x, - e, = + l y - I ,  X, 
... ... 21x14 - '3(~;8+~10) + (%O+X¶~) - 2 1 X ~  = e l , =  + 11.4, x,, 
... ... 52 x, - 39 =10 + (x,+x,) - 2 1 X m  

- - ell = + 7.6, A,, 
... ... 1 8 %  - (xm+xs3 + 1 3 %  - 30% - e,, = - '6, hs - 



REDUCTION OF THE NORTH-EAST QUADRILATERAL. 

Fijial Figural Adjustment8 of the Non- Circuit Triangles. 

Figure 13-(Continued). 

Figure 14. 

Equations between the Factors 

Triangle8 601 and 602. 

Constants (from page 4 4 ~ ~ ) .  

Contained Angle. 
V to VII Log feet 5.2081660,2 ... 16+18 ... 109' I 9' 5"'59 1 1 1  3, x J, 4'79I 13~4>4 

Equations to be satisfied. Factor 
... X16 + . 7 + - - el = '00, - 11 
... '1s + '14 + xis - ep = -00, X, 

... 1 + '1s ... = % = + 1.12, - % 
z0 Xia + 2  XI^ + 34 ~ 1 s  - 4 X14 - e4 = +30-6, h4 

Co-efficients of 

x, x* X, A4 X, x, x, x, A9 A10 XI, 119 

+3 . . . . . . . . . . . . . . .  + I  ... + I1 ..: ... ... 
+3 u . . . . . . . . . . .  + I  ... ... ... - 29 ... 

+q ... + z  ... + r  + I  + 20 - 5 - 39 ... 
+4 ... +z ... + I  ... - 19 .- 19 + 29 

4-3 . . . . . .  + I  + 7 - 13 + 13 ... 
+3 . . . . . .  ... - 20 - 20 - 18 

+ 3  ... ... + 21 ... ... 
+z - 6 ... . . . .  + 18 

* + 1732 - 338 - 507 ... 
4-1222 + 950 + 1 1  

+4668 + 1 1  

+ 1369 

No. of 
e 

1 
2 

3 

4 

5 

6 

7 
8 

9 

10 

11 

12 

Value of 
e 

-00 

'00 

-00 

-00 

+ '04 
+ *06 

- '12 

- • 10 

+19-1 

+ 8.4 
+ 7.6 
- -6 

Values of tile Factors 

XI = + -018 A, = - -269 
$ = + '279 x, = - '045 
X, = - -056 h, = + -ozo 
A, = + ,023 X l O =  . +  ,021 
X, = + '114 X,,= - moo1 
b = + '151 hlP = + -001 

Adopted Brrore 

x4 + W-48 x16 - ".28 xp6 + "'04 
X6 + -11 '17 - '22 xpd - '14 

Xu - -20 x - -10 xg7 + I I 

Xlo + '23 x19 + -07 xQO- *PI 

xls + '17. x, + '01 

x16 - -01 x,, + .16 



HURILBONG MERIDIONAL SEltIES. 

Enal  Figural Adjustments of the Non- Circuit Triangles. 

Figure 14- (Continued). 

Chmdwcfr Meridional Series.-Sides and Angles of the Non-Circuit Diangles. 

7 

Equations between the Factors 

f B in the acrid letter for the W-t Calcutta Longitndiunl Serier which appertain8 to the Soutlr-Emt Qludrikteml. 

Values of the 
Factors 

& = - - 8 7 3  

&=-1.008 

% = ++re500 

X4 = + '051 

. 

Adopted ErrorS 

Xu-= + "'49 xls = $ "063 

X1, = -1'20 X1, = - '77 
Xl6 = + '71 xi8= + '14 

Co-efficient8 of 

x, x, % h4 

+3 . . . + I  + 2 2  

+3 + I  + 3 0  

* +% ... 
+1576 

No. of 
e 

1 

2 

8 

4 

Value of 
e 

-00 

'00 

+ 1.12 
+30*6 

= 
A 
G. o 

5 

15 

,, 

5 

I 

? < $  = c -  

5 2  
7: --- 

603 

G O 4  

e, 
CI 

Stntion 
C .A. 

U. 

IT1 
IV 
v 

.: 

.;; 
2 - 
g 
.tn 
k 

I5 
13 
14 

12 
10 
11 

27 42 4 6 . 6 7  
125 0 2 3 ' S 8  

27 16  49'45 

Corrected 
Plane A ~ ~ g l e  

111 

d 

L 

- e 
.u 
- ,-. -. - 
rn 

Serial Letter' 
and Number of 

Station 

B: XLIV 

Q I 
II 

I T  
I 
IV 

~ o ~ n r i t l i r n  
of Side-lcngtl~ 

ill Feet 

o r  n v 

VII 

- 6 1  
.61 
'60 

4 .9896041 ,~  
5.2354409,O 
4'9833046,i 

17 T I I T  

15 TIrr 

59 36 56'03 

49 46 55 '89  
65 2s 7 ' 1 0  
64  44 56'95 62 5 1  24.535 

'82 

'75 
- 7 6  
'75 '627 

j'037S6S1,3 

4.97364724 
5'04~6yS5,c  
5'0471679~9 4'9907269,4 15 X 



REDUCTION OF THE NORTH-EAST QUADRILATERAL. 

Enal Agural Adjwtments of the Non-Circuit Triangles. 

figure 16. 

Triaugle 605. 

Constants (from pages 41- and 42- ). 
Q Q 

Contained Angle. 
111 to IV Log feet 4'9833067.6 ) 

B+, ... 125' 0' 25"'50 
1v ,, v ' 9 4.9896074,~ 

Equations to be satisfied. Adopted Emra. - X, + Xe - + 1-01 XS - + "-36 - 
- 4oX5 - 4 1 x 8  - - 12.3 I 8  - - + '65 

. 

Triangles 603 and 604. 

Constants (from pnge 41, ). 
Q 

Contained Angle. 
XLIV to I Log feet 5 -  1za7685,1 1 ... 18+10 ... I 20° I 1' 43a'333 
I ,I IV )J 5 '00' 709913 

Equations to be satisfied. Factor 

+ '14 + '16 ... - - el = 'OO=', 

= q =  
x, 

x10 + X l l  + XI, ... ' 000, - x, 
X1s + Xl0 ' . . . . . . - es = + '337, & 

- 22 x,, - 8 x,, + 10 x,, - 11 xll - e, = -23'0, . X4 

Equation8 between the Factors 

Values of the 
Factors 

A , =  + '099 

X, = - -060 

X8 = + '149 

X4 = - -032 

Adopted Errors 

~ ~ ~ = + ~ * 0 8 9  ~ ~ , = + ~ . 2 4 8  

x u =  + -290 xl,= + -353 

X13 = - '379 x u =  - -601 

Co-efficient8 of 

XI x , .  x, X, 

+ 3  ... + I  4-14 

+ 3  + I  -I 

* + Z  ... 
+769 

No. of 
e 

1 

2 

3 

4 

Value of 
e 

.OOO 

'000 

+ '337 

-23.0 



CHENDWAR MERIDIONAL SERIES. 

Anal Agural A~uutmentu of the Nm-Circuit Ikianglos. 

R p r e  17. 

Triangles 606 and 607. 

Constants (from page 42, . d 
Contained Angle. 

V to VII Logfeet 5'0378721,4 ... 16+18 ... 124~ 3' 3"'70 
VII ,, X 99 4 ' 9736543Y6 

Equations to be satisfied. Factor 

Xia + x17 + Xie ... - el = • 00, X, - 
1 + '14 + '16 ... = % =  ' 00, %I 

Xl, + X18 . . . . . . = % =  + '55, - x, 
l x l  - 13x17 +-18x16 - loxI4 - e, = -31.1, x4 

Equations between the Factors 

Co-efficient6 of No. of Value of 
e x, x, x, 

... + I  - 2 

+ 3  + I  + 8 

3 * +% ... 
4 -31.1 +714 

Values of the 
Factors 

X , = - ' 1 4 5  

X , = + * o o z  

b =  + '347 

X4 = - 044 

Adopted Errors 

XI8 = +'"35 xla = +"'20 

X i o =  + '45 x i7=  + '43 

x 1 6 =  - -80 x u =  - '63 



ti8 REDUClTON OF THE NORTH-EAST QUADR1LATERA.L. 

North Mahincha Meridionat Serie8.-Side8 and Angles of the Non-Circuit Zkiangku. 

Anat Agurat Adjuutments of the Non-Circuit 15.iangle8. 

, EFgure18. 

, . 

Triangles 608 to 610. 

Constants from (page 37-s). 

Contained Angle. 
LXIV to I Log feet 5*1253642,4 ... ... 
I ) 4+7+10 141" f 43"*96 

rr V . r 5*1888798>9 

Equations to be satisfied. Fact or 

... ... x4 + x, + x, ... - el = -00, - 
- - e, = 

x, 
..a ... ... x l +  X 8 +  x, '00, 

= q =  
x, ... ... ... xlo + 1 + x19 '00, - x, ... ... ... x4 + X7 + Xlo - e4 r + -15, - h4 

8x, - 8 %  + 3x8 -zox, +1qxU - 5 x l s  - e, = -24.2, AS 

5 0 

18 

,, 

,, 

$ B m the nrid letter for the Wat aslcutta Longitudinal aerier, which eppert.inr to the South-Elut QuadrilrtsmL 

2 m 
5 

12 

21 

20 

,O 

5 ; ;  
: w %  

a $ $  
g g &  

608 

609 

610 

0 
TO 
E 
.5 

Serial Letter 
and Number of 

Station 

13f LXIV 
s I 

111 

III 
I 
VI 

VI 
I 

2 

6 

CO 

s 
4 
6 

8 
7 
9 

11 
10 

2 1  
u, 

4 

- 
5 

18 
16 
17 

15 
13 
14 

18 
I6 
17 

15 
13 
14 

Corrected 
Plane Angle 

0 1  II 

64 19 35-18 
43 26 42' 55 
72 13 42'27 

53 30'55 
53 55 1-72 
74 11 27'73 

43 53 57'21 
59 23 55-03 
76 42 7'76 

51 51 48.01 
714230'24 
56 25 41 '75 

V 

IV 
VII 
PIII 

Serial Letter 
and Xnmber of 

Station 

S FIII 
VII 
X 

X 
TI1 
XI 

XI 
XIII 

I 
XIII. 
XVI 

;I 
'i: 

2 :: 
Plane Angle 

o r  'r 

68 15 0.40 
41 2 53-14 
70 42 6.46 

81 16 44' 50 
52 40 30.45 
46 2 45-05 

56 20 21-51 
47 20 16-53 

19 

,, 

20 

,, 

76 19 21-96 

50 I 
35 30 51 '88 
94 27 57-62 

m 
0, 0 

& 
r;i 
.r 
C 
& 
0 

n 

1-02 

I '02 
1'03 

'92 
'93 
'93 

'39 
'39 
'40 

'29 

'29 

g g g  

612 

613 

614 

615 

- 

Logarithm 
of Side-length 

in Feet 

5'1255744,9 
j-ooSoQg9,~ 
5'1494812,; 

5'0382104,9 
5.0498209~3 
5'1255744~9 

4.80774669 
4.9016346,; 
4'9549644,1 

4'7827213,3 
'294*8644824,F 

4'8077466,g 

o, e 
5 

G .z 
I - 2. 

m 

n 

'91 

'91 

I '49 
1-48 
1-48 

1-62 
r .61 

I 

Logarithm 
of Sidc-length 

in Feet 

5.1184047,3 
'904.9678396,5 

5-1253628,s 

5'2560849,P 
5.1616173,5 
5'1 184047,3 

5m~85S76~,r 
5'135oSo1,h 

1'62 

I 
1'19 

5.2560849,s 

10~501.195*149481~,7 
'1S'j.0292099,1 

5*2637821,5 



NOE!I?H MALUNCHA MEBJDIONAL SERIE8. 

Anal Egwal Adjwtments of the Non-Circuit Triangles. 

Figure 18- (Continued). 

Figure 19. 

Equations between the Factors 

Values of the 
Factors 

X , = - . O ~ Z  

Xp = - -262 

% =  + '074 

A , = + ' 1 2 7  

X , = -  '039 

e 

-00 

-00 

-00 

+ '15 

- 24- a 

Triangles 611 to 613. 

Conetants (from page 38, ). 
8 

Contained Angle. 
IV to VII Log feet 5 -  2637872,o ... ... VII ,, X I  ,, 5'0382180,~ 1 lo+ls+ia 13a0 52' 39"-69 

Equations to be satisfied. Factor 
... ... Xlu + X, + Xsi . . .  - el = '001 X, - 
... ... ... Xia + XI? + = % = - .oo, hp 
... ... + '14 + .,. - es = 

- '00, x, 
. . . . . . .  ... X 1 ~  + '16 + '1s e 4 = -  '41, A4 - 18xpl + 2 %  + l o x l 8  -6x17 +17x16 -6x14 - e6 = -25.1, 

Adopted Errom 

x, = +#.o8 x, = +"-51 

x6 = - '35 x l O = + ' 2 o  

x ,=  + '27 xi, = - '47 

x,=- '13 X l s = + ' 2 7  

x 8 = -  .38 

Co-efficienta of 

x , x , x ,  A6 

... ... +3 + I  o 

+3 ... + I  - 17 

+3 + I  + 9 

* +3 ... 
+758 

- 
Equations between the Factors 

Values of the 
Factors 

% = + '505 

X p =  + -235 

% =  + '353 

X4 = - -501 

% = - '051 

No. of 
e 

1 

2 

3 

4 

5 
* 

Adopted Emom 

xu = -#' 
W 15 xle= - '27 

x l 4 = + - 6 5  x , ~ = +  -01 

X i s = -  -50 xw, = + '40 

xis = - -27  x t ~ ~  = - -41 

x17 = + '54 I 

Value of 
e 

-00 

*oo 

'00 

- '41 

-25.1 

Co-efficienta of 

X, Xp As A4 A, 

... +3 ... + I  + 20 

+ 3  ... + I  + 4 

+3 + I  + 11 

... * +3  

+789 



REDUCTION OF THE NORTH-EAST QUADRILATERAL. 

Fino1 figural AdMtments of the Non- Circuit Diangks. 

Egure 20. 

East Calcutta Longitudinal Series.-Sides and Angles of the Non-Circuit Tkiangku. 

Triangles 614 and 615. 

Conatants (from pages 88, and 89, ). 
8 8 

Contained Angle. 
XI to XI11 Log feet 4-9549729,s 
1 1  , XVI ,r 4' 78273 '7,8 1 ... 16+18 ... 131' 6' 26"*41 

Equations to be satisfied. Factor 
x16 + '17 + . . . - e, = '00, 

- 
6 . .  

- - e . , =  
x, 

Xia + X i  + Xi6 ' 00, 
... ... - - e8 = - 046, 

&4 

x16 + '1s - x, 
2z '18 - 5 '17 + 17x16 - 13x14 - e4 3: -19.4, x4 

Equations between the Factors 

Valuea of the 
Factors 

& = + '310 

X , = + * 1 9 6  

% = -  '483 

A , = - * 0 2 6  

Adopted Erron, 

x,, = -#. 29 x16 = - "-17 
x,, = + '54 x,7 = + '44 

XIS = - '25 Xl8 = - '27 

Co-efficient8 of , 

h X9 h A, 

+ 3  ... + I  + 17 

+ 3  + I  + 4 

* + z  ... 
+967 

No. of Value of 
e I e 

1 

2 

8 

4 

Lognrithm 
of Side-lengtl~ 

in Feet 

4'7631210,2 
4'7561696,s 
4'7758048,s 

3'7569038,s 
~ 2 4 0 ~ ~ ~ 7 6 3 1 2 1 0 , ~  

2 
U) < 
C, 
6 

.- 
-h- 

18 
is 
17 

15 
13 
14 

0 - : I  

*OO 

-00 

- *46 

-19'4 

0, 

W 

2 
7 
.z 2 

2 
m 

,I 

' 231  
'231 
, 232  

663040~970~2404~8001580 ,9  
'239 

SerIn1 Letter 
and Number of 

Station 

T I 
u I 

III 

III 
I 
V 

c ,  

o 

6 

21 

,, 

% 
8 

22 

Lomritllm 
of Side-lmgd 

in Feet 

Corrected 
Plnue Angle 

0 I " 

59 29 50.356 
57 j g  I I ' S ~ ~  
62 30  57.807 

56 7 8 ' 2 5 7  
57 22 10 .773  

Corrected 
Plane bgls 

ij 

g s . 2  
$ 2 2  
- 2 6  a - 

632 

G33 

0 1  * 

5 3 4 4 1 1 ~ 0 4 8 ~ 2 1 1 4 ~ 7 1 9 3 1 3 5 , ~  

I 
0 

7J .* 
+ - 
s. m 

to 
c 
& 2 n :  

5 2 3  
S Z g ,  
Z Z E  

634 

2 
2 

C, 
6 
2i 

12 
l o  
11 

Serial Letter 
and Number of 

Station 

u XXI 
XIX 
X X I I  



EAST CALCUTTA LONQI!CUDINAL SERIES. 

Final E p r a l  Adjustment8 of the Non-Circuit Tkiangles. 

Figure 21. 

Figure 22. 

Triangles 632 and 633. 

Constants (from page 56-u). 

Contained Angle. 
I$  to I Log feet 4.7758084,5 ... 16+18 ... 1 x 4 ~  6' 2 0 ~ ~ 6 5 1  
I ,, v ,, q.80016~1,6 

Equations to be satisfied. Factor 

Xia + '17 + Xie . . . - el = • 000, 
- 

. . . = e , , =  ' 000, 
x, 

X1s + x14 + 1 1 6  - hp 
Xia + . . . . . . - es = - -087, - x, 

12xls - x i 7  + gx,, -13x14 - e4 = -5.0, A4 

Triangle 6341. 

Constants (from page 68, u). 

Contained Angle. 
XIX to XXI Log feet 4-7193211,5 
XIX ,, XXIlI ,, 4.7809446,5 ] ... 10 ... 57' 56' 56"-4.4.4 

Equations to be satisfied, Adopted Errors. - Xn + xis - + '451 - + ".25a I xi1 - 
8x,% - 1 5 x l l  = - 2.3 - - + 'I99 

r 

Equations between the Factors 

No. of Value of Co-efficients of 

Xs x, x, 

Of the Odouttr Moridiond &rim 

Values of the 
Factors Adopted Errors 

xis = -"- 052 xls = -"*035 

X14 = + 'I32 Xl7 = + 'I29 

xl6 = - -080 x18 = - '094 

1 . . . + I  + I 

2 4-3 + I  - 4 

3 - '087 * +2 . . . 
4 -5'0 +515 

X , = + * o 2 3  

h p = + * 0 0 6  

h, = - '058 

X4 = - '010 



6 z REDUCTION OF THE NORTH-EAST QUADRILATERAL. 

Asram Longitudinal Smier.-Side8 and Angler of the Non-Circuit Wangler. 

I I 

<o 

% 

.f! 

% 

29 

,, 

Serial Letter 
and Number of 

station 

1 cxx~v 
x 1 

I 

Iri 
I 
V 

I 
P 
I V  

7 
I V  
VIII 

1 1  
IX 
XI 

XI 
I X  
XIII 

XIII 
XIV 
I 

X r r  
XIV 
XVHI 

, a r r ~  

 XI 

X i  
XIX 
XSIII 

XZTII 
X X ~ V  
LYVII 

Corroctcd 
Plane angle 

0 1  * 

41 35 28'451 
65 25 0 . 2 2 0  

72 59 31.329 

54 45 45.995 
77 2 20.913 
4s 11 53'092 

63 9 39'868 
57 57 35.854 
55 52 44.278 

55 21 56'519 
57 j5  S ' I S ~  
66 42 55'295 

48 21 13'288 
63 I 16.52s 
68 37 30.154 

59 I S  I I ~ S Z I  
67 33 20'481 
jg  8 27-69: 

60 r 25.499 
54 20 32.899 
h j  37 58.602 

56 2 20.91 I 
64 50 44'976 
j9  6 54'1 13 

48 52 19.928 
6 4 3 2  39.077 
66 35 0.995 

69 13 28.995 
72 5 s  37'168 
37 47 53'837 

68 53 34.334 
67 3 3 5 . 1 ~ ~ ~ . 3 6 b  
44 z 50.477 

to 
!2 * 
% 
d 

bO .- 
R 

u 2 2  
" 0  

$ 

& 

5 :  

--- 

655 

656 

2 
.9 
k 
k 
0 

& 
.I 

.; 

1 29 G57 

,, 

- 2 2  

.5: 
i; 

E 
: $ ?  

g 

I 

-;. 

.i: - 0 
d 

u, 

I 

-261 
'261 

Log~ritllrn 
of Side-length 

in Feet 

'260,4.7009321,8 
4.8376219,2 
4'859465013 

23 

,, 

,, 

,, 

21 

11 

25 

,, 

4 
Serial Letter Lokarithm 

d and Number of Corrected 
Station 

g ." 
F 

0 1  I 

14 

15 x xXV" 
13 X h m I I  

15 
13 
14 

12 

631 

622 

623 

62k 

625 

G26 

627 

62s 

4'7650251~6 
4.7926607,~ 
4'73s230s,s 

12 
10 
11 

'2124'7406114,c 
'213 4'S17303S,j 

18 
16 
17 

15 
13 
14  

10 
12 
11 

30 
2 8 .  
29 

18 
lr; 
17 

15 
13 
14 

18  
16 
17 

15 
13 
14  

"SxII  
.X-ySIII 

dT-TTTIII 
sssrI 

' 2 1 2  

l 8  
16 
17 

15 
13 
14  

15 

X-XXV 

XXxV 
xXSIV 
XSXTI  

XS-I 
~ ~ ~ ~ I r I  
A-A~A- I~~  

X X n I I I  
.X-~XIx 
X L I  

I 
S L I  
SLIT. 

XIAII 
1 1 1  
AWL" 

- 1  
XLIII  
XL1V 

- I  
X x V I I I  
X s s I  4 ' ~ 0 0 9 3 2 1 , ~  

4 
2 + 3  

1 

5 
4 
6 

7 
8 
9 

30 

1 

74 2 52'745 
47 2 0  8.313 
5s  36 58.942 

51 46 30.085 
61 I S  41 -505 

,, 

I 
32 ,663 4:s 

G 

s + 7  

659 

2G 

,, 

66 54 4S.410 

41 37 1.758 
Sg 2s 59.605 
4s  53 58.637 

45 17  3'052 
89 41 59.028 
45 o 57.920 

65 55 45'944 
5s  45 45.752 
j j IS 28.304 

34 1 2  3S.268 
SS 47 3S.076 
66 59 43.656 

4 0  26 39.130 
74 42 18 '436 
64 51 2'384 

92 2 2  48.053 
4 3 5 3  
43 44 3.861 

59 24 50.254 
66 33 9.595 
54 2 0' 14s 

'211 4 $5R5991,9 I '.21 I 4.7363290~5 
' 2 1 1  4'7406114,~ 

1 
31 GGO 

GG1 
" ( 

629 

630 

-230 
'231 
'230 

'354 
-353 
'353 

'405 
'405 

'197 

'197 

4'91s1561,3 
4.S016964,1 
4 . S 6 6 j 1 j 5 , ~  

4.8496036,~ 
4'89;52S9,7 

4.7107875~5 
'1974'7235311,O 

4 '7585991,~ .4064'9181561,3 
I 

. 4 7 5 1 4 . ~ 6 t 5 3 2 ~ , 3  
'475 5'0402482~1 
'475 4.9173S3z1? 

'332 4.8128650,: 
-332 4.961 2306,; 
~33114~S108435,; 

'3174'5533675,3 
'3164.5~98556,: 
'316 ~ ' S I Z S ~ ~ O , !  

-246'4.6442752.: 
.246 4'8S~9900,; 
'2464'85S3675,.; 

'416 1 4.7969912,~ 
4 1 4 4 ' 9 f i 9 2 ~ 1 2 , I  
'4~714'94~6S85,! 

I 
' ~014 '680 j936 ,7  
- 2 0 1  4.75 70842 ,~  
. Z O I ' ~ ' ~ ~ ~ I ~ I Z , ~  

. I S O ~ ~ . ~ I I R S O I , I  
'180 4'74323149b 
' 1So 4 6So~y36, ;  

' 199 4'7356602,A 
'1994.7075539~1 
' Z O O  4';j7502S,o 

. z o j  4 ' 7 ~ 0 s 4 6 1 , ~  
'205 4'75SScoS,0 
'204 4'735660216 

.236.t'7172488.5 
23f!,':,j960S.6 
'236 +'S029Sjj.,+ 

'313 4'9006i27,9 
'313 4'4)10.+139.1 
'312 4'71724bS,5 

.369 '4 .91~4601~5 
4.910S391,3 

-311 4.9569395,~ 
S . O S ~ . ~ I O ~ . ~ ~ S I S ~ ~ , C  

* 3 ~ o ' 4 . 7 9 6 9 9 ~ z , c  



ASSAM LONGITUDINAL SERIES. 

finat Figurat Adjwtments of the Non-Circuit Wangles. 

Rgure 23. 

Triangles 621 to 624. 

Constants (from pages 66, and 67, ) . 
X X I 

Contained Angles. 
CXXlV to I Log feet 4 -  8594604~6 ... 16+iS+io ... 205O 37' 1".604 
I 9, 2, 4 '  7363234,7 ... ... I V  JJ I 1  9, 4 '710779~ ,~  I,+, 116 47 52 '841 

Equations to be satisfied. Factor 

Equations between the Factors 

No. of 1 Vaue of I Co-efficienta of 

2 1 .oool + 3 . . .  . . . +  I . . .  - 4 ... 

Values of the 
Factors 

Adopted Errors 



REDUCTION OF THE NORTH-EAST QUADRILATERAL. 

final Rgural Adjzcrtmentr of the Non-Circuit Triangles. 

Figure 24. 

Figure 25. 

Triangles 625 and 626. 

Constants (from page 67-=). 

Contained Angle. 
VI I I  to I X  Log feet 4.7761622~6 ... ... Ix JJxIII 9) 4 '  I 130° 34' 37Y-zro 16+13 

Equations to be satisfied. Fador 

... '16 + '17 + Xie - el = ' 000, 
- 
- - ep = 

x, 
... X1s + Xl4 + X1s 000, 

... ... - - e, = 
x, 

Xla + Xu + *180, - - e4 = + 18.6, 
x, 

I9 Xie - 9 Xi7 + '2 Xi6  - 1.5 X14 x4 

Triangles 627 and 628. 

Constants (from pages 67- and 68, ). 
X x 

Contained Angle. 
XI11 to XIV Log feet 4'75749 I 6,4 ... ... XIV ,J XVIII 

) l 6 t l 3  1 l y 0  11' 18".2z3 
JJ 4'7208339,4 

Equations to be satisfied. Factor 

Xla  + '17 + Xle , . .  - el = • 000, h.I - 
X l 8  + xu + Xl6 .., ' 000, - x, 

... ... Xle + Xu - e, = + .056, - x, 
'3 Xla - 9 X17 + I ~ x , ,  - 1 % ~ ~ ~  - e4 = + 10.0, A4 

Equations between the Factors 

Values of the 
Factora 

= - 'I41 

x , = -  '035 

X , =  + -178 

X 4 = + - 0 2 5  

Adopted Errors 

X18 = +"*143 X16 = +"'037 

X14 = - '399 '17 = - '359 

x16 = + '256 X18 = + 0322 

Co-efficienta of 

X l  &, Xs X4 

$-3 ... + I  + I0  

+ 3  + I  - 3  

* + a  ... 
+811 

No. of 
e 

1 

2 

8 

4 

Value of 
e 

*OOO 

' 000 

+ .180 

+18.6 



ASSAM LONGITUDINAL SERTES. 

Anal Rgural Adjwtmenta of the Non- Circuit mangles. 

figure 25-(Continued). 

I Equations between the Factors 

No. of Value of Co-efficient6 of 

e e x, x, X, X4 

1 '000 + 3  . . . + I  -f 4 

2 '000 + 3  + I  + 2 

8 + -056 + z  ... ' * 

Values of the 
Factors 

Figure 26. 

Triangles 629 and 630. 

Constants (from page 68,=). 

Contained Anele. " 
XVIII to XIX Log feet 4-8029730,o 
XIX ,, XXIII ,, 4-goo6589,r ... 16+u ... 137' 31' 16".665 

Equations to be satisfied. Factor 

Xia + xi7 + XI, . . . - - el = ' 000, Xl 
'1s + x14 + '1s . . . 3 e, = 000, 

. . . ... - x, 
a + xu - e, = + '129, - x, 

1 8 x ~ ,  -gx17 + 8 x 1 6  - 2 7 x 1 ~  - e4 = + 11.0,  x4 

Equations between the Factors 

No. of I Value of I Values of the 
Factors 

Adopted Errors 

X18 = + U * 1 ~ 2  Xlb = +"*017 

xu = - '236 x17 = - -146 

x,, = + '124 x,, = + '125 



REDUCTION O F  THE NORTH-EAST QUADBILATERAL. 

Anal Egural Adjustment: of tL Non-Circuit IFMngles. 

Agure 27. 
I 

Triangle 631. 

Constants (from pages 68-x and 69- ). x 
Contained Angle. 

XXIII to XXIV Logfeet 4'7887494,7 
XXIV ,, XXVII 

) ... a ... 67' 3' 35".612 ,, 4-9164447,s 

Equations to be satisfied. Adopted Errora. 
- 

X l 4  + Xl, - + '055 I x14 - - 
- - '398 - 8x15 - 2 % ~ ~ ~  - +12.4 SIC - + -453 

Figure 28. 

. 
Triangles 655 and 656. 

Constants (from page 69, ). 
X 

Contained Angle. 
XXVII to XXVIII Log feet 408923854~4 
XXVIII ,, XXXI ) ... a + l o  ... 1430 2' 7".016 

2, 4' 7650326,4 

Equations to be satisfied. Fador. 

xl, + x14 + '15 ... = q = '000, 
- x, 

x1, + X l l  + x, ... - q =  '-, - x, 
Xls + =lo ... . . . - es = - -109, - x, 

26 x,, - 1 + 13x1s -15x11 - e4 = +rm1,  A4 

Equations between the Factora 
Valuee of the 

Factore 

= + -023 

& = + '027 

x,=- '079 

A, = + '001 

No. of 
e 

1 

2 

8 

4 

Adopted Errora 

x10 = -". 052 Xls = -#*057 

xll = + -016 x14 = + ,017 

xls = + '036 x,, = + ,040 

Value of 
e 

*ooo 

-000 

- 109 

+ I . I  

Co-efficient8 of 

x, x, x, A4 

+ 3  ... + I  + 16 

+3 + I  2  

* + 2  ... 
+ 1170 



ASSAM LONGITUDINAL SERIEB. 

Final Figural Adjwtments of the Non- Circuit Triangles. 

ETgure 29. 

Figure 80. 

. . 

Triangles 657 and 658. 

Constants (from page 69, ). 
X 

Contained Angle. 
XXXI to XXXII Log feet 4*8665228,7 1 ... 18+1o ... 108" 38' 50"-647 
XXXII ,, XXXV ,, 4' 849611 127 

Equation8 to be satisfied. Fador 
x18 + x14 -I- x ~ 6  .a. = q =  000, - x, 
Xlo + X11 + XIS . . . - e, = 000, . . . ... - e, = - '071, - x, 

+ Xl0 - x, 
1 - 1 3 ~ ~  + 1 7 X ~  -g x l l  - e4 = - 2.0, A4 

Triangle 659. 

Constante (from pagee 69- and 70-J. 
X 

Contained Angle. 
XXXV to XXXIV Log feet 4*9173907,4 ... 8+8  ... 89" lg '  oW.%~3 
XXXIV ,, XXXVI ,, 4-8625396,o 

Equationa to be satisfied. Adopted Errore. 

x1 + =4 
- - + '133 I x1 - - + "-064 

24x4 - l g x l  = + '5 ~4 - + -069 - 

Adopted Errors 

x10 = -"*026 x18 = -W.oq5 

xn = + -063 x14 = + '059 
x,, = - '037 x16 = - -014 

Values of the 
Factors 

x,= + -009 
= t .oz8 

x,=- ' 054 

x4 = - -004 

Equations between the Factore 

No. of 
e 

1 

2 

3 

4 

Value of 
e 

'OOO 

000 

- '071 
-2.0 

Co-efficient8 of 

x, x, x, x4 

+3 ... +I - 7 

+3 + I  4 - 8  

* +z ... 
+ 575 



REDUCTION OF THE NORTH-EAST QUbDRILATERATr. 

Anal Rgural Adjwtments of the Nun-Circuit Wangles. 

Agure 81. 

+ 

Triangles 660 to 662. 

Constants (from page 70,= ) . 
Contained Angles. 

XXXVI to XXXVIII Log feet 4.810851 2,s , + , 1550 37t 45.509 
XXXVIII ,, XLI rr 4'8298638,5 
XLI r, XLII ,, 4*6441840,8] * ' *  B + 1 6 " '  

134 6 6 -916 

Equations to be satisfied. Factor 

x4 + x6 + X, ... - e, = *-, X, - 
% + % + %  ,.. = % =  ' 000, % 
Xia + Xu + 4 s  ' ... - e, = - 000, x, 

... ... x4 + LI - - e4 = + .113, '4 

... ... x, + X16 
- - e, = + ao26, b 

21 XL - 21 xg + '3% - ' 5 4  - - ea = - 5-2, X, 

l o% - I3'8 +3Ix17 - gX18 - - e, = - 6.3, % 

Adopted Errors 

X4 = +"'093 4 = -"'003 

x, = - .165 x, = + '029 

% =  + '072 xi,= - '175 

x,= + -ozo x,,= + -146 

% = - -017 

Vduea of the 
Factore 

X I = - ' 0 4 8  

& = - ' 0 4 5  

= + '073 

x4 = + '143 

X, = - -044 

X, = - -006. 

A, = - -008 

Equations between the Factors 

Co-efficient8 of 

% % % ' 4 ' 6  h % 

... + 3  ...... + I  ... o 

+3 ... + I  + I  - % - 3 

+3 ... + I  ... + 22 

+ 2  ...... + 10 

* + 2  - 15 ... 
+1276 - 169 

+1311 

No. of 
e 

1 

2 

8 

4 

5 

6 

7 

Value of 
e 

-000 

'OOO 

-000 

+ '"3 

+ -026 

-5-2 

-6.3 



ASSAM LONGITUDINAL SERIES. 

RnaE +ral A&wtments of the Non- Circuit Piangka. 

Efgure 32. 

Emtern Frontier Serier--Section 23' to 26O.-Sides curd Angks of the Non-Circuil 2Wangk8. 

L 

, Triangles 663 and 664. 

Comtants (from pages 70- and 7l,=). 
X 

Contained Angle. 
XLII to XLTII Log feet 4'9416973~7 
XLIII ,, XLIv ,, 4' 9569482J9 ... 4 . . . 30' 49' low. 767 

Equations to be satisfied. Factor 
= a + % +  xs ... - - e, = + -260, - - e , = .  

x, 
1, + X8 + x, + =a '000, - x, 

25xS - I O X ,  +(x,+x,) - 22% - e, = + '3, Xa 

Equations between the Factora 

s. 

.$ 
Frr 
0 

: 
e 

33 

,, 

,, 

Valuea of the 
Factors 

% =  + '249 

X, = - -182 
x , = -  -008 

No. of 
e 

I 

2 

8 

Adopted Errors 

=a=  + ' O Z I  ~ , = - ' 2 0 3  

x, = +*127 x, = - -036 

x 6 = + * ~ 1 a  

- 2 2  
M 

.2 

.;; 

E l $  
l Z & ,  
% & E  --- 

694 

693 

692 

Value of 
e 

+ -260 

'000 

+ '3 

Co-efficient8 of 

% x, Xs 

+3  + Z  + 16 

+ 4  - 30 

* +1191 

2 * 
d 

g 

c 

P 

5 
O 

5 
4 
6 

8 
7 
9 

10 
1 1  
12 

Serinl Letter 
and Number of 

Station 

X XLII 
W I  

II 

I1 
I 
IV 

I 
IT' 
V 

Corrected 

+ in Feet - - 
a 

2 
; Y E  

.g 
t; 
% 
U 
a T z  

Lopalitllm 
of Side-lengflr 

in Feet 

Corrected 
'Isne 

a 

2 
.c 
0 - 
2r 
ffl 

-= 
CD 

-c 

d 
4 s 

- 
0 I I1 

51 6 30.097 
74 50 58.391 
54 2 31 '512 

76 59 58.368 
52 25 32.077 
50 34 29'555 

60 12 49'190 
52 6 2.539 
67 41 8.271 

Serial Letter 
and Number of 

station 

I t  

-176 
' 177 
'176 

176 
' I 76 
-175 

'207 
'206 
-207 

4-6738200,1 
4'7672901,8 
4.6yo8428,z 

4*7746698,6 

33 

2 2  --- 

G91 

690 

689 

I 

0 1 1 1  

81 28 58.526 
46 5 2.255 
52 2j 59'219 

58 16 2-65' 
66 46 24'543 
54 57 32'806 

47 55 19.779 
75 29 

4'6849799.3 
4'6738200,1 

4'7469359.7 
4.7056018,~ 
4'7746698,6 

5 
iZ 

20 
19 
2 1 

32 
23 
24 

33 
31 

33 

(I, 

11  

.~~1,4~8430426,8 
'zzr 4.7054065~6 
.221'4'7469359,; 

-365 4'8595758,o 
'366 4'Sg318S6,4 
-365 4'8430426,h 

'355 4.8085512~3 
9.9731.356~4.923924793 

,, 

,, 

W ~ V  
v 
rrr 

V 
rrz 
VIII 

7x1 
VIII 
IX 56 35 30.248 '356'4'8595758,~ I I 



70 REDUCTION OF THE NORTH-EAST QUADZLILATERAL. 

Eastern Frontier Series-Section 23' to 26O.-Side8 and Angles of the Non-Circuit %angles-(Cantinued). 

,, G7S 23 XSI Gi? 7 XSXVI 87 59 47.431 -255 4'9242647,4 
24 I 9 .Y~;SJ'III 31 48 I O . S ~ ~  .254 4.6463412~1 

" 

?G I 6 XXSTIII 40 32 42'550 '203 4.6(;74955,8 
,, 6 5 L Y I  3 1, 5 s  4 2  33 '3 '7  '204 4's541105,6 

27 XXIV 6 XLI  50 44 44' I33 '203 4'7434546,q 

53 ST111 8 XLI  83 8 13'010 -204 4.8341 rzo,7 
,, GS2 54 sx X I> 54 17 3 j ' s 4 9  '20314'74h79sS,0 

5 X X r I  9 XLrII  42 3 1  I I '441 '203 4'66749 j j,> 

37 X X T I  10 3 r d  41 34 23'8571'229 4.6735785.4 
,, (is1 33 XX X L ~ I I  64 37 I .650 .zz9)4.80;59i4,2 

32) XXIII 12 XLIV 73 4s  34 '493 '230 4'8341120,: 

51 ~ T I I I  20 XLIII  52 32 7.460 -209 4 7503366.9 
,, GSG 49 S-1-7-1 SLIV 8 j 46 16.980 .zoq/4 84g4S03,5 

50 d'F-kl-lz 21 S L V  

49 - 1 1  

47 I 7 

45 XSI-'T 6 

,, 651 43 .y.sr.r 
4 1  I F + i  L 

4 2  XI'J-III 7 L 
,, GS3 .to ssr-I 93111g.114-3004.y531653.c 

'11 XXIII XLVII 49 gS 3 9 . ~ ~ 7 " 2 9 9  4 8429506,1 

I i I 

Corrected 
Plane 

0 1  n 

42 32 52.506 
92 33 41'148 
44 53 26.345 

63  9 27.522 
56 42 26-87s  
60  S 5.600 

44 I I 5.081 
1 0 2  56 16.740 
33 2 2S.179 

36 48 48.065 
, 42 44 9 '231 
IOO 27 2.704 

60 12 I '$39 

Serial Letter 
and Kuniber 

of Station 

~ S X V  
XYX 
I 

X-TXI 
XXX 
XSSIII 

XSSTII 
SxXr 
XYXIV 

XSSIV 
SXSJ-I 
X L Y x r ~ ~ ~  

X-T- 'E~~TI 

* m 
V 

2 

* 
7 
=.t 
w> - 

11 

,361 
-362 
.362 

'299 
'29h 
.z9H 

'307 
.307 
'306 

.172 
'172 
'173 

'255 

tr - 0 
G 

36 

,, 

37 

m 
> 

3 
C 
Ca 
(II 

- 

I I  

' 270 

'269 

' 5  j 2  

'g 

r, 

i 
FkC 

34 

s. 

TD 
2 

5 
*. 

.C 
'4 

5 
4 
6 

8 

Lognrithm 
of S~de-length 

in Feet 

4.821500~,1 
4.990986S,r 
4'8400754,F 

4'8338686.3 
4'S055242,9 
4 '8215002,~ 

4'8531413.8 
5 mm38;,c  
4'74;7952,9 

4.6463312,1 
4'7003886,6 
4'8614971,5: 

4 .8629347,~ 

Logarithm 
of Slite-lengtll 

m Feet 

4'9777804.7 
. 2 ~ 0 ~ . 8 1 5 2 0 6 0 , 6  

4'733615899 

4'S983083,1 

C1 

5' - - . .  
t a d -  

'= 

3 

2 
- D  
= c 5  
- - A  

g --- 

638 

9 . 2 2  
Z F C F  2 

2 :  
g --- 

G7G 

675 

Gi4 

,, 
- 
35 

,, 

7 
9 

5 
s 
6 

8 
7 
9 

23 

4 

d 

2 
ZC 

IS 
13 
14 

12 
10 
11 

R 
6 + f  
8 

1 
35 Gi3 

Serial Letter 
and Kumber 

of Station 

WIX 
X I  
X I I  

X I I  
6S7 

GSO 

G79 
5 
4 
6 

8 

Corrected 
Plalle Angle 

o I I/ 

104 56 40.515 
41 38 32.701 
33 24 46'754 

48 3 12.920 
XI 
XIV 

XIV 
XVI 
X T I I  

X ~ I I  
XVI 
XIY 

XIX 

68 40 41 .269 .553  
63 16 5.811 '552 

56 27 14.871 
39 28 56.703 -249 

4 9960767,s 
4'9777504,; 

.2504~8101168,5 
4.692 jSg4,h 

S4 3 4S'4261'2 4 . ~ 8 6 ~ 0 ~ 2 ~ 6  

42 16 38.820 -205 
63 26 3 8 ~ ~ 9 0 ~ ~ 2 0 h  
74 16 42'690 .zo6 

4.6545105~9 
4 . 7 7 8 2 5 ~ 7 ~ 9  
4.810116S,5 



EASTERN Z'RONTIEB SERIES--SECTION 23' TO 26". 

Anal  Figural Adjwtrnenta of the Non-Circuit Kangler .  

Figure 33. 

* 

Triangles 694 to 689. 

Constants (from pages 81 - i  and 82-4. 

Contained Anglee. 
XLII to I Log feet 4.6908426,~ ) 4+7+10 ... ... 187~29 '20"~201 
I , , v  ,, 4' 7056020J6 ] 11+19+22 ... I72 2 I3  -872 ... 
v 3, vllI >3 4'8931899J4 ... 
VIII  ,) 1x 

... ] %+a1 130 26 43 -678 
JJ 4 '  ' 0 ~ 5 5 3 9 , ~  

Equations to be satisfied. Factor 
... 4 .+ Xc + xs . . a  a , .  

- = el - '000, XI 
... ... ... = %  = '000, Xp x7 + X8 + "9 ... ... ... Xl0 + x11 + x19 - = es - - - .-, X, 

... ... - e4 - ... x19 + x, + $1 '000, X4 

... ... = e6 - '000, X6 ... x99 + xps + =94 
- 

... ... Xs1 + 9 . + Xaa . . a  

- = e, - '000, A* 
... ... ... xc + LI + Xlo =e, = + *o17, A, 

... ... ... 4' '19 + x~~ = e, = + -098, X, 
... ... ... ... x94 + Xs1 - - e , = -  

- "78, Xp 
r7x, -r5xa + 4 x 8  -18% +16xll - 8 x l ,  - ~ I O  = - 4-73 

- A10 
I Z X , ,  -16xll + 3 x ,  6 + g x ,  - I ~ x ,  - el, = -10.4, A,, 

... ... 13x2~ - 9 %  +19Xs9 -14x5~ = e19 = - l 3 '  73 

Equations between the Factors 

No. of 
e 

1 
2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

Value of 
e 

-000 

' 000 

• 000 

' 000 

'000 

*ooo 

+ -017 

+ -098 
- -178 

- 4.7 
-10.4 

-13.7 

Co-efficient8 of 

x, Xp x, A, A, x, x, X, h, A10 X l l  A19 

+3 . . . . . . . . . . . . . . .  + I  . . . . . .  + !a ... ... 
+3 . . . . . . . . . . . .  + I  . . . . . .  - 14 ... ... 

+ 3  . . . . . . . . .  + I  + I  ... + 8 - 4 ... 
+ 3  . . . . . . . . .  + 1 ... . . . .  - I3  ... 

+ 3  . . . . . .  + I  + I  ... - 5 + 4  

+ 3  . . . . . .  + I  ... ... + 5 
+ 3  . . . . . .  ... + 1 2  ... * ... + 3  ... - 8 + 13 

+ 2  ... - 14 ... 
... +1174 -256 

+g42 - 8~ 
+ 807 

d 



REDUCTION OF THE NORTH-EAST QUADRILATERAL, 

Anal Figural A@s'wtment8 of the Non-Circuit IIFiangk8. 

Figure 33-(Continued). 

Values of the Factors 

X, = - -072 A, = + -234 . 

X, = - -118 X, = + .zzo 
X,  E - -165 X, = - '387 

X4 = - -192 ho=  - '009 
X6 = + '043 = - -027 

A,, = + *170 hS = - 0025 

Adopted Errors 

x, = +"a161 xI0 = -"- 259 x, E -"*056 

xS = - 0217 xll = + -134 ,x, = + ,017 

'a = + '056 XIS = + 125 ]Lpr = + '039 

x, = + -115 xlO = + -029 xsl = - -217 

x8 = - -15% % = - '274 xSs = - -296 

x,, = + '037 Xnl = + '245 Xga = + '5I3 

t 

Triangles 688 and 687. 

Constante (from page 82,ip). 

Contained Angle. 
IX to XT Logfeet 4'7336184,r 1 ... 4+? . 110' 19' 15~'00'/ 
XI ,, XIV ,, 4'8983116,8 

Equations to be satisfied. Factor 

4 + XI + X6 . . . = q r  ' 000, x, 
x , + = s + 4  ... = % =  ' 000, - x, 
x4 + X, ... . . . - e8 = - '214, - x, 

- 6 x s  -32x6 + ~ g x ,  - 10% - e, = -8.5, X4 

Adopted Errom 

X4 = -'" 165 q = -"-049 

xb = - -014 x8 = - -083 

Values of the 
Factora 

X I =  - ,058 

X , = + . 0 5 8  

& =  - -107 

Equations between the Factora 

Co-efficient8 of 

x, x, x, X4 

+3 . . . + I  - 38 

+ 3  + I  + g 

* +a  ... 

I l x 6 =  
+ '179 s o =  + '132 

+1521 X4 = - '007 

No. of 
e 

1 

2 

3 

4 

Value of 
e 

-000 

*ooo 

- '214 

-8-5 



EASTERN FRONTIER SERIE8-SECTION - 23' TO 26". 

Final EFguraZ Adjwtments of the Non-Cil-cuit Triangles. 

Figure 35. 

Figure 85- (Continued). 

i 

Triangles 680 and 679. 

Conetauta (from page 83, ). w 
Contained Aagle. 

XIV to XVI Log feet 4-8869088,7 ... 4 + 7  ... 102' 55' 36".226 1 XVI . ,, XIX ,, 4 ' 6545 1 64,5 

Equations to be satisfied. Factor 

... X4 + XK + Xa - e, = • 000, 
- 
- x, 

... X7 + X S  + He - ep = ' 000, - A, 
... ... X4 + X? - e , = - -  '578, X, - 14x6 - '8 + 23x5 - 5x0 - e, = -22-5, A4 

Triailgles 678 and 677. 

Constallts (from page 83- ). w 
Contained Angle. 

XIX to XXI Log feet 4'8438064,8 ... ... -XXI ,, XXlV 1 22 + 25 I 14'. 54' 48". 690 
I, 4'  9730249,6 

Equations to be satisfied. Factor 

... Xsa XB + xa = e, = ' 000, 
- X t 

... $6 + XM + Xv - e, = '000, - e 8 = -  
x, 

... ... X%S + $6 ' 706, - A8 
14xB -12x ,  + 3xaa - Z I X ~ ,  - e, = -16.0, A4 

t 

Equations between the Factors 

Values of the 
Factors 

$ =  + -478 

& = + * 5 8 0  

% = - -818 

, A4 = - '051 

No. of 
e 

1 

2 

3 

4 

Adopted Errors 

x, = -''-338 x, = - " a  240 

x6 = - -226 xg = - '57' 

x, = + *564 x9 = + ,811 

Co-efficient8 of Value of 

e I j  x, A, A4 

.ooo 

• 000 

- -578 

-22'5 

+ 3  ... + I  + 1 2  

+ 3  -t r + I S  

* + a  ,.. 

4-754 



REDUCTIOR OF THE NORTH-EAST QUADRILATERAL. 

Final Egural Adjwtments of the Norr-Circuif Triangkr. 

Figure 35-(Continued). 

Figure 35-(Continued). 

\ Triangles 686 to 681. 

Conetants (from page 83, ) . , w  

Contained Angle. 
XVIII to XX Log feet 4.8024459~5 I ... ... sr~+s8 137' 32' 10"~310 
XS ,, XXIII ,, 4-9268,573,8 

Equations to be satisfied. Factor 

... ... . . .  = el - ' OW, Xss + Xss + X5r 
- h.I 

... ... xro + xso + X5l  ... = %  = '000, x, 

... ... . . .  XM + X47 + X l a  = e, - ' 000, An - 
xu + x, + r, ... ... ... = e4 = .OOO, x4 

. . .  XU + ~ 4 l  + ~ 4 s  ... ... = e6 - 'GOO, A6 
- 

.. .  ... xs7 $. X a  + XYP ... = e,, - • 000, 
- 

x, + x, ... . . .  . . .  . . .  = e ,  = + ' 524, x, 
x , , +  x , , +  x u +  x , +  x , +  x,7 - = e, - -000, X, 

24xss - x  + x3, -30xSP ... . . .  = e, = - 8 ' 3, X, 

5 xC4 - 11 xG3 + 4 xgl - 18 xW + 9 - 9 xb7 - e,, = - 9.2, 40 
+19x4 - x, +14x, -19x+, + xs7 -12x, 

Adopted Errors 

xpp = -''a286 xpS = -"-420 

x = - 1 1 7  % = - -029 

% = + '403 Xn = + '449 

Values of the 
Factors 

% = + - 1 6 3  

b = + - 0 3 0  

& = -  ' 449 

X4 = - ' 0 2 0  

Equationa between the Factora 

Co-efficienta of 

A1 A, x, A4 

... + 3  + I + 2 

+ 3  + I  - 1 8  

+ 2 ... * 

$790 

No. of Value of 

1 

2 

3 

4 

-000 

• 000 

- 706 

-16.0 



EABTERN FRONTIER SERIE8-SECTION 28' TO 26". 

Final Figural A@'ustments of the Non-Circuit %angler. 

Figure 35- (Continued). 

Equations between the Fnctora 

Co-efficients of 

x, % x, A4 x, X, x, x, x, 4 0  

+ 3  ... ... ... ... ... + I  + I  + 13 - 6 

$3  ... ... ... ... ... + I  ... - 14 

+ 3  ... ... ... ... + I  ... 0 

+ 3  ... ... ... + I  ... + 18 

+ 3 . . .  ,.. + I  . . .  - 5 

+ 3  + I  + I  - 29 - 1 I 

Y + 2 ... . . .  - 7 

+6  - 10 - 10 

+1598 + 1 2 2  

+ 1712 

No. of 
e 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Value of 
e 

-000 

'000 

' 000 

-000 

' 000 

' 000 

+ '524 

• 000 

- 8 - 3  

- 9.2 

Values of the Factors 

X, = - .146 X, = - a268 

X, = - -045 )LI = + '450 

x , = -  '020 Xg = + '060 

h4 = + '012 &, = - -008 

X, = - -029 = - .005 

Adopted Errors 

XS7 = - "' 222 X, = +"'073 Xa = +"'015 

XQB = + 0247 X, = + .or7 X, = + '052 

xgp = - '025 xu = - .090 xbl = - -067 

x, = + -031 xu = + -040 x,, = + a063 

X41 = + '074 X, = + '029 Xsg = - '3.10 

x4, = - -105 xu = - -069 x,, = + 0277 



REDUCTION OF THE NORTH-EAST QUADRILATERAL. 

Final R p r a l  Adjustment8 of the Non- Circuit Trkngle8. 

Rgure 36. 

Figure 37. 

Triangles 676 and 675. 

Constants (from page 84- w). 

Contained Angle. 
XXV to XXX Log feet 4'8400819,2 I ... l s+ lo  ... 149' 16' 8"*332 
XXX 3, XXXIII 3, 4*8338755,4 

Equatio~is to be satisfied. Factor 

X i s  + '14 + X l i  ... - e, = ,  ' 000, 
- 
- X l  

Xio  + X ~ I  + Xln . . . - ep = ' 000, X, 
X1s + Xl0 ... ... - - es = 

- + '354, - e4 = -4.7, 
x, 

23 XI, - 22 X14 + 1 I Xi9 - I 2  Xll A4 

Triangle 674. 

Constants (from page 85-w). ' 

Contained Angle. 
XXSTII to XXXV Log feet 4.7478019~6 
XXXV ,, XXXIV ,, 4.8531484~0 ... 6 + 7  ... 102' 56' 17"*315 

Equations to be satisfied. Adopted Errors. - x, + x8 - + .268 - + "'097 I *6 
- 

22 x6 - 3 3 %  = - 3'5 '0 - - + . I ~ I  

b 

Equations between the Factors 

Values of the 
Factors 

X , = - - 0 8 7  

& = -  -090 

X, = + .266 

A, = - '004 

No. of 
e 

1 

2 

3 

4 

Adopted Errors 

x10 = +"-176 xl, = +".178 

X1, = - -046 x,, = - -007 

xis = - '130 x16 = - - 1 7 1  

Value of 
e 

.OOO 

'000 

+ * 3 5 4  

-4'7 

Co-e5cients of 

A1 A9 x, A4 

+ 3  . . . + I  + I 

+ 3  + I  - 1 

* + 2  . . . 
+1278 



EASTFZN FRONTIER SERIES-SECTION 23" TO 26'. 

Final Figural AGurtments of the Non- Circuit lEangles. 

Figure 38. 

Figure 39. 

Triangles 673 and 672. 

Constants (from page 85, v). 
I 

Contained Angle. 
XXXIV to XXXVI Log feet 4-  8615048~5 I ... 4 + 7  ... 130' 43' 57".584 XXXVI ,, XXXVIII ,, 4.86~9436~1 

Equations to be satisfied. Factor 
x, + x, + x, ... - e, = • 000, 11 - 

... LI + = a  + x 9  = % =  ' 000, - - % = -  
x, 

... ... X4 + % '4g2J - - e, = - 11.2, 
x, 

28x6 + 4% + 1 2 X 8  - 34 x9 X4 

Triangles 671 to 668. 

Constants (from pages 85, and 86, ). 
W W 

Contained Angles. 
... XXxvlll XL feet 4' 7434937,' ] ... 4 + 7  + 10 1a40 348 33u.'157 

XL JJ XLIV JJ 4.8076063,5 ... 
XLIV ,J XLV JJ 4.7503458~6 1 l S + l D  159 34 52 '365 

Equations to be satisfied. Factor 
x, + x, + x, ... ... ... - e, = '000, X1 - 

... ... ... - eg = '000~ Xp '7 + "a + X9 
- 

... ... . a .  Xl0 + X l l  + XIS 
- - e8 d - ' 0 0 0 9  x, 

... ... . a .  XIS + % + XSI - e4 = *moJ h4 

... ... ... x4 + "7 + Xl0 
- - e 6 = -  
- ' 398, X6 

... ... ... XIS + '10 ... e , = -  '4533 Xs 
24x6 - 1 7 ~ ~  + 3 X 8  -23% + I O X I 1  - 6 x l S  = % = + -9, - - e, = -  

h7 
23xl0 -lox,, +16+ -234, ... ... 3'4, 5 

Equations between the Factors 

Values of the 
Factors 

% = + - 2 1 3  

& = + '072 

x,= - ' 389 
X4 = - -008 

Adopted Errom 

x,= -"-176 x, = -"-316 

x, = - -005 x,, = - - 0 2 2  

x, = + -181 x, = + ,338 

Co-efficienta of 

XI x, Xs X4 

$ 3  ... + 1 + 32 
+3  + I  - 22 

+2 ... * 
+2100 

No. of 
e 

I 
2 

3 

4 

Value of 
e 

-000 

' 000 

- '492 
-11-2  



REDUCTION OF THE NORTH-EAST QUADRILATERAL. 

Final Figural Adjustments of Me Non-Circuit Triangles. 

Figure 39-(Continued). 

Figure PO. 

Triangle 667. 

Constants (from page 86- ). w 
Contained Angle. 

XLV to XLVlI  Log feet 4'8679957,o . . .  1+8  ... 
XLVII ,, XIAVIII  ,, 4.6927431,4 ' 0 7 O  55' 15"' 543 

Equations to be satisfied. Adopted Errors. 
x a + q =  - '358 - - '" I 20 I Xa 

- 
39xa - i 1 x 7  - - + ' 3  X7 - - - '238 

Equations between the Factors 

Figure 41. 

Values of the 
Factors 

X1 = + -088 

% = + '095 
X , =  +-141 
X4 = + -225 
X, = - -279 
X,  = -  '412 

$ = - '001 

4, = + ,001 

Tria~~gles 666 and 665. 

Constants (from page 86, ). 
W 

Contained Angle. 
XLVIII  to XPIX Log feet 4 -  9 17933 1,2 ... ... XLIX ,, XLVII ,, 4.7366317,9 } I 34' 58' 58".437 

Equations to be satisfied. Factor 

Xs + '6 + x7 + xs - el = • om, - 
- x, 

... Xa + X7 + r, - ea = + ,064, - ha 
16x5 - 8(x6+x7) + 2 8 x 7  - 1 8 x p  - eg = - 3'0, h, 

Adopted Errors 

x ~ = - ~ -  184 xlo = -'" ozz 

x 6 = +  -076 x l1=+ -204 
x g = +  -108 x14=- -182 

q = -  -192 x19=- -271 
X, = +  '088 xQO = +  -162 

Xg =+ 'I04 Xpl =-j- '109 

Co-efficienta of 

A1 x, x, A4 A6 A6 x, 4, 

. . . . . . . . .  + I  ... + 7 ... 
+ 3  . . . . . .  + I  ... - 2 0  ... 

$ 3  ... + I  + I  + 4 +  13 

+ 3  ... + I  ... - 7 
+ 3  ... ... + 23 

+ Z  - 6 ... * 
+1539 - 100 

+I414 

No. of 
e 

1 

2 

3 

4 

5 

6 

7 

8 

Value of 
e 

' o o o + 3  

.OOO 

• 000 

'000 

- -398 

- '453 

+ - 9  
-2.4 



EASTERN FRONTIER SERIES-SECTION 23" TO 26'. 

Final Figural Adjwrtnaents of the Non-Circuit lYia?tgles. 

Figure 41-(Continued). 

Brahmaputra Series.-Sides and Angles of ihe Non-Circuit Triangles. 

Adopted Errors 

x ,=+".063  x,=-"-038 

x 6 = -  '045 X,= + '039 

X 6 =  + '044 

Values of the 
Factors 

X , =  + -018 

X g = +  '012 

h,= - '003 

Equations between the Factors 

to 

O 

.' 

42 

,, 

CO-efficient8 of 

Xl x, Xs 

+q + 2 + 28 

+ 3 + 2 

* +I044 

No. of 
e 

1 

2 

3 

Value of 
e 

-000 

+ ' 0 6 4  

-3'0 

c v "  
g y J =  .z 

E; 
% 

k r Z  4 ; -  
2 2 :  

--- 

635 

G3G 

I 

n 
0 

4 - .: - - 
2. 
(I) 

- 
,I 

. 2 2 0  

. 2 2 0  

' 171 
619.322 '1714'6603h41,9 

7 3 4 9 5 5 ' 1 7 1 ' 1 7 2 4 ' 7 5 7 9 1 j 7 , 3  

Lo~nritl~m 
of Sttle-length 

in Feet 

.2193'7299258,2 
4.7724660,; 
4.7604610,~ 

4'6943354,2 

. . j rg , -zor  
13 G37 

4'7417636,4 

Corrccted 
Plane Angle 

tD ,, 
k 
o 
6 

." 
F 

IV 

Corrected 
Plane Angle 

0 1  r l  

Serial Letter 
and Number of 

Station 

'233 4.76 5 4 1 4 1 , ~  

a 2 -  

?' 5 5 . - 
Lo~nritl~m Soriel Lctter 
Side-lcngtll 6 nnd Number of 

.? in Feet 2 5 Station 

59 44 29'810 
4'7744137,I 
4.6943354,~ 

4.7656292,~ 

5 
4 
6 

8 
7 
9 

UJ 

- 

4 
6 

8 

- to '4 % .- 
I 

8 

.233/4. i7~i i88,~ 
' 233 4'76223931i 

-226 4'739220j,' 

U X.1 5894: 46'821 
y I 6 0  14 36.844 

' 2 1 2  4.7403794,s 
- 2 1  2 4.7172 196,~)  
' 2 1 2  4.7506299,: 

I 
II 

II 
I 
IV 

VI 
IX 

I I  
XI 
XZI 

XZI 
XI 
XIV 

XIV 
s r ~  
XPII 

VI 
I 

I 

' 201 

- 2 0 1  
' 2 0 1  

xsrr 

5 
4 
6 

8 
7 
9 

5 
4 
6 

44 

,, 

45 

. 2264 .76 j4141 ,~  

'23' 4.783'9026,j 
'235 4'74863h6,; 

.22614.7i669~9.c 

61 2 36.335 

64 46 55.487 
54 24 32.161 
60 48 32'352 

63 44 28.992 
60 54 19.245 

63 28 49'287 
55 36 2 j.!40 
60 54  44'bb3'.235 

55 20 56.354 
58 30 47'563 
66 S 16.083 

59 15 36.354 
62 55 1o.gS5 
57 49 12.661 

61 13 23.657 
59 2 "533 

55 21 11.763 

8 
45 

4.7j58675,~ 
4.7095 557,; 
4'7403794,5 

60  r I 

6 

640 

641 

'223 
'224 
' 2 2 4  

v 1rr1 54 41 21.340 
XVI '64 I I 10.560 

61 7 28. ICO 

4.7735365,b 

4'7378137,c 
4.7534360,0 
4.7S3So26,4 

- 2 2 9 4 ~ 7 6 0 4 6 1 0 , ~  

6 
4 
6 

6 

8 
7 
9 

6 
4 
6 

8 
7 
9 

7 
9 

5 

46 

,, 

49 

,, 

,, 

SIX 
XSI 
x m  

I 

I 
SXVIII 
x~sr 

ssv 
XSSIII 

XSI 
XXV 

SIV 

'230~4-775$871,& 
'229 4 . 7 5 3 7 8 ~ 7 ~ 3  

I 

613 

GkG 

_I 

GI7 

648 

611 

56 3 45'507 
50 

69 2 8 .78  j1'201 

jo  56 49.496 ' 2 0 1  

58 27 32'374l.239 
a 47 

X X U P  56 19 46.457 

X s r n I  
63 I 40'86s .23), 4.78 jo430,6 

I I 56 56 25'494 '225 4'745'3423~2 

G15 58 30 46.759 .z3oI4.7658~01,c 

61 38 8.6 14 * 225 
61 2 5 Z ~ . S ~ Z ' . Z Z  5 

63 47 23 '088 '227 
595250'455'2274'7614r86,;  

~~ j605000 , ;  
1'765629z,o 

4'7772907,~ 



80 REDUCTION OF THE NORTH-EAST QUADRILATERAL. 

Brahmaputra Series.-Sidcb and Angkd of the Non- Circuit IFianglas- (Continued). 

I 2 
U 

Serial Letter Loprithm Corrected - 
of Side-length Plsne Angle .; 

Station Station - in Feet 
0 .-- 
9, 
m 

29 - 
,, 650 25 

26 X L 

i 

I4 X XXII 31 3 1  23'9921'307/4'770;02~,f 
I 

Anal Rgural Adjucrtrnentr of the Non-Circuit mangler .  

Egure 42. 

Triangles 635 and 636. 

Constants (from page 7l,,, ) . 
Contained Angle. 

XXI to I Log feet 4 '  7506376~5 
I J, 1v ,r 4 '  7558749,9 I ... 4+7  ... " 4 O  39' 9W'9'5 

Equations to be satisfied. Factor 
X4 + X, + xu . . . - e, = '-J 

- 
- x, 

X7 + X8 + xs . . . - e, = ' - A, 
x4 + x7 . . . . . . - es = - -497, - x, 

13x6 - 11 xu + 10% - 1% xS - e4 = i - 2 ' 3 ,  A4 

Equations between the Factors 
Values of the 

Factors No. o f ,  
e 

Adopted Errors 

1 
2 

8 

4 

Value of 
e 

Co-efficient8 of 

Xl x, x, X4 

*ooo 

' 000 

- *497 
+2'3 

+3 ... 
x4 = -"- 351 x7 = -'I-, 246 

x,= + - 1 7 7  x,= + -170 

xu = + '074 X, = + -076 

- 



BRAHMAPUTEA SERIES. 

Final FEguiwal Adjustments of the Non-Circuit Triangles. 

Figure 44. 

9 

Triangles 637 and 638. 

Constants (from page 72, ). v 
Contained Angle. 

1V to V I  Log feet 4'7622469,4 ... 4 + 7  ... 124' 57' 58".594 1 VI ,J IX J, 4'7392280>0 

Equations to be satisfied. Factor 

... x, + x, + x, - - e, = ' 000, - Xl 

... X7 + Xe + Xo - ep = ' 000, - e 3 = -  
x, 

. . .  ... x4 + x7 - '486, x, 
12 Xr - 1 2 ~ ~  + 1 5 x ~  - I Z X ~  - e4 = f 1.2, x, 

Triangles 639 and 640. 

Constants (from page 72, v). 

Contained Angle. 
IX to XI Log feet 4-7735439,7 ... ... XI J, XIV I 4+7  114' 7' rqff*r5g 

IJ 4'73782x ~ , 7  

Equations to be satisfied. Factor 

x, + x, + x, ... - el = ' 000, - 
- h1 

... x7 + x8 + Xg - e4 = • 000, - x, 

... x4 + ~7 ... e , = -  ' 301, 
- x, 

I I xg - 1 2 ~ ~  4 - I ~ X ,  -10 xg e , =  - 2, X4 

Adopted Errors 

x4 = - N *  242 X7 = -"'24.( 

X, = + '137 xe = + '140 

x6 = + -105 x 9 =  + -104 

Values of the 
Factors 

X 1 = + ' 1 2 1  

= 3C '120 

% = -  ' 364 

Equations between the Factors 

No. of 
e 

1 

2 

3 

A,= + soor I I 

Value of 
e 

,000 

' O W  

- -486 

Co-e5cients of 

Xl % x, x4 

+ 3  ... + I  0 

+ 3  + 1 + 3 

* + 2  ... . 

"Io2 +657 



REDUCTION OF THE NORTH-EAST QUADRILbTERbIi. 

Final Figural Adjustments of the Non-Circuit Triangles. 

Figure 4 4 -  (Continued) . 

Figure 45. 

Equations between the Factors 

Values of the 
Factors 

X, = + ' 077  

Xg = + -078 

% = -  -231 

h4 = - -001 

Triangles 641 and 642. 

Constants (from page 73- ). v 
Coutiiined Angle. 

XIV to XVI ' Logfeet 4.7537901,1 1 ... 4 + 7  ... 127' 6' 22"-167 
XVI ,, XIX ,, 4'7298332,3 

Equations to be satisfied. Factor 

x4 + xg + x6 . . . - el = • 000, - 
- 

h.1 
X7 + X8 + Xu . . . - e, = • 000, 

- 
x, 

x4 + =I . . . ... - e, = - -172, 
- 

x, 
1 2  x6 - 1 4 x 6  +.15x,  - J X X ,  - e4 = - '3, A4 

Adopted Errors 

X4 = -"'I54 X, = -"'153 

x, = + -068 x, = + '064 

x, = + -086 x, = + -089 

Co-efficients of 

h.1 x, % A4 

+ 3  ... + I  - I 

+ 3  +I + 4 

* + 2 ... 

+ 56 r 

No. of Value of 

e e 

1 

2 

3 

4 

Equations between the Factors 

-000 

• 000 

- - 3 0 7  

- .z 

Values of the 
Factors 

X1 = + ,043 

& = + '044 

% =  - -129 

No. of 
e 

1 

2 

3 

Adopted Errors 

x4 = -"'087 X7 = -'/.085 

X 6 =  + '037 X e =  + '0.15 

I 4 
x,= + ,050 x,= + -050 

- . 3 1  1686 1 k4 = - 0 0 1  I I 

Value of 
e 

-000 

' 000 

- ' 1 7 2  

Co-efficient8 of 

A1 x, x, A4 

$3  ... + I  - 2 
I 

+ 3  $1 + 4 

* + 2  . . . 



BRAHMAPUTRA SERIES. 

Final Figural Adjuetments of the Nan- Circuit Triangles. 

Figure 46. 

Figure 47. 

Triangles 643 and 6-M. 

Constants from (page 73,v). 

Co~itained Angle. 
XIX to XXI Log feet 4'7579231,6 ... ... XXI ,, xxv 4'74177'019 ) r+7 l r g O  8' 28"-662 

,J 

Equations to be satisfied. Fact or 
X4 + X6 + X6 ... = . e l  = ' 000, - x, 

... X7 + 'a f XQ - e4 = ' 000, - x, 
... ... X4 f xl - e, = - '183, - X, 

lqx, - 7 x s  + 1 2 x ,  - 1 7 ~ ~  e , = -  ' 2, A, 

Triangles 645 and 646. 
a 

Constants (from page 7 L p  ) . 
Contained Angle. 

XXV to XXVIII Log feet 4 -  7850506,o ... ... XXVIII ,, XXXI I 4 + 7  1 ~ 0 ~ 8 ' 5 6 " * 1 5 9  , 4'7453498,7 

Equations to be satisfied. Factor 
. . .  x4 + x, 4- x, - - e, = • 000, - \ 
. . .  XI + Xe + XQ - e, = • 000, - x, 
... ... X4 + X7 - e , = -  '3'3, X, - I ~ X ,  - 1 x  + r q x ,  - 1 2 x ,  e 4 = -  ' 1 ,  X4 

Equations between the Factors 

Values of the 
Factors 

XI = + '047 

h p = + ' 0 4 5  

h, = - -138 

X4 = • 000 

Adopted Errors 

x4 = - n . o g ~  q = -"-092 

x ,=  + '041 x,= + -040 

X,= + '050 X,= + '052 

Co-efficient5 of 

X, X, x, X4 

+ 3  ... + I  4- 7 

+ 3  + I  - 5 

* + Z  ... 

+678 

No. of 
e 

1 

2 

3 

Value of 
e 

-000 

' 000 

- -183 



REDUCTION OF THE NORTH-EAST QUADRILATERAL. 

Final Figural Aq'justments of the Non-Circuit Triangles. 

Figure 47- (Continued). 

Figure PS. 

Triar~gles 647 and 6443. 
I 

Equations between the Factors 

I Constants (from page 74--). 

Values of the 
Factors 

X, = + -082 

X, = + -08; 

= - '243 
X4 = - '001 

Co~rtained Anele. 

Adopted Errors 

x4 = -"a162 % = -".161 

x, = + - 0 7 1  x, = + ,071 

x,= + ,091 x, = + -090 

Co-efficients of 

Xl x, ' As LA 

+,3 ... +I + z 

+3 + I  + 2 

* +2' ... 

+ 630 

No. of 
e 

1 

2 

3 

4 

" 
XXXI to XXXIII Log feet 4.7446676,7 
XXxIII ,J X x X v I  JJ 4 '  7676453>0 ... 4 + 7  ... 114' 11' 43".933 

Value of 
e 

-000 

• 000 

- ' 3 2 3  

- -I 

Equations to be satisfied. Factor 

Values of the 
Adopted Errors 

Factors 



BKAHMAPUTRA SERI EY. 

Final Figural Adjustments of the Non-Circuit I'riangles. 

Figure -l.8-(Co11tiiluec\). 

Figure 49. 

Triangles 64.9 and 660. 

Constants (from pages 74- and 75, ). . 
I -  r 

Cotltniacd tlilgle. 
XXXV to XXXVII Log feet 4'7875566,4 
XXXVII ,, XL 1 ... 28+25 ... I l l 0  10' 43"',557 ,, 4-  8085256,6 

Equations to be satisfied. Factor 

Xee + XoP + xQO ... - el = ' 000, - 
- 1 1  

X% + XSps + Xn . .. - e, = ' OW, - h9 
%a + I% . . . ... - e, = + '037, 

12xM - I I X ,  + g x w  -12 Xs8 - - ec = - 2.1, 
x, 
14 

Triangles 651 and 662. 

Constants (from page 76, ). r 
Contained Angle. 

XL to XLI Log feet 4*7511418,9 
XLI ,, XLIV 4' 7977912,' 1 ... I S + l O  ... 149' 28' 32"'590 

1, 

Eqaations to be satisfied. Factor 

X ~ s  + XI, + xi5 ,.. - el = ' 000, 
- 
- A 1  

Xl0 + X11 + x1.9 . . . - en = ' 000, 

. . .  - e S = -  
hg 

X1s f =lo . . . '031, - Xs 
1 9 ~ 1 s  1 + l z x ~ ,  - 1 9 ~ 1 1  - e, = - 1 . 3 ,  X4 

Equations between the Factors 

Values of the 
Factors 

x , = -  '='09 

= - '014 

% = + *030 

No. of 
e 

1 

2 

3 

Adopted Errors 

, 

xgO = +".016 xee = f W . 0 2 1  

Y, = + '038 xoP = + '039 

xw = - '054 X, = - ,060 
4 

Value of 
e 

-000 

'000 

+ . 0 3 7  

Co-efficient8 of 

A, x, x, A, . 
+ 3  ... + r + I 

+ 3  + I  - 3 

it +z . . . 
-2.1 +490 1 X, = - ,034 I I 



REDUCTION OF THE NORTH-EAST QUADRILATERAL. 

Finad Figural Adjz68tments of the Non- Circuit Triang1t.s. 

Figure 47- (Continued). 

Figure 48. 

Adopted Errors 

x4 = -".162 x, = -''-161 

X 5 =  + '071 X8 = + '071 
x6 =  + -091 x, = + -090 

Values of the 
Factors 

X, = + a082 

X, = + -08; 

h, = - '243 

h4 = - '001 

Equations between the Factors 

Triangles 647 and 643. 

Constants (from page 74-&. 

Co~ltained Angle. 
XXXI to XXXIII  Log feet 4- 7446676,7 
XXXIII J, XXXVI 1 ... 4 + 7  ... 114' 11' 43'"933 

J >  4' 7676453J0 

Equations to be satisfied. Factor 

+ X6 + X6 ... - 
x4 - e, = • 000, 

X7 + Xe + Xo 
... - - e4 = • 000, X, 

+ X7 . . . ... e , = -  .087, h, - 
x4 

10 x6 + 11 x, - I O X ~  - e4 = - 1°3> X4 
- - 14x6 

Co-efficients of 

Xl x, ' X8 A4 

+,3 ... + I  + 2 

+ 3  + I  + 2 

* + r  . . . 

+ 630 

No. of 
e 

1 

2 

3 

4 

Adopted Errors 

x4 = - ,046 x7 = - ,041 

x5 = - -006 x8 = - ,005 

= + ' 0 j 2  x9 = + 0046 

Value of 
e 

-000 

• 000 

- ' 3 2 3  

- - I  

Values of the 
Factors 

X, = + -018 

X, = + ' 0 2 2  

X, = - -064 

X, = - -002 

Equations between the Factors 

Co-efficients of 
No. of Value of .eki 1 

2 

3 

4 

A1 x, h, A4 

+ 3  ... $1 - 4 

' 000 $ 3  + I  + I  

- so87  4 t  + 2  ... 
-1.3 +5'7 

I 



BK.IHMAPUTR.4 S E R I E S .  

Final Figural Adjustments of the Non-Circuit 7kinnglt.s. 

Figure 48-(Co11 tinuecl) . 

Figure -1.9. 

> 

Triangles 619 and 650. 

Consta~its (from pqcs  75- and 75, ). - 
J' r 

C o ~ ~ t n i ~ ~ e d  Arlgle. 
XXXV to XXXVII Log feet 4' 7875566,4 1 ... 28+85 , . ,  "lo 10' 43"'557 
XXXVII ,, XL J J  4.80852 j6,6 

Equations to be satisfied, Factor 

X, + Xm + Xw ... - el = '000, 
- 
- Xl 

x, + ?r, + x, ... - e, = - 000, . - X9 

Xss + =ps . . . ... - e8 = + '037, - x, 
rzx, I + g x ,  - 1 2 s ~  - eq = - 2 . 1 ~  A4 

Triangles 651 and 652. 

Constants (from pnge 76,r ). 

Contained Angle. 
XL to XLI Log feet 4'7511418~9 
XL1 ,, XLIV 18 4 '  797791281 1 ... i a + i o  . . .  14g0 28' 32".590 

Eqr~ations to be satisfied. Factor 

XIS + XI,  + Xla ,.. - el = -omJ - 
- A,  

~ I O  + X11 + XIS ... - e,, = ' 000, - e x = -  
x, 

X 1 ~  + =lo , < a ... 'O3'J - A3 

'9X16 - 1 7 x l l  + 1 2 X ~ ~  - I9*ll - e, = - l . 3 ~  X, 

- 

Adopted Errors 

I 

X2& = +''a016 xpe = +"-021 

xna = + -038 x, = + '039 

xW = - ,054 x, = - so60 

Values of the 
Factors 

x , = -  '009 

X, = - -014 

% =  + -030 

Equations between the Factors 

No. of 
e 

1 

2 

3 

4 

Value of 
e 

'ooo 

'000 

-037 

-2'1 

Co-e5cients of 

'I %I '8 '4 

I 

+ 3  ... + I  + I 

+ 3  + I  - 3 

* + 2 ... 
+490 1 X, = - '034 I I 



REDUCTION OF THE NORTH-EAST QUADRILATERAL. 

Final Figural Adjustments of the Non-Circuit ZFiangles. 

Figure 49- (Continued). 

June, 1892. W. H. COLE. 

r 
Equations between the Factors 

'l'riangles 653 and 654. 

Cor~stants (from pages 75-,, nlld 76,~). 

Contained Angle. 
XLIV to XLV Log feet 4-g302297,7 
XLV ,, XXII ,, 5.0256179,3 ) ... m+ta  ... 89°12'28".319 

Equntioils to be satisfied. Factor 

X16 + '17 + '18 . . . 'Oo0, X1 
- - el = 
- 

'13 + '14 + '16 . . . - e9 = • 000, - x, 
Xla + Xis ... ... - e, = - -132, - x, 

22x18 - 2x17 - 8x15 - 34 X i r  - e4 = -7.8, A4 

Values of the 
Factors 

X I = + - 0 0 8  

A , =  + - 0 0 ;  

& = - ' 022  

Xr = - ,001 

Equations between the Factors 

No. of Value of Co-e5cients of 

x, x, x, A, 

+ 3  , . . + I  + 20  

2 + 3  + I  - 42 

3 - - 1 3 2  it + 2  .., 

4 -7.8 +1708 

Adopted Errors 

x10 = -".or8 xlS = -"-ox3 

xll = + -026 x,, = + -025 

x19 = - -008 Xl6 = - -012 

Co-efficients of 

X l  Xa % A4 

$ 3  . . . + I  + 2 

+ 3  + 1 - 7 

* + 2 . . . 

+ 1155 

No. of Value of 
e 1 e 

1 

2 

3 

4 

Values of the 
Factors 

\ =  + -069 

hp = - -086 

X, = - ,058 

X, = - ,008 

-000 

' 000 

- -031 

-1.3 

Adopted Errors 

XIS = -"' 144 Xla = +"'012 

xl, = + 0169 x,, = + -084 

Xl6 = - '025 X18 = - ,096 



APPENDIX. 

No. 3. 

ON THE THEORETICAL ERRORS GENERATED RESPECTIVELY IN  SIDE, AZIMUTH, 
LATITUDE AND LONGITUDE I N  A CHAIN OF TRIANGLES. 

The subject of the theoretical errors of functions of the angles of a triangulation, has been already 
fully dealt with in Ciiapter XV of Volume 11, and it would have been unnecessary to add anything to what 
is there stated had not a flaw in the formulae on pages 205 and 207, for the tileoretical errors at the end of 
chains of single triangles, been discovered. This error would have escaped notice, but that General Walker's 
attention was attracted to certain discrepancies between theory and practice, which were subsequently met 
with in tile relatio~is between the magnitudes of the errors respectively generated in side, azimuth, latitude 
and longitude. 

A careful examination of the formulae was then undertaken, which led to the discovery that some of 
the terms in the expressions employed for deducing them had obtained wrong signs. The correct formulae, 
which are given in this Appendix, have been verified in several ways, leaving no present doubt of their 
accuracy. 

To save reference to Volume I1 it will be desirable to quote some of the results therein arrived at. 
Let X,, Xa, X,, . . . denote the values of the observed angles in any chain of triangles, ul, us, us, . . . 

the reciprocals of their relative weights, and x,, xaJ xs, . . . the most probable values of their errors; and 
let F (X,, X,, X,, . . . ) denote any function of the observed angles, and F (Xl - xl,  X, - xs, X, - x,, 
. . . ) tile same function of the corrected angles. By Taylor's Theorem, if we neglect terms involving 
higher powers of xl , x,, x,, . . . than the first, because these errors are supposed to be very small, 

F ( X ~ - X ~ , X S - X ~ , X S - X ~ ,  . . . ) - F ! X , , X a , X s , . .  .) = - ( f l ~ l + f a ~ s + f s ~ 8 + .  . .]. . (i) 
where 

d ~ .  dF9 dFs , kc. . . . . . . . . . (ii) f , = q  f s = n  f s = q  

Thus the most probable value of the error of any function of the observed angles F (X,, X,, Xg, . . . ) is 
fix1 +fax% + fsxs + + . 

Now p being the modulus for reducing relative weights to absolute weights, we have 

and 
1 I 

e.n.8.' of F ( 4 ,  Xa, XgJ . . . ) = 2 ( f19u1 + fd% + f : ~  + . . . ) = -j [jsu] written briefly . . (iii) 
P 

the brackets [ 1, as usual, denoting summation. 
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If tile angles XI, X,, X,, . . .  are connected together by a group of geometrical conditions-such as 
those furuisl~ed by a single polygonal figure or network of triangles-or by several independent groups of 
geometrical conditions-such as are given by a chain of independent polygonal figures -each group will 
furnish equations between the errors of the angles involved in it of the form of equations (18) page 28, viz., 

u ~ x ~ + ~ , x ~ + % x , +  . .  =ea  

b, xl + b, I, + bs x, + . . .  = .. . . . . . . . . . . .  I . . .  
(iv) 

c, x, + C, z2 + cS xg + = e, 
. . . . . . . . . . . . .  

and every such aeries of equations may be so treated as to give the most probable values of the errors of the 
observed angles, so far ae the available data can furnish them. 

Each group (iv) contains fewer equations than unknown quantities, thus their solution requires the 
previous evaluation of ' indeterminate factorsJ, LJ b, X,, . ., . . which may be expressed in terme of the 
right-hand members, thus :- 

in which expressions Ba = Ah, C a  = A,, . . .  Cb = B,, . . .  and so on. 

The resulting valuea of the angular errors are given symbolically by equations (20) page 28 of this 
volume. The correapouding e. m. 8.0 of F (X, - x,, X, - xs, X, - x8 # . . .  ) may be expressed by a summa- 
tion of terms of the form 

one such term being furnished by each independent polygonal figure in the chain of triangles. 

* In explanation of the mramtiom 

bat it h to be understood that only thorn term, are signi5txmt which inrolre aoe5oients in (iv) of the angular errors, a,, el, zs, . . .  
entering (i) dl Other terms vanish. 
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It is thus that the e.m.8. of any function of the corrected angles of any triangulation may be found'. 
If the function in\;olves angles entering many polygonal figures, the determination of its e.m.8. would be too 
laborious an undertaking to be generally attempted. In  the present investigation we shall therefore con- 
fine our attention to a chain of single triangles, in which each triangle furnishes only one geometrical 
condition, viz., that the sum of its angles must equal 180' + the spherical excess of the triangle. 

It will now be convenient to make a change in the notation hitherto employed, by denoting the 
observed values of the angles of a triangle by X, Y and 2, with X for flauk angles and Y and Z for atglea 
opposite sides of continuation ; denoting their reciprocal weights by u, v and w, and the most probable values 
of their errors by t, y and z respectively. putting e for the actual triangular error, and distinguishing each 
symbol where necessary by the numerical subscript designating the number of the triangle to which i t  
belongs, each triangle will give an equation of the following form :- 

x + y + z = e . . . , . , . . . . . . . (vii) 

for which the indeterminate factor 

1 I 
- see page 29 of Part I of this Volume, A being = - or = , because a, = a, = a, = I .  

[aa.a] U + V + W  

Thus, on reference to (vi) it will he seen that each triangle, after its angles havq been corrected, fur- 
nishes towards the summation determini~~g the e. m. s.= of a fuuction of the corrected angles, a term of the 
form 

in which expression sometimes one and sometimes even two of the coefficients f for any triangle may = o. 
Hence, generally, for any function of the angles of a chain of n single triangles of .which the weights 

of the angles are all in the same terms, i.e., require the same modulus p to reduce them to absolute weights, 

If, for each triangle, u = v = w, the last expression becomes 

I n  order to avoid for the future the freqnent introduction of the modulus p we will assume that the 
weights of the angles have been previously made absolute. 

The functions of the angles of a chain of triangles of the precision of which it is usually desirable to 
have some knowledge are :- 

(1). The linear (or side) ratios. 

(2). The inclinations of the sides to the adopted axes of coordinates. 

(a). The coordinates of the stations relatively to the adopted origin of coordinates. 
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When the coordinates are spherical and geodetic, the functions for examination under (2) are the com- 
puted azimuths of the sides of the triangulation relatively to the fundamental azimuth, and under (3) the 
differential latitudes and longitudes of the stations relatively to the station of origin. 

The functions of whose precision a knowledge is usually most interesting, are the ratios of the ter- 
minal to the initial sides, and the differences between the terminal and the initial azimuths, latitudes and 
longitudes. The former appertain to what have invariably been termed in the present and the preceding 
volumes, the Linear Functions of the triangulation, and the latter to the Geodetic Functions. I t  will now 
be convenient as formerly to investigate the precision of these functions separately. 

Theoretical Errors Generated in Side. 

Let R be the ratio of the terminal to the initial side as obtained with the uncorrected obaerved 
angles ; then 

. . .  sin Y, sin Y, 
F (X, Y, 2 )  = R = sin z, 

2, 
. . . . . . . . . .  (xii) . . .  

Hence 

and if dR represent the error of 8, 

. . .  d~ = R sini" [cot Y~ y, - cot 2, l., + cot Y, yP - cot 2, Z, + ] . (xiii) 

Now if we assume that the three angles of every triangle have been observed and corrected to satisfy the 
geometrical condition x + y + z = e, we have, when we substitute in (x), 

F ( X - X ,  Y - y , Z - Z )  = R - d R ,  

and 

e. rn. 8.' of (R - dR) = RP sinzl" * P c o t P ~  + wcotsZ- (vcot Y - WCO~Z)'] . . . .  
I u + v + w  

(xiv) 

This expreseion, with slightly different symbol, has already been given on page 198 of Volume I1 and is 
repeated here to make the subject complete.* 

* In  order to employ (xiv) i t  ia necessary to know the cotangents of the angles. As however these wtangenta may not be needed 
for any other purpose, they can be replaced by 'tabular logarithmic differenoes' t h u ~  :-mu1til)ly the numerator and denominator of the 
right-hand member of (xiv) by the square of dl, the modulus of common logs. Then since 

Moot  Y sin I" = tab. cliff. (t.d.) of log sin Y for I" 

. . .  . . . . . .  M w t  Z sin I" = log oin Z 

z2 [(t.d. log .in Y)' v + (t.d. log d n  2). w - (t.d. log sin Y. a - t.d. log sin Z. w ) ~  s.m.r.'of (B  - d B )  = - 
U + V + W  1 

iK= Further if the s. m. J? of log (B  - dB) is required i t  ia obtained by multiplying the e. m. J . ~  of (i? - d B )  by -. IP 
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Equation (xiv) is in the form which is applicable to any chain of single triangles. I f  we assume the ' 

I 
triangles to be equilateral, the angles to be of equal weight, and the weight to be = -, where e is the e. rn. 8. 

t= 

I 
of any angle, then R becomes = I and cot Y = cot Z = - ; hence 

4 3  
2 

e. m. sSx of (R - dR) = - Pn sinXr". . . . . . . . . . . (XV) 
3 

l'heoretica2 Errors generated in Bzifnuth, Zatitude alzd Lmgitzcde. 

Before investigating the e. m. 8. of the Geodetic Functions of angles, we may quote the following 
paasage regarding them from Vol. 11, page 201 :- 

(' Strictly speaking these quantities are functions, not only of the anglee but also of the fundamental 
" elemer~ts it1 terms of which they are obtained. They are influenced by errors in the adopted elements of 
"the figure of the  earth; in the adopted values of the astronomically determined coordinates of, and the 
" azimuth at, the initial station ; and in the length of the base of the figure. Here however we are dealing 
'( with errors of the angular measurements only, and of their influence on the geodetic results, we must there- 
" fore disregard the influence of errors in the geodetic and linear dataJJ. These remarks apply equally to the 
folrowing investigations. ' 

I t  is unnecessary in this place to exprese the differentials, dF dF dF for the Geodetic F u n c ~  d X J  Y '  22' 
tions of the angles, because this has been already done in the present Volume in which we have two forms 
for expressing the geodetic error at the end of a chain of triangles; one is equation (57), page 54, and the 
other is equation (62), page 57. The former applies when the calculations have been carried along one 
flank of the chain, and the latter when a zig-zag course from flank to flank has been adopted. But from 
both these expressions the angular error x has been eliminated by aid of the equation 

an equation which may not be employed here ; for we muat deal with the observed angles-the original in- 
dependent facts of observation-and therefore we have instead equation (vii). 

With the aid of the rule given at the bottom of page 59, i t  is easy to write down the expressions for 
the geodetic errors at the end of a chain of triangles, from which none of the angular errors are eliminated. 

For the flank or direct traverse the following formulie will hold :- 

First. If thepth triangle have no side on the line of traverse, but only an angle, at traverse sta- 
tion 1, we have 
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Secondly. If the qth triangle have a side in the traverse between traverse stations I and I + I, the 
coefficient8 of the angular errors are given in the following expression 

For the zig-zag traverse the form is , 

the upper sign being applicable when the pth triangle lies to the left of the traverse and the lower when 
to the right. 

Let the diagrai in the margin represent s chain of n single triangles, the dotted line along the rigtit 
flauk being the course of the direct traverse and the broken 
line representing the course of the zig-zag traverse. Then if 
F (X, Y, 2) = the difference of latitude or longitude between 

n 
stations I and - + I or the azimuth at (: + I ) as de- 

2 

duced from I obtained by employing the observed angles, . uncorrected for tria~igular error, in the calculation, alld if 
the error of this value due to the angular errors be E, the , 
expressions for this error in terms of the augular errora 
will be as follows :- 

Rrst. In  the case of the direct traverse 

in which the subscripts of the ps  and +a are the traverse station numbers. 

When this equation is employed to represent the error in azimuth at station - + I due to the errom 

n 
(: ) 

of the observed angles, it is the error of the azimuth of station -. The error in azimuth of the last side 
2 

of the chain is given by adding unity to the coefficient of B~ and the term then becomes 
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Secondly. In  the case of the zig-zag traverse, 

E = 4'1 8, + $1 Pl Yl - P', Y,Zl 

- $'axe + P1et%ya - P'eYszn 

+ 9'3x9 + c~'sIBsY3 - P'sYszs 

- 9'4 x4 + P'4 t94 Y4 - P', Y4 g4 

+ . . .  
+ $'n-l xn -1  + ~ ' ~ - 1  P a - l  yn-1 -P'*-~ Y * - ~  ~ n - 1  

- 4'. x n  + P1n t9n - Y M  zr 

. . (xxj 

in which /I' and 9' are substituted for p and 9 as their s'ubscripts are the triangle numbers, and there is no 
separate numbering of the traverse stations. 

I 

A table of substitutions for p and 4 is given on page 55, but as this is better adapted for arithmetical 
calculations than for theoretical investigations, it will be more convenient here to use that given on page 177 
of Volume 11, which is as follows, and in correspondence with which 

. . . . . . . . .  a = cot X, t9 = cot Y ,  y = cot Z (xxi) 

For E 

I >  P 

I, $J' 

- 

Table of Substilutions for  p and 9. 

Latitude. Longitude. 

dk" + , I dL"+1 

+ " [ A X  ] sin 1" 
I 

+"[ AX ] sin 11' 
a 

. . . . . .  
+ AX, sin I " 

-n  tan A ]  sin 1" 
1 

-*p tan A ]  sin 1'' 
a 

. . . . . .  
-AX, tan A, sin I" 

+.[ I A L ]  sin I" 

+"[ A L ]  sin I* 
a 

. . . . . .  
+ALn sin I",  

+ AL cot A sin I" :[ I 

+ AL, cot A, sin I" 

Azimuth. 

dB* 

+ : [ A A ] sin 1" 

. . . . . .  
+ A A ,  sin I"  

1 +"@ 1 
cot A] sin l X  

I + * P A  cot A] sin I" 
a 

I + AA, cot A, sin I" 
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The errors of the functions of the observed angles which respectively enter the direct and the ziq-zag 
traverses being expressed by (xix) and (xx) we now have from (x), omitting the weight modulus p, 

by the direct traverse 

(91 u, + P I P I  ~ 1 - ~ 1 Y l w , ) ~  = +Is% + ple@v1 + C C I ~ Y ? W ~  - 
PC, + v1 + w1 

+ 0.1 - p z I s  a29 us + (/la & + $1)' vs + OL1 YS - +~)'ws I 

i 
. . . (xxii) 

- { (PI - pz) + ' b z  Ps + +I)  '3 -'(PI Ys - +2) ~ 9 ) '  

PCu + vp + Wp 

and, by the rig-zag traverse, it is 

Thus the e. m. 8,  of any geodetic function of the corrected angles may be computed, whether by the 
direct or by the zig-zag traverse; the reaulta obtained from either process of computation should of course 
be identical. 

I n  order to obtain simple expressions for the e. rn. s. of the geodetic function, it is necessary to assume, 
as in (xv), that our chain of triangles consists of sensibly equilateral triangles, and that the weights of the 

I 
observed angles are all equal, the e. m. 8. of each angle being = e : then a = B = y = cot 60' = - J3 ' 
and from equation (xxii) we find that 

by the direct traverse, e. m. ~ 3 . ~  of F (X - x, Y - yJ Z - s), 

= - P 2 + pIB) f 3 ( 9 2  + pz9 $. $3' + ~ 3 '  $. . • -1  i 3 . . . . . (xxiv) 
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since the terms involving the coefficients Jg will be found, on substituting the values of p and +, to vanish. 

Also from equation (xxiv) we find that 

by the zig-zag traverse e. m. s.= of F (X - x, Y - y, Z - a )  

The last expression appears at first sight by far the simpler; but while the direction of the traverse 
is practically constant for a direct traverse, for a zig-zag traverse i t  changes between consecutive sides by 
+ I zoo, a fact which has to be carefully borne in mind when obtaining the values of p' and +'. I t  was - 
partly owing to this being lost sight of in investigating the expressions which are given at pages 205 to 207 
by formula of tlie zig-zag traverse, which were then adopted for the first time because of their apparently 
greater simplicity that the mistakes were made which it is the object of the present investigation to rectify." 

Before we a;e able to particulaiize the theoretical errors of the three geodetic functions, it i~ neces- 
sary to make a further assumption, viz., that the direction of the series is sensibly rectilinear. 

First. Let the function be the Difference of Latitude between Stations I and - + I which are (: ) 
connected by n triangles. We will in this case make use of both the direct and zig-zag traverse and, having 
shewn that the same result is arrived at  by either, we will afterwards employ only the direct traverse. 

Adopting the direct traverse we may put 
AX, = AX, = AX, = kc. 

and 
AX, tan A, = AX, tan A, = AX, tan A, = kc. 

Substituting the corresponding values of the p s  and +s, and inserting in (xxiv) we find 

- - p A ~ s s i n a  1"(2n3 + 3ns + l o n  
36 

. . . . . . . . . (xxvi) 
cosB A 

8 z n s  + 3n9 + I c n  ="-@ 
36 

. . . . . . . . . . . . . (xrvii) 

* Equation (185) page 207 of Volulne I1 ahould be 

a. m. 8.l of inclination = 1 ex a . 
3 

The two fimt terma of equation (183) page 203 should be multiplied by 2. 
3 

The factor ans + 3nP + I O N  n (n + I )  (2s + I )  ~hould be substituted for . in equations (179) to (184) inclu8ire. 
36 9 

Corresponding corrections are required for the numerical values of the e. m. a. in page 206 ; correct valuee will be found at page 104 
of the preaellt apl>ei~dix. 
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by equation (2j) page 30, but with the substitution of r for p, the symbol tliere used for the radius of 
curvature, as p ie used in this Appendix and in all investigations of tl~eoretical error in the present and previ- 
ous volumes, to indicate the modulus which is required for reducing relative weights to absolute weights. 
The last equation is independent of A the direction of the series. 

When we employ the rig-zag traverse, i t  is necessary to remember that the azimuth of the traverse 
is alternately A - 60' and A + 60°, whence we have 

C n ' $ l = n ~ X ] s i n ~ " =  eos(A-60') + C O ~ ( A + ~ ~ ~ )  
I 

cos A r 2 

#I1 = - ̂[ax  tan (A + 60') sin 1" = + sin (A - boo) + sin ( A  + 60°) 
1 I r 2 

C 
p', = *Px] sill I" = - - r ( - I)COS (A - 60') + ! 2 cos (A + 60°) 

a 

r cos A - sin A )  
2 2 

and so on. 

Substituting these values of the p's and +'s in (xxv) we find that 

e . m . s . s ~ f F ( X - x ,  Y - y , Z - z )  = e.m.s?of (X,, - A , )  
- + I  

t9 znS  + 3ns + I o n  = 8 p. 
36 

. . . . . . . , . . . . . . . . . . , (xxviii) 

which is identical with (xxvii). 

Secondly. Let the function be the Difference of Longitude between the Stations I and 

which are connected by n equilateral triangles. WL shall now have by the direct traverse 

A L, cos X, = AL, cos h, = A L, cos X, = kc. 
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very nearly; and for an e. m. s. investigation, where the series is of ordinary length, we may assume without 
sensible error 

and 

A L, cot A, = A L, cot A, = A Ls cot 2, = kc. 

and substituting for A L  from equation (26) page 31 we have, 

e . n a . ~ . ~ o f F ( X - x ,  Y - y , Z - I )  = e.tn.s?of (L, - L l )  
- + I  

c" znS + 3na +  on = 2- se$X 9 . . . . . . . . . . (xxix) 
36 

Thirdly. When the function is the azimuth of the last side of the chain' at station 

from the first side, we have by the direct traverse 

AAl cot X, = A A, cot X, = A A, cot h, = kc., 

very nearly. Here again, for the present purpose, we may assume 

AA, = AA, = AA, = &c. 

and 

Substituting for AA from equation (27) page 31 

e.m.s., of F (X- x, Y- y, Z - z) = e . n a . ~ . ~  at station (: + 1 ) of azimuth of last side of chain 

as derived from azimuth of first side 

C 

(% 
2nS + 3ng  + I o n  = 2  -n-  tan^ COSA + *) + $tansX -- 

J3 36 
} . . (xxx) 

The units employed i n  jxxviii) and (xxix) are a second of arc in latitude and a second of arc in longitude. 
If. i t  be desired to reduce both these units to feet, we must multiply the right-hand member of (xxviii) by the 
square of r sin I", the length of I" of latitude in feet, and that of (xxix) by the square of v cos X sin I", the 
length of I" of longitude in feet; we shall then obtain the following value for the e. m. s. of either function 
of the corrected angles :- 

2ns + 312% + i o n  e. m. s . ~  in feet = 8 19 sin, I" . . . . . . . (xxxi) 
36 

That is, for a series of n equiiateral triangles the e. m.8. is the same for both co-ordinates when both are 
expressed in the same linear unit. 

In the preceding investigations i t  haa happened that n haa been an even number, owing to the form of 
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diagram adopted for illustration. If we assumed the chain to commence one triangle in  advance of its 
present adopted origin, or to terminate a triangle in advance of ita present adopted terminus, n will become an 
odd number; and in the formulae for e. m. s. of geodetic functions we must write (n - I) for n. For example,  
the expression 

becomes 

Bearing this in mind, we will continue, for the sake of conveniencb, to consider n an even number, and also to 
assume even numbers of triangles in the groups employed in the geodetic formulae. 

Appticatiort to a Plane Surface. 

I t  appesrs from (xxxi) that if a chain of equilateral triangles is only of such an extent that we may 
consider i t  as situated on a plane surface, and we wish to refer our errors to rectangular axes passing through 
station I, then whatever be the direction of the series with reference to the axes, we shall have 

e. m. 8. of ordinate parallel to the axis of X = e. m. s. of ordinate parallel to the axis of Y 

- c sin 1' - e --- J z n ~ + ~ n 2 + i o n .  . . . . . . . . . (xxxii) 

the unit being that adopted for c in the side length. 

Further in (xxx), when the surface is a plane, tan h = o, therefore 

e. m. s. in bearing of either of the two sides at station (: + I )  = r 2/F . . . (xrriii) 

The preceding e. m. 8. formulae (xxviii), (xxis) and (xxx), for the errors generated in  latitude, 
longitude and azimuth, have been obtained sequentially to the formulae which are employed i n  the 
investigations of the most probable values of tlie angular errors, in the course of the simultaneous 
reduction of the triangulation. As however only the first terms of the expressions for Ax and A L  are 
employed in the investigations, the seco~id and following terms being ignored, i t  will be obvious tha t  
similar expressions for e. m, s. will be obtained if spherical CO-ordinates are ignored from the outset, and  the 
triangulation is assumed to be carried over a plaue instead of a sphere, and is referred to rectangular co, 
ordinates. Thus :- 

Let the side of origin of the chain be inclined at an angle 8 to the axis of X. Then the  orairlate 

parallel to thc axis of X of station 
6.1) 

= cl cos (8 + X, + Y,) + cz cos (6 + XI + YS + + 2% + Xs + Y,) + . . . (xxxi,r) 

or if for the sum of the angles at stations 1,  2, 3, kc., we write 21, 21, 23, kc., the ordinate parallel to the 
axis of X 

= cr cos (8 + XI) + ~2 (6 + ZI + + 23 + - . (axxs) 



IN A CHAIN OF TRIANGLEB. 

Hence the error in the ordinate parallel to the axis of X 

= dcl cos (8 + XI) - CI sin (8 + S I )  dXI s in l "  

+ dca cos (8 + ZI + T + Za) - cz sin (0 + 21 + T + 22) (&I + a 2 )  sin I" 

+ . . .  
And since in the present instance S a  = s3 = Bc. = T, and CI = ~a = Bc. = c, the error in the ordinate 
parallel to the axis of X 

Similarly the error in the ordinate parallel to the axis of Y 

= ;[dc] a in(8  + I,) +ccos (B  + t I )  
I 

. ) sin I" . (nmviii) 

Now 

and as 
sin Y1 sin X, c1= C Y  '--- 
sinZ, sin 2, 

sin Yl sin Y, sin Ys sin X, c2 = c-. ---- . - . - 
smZl  sinZ, ainZ, sin 2, 

. . . . .  
therefore putting a = cot X, p = cot Y an$ Y = c o t 2  

dcr = C I  (ply1 -y,zl  i ~ ~ ~ - y a 2 2 ] s i n 1 "  

dca =ca { /31~ l -yLz l  + & Y , - Y , ~ ,  + & Y S  -Yszs + ~ , x * - Y , ~ J ] ~ ~ ~ ~ "  

. . . . . .  
I 

and since a = /3 = y = cot 60° =- J j  ' 
the error in the ordinate parallel to the axis of X 

+ (e + 2, )  xB + 4 ((l  - I)% cos (0 + 21) - !.in 2 (6  + tl)) 
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Therefore 

e. m. 8.2 of ordinate parallel to the axis of X = P 9 sina I" ( f (1)' (sin' (8 + XI) + coss (0 + I#)) 
3 2 

From which the 8 hss disappeared, and therefore the direction of the chain aa regards the axes of the co-ordi- 
natea is immaterial, as i t  was shewn to be in the case of geodetic CO-ordinatea. 

1t is easy to see that the error in the ordinate parallel to the axis of Y must be the same as that parallel 
to the axis of X. . 

The inclination at station + 1 of either of the sides meeting at that point to the axis of X (: 1 

the last term, in brackets, being omitted or employed according as the side is the flank side of triangle n, o r  
the advanced side. Therefore the enor in direction 

Hence the e. m. 8.9 of the direction obtained with the corrected angles is in both cases 



IN A CHAIN OF TRIANGLES. 

Application to Panctwtls of the Observed Angles, wholly zlrtcowected. 
4 

We may, if we ploaeo, by the aid of (iii) obtain the theoretical errore of the several reaulta an calculated with the o 5 r m d  an&; 
unndjustcd for triangular error; when we ehall have aa follows :- 

a.tn.s.3 oJB = €9 Lneinzi1 '  . . . . . . . . . . . . . . . .  (div) 3 

19 n 3 + n 2 + 2 n  sinzA + 2n3 + 3 3  + IOU 
by the Direct Trnvar~e = t1 { . . . . . . . . . .  8 36 m 9 A  ) (dv) 

e. tn. r.2 of PC+ I - L 1 )  

c2 nS + n2 + zn zn3 + gn2 + Ion 
by the Direct Traverse = r2  - se$A ( cosZd + E" ) . . . . . . . .  (xlvii) 

36 

c2 2n3 + 3;; + I on 
by the Zig-zag ,, c2 - sec2A Va coa zA - f i n z s i n  48 ad ] . (dviii) 

e. tn. s? of azimuth of laat side at station - + I ( C  ) 
n.n + I 

by tho Diroct Trarereo = tS cosA + A s i n A  
2 J3 

a d  + 3nq + ron . . . . . . . . .  
36 

(rlix) 

by the Zig-zag T-nr~erae = c2 c o e d -  a n  A "," ) 

and for rectangular oo-ordinates 

s. m. r? of ordinate parallel to tho axis of X = 39 ainP I" siuq (0 + 2 3  + ~ o a ~ ( e + ~ ~ ) )  (li) 
a 9  + 3n9 + IOU 

36 
. . .  

c. m. r? of ordinate parallel to the Bl;ie of P = c4$ ein9 I" [ " + 

+ 

003' (0  + 2,) + aha (e + 2,) \ . . .  (lii) 
ana + gd + ~ o t o  

36 ) 

and e. m. 8.2 of directionr of #idea brminating at station (" + I ) = e2 ( a  Itt - I ) o r c l $  . . . . . . . . . . . .  (liii) 
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I t  appears from comparing (xliii) wit11 (xv) that tho theoretical error of thc ratio of tho terminal to the initinl side of tho chnin bf 
eqoilateml triangles of wl~ioh tho nngles nrc of equal wcight is the same whether obtained with tho observed or corrected angles. I h b  ap- 
parent anomaly is easily explained; for when in each triangle 

u = v - w  

I m = y = z -  - e  
3 

and, me equation (xiii), dR, the error of B, due to the angular errors I, y, a, = o. Furlher, since the angle X does not enter in to  the 
calculation, it appears that if merely the length of the krminal side is required in terms of tho side of origin, no more accnmy ia obtained 
theoretically by observi~lg the three angles of each trinngle, than by observing the backward and forward angles Y and Z only. See also 
footnote to pnge 203, Vol. 11. 

Again from (xlir) when the direction of tlie chain is meridional, i.e., A = o or A = 180°, the Direct Ibavene gives 

e. m. a.z of 
36 

. . . . . . . . . . . (liv) 
(A! + 1 

which is identical with the value obtained with the corrected anglee, see equation (xxvii). !J.'he meaning of this ia that, eo far as t h e  fir& 
term of equation (25) page 30 ia concorned, which is the only term that has been considered in these investigatione, if the la t i tude  of 

station (: + I )  is computed from station I ,  through a chnin of equilateral triangles, the same result will be arrived a t  whether t h e  06- 

rerued angles, or these angles corrected for triangular error, are used. That this ia the case is susceptible of other proofs : we may - 
rive at  the value of the fuuction of the corrected angles F ( X  - O, Y - y, Z - z )  in two ways; either by performing the oalculation w i t h  
the corrected angles X - I, Y -y, Z - z, when we hato the value of the function directly ; or we may employ the uncorreokd angles, 
X, Y, Z, in the calculation of the value of 1110 function, and correct this value by - E, obtained by substituting for m, y, z, i n  equation (xk). 
In  the specinl case here contemplated E will be found to vanish, giving J' (X, Y, Z)  - F ( X -  s, Y - y, Z - r). Again, if we t&o the 

exprewion A A  = - cos A coeec I", we see at  once that when A is nearly o0 or 180' a small change in azimuth cannot affect t h e  va lue  

of AA. I t  further appears that the e. m.8. of - A, ) as obtained with the obaemed angles is then a minimum; but as the 
(A!! + I 

a 

azimuth of the chah varies from the meridional direction towards the longitudinal, the e. m. 8. also varies, and becomes a m-um when 
A - 90' or 270°, and the11 

e. m. r.= . . . . . . . . . . . . (Iv) 
( A ! + 1  

That is, tho value of latitude of station 1 + I 
ia moat aff'ected by the errors of the observed angles when the chain ie longitudinal. 

( m  1 
I t  is ensy to we that the converse is the case as regarde the longitude of station 2 + I 

, when the uncorrected ob~#?m?ed are (" ) 
employed in its calculation ; the longitude being nndected by the angular errors when the chain is longitudinal and most affected by them 
wl~cn the chain ia meridional. 

A ai~nilar comparison cannot be made between tho azimuths at atation ; + 1 aa obtained with the obreraed and corrected (" ) 
angles by the Direct Traoerre; for the first and largest terms, which are independent of the direction of the chain, are essentially different, 

that for the obawoed angles being of that for the corrected angles. 
4 

When we examine the f o r m h  for the Zig-zag Traverse we find no instance where t,he obaerued and coweetsd angles give the same 
value of the funotion. 

For the e. m. 8.' of An 
- A , )  aa obtained with the uncorrected angles the expreseion becomes a minim- when 

(.- + I  

3nP J i  - - ~ t e  value for a meridional or longitudi~ld chain can be wertained by putt,ing sin A-0 or 4 -o. 
an9 + 3n9- Bn ' 

Similar remarks apply to the expremion for tho e. m. 8.' of (Ln - L,). The ~ O T I U U ~ ~  for e. m. 8, in azimuth dom not wem 
- - + I  
a 

occasion for special consideration. 
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Application to ~ha ina  in which the Weights are not constant th~oughozrt, bwt vary i9a 
dzferent Groups of F?.iangtes. 

Hitherto we have assumed the weights of all the angles of the chain of equilateral triangles to be 
equal; but i t  may be convenient to consider the case when successive groups of triangles have different 
weights. 

For example suppose the chain to consist of three groups of triangles p, q and s i n  number (p + q + s= n), 
and that the recip;ocal weights in each group are the same ; but that they are different for different groups, 
and represent them by epPJ E: and €2 respectively. Then, in the case of the linear error, i t  is easy to see at  a 
glance from (xiv) that 

and here the form does not alter whether p, q and 8 are odd or even numbers. 

For the geodetic errors we must refer to (xxii) or jxxiii) when we shall find that 

The formula for the e. m. of ( L, - L,) only differs from this in that the coefficient outside 
- + I  

c4 es 
the brackets, -, is replaced by - secB h. re ye 

For the azimuth we shall have e. rn. of the azimuth of the last side of chain at station (: + I) aa 

derived from the azimuth of the first side 

I t  is unnecessary to write down the cxprcssion applicable to rectangular co-ordinatea. 
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 he formulae which have now been investigated enable us to arrive at  very fair approximations to the 
magnitudes of the errors which Theory leads us to expect to meet with at  the extremity of a chain of symme- 
trical triangles. Employing these formulae we may avoid making rigorous calculations, which are ordinarily 
far too intricate and laborious to be undertaken for determinations of theoretical error. 

Let us now apply formu1;e (xxviii), (xxix) and (xxx) numerically. I t  will be noticed from the two 
first expressions that the e. na. s. in both latitude and longitude is independent of the direction of the chain, . 

and from the third, that the e. m. s. in azimuth is influenced by the direction though very slightly. 

Assume the sides of the triangles to be about 15 miles long making c = say 80,000 feet; also that 
the arc-length of the chain is 8') making n, the number of the triangles, about 72 ; then putting X = 20°, the 
middle latitude of India, we obtain the following values. of the e. m. s :- 

e, m. 8. in Latitude = 0 . ~ 5 5  e  

,, in Longitude = o.  59 c  

,, in A e h u t h  = e  2/48 ' 040 - 2 ' 4 1 3  COSA - 057 sinA 

= 7 ' 10 c  for a chain going north 

= 6 . 7 j  o ,, ,, south 

= 6 . 9 4 ~  , I  ,, east 

= 6 . 9 3 ~  I, ,, west 

= 6.93 e in the average. 

I t  may be here noted that for the angles measured with the 36-inch and 24-inch theodolites of this 
Siirvey-which form a very considerable majority of the whole-the value of e  may be taken as ranging 
from + 0". zz to + oW.66, and averaging + o" '44; while for the angles which were measured with the 
18-inch and 15-inch theodolites, it ranges from + ow-75 to + 1".7o*. 

Tlle formulae being intended for a single chain of equilateral triangles require the application of two 
factors to make them more general; viz., one factor to take account of geometrical irregularity, the other 
to allow for the chtriu being double instead of single, that is to say, composed of polygonal figures and net- 
works instcad of single triangles. The direction of the chain does not affect the e. m. s. in latitude and longi- 
tude, and i t  affects the e. m. 8. in azimuth 80 slightly that furtller consideration of direction may be neglected 
as of less importance than geometrical irregularity and the general strength of the chain. Thus i t  will be 
suficient to substitute for the formuls for the geodetic co-ordinates, those for the rectangular co-ordinates of a 
plane which are given by (sl), a11d which express the e. m. s. of each co-ordinate in feet, instead of seconds of 
latitude and longitude; and for the formulae for the azimuth i t  will be sufficient to substitute that for the 
inclination to the axes of co-ordinates which is given by (xliii). 

The value of a factor K, to take cognizance of geometrical irregularity, may be readily obtained for the 
- - - - - - - - - -- 

* 8ec page 06 of VoL I1 and page 64 of the prelsnt rolume. 



IN A CHAIN OF !CRIANQLES. 105 

e. m. 8. of side ratios, when the weights of all the angles are assumed to be equal ; for by (xiv) we have for a 
chain of n equilateral trialiglea 

the e. m. 8. of ( R - d ~ )  = e R sin 1' 2/<, 
3 

and therefore - 
I the r .  rn. 8. of log (R-dR) = e M sin 1'' 2/: n. 

If we suppose the chain to consist of two equilateral triangles only, viz., A B D  and D B  C, and put 
R = B C - A B, then by the second of these equations 

e. rn. 8. of log (R - dR) = ~000,0024 e. 

Now the angles of the triangulations are not all equal to 60°, but they usually range in magnitude from 30° to 
go0; to take account of this, suppose the side B  D to be either reduced in magnitude until the angles at D 
become go0, or increased until they become 30°, the angles at B remaining constant, then in either case we 
have 

e. m. a. of log (R-dR) = *000,0042 e. 

Thus we see that the result of employing two triangles with angles of the extreme values admissible, instead 
of with angles of 60°, to stretch over the common distance A C, is nearly to double the e. m. 8.  of 
log (R - dB). If the distance A C were increased or diminished-as by increasing or diminishing the angle 
at B, B  D remaining constapt-the e. m. 8. of log (R - dR) would in like manner be increased or diminished ; 
but when the distance is preserved, and the symmetry of the angles is alone disturbed, the e. m. 8.  is invariably 
increased. Thus since the angles of triangulations in hilly country are usually of average irregularity, 
while those of the triangulations in the plains are only slightly unsymmetrical, we may as a rule put 

I - 4  in hilly country, and 

I .  1 in the plains. 

or more generally 

where n' represents the number of equilateral triangles of a side-length equal to the mean side-length of the 
given chain which would form a chain of about the same length as the given chain. Thus if I = length of 
chain and c = average length then 

The value of a factor to take account of a chain being double instead of aingle may also be readily 
obtained for the e. m. s. of side ratios. 

From (xi) we may find, as previously shewn at page 199 of Vol. 11, 

that e. m. 8. of (R - dR) = 0.82 e R sin 1'" in an equilateral triangle 

J J  =1 '2geRs iu1"  ,, ,, hexagon 
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and as under similar conditions in the configuration of the ground 7 single triangles span about the same 
distance as two hexagons-the side-lengths being the same in both-it is evident that e. m. 8 .  of (R-dR)  by 
the chain of hexagons is to the e. m. 8. by the chain of single triangles 

If then we put 

we shall have a fairly approximate factor to apply when the chain is compoeed of polygonal figures and 
net-worke instead of single triangles. 

Thua we obtain finally, for any chain of triangles 

e. m. s. of log (R-dR) = n  c e M sin I" dtfl 

= sin 2n3 + 3nP + ron 
e. m, s. of either co-ordinate in feet 

the value of C being = I when the chain ie single. 

When the weights of the angles in different portion8 of the chain differ so materially that it would 
not be desirable to employ a constant value of e throughout, formulre (lvi) to (lviii) can be employed. T h e ~ e  
formule can also be made applicable to the cases when a chain Is partly single and partly double, or partly 
in the hills and partly in the plains, if the corresponding €8 are multiplied by K or { a s  the case may require. 

DEHU DUN, 

June 1882. 3 
Addndum to page 1a6 of Appndir to Part I of Volume V1I of the Account of the Operatiom of the Great 

lki,qonomett.icaZ Sum y. 

The following formula should be inserted between the formule for the e. m. 8 .  of log (R - dR) and 
the e. m. s.  of either co-ordinate. 

e. rn. s. of azimuth = n  f e 6 
= - 8 2 n c e f i  

NOTE.-I~ all inatanma i t  ia assumed that the three angles of every triangle have been observed. 



APPENDIX. 

No. 4. 

ON THE DISPERSION OF THE RESIDUAL ERRORS OF A SIMULTANEOUS REDUCTION 
OF SEVERAL CHAINS OF TRIANGLES. 

On the completion of each Simultaneous Reduction of the large sections of the triangulation of 
India, known as the North-Weat, South-East and North-East Quadrilaterals, it has been found that what- 
ever the arithmetical rigor that may have been adopted, there remained discrepaucies, or residual errors, 
at the junctions of the branches of the circuits, and where chains of triangles closed on base-line8 : these 
residuals are almost wholly due to the circumstance that calculations had been made with logarithm tables 
to 7 places, whereas the natural numbers were occasionally of a magnitude requiring 8 significant figurea. 
Where the aaithmetical rigor waa great these residual errors were, it is true, very small, as in the two 
former Quadrilaterals; but where the arithmetical rigor was relaxed, as in the last Quadrilateral, they were 
large. The dispersion of the residuals in the North-West and South-East Quadrilaterale waa easily effected 
by inspection, by minute changes rarely exceeding o".oo~ in a few of the values of y and z ;  the choice being 
governed by reference to the coefficients L and c of the primary equations of condition. The arbitrary 
corrections being so trifling aud the mode of applying them so simple, it waa not at the- time considered 
necessary to draw epecial attention to them. Thus when the North-East Quadrilateral waa completed and 
large discrepancies presented themselves, see the table on page M, Major Herschel had not the information 
before him regarding what had been previously done. He knew, indeed, that arbitrary corrections had been 
applied; but in view of the large residual errors he had to deal with,. he was of opinion that their dispersion 
should be of a more theoretical character; and hence he adopted the methods of Section 17, Chapter 111, 
methods which were still arbitrary and led in many instances to comparatively large angular changes. 

I t  is now proposed to describe the method originally employed for the dispersion of residuals, which 
method appears equally applicable when the residuals to be eliminated are of the magnitude of those of the 
North-East Quadrilateral as when they are small like those previously met with, and to illustrate it by an 
example derived from the last named Quadrilateral. 

The original errore of the triangulation, in side, latitude, longitude and azimuth, are, for dispersion, 
equated to functions of the angular errore of the form 

[L y + cz ] .  

Thus we have a seriee of equations of the form 
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see equations (66) page 59. When these equationa have been solved and the values of the angular errors 
thus obtained have been applied in the several linear and geodetic calculations, any residuals, 6 E, should 
theoretically be dispersed by a second simultaneous solution of the equations of condition, symbolized thus :- 

[bay + c6z] = 6E, 

where b and c have the same values as before. But if 6 E  is very small we may, by inspection, be able to 
assign trifling values to a few of the 6ys and 6zs, while putting the rest = o, such as to satisfy all the 
equations simultaneously, and the arbitrary value assigned to each 6 y or 6% may be so small in proportion to 
the original value of the corresponding y or z, as not to lessen the character of the reduction from that of one 
based on the theory of minimum squares. This is what was actually done in the two first Quadrilaterals. 

In order to facilitate the selection of the 6ys and 62s for arbitrary treatment, a few remarks must be 
made. An examination of the numerical coefficients in the several equations will shew that those in the side 
equations are not in any way dependent for their magnitude on their position in the equation ; while in the 
geodetic equations the case is different, and the more remote the angles are from the closing point of the 
circuit, the larger in general will be the coefficients b and C. The reason in each case will be apparent on 
reference to equation (35) page 47, and to the formulse (58) and (59) and the 'Table of SubstitutionsJ on pagea 
64 and 55 respectively. The proportional increase in the coefficients of the geodetic equations, in receding 
from the closing point of the circuit, is most marked in those in latitude and longitude; it is much smaller 
in the azimuth equations and in these the coefficients may almost be considered constant. 

From this we see without further consideration that in our arbitrary endeavours to satisfg. the equations 

we should, in the case of residuals in latitude and longitude, choose for the arbitrary assignment of values, 
triangles as far removed as possible from the junction of the branches of the circuit, because the 6ys and 62s 
will then be of minimum magnitude; but where we are only concerned with side and azimuth residuals, the 
6ys and 62s may be taken near the terminus of the branch of the circuit to save the labour of subsequent 
calculation. The selection of 6ys and 62s is somewhat further complicated by the fact that they will enter 
several equations; and the influence on all must be first ascertained before any values are adopted. I n  
practice it will be found best to eliminate the latitude and longitude residuals first even at the expense of the 
linear and azimuth residuals; because the latter can be eliminated by a few changes at the end of the chain 
of triangles without sensibly affecting the former. . 

I n  the practical application of the foregoing method we find that a triangle may enter two circuits, in 
the right-hand branch of one and the left-hand of the other, and each circuit may furnish 4 residuals, 
perhaps a 5th if a base-line intervene; hence any angular changes in the angles of a triangle may possibly 
influence 8 residuals; or, in other words, we may have to deal simultaneously with 8 equations of the form 

But we may not need to entirely eliminate the whole of the 8 residuals at once. It may be sufficient 
to eliminate only the 4 or 5 in one circuit, and portions of those in the other circuit, leaving the balance in 
the second circuit to be disposed of in the other branch. Still in this case we should carefully examine the . 

coefficients of the unknown quantities and only choose those angles for treatment which, while disposing of 
those residuals which i t  is necessary to get rid of, do not injuriol~sly affect the rest. I t  will not of course 
happen that the sum ( bay + cSz) for every triangle in each equation wi l l  invariably be of the right sign as 



regards the whole of the residuals ; but triangles can generally be found in which arbitrary values assigned 
to Sy and Sz, while considerably reducing the larger residuals, will increase the others but slightly, or 
injuriously &ect only the side and azimuth residuals, which, as has been already indicated, can be disposed 
of at the end of the chain. 

9 s  an example for treatment we will take the residual errors of Circuit I of the North-Eaat 
Quadrilateral ; these residuals are :- 

Equation (I) in Log side = 0.0 in the 7th place of decimals 

,, (2) ,, Latitude = + o".orq 

,, (3) ,, Longitude = - o ,031 

,, (4) ,, Azimuth = + o -080 

The right-hand branch of this circuit is alone susceptible of change. It contains 44 triangles of 
which the h t  84 enter Circuit II, and the residuals of this circuit are :- 

Equation (5) in Log side = - 6 - 5  in the 7th place of decimals 

,, (6) ,, Latitude = - o".oo8 

,, (7) ,, Longitude = + o -021 

,, (8) ,, Azimuth = + o ' 2 7 %  

Hence in making any angular changes in the earlier part of the chain of triangles regard must be had 
to their effect on all 8 residuals. I t  is not necessary however that the residuals of Circuit N should be 
entirely eliminated because it is only right that the other branch should bear a share. 

As the residuals have already been dispersed by anotller method it is not desirable to waste time in 
endeavours to make Sy and 6 2  aa small as possible; but we will adopt values of 0". r as convenient to work 
with. I n  practice 01'.05 would probably have been the maximum value allowed. 

An abstract of the calculation is given on page r r I, and i t  was performed as follows :-The largest 
residuala in latitude and longitude are in longitude in both circuits. Turning to the values of fi and C in 
Section 12 of Chapter 111, we shall find that we can largely reduce these residuals if we put Sy = - ". lo and 
Sz = - " *  10 in Triangle No. 9. After each (a6 y + c6z) haa been subtracted from the corresponding residual, 
we find that the latitude residual in Circuit I is a little larger aud the azimuth residual considerably so, while 
the other residuals are either not altered or are reduced. 

The latitude residual of Circuit I is now the largest in latitude and longitude, and the coefficients 
O and c of Triangle No. 2 appear very suitable for reducing it if we put Sy = + "' 10 and So = - "- ro. 
Subtracting (fiSy + car) the residuala, except in side and azimuth, are now very small. 

Turning our attention now to the latter we shall seek for suitable coefficients among the triangles at 
the end of the branch, and Triangle No. 43 will be found to answer our purpose if we put 6y = + "-10 

and 62 = + " 0  lo. As this triangle does not enter Circuit 11 the residuals of that circuit are not affected. 

The residuals in longitude of Circuit I, - "-OIO, is still too large to be allowed to stand and we must 
again seek for coefficients among the earlier triangles to reduce this. I n  Triangle No. 8 put 6 y  = + "' 10 

and Sr = o, and the longitude residuals are reduced at the expense of the azimuth and side in Circuit I, and 
at the expense of the latitude in Circuit II. 
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The residuals of Circuit I are now such as can be disposed of among the laat triangles of the branch 
which do not enter sny other circuit; and those of Circuit II have been's0 much reduced that they may be 
well left for dispersion in the right-hand branch of that circuit. 

Confining our attention therafore to the residuals of Circuit I, Triangles Nos. 86 and 44 will be found 
suitable for treatment for reducing these residuals within rejectaneoue amounts, when they will stand aa 
followa :- 

Circuit I. 

Equation (I)  in Log side = 0.0 in the 7th place of decimals 
,, (2) ,, Latitude = + 0"-oor 
, (3) ,, Longitude = - o -001 
,, (4) ,, Azimuth = + o ,004 

The residuals of the other circuit are :- 

Circuit II. 

Equation (5) in Log side = - 2.3 in the 7th place of decimals 
,, (6) ,, Latitude = + oV.oog 
, (7) ,, Longitude = + o -092 
,, (8) ,, Azimuth = - o -037 

We have now to apply the arbitrary values of 6y and 62: to the linear and geodetic calculations; and 
when this has been done we find that the residuals never differ by more than O".OOI from the magnitudes 
indicated on the substitution of the values of Sy and 6% in the equations : these differences are of course due to 
the adopted limit of aritlimetical accuracy. The actual residuals of both circuit8 are now :- 

Circuit I. 

Equation ( I )  in Log side = 0.0 ) 
,, (2) ,, Latitude = 0"-ooo t f inal  residuals. 
,, (3) ,, Longitude = - o .OOI 
,, (4) ,, Azimuth = + 0 -005 ) 

Circuit II. 

Equation (5) in Log side = - z - 3  

1, (6)  ,, Latitude = + 0"'008 Residuala left for dispersion in 
,, (7) ,, Longitude = + 0 0003 the right-hand branch. 

,, (8) ,, Azimuth = - o -038 I 
If the arbitrary changes here shewn to suffice are compared with thoae that have actually been em- 

ployed (see page 254), and the remaining residuals of Circuit 11, with those on page 2415, it will be aeen that 
the method of adjustment now put forward is the more suitable to adopt. 



OF A SIMULTANEOUS REDUCTION. 

Abstract of the @alczcEation. 

A bst?*act of the Calculation-(Continued). 

W. H. COLE. 
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NORTH-EAST LONGITUDINAL SERIES. 

INTRODUCTION. 

The North-East Longitudinal Series is the chain of triangles which extends from the 
northern extremity of the Great Arc to that of the ~alcut'ta Meridional Series, passing mostly 
through the belt of Tarhi which lies at the foot of tlie Himalayan Mountains on the frontier 
of the British Territories. It extends from the vicinity of the Dehra Dim Base-Line to a 
little beyond the SonAkhoda Base-Line, and connects together the northern extremities of the 
several meridional chains of triangles which emanate from tlie Calcutta Longitudinal Series 
and lie between the meridians of the Great Arc and of the Calcutta Meridional Series. It 
was wholly executed under the superintendence of Captain-afterwards Colonel Sir Andrew- 
Waugh. 

That by far the greater portion-about nine-tenths--of this important chain of 
triangles was carried almost entirely through the plains at the foot of tlie outer Himalayan 
ranges, instead of over those ranges themselves, was due to the circumstance that this 
portion of the Himalayas falls within the Nepalese Territories, and unfortunately a treaty had 
been made between the British and the Nepalese Governments, one of ttie articles of which 
prohibited Europeans from entering Nepal. More than once Colonel Everest had urged 
tlie Goverriment of India to move the Nepalese to sanction the extension of the operations of 
this survey through their territories, as liad invariably been permitted by all the Native States 
in India; but his requests were always refused. Had the triangulation been carried over the 
hills, the lengths of tlie sides might liave been materially increased and the number of 
stations correspondingly diminished; the heavy cost of building towers at each of the stations 
in the plains, and clearing the lines between them, would have been avoided ; and serious 
mortality in the survey establishments, which was caused by the operations having to be 
conducted through the deadly forests and jungles of tlie Tartii, might have been prevented. 

I n  its execution this Series differs from all the other chains of principal triangles in 
that, instead of having been accomplished continuously from end to end, portions of it were 
executed on tlie completion and in continuation of the operations on the meridional series, 
with the object of tying together the northern extremities of those chains as soon as possible 
after each was completed. 

Before any portion of the existing North-East Longitudinal Series--the details of 
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which are given in this volume-wzls commenced, a chain of triangles, originally called ##The 
North Connecting Series in the Sub-Himalayan Range," was carried from the side D o f w h  
to Banog of the Great Arc, eastwards, to the northern extremity of the Budhon Meridional 
Series and then on to tlie west flank of some triangulation which had been extended beyond 
the present Rangfr Meridional Series to points on tile Sub-Himalayan Range. I t  was exe- 
cuted during the field seasons of 1841-48 by Captain DuYVernet of the Madras European 
Regiment, with Saiyad Mollsin's 18-inch theodolite which is described a t  page 67 of the 
Appendices to Vol. 11. The triangulation to tlie north of the Rangir Series-as a t  present 
constituted, and described in the introductory account thereof in Vol. VII-was executed by 
Mr. C. Lane, in tlie field seasons of 1839-42 with an 18-inch theodolite by Cary which is 
described at  page 68 of the Appendices to Vol~lme 11. Then a chain of triangles, originally 
called The North Connecting Series in the Pilibhit Tar&," was carried from the side Baheri- 
At4ria on the east flank of tlie Rangir northern triangulation to the side ~ m u & p u r - K o k m  
of the Amua Series, by Captain Waugh of the Bengal Engineers, in the field season of 
1842-43 ; the instrument employed' is believed to have been one of the 15-inch theodolites 
which were then available for the principal triangulation. The whole of the preceding opera- 
tions were executed under the superiritendence of Colonel Everest. I n  the field season of 
1843-44 a chain of triangles, originally called " Tlie Nortli Longitudinal or Connecting Series," 
was carried by Captain DuYVernet-under the superintendence of Captain Waugll who had 
then succeeded to the Surveyor Generalsliip-from tlie ~ i d e  SultBnpur-KarAi of the Pilibhit 
Series to tlie side Kh6npur-M4si of the Kar4ra Series j tlie instrument which was employed 
is unknown, but it was probably one of the old 15-inch or 18-incli theodolites. 

Full details of the above mentioned triangulations are given in Parts 2, 4, and 5 of 
Volume IX, and Part 2 of Volume X of the series of volumes entitled " The Trigonometrical 
Survey of tlie Peninsula of India" of which tliree copies were prepared in manuscript, one 
for record in the East India Office in London, the two others for the requirements of the 
Offices of the Surveyor General in Calcutta and of the Superintendent of the Great Trigono- 
metrical Survey in Dehra Dhn. 

Shortly after the completion of these operations, the Survey was supplied-through 
the liberality of the Hon'ble Court of Directors of the East India Company-with instru- 
ments far superior in telescopic power and accuracy of graduation to those which had been 
available hitherto ; moreover the operations on the Great Arc were completed about this time, 
and thus the two great theodolites whicb 11ad been specially constructed for the requirements 
of the Great Arc, and are described at pages 28 to 37 of the Appendices to Vol. 11, became 
available for employnlent on other series of triangles. Tlie very marked superiority of the 
results obtained by tile great (36-inch) theodolites and the new 24-inch theodolites, over those 
obtained by the older and much smaller instruments, induced Captain Waugll to have the 
whole of the angles of tlie several North Connecting Series re-measured with instruments of a 
better class, and to discard the first measurements. It happened that almost all the numerous 
towers wliicli had been erected in the plains as stations of observation were still standing and 
available for re-employment ; and it hns already been shown in Cliapter I V  of Volume 11, 
that when the object in view in revisionary operations is merely to remeasure the angles with 
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a superior instrument, without modifying the original design of the triangulation by al terin g 
the positions of tlie first stations or introducing new ones, the revision may uslially be accom- 
plis1lt.d in very much less time than would be required for a new triangulation over virgin 
ground. 

I t  thus happened that the final triangulation of the North-East Longitudinal Series 
was commeliced simultaneously in two places in the field season of 1845-46; a t  the northern 
extremity of the Chendwibr Meridior~al Series by Mr. Logan, and a t  that of the Malfincha 
Meridional Series by Lieut. Reginald Walker. Mr. Logan, working westwards from stations 
LXXXIV-~xxxv, carried the new triangulation to  the head of the Amua Series--connecting 
the Hurilhng, Gora, Gurwhni and Kar&ra Series en-route-and then commenced the revision 
of the contiguous portions of the North Connecting Series, which he completed up to the 
side Donau-Kalihnpur (XII-XIII), in 1849-50. The revision of the remaining westerly portion 
up to the Great Arc, was accotnplished in 1860-6 1 by Captain Renny and Mr. John Peyton. 
Lieut. Reginald Walker, working northwards and then eastwards, carried the triangulation 
from stations c-CI to CXVII-cxv111 in 1845-47. I n  the following year it was extended by Mr. 
C. Lane to its eastern limit, at the side cxx~v-cxxvr, a little beyond the Son4khoda Base-Line. 
Tlle portion of the Series included between the sides LXXXIV-~xxxv and c-CI mas completed 
by Mr. Peyton in 1848-49. An account of these several operations will now be given. 

The If.iangzdatw~ between Stations XII-XTT amd LXXXIP-XXXXP, 
by Mr. George Logara. 

The Chendwhr Meridional Series had been carried up to the side Harpur-S4wajpur 

8eauon 1845-46. 
(XXII-XXIII of Chrndwtir) by the end of the field season 

PEBBONNEL. of 1844-45, and then only five triangles remained to com- 
Mr. G. Logan, Iat  Assistant. 
,, H. Keelan, 1st Clt~na Sub-Assistant. 

plete the Series. I n  tlie following field season Mr. Logan 
,, J. W. R O ~ O ~ ~ I - o d e ,  1st CI- sub-daaistsnt. proceeded to measure the angles of those triangles, and ,, J. B. N. Hennessey, 3rd ,, )I 

carry a longitudinal chain of triangles westwards from 
their nortllern extremity. It had been conjectured that the triangulation might a t  first be 
carried northwards, through the country of the Raja of RBmnagar, to the Sumeshar range 
of the outer Himalayas, and then be turned westwards ; and had i t  been possible to establish 
both flanks of the Series on tlie hills, this plan would have been followed ; but it was found 
that one flank must necessarily be located in the plains, and that a considerable bend in the 
direction of the chain would be introduced by resorting to the hills. Thus Mr. Logan, who 
had been authorized by the Surveyor General to adopt whichever course he thougllt most 
judicious, decided on selecting the direct course through the plains. The north flauk of the 
Series was carried as closely as possible to the boundary line between t l ~ e  British and the 
Nepal Territories, which the surveyors mere prevented from crossing because of the treaty 
between the two Governments which has already been alluded to, and in virtue of which no 
Europeans were allowed to cross the Frontier. 

During the first field season sites were selected for the three remaining stations ( x x ~ v  
to XXVI) of the Chendwh Meridional Series, and for stations ~ x x x v  to LXXII of the Longi- 
tudinal Series. Towers-ranging in height from 25 to 35 feet, and composed of solid masonry 
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pillars surrounded by solid earthen platforms-were built by the surveyors themselves on-the 
sites selected for the principal stations ; and tohe whole of the lines between these towers were 
cleared of trees and other obstacles of which the removal was necessary to secure the requisite 
mutual visibility along each ' ray '. 

The whole of the principal angles-both horizontal and vertical-at these stations were 
measured and an astronomical azimuth of verification was observed at station xxv of the 
Chendwslr Series, by Mr. Logan, during the last three months of tlie season, with Barrow's 
36-inch theodolite. 

After a long field season, lasting from early in October to the end of May, the party 
proceeded to Dinapore, there to spend the recess season. 

Field operations were resumed in the month of October 1846, and by the 20t8h of 
the following month sites had been selected for 9 stations 

Beason 1846-47. 

Prmomnr, pnd 19 ' rays ' had been traced, wlien two of tlie European 
Mr. GC. Logan, I a t  Assistant. Assistants and the greater portion of the native establish- 
., H. Keelan, I s t  C1wmsub-hbt.nt- ment were suddenly prostrated by a virulent malarious ,, J. W. &~ssenrode, 1st ,, IS 

,, J. B. N. Hennewey, 3rd ,, )I fever, contracted in the forests of the Tarhi which had 
,, J. 0. N. Jlunes, 3rd ,, 81 

unfortunately been entered too soon after t l ~ e  termination 
of tlie rainy season. It is reported that two-thirds of the natives "had to  be literally carried 
into the Civil Station of Goruckpore for medical aid" ; about thirty-five of them died out- 
right, and of tlie survivors not a few " felt the effects of that j i~ngle fever for several years 
after ". A small party remained in tlie field throughout, collecting materials for the construc- 
tion of the tower stirtions, with the aid of the inhabitants of the neigl~bouring villages. To- 
wards the end of December tile convalescents were sufficiently numerous to permit of Mr. 
Logan resuming field operations, the party being strengthened by the entertainmer~t of new 
ha~~ds ,  though not without much difficulty, as work in the TarBi was regarded with considerable 
apprel~ension and alarm. Heavy rains fell in January which destzoyed large quantities of the 
sun-dried bricks that had been prepared for the construction of the tourers, but the healt,h of 
the, party was unaffected and was generally good from the time of returning into the fieid' 
until the end of the season. The principal triangulation was concluded in the month of 
March, at  stations LXIII-LXIV, terminating at  an earlier date than usual to permit of Mr. 
Logan's return to Ilinapore, in order to corrlmence preparations for the 1)ase-line which waa 
to be measured in the following field season at Sonitkhoda. Mr. Keelan and the other 
assistants were employed until the erid of April in selecting stations in advance and executing 
minor triangulations from the principal series along the Gunduk river and towards Bettiah. 

During the field season of 1847-49, Mr. Logan, his European assistants and his native 

8earon 1848-49. establishment were wholly employed on the measurement 
I ERBONXBL of the Sonfikhoda Base-Line, wl~ich is situated at the eastern 

Mr. Q. Logan, 1st Assistant. 
,, J. W. Kossenr~de, 1st Clam Sub-Aaaistant. extremity of tlie North-Eset Longitudinal Series. They 
,, J. H. N.  Hennrmey, 2nd ,, ,, spent the summer of 1848 in recess quarters at Allahahad, 
,, J. 0. N. James, 2nd ,, 11 the nearest cantonment to the triangulation of the ensuing 

field season. Operations were commenced by marching to the stationof M b i  (xxxv), at t 6  
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northern extremity of the Kar4ra Meridional Series, with a view to examining the oondition 
of the towers thereat and a t  the contiguous stations of the North Longitudinal or Connecting 
Series, which Major DuyVernet had constructed in 1843-44. The summits of tlie pillars a t  
each station had moreover t o  be enlarged to adapt them for supporting the stand of the great 
theodolite wlricll Mr. Logan wa,s eelnploying, and which required pillars of a larger diameter 
tlian was needed for the stands of the smaller tlieodoli tes employed in the previous triangulation. 
At M&si the station pillar was a solid one, ~ont~aining a series of markstones at  different heights 
above tlre ground ; tlie upper markstone was found to have been removed with a portion of the 
top of the pillar; but the markstones below were uninjured, and thus the mischief which 
bad been done was readily repaired. 

Mr. Logan then proceeded eastwards, towards the station of Clianda (LXIV) at  which 
he had closed operations in 1847, selecting sites for the intermediate stations and clearing the 
rays on the lines. He also availed himself of the h e  weather which usually occurs at  this 
season of the year to take observations with the great theodolite, a t  stations XXXVII, XLI and 
XLVI, to fix the principal peaks of the snowy ranges of the Himalayas. Meanwhile the con- 
st~uction of the towers was progressing ; the operations were however again impeded by an out- 
break of fever which temporarily prostratrd upwards of a third of the establisliment, but fortu- 
nately the fever was of a less virulent and lasting nature than during tlie outburst of 1846, and 
it did not necessitate a complete suspension of the operations. Several of the rays had to be 
clrlared with great labour through dense sdl forest, in doiny which coel~siderable opposition was 
offered by the Haja of. Akauna to Mr. He~inessey in clearing a line which passed near his 
fort; he sent out a party of matchlock men which compelled Mr. Hennessey to suspend 
operations until the district autliorities could interfere in his support. The measurement of 
the principal angles was resumed by Mr. Logan towards the end of December, commencing 
a t  LXIII ; by the middle of Marcli they had been completed westwards up to stations XLIII 

and XLIV at the northern extremity of tlre Gurw4ni Meridional Series; an azimuth of verifi- 
mtion was observed at  XLV; and tlre principal observations were contirlried up to stations 
xxxrx and XL, where they were brought to a close towards the erld of April. The party then 
proceeded for the recess season to Dehra D6n, where Mr. Hennessey was transferred to t l ~ e  
Head Quarters' Office, for duty immediately under the Surveyor General; his services during 
the field season had been specially commended, as Ire had cleared over 200 miles of rays, much 
of it through dense forest and jungle, besides measuring 140 minor triangles, and laying down 
the positions of 720 villages. 

Warned by the experience of previous years of the danger of entering the malarious 
Beam 1 ~ - s o .  tracts of the Tartii early in the field season, Mr. Logan did 

PBBBONREL. not leave Dehra Dbn until late in October. The great 
Mr. a. Logan, 1st Asristant. theodolite was set up for observation at the stalion of Da-' , Q. E. e r r  1st C l w  Bub-A&tant. 

J. O. N. James, 2nd ,, n daura (XXXVIII) on the 7th December, between wllich and 
,, C. J. Cnrty, 8rd ,, 1s the 4th April observations were taken at 27 stations, com- 

pleting up to the stations of Donau and Ralislnpur (XII-XIII), a t  the eastern end of, what was 
then called, the Pilibhit Series. Observations of circumpolar stars, for the determination of 
azimuths of verification, ware taken at Stations xxxv and XIII. 
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The ~ervices of Mr. James, during this season, were moat favorably reported on by 
Mr. Logan to tlre Surveyor General. Mr. James had re-cleared 138 miles of rztys between 
stations of tlre principal triangulation ; be had also executed a chain of minor triangles 100 
miles in lengtl~ towards ShRjahAnpur, in the course of which he determined the position of 
634 point8 ; he had also laid down the course of the Gogra river for 36 miles, by means of 
route surveys carried along both banks and connected wit11 principal stations XXXII and 
XXXIII. 

The Triangulation from Statwrar, LXXXIV-LXXXV Eastzoarde to the I'erminasl Side 

CXXI P- CXXPI. 

This portion of tlre North-East Longitudinal Series was accomplished in three sections 
by as many observers. 

The Section LXXXIV-~xxxv to c-cr was executed in the field season of 1848-49 by Mr. 
John Peyton, who ernployed Barrow's 24-inch tlleodolite No. l-described at  page 46 of tlre 
Appendices to Volurne II-in measuring the principal angles. No record of the season's ope- 
rations is now forthcoming. Towers ranging in height from 20 to 30 feet, wit11 solid pillars 
having markstones a t  the summit and basement, were constructed at each of tile stations. 
Mr. Peyton had been directed to take observations for fixing the positions of the peaks on 
the snowy ranges of the Himalayas which ran parallel to  his operations ; but 11e appears to 
have been unable t o  do so, probably because the atmospheric conditions had become un- 
favourable by the time his stations, all towers, were ready for use; these observations were 
therefore carried out by Mr. J. 0. Nicolson subsequently. 

The Section c-CI to cv-CIX was executed by Lieutenant Reginald Wallrer, R.E., dur- 

SE(MO~) 18%-a. ing the field season of 1845-96, as the northern port,ion 
px~sonnrr, of the Mallincha Meridional Series. Reference should be 

Lieutenant R. Walker, R.E., 2nd Assistant. made to  the introduction to that Series for an account of 
Mr. O .  Terry, 1st Claae Sub-A~ietant. 
,, W. C. Hoesenrode, l e t  ,, ,, the difficulties under which the operations were conducted, 
,, C. H. Webb, 3rd ,, ss owing partly to malarious fever contracted in tlle forests of 

the Tarhi, partly to unfavourable climatic conditions, and partly to the extreme length of the 
sides of the triangles. Towers with solid pillars were constructed at  each of tlre stations. 
The observations at  t l ~ e  several stations which are now included in the North-East Longitu- 
dinal Series were taken in the montlis of May and June 1846, when, after a long period of hot 
winds from the west which greatly obscured the atmosphere, the easterly winds set in, the 
weather became favourable, and mutual observations between the principal stations of the tri- 
angulation again became possible. 

The tlleodolite employed in the measurement of the principal angles was Cary's 
16-inch whicli is described at  page 71 of t l ~ e  Appendices to Vol. 11. The results obtained by 
Lieutenant Walker with this little instrument are most accordant and satisfactory, as regards tlie 
~mallness both of tlre errors of observation and graduation (see Section 3, Chapter VII, Vol. 11) 
and of the triangular and other geometrical errors. Thus, whereas all other portions of the 
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triangulation of this Series which had been executed with tlie smaller and more antiquated 
theodolites were subsequently revised with the 36- and tlie 24-inch theodolites, this portion 
was not revised. The instrument was however discarded at  the end of the field season, and 
one of the great theodolites substituted for it. 

I n  October 1846, Lieutenant Walker proceeded with four assistants, from his recess 

Sewom 18s-47. 
quarters at  Titalya, to extend the triangulation eaat-  

PEBSONNEL wards to the Sonakhoda Base-Line. The operations lay 
Lieutenant R. Walker, R.E., 1st Asoistant. wholly in the plains of tlie Tarhi a t  the foot of the Hi- 
Mr. C. Lane, Principal Sub-Aeaietant. 
,, W. 0. Itossenrode, 1st claw ,, malayas, much of it through tracts of forest and jungle 
,, C. R. Webb, 3rd ,, ,, 
,, J. H. Lawrence, 3rd ,, ,, which necessitated the usual laborious process of selectir~g 

sites, erecting a tower of a height generally ranging from 
20 to 30 feet a t  each station, and'clearing the lines between the towers. The preliminary ar- 
rangements occupied much time, so that the measurement of the principal angles could not 
be undertaken before the month of Warch 1847. The measures of all the angles, both ho- 
rizontal and vertical, were made with Troughton and Simms' 36-inch tlieodolite, which is 
described a t  pages 28 to 31 of tlie Appendices to Volume 11. Lieutenant Walker had com- 
pleted the observations a t  9 stations, bringing the work up to station CXVIII, when he was 
struck down with fever, contracted in the malarious regio~l on which he liad so long been 
working. He proceeded to the Hill Sanatarium of Darjeeling for change of air and medical 
treatment ; but on the arrival at Darjeeliug of the dooly in wliich he was being carried, the 
sad discovery was made that he had died em route, witliout the cognizance of any of his at- 
tendants. I n  announcing his death to the Government, the Surveyor General stated that 
"by his lamented demise Government has lost a very talented and energetic officer, and 
" this Department has sustained an irreparable loss.- Tile great practi&il success whicll 
" attended his labors from the commencement, together with his scientific acquirements and - 
" entire devotion to the Great Trigonometrical Survey, marked llim out from-the first as an - 
" officer of the highest order. During my recent inspection of Iris operations, I was particu- 
" larly struck with his great energy and force of character among difficulties of no ordinary 
" kind. No inclemency of climate, nor fear of danger, neitlier fatigue, heat nor inconvenience, 
" loneliness nor protracted bodily exertion, could quench the enthusiasm with which he re- 
" garded liis work, nor repress his emulation to excel in llis profession." 

Observations of the principal angles at  stations c x ~ x  to cxxvr were still required to 
complete tlle eastern extension of this Series, which terminates a t  the east flank of the 
Rzimganj polygon, tlie figure of wliich one of the sides is the Sonakhoda Base-Line. The 
whole of the angles were measured by Mr. Lane during the field season of 1847-48, with 
Trougliton and Simms' 36-inch theodolite which had been employed during tlie previous 
field season by Lieutenant Walker. Subsequently, early in 1856, all the angles a t  the 
stations--cxx to cxxv1-wl~ic1~ appertain to the RBmgan j polygon were again measured by 
Mr. J. 0. Nicolson, some with Colonel Waugh's 24-inch tlleodolite No. 2, and otliers with 
Barrow's 24-inch theodolite No. 1. For tlie Surveyor General apparently mistrusted the first 
measures, apprehending that they might have been vitiated by deflection of the towers a t  
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some of the stations. THe triangulation had exhibited a very much larger linear error on 
closing at  the Sonakhoda Base-Line than liad ever been met with previously, and there can be 
little doubt that this error must have been mainly due to the cause to which i t  was attributed- 
biz., deflection of tile tower stations and consequent displacement of the station marks on their 
summits-as the pillars were all solid, and there were no means of measuring the displacement 
by reference to the marks at  their basements otherwise than by the expensive and tedious 
process of pulling them down to the ground, in order to obtain access to the lowest mark. 
This sul~ject is fully discussed at  pages 65 to 67 of Vol. V I I  ; thus i t  is unnecessary to say 
more in this place than that tlie experience of the disadvantages of tower stations with solid 
pillars which was gained in the course of the operations on this Series, led shortly afterward8 
to  the introduction of towers with perforated pillars, and with vaults leading to the l~asement 
mark, to which mark reference has since been made invariallly ; the upper nia1.k is either dis- 
pensed with altogether, or a temporary substitute is provided, in the shape of a cross with 
a small hole in the centre which is carefully plumbed over the basement mark. 

The second measures of the angles of the R&m gnnj polygon gave values which agreed 
so closely with the first that the differences may be fairly attributed to errors of observation 
rather than to errors caused by pillar deflection ; thus there being no decisive evidence of 
errors of the latter kind, both values have been adopted ; they have been combined together 
with their respective weights, in order to arrive at  the ' concluded ' or finally adopted value of 
each angle which results from the actual observations. 

The T~.iangulntion between the Eastern Jlank of the Great Arc and the Side XII-XIII  
of the North-East Longitudinal Series. 

The final measurement of the angles of these triangles was executed in the field 

season 1860.61 
season of 1860-61 by Captain Renny (now Colonel Renny- 

PXB~OKNBL Tailyour) and Mr. J. Peyton. The following account of 

Mr. J. Peyton, Chief Civil Assistant, and two Sub-Assistants haGng been placed under my orders, I kept 
Mr. Haycock with me to aseist in the observatory and office, and detached Meears. Peyton and Blewitt in the 
beginning of October (1850), the former to build the towers that were wanted a t  stations in the plains, and the latter 
t o  construct platforms and cut roads at  hill stations for the 24-inch theodolite. 

Having received your instructions to make the revised section a double triangulation, I carried this improve 
ment into effect by observing the angles made by the diagonals Bariog to Chlndipaldr, and Dhela to Birond, so as to  
form two quadrilaterals; by adopting Mnhesari Station of the Budhon Series, to complete a polygon round 
Nhbegarh H.S. ; and by connecting Birond and Donau Stations, in order to obtain a polygon round Bsheri T.S. 

Tlle four stations of the Raugir Series, in the plains a t  the eastern end of my triangulation, had tall 
pillars about 40 feet high for the support of the theodolite, mid in former operations a temporary scdolding was 
erected around them for the observer and his tent; but ae this arrangement waa not nearly so convenient as a tower, 
and moreover the pillars had been found to vibrate with a little wind, i t  was considered advisable on this occasion to 
encaae them in a solid tower of unburnt brick. 
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Mr. Peyton on leaving Dehra proceeded first to Mahesari Station, from whence he cleared the ray to 
GiriwMa H.S., ahd after making arrangements for the repairs of the tower a t  Mahesari, of which the outer portion 
of inburnt brick was much dilapidated, he marched on to Sisgarh. He now commenced work on the towers at  
Sisgarh and Atiria and also in repairing those a t  Kalidnpur and L)onau, where Mr. Logan had left men for the 
preservation of the station marks ; but he had a great deal of difficulty in getting workmen to proceed to Bagwba 
and Baheri, which are situated in unhealthy parts of the Tarii, aa several masons had died there formerly when 
building the pillars at  thew stations for the Rangir Series. The delay in obtaining workmen and the unusual 
wetness of the season, which interfered greatly with the drying of bricks, prevented the towers being got ready at 
the two last named stations until near the middle of February. The original pillars were built with a hollow core 
and an open passage to it at  bottom, in order to plumb down from the top to a mark below, but they were all found 
to incline so much as to prevent such a reference being made. It therefore became necessary to throw down a 
great part of each pillar and rebuild i t ;  but after the towers were complete, the pillars again moved out of the 
perpendicular to a small extent, caused most probably from pressure of the outside casing of unburnt brick owing 
to unequal settlement of its foundation. A; Mr.  on did not like to trust the lamimen to plumb down the 
great depth to the bottom of the pillar, he directed them to use an upper mark, which was carefully transferred to 
the bottom on the arrival of the observing party. This arrangement generally threw the lower mark out of the 
centre of the aperture at  bottom of the pillar, and except in the case of Bagwlra, caused them to differ from the 
station mark used in former operations ; but the maximum difference does not exceed 3fr inches, and they are noted 
in the description of stations inserted in the angle books. 

At the Hill stations, platforms were constructed of stone and earth, 14 feet square, with a central pillar 
of masonry 3 feet 4 inches diameter for the theodolite. There are markstones a t  top and bottom of theae 
and a masonry annulus is built round them at a clear interval of an inch or two, to isolate them from the re- 
mainder of t h i  platform. Lime had to be brought from a great d&tnnce for the pillars and annuli, for although 
limestone generally abounded, the pahiris [hill men] are not in the habit of burning i t  for their own use. A prac- 
ticable path was always cut up the hill side for the theodolite from the nearest village rord to the station. As the 
original platforms with exception of those at  Banog and Doiwila had no masonry pillar for the  theodolite, they had 
all to be rebuilt or altered accordingly, but the lower markstones were retained and the upper marks were also 
replaced a t  their previous heights, except in a few instances which are noted in the description of stations. 

As i t  was not considered safe to  send lamvmen to Doiwhla Station until near the end of October for 
fear of jungle fever, and it was also necessary to let Mr. Blewitt obtain a start in advance of the observing party, 
I only commenced taking the angles a t  Banog H.S. on the 23rd October. From Banog I proceeded regularly 
from station to station until I reached Dhela H.S. on the 10th January, when heavy snow fell on the 
mountains and interrupted the observations to Ghungti, Birond and ~aunchilia.  I n  the course of 6 or 6 
days the lampmen managed to show their signals a t  the first two of these stations, but Saunchhlia being 
full a thousand feet higher, or upwards of 8,600 feet above the level of the sea, all access to i t  was cut 
off for nearly a month. When the snow commenced falling, Mi. Blewitt was making the road up the hill 
a t  Birond, so I felt no anxiety respecting the lampmen a t  that station, as I knew he would aesist them if 
necessary. I had previously caused huts to be constructed and wood stored at  all theae stations, and I had 
ordered the lampmen always to keep a month's supply of food by them in m e  of being enowed up;  but still, 
fearing lest the men should have been careless in taking all the necessary precautione from ignorance of the danger 
they incurred in neglecting them, I was apprehensive that the lam1)men a t  Ghungti and Saunchtilia might be in 
di5culty if not in actual danger, and I therefore despatched a couple of messengers to each of these stations par- 
ticularly selecting active and energetic men for those eent to Saunchilia, and I directed them to report to me im- 
mediately in case of any difficulty occurring, which they could not overcome, in communicating with the larnprnen. 
I shortly heard of the welfare of the men at Ghungti, where the head lampman had been provident as respected 
supplies for his party, and the road to the station had not bee11 much impeded with snow, but at  Saunchblia the snow 
had fallen very deep, and two of the lampmen had been snowed up for 4 dtrys with scarcely nny food, and were only 
rescued by the erlergy of the messengem I sent, who with great difficulty got a party of pahlris to assist them 
m d  ~ u s h e d  their way through the snow. I had posted 4 men at Saunchilia, but the day before the snow fell, two 
of them came down the hill to buy food for the party and were afraid to go up again until my messengers arrived, 
and the men on the hill being also unaccustomed to snow, were afraid or unable to venture down through the deep 
snow, after makiug an uurrucceesful attempt. 
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HaGng taken all the angles at  Dhela except those in connection with Saunchilia, I marched to Bagwarn 
Tower Station to aasiet Mr. Peyton in completing the towers, with the view of making over the remainder of the 
obeervations to him and returning to your office at  Dehra, to enable me, agreeably to  your orders, to take early 
measures for erecting an observatory a t  Banog. Accordingly on the 9th February I made over charge to Mr. 
Peyton, and he took the remninder of the obeervntions, visiting all the tower stations firet and ending with the hill 
stations of Birond, Snunchilia and Dhela. At first he progressed very slowly on account of the length of the rays 
between the stations of Bagwira, Sisgarh, Baheri and Atirria, and the necessity of reclearing them rays, but he even- 
tually got all the angles satisfactorily completed by the 3rd of June. 

There were two theodolites employed on this work, being the two YOU constructed from the original %-inch 
Azimuth Circles of the &feet Astronomical Circles. It was a t  first intended to use NO. 1, which was considered the 
best, but ari it wae on its way up from Calcutta when I commenced work, I observed with No. 2 at the first two eta- 
tions I visited, &., Banog and Ghandiil. These theodolites, especially No. 1, appear to be but little inferior to the 
great theodolites, and when used with care and the signals are tolerably good, the differences in the mean angles a t  
different zeros do not appear to exceed 3 to 4 seconds in No. 1 and 4 to 6 seconds in No. 2. 

The best mode of conveying the boxes of the theodolite in the mountains, is by means of a single bamboo 
or pole attached as in a so that the carriers may move in single file, which enables them to take the in- 
atrument safely along any of the ordinary village traclte, and only necessitates the cutting of a small path to the 
station ; whereas if two carriers are placed abreast, the village tracks must generally be widened for the purpose, and 
expensive roads made up to the stations. The ordinary bearers of the plains are preferable ae carriers to the 
pahiris, and get on very well in the hills after a little practice, but 2 to 6 pahiris with drag-ropes for each box 
necessary to assist when the roads are steep. 

The result of the revision appears satisfactory aa shown in the following instances. 1st .  The uncorrected 
polygons and quadrilaterals re-enter with small differences. 2nd. The triangular error is generally under 1 second, 
and only in one instance exceeds 2 seconds, which occurs in the triangle Bngwira, Baheri, and Sisgarh, where the 
error amounts to 2".80, but the sides of that triangle are long and unfavourably situated for good angles. 3rd. I n  
the heights, the differehces by two or three independent deductions of the same stations are frequently ullder 1 
foot, and seldom exceed 2 feet, whe~.eaa in the orginal work these differences mere usually upwnrds of 10 feet and 
in two instances amounted to 37.7 and 46.1 feet respectively. And 4thly,-The comparison with the Rnngir Series is 
more favourable than previously, and an extraordinary anomaly has also disappeared, which existed in the compari- 
sons of the Budhon with the Great Arc and Himalaya Series (which the hill portion of my revised section warJ 

formerly called) aa shewn in pages IV and v of the Introduction to the General Report of the Budhon Series. 
The comparison of the Rangir Series a t  the common side ( of the two series) S a ~ n c h i l i a - B ~ w ~ ~ ,  

formerly gave a difference of 5.4 inches per mile in excess, and this difference is now reduced 1.0 2-9 inches per 
mile. The Budhon Series compared with the side Sheopuri to Godhna of the Great Arc was 6.21 feet in excers 
in 213 miles, which amounted to 3.5 inches per mile, but when compared with the side Chindipahir to Mibegarh of 
the Himalaya Series there was only a difference in excess of 0.25 feet in 16+ miles, or about 0.2 of an inch per mile ; 
from which comparisons there resulted a discrepancy of 3.3 inches per mile in the short triangulation from Godhna 
and Sheopuri to Chtindipahir and Mibegarh, occupying only three triangles of the Budhon Series. As these three 
triangles formed part of the Mahesari polygon which re-eutered very fairly, the discrepancy was supposed to be 
chiefly due to the Himalaya Series, and the result of the revision of the latter has proved this to be the cue, for 
comparing the common triangle ChhndipahAr, llibegarh, and Mahesari, of the Budhon and North-East Longitudinal 
Series, the former now gives an excess of 3.2 inches per mile, being a difference of only 0.3 of an inch froln the 
result given by the Grent Arc, and if the revised angles of the triangle Chindipahhr, Mibegarh, and M&essri 
were introduced into the Budhon Series, this difference would be still further reduced.' 

* It is to be remembered that the  numerical values of discrepancies given in  this and the preceding 
para. were derived from the preliminary computations, before any general adjustment of the triangulation 
had been attempted, ant1 while the Budhon and the Itan& nieridional Series were still dependent for their 
initial element. on the old triangulation of the Calcutta Longitudilrul Series the revision of which was not 
commenced uutil the year 1863. 
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My party being ,specially intended for the reviaion of Principal Triangulation, and compoeed only of such 

members of the Civil Establishment as could be spared for the purpose and a detacllment of the Native Establish- 
ment of the North-West Himalaya Series, containing but a limited number of trained men, I waa quite unable to 
carry on any Secondary Operations until Mr. Blewitt had completed the work assigned to him in preparing the 
platforme and roads a t  the hill stations. The Secondary Triangulation hae been confined to laying down the 
position of the Rnorkee coilege, and a Minor Series in the Rtidarpur Tarhi to fixed pointa on the edge of the 
forest for the Rohilkhand Revenue Survey. There exist however all the secondary pointa laid down in the opera- 
tions of the Himalaya Series and sections of the Ran& and Pilibhit Series, of which only the principal triangles 
are superseded by the revised triangulation. 

I beg to acknowledge having received the most cordial assistance from Mr. Peyton, who exerted himself 
very diligently to get the towera ready in proper time, notwithstanding the great natural impediments of the 
unhealthy situations of B a g w h  and Baheri and an unusually wet season. After receiving charge of the party 
from me on the 9th February, he finished the remaining observations of the Bevised Section between Dhela and 
Kalitinpur in a very eatkfactory manner. 

Thus was completed this chain of triangles, the length of which is 740 miles, and 
which is only 40 miles shorter than t l ~ e  Great Indus Series, the longest of any of the chains 
of the Indian triangulation that run directly from one base-line to another. As soon as 
was convenient after the completion of the triangulation, steps were taken to adjust the 
angles for the linear error generated between the two baselines, and for the azimuthal error 
generated between certain stations, near the origin and t l ~ e  terminus of the Series, a t  wliich 
azimuths had been determined astronomically. A full description of the treatment to which 
the angles were subjected, in order to bring them into accordance with the verificatory base-lines 
and azimuths, is given in manuscript Volume XV of t l ~ e  " Trigonometrical Survey of the Peniu- 
s u h  of India", in the Introduction-dated 14th October 1861-which was written by Mr. 
Hennessey under the instructions of the then Surveyor-General, Colonel Waugh. There too 
will be found a statement of the discrepancies between the respective geodetic elements of 
latitude, longitude and azimuth, and between the side-lengths and tlie heignts of the principal 
stations common to this Series and to the several meridional series closing on it, which were met 
with on the completion of the calculations of each series. These discrepancies were believed 
to be largely due to the circumstance that the initial elements of a l l  the meridional series were 
derived from the triangulation of tlie Calcutta Longitudinal Series which had been executed- 
under considerable difficulties and with a very inferior instrument-during the years 1826-32, 
when as yet the Survey Department was unfurnished with suitable instruments for the 
execution of so important a chain of triangles; see page 71 of Volume 11. Thus no 
attempt was made to proceed with further reductions of any portion of the system of trian- 
gulation now known as the North-East Quadrilateral-which comprises the Calcutta and the 
North-East Longitudinal Series and the whole of the chains emanating from the former and 
closing on the latter-until after the revision of the soutl~ern Series wliich was accornplislied 
in the years 1863-69. The reduction was further postponed until tlie completion of that 
of both tlie North-West and the South-East Quadrilaterals, for reasons which are fully 
explained in Section 7 of Cliapter I of Volume 11. Thus it was not taken in hand until 
1876, when it was commenced under the immediate supervision of Major Herschel, in 
accordance with the principles which are set forth in Chapter XIV of Volume 11. 
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The several circuits into which the chains of triangles were arnanged for the final 
reductions of the North-East Quadrilateral were all made to close at stations appertaining to the 
North-East Longitudinal Series. The closing errors in Side, Latitude, Longitude and Azimuth 
and the portions of those errors which were thrown on the Series in tile course of the ihd reduc- 
tions, are given, the former in Sect.ion 10 and the latter in Section 18 of Chapter I11 of Volume 
VII  ; a full desciaiption of the method of treatment as regards the final evaluation of the linear 
and geodetic elements of the triangulation is given with complete numerical details in the 
sameclrapter. Here thenitis only necessary to state that the heights have been checked 
by connection with the Spirit Leveling Operations of this Survey at twenty-one of the 
principal stations (specified at pages 1'79-*and l8O-= of Volume VII) ; the magnitude 
of the errors of height which were generated in the course of the triangulation, and the 
methods by which they mere dispersed, are set forth at  pages 36 and 37 of Volume VII. 

Secondary Triangulation. 

The Secondary Triangulation which was executed in connection with the operations of 
this bries may be divided into three classes. 

(1). Triangles to fix the peaks of the Himalayan mountains. 

(2). %or cliains of triangles with off-shoots to fix points of importance at a 
distance from the principal series. 

(3). Ray traces. 

(1). The Himalayan Snowy Peak Itriangulatiolz.-The whoIe of the most prominent 
peaks on the snowy ranges situated between the meridians of 78' and 89i0 were fixed by 
observations taken mainly at  the principal stations, but partly also at  auxiliary stations 
situated at  the eastern and western extremities of the Series, v k . ,  in that portion of Sikkim 
which now belongs to tlre British Government and is known as the Darjeeling Eill Tracts, 
and also in the neighbourhood .of Dehra Dlin and Mussooree. The opei.ations in Sikkim 
were executed in person by the tbeu Surveyor General, Colonel Waugh. The observa- 
tions at the hill stations, whether principal or secondary, were mllaterally of much ser- 
vice in determining values of the coefficients of refraction to be employed in reducing the 
vertical observations which were made at the stations in the plains. For the mutud obser- 
vations between the stations which were situated on the mountains furnished values of the 
coefficient of refraction which might safely be adopted in computing the heights of all the 
anowy peaks observed at  those stations, as the atmospheric conditions to which the ra .p  
between the stations and the rays between the stations and the peaks, were subjected, were fairly 
similar. But in the mutual observations between the principal stations situated in the plains, 
which considerably preponderated over the hill stations, the rays of light grazed the surface of 



the ground, passing through an atmosphere of which the lower strata were very generally 
rarified by heat radiated from the surface of the ground, at  the usual time for vertical obser- 
vations; And this induced a refraction which w& very slight in all cases, and wae sometimes 
even negative in sign instead of positive, as in the " ~bse&ations of Terrestrial Refractions on 
the Plains of the Punjab", which form the subject of Appendix 3 of Volume I1 ; on the other 
hand the r a p  of light between the pridcipa~ stations and the snowy peaks psssed high above 
the ground, and were refracted to a very much greater degree and always positively. Thus 
it is obvious that the values of the coefficient of refraction resulting from the mutual obser- 
vations between the stations in the plains could not be employed in the reduction of the 
vertical angles at those stations to the snowy peaks. Consequently the heights of all the peaks 
which were observed at the hill stations-in Sikkim, and afterwards at the western extremity 
of tlie principal series-were regarded as fixed by the observations at those stations, and were 
employed in calculating the probable values of refraction in the observations to the same 
peaks from the stations in the plains; and then these values were employed in obtaining 
coefficients of refraction to be used in reducing the observations to such of the peaks aa were 
observed only at the stations in the plains. 

(2). Other Chaine of Triangles.-Of these the most important was the triangulation 
to tlie subsidiary stations in Sikkim, at the eastern extremity of the Series, which was under- 
taken by the Surveyor General in person. I t  emanated from a base formed on t h e  line 
oxv~rr to CXXIII, and was executed with the largest theodolites which could be conve- 
niently transported to the hill stations ; thus Troughton's 36-inch theodolite was employed 
at  Darjeeling, au 18-inch theodolite at Senchzil and Birch liill, and a 12-inch at  Tonglo, in 
measuring both the a~lgles of the triangles and those to the snowy peaks. 

On the western extremity of the Series auxiliary stations were fixed on the well known 
mountains of Nhgtibba, KidArkBnta, Sirkanda &., from which observations were taken- 
some by Colonel Everest when Surveyor General-to Gangotri, Jamnotri, and all the other 
prominent peaks of the Himalayas in this region. Observations were also taken at  the hill 
stations of Jagesar and KL~hnkra, situated on the prolongation of tlie Rangir Meridional 
Series, which were principal stations of that Series as originally executed, but were omitted 
from the revisionary operations, probably because of the difficulty of conveying the large 
theodolites to them, and are now classed among the auxiliary stations. 

A chain of minor triangles of which the angles were measured with a 7-inch theodolite 
was executed for a boundary survey of Nepal. It stretches from Station LII (Paragawa) to 
Station LXXXIV (Bulzikipur). 

A chain of first class triangulation with a 14-inch theodolite was carried, from the 
side Dahlelnngar (XXV of N.-E. L. 9.) to JariVB (XXXII of h u a  Series),down to the town 
of Shbli jalihnpur. 

(3). Ray Tr~e8.-Tliese consist of chains of triangles which were carried over the 
sides of some of the principal triangles in the plains, with, the primary object of enabling 
the direction of tile lines between the stations to be exactly determined, before the ray cut- 
ing ', as it was called, was commenced. The stations were about 2 miles apart, and were 
marked by a stout wooden pin, driven firmly into the ground, over which n fl~stsff-usu- 
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ally a long hamboo-wss erected for observation. The three angles of each triangle were 
measured with 12-inch theodolites. Tlie requisite directions could be and usually were com- 
puted from the triangulation, without any knowledge of the side-lengths; this could only 
be obtained with rcccuracy after the lengths of the sides of the principal triangles had been . 

determined ; see Chapter 11, Part IV, of the Manual of Survey for India by Colonels Thuillier 
and Smyth. I n  the course of the execution of the ray traces, observations were taken to 
all visible points in the immediate neighbourhood which it might be useful to fix for topo- 
graphical purposes; thus some of the ray traces became of additional importance, and the 
details of tl~irty of them, fixing about 400 points, are given in manuscript Volume XV of the 
Trigonometrical Survey. 

It is intended to publish all necessary information regarding the results of the second- 
ary triangulation which has been executed in connection wit11 the operations of this Series, 
hereafter, in the Synoptical Volume for the Series, as is usual for dl the secondary triangu- 
lation of this Survey; the prepamtion of that volume has however been postponed for the 
present, owing to a press of work of more imrnediztte importance.. 

DEHEA DON : 

November 1881. I J. 1. WALKER. 
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ALPHABETICAL LIST OF STATIONS. - 
Amiia . 
Adrkali 
Asog6piir 
Atliria 
Atkonawa 
Ba'giipir 
Bagwiira 
Baisi 
B5jra 
Bakwa 
Ba16ti 
BBnarsi 
Bandarj 61 a 
Binghora 
BBngra 
Bankata 
Bansidila 
Barhita 
Barsiim 
Batwaia , 
Beheri 
Bela . 
Bharmi 
Bhela 
Bheria BisanpGr . 
Biarwa 
Bigoia 
Birond 
BulikipGr . 
Chanda , 

Chandarsanph . . . 
Chindipahrir , a 

(of Am M e r i d i d  brim). 
Chel6a 
Chotiiki . 
Chiini . . 
Dadaora 8 . 
Dahlelnagar . 
Dwrka  . 

LXXXIII. 
XXXVII. 

XXIY. 
XI. 

XXXVI. 
LXI. 
VTT. 
CIV. 

LXYTTI. 
IiXIX. 
LXVI. 

LX. 
CYVIII. 
CY 111. 

LIII. 
LI. 

XLV. 
CI. 

XCV. 
LXYVIII. 

IX. 
XXYIII. 

LVII. 
XCVII. 
XCI I I. 
LXYV. 

LXXVII. 
VIII. 

LXXXTV. 
LXIV. 

XCI. 
LIV. 

x x x n .  
CYXV. 

CVI. 
XXXVTII. 

YYV. 
YXX. 

Dewirnganj . . . CII. 
Dharamsingua . . . LVI. 
Dhela V. 
Dipii . LXYX. . 
Dipnagar . CXIV. 
Dodo . . . . XII. 
Diimdtkgi . . c x x m .  
Qanesph . . XLVIII. 
QhandiAl . . LVI. 
(of (3rd Am Meridionsl 8ariea). 
Ghios e I LIV. 
Gharbaria . . L V m .  
Ghi ba . CIX. 
Qhungti . IV. 
Qirjwila 1 n .  
Ham5 hi . LXXTI. 
Harpiir . C. 
Hilgi XXVI. 
Himionph , . LXXYVII. 
Isrtipiir . XLI. 
Janjpati XCVI. 
Jirol . . SC. 
.KQimkhera . XIV. 
Kaliinpiir , . XIII. 
Kamaldiha . . CXII. 
Kanchtibiiri . . CXXIV. 
Kariri . . XXI. 
KhriapGr . XXXTV. 
Kharkhari , . . C S E .  
Kokra . XXITI. 
Kutia XXVIII. 
Lachmipirr , CXVI. 
Ladnia . XCVIII. 
Liik hn XXXI. 
Latona . . CIII. . 
Lohiptinia . . XLIV. 
MBbega1.h . . . I. 
Madanpiir . . . LXXXV, 
Majhiwa * Y LVII. 



N O B T H - E A S T  L O N G I T U D I N A L  S E R I E S .  

ALPHABETICAL LIST OF STATIONS-(Conlind.) 

Mdnfchriok . . . XLII. 
Mhikpiir . CXI. 
Maniila . CVIII. 
Masiha . . m LXXXI. 
Miisi . . . XXXV. 
Mathia m . . LXV. 
Mehesari . . LII. 
(of orest Am Meridionel Seriw). 

Minai . . . . 
MirziipGr . . 
Morairi a 

MJsaldanga . . . 
Nqonangarhi . . . 
Narhar . . 
Newiida 
Newrini 
Nirp Gr 
Paragawa 
Pargiw a 
Pathardi 
Pipiiri 
Piparia 

urena P' 
Rimganj 
Rimnagar 
Rimnagar 
RBmnagar 
Rbdpirr 

cv. 
XCIV. 
LXIII. 

c x v .  
LXXI. 
XCII. 

XL. 
CXXVI. 

CX. 
LII. 

LXXXVIII. 
L. 

XLIX. 
XIX. 

LV. 
CXXTI. 
XXIV. 
LXY. 
c m  

XXTT. 

Riinigarh . 
RGpdi . 
Saibara . 
Saidara . 
Sionbarsa . . 
Stionchiilia . . . 
Sathwiria . 
Semrtiha 
Semriio 
ShLgarh 
Shipiir 
Sikta 
Sinaria 
Sisgarh 
Sonikhoda 
Sultinpiir 
Sundai 
S6p hr 
Tagria 
Tarharwa 
ThLklirganj 
Tilakph 
Tulsiptir 
Udeph 
Umra 
Upasai 

11. 
s LXXIX. . . XLIII. . XXVIL . LIX 

VL 
LXXTII. 
XCIX. 
XVIL 
XVL 

LXXXIX. 
LXXIV. 

LXXXIL 
X. 

CXXL 
XX. 

LXXXVL 
LXIL 

CXVIL 
LXXII. 

CXX. 
XXXIX. 

XLVL 
XVIIL 

xv. 
LXVIL 



LVI 

I 
11 
In 
IV 
v 
VI 
VII 
VIII 
I X  
X 
X I  
XI1 
XIII 
XIV 
xv 
XVI 
XVII 
XVTII 
XIX 
YX 
YXI 
XXII 
XXIII 
XXIV 
xxv 
XXVI 
XXVII 
XXVIII 
XXIX 
XXX 
XXXI 
XXXII 
XXXIII 
XX2.m 

N O B T H - E A S T  L O N G I T U D I N A L  S E R I E S .  

NUMERICAL LIST OF STATIONS. 

. Mehesari. 
(of h a t  Arc Meridional Series). . . ChLndipahir. 

. (of h a t  Arc Meridional Seriee) . 
GhandiAl. 

(of h t  Arc Meridional Series). 

Mkbegarh. . Unigarh. 
Girj wila. 
Ghungti. . Dhela. 

. Saonchhlia. 
Bagmira. 

Birond. . Beheri. 
Sisgarh. 
Athria. 
Doniio. 

Kaliinpiir. 
KQimkhera. 

Umra. 
Shigarh. 
SemrQo. 
Udepiir. 
Piparia. 

SulthnpGr. 
Karai. 

Emukpiir. 
Kokra. 

Emnagar. 
Dahlelnagar. 

Hilgi. 
Saidara. 

Kutia. 
AEog5pQ. 

Daorka. 
L5kGn. 
ChelGa. 

Bela. 
Khiifipirr. 

XXXV Misi. 
XXXVI . Atkonawa. 
XXXVII , Anbkali. 
XYXVIII . . Dadaora. 
XXXIX . . . Tilakptir. 
XL . Newida. 
XLI . Isrspiir. 
XLII . . MQnichiok. 
XLIII Saibara, 
XLIV . Lohiphnia. 
XLV . ' Bansidila. 
XLVI Tulsipiir. 
XLVII Majhiwa. 
XLVIII . GanespQ. 
XLIX l Pipiri. 
L Pathardi. 
L I  Bankata. 
LI I  . Paragawa. 
LIII  . Bangra. 
LIV G hios. 
LV Pkena. 
LVI . . Dharamsingua. 
LVII . B harmi. 
LVIII . Gharbaria. 
LIX . . . Sonbarsa, 
LY l . B8narsi. 
LXI * . BBgBpQr. 
LXII . SGpiir. 
LXIII . . Morairi. 
L X N  Chanda. 
LXV . . a Mathia. 
LXVI . . . Baliia. 
LXVII . . . . Upasai. 
L X V m  . . . B6jm 
L X M  . . . Bakwa. 
LXX . I . Rkmnagar. 
LXXI a . Naonangarhi. 
LXXII a . a Tarhama. 
L X X l I I .  . * Sathwhria. 



LXXIV 
LXXV 
LXXVI 
LXXVII . 
LXXVIII . . 
LXXIX . 
LXXX 
LXXXI . 
LXXXII . 
L X X X m  . 
LXXXIV . 
LXXYV . . 
LXYXVI . 
LXXXVII .* . 
LL[XXVIII . 
LXXXIX . 
XC . 
XCI 
YCII . 
XCIII  
XCIV 
XCV 
XCVI 
XCVII 
XCVIII . . 
XCIX 
0 

N O R T H - E A S T  L O N G I T U D I N A L  S E R I E B .  

NUMERICAL LIST OF STATIONS-(~dn~ccd.) 

Sikta. 
B iarwa. ' 

Harnrihi. 
Bigoia. 

Batwaia. 
Rirpdi 
Dips. 

Masiha. 
Sinaria. 
Am ha. 

Bulikip iir. 
Madanpiir. 

Sundai. 
. Himionpiir. 

PargAwa. 
Shdpfir. 

Jirol. . Chandarrtanpiir. 
Narhar. 

Bheria Bisanp6r. 
Mirziplir. 

Barsiim. 
Janjpati. 

Bhela. 
Ladnia. 

Sem Aha. 
Harp iir. 

CI . 
CII 
CIII  
CIV 
CV 
CVI 
CVII 
CVIII . 
CIX 
CX 
CYI 
CYII 
CXIII . 
CXIV . 
cxv 
CYVI . ,  
CYVII . 
CYVIII . . 
CXlX . 
cxx 
CXXI . 
CYXII . 
cxm1 . 
CXXlV . 
cxxv . 
CXXVI . 

Barhita 
Dewinganj. 

Latona 
Baisi. 

Minai 
Chlini. 

Riimnagar. 
Manula 

Ghiba 
Nirpdr. 

Minikplir. 
Kamaldiha 

Btinghora. - 
Dipnagar. 

Miisaldanga. 
~achmi&. 

Tagria 
Bandnrj Gla. 
Kharkhari. 

Thikiirganj. 
Sonikhoda 

Rimganj. 
Diimdingi. 

Kanchirbtiri. 
Chot6ki. 
Newhi. 



N O R T H - E A S T  L O N G I T U D I N A L  S E R I E B .  

DESCRIPTION OF STATIONS. 

. Mehesari Tower Station (fot deemption, aee Gnat h Merr'dhd Shies). 

LIV. Chiindip& Hill Station (fm desm$ion, 8e.e Grectt Arc JK* h). 

LVI. Ghandia Bill Station (fm &8mption, sea Owat AYC M i  rSkiee). 

I. M&begarh Hill Station, lat. 29" 53', long. 78" W, is situated on the hill of that name 
in the Ajmere pargana of the Garhwal district. A rude temple adjoins the station to the south. 
The villages of Nahli and Bndholi are distant about 3 miles to the N., and the encampment of 
Sahor, on the road fiom Kotdwslra, is about 9 milea off. 

The pillar is solid, and 6.9 feet high. It haa a mark-stone at top, and another 6.9 feet below. 

II. RQnigarh Hill Station, lat. 30" 4', long. 78" 45', stands on the highest part of the 
hill of that name, in the Baraseo pargana of the Garhwal district. The adjacent places are,-- 
the civil station of Paori, distant about 7 miles to the N.N.E. ; the village of NaiBthslna, about 
6 miles, and the spring of Adwani, on the high-road from Kotdwka to Sl?nagar, about half a 
mile to the E. 

The pillar is solid, d 2-6 feet high. It has a markdne at top, and another at bottom. 

IIL Qijwda HiU Station, lat. 29" 33', long. 78" 45', is b d t  on the high peak of that 
name, which is one of the low range of hills that divides the Patli Doon from the Doab. I t  is 
situated in the Gnrhwal district. The circumjacent places, with their distances and bearings, 
are,-Bartipiha village (in the Bijnor district), about 10 miles W. ; Kdiisaiud choki, about 4 miles 
N.W. ; Kiloli cattle sheds, about I t  miles S., and the mall village of Bhogph, about 4+ miles 
in the same direction. 

The pillar is solid, and 2 feet high. It hae one markijtone at top, and another at bottom. 



6-1. NORTH-EAST LONGITUDINAL SERIES. 

N. Ghungti Hill Station, lat. 29" 46', long. 78" 58', stands on the hill of Ghungti or 
Ghungti,o;arh, in the Iriagarh pargana of the Garhwal district. The circumjacent places, wit11 
their distances and bearings, are,-Samroli village, about 2 miles N.W. ; Naosera village, about 
4 miles, and Kimiisera village, about 5 miles distant. 

The pillar is solid, and 3 feet high. It  haa a mark-stone at top, and another at bottom. 

V. Dhela Hill Station, lat. 29" 27', long. 79" 2', is situated in the Kumaon district, and 
stands near the south-eastern extremity of the Patli Doon, on the low range of hills which 
divides this Doon from the plains of Rohilcund. The adjacent places, with their diatances and 
bearings, are,-the small village of Dhela, in tahsil Kashipik of the Moradabad district, about 
2 miles to the S.E. ; and the mandi or mart of Chilkia, about 10 miles in the same direction. 

The pillar is solid, and 1.7 feet high. It  has a mark-stone at top, and another at bottom. 

VI. SLonchilia Hill Station, lat. 29" 30', long. 79" 22', is situated in pargana Kota, 
thana Kiilidongi of the Kumaon district, and stands on a lofty peak in the southern range of 
the Sub-Himalaya mountains. The circumjacent villages, with their distances and bearings, 
are,-Halsan, about 6 miles to the N.E.; Kanamajot, about 74 miles to the W., and Begni, 
about 5 miles to the S.S.W. 

The pillar ie solid, and 4 feet high. It  has a mark-stone at top, and a mark engraved on the rock in situ. 

VII.  Bagw6ra Tower Station, lat. 28" 59', long. 79" 22', is situated in the Riidarplir 
par,pna of the Tarai district, and stands on an elevated mound, distant about 500 yards to the 
3. of the village of Bagwha. The adjacent villages, with their distances and bearings, are,- 
RGdarpiir about 5 miles to the E., and Lambiikhera, about 2 miles to the W. 

The pillar is perforated, and 38.5 feet high. I t  has a mark-stone at level of ground floor. 

VIII. Birond Hill Station, lat. 29" 15', long. 79" 45', is situated in pargana Dihirao, 
thana Haldw6n.i of the Kumaon district, and stands on the southern range of the Sub-Hima- 
l a ~ a  mountains. The village of Birond is distant about 24 miles to the N.N.E. 

The pillar is solid. I t  has a mark-stone at top, and a mark engraved on the rook in sit%. 

. Beheri Tower Station, lat. 28" 52', long. 79" 38', is situated in pargana Riidarpiir 
of the Tarai district, and stands on an eminence close to the west side of the village after 
which it is named. The circumjacent villages, with their distances and bearings, are,-Ajitpiir, 
about 1 mile S. ; Bka, about 4 of a mile E. ; Ratangarh, about 3 miles S.S.W. ; and Shiigarh, 
about 8 miles S.W. The low forest of the Tarai runs within 2 miles of the village of Beheri. 

The pillar is perforated, and 37.8 feet high. It has a mark-stone at level of ground floor. 

5. Sisgarh Tower Station, -1at. 28" 44', long. 79" 21', is situated in pargana Sirsiifiwan, 
thana Dhunka, and tahsil Shai of the Bareilly district. It is in the centre of a fort, after 
which it is named. The fort is built on a mound, elevated about 40 feet above the level of the 
surroundmg country. The high-road from Bareilly to Almora paases by the station. The 
large village of Sisgarh is situated immediately to the N. 

The pillar is perforated, and 38 feet high. I t  haa a mark-stone at level of ground floor. 



DESCRIPTTOX OF STATIOXS. 7-1. 

XI. Atiria Tower Station, lat. 28" 38', long. 79" 38', is situated in pargana Richa, 
tahsil Jehiinibiid of the Bweilly district, and stands on a mound near the left or east bank of 
the Baigul river. The circumjacent places, with their distances and bearings, are,-the small 
village of Atiria, about + a mile N.E. ; Beraor village, about 2 miles S.W. ; Nawtibganj, a 
town on the Pilibhit and Bareilly road, about 8 miles S.S.E.; and the large town of Richa, 
about 7 miles N.N.W. 

The pillar is perforated, and 37.8 feet high. I t  haa a mark-stone at level of gronnd floor. 

XII. Donio Tower Station, lat. 28" 45', long. 79" 48', is situated in pargana Parema, 
thana and tahsil Jehihiibiid of the Bareilly district, and stands on a low mound, said to be 
the site on which the village of Donio stood. The circumjacent villages, with their distances and 
bearings, are,-Biira Manjilia, about 1 mile to the S.E. ; Udepiir, 1.4 miles N.N.W. ; Bare, 1 
mile E.S.E.; Pinjiira, 2-13 miles S. by W., and Omiria, 1.6 miles W. by N. The minarets of 
Pilibhit are visible fiom the tower, being distant 7.9 miles towards the S.S.E. 

The pillar is solid, and 21  feet high. It contains five mark-stones, one at top, another 2 feet above the 
bottom, and three others at distances of 4, 10, and 16 feet respectively below the former. 

XIII. Kalihpiir Tower Station, lat. 28" 35', long. 79" 47', is situated in pargana 
Parewa, thana and tahsil Jehinibiid of the Bareilly district, and stands on a mound about 
15 feet high, the eastern declivity of which is occupied by the small village fkorn which the 
name of the station is derived. The adjacent villages are,-Seopuri and Senjina to the N.E., 
and Kamaria and Diriiria to the S.W., the large village of Jeh6dbQd being distant about 4 
miles t o  the N.W. 

The pillar is solid, and 20 feet high. It haa four mark-stonea, one at top, the other three placed at 2, 8, 
and 14 feet respectively above the level of ground floor. 

SIT. KGmkhera Tower Station, lat. 28" 37: long. 79" 55'. is situated in pargana 
Pilibhit of the Bareilly district, and stands on a flat piece of cultivated land almost midway 
between the villages of Khimkhera and Naogiiofi-Kaliinphr. The minarets of Pilibut are 
visible from the station, being distant 4.9 miles to the W. by N. 

The pillar is solid, and 24 feet high. It  has five markhnes, one at top, the othera at 2, 8, 14, and 20 
feet respectively above the level of ground floor. 

XV. Umra Tower Station, lat. 28" 29', long. 79" 55', is situated in pargana Bisalpiir of 
the Bareilly district, and stands on a low mound elevated about 10 feet above the general level 
of the surrounding country. The adjacent villages, with their distances and bearings, are,- 
Umra, about 300 yards S.S.W., and Amdar, about 0.7 of a mile S.S.E. 

The pillar is solid, and 20 feet high. I t  has four mark-stones, one at top, the othera at 2, 8, and 14 feet 
respectively above the level of ground floor. 

XVI. Shigarh Tower Station, lat. 28" 33', long. 80" 4, is situated in pargana Powain of 
the Sh&jeh6npiir district, and stands on the centre of a mound said to be the site of the ancient 
fort of Shiiph. The broad belt of forest which borders the Malan river approaches within 2 
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of a mile of the stntioli. The adjacent villages, with their distances and bearings, are,-Shi- 
garh, on the eastern declivity of the mound, a b u t  100 yards to the E., and P h p i i r ,  about 6 
~uiles in the same direction. 

The pillar is solid, ~ n d  20 feet high. It has four mark-stoneg one a t  top, the othera at  2, 8, and 14 
feet respectively above the level of ground floor. 

XVII. Semr6o Tower Station, lat. 28" 23', long. 80" 4', ie situated in pargana Powain 
of the Shiihjehiiilliir district, a~id stands on a small low mound adjoining a t a d .  'The adjacent 
villages, with their distances and bearings, are,--Semrb, about 1i miles towards the N.N.E., 
and Gunsiai, about 48 miles N.E. The deilse forest which borders the Kanont and Malan rivers 
lies about of a mile W. of the station. 

The pillar ie solid, and 27 feet high. It baa haafonr rnark-stonea, one at top, the o t h m  a t  6,18, and 21 
feet mpeotively above the level of b m ~ d  floor. 

XVIII. Udeph Tower Station, lat. 28" 29', long. 80" 13', is situated in pargana Powain, 
of the Shihjehrinpiir district. The circumjacent villages, with their distances and bearings, 
are,-Udeph, about 4 a mile to the N.E. by N.; M p h ,  about + a mile to the N.N.E.; and 
Piiranpiir, about 44 miles to the N.W. 

The pillar ia solid, and 22 feet high. It has five mark-stoncs, one at top, the &era a t  4, 11, 19, and 
41 feet respeotively above the level of ground floor. 

XIX. Piparia Tower Station, lat. 28" 20', long. 80" 13', is situated in pargnrur Kothar, 
of the Shiihjehbpiir district, and stands on an exteneive grassy plain, about midway betmeon 
the Gumti and Juknia rivers. The adjacent villages, with their dis'tances and bearings, are,- 
Piparla, about 0.6 miles towards the N.W. by W., and Quluria, 3-3 miles to the W.N.W. 

The pillar is solid, and 25 feet high. It has five mark-~toneg one a t  tap, the others at  4, 12, 20, and 24 
feet reqmkively above the level of the ground floor. 

XX. Sulthpfir Tower Station, lat. 28" 25', long. 80" 21', is situated in pargana Kothar, 
of the ShAhjehiinph district. The circumjacent places, with their distances and bearings, are,- 
Sulthpiir village, about $ of a mile to the S.S.E. ; Seramao village, about 5 miles to the S.E., 
and the ruina of the ancient fortress of Mathi, 2 miles to the S.W. 

The pillar ia solid, and 28 feet high. It has a mark-atone at  top, and two othera a t  6 and 13 feet r e a p  
tively above the level of ground floor, 

XXL K d  Tower Station, lat. 28" 16', long. 80" 21', is situated in the Kothar par- 
gana of the Shiihjehiinpiir district, and stands on low ground in the midst of a dense forest. The 
Katna stream is not far dietant to the E. The adjacent villages, with their distances and 
bearings, me,-Karhi, about 1 mile to the W.S.W. ; N-anaota, about 1 2  miles S.W., and Kothar, 
about 4 miles to the S. 

The pillar ie did, and 26 feet high. It has five mark-stones, one at  top, the othem a t  6, 12, 19, and 
25 feet reepeotively above the level of ground floor. 
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XXII. Riimuipilr Tower Station, lat. 28" 22', long. 80" 31'. is eituated in pargana 
Nigh&an of the Khairiibiid district. The village of Pipkia is dietant 1-05 miles to the S.E. 

The pillar is d i d ,  and 28 feet high. It hna a mark-stone at top, and another at  bottom. 

XXIII. Kokra Tower Station, lat. 28" 12', long. 80" 31', is situated in tehsil Haidarii- 
b6d of the Mahamdi district, and stands on flat ground on theverge of an extensive jungle. 
The village of Kokra is distant about 14 miles to the S.W. 

The pillar is solid, and 26 feet high. It has a mark-atone at  top, a second at level of ground floor, a third 
2 feet below, and two others at 4 and 10 feet reepedively above, this level. 

XXIV. Riimnagar Tower Station, I&. 28" 17', long. 80" 42', is situated in tehsil Nigh&- 
sari of the Khairiibid district. The Chaoka river flows about * of a mile away, and the village 
of -agar is close by to the E. 

The pillar ie 27.9 feet high. It has a m k 9 t o n e  at  top, another a t  bottom, and a third at 23.8 feet above 
the latter. 

XXV. Dahlelnagar Tower station, lat. 28" 4', long. 809 41f, is situated in tehs<l Aliganj 
of the Mahamdi district, and occupies the highest part of the mound on which the village of 
Dahlelnagar stands. 

The pillar ia eolid, and 28 feet high. It  ha^^ a taarkgtotle at  top, and another a t  bottom. 

XXW. Hilgi Tower Station, lat. f s" 8', long. 80" 50', is situated in pargana NighLan 
of the Khairibiid district, and stands on a elightly elevated piece of ground, the site of the 
ancient village of Hilgi. The station is situated oh the right bank of the Chaoka river, from 
which it is distant about 500 ~ards. 

The pillar is eolid, and 38 feet high. It has a mark-stone a t  top, another a t  bottom, and some others 
between. 

XXVII. Saidara Tower Station, lat. 27" 58', long. 80" 49', is situated in pargana Kheri 
of the Khairibtid dietrict, and stands on the site of an ancient town elevated about 40 feet 
above the surrounding country. The adjacent places, with their distances and bearings, are,- 
Mihhwiiganj village, about 1 mile to the N., and Kheri, a town, about 3 miles to the S.E. 
The statioh is on the right bank of the river U1, which, in part, forms the boundary of the 
Tarai. 

The pillar is aolid, and 22.5 feet high. It haa a mark-atone a t  top, another at  bottom, and five othem a t  
4, 8, 12, 16, and 20 feet respectively above the latter. 

XXVTII. Kutfa Tower Station, lat. 28" 3', long. 80" 68', is situated in pargana 
Nighisan, of the Khairiibiid district, and is built on the elevated site on which the village of 
Kutia stands. The Ghiigra, a small river which falls into the Chaoka, flows at the distance of + 
a mile to the N.E. 

The pillar ia solid, and 92.5 feet high. It W a  m~k-stone a t  top, another at bottom, and three 0th- a t  
6, 12, and 18 feet reepeotively above the latter. 
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XXIX. Asogiiphr Tower Station, lat. 27" 5 3 ,  long. 80" 59', is situated in pargana aud 
tehsil Oel of the Khairibid district, and stands on a mound elevated about 12 feet above the 
level of the annual inundation of the Chaoka river. The station is about 50 yards to the W. of 
the village of Asogiipfir. 

The pillllr is solid, and 24 feet high. I t  hua ainlark-stone at  top, another at  bottom, and two others at 6 
and 15 feet respectively above the latter. 

XXY. Daorira Tower Station, lat. 28" O', long. 81" st, is situated in tehsil Daorira of 
the Khairtibtid district, and stands within an old fortress in the centre of the village of Daoka .  
The site of the tower is elevated about 16 feet above the level of the surrounding country. 

The pillar is solid, and 22 feet high. I t  has a markgtone at  top, another at bottom, and three others at 
6, 12, and 18 feet respectively above the latter. 

XXXI. Likfin Tower Station, lat. 27" 49', long. 81" 9', is situated in pargana Tambaor 
of the Khairibiid district, and stands in the centre of the village of L&b. The site of the 
tower is elevated about 13 feet above the level of the annual inundation. 

The pillar is solid, m d  24 feet high. I t  has a mark-stone at top, another at  bottom, and two others at  2 
and 8 feet respectively above the latter. 

XXXII. ChelGa Tower Station, lat. 27" 5G1, long. 81" 17', is situated in pargana Isinagar 
of the Khairibid district, and stands between the small village of Chel6a and the Ghrigra or 
Stirju river. It is distant about 4 a mile from the former, and some 1+ miles from the latter. 
The village of Ishagar  is distant about 2 miles to the S.S.W. 

The pillar is solid, and 21 feet high. I t  has a mark-stone at  top, mother at  bottom, and two others at 8 
and 16 feet above the latter. 

XXXIII. Bela Tower Station, lat. 27" 47', long. 81" 21f, is situated in pargana MulipGr 
of the Khairiibtid district. It stands on a slightly elevated piece of ground, on an island in the 
Gllkgra or SLrju river. 

The pillar is solid, and 24 feet high. I t  has a mark-stone at  top, another a t  bottom, and two others at  2 
and 8 feet respectively above the latter. 

XYIUT. Khiinpfir Tower Station, lat. 27" 39', long. 81" 12', is situated in pargana Muli- 
p h  of the Khairibid district, and stands in the centre of an old fortress within the village of 
Khbpiir. The site of the station is elevated about 40 feet above the level of the surrounding 
country. 

The pillar is solid, and 12 feet high. It has a mark-stone at  top, and another at  midheight. 

XXXV. Miisi Tower Station, lat. 27" 38, long. 81" 26', is situated in pargana Baori of 
the Bariich district, and stands in the centre of the village of MLi. The site of the station is 
elevated about 8 feet above the level of the annual inundation. The village of Muliiyiir is dis- 
tant about 6 miles to the N.W., and Chalki village, about the same distance to the S.W. 

The pillar is eolid, and 24 feet high. It has a mark-stone at top, and two othere at  3 and 8 feet reepec- 
tively above the level of foundatioa 
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XYYTI. Atkoriawa Tower Station, lat. 27" 46', long. 81' 32', is situatebin pargantr and 
thina Ntindpiira of the Bariich district, and is built on the site of a deserted village on tl lu 
western extremity of the high ground boumdicg the k6dar of the Ghigra river. 

The pillnr is solid, arid 30 feet. high. It harr a mark-stone on its upper surface. 

XYXVII. Anirkali Tower Station, lat. 27" 36', long. 81" 39', is situated in pargana, 
t h h a  and district Barciich, and stands on the site of a deserted village on the western extremity 
of the high ground which bounds the kidar of the Gh6gra river. The city of BarGch is distaut 
about 2 miles to the S.S.W. 

The pillar is solid, and 30 feet high. It has a mark.stone on its upper surfwe. 

XXXVITI. Dadaora Tower Station, 1st. 27" 43', long. 81" 45', is situated in pargalla 
N h d p i r a  of the Bariiich district, and stands on the N.W. corner of an old fortress, in the 
lands belonging to the village of Dadaora 

The pillar is solid, and 30 feet high. It. has a mark-stone on its upper surface. 

XXXIX. Tilakpiir Tower Station, lat. 27" 33', long. 81" 49', is situated in miioza 
Tilakpfir, thiina and tehsil Akaona of the Bar6ich district, and stands on the eastern bank of a 
tank distant about 2& miles to the S.W. of Kali6npiir village. The other adjacent villages, 
with their distances and bearings, are,-Gilaolia, 1 4  miles E., and Bhataosa, 1 4  miles N.E. 

The pillar is solid, and 28 feet high. I t  has a mark-stone at top, and another 2 feet below. 

XL. Newida Tower Station, lat. 27" M', long. 81" 57', is situated in miioza Newiida, 
pargana, t h h a  and tehsil Bhinga of the Bariich district. The circumjacent places, with their 
distances and bearings, are,-Bhinga, a town, about 24 miles N.E. by N. ; KowiiJpGr village, 
about 1t miles S.E., and Amfia village, nearly 2 miles W.S.W. 

The pillar is solid, and 28 feet high. I t  has a mark-stone at top, and another 2 feet below. 

XLI. IsriipGr Tower Station, lat. 27" 29', long. 81" 59', is situated in mhoza Biliiyfir, 
pargana, thina and tehsil Akaona of the BarGch district, and stands on the ~ i t e  of a deserted 
village distant 4 miles to the S.S.W. of Akaona temple. The village of Majhiwa is about 5% 
miles to the N.E. by N. 

The pillar is solid, and 27 feet high. I t  haa a mark-stone at top, and another 2 feet below. 

XLTI. M h i c h h k  Tower Station, lat. 27" 37', long. 82" 7', is situated in the centre of 
the tlmall village of that name in pargana, t h h a  and tehsil of BalrhmpGr, district BarGch. 

The pillar is solid, and 28 feet high. It haa a mark-stone at top, and another 2 feet below. 

XLTII. Saibara Tower Station, lat. 27" 27', long. 82" 8', is situated in the district of 
Gonda Bardich, and stands at the N.W. angle of a square tank to the N. of the village of 
Saibara. The adjacent villages, with their distances and bearings, are,-Oidhuraia, about It  
miles to the N.E., and Hasuadol, about 2.8 miles in the same direction. 

The pillar is solid, and 24 feet high. It haa four mark-stones, one at top, another at bottom, and other 
two at 8 and 16 feet respectively above the latter. 
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SLIV. Lohlipbiil Tower Station, lat. 27" 33, long. 82" 17', is situated in parpna, 
thins and tehsil of Balrlimphr of the Bariich district. The adjacent places, with their distances 
and bearings, are,-Bagllaia village, about 0.7 of a mile to the S.S.W.; Sugiinagar village, 
about 2 miles in the aame direction, and Juriwandi mosque, about 3 miles to the S.E. 

The pillar is solid, and 24 feet high. It has a mark-stone at top, and mother 2 feet below. 

XLV. Bansidila Tower Station, lat. 27" 24', long. 8T 19', is situated in pargana Bal- 
riimpGr of the Gondn Bariiich district. The circi~mjacent villageu, with their distances and 
bearings, arc,-Biridi and Kimeria, 1 mile to the N. ; Kankira, on the Ripti river, 1 mile to 
the W. ; Misaraolia and Kusha Balrtimpiir, 5 miles to the W., and Dharamnagar, 2 miles to 
the S. 

The pillar is solid, and 20 feet high. I t  hne a mark+tone at top, and another at bottom. 

XLVI. TulsipGr Tower Station, lat. 27" 311, long. 82" 28', is situated in pargana, t h b a  
and tehsil Tulsipfir of the Bariich district, and stands on the southern bank of a river, distant 
about + a mile S. by E. of the village of Tul~ipGr. The adjacent villages, with their distances 
and bearings, are,--SukrBmpGr, about 1.3 miles to the S.W.; Madnagar, about 1 mile to the 
S.S.E., and Girihiwa, about 4 a mile to the S. 

The pillar is solid, and 25 feet high. It haa a mark-stone at top, and another 2 feet below. 

XLVII. Majhiiwa Tower Station, lat. 27" 211, long. @Lo 32', is situated in miioza Maj- 
hiwa, pargana, thijna and tehsil BalriirnpC of the Barliich district. The circumjacent villages, 
with their distances and bearings, are,-Birda, about 26 miles to the W. ; Intai, about 1 mile N., 
and Singhjot, about 2 t  miles to the S. by E. 

The pillar is solid, and 30 feet high. I t  haa a mark-atone at top, and another 2 feet below. 

XLVZII. Ganeuph Tower Station, lat. 27" 28', long. 82" 39', is eituated in m6oza Gaaes- 
pGr, pargana Baber, thina and tehsll Panchpirwa of the BarLich district. The circumjacent 
villages, with their distances and bearings, are,-BhagwiinpGr, about 18 miles N.; Semrina, 
about 14 miles S.E., and Sisowa, about 1 of a mile to the S. by W. 

The pillar is solid, and 25 feet high. I t  has a mark-stone at top, and another 2 feet below. 

XLIY. Pipiri Tower Station, lat. 27" 18', long. 82" 42', is situated in pargana Ratan- 
p h  Bifisi, thina and tehsil BBfisi, of the Qoruckpiir district, and stands on the S.W. corner of 
an old fort in the village of Piphi. The circumjacent villages, with their distances and bear- 
ings, are,-Sihoria, about 14 miles N. ; Pirela, about 2 miles N. by E., and Semera, about 1g 
miles to the N.E. by E. 

The pillar is did, and 30 feet high It haa a mark-stone at top, and another at bottom. 

L. Pathardi Tower Station, lat. 27" 26', long. 82" 47', stands on an elevated piece of 
ground, in mLoza Biarwa, pargana Ratanpiir BGsi, &a J h b  Itwa, tehsil BSsi, district 
aoruckpiir. The adjacent villages, with their distances and bearings, are,-Pathardi, about 4 
a mile to the S.E. by E. ; Bairchawa, about t of a mile to the N.E., and S e h a ,  about 1 mile N. 

The pillar is eolid, and 30 feet high. It has a mark9tone at top, and another st bottom. 
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LI. Bankata Tower Station, lat. 27" 16', long. 82" 52', stands on a sliglltly elevated 
piece of ground, in miioza Bankata, pargana Ratanpiir Biiisi, thina J&ub Itwa, tehsil Bkiisi. 
district Goruckpfir. The adjacent villages, with their distances and bearings, are,-Asangiwa. 
somewhat less than 4 a mile to the S., and TCtlp~irwa, nearly a mile to the S.S.W. 

The pillar is solid, and 30 feet high. It  haa a mark-atone at top, and another at bot,tom. 

LTI. Paragawa Tower Station, lat. 27" 24', long. 82" 53'. is situated in mioza Paragawa, 
pargana RatanpGr BGiisi, thrina Tharaoli, tehsil Biiisi, district GoruckpGr. The station ~tands 
on the ruins of an old building, and is distant about 350 yards to the N. of the village of Para- 
gawa ; the other adjacent villages, with their distances and bearings, are,-Athari, about $ of a 
mile W.S.W., and Kbidia, 1 mile N.E. 

The pill= is solid, and 16 feet high. Jt haa a markatone at top, and another at bottom. 

LIII. Bhgra  Tower Station, lat. 27' 13: long. 83" 3', stands on the west side of the 
village of that name, in mioza BAngra, pargana Ratanpiir Biiisi, t h h a  and t e h d  B&si, district 

. Goruckpiir. The circumjacent villages, with their distances and bearings, are,-Kelilia, about 
0.6 miles W. ; Gonalia, about 1 mile F.W. by N., and Sikaoda, about I# miles N.E. 

The pillar is solid, and 30 feet high. I t  has a mark-stone at top, and another at bottom. 

LIV. Ghios Tower Station, lat. 27" 21f, long. 83" 8', stands on the summit of an elevated 
piece of ground, the site of an ancient village, in pargana RatanpGr BAfisi, t h h a  and t e h d  
Biiisi, district GoruckpGr. The adjacent villages, with their distances and bearings, are,- 
&prir, about It  miles W.S.W., and BirdpGr, somewhat more than 2 miles N.E. by N. 

The pillar is solid, and 26 feet high. It haa a markatone at top, and another at bottom. 

LV. Piirena Tower Station, lat. 27" ll', long. 83" 13', stands in the village of that name, 
in pargana Haveli Goruckpiir, thiina DeopGr, tehsil MansGrganj, district GoruckpS. The ad- 
jacent villages, with their distances and bearings, are,-Mandiir, about 1 t miles S. ; Rattiipiir, 
about 1+ miles N.E., and Pipiri, about 2 miles N. 

The pillar is solid, and 26 feet high. I t  has a markgtone at top, and another at bottom. 

LVT. Dharamsingua Tower Station, lat. 27" 5', long. 83" 7', is situated in pargana Biiisi 
of the Goruckpiir district, and stands on the bund of a tank 200 yards E.S.E. of Dharamsingua 
village, and 300 yards S.W. of that of Gaori-RG. 

The pillar ia solid, and 25 feet high. It haa a mark-atone at top, and another at bottom. 

LVII. Bharmi Tower Station, lat. 27" 20', long. 83" 18', is situated in m&oza Bharmi, 
pargana BenaikpGr west, thaha Tharaoli, tehsil Bgliisi, district GoruckpGr. The circumjacent 
villages, with their distances and bearings, are,-Bards, 0.8 miles S. by E. ; Basaola, 2 miles 
S.W. by 8. ; Pik&p&r, about 24 miles W. by S., and Sikhi, about 3 miles W.N.W. 

The pillar in solid, and 26 feet high. It baa a mark-etone at top, and another at bottom. 
_. . .. 
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LYIII. Gl~arbnrin Tower Station, lnt. 27" 3, long. 83" 18', is sitnntcd in pargana H:~veli 
Goruckpi~r of the Gol~uckpGr district, and stands 50 yards within the verge of t l ~ e  
forest.. The GGfighi nadi flows at about 1.8 miles to tllu W. The village of Gharbaria, near 
the road from liarmeni Ghat to Mdliddeoa, is distant about 80 yards to the N.W. 

The pillal- is solid, and 25 feet high. It has a mark-stone at top, and another at hottom. 

LTS. SBo~lbarsa Tower Station, lat. 27" 14', long. 83" 34', stands at a distance of about 
200 yards from the village of that name, and is situated in miioza Porandar~Gr, pargana Haveli 
(;ol.uckpGr, tlliina Deop6r. tehsil Mansiirganj, and district GoruckpGr. The circurnjacent villages, 
with their distances and bearings, are,-MLhadeoa, nearly 2 miles to the E.N.E.; Jampta, 1) 
rniles N.W. by N., and Kaolds, nearly 22 miles K.W. by N. 

The pillar is solid, and 30 feet high. I t  has a mark-stone at top, and another at bottom. 

LY. Biinarsi Tower Station, lat. 27" 19', long. 83" 29', stands on the site of an ancient 
¶ 

ton-n, situated in mtioza BQnarsi, pargana Haveli GoruckpGr, thhna DeopGr, teheil MansGr- 
pnnj, district Goruckphr. The circumjacent villages, with their distances and bearings, are,- 
Barwdra, nearly $ of a mile to the N.W. by N. ; Karela, 2 miles N.W. by W. ; Piprihia, 1 mile 
S. by E., and Harmandil, 1 4  miles S.W. 

The pillar is solid, and 16 feet high. It has a mark-stone at top, and another at bottom. 

LXI. BigtipSr Tower Station, lat. 27" l l ' ,  long 83" 34', stands on the site of a deserted 
village situated in ~nrioza Biigipir, pargana Haveli GoruckpG r, thBna and tehsil Manshrganj of 
the  Goruckphr district. The circumjacent villages, with their distances and bearings, are,- 
Biigiipb, 1 mile N. by W. ; Nadha, 2 miles N.E., and Lakima, about 1+ miles S.S.E. 

Tho pillar is solid, and 25 feet high. I t  haa a mark-stone at top, and another at bottom. 

LXII. SGph Tower Station, lat. 27" 18: long. 83" 41f, stands on a slight swell of ground, 
situated in miioza SipGr, pargana TilpGr, thiina Kothibhir, tehsil MansGrganj, and district 
Goruckphr. The circumjacent villages, with their distances and bearings, are,--Shphr, It miles 
N.E. by E.; Ganesphr, nearly 1+ miles S.E. by E., and Kohorawd, nearly 23 miles E. by N. 

Tho pillar is solid, and 26 feet high. I t  has a mark-stone at top, and another at bottom. 

LYIII. Morairi Tower Station, lat. 27" lo', long. 83" 44', stands on a mound, elevated 
1 5  feet above the level of the surrounding country, and situated in pargana Tilpdr, thins 
Kothibhir, district GoruckpGr. The site of the deserted village of Morairi is distant about 
4 of a mile to the S.W. The circumjacent villages, with their distances and bearings, are,- 
M a j b a ,  nearly 14 miles N.W. ; f imphr,  1 mile N., and ~ a r m i l l i ,  2 miles N.E. by N. 

The pillar ia solid, and 15 feet high. I t  has a mark-stone at top, and another at bottom. 

LXIV. Chanda Tower Station, lat. 27" 16', long. 83" 511, is situated in pargana Tilph, 
thina KothibhL, district GoruckpGr, and stands on the western bank of a large tank, distant 
about 2 miles to the N.E. of the village of Chanda, belonging to the r6ja of NichlaoL 

The pillar is solid, nnd 26 feet high. I t  has a mark-stone at top, and another at bottom 
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LSY. SIatliia Tower Station, lat. 27" fir, long. 83" 54', is situated in mtiozn llathia, 
pargana Eidhoa Jabuna, th6na Nimna, and district Goruckpfir, and is distant I t  miles to the 
8.11. by W. of the village of Itlathia. The adjacent villages, with their distances and bearings, 
are,-Langari, 1 mile to the N.W., and Phatakdaona, 4 of ti mile to the 8. by E. 

The pillar is solid, and 27 feet high. I t  has a mark-atone at top, and another at bottom. 

LXVI. Bal6a Tower Station, ]at. 27" 14', long. 84" 3', sta.nds on a swell of ground 
situated in mioza Balia, pargana Majhowa, thiina Biigha, and district Champtiran. The station is 
on the outskirts of a forest which runs along the east bank of the Gandak river. The circr~m- 
jacent villages, with their distances and bearings, are,-Balha, It miles N. by E.; Bailawa, 
14 miles N.N.W., and Tulsundi, + a mile S. 

The pillar is solid, and 20 feet high. I t  has a mark-stone at top, and another at bottom. 

LXVII. Opasai Tower Station, lat. 27" 5', long. 84' 4', is situated in mioza Uyasai, 
pargma Sidhoa Jabuna, thiina Nimua, of tho Goruckpk district. The station stands on the 
western bank of a branch of the Gandak river which separates the Shran from the Goruckpfir 
district. The circunljacent villages, with their distances and bearings, are,-Upasai, 1 a miles 
S.W.; Upasai-tola, 1 mile W., and Belwania, 2 ~nilcs W.N.FFr, 

The pillar is solid, and 27 feet high. I t  has a mark-stone at top, and another at bottom. 

LXVITI. B6jra Tower Station, Iat. 27" 1 2 ,  long. 84" llt, stands on the site of a 
deserted village, situated in miioza Bhikaolia, pargana Majhowa, thAna Bigha, and district 
Champiran. The circumjacent villages, with their distances and bearings, are,-Dhikdhia, 
nearly 1 mile S. by E., and Semra, I t  miles W. by N. 

The pillar is solid, and 20 feet high. It has a mark-stone at top, and another nt bottom. 

LXIY. Bakwa Tower Station, lat. 27" 3', long. 84" 14', is situated in mioza Bakwa, 
p a p a  Majhowa, thiina Biigha, and district Champiran. The village of Bakwa is distant 04 
of a mile to the W.S.W.; the other circumjacent villages, with their distances and bearings, 
are,-Mathia, rather more than 4 of a mile to the E.N.E., and Bisarnbharpiir, 26 miles to the 
N.N.E. 

The pillar ia d i d ,  and 20 feet high. It  has a mark-stone at top, and mother at bottom. 

LXY. Emnagar  Tower Station, lat. 27Yt ,  long. 84" 22', stands nearly 1 mile to the 
S. by E. of the Gmnagar rija's house, and is situated in mtioza Bela, pargana Riimnagar, t h h a  
Banjarla, and district Champlran. Bela temple is distant nearly 6 of a mile to the W. 

The pillar is solid, and 30 feet high. It has a mark-stone at top, and another at bottom. 

LXXI. Naonangarhi Station. lat. 26' 59', long. W 26', is situated in miioza Marahia, 
pargana Majhowa, thina Betia, district Champciran, and stands on the highest pad  of the ruins 
of an ancient fortress, elevated about 82 feet above the level of t,he surrounding country. The 
village of Laoriha is distant nearly # of a mile to the N.E. by E. 

The pillar is solid, and 2 feet high. It has a mark-atone at top, and another at bottom, 
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LXXII. Tarharma Tower Station, lat. 27" 6', long. 84" 33', ie situated in maoza Tar- 
harwa, pargana Rimnagar, thrina Banjaria. di::,::.i:.t Champiran, and stands on a slight swell of 
ground t of a mile S.E. of t,he villaga after l ~ h i c h  it is named. The adjacent villages, with 
their distances and bearings, are,-Katgarhoa, 1 mile S.W., and Sissai, It miles to the N.E. 

The pillar is solid, and 30 feet high. It has a mark-stone at top, and another at bottom. 

LYYIII. Sathwiria Tower Station, lat. 26" 58', long. 84" 34', stands on the northern 
bank of the Sikrma river, in mboza Sathwdria, pargana Majhowa, thana Betia, and district 
Champriran. The circun~jacent places, with their distances and bearings, are,-SathwLria village, 
1 mile to the N., and Boudi-tola temple, 1+ miles to the N.W. by N. 

The pillar ia solid, and 254 feet high. It ha8 a markatone at top, and another at bottom. 

LXXN. Sikta Tower Station, lat. 27" 2', long. 84" 43', stands on the northern bank of 
a tank, in mrioza Sikta, pargana Majhowa, thrina Betia, district Champiran. The boundary 
between the British and Nepal territories runs 0.2 of a mile to the N. of the station, and a 
triple-junction boundary pillar of the Majhowa, Rimnagar and Naringa (in Nepal) parganas is 
2f miles to the W. The adjacent villages, with t,heir distances and bearings, are,-Sikta, nearly 
I t  miles to the S.E., and Parsa, 4 a mile W. by N. 

The pillar ie solid, and 22 feet high. It haa a mark-atone at top, and another at bottom. 

LXXV. Biarwa Tower Station, lat. 26" 52', long. 84" 42', stands to the west of the 
village of that name, and is situated in miioza Burwa, pargana Majhowa, thiina Betia, and dis- 
trict ChampLan. The adjacent villages, with their distances and bearings, are,--(frLwa, 
rniles to the E.N.E., and Burwa temple, about f a mile to the S.S.W. 

The pillar ia solid, and 26 feet high. It  hati a markgtone at top, and another at bottom. 

LXXVI. ,Harna;hi Tower Station, lat. 26" 56', long. 84" 511, is situated in mioza Har- 
nrihi, pargana Majhowa, t h b a  MotihBri, district Champban, and is built on a mound occupied by 
the old village from which it derives its name. The circumjacent villages, with their distance* 
and bearinga, are.-dhamaria, Q of a mile to the E.; Qhona, the same distance to the N.N.W, 
and Dinar, 14 miles S.W. by S. 

The pillar is solid, and 24 feet high. It baa a mark9tone at top, and another at bottom. 

IXXVII. Bigoia Tower Station, Iat. 26" 46', long. 84" 50', stands on the sonth side of 
the village of that name, in mioza Bigoia, pargana Majhowa, thdna Motihiri, and district Cham- 
piran. The circurnjacent villages, with their distances and bearings, are,-Bhaonip&, * a mile 
to the S. by W.; Masoa, 3 of a mile to the S.E., and Harmoa, 24 miles to the N. 

The pillar ie solid, and 28 feet high. I t  hns a markatone at top, and another at bottom. 

LXXVIIT. Batwaia Tower Station, lat. 26" 50', long. 84" 59', stands on the west bank 
of a tank near the small village of Batwaia, in mioza Narkatia, pargana Majhowa, thbna 
Motfhtiri, and district Champiran. The circumjacent villages, with their distances and bearings, 
are,--Jitprir, 1* llliles to the S.E. by S., and Pakaria, rather more than 14 miles to the W.S.W. 

The piller ip solid, and 18 feet high. It haa a wk-s tone  st top, and another at bottom, 
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LXXTX. Rlipdi Tower Station, Iat. 26" 40', long. 85" O', is eitunted in mbza RGpdi, 
pargana Majhowa, t h h a  Motihhi, and district Champban. The circumjacent villages, with 
their distances and bearings, are,-Rhpdi, 0.4 miles to the S. by E. ; Chetaona, It miles N. by 
W., and Malkonia, nearly the same distance to the N.W. by N. 

The pillar is solid, and 25 feet high. It has a mark-atone at top, and another at bottom. 

LXXY. Dipii Tower Station, lat. 26" 45', long. 85" 8', stands on the south-west corner 
of a tank bank, in mdoza Dipii, pargana Simraol, thdna Daka, and district Champtiran. The 
circumjricent villages, with their distances and bearings, are,-BAdhar, 2 miles S. ; Dip&, 4 
W., and Maowai, 1 mile to the N.E. by N. 

The pillar is solid, and 24 feet high. It has a mark-stone at top, and -other at bottom. 

LXXXL Mastiha Tower Station, lat. 26" 37', long. 85" ll', is situated in mdoza Masas, 
pargana Meliesi, t h h a  Daka, and district Champiran. The adjacent villages, with their dis- 
tances and bearinp, are,-Mastiha, ) a mile N.W. by N., and Hiitihaol, 1 mile to the W. 

The pillar is solid, and 29 feet high. It has a mark-atone at top, and mother at bottom. 

LXXXII. Sinaria Tower Station, lat. 26" 45', long. 85" 22', is situated in mioza Karim- 
Ahid, pargana Majhowa, thina Maisaora, district Champiran, and stands on the south bank of 
a tank, along the north bank of which runs the boundary line between the British and Nepal 
territories. The adjacent villages, with their distances and bearings, are,-Sinaria, a little 
more than 4 of a mile to the E.N.E., and Asogi, about i of a mile to the S. 

The pillar ia solid, and 30 feet high. It hss a mark-atone at top, and another at bottom. 

LXXXIII. Amha Tower Station, Iat. 26" 36', long. 85" 19', stands on the boundary be- 
tween the Amla and Bailwa miiozas, in pargana Bibra, t h h a  Maisaora, and district Champiran. 
The circumjacent villages, with their distances and bearings, are,-AmGa, 0.68 miles to the S. ; 
Belwa, 1-15 miles to the N., and Inarwa, 1.09 miles to the N.N.E. 

The pillar ie solid, and 35 feet high. It has a mark-stone at top, and another at bottom. 

LXXXTV. Buliikipfir Tower Station, lat. 26" 41', long. 85" 29', stands on the south- 
east corner of a tank bank, about & of a mile S.W. of the village of that name, in miioza 
Buliikiph, pargana Mila, t h b a  Riga, and district Tirhoot. The adjacent villages, with their 
distances and bearings, are,-Riga, 1% miles S. by W., aud So&, t of a mile N.W. by N. 

The pillar is d i d ,  and 30 feet high. It has a mark-atone at top, and another at bottom. 

LXSXV. Madanpiir Tower Station, lat. 26" 31', long. 85" 29', stands on a slightly 
elevated piece of ground to the west of the village of that name, and is situated in mdoza 
Madanpiir, pargana Mila, t h b a  Riga, and district Tirhoot The circumjacent places, with their 
distances and bearings, are as follows :-Dhrirwa village, 2-04 miles to the S.W. by W. ; Chota 
Pamoni temple, 302 miles to the W.S.W. ; Dhoadni village, 0-83 miles to the N.W., and 
Dhanga village, 0.81 miles to the N. 

The pillar is d i d ,  and 25 feet high. It haa s mark-atone at top, and another at bottom. 
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!be  adjacent villages, wit11 their distances and bearings, are,-Thakia, nearly $ of a mile to the 
E.N.E., and Kabiai, f a mile to the W.S.W. 

The pillar is solid, and 20 feet high. I t  has a mark-stone at  top, and another at bottom. 

CI. Barhita Tower Station, lat. 26" 13', long. 86" 48', stands 0.4 of a mile to the 'CV. of 
the village of that name, in pargana Njrddigar, t h h a  Supaol, and district Bhiigalplir. The 
adjacent villages, with their distances and bearings, are,-MiLsambar, about 2 miles N.Wi by N., 
and Modha, about 18 miles to the S.W. 

The pillar is solid, and 22 feet high. I t  has a mwk-stone at  top, and another at  bottom. 

CII. Dewlnganj Tower Station, lit. 26" 17', long. 86" 57', stands in the midst of a strip 
of forest at about 4 a mile to the N.W. of the village of that name, and is situated in pargana 
Haraot, and district Prirnea. The village of Chakla is distant 0.4 of a mile to the N.W. 

The pillar is solid, and 20 feet high. It has five mark-~tqneg one at  top, another at  bottom, and the 
others a t  6, 12, and 18 feet respectively above the latter. 

ClII. Latona Tower Station, ]at. 26" 7', long. 86" 56', stands in the midst of a strip of 
forest at about 1 mile N.E. of the village of that name, and is situated in pargana Nliridigar 
of the Bhigalpb district. The circumjacent villages, with their distances and bearings, are,- 
Latona-GBdi-Hit, I t  miles W.; Daparka, 1 mile E.N.E., and Kasaka, 28 miles E.S.E. 

The pillar is solid, and 26 feet high. It has five mark-stones, one a t  top, another at  bottom, and the 
others at  6, 14, and 22 feet above the latter. 

1 Baisi Tower Station, lat. 26" 25', long. 86" 58', stands about 1 mile to the N. of 
the large village of that name, in pargana Dhasowar of the PGrnea district. The Nepal boun- 
dary runs about 4 miles to the N. of the station. The adjacent villages, with their distances and 
bearings, are,-Ratanpba, 1.4 miles to the N.W., and K d p b ,  1~ miles in the same direction. 

The pillar is solid, and 20 feet high. It has five mark+jtones, one at  top, another a t  bottom, and the 
othere at  6, 12, and 18 feet respectively above the latter. 

CV. Minai Tower Station, la*. 26".20', long. 87" 6', stands at 0.6 of a mile to the S.W. 
of the large village of that name, in pargana Haraot, district P h e a .  The large town of N6th- 
p b  is about 1 4  miles to the E. by S. The circurnjacent villages, with their distances and 
bearings, are,-Chtlpin, 2i '  miles N. by W.; Dhkka, 2) miles N.E. by N., and Madura, 1% 
miles E. by N. 

The pillar is solid, and 32 feet high. It hw sir markgtonea, one at top, another a t  bottom, and four 
others a t  6, 14, 22, and 26 feet above the latter. 

I .  ChGni Tower Station, lat. 26" ll', long. 87" 5', stands about 200 yards S.E. of tho 
hamlet of that name in the P h e a  district. The circumjacent villages, with their distances 
and bearings, are,--Shiipb, 1 4  miles to the N.E. ; M'ipati, 1 4  mile~t to the E., and Ratansarpati, 
2 miles to the S.S.E. 

The pillar is solid, and 19 feet high. I t  has a markgtone st top, another at  bottom, and three othera at 
7, 13, and 18 feet respectively above the latter. 
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CVIT. RBmnagar Tower Station, lat. 26" 2', long. 87" 4', stands at 9 of a mile N.N.W. 
of the village of Rhata Rimnagar, in pargane DharampGr, of the PGrnen district. The adjacent 
villages, with their distances and bearings, are,-Puriini, 1 mile N. by E., and Dakiiria., 1 &  
iniles to the W. 

The pillar is solid, and 20 feet high. It  has fire mark-stones, one at top, the others at  1 foot hiow, and 
6, 13, and 19 feet respectively above, the level of ground flow. 

CVIII. Man6la Tower Station, lat. 26" 5', long, 87" 1 3 ,  etands about 1 mile N.N.W. of 
the village of Manlila~Piti, in pargana Dharampiir, of the Plirnea district. The adjacent 
villages, with their distances and bearings, are,-Bartrgonia, 1.4 miles to the S.W., and Rimganj, 
nearly 18 miles N.E. by N. 

The pillar is solid, and 20 feet high. It has five mark-storm, one at  top, the others ut 19 feet below, and 
7, 13, and 19 feet respectively above, the level of ground flaor. 

CIX. Ghiba Tower Station, lat. 26" 14', long. 87" 15', stands about 0.3 of a mile to the 
N.E. of the village of that name, in pargana Haraot, of the Pfirnea district. The adjacent 
villages, with their distances and bearings, are,-Majhiwa, 1 mile N., and Pairwaa,  the same 
distance E. by S. 

' h e  pillar is solid, and 22 feet high. It has s mark-stone at  top, the others at 19 feet below, and 7, 13, 
19, and 20 feet respectively above, the level of ground door. 

CX. Nirph Tower Station, lat. 26" 22', long. 87" 18', stands oh an elevated part of 
the right bank of a small stream called Gaoria, in pargana Sult6npilr, of the Plirnea district* 
The village of N i r p h  is distant about + a mile to the E. The circunljacent villages, with 
their distances and bearings, are,-Maiisiri, 3 of a mile N. by E. ; Semnagar, 2 t  miles IV. by 
S., and Pipra, nearly 33 miles to the E.S.E. 

The pillar is solid, and 28 feet high. I t  haa a markstone at top, another a t  bottom, and three others 
placed at 9, 18, and 27 feet respectively above the latter. 

CYI. Minikptir Tower Station, lat. 26" 12', long. 87" 24', stands on the eastern edge of 
an extensive undulating tract of elevated lahd, situated in pargana SultinpGr, of the PGrnea 
district. The circumjacent villages, with their distances and bearings, are,-Mrinikpiir Bardiha, 
about 1 mile to the E. by S. ; Madirganj, about 24 miles to the S.S.W., and Puran, about 32 
miles E. by S. 

The pillar is d i d ,  and 29 feet high. It has a mark-stone at top, another a t  bottom, and several others 
intermediate. 

CXII. Kamaldiiha Tower Station, lat. 26" 21', long. 87" 28', stands on a flat piece of 
ground, about t of a mile N.E. of the village of that name in thtina BihidGrganj, of the 
S h e a  district. The circumjacent villages, with their distances and bearings, are,-Balchentha, 
1 4  miles to the N.N.W. ; Khesri, 3 of a mile N.E., and Batriha, 3i  miles W. by S. 

The pillar is solid, and 28 feet high. It has a markatone at  top, another at  bottom, and three othem at, 
9, 18, and 27 feet respectively above the latter. 

CXIII. Bbghora Tower Station, lat. 26" 13', long. 87" 35', stands on the north bank of 



2%-r. NORTH-EAST LONGITUDINAL SERIES. 

a tank, distant about 4 a mile to the S. of the small village of that name, in pargana Sult6npiir, 
of the Piirnea dihtrict. The circumjacent villages, with their distances and bearings, are,- 
Kakuruha, I t  miles N.E. by N. ; Chedarmi, 36 miles W. by S., and Relawa, 3t miles S.E. by E. 

The pillar is solid, and 25 feet high. I t  bas a mark-stone a t  top, another at  bottom, and eeveral others 
intermediate. 

CYIV. Dipnagar Tower Station, lat. 26" 217, long. 87" 39', stands immediately to the 
W. of the small village of that name, in pargana Fateph Singhia, of the P h e a  district. To 
the north of the station, and at a distance of about 200 yards from it, is a small stream, on the 
opposite bank of which are the ruins of a fort called- Biligarh. The circumjacent villages, 
with their distances and bearings, are,-Parindtiha and Bhattibiiri, 5 miles to the S.E. and S.W. 
respectively. 

The pillar is solid, and 28 feet high. It has a markgtone at  top, another at bottom, and three others at  
9, 18, and 27 feet respectively above the latter. 

CXV. MGsaldanga Tower Station, lat. 26" 13', long. 87" 45', stands at about 50 yards 
to the N.W. of the small village of that name, in t h h a  Biihiidhganj, of the Purnea district. 
The large village of Majk6ri Gola is distant about 24 miles to the S.S.W. The other circum- 
jacent villages, with their distances and bearings, are,-Khopra, 2& miles W.S.W. ; Haldikora, 
nearly 26 miles E.S.E.; and Ruponi, 1% miles N. by W. 

The pillar is solid, and 28 feet high. It has a marketone at  top, another at  bottom, and three others at  
9, 18, and 27 feet respectively above the latter. 

CXVI. Lachmipilr Tower Station, lat, 266 22', long. 87" 51', is situated in thitna B&- 
dcrganj, of the P h e a  district. Tbe ~outhern of two villages, named LachmfpGr, on the right 
bank of the Ratwa, is distant about 4 a mile to the TV,, and the large village of Dilibhiit stands 
on the other bank of the river, just opposite to Lachmfpiir. The other adjacent villagee, with 
their distances and bearings, are,-Patarghiti, 2& miles 'CV. by N,, and Klilri, 3 miles S.W. by S. 

The pillar is solid, and 26 feet high. It has a mark-atone a t  top, another at  bottom, and three others a t  
8, 16, and 25 feet respectively above the latter. 

CXVII. TagrEa Tower Station, lat, 26" 13', long. 87" 56', is situated in t h h a  B&idGr- 
ganj of the P h e a  district. The southern of two small villages, named Tagria, on the banks 
of a small nala, is distant about 4 a mile to tho S.W., and about 200 yards further on to the E. 
is the Barfkankai river. The village of Gangi Sdhibgaqj is distant a little more than of s 
mile to the E. by N. 

The pillnr is solid, and 22 feet high. It has a mark-stone at top, .another at  bottom, and three others at  
73, IS, and 21 feet respectively above the latter. 

CXVIII. BandarjGla Tower Station, lat. 26" 22', long. 88" O', stands on the northern of 
two contiguous mounds, distant about 4 of a mile to the S.S.W. of the southern of two villages, 
named Bandarjiila, and is situated in thina K a l i b n j ,  of the PCnea district. The other adja- 
cent villages, with their distances and bewings, are,-Terhari, 4 a mile to the S. by E., and 
Pokhar, 16 miles to the N.W. 

The pillar is solid, and 18 feet high. I t  h a  a mark-stone at  top, another at bottom, and t ~ o  others at 6 
and 17 feet respectively above the latter. 
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CXIX. Kharkhari Tower Station, lat. 26" 14', long. 88" 5', is situated in thina Kishan- 
ganj, of the PGrnea district. The large village of Kharkhari lies about 1 mile to the N.N.W., 
and stands between the Mrihhada and Doiik rivers, the former of which is about half a mile, 
and the latter 250 yards, distant from it. The circumjacent villages, with their distances and 
bearings, are,-JehLngirpiir, 3 miles S.E. by E., and Dhintola, 54 miles in the same direction. 

The pillar is solid, and 30 feet high. I t  has a mark-stone at top, another at  bottom, and three others at  
10, 20, and 29 feet respectively above the latter. 

CXX. TliLkiirganj Tower Station, lat. 26" 25', long. 88" lo', stands on the edge of some 
high land, distant about 200 yards to the S. by W. of the small deserted village of Thrikiirganj, 
and is situated in th6na Kalidganj, of the PGrnea district. The town of Kalidganj is about 2 
miles to the S. ; the village of Barri Patesri is 1.1 miles towards the S.E. by S., and that of 
Bhaispka about 1% miles towards the W.N.W. 

The pillar is solid, and 10 feet high. It  has mark-stones at top, bottom and i~termediately. 

CXXI. SonRkhoda Tower Station, lat. 26" 15', long. 88" 15', is situated in thina Kalia- 
ganj of the Phrnea district. and stands at a distance of 200 yards to the N. of the village of 
Sonhkhoda, and close to a cart road leading to Kishangarij. The village of HBtgdon is about 3 
miles towards the S.W. ; Pibirkiita, nearly 5 miles to the FV. by S., and Gernibriri, about 2& 
miles nearly due west. 

The tower at  this station is entirely of maso , 24 feet high and 14 feet square at  to , and as it marks 
the 9.W. extremity of a bmedine, its construction is adapte "B to that purpose by means of s vaulte8 paasage m-g 
through it, on a level with the ground, in the direction of the base-line. In  the centre of the tower, on the floor of 
the vaulted passage, is a small piece of brass on which the station mark is cut, and this mark has been transferred to 
the top of the tower b means of a hole in the vault, and the pillar raised above it for the theodolite. This pillar is z built on the vault of t e passage, and is separated by a small annular space from the rest of the building so as to be 
isolated from it. When all the observations had been taken at this station, the two ends of the vaulted passage were 
closed with masonry, and a cone of masonry 3 feet high was built on the top of the tower over the theodolite pillar. 
The distance between the upper mark on the top of the pillar, and the mark on the floor of the vaulted passage i~ 
21.6 feet. A flight of steps is built along one side of the tower with a landing place at top, the portion which adjoins 
the tower being of masonry like it, but the lower part which pro.jects beyond i t  was of mud, and was removed after the 
observations had been all taken, so as to prevent idle people gaining access to the top. 

CXXII. Riimganj Tower Station, lat. 26" 19', long. 88" 20', is situated in thina Kalii- 
ganj of the Phrnea district, and stands close to the S.W. side of the village of %mganj. The 
village of Ghagra, is about I t  miles towards the S.S.E., and that of ManikpGr about 1& miles 
nearly due W. 

The station is marked in the same manner as Sonhkhoda Tower Station, with the difference that the height 
of the tower here is 20 feet above the surface of the ground, and tho distance between the upper and lower marks is 18 
feet. 

CXXIII. Diimdangi Tower Station, lat. 26" 29', long. 88" 20', is situated in thina Kalii- 
ganj of the Pirnea district, and stands on the western extremity of Eome high land which ex- 
tends to the eastward of the station, and has a command of about 60 feet over the country to 
the south, and 30 feet over that to the west. The river Mihbada flows at a distance of 250 
yards, and the village of Jagarchi lies about 200 yards to the S.W. of the station. The other 
circumjacent villages, with their distances and bearings, are,--Sitalghati, 14 miles to the S.W. 
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by W.; Patarggcha, nearly 1 mile towards the N.N.W., and Pilran@cha, about 12 miles to- 
wards the E.N.E. 

The pillar is solid, and 10 feet high. It has a mark-atone at top, and another at bottom. 

CXXIV. Kanchibiri Tower Station, lat. 26" 28', long. 88" 28', is situated in t h h a  
Kaliiganj of the Pirnea district, and stands near the S.E. extremity of the same high land on 
which Dirmdingi Tower Station is built. The small village of Kanchibari lies at a distance of 
70 yards to the S. ; Khotiigkch, at about 50 yards towards the N. by E., and Ikitigich, about 
1 mile to the W.N.W. 

The tower is solid, 60 feet square at base, 14 feet square at top, and 20 feet high. It has an isolated 
central paka pillar for the theodolite to rest on, with mmkstones at top, bottom ahd intermediately. 

CXXV. Chotkki Tower Station, lat. 26" ll', long. 88" 23', is situated in th6na ThikGr- 
g5on of the Dinkjpore diatrict, and stands on the north bank of a tank distant about 4 of a 
mile to the N. of the village of Chotiki, and half a mile S. of Bunig6on. 

The pillar is solid, and 23 feet high. I t  has mark-stones at top, bottom and intermediately. 

CXXVI. Newhi  Tower Station, lat. 26" 16', long. 88" 32', is situated in thina Boda or 
Kaonrikot of the Rungpore district, and stands at the N.W. corner of a tank distant about 4 
of a mile to the N.W. of the principal portion of the straggling village of Jholai. Newhi  is 
the name of the locality in which the station is placed. The circumjacent villages, with their 
distances and bearings, are,-Dirngipira, about half a mile to the W. ; Ghogochodi, about l a  
miles to the N.E. by N., and Kdldganj, 1Q miles towards the S.S.E. 

The pillar is solid, and 24 feet high. It  has mark-stones at top, bottom and intermediately. 
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NORTH-EAST .LONGITUDINAL SERIES. 

PRINCIPAL TRIANGULATION. ADDENDUM TO DESCRIPTION OF STATIONS. 

NOTE.-Consequent on modern alterations of district and other boundaries, the sites occupied by the stations are in some 
instances now included in civil divisions of territory which differ from the district, pargana, or village, recorded in the preceding 
descriptions of stations : a complete list of all the stations of the series including a suitably modified statement of the altered sub- 
divisions in question is accordingly given in the following table, and is derived chiefly from the annual reports, up to 1881, made 
by the Civil O5cials to whose care the stations have been committed. The statement also gives additional information as to position, 
construction, and present condition of certain of the stations; where no entry regarding present condition is made against a 
station it is to  be assumed that the station when last reported on by the district Official was in good order. 

The spelling of names is in accordance with that given in the lists of more important places published under the ordera of 
Government whenever such names occur in the lists. 

No. 
of Station 

Remarks on the 
Construction and Condition 

of the Station 
Local name 

LII 

LIV 

LVI 

District 

miles I 

Pargana, &c. 

Bi jnor 

... 

Tehri (Foreign 
Garhw6l) 

Village in which 
the Station 

lies 

Tall. and P. Na- 
jibabad 

Villages 
surrounding the 

Station 

to a height of 12 feet above 
gronnd level and perforated thereafter : i t  has a mark-stone at the level of the ground, and others at  7 and 12 feet 
respectively above this level. The station of 1843-which was 12 feet in height-was revisited in 1851 in the course 
of the operations of the North-East Longitudi~ial Series, when the masonry pillar was found in good order and tlie 
upper mark-stone undisturbed. When agaiu visited in 1865-66 in connection with the Great Arc Meridional Series, 
Section 24'-30°, the pillar and upper mark-stone were found in gdod preservation : on this occasion the height of 
the pillar was raised to 134 feet, but no mark-stone was placed at  i ts  summit, a hollow cylindrical space, 4 inches in 
diameter, having been left for reference to the old mark-stone. Beported as greatly injured by the heavy rains 
of 1881. 

Bijnor 

Thi. Bhogpv 

Ch6ndi 

On waste land 

Tah. Bijnor, 
P. Mandiwar 

The platform is built of stones 
and earth. I t  was consider- 
ably damaged by a land 
slip, and. one side of the 
pillar has given way, as re- 
ported in 1870. 

The pillar is isolated and' en- 
closed in a platform of stones 
and earth 14 feet square. 

Mahesari 
, 

K o T Z . - S ~ ~ ~ O M  Ln,  LIV and LVI appertain to the Great Arc Meridional Seriea, Section 24' to 80". P. a h d r  for parganq Tah. for tahafl, and Thi for this& 

Mandlwar 
S. S. W. 14 

ShRhbazpur W. 1i 
Ratanpur Raiya 

N. N. W. f 
Kiratpur (town) 

E. 3 

The station consists of a tower 
of unburr~t bricks and mud 
cement, 14feet square at top, 
ellclosing a central, isolited 
pillar of masonry 13.5 feet 
high and 33 feet in dia- 
meter at  top, which is solid 
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Nm.-P. &an& for pargaos and Th6. for t h h a  

of Station 

I 

District 

GarhwM 

Local uame 

... 

I1 

111 

IV 

V 

VI 

VII 

VIII 

IX 

Remarks on the 
Construction and Condition 

of the Station 

The station consists of a plat- 
form of stones and earth, 14 
feet square at top, enclosinga 
central, isolated pillar of ma- 

' sonry which has a mark-stone 
at 1 foot above ground level, aud another at summit. The original station of 1812-43 which was common to the Budllon 
Meridional and the North Connecti~lg Series-was revisited in 1850 in the course of the operations of the Nortb-Eut 
Longitudinal Series, and again in 1865 to originate the Kumaun and Garhwiil Survey ; on neither of these occasions waa 

Villages 
surrouuding the 

Station 

miles 
Sirnalna S. 2 
Sl~alni W. by S. 1 4  
Badholi N. N. E. 1% 
Mnhera S. S. E. 14 

Pargana,&c. 

P. Ganga Salfin, 
Patti A jmir 

any alteration 

Adwani 

. . . 

... 

... 

... 

... 

. . . 

... 

Village in which 
thestation 

lies 

Nahli-Badholi 

way, as reported in 1878. 

The pillar is isolated, 34feet in 
diameter, and is euclosed 
in a pl~tEorm of stones and 
earth 14 feet square. 

The pillar is isolated, 34 feet in 
diameter, ant1 is e~iclosed in a 
platform of stones and earth. 

The pillar is isolated, 34 feet in 
diameter, and is enclosed in a 
platform of stones and earth 
14 feet square. 

Ditto. 

There is no pillar, the platform 
is solid. 

The pillar is isolated and en- 
closed iu a tower of sun-dried 
bricks to within 4 feet of the 
summit; an arched passq 
gives access to the ground 
level mark. In 1866 Mr. 
W. Ivey, Assistant SurW'orj 
found the tower partly rash- 
ed dowu and bricks extracted 
from the central pillarthr~%~ 
the open archway ; be nused 
a conical pile over the pillar 
and closed the archedpassage. 

... . . . 

The pillar is isolated and en' 
closed in a tower of sun-dned 
bricks ; an arched pmsage 
gives access to the Pun? 

level mark. I n  1866 Mr. W. Ivey, Assistant Surveyor, found the tower washed down, 
zontally at 74 feet from top and the upper portion shifted 7 inches to S.E. He 

the central pillar cracked l'oRi 
closed up the arched paasage 

of the masonry given 

Gidrbu E. S. E. 14 
Dungra S. S. E. 12 
Sutar S. S.W. 19 

KQlusaiypid 
W. N. W. 24 

Kfilngarh S. E. 5 
Gotkolari S. W. 24 

Iriakot N.N.W. 1 4  
Pdli W. by S. 24 
Dhaugalgaon E. 1 4  

Dhela S. by E. 12 
Sawaldi S. E. 44 
Rtimnagar E. S.E. 89 

Halsfin 
N. E. by N. 8 

Bismoli N. W. 44 
Bagni S. 24 

Saiduliganj 
N. W. 14 

Chaiidnin S. 19 
Kulerah E. 2 

Chamli N.E. 24 
Babiar 

N.W. byN. 3 
Udua W.S.W. 34 

Ajitpur S. by E. 4 
Bara E. by N. 4 
Ratangarh S.W. 22 

raised a pile of kacha masonry all round the base to a height of 30 feet. 

station. A portion 

Gidriisu Bania- 
gaon 

,. . 

Samroli 

Dhela 

Bagni 

Bagwha 

Birond 

Baheri 

made in the 

GarhwCll 
. 

,J 

I I  

Kurnaun 

)# 

Tariii 

Kumaun 

Tarhi 

construction of the 

P. Barasiiin, 
PattiYatwal- 
siiim 

P. TallLalRn, 
Patti Bhiibar 

P. MallasalQn, 
Patti lriakot 

P. Kota, ThB. 
Umnagar 

P. Rota, Thi. 
Kgladhringi 

P. and ThB. 
Rudarpur 

P. Dhianirau, 
T11ti. Haldw6- 
ni 

P. and Thd. 
Rudarpur 



No. 
of Station Local name District 

Villages 
surrounding the 

Station 
Pargana, t c .  

Remarks on the 
Construction and Condition 

of the Station 

Village iu which 
the Statiou 

lies 

XI1 

XI11 

. XIV 

XV 

miles I 
. . . 

Uara Dauwti 

. . . 

. . a  

. . . 

. . . 

Pilibhit P. JahBnabad Bara Danwin 

perforated pillar of masonry 
whose summit is 38.0 feet above the mark-stone: the latter is 2 feet higher than the level of the ground. T l ~ e  
station of 1839 was a perforated masonry column strurding 38.3 feet above the mark-stone, 9 feet square to a height 
of 2 feet, arrd circular thereafter-the diameter at top of shaft being 3 feet-surmounted by a capital of 4 feet dia- 
meter ; the column, wl~eri revisited in the course of the operations of tlie Nortli-East Loligitudillal Series, was found 
to be so deflected as to necessitate the dismantling of a considerable portion of i t ;  it was then rebuilt to its present 
height aud enclosed iu a kxcha tower-the upper 5 feet of it being isolated therefrom: at  the same time a aecoud 
mark 1.8 iuches N.W. by W. of the former one was cut on the original mark-stone. 

Bareilly 

' Khamaria 
W. by N. 2 

Jah6nabad 
N. N. w. 34 

Nawhganj  (on 
road Bareilly 
to Pilibhit) 

w. s. TV. 74 

sonry whose summit is 37.8 
feet above the mark-stone : the latter is 2 feet higher than the level of tlre ground. The station of 1839 was a per- 
forated masonry colum~i 37.3 feet above the mark-stone, 9 feet square to a height of 2 feet, and circular thereafter- 
the diameter at top of shlrft being 3 feet-surmounted by a capital of 4 feet diameter; the column was found greatly 
deflected when the observations on tile Rangir Meridional Series cnme to be made, so that the mark-stoue in the 
basement coiild not be plumbed from t l ~ e  aummit of the pillar; the point of observation was indicated by the in- 
tersection of the diagonals of a quadrilate~al, each angular point of which was denoted by a dot engraved on an iron 
bolt imbedded in un external lr~asoliry pillar built in the adjacent fields. When the station was revisited in 1843 
in the course of tlre operxtiolis of the North Colinectiug Series, the pillar was found still further deflected, and 
no trace of the four exterual pillars was forthcoming; the instrument was accordiugly plumbed over a mark 
engraved on a new mark-stone let into the basemerit. On again visiting the station in 1853 in the corlrse of the 
operations of tire North-East Longitudinal Series, it was foulid necessary to dismantle a colisiderable portion of the 
pillar, which was then rebuilt to its present lreiglrt and ellclosed in a kacha tower : at the same time a second mark 3.5 
illches W. N. W. of the mark of 1843 was engraved on the mark-stone of that year. 

Bareilly 

K6im N. W. la 
Sarltokhpura (on 

road from Pi- 
libhit to p&-an- 
pur) S . W . 1 4  

Sardha 
S. E. by S. 2 

P. Sirs6wQn 

Rkmnagar 
E. S. E. 3 

Sohan N.E. 24 

P. Richha 

The pillar is isolated and en- 
closed in a circular kacha 
tower 18 feet in diameter at  
top. 

Sisgarh 

The pillar is isolated and en- 
closet1 i11 a circular tower of 
suu-dried bricks. 

The .pillar is isolated and en- 
closed in a circular tower of 
sun-dried bricks. Reported 
in 1867 as fallen.down and 
uow merely a heap of debris. 

Ghulbmgan j 
W. S. Mr. 14 

Bisalpur E.S.E. 1 
Ciirdhirpur S. a 

The station consists of a tower 
of unburnt bricks and mud 
cement, about 14 feet in din- 
meter at top, el~closing a cen- 
tral perforated pillar of ma- 

Atiria 

The pillar is isolated and en- 
closed in a peka tower. 

The station consists of a tower 
of unburnt bricks and mud 
cement, 14 feet in diameter 
at top, enclosing a central 

Town of Richha 
N. W. 6 

Nawibganj 
S. S. E. 63 

Jahknabad E. 8 

NOTI.-P. atands for pnrganlr and Tah. for t&ail. 



NORTH-EAST LON(XITUD1NAL SERIES. 

NOT%-P. rkn& for ptwganq Tbh. for tahedl, and T U  for t h h  

No. 
of Station 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

=I1 

XXIII 

XXIV 

XXV 

Local name 

. . . 

Simraia 

... 

RBmpur 

... 

Hirpur 

Piparia 

Kokrs 

District 

Pilibhit 

J ,  

2, 

ShPhjahPnpur 

8) 

13 

Kheri 

#, 

cement, 25 feet in height, with two mark-stones, one 2 feet below the level of the ground, the other at the surface of 
the tower. The upper mark-stone was fo1111d wanting, and the tower in a dilapidated condition when visited in 1843, 
in the course of the operations of the Pilibhit Tarbi Series. The old structure was then dismantled to the level 
of the lower mark, and a new tower 26 feet high constructed, with an isolated central *aka pillar which contained 
mark-stones at distances of 2, 6, 12, 18, 24, 27, arid 28 feet, respectively, above tlie lowest mark-stone. When the 
station was subsequently visited in 1860, in the course of the North-East Longitudinal Series, the upper portion of 
the pillar and tower were found to have been destroyed. The structure was again dismantled to within 10 feet of the 
surface of the ground, and a mark-stone having been found there, it was used as a centre over which a new pillar, 
with an earthen tower aronndit, was constructed to tlie height of 26 feet above t l~e  level of the groutid, which carried s 
mark-stone at its surface placed in the normal of the lower mark. Pillar partly fallen down, as reported in 1871. 

Pargana, kc. 

P. Pliranpur 

... 

... 

~ah.PawQan, 
P. KhutL 

Ditto. 

Ditto. 

P. Bhiir, Tah. 
Lakhimpur, 
Thb. Bhira 

Tah. Mullamdi, 
P. Haidar- 
abad 

Village in which 
the Station 

lies 

Shbhgarh 

Simraia 

Udepur 

Rbmpur 

Sultbnpur 

H irpur 

... 

... 

The pillar is solid and isolated, 
33 feet in diameter at top, 
and is enclosed in a circular 
kacha tower 18 feet in dia- 
meter at top. 

The central pillar asconstrncted 
about the year 1838, was en- 
closed in a tower of sun-dried 
bricks and mud cement. It 
was found in good preserva- 

Villages 
surrounding the 

Station 

miles 
Pdranpur 

S. E. by E. 74 
MBdho TBnda 

N.E. 7 

Kasganja E. 24 
Deoria W. by S. 63 

Piiranpur N. W. 3a 
Jitpura E. N. E. 33 

DundwaS. by E. 1 4  
Gutia E. 1 4  

Goprilpur 
W. by N. 2) 

Chatipur N. W. 1 4  

Chindpur N. 34 
Khutiir S. 9. W. 4$ 
Damodarpur 

N. E. by N. 23 

Bhira S. by E. 24 
Jankapur 

S. by E. 1 
Nagria N. E. 1 4  

Gauri E. by S. 23 
Hardua W. 2 
Khamaria S. 1 4  

tion when visited in 1850 in the course of the operations of thaNorth-East Longitudinal Series. Pillar partly fallen 
down, as reported in 1871. 

Remarks on the 
Conatr~idion arid Condition 

of the Station 

The pillar is isolated and en- 
closed in a yaka tower. 

The pillar is isolated and en- 
closed in a kacha tower. 

Ditto. 

The pillar is isolated and en- 
closed in a kacha tower. Re- 
ported as much injured by 
the heavy rains of 1879. 

Ditto. 

Tl~e pillar is isolated andenclos- 
ed in a circular kacha tower. 
Reported as much injured by 
the heavy rains of 1879. 

The pillar is isolated, 6 feet 
square at base and 34 feet in 
diameter at top, and is en- 
closed in a square kacha 
tower su ported by wooden 
posts an f branches of trees. 

The station was constructed in 
1833 for the Amua Meridio- 
nal Series as a tower of 
sun-dried bricks arid mud 

. . . 

. . . 

Tah. Lakhim- 
pur, P. Bhdr 

Tah. Lakhim- 
pur, P. Ali- 
ganj 

. . . . 

. . . 

Bijua W. by S. 3 
Qauri E. I )  
KhBnpur 

N. N. W. 24 

Bhiirpur S. W. 14 
Aliganj N. W. 4 
Kh4npur 

E. N. E. 1 

Kheri 

), 
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No. 
of Station Local name 

XXVI 

District 

XXVII 

XXVIII  

Pargana, &c. 

XXIX 

XXX 

XXXI 

XXXI I 

XXXIV 

Village in which 
the Station 

lies 

Sideri 

Villages 
eurrounding the 

Station 

Tah. and Th6. 
Lak himpur, 
P. Kheri 

Remarks on the 
Construction and Condition 

of the Station 

Kheri 

Tah. Lakhim- 
pur, P. sri- 
nagar, Thi .  
Dhirurahra 

Tah. and TI&. 
Lakllimpur, 
P. Kheri 

Tah. Nighban, 
P. and 'I'114. 
Dhaurahrti 

I 
Srinagar 
Basaha cloakd in a kacha tower. 
Ganeapur ;% % f Washed awav by the river 

I 

Tah. Nigbban, I 
P. and Th6. 
Dhanrahra 

I I 

Tah. Lakt~im- 
pur, P. Bhlir 

. . . S. mileal 2 t The ~ i l l a r  waa isolated and en- 

JJ 

I 
- * 

- I Chauka in 1669. - 

Tah. Nigl~han,  
P. Firozabnd, 
Th4. Dhau- 
rahra 

Lakhimpur 
S. by E. 14 

Kheri S. S. E. 44 

Atkona N.N. W. 4 
Sakethu N. E. 44 

The pillar is isolated and en- 
closed in a kacha tower. 
Partly fallen down as report- 
ed in 1869. 

I Udara E. 2t 
Be1 S. W. a 
Jamunhia N.W. 1% 

Kufara N.N.W. 54 
Matera N. E. 73 

The pillar is isolated and en- 
closed in a kacha tower. 

I parsin N. by W. 1 
Fatehpur S.Mr. 4 
Nidaura E. 24 

Ditto. 

Ditto. 

Ditto. 

Birsingh pur 
S. S. W. 4 

Isanagar S. W. 3$ 
Palha W. S. W. 24 

The pillar is isolated and en- 
closed ' in a kacha tower 
supported by strong posts 
and earth. Pillar partly fal- 
len down as reported in 1871. 

Bahraich 

,.. 

HOTS.-P. &Ul& for prgana, Tah. for bhd, and Th6. for thins. 

Tah. Nh.npRra, 
'I'aluka Mal- 
lapur 

... 

Khdnpur 
Kulitlri, Th4. 

Patak Purwa 

'Jam baur 

enclosing a central, solid pil- 
lar of masonry having mark-stones at 3, 8, and 24 feet, respectirely, nbove the base. The station of 1844-which had 
the surrounding tower with diameters at top and bottom, of 11 and 18 feet-was revisited in 1815 at the c o n c l ~ ~ s i o ~ ~  
of the Kar4ra Meridior~al Series, and was then apparently found in good preservation. I t  was agaili viaited in 1849 
in the course of the operatiotls of the North-East Longit~ldinal Series; the mark-sto~te nt summit and tlie upper 4 
or 5 feet of the central pillar, which were then found removed, were replaced, and the surrou~~ding tower extended 
to ita present dimensio~ia. 

Seota S.E. by S. 4 
Sikri N. 1 

The station consists of an 
earthen .tower-with diame- 
ters at top and bottom, re- 
spectively, of 18 and40feet- 

Bahraich 

Firozabad N. W. 4 
Benda E. by S. 44 
Belamohan S.E. 1 

of 13 and 17 feet-enclosing 
a central, solid pillar of masonry having mark-stones at 6 and 12 feet, respectively, above the base. The statioii of 
1844 was revisited in 18-1.5, at the conclusion of the Karlra Meridional Series, and was then apparently found in 
good preservation. I t  was again visited ill 1850 in the course of tlie operations of the North-East Longitudinal 
Series; the mark-sto~le and pillar having bee11 found intact, it was ouly necessary to repair the earthen tower. 

The station consists of an earth- 
en tower-with diameters at  

Ziilimpur S. W. 3t 

The pillar ia isolated and en- 
closed in a kacha tower 
supported by wooden posts. 
Reported in 1878 aa being 
only 11 feet high. 

top aud bottom, respectively, 

P. Pakl~rpur, 
Thti. Sisia 

Masi Pachdeori N.W. 4 
Sisia S. S. W. 5 
It ewamansdr 

E. S. E. 44 



NORTH-EAST LONGTImSDINAL SERIES. 

h'on-P. atan& for pugma, T&. for t.bsil, and Th6 for t h b  

Remarks on the 
Construction and Condition 

of the Station 

The pillar is isolated, 64 feet 
square at base and 4 feet in 
dianieter at  top, and i3 
enclosed it1 a kacl~a tower 
14 feet square at  top. 

Ditto. 

Ditto. 

The pillar is isolated, 64 feet 
square at base and 34 feet iu 
diameter at top, and is enclos- 
ed in a kacl~a tower 184 feet 
square at base aud 14 feet at 
top. 

The pillar was isolated, 64 feet 
square at base and 3$ feet in 
diameter at top, and was en- 
closed in a kacha tower 20 
feet square at  base and 11 
feet at top. Washed away 
by the river RBpti in 187:. 

The pillar is isolated, 64 feet 
square at base and 3$ feet in 
diameter at top, and is enclos- 
ed in a kacha tower 20 feet 
square at base and 14 feet at 
top. 

Ditto. 

The station as built in 1847 
consists of an earthen tower 
enclosing a central, isolated 
pillar of masonry. When 
again visited in  1849, it1 the 
course of the North-Eat 
Longitudinal Series opera- 
tions, no alteration in lt8 

construction appean to haye 
been made. 

The pillar is isolated, 64 feet 
square at base and 83 fed In 

diameter at top, and is enclos. 
ed in a kacha tower 14 feet 
square at top. 

d 

Village in wliich 
the Station 

lies ' 

AswaMuhamad- 
PW 

Ratnapur 

Dadaura 

Tilakpur 

Newtids 

Isrhpur 

lfanichauk 

Sabaira 

Lohiipania 

No. 
of Station 

XXXVI 

XXXVII 

XXXVIII 

XXXIX 

X L  

XLI 

XLII 

XLII I  

XLIV 

Villages 
surroutldiug the 

Station 

miles 
Asua S. E. 14 
Intnha S. W. 33 
Matera KalBn 

W. by N. 6 

Singhapurhi 
S.E. by S. 1 

Bakshiganj S. 13 

Madewa E.N.E. 34 
Phu1wariaS.S.E. 1 4  
Ranlunpur 

W.byN. 3 

SubkhaE. by N. 23 
Kamaulia 

W. S. W. 1 

Naubasta 
S. by E. 3) 

Btilapur W. 1 
Lalitnagar N. 9 

Arnahwa 
W. by N. 4 

Chatauni 
N. byE. 1) 

Amarnagar S.E. 1) 

Sekharpur Gan- 
PPu* E. 2) 

Balrtimpur 
E. by 5. 6 

SBhebnagar 
E. by S. 

Local name 

Atkanna 

... 

. . .  

. . . 

. . . 

... 

... 

Sabaim 

Loh4pania 

District 

Bahraich 

J, 

2) 

,> 

J, 

I I  

Gonda 

J, 

J ,  

Pargana, kc. 

Tah. and P. 
Ntinptira 

Tall. and P. 
Bahraich 

Tah. and P. 
NBnpka 

Tah. Baltraich, 
P. Ikauna 

Tah. Bahraich, 
P. Bhinga 

Tah. Bahraich, 
P. Ikauna 

Tah. Utraula, P., 
.Taluka and 
ThB. Balriim- 
Pur 

Tah. Utraula, P. 
and Thti. Bal- 
riimpu 

Tah. Utraula, 
P., Talukaand 
Thti. Balrtim- 
Pm 
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No. 
of Station 

XLV 

XLVI 

XLVII 

XLVIII 

XLIX 

L 

LI 

LII 

LIII 

Local name District 
Villages 

suirounding the 
Station 

Pargana, t c .  
Remarks on the 

Construction and Condition ' 

of the Station 

Village in which 
the Station 

lies 

miles I 

Gonda 

BBsadela 

Tah. Utraula, 
P., Taluka and 
Th6. Tulsipur 

Tah. and Th8. 
Utraula, P. 
and Taluka 
Balriimpur 

has a mark-stone at top,. 
another at bottom, and others at 7 and 13 or 14 feet, respectively, above the latter. When again visited in 1849, 
in tlie course of the North-East Lougitudiual Series operations, no alteratiou in its coustruction appears to have 
been made. 

Gonda 

P., Taluka and 
Thi. Tulsipur, 
Tah. Utraula 

Tah. Domaria- 
ganj, P. Hinsi, 
ThB. Tilakpur 

Tah. Utraula, 
P., T'aluka and 
l'hh. Ualr6m- 
pur 

Tah. Domaria- 
ganj, P. Biinsi, 
T114. Illisraulia 

Tah. and P. I 
Bhsi,  ThB. 
Chilhia 

BBsadela 

Ditto. 

Tulsipur K h b  

Majliawa 

Ganespur 

Pipri Buzurg 

- --  - 

Tendua N. E. 1 
Fatehjot W. 1 

Pathkdaghi 

Bankata 

Pairagwa 

Tigra 

The ststion as built i s  l a 7  
consists of an earthen tower 
enclosing a central, isolat- 
ed pillar of masonry which 

Pitan N. W. 2 
Tulsipur N. 14 

Yipra N. by E. 2 
Utraula S. W. 5 

The pillar is isolated, 64 feet 
square at base and 3% feet in 
diameter at top, and is enclos- 
ed in a kacha tower 20 feet 
square at base and 144 feet 
at top. 

The pillar is isolated, 7 feet 
square at base and 39 feet iu 
diameter at top, and is epclos- 
ed in a kacha tower 20 feet 
square at base and 14 feet at  
top. 

Chaukuda S. 34 
Hir N.N.E. 34 

Panchpirwa 
N. E. by N. 4 

Budhi S. 5g 

Dhebarua 
E. N. E. 34 

The pillar is isolated, 64 feet 
square at base and 4 feet in 

. diameter at top, and is enclos- 
ed in a kacha tower 20 feet 
square at base and 144 feet 
at top. 

Pacher S. S. E. 19 
Karhi S. W. 34 

The pillar is isolated, 64 feet 
square at bme and 4 feet in 
diameter at top, and is enclos- 
ed in a kacha-paka tower 20 
feet square at base and 14 feet 
at top. No upper mark-stone 
found in 1867. 

Ditto. 

Ditto. 

1 Chilbia S. E. 5 1 Ditto. 
I 

Kundri 
W. N. W. 44 

Biinsi S. W. 54 

The pillar is isolated, 64 feet 
square at base and 1 feet in 
diameter,rrt top, and is enclos- 
ed in a kacl~a-paka tower 20 
feet square at base and 14 feet 
at top. Upper part of the 
luasonry pillar broke11 and 
mark-stoue missing, as re- 
ported in 1867. 

Ron.-P. rkndr for p q p n q  Tah. for tahsil, 81ld ThB. for tkina. 
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No. 
of Station 

LIV 

LV 

LVI 

LVII 

LVIII 

Local name District Pargana, kc. 
Village in which 

the Station 
lies 

Villages 
surrounding the 

Station 

Remarks on the 
Construction and Condition 

of the Station 

I.. Gorakhpur 

Tah. and P. 
Blinsi, ThB. 
Chilhia 

Tah. Mahar6j- 
ganj, P. Have. 
li, ThB. Semra 

Ghaus K.hL 
mile 

Shiupur 
N. W. by N. 2 

Dargudewa S. E. 5 

Menkhai N. W. I f  
Bhirewa 

S. W. by W. If  

1 The pillar is isolated, 64 feet 
I square at base and 4 feet in 

diameter at top, and is enclos- 
ed in a kacha-paka tower 20 
feet square at base and 14 feet 

The is isolated, 64 feet 
square at base alid 4 feet  in 
diameter at top, and is enclos- 
ed in a kacha-paka tower 20 
feet square at base and 14 feet 
at top. Greater portion of 
the tower fallen down, only 
about 6 feet of it standing, 
and no mark-stone fouild, as 
reported iu 1867. 

. . . 

paka tower 20 feet square at base and 14 feet 
stone missing, as reported in 1867. 

Basti Tah. and P. Dharameirigua 

Tah. BAnsi, P. 
Bin4ya1cpurJ 
ThB. Lotan 

... 

1 HAnsi, Thi. 1 Fatehpur N. W. 14 
MBj hra Jaruia E. by S. 24 

' Bharmi I 9. 34 Basti 

Tah. Maharhj- 
ganj,P. Have- 
li, Th4. Semra 

consists of a solid tower, 20 
feet square at base, 14 feet 
at top, atld about 25 feet 

Sapti W. 1 

The pillar is isolated and per- 
forated, 64 feet square a t  base 
and 4 feet in diameter a t  top, 
and is enclosed in a kacha- 

Krandarpur 
Saunbarsa 

high, enclosing a central, isolated pillar of masonry which contains mark-stbnes. When again visited in 1849, 
in the course of the North-East Longitlldinal Series operations, it was foulid in good preservation, and no alteration 
in it8 construction appears to have been made. 

The station as built in 1847 

at top. Upper portion of the central pill= much broken, and mark- 

The station. as built in 1847 
consists of a solid tower, 20 
feet square at base, I4 feet a t  
top, and about 25 feet high, 
enclosiug a central, isolated 

. . . 

and perforated pillar of masonry whicli contains mark-stones. When again visited in 1849, ill the course of the North- 
East Longitudinal Series operations, it was found in good preservation, and no alteration in its construction appears 

' to have been made. Part of the tower injured, and no mark-stone found, as reported in 1867. 
i 

,.. 

Sirsis N.N. E. 54 

Gorakhpur 

Tah. Maharhj- 
gan j, P. Have- 
li, Thh. Sirsia 

The pillar i~ isolated and perfor- 
ated, 64 feet square at base 
and 4 feet in diameter at top, 
and is enclosed in a kacha- 
paka tower 20 feet square at  
base and 14 feet at top. Part 
of the tower injured, and no 
mark-stone foulld, as reported 
in 1867. 

Banarsia The pillar is isolated, 64 feet 
square at base and 4 feet in 
diameter at top, and is en- 
closed in a kacha-paka tower 
20 feet square at base and 14 
feet at top. Part of the tower 
injured, and no mark-stone 
found, as reported in 1867. 

NOTI.-P. for pugane, Tah. for tahaf i ,  and T116. for thine. 

Ragauli S. W. 2h Tah. Mahadj- 
ganj ,P. Have- 
li, ThB. Ra- 
gauli 

Gharbaria 
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No. 
of Station 

LXI 

LXII 

LXIII 

LXIV 

LXV 

LXVI 

LXVII 

LXVIII 

Local name District 

a orakhpur 

Chumparun 

Pargana, kc. 
Village in which 

, the Station 
lies 

Tah. and Th6. 
MaharSjganj, 
P. Haveli 

Tah. and Thfi. 
Mahar4j ganj, 
P. l'ilpur 

Tah. M a h d j -  
ganj, P. Til- 
pur, ThB. KO- 
thibhk 

Tah. Mahar4j- 
ganj, P. Til- 
pur, Th6. 
Nichlaul 

Sehpur 

Morairi 

Jelda 

P. Majhauwa, 
ThB. Bagaha 

Tah. Parauna, 
P. Sidtiua Job- 
na, TM. Ko- 
thibhk 

Tah. Parauna, P. Tola Upssai of 
Sidhua Jobna,/ Katai Bhur- 

Mathia 

P. Majhauwa 
ThB. Bagaha 

Villages 
surroundi~~g the 

Station 

Chauk S. W. 6) 
Nichlaul 

E. by N. 6+ 

Remarks on the 
Construction and Condition 

of the Station 

miles 
R4mpur S. E. 14 

Kothibhk 
S. E. by E. 4jt 

The pillar is isolated, 64 feet 
square at base and 4 feet in 
diameter at top, and is en- 
closed in a kaclia-paka tower 
20 feet square at base and 14 
feet at top. l'art of thetower 
injured, and no mark-stone 
found, as reported in 1867. 

Dorda N. by W. 2 
Basodi S. W. 24 
Baja N. W. 24 

Kardah N. E. 2 

Ditto. 

The pillar is isolated, 64 feet 
square at base and 4 feet in 
diameter at top, and is encloe- 
ed in a kacha tower 17 feet 
square at base and 14 feet at 
top. Part of the tower injur- 
ed, and no mark-stone found, 
as reported in 1867. 

The pillar is isolated, 64 feet 
square at base and 4 feet in 
diameter at top, and is en- 
closed in a kacha tower 20 feet 
square at base and 14 feet at  
top. Part of the tower injured, 
and no mark-stone found, as 
reported in 1867. 

Ditto. 

The pillar is isolated, 64 feet 
square at base and 4 feet in 
diameter at top, and is en- 
closedin akacha tower 18 feet 
square at base and 14 feet at 
top. 

The pillar is isolated, 64 feet 
square at base and 4 feet in 
diameter at top, gnd is en- 
closed in a kachn tower 18 
feet square at base and 14 feet 

I at top. Part of the tower in- 
jured, arid no mark-stone 
found, as reported in 1867. 

The pillar is isolated, 64 feet 
square at base and 4 feet in 
diameter at top, and is en- 
closed in a kacha tower 20 feet 
square at base and 14 feet at 

N m - P .  h d r  for pargum, Tah. for hhdl and Tbi. for thincr. 
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No. 
of Station 

Villages 
surrounding the 

Station 
Local name 

Remarks on the 
Constructiou and Condition 

of the Station 

LXIX 

District 

LXX 

LXXI 

Pargana, &c. 

LXXII 

Village in which 
the Station 

lies 

LXXIII 

LXXIV 

LXXV 

LXXVI 

LXXVI 

Bellspurwa 
N. W. Q 

Pachrukha 
E. by S. 1 

Bahuari N. E. 1 

... 

The pillar is isolated, 64 feet 
square at base and 4 feet in 
diameter at top, and is en- 
closed in a kacha tower 20 feet 
square at base aud 14 feet at 

base and 14 feet at top, enclos- 
ing a central, perforated pillar of masonry, 64 feet square at base, 4 feet in diameter at top, having a mark-stone at snm- 
mit and another in the g r o u ~ ~ d  floor. The station was built in 1847 in the course of the operations of the North- 
East Longitudinal Series, and I I O  change in its construction appears to have been made in 1852, when again visited 
at the conclusiou of the Hmllong Meridional Series. 

Chumparun 

... 

P. Majhauwa, 
ThL. Bagaha 

. . . 

* .  . 

. . . 

. . . 

. . . 

... 

masonry 2 feet high and 1 
feet in diameter, having a mark-stone at it8 upper surface and another below. The station was built in 18-47 ill the 
course of the North-East Longitudir~al Series operations, arid no change in its construction appears to have been 11lade 
in 1852, when again visited at the conclusion of the Hurilitong Meridional Series. 

1, 

P. Rimgir, Thii. 
Lauria 

Chum parun 

,, 

>I 

If 

JI  

>> 

Th4. Ad4pu.r 

I P. Majhauwa, Harnlhi 

P. Majhauwa, Bigoia 
T116. Moti- 
haree 

Bakwa 

Tarharwa 

Ditto. 

P. Majhauwa, 
Th4. Bettiah 

Ditto. 

. . . 

Sathwaria 

Sikta 

Birwa 

I 

miles' 

Singhpur 
W. N. W. 24 

1 Balthur W. 3) / Ditto. 

Chandrapur W. 1 
Ratwal S. by W. 2 

... 

The pillar is isolated, 64 feet 
square at base and 4 feet in 
diameter at top, and is en- 
closed in a kachatower 0 feet 
square at base and 14 feet 
at top. Tower and pillar fallen 
down as reported in 1872. 

S4thi N. N. W. 24 
Pokharia Rai 

S. W. 3& 
Jaintia 

S. E. by E. 3 

Champitpur 
S. S. E. 8 

The station consistsof an earth- 
en tower, 20 feet square at 

The pillar is isolated, 64 feet 
square at base and 4 feet in 
diameter at top, and is en- 
closed in a kacha tower 20 
feet in diameter at  base and 
14 feet at top. 

Segowlie Canton- 
ment W.N.W. 24 

Gondauli 
N. W. by N. 8 

Dubrrulia E.S.E. 1 
Dumra S. 5. E. 1) 

Ditto. 

The station consists of a plat- 
form of burnt bricks aud 
mud cement, 14 feet square, 
enclosi~ig a central pillar of 

The pillar is isolated, 64 feet 
sqliare at base and 4 feet in 
diameter at top, and is enclos- 
ed in a kachn tower 20 feet 
in diameter at base and 11 feet 
at top. The pillar half fallen 
down as reported in 1 872. 

The pillar is isolated, 64 feet 
square at base and 4 feet in 
diameter at top, and is en- 
closed in a kacha tower 20 
feet in diameter at base and 
14 feet at top. 

h-om-P. rtsndn for pargana and ThB. for tuna.  
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Village in which 
the Station 

lies 

Villages 
surrounding the 

Station 

Remarks on the 
Construction and Condition 

of the Station 
No. 

of Station Local name District Pargana, kc. 

miles 
Narkatia 

W. by N. 24 
LXXVIII Chumparun 

JJ  

P. Majhauwa, 
ThB. Adipur 

Narkatia The pillar is isolated, 64 feet 
square at base and 4 feet in 
diameter at top, and is en- 
closed in a kact~a tower 20 
feet in diameter at  baae and 
14 feet at top. 

LXXIX 

LXXX 

LXXXI 

P. Majhauwa, 
Thi. Rloti- 

Riipdi 

Dipdi 

Masiiha 

Siswa N. W. 34 
Pataura Bhilha 

Nizamat 9. 24 

Ditto. 

Nonaura E. 1 
Murs hadabad 

N. by E. 4 

Barashankar E. 43 
Dhiika RBm- 

chandar . 

N. E. by N. 44 

Ditto. 

Ditto. 

P. Semraun, 
Thi. Dhaka 

P. Mehsi, ThB. 
DhBka 

Ditto. LXXXII 

LXXXIII  

Mozuff erpore P. Babra, Th&, 
Shiuhar 

' Sinduria 

... I )J I Ditto. 1 Amua I Amua Kaliin 8. 14 ! The station consists of a tower / of unburnt bricks-witti dia- 
meters at top and bottom, respectively, of 15 and 22 feet-enclosing a central pillar of mason ry, 64 feet square at  base 
and 4 feet in diameter at top : the latter has a mark-stone at its summit, in the normal of which-it is assumed--other 
mark-stones have been fired in the solid pillar. I t  was not necessary to revisit this station in the course of the 
Chendwh Meridional Series operations, as all the observations both for the North-East Longitudinal and the Chend- 
wfir Meridional Series were completed at the same time. 

LXXXIV P. Mahalla, Thti 
Seetamurhee 

Riga S. S. W. 24 The pillar is isolated, 64 feet 
square at base and 4 feet in 
diameter at top, and is ell- 
closed in a kaclia tower 20 
feet iu diameter at  base and 
14 feet at  top. 

... I ,, I Ditto. / Madanpur 1 Bisanpur W. Pi The station as built in 1846 
consists of a tower of unburnt 

bricks-with diameters at top and bottom, respectively, of 14 and 20 feet-enclosing a central pillar of masonry, 
64 feet square at base und 4 feet in diameter at  top : the latter has a mark-stone at its summit, in the normal of 
which-it is assumed-otl~er mark-stoues have been fixed in the solid pillar. The station was revisited in 1849, in 
the course of the North-East Longitudinal Series operations, but no alterations in its construction appears to have 
been made. 

LXXXVI 

P. NBnpur, Thd 
Pupri 

Himaunpur 

. . 

Sherpnr N. E. 24 
Bhasuipur 

N. W. by W. 24 

P. Mahind, Thd. 
Pupri 

Mozufferpore 

Ditto. 

Kararbar~a Jujhiirputi The pillar is isolated and en- I W . N . W . 2  / closed in a kacha tower. 

Basotra 
S. W. by W. 14 

Cl~orwat 
S. E. by S. 2) 

P. Basotra, Thk.  
Pupri 

The pillar is isolated and en- 
closed in a kacha tower. A 
portion of the upper part was 
reported as broken down in 
1868; in 1874 it was found 

PargBma 

NOTE.-P. stanch for pargana and Th6. for L116na. 
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No. 1 
of Station Local name 

... 

Simri 

. . a  

Dakohi 

Pargana, &c. 

P. TQjpur, W. 
Benipati 

Ditto. 

P. Jarel, ThB. 
Benipati 

P. Bachhaur, 
ThB. Khajauli 

P. Hiti, Thi. 
Mudhoo- 
bunnee 

P. Bachhaur, 
Th4. Ladnia 

P. Gaur, Tlil. 
Mudhoo- 

' bunnee 

P. Jabdi, ThB. 
Phulpr4s 

P. 81Bpur, ThB. 
Phulprlis 

P. ,&lipur, Th6 
Laukaha 

P. NBridigar, 
Th6. Soopole 

Village in which 
the Station 

lies 

Shhhpur 

Jarel 

Chandamanpur 

Narhar 

Simri 

Mirzapur 

Rudarpur 

Laukaha 

Barhampnr 

Ladnia 

Villages 
surrounding the 

Station 

Remarks on the 
Construction a ~ ~ d  Condition 

of the Station 

miles 
Jogiadah W. 2) 
Pali E. S. E. 34 

Hassk N. N. E. 2% 
Jhakti N. E. 3) 

Kukraul 
E. by S. 2 

Arailid N. by E. 24 

Narath S. W. f 
CllitBhi 

W. by N. 14 

Mirzapur N. E. 14 
Pariharpurjabdi 

N. W. 1% 

Sidl~ap K a l h  
N. W. by W. 3) 

Rakhw4ri W. 1% 
Andhara 

N. E. by N. 8 

Bijnaha N. 1) 
ParsBhi Siswir 

S. by E. 34 

Urgaon 9sli 
N. E. by N. 2) 

Mesfipur Ma- 
dhubani W. 4) 

Ringaon Rirhati 
S. W. by S. 4& 

The pillar is isolated and en- 
closed in a kacha tower. 

The station as built in 1849 con- 
sists of a tower of sun-dried 
bricks enclosing an isolat- 
ed pillar of masonry. When 
again visited in 1852, in the 
course of the North-East 
Longitudinal Series opera- 
tions, no alteration iu its con- 
struction appears to have been 
made. 

The pillar is isolated and encIos- 
ed in a kacha tower. Much 
injured by floods in 1880. 

The station as built in 1849 con- 
sists of a tower of sun-dried 
bricks enclosing an isolat- 
ed pillar of rnasollry. When 
agaixl visited in 1852, in  the 
course of the North-East 
Longitudinal Series opera- 
tions, no alteration in its con- 
struction appeara to have been 
made. 

The pillar is isolated and en- 
closed in a kacha tower. 

The pillar is isolated and en- 
closed in a kacha tower. 
Found 18 feet high in 1868, 
not known when the upper 
portion fell. 

The pillar is isolated and en- 
closed in a kacha tower. 
Found only 12 feet high in 
1868, not known when the 
upper portion fell. 

The pillar is isolated and en- 
closed in a kacl~a tower. 

The pillar was isolated and 
enclosed in a kacha tower. 
Entirely falleu down as re- 
ported in 1868. 

The pillar is isolated and 
enclosed in a kacha tower. 

NOT..-P. amda for porgsna and Thi. for thins. 
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District 
Village in which 

the Station 
lies 

Villages 
surrounding the 

Station 

Remarks on the 
Construction and Condition 

of the Station 

No. 
of Station Local name Pargana, bc. 

milea 
Dagmara Piprahi 

N. N. w. 2 
Nandipur W. f 

C 

CI 

CII  

P. NBsidigar, 
Outpost Dag- 
mara 

Harpur 

Barhlta 

The pillar is isolated, 34 feet 
in diameter at top, and is en- 
closed in a kacha tower. 

P. NBridigar, 
Thi. Soopole 

Sripur N. If 
Jharka 

S. W. by W. 2 

Ditto. 

Baijnlthpur 
W. by S. 19 

Sukhanagar 
E. N.E. If 

P. Haraut, ThB. 
Pratlpgan j 

The pillar is isolated and per- 
forated, and is enclosed in a 
kaclra tower. 

Diwlnganj 

CIII  

CIV 

I 
P. Nlridigar, 

Th6. Soopole 
Latona Kabia E. by S. 2f The pillar isisolated, and enclos- 

ed in a square kacha tower. 

P. Dhapur, ThB 
PratBpgan j 

Chakla RAm 
Missir'a Baiai 

Minai 

Sibnagar 
S.E. by E. 2 

KamLlpur 
N. E. by E. 1f 

Ditto. 

Rajganj 
E. by N. 

Ngthpur E. S.E. 

CVI 

14 
2 

Purneah 

The pillar was isolated and en- 
closed in a kacha tower 13f 
feet square at top, having an 
embankment of earth thrown 
up around the base. Wash- 
ed away by the river Koosee 
in 1873. 

P. Dharampur, 
ThB. RBniganj 

Chiini Husanpur 
W. by S. 14 

CVII 

The pillar is isolated and 
enclosed in a kacha tower 
15 feet square at top, hav- 
ing an emba~~kmeut of 

. . . 

CVIII 

CIX 

, earth thrown up arouud the 

Purneah 

Bhkalpur 

the observations, both for 
the North-East Longitudinal and North Malincha Meridional Series, were completed about the same time. Greater 
portion of the station fallen down aa reported in 1872 and 1873. 

31 

P. Dharampur, 
Tha. RBnigan 

! 

P. Haraut, Thi. 
Prat4pganj 

The pillar is isolated and en- 
closed iu a kacha tower. It  
was not necessary to revisit 
this s ta t io~~ as all the obser- 
vations, both for the North- 
East Longitudina1,and North 
Afal6ncha Series, were com- 
pleted at the same time. 

Ditto. 

Sulda N. 14 
Bishanpur 

W. by S. 2) 

The pillar is isolated and 
enclosed in a kacha tower 14 
feet square at top, having an 
embankment of earth thrown 
up around the base. 

RBmnagar Rahta 

Nom.-P. stands for pargma and Thk for th&m 

Purlini Kararia, 
N. 15. by N. If 

Rlmnagar Ma- 
hesh S. E. Q 

The pillar is isolated and 
enclosed in a square kacha 
tower. I t  was not necessary 
to revisit this station as all 



NORTH-EAST LONGITUDINAL SERIES. 

No. 
of Station 

Village in which 
the Station 

lies 
Local name District 

Villages 
surrounding the 

Station 
Pargana, &c. 

Remarks on the 
Coqtruction and Condition 

of the Station 
- 

CX 

CXI 

CXIII I , 

... >I P. Tirakhardah, Kamaldiiha 
"'I 1 1 1 Thii Matiiiri / 

. . . 

CXIV 

Tirakhardah 
N.E. 8 

P. Sultiinpur, 1 Bhenigara 
Thl. Arrareah 

Purneah 

Ditto. 

P. Sripur, Thi. 
BahBdurganj 

. . .  I >, 

Arrareah 
S. by W. 54 

P. Fatehpur, 
Thi. Arrareah 

The pillar is isolated and 
e!iclosed in a kacha tower 13 
feet square at top, having an 
embankment of earth thrown 
up around the base. 

The pillar is isolated and 
enclosed in a kacha tower 13 
feet square at top, having an 
embankment of earth thrown 
up around the base. 

P. Sultinpur, 
Th4. Matihi 

Dipagar 

Ditto. 

... 

miles 

Nirpur 

Ditto. 

Cxvl ! . ' .  

I I 
CXVII 

CXVIII 

CXIX 

The pillar is isolated and 
enclosed in a kacha tower 14 
feet square at top, having an 
embankment of earth thrown 
up around the base. 

I 

Barha W. 1 MBnikpur 

embankment of earth thrown 
up around the base. 

Halua S. E. by S. I f  
Pararia W.byN. 1 

Bahldurgan j 
N. w. 44 

Ditto. I 
I 

The pillar is isolated and 
enclosed in a kacha tower 14 
feet square at top, having an 

P. Fatehpur 
Singhia, ThC. 
Bah4durganj 

The pillar was isolated and en- 
closed ina kacha tower 13 feet 
square at top, having an em- 
bankment of earth thrown up 
arouud the base. Swept away 
in 1880. 

The pillar is isolated and en- 
closed in a kacha-paka tower 
14 feet square at top. 

' Lachmipur 

P. Fatehpur 
Singhia, Th4. 
KCliaganj 

Bh6g Kilpi Pir 
W. 2 

Bandarjlila 

Kharkhari P. Shajpur, 
Thl. KBliagan 

Haldagaon 
S. W. byW. f 

Keshijra 
N. W. by W. 1 

The pillar is isolated, 4 feet 
in diameter, and is enclosed in 
a kacha-paka tower 14 feet 
square at top. 

CXX P. Fatehpur 
Singhia, Th4. 
KBliaganj 

Thikurganj The pillar is isolated, 13 feet 
high and 4 feet in diameter 
at top, and is enclosed in a 
kacha-paka tower 14 feet 
square at top, having a n  em- 
bankment of earth thrown up 
around the base. 

Nors.-P. stsuds for pargsns and Thi. for t h h .  

I 
CXXI ... J J  

gani i 

I 
P. Srirajpur, I Sonaklioda 

Thi. KBlia- 1 
Gobindpur W. 24 . . . 
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Nw.-P. stands for pargana, Tah. for bhsn, snd Thlc for t h h .  

Alcgurt, 1882. 
J. 6. N. HENNESSEY, 

In charge of Computing O f l a .  

Assam Longitudinal Series operations, the height was increased by 5.2 feet, and a mark-stone placed on the top in 
the prolongation of the normal through the origiilrl upper mark-stone, which was found undisturbed : the pillar is 
isolated and of the solid kind ; in the original construction it carried mark-stones at top, bottom and mtermediately, 
and was ellclosed in a kacha tower 14 feet square at top. 

Village in which 
the Station 

lies 

RBmganj 

Dlimdtingi 

Kanchablri 

Chotlki 

Cherakute 

1853 and 1854; 

Villages 
surrounding the 

Station 

miles 
Khojagaon 

E. N. E. 1) 
Badangichh 

W.N. W. 14 

Tentu1iaE.N.E. Sf 

Tentulia 
W. N. W. 39 

Babud Bhajan- 
pur N. N. E. 4 

Btimankumir 
E. N. E. 1 9 

Belia N. by E. 2a 

Taria W. 54 

but in 1855, when 

Remarks on the 
Construction and Condition 

of the Station 

... 

The pillar is isolated, 4 feet in 
diameter at top, and is en- 
closed iu a kacha tower 14 
feet square at top, having an 
embankment of earth thrown 
up around the base. 

The station, aa originally con- 
structed in 1848, consists of 
a mound of earth (i.e., tower) 
60 feet square at base, 14 feet 
at top, and 20 feet in height, 
thrown up against an annulru 
wall of masonry, 1 foot thick, 
enclosing a solid, isolated ma- 
son y pillar with mark-stones 
at top, bottom and interme- 
diately. When subsequently 
visited the upper mark-atone 
was found undisturbed, and 
no challge appears to have 
been made in the construc- 
tion of the station. 

The pillar as built in 1848 is 
isolated, 4 feet in diameter, 
and is enclosed in a kacha 
tower 14 feet square at top. 
When again visited in 1855, 
in the course of the operations 
of the Assam Longitudinal 
Series, no alterationwas made 
in the construction of the 
pillar. 

The pillar is 29.2 feet high. 
As originally constructed, the 
pillar waa 4 feet in diameter 
at top, and 24 feet in height. 

visited again in the course of the 

No' 
of Station 

CXXII 

CXXIII 

CX XIV 

CXXV 

CXXVI 

Local name 

. . .  

. . . 

... 

... 

. . 

No change 

District 

Purneah 

J J  

9 J 

Dinagepore ' 

Jalp6iguri 

was made when 

Pargana, &c. 

P. Sdrajpur, 
Th4. K6lia- 
ganj 

P. Fatehpur 
Singhia, Th6. 
Kfiliaganj 

Ditto. 

P. Salbtiri, Thl. 
Thakurgaon 

Tah. Rajnagar, 
P. and Th6. 
Boda 

it was visited in 





N O R T H - E A S T  L O N G I T U D I N A L  S E R I E S .  

OBSERVED ANGLES. 

Nome-LII and LIV of Great Am Meridional Serieii. 

At LII 

Januu y 1851, okerved by Captain E Benny Tailyour with .Laat.-Colonel WatgiZr 24-inch 
Theodolite No. 1. 

h3lm 

dt I 

Means 

I & 111 

Meam 

Seconds of Observed Angles at each Zero 

OOW 180°W 7OU' 187'12' 14'24' 194O24' 21°36' 201°36' 28'118' 208O46' 

If I f  If 11 I1 11 If I f  11 I t  

Z 38-44 Z 36.26 Z 38.60 Z 37-62 Z 37-46 Z 36-00 Z 36.78 Z 37-36 Z 37-14 Z 37-46 
138'52 135.90 137.10 137'24 137'16 136.28 Z37'la 137'34 136'38 136.08 

38'48 36'08 37-85 37-43 37-31 36-14 36-95 37-35 36'76 36'77 

A19.36 h~o-7' 119.68 h21.42 A22.16 h20.32 Z 21-94 Z 22.68 h 2 o . r ~  Ano.oa 
h18-58 hai-3% A19.78 hrg.58 822.60 h19.98 112.86 122.82 hz1.06 h20.56 

18-97 a1.0~ 19-73 20.50 22-38 20.15 22-40 22-75 20.64 20.29 

Probabilities and 
G m t d  Means. 

Probability = 0.22 

31' 17' 37"'11 

Probability = 0.38 

48' 41' 20"-88 



26-r. NORTH-EAST LONGITUDINAL S E R m  

NOTE.-LII, LIV and LVI of Great Arc Meridional Seriee. 

z 

A t  LIV I 
November 1850, observed 8y Captak T. Renny Tailyour with Lieut.- Colonel WaugXe 24-inch 

Theodolite No. 1.  

Angler  

LVI d: I 

Means 

LVI & LTI 

Mca- 

I I LII 

1 ~ 9 ' 5 ~ '  
-66' 35! 

Seconds of Observed Angles at  each Zero 

0'0' 180' W 7" 12' 187'12' 14'24' 194'24' 21'36' 201'36' 28'48' 208'48' 

N I1 11 I1 1' 11 11 1' I1 11 

1 5-62 1 5.26 1 4.86 2 5.92 2 6'64 1 4-28 1 7.16 2 6.96 1 8.00 h 5.30 
7s 6-13 1 3-90 1 ,l.oa 1 5.88 1 5-12 1 4-54 2 8.14 2 6-56 1 7-76 1 7.76 

2 6.18 1 7.00 
1 5.60 

5-87 4'58 4-44 5-90 6-08 4-41 6-77 6-76 7'88 6-69 

h55-46 h54.84 152.08 153'86 233.98 2 55-34 154'26 156.24 2 55'82 1 57-12 
155'10 154'36 151.02 1 5 5 ~ 0  154.70 154'30 153'44 156.24 155'68 157'08 

153.94 1 54-38 

55-28 54'38 51-55 54-71 54'34 54-82 53'85 56'24 55'75 57-10 

+55'28 +54'.?8 +51'55 +51'71 +51'34 +54'82 +53'85 +56'24 +55'75 +57'10 - 5'8; - 4.58 - 4.44 - 5-90 - 6.08 - 4'41 - 6';; - 6.76 - 7'88 - 6.69 

49.41 49.80 1 48.81 48-16 50.41 47-08 49.48 47-87 50'41 

Probabilities and 
&nerd Means. 

= 0.35 

660 35' 5"94 

Probability = 0.45 

149' 53' 54"'80 

prob-abmty = o.37 

83'18'4SU.86 

A t  LVI 

November 1850, observed by Captain 2'. Benny litilyour with Lieut.-Colonel Waugh'e 24-inch 
Theodolite No. 2. 

Angles. 

Seconds of Obeerved Angles at  each Zero 

0'0' 180°W 7' 12' 187'12' 14O24' 194'24' 21'36' 201'36' 28O4.3' 208'48' 

11 11 I1 11 11 11 11 I' I1 I1 

1 38.14 2 15.52 1 34'88 .? 7.46 1 38-36 1 3 7.92 1 3 i.88 1 38.92 h40.90 16 .36  
l37.06 2 35.80 135.42 2 38'06 2 37-96 135.76 236.72 238.81 h41.24 7637.32 

37-60 35.66 35.15 3776 38.16 36-81 37-30 38.88 41-07 f l ' B 4  

Probabilitim and 
General Means. 

probability = 0.50 

i3' 43' 3711'13 



OBSERVED ANGLES. 27-1. 

NOTE.--LIT and LVI of Great Arc Meridional Series. 

At  LVI-(Continued.) 

ATovmber 1850, observcd by Captain 2'. Renn. Tailyour with fieut.-Colonel Waugh's 24-inch 
Theodolite ATo. 2. 

Probabilities and 
General Means. 

Probabilitp = o.50 

39' 29' 27"25 

Anglm. 

I LIV 

Means 

Seconds of Observed Angles a t  each Zero 

0°0' 18O0O' 7'12' 187'12' 14'24' 194'24' 21'36' 201'36' 28'48' 208'48' 

II r t  11 II ' II 11 II II rr 11 

125.60 125.44 129.22 h26.88 127.26 129.76 1 25'58 128.92 233.12 h28.66 
1 26-36 1 2j.00 h28-26 h26.54 126.21 129.18 125.66 2 30.20 125.52 128.20 

2 26.46 1 25'92 
h25.10 

a5.98 26'30 28-74 26-71 26.74 29-47 25.62 29.56 24.92 28-43 

A t  I 

Decemlier 1850, observed Captain T. Renny Tailyour with fiat.-Colonel Waugh's 24-inch 
Theodolite No. 1. 

Probabilitiee and 
General M e w .  

hbabf i i t y  = o.z2 

54'22'21"'80 

Probabfiity = o.19 

56 21' 23".19 

Probnbility = 0.37 

97'5' 3ilr'57 

Probability = 0.38 

h g b ~ .  

LYI II 

Means 

I' ' IV 

Seconds of Observed Angles a t  each Zero 

0°0' 180°W 7'12' 187'12' 14'2%' 19C24' 21'36' 201°36' 28O48' 208'48' 

rr rr Ir II rI rr  II rr rr l r  

Z20.56 Z 20.32 h23.20 121.88 h22.14 122.54 121-28 h22'30 7122.54 h21'f8 
120 .~6  1 21.16 h2a-36 Z22.50 h22.02 1 zzmoa 1 21.28 ha1.92 ?~a1.80 hzz.02 

20.51 20.74 22-78 22-19 22.08 22.28 21-28 22'11 22-17  21-90 

123.60 h.2-40 l23.80 123.80 h2.3.00 222.80 2 21.92 h22.96 hzz.62 h2.3.66 
h24.42 h23.30 I 24. j8 1 21-28 R21.86 1 13-84 1 23.34 h 21-66 h22.88 123.81 

g7' 5: 
-56' 21  

12.37 13.18 15.18 13.40 16.25 16.05 1 ~ 5 %  15-03 1438 13.491 4 0 ° 4 4 ' r ~ . 3 8  

Means ( 2401  22-85 24-19 23-04 22.43 23-31 22.63 22.81 22.75 23'75 

'I & 'I1 

Mean8 

pw ' 'I1 

136.10 137.62 139'38 136.40 138.36 1 39'98 2 36-56 h37.86 h36.72 H37'04 
136.66 13q44 139.56 1.36.48 1 39.00 1 38.76 1 37.74 h37.82 137.54 137.44 

36-38 36.03 39'47 36.44 38-68 39-37 37.15 37-84 37-13 37-24 

+.36'38 +3603 4-39'47 +36'44 +39'37 +37".5 +37'84 +37"3 +37"4 
-24.01 -22.85 -24.29 -23.04 -22.43 -23.3a -22'63 -22.81 -aamj5 -23.75 



%--I. NORTH-EAST LOBGITLDINAL SERIES. 

NOTE.-LU, LIV and LVI of Great Are Meridional Series. 

A t  I--(Continued.) 

Decemlier 1850, oeserved by Captain IT. Renny Toilyour with Lied.-Colonel Waugh's 24inch 
Theodolite No. 1 .  

Probabilities and 
General Meana. 

Pmbability = o.24 

69' i2'52"-72 

Angles. 

111 & 111 

Means 

Seconds of Observed Angles at each Zero 

0'0' 180'0' 7'12' 187O12' 14O24' 19C 24' 21' 36' 201°36' 28'48' 208'48' 

11 11 I1 I1 I1 I1 11 I1 I1 I1 

53'62 53.5' 52'00 ' 5 4 . 0 ~  50 .7~  5"12 h51'38 51 .~4  52'30 ' S2'94 
1 53'84 1 53-70 151.78 1 53'48 1 52.96 154.14 2 52.80 152.36 152.26 153'52 

53'73 53'61 51-89 53'77 51.86 52.63 52-09 52-10 52-28 53-23 

LIl $ 
L I ~  

Meane 

LIV & 
LVI 

?tiean8 

2 38.92 237'92 hg8.04 Z 40.98 h40.18 137'54 h40-46 Z 39-44 2 3f-32 Z 38-84 
140.26 Z 3 9 ~ ~ 0  h36.62 1 38'42 h42.48 1 36'96 1 37-16 138.20 1 37-84 138.32 

A3 7-16 

39'59 38'91 37'37 39.70 41.33 37.25 38.81 38.82 37-58 38'58 

230.80 230-62 lr27.84 1 27-68 h2g.02 128.82 129.j0 H27.56 h26.96 h2gmjo 
128.78 130.80 hz8.18 129.12 ha9.24 129.10 129.76 h28.06 h28.06 h28.38 

29.79 30'71 ~8 .01  28.40 29.13 28-96 29-23 27'81 27-51 29.04 

Probability = 0'37 

65"23'38"'79 

Probability = o.3n 

73'55' 28".gr 

I 

At I1 

December 1850, observed by Captain II Renny Tailyour with Lieut.-Colonel Waugir's 24-inch 
Thodolite No. 1.  

& 1 

- 
&fw 

Seconds of Observed Angles at each Zero 

0°0' 180°0' 7'12' 187O12' 14O24' 194O24' 21°36' U)1°36' 28'48' 208O48' 

11 I1 11 It 11 I1 I1 11 11 11 

2 44'00 Z 43'32 Z 44'82 243.62 Z 43.54 Z44.14 142.26 Z 43'38 l40*12 142.20 
144'jo 142.92 1 &'a4 142.08 143.02 1 42.88 1 41-60 142.14 142.72 142.68 

2 43.26 143'34 

443.5 43-17 44'53 42.85 43'28 43'51 41-93 42.76 42.06 42-44 

Probabilities and 
General Means. 

Probability = 0.26 

80~15~43"-09 



OBSERTED AKGLES. 

-- - 

NOTE.-LII and LVI of Cfregt Am Meridional Seriee. 

. 

At II-(Continued.) 

Deccmber 1850, observed by Captain T. Renny Tailyo~cr with Zieut.- Colonel Waugh's 24-inch 
TkodoZite No. 1. 

&glee. 

I 8; LVI 

Meam 

Seconds of Observed Angles at each Zero 

OO(Y 180'0' q O I I  187'12' 14'24' 194'2.41' 21'36' 201'38' 28'48' 208'48' 

II rr I? 11 11 11 II II r r  If 

Z 2.26 1 3-14 1 3.52 Z 2.12 Z 3-60 Z 2-84 Z 3-76 Z 3-78 1 5-06 Z 2.82 
1 2-18 Z 1-02 Z 4-14 Z 3-30 1 5-46 1 3'40 4.80 1 4'56 1 3-84 1 3.76 

Z 0.64 2 2.62 
1'94 

2-92 1.93 3-83 Z';I 4'53 3'12 4-28 I 3'8.1 z';g 

Probabilities and 
( S e n d  Means. 

Pmbab'fitJ = o.27 

71O54'3"'34 

At 111 

December 1850, observed by Captain T. Renny Tailyour with Zieut.-Colonel Waugh's 24-inch 
Theodolite No. 1. 

Anglea 

LII & I 

Means 

1 & 

Mean8 

C 

Seoonds of Observed Angles at  each Zero 

0° 0' 18o0W 7'12' 1870 12' 14'24' 194O24' 21° 86' 201°36' 28O4-3' 208°48' 

N 11 It If It N I1 11 If I1 

Z 51.00 Z 52';4 152.48 1 52-10 Z 51-44 1 jo'ga Z 47-80 2 50.24 Z 50 .~4 lgo.rz 
Z 51-30 1 51.68 1 51-68 152.02 151- 12 Z 50'46 Z 49.68 150'44 Z 49.74 150.76 

51-15 52-21 52-08 52-06 51-28 50.69 48'74 50.34 49-99 50'44 

1x5'00 z 12-28 114.10 213.42 114.20 z 14'18 z 14.46 Z15.o-a Z 12-32 z 13-14 
1 13-44 Z12.26 Z 14'12 113-28 Z 14.16 Z 13-14 113~60 Z 13.58 Z 14-06 Z 14.20 
Z 13-66 Z13';o 

14-03 xa'a7 1 4 x 1  13'35 14-18 13'66 Iq.03 14.30 13.19 13-68 

Probabilities and 
General Mesns. 

Probability = 0.33 

62' 5r50r1'90 

Probability = 0.18 

75°35r131r.68 



30-1. NORTH-EAST LONGITUDINAL SERIES. 

\ 

A t  111-(Continued.) 

December 1850, observed by Captain T. Renny Tailyour with Lieut.-Colonel Waugh's 24-inch 
Theodolite No. 1. 

IV & VI 

Means 

IV & V 

Means 

' 
70° 35' 

-520 ol 

Seconds of Observed &lea at each Zero 

OOW 180'0' 7'12' 187°12' 14'24' 194O W 21'36' 20l036' 28'48' 208O4E' 

11 11 11 I1 I1 11 I1 11 I1 11 

Z 7-81 Z 6.92 1 6.12 1 9-14 1 7-10 1 8-34 z 8.28 Z 7.66 Z 7-16 Z 6.58 
Z 6.28 1 7-94 Z 6.12 1 8.78 1 7.26 2 8-12 1 7-48 1 7.96 Z 8.74 2 6.82 
1 5.18 

6.43 7'43 6.12 8.96 7'18 8-33 7-88 7-81 7'95 6-70 

Z 4.80 Z 4'80 Z 4'34 Z 4.20 Z 4'88 z 4-04 2 7-30 1 4-38 Z 5.84 1 3-98 
Z 4-04 1 4-96 1 4-86 2 4-72 1 3-78 Z 4-98 Z 6-30 1 5-24 Z 6-34 Z 4-56 
Z 3-18 Z 4.88 

401 4-88 4-60 4.46 4-33 4-51 6.80 4.81 6.09 5-14 

+64.01 +64'88 +6$60 +64.46 +64.33 +64'51 +66.80 +64-81 +66'09 +65.14 
- 6-43 - 7'43 - 6-12 - 8.96 - 7-18 - 8.33 - 7'88 - 7.81 - 7.95 - 6'70 

51-58 57'45 58'48 55.50 57-15 56.18 58-92 57'00 58.14 58.44 

Probsbilities and 
Qeneral Meona. 

Rohbility = o,27 

5z00' 7*'48 

Probability = 0.26 

70° 36' 4"'96 

Robnbility = 0.32 

18~3f57'"48 

At IV 

Decemlier 1850, observed by Captain T Renny Tailyour with Zieut.-Colonel Waugh'a 24a'nch 
I8eodolite No. 1. 

-1- 

Seconds of Observed Angles at  each Zero 

OOW lBOOW ? O W  187" 12' 14'24' 194'2at 21'36' 201°36' So&' 8/48' 

Probsbilitiea and 
Gtened Means 

Z 21.82 Z 20.30 Z 21-50 120.36 Z 21-72 Z2q'28 Z 21-58 Z 23'68 Z 23-08 Z 23-76 
VC & V 122'60 Z 20.92 Z 20'36 1 23'1a 1 21-44 124.22 1 23-04 Z 23.40 2 22.78 Z 24-86 

1 20'92 8 22.44 

22'21 20.61 20.93 21-97 "'58 24'25 22-31 93.54 ~2.93 24.31 

Probability = 0.39 

- 
43°13122n'46 



OBSERVED AKGLES. 

I 

A t  IV-(Continued.) 

December 1850, observed by Captain T. ~ e n n y  Tailyour with Xieut.-Colonel Waugh'a 24-ind 
IReodolite No. 1 .  

Probebilities and 
General Mesns. 

Probability = 0.18 

53°~5136"'18 

Pmbability = 0.34 

63O 40' 36"*52 

Prohbilitg = 

43622f56".90 

Probability = 0-39 

96°28r58".64 

- 

Anglee. 

V & 111 

Means 

IJI & I 

Means 

I & I1 

Means 

VI & 

43z13' 
+53 15' 

Secondn of Observed Angles at each Zero 

OOW 180° 0' 7' 12' 187'12' l4OWf 194'24: 21'36' 901'36' %lo@' 208'4Ef 

11 II 11 I 11 II II 11 II 11 II 

135.94 236.02 137.28 135'54 136'48 135'74 h35.60 h37.08 133.88 134.88 
E 37-06 136'84 136'64 1 35.92 1 36'40 2 36-54 h35.52 h36.36 1 34'04 135'68 

1 36.00 I? 37-10 
136.14 137.56 

36-50 36'43 36.96 35'73 36'44 36'14 35'56 36'72 35'02 36.30 

13688 134'14 137-46 136.18 2 37'98 Z3;'oo h38.24 h36.38 136'04 134.32 
136'74 13476 836.84 I? 35.04 137'53 135'38 h38.02 136.82 136'90 136'48 

1 3 7.88 
1 3 7'40 

36'81 34'45 37-15 35.61 31-75 36-19 38.13 36.60 37-06 35-40 

156.46 158.66 157.28 156.56 156.02 156.34 h56.56 h57.74 Z 58.34 157.78 
1 56-18 I 51-14 1 j6.86 155'96 156.78 156.48 656.72 h57.68 156.76 1 55.80 

h57.49 156'36 
$56'78 

56'37 57.90 57-07 56'26 56'40 56.75 56'64 57-71 57-06 56-29 

+22'21 +20m61 +20'93 +21'97 +21'58 +24'25 +26'31 +23'54 +22'93 +24'31 
+36'50 +36'43 +36'96 +35*73 +36'44 +36*14 +35'56 +36'72 +35'02 +36'30 

58.71 57-04 57-89 57-70 58-02 60.39 37-87 60.26 57-95 60'61 

At V 
Januay and Juw 1851, obsmsd by Captain T. Renny Tailyour and Mr. J. Peyton math 

fiat.- Colonel Waugh's 24-inch Z'hodolite No. 1. 
b 

Probsbilitiea General Mesns. and 

Probability = 0'27 

56' 8' arl'.rg 

Angles. 

111 & IV 

Means 

Sewnde of Observed Angles a t  each Zero 

O0 W 180'0' 7O12) 187' 12' 1 4 ~  24' 194'24' 21°81 201'86' e8.48' XXO 48' 

N II II rt rr II II l r  II rr 

Z 20.92 1 20.04 1 19.98 Z22.00 121.02 Z 21.44 Z 21-82 Z 23-24 Z 11.66 Z 21-48 
I 20.5~ 1 19'54 Z 19.48 1 10'72 1 2 I. 10 1 21-70 1 20.94 Z 23.40 1 22-10 1 20.68 

120.14 

20.7% 19-91 19-73 21.36 21-06 21-57 21.38 22.81 11-88 21.08 



NORTH-EAST LONGITUDINAL SERIES. 

A t  V-(Continued.) 

Janua y and June 1851, obserrcd b,y Captain Y', Renny Taihour and Mr. J. Pcyton with 

Angles. 

111 & VI 

Means 

IV ' 'I 
144'3' 

-560 8' 

I11 & VIII 
v 

Menns 

VI & VIII 

17~3z5: 
-144 4 

111 $ VII 

Means 

& VII 

214' 8' 
o 

Lieut.- Colonel Waugh's 24inch llheodolite No. 1 .  

Secouds of Observed Angles at  each Zero 

0°0' 18O00' 7' 12' 185" 12' 14O24' 194O24' 21'36' 201°36' 2S048' 208O48' 

I' I' ' 1  I' I' I' ' I  ' 1  ' 1  I' 

h 2.88 Ir 2-98 1 4.68 1 4.92 T 4.46 1 5'ao 1 5.82 1 4.48 h 4-16 Z 3-88 
h 4.34 h 2-74 1 3'30 1 2'94 1 1-74 1 4.76 1 4-86 1 2-62 h 3-02 1 3-66 

1 2-78 

3-61 2.86 3.99 3-93 2-99 4-98 5-34 3-55 3-59 3-77 

+63.61 +62.86 +63'99 +63'9.3 +62.99 + 4 9 8  +65'34 +63'55 +63'59 +63'77 
-20'7a -19'91 -19'73 +21*36 -21.06 -21'57 -21.38 -22.82 -21.88 -21.08 

42.89 42.95 44.26 42'57 41-93 43.41 43'96 40.73 41-71 42-69 

Z6.12 Z 7-06 2 7.38 15'78 17.34 Z 7.24 15-38 2 8.04 15.58 Z 7-38 
Z 5-94 2 6'32 1 8.78 1 6.28 Z 6.22 1 6.86 1 6.84 1 8-00 Z 6-38 1 6.64 

Z 6.56 

6-03 6'69 8-08 6'03 6.78 7-05 6." 8.02 6.17 7-01 

+ 6.03 + 6.69 + 8.08 + 6-03 + 6'78 + 7-05 + 6," + 8.02 + 6.17 + 7-01 
- 3.61 - 2.86 - 3'99 - 3'93 - 2-99 - 4-98 - 5'34 - 3-55 - 3-59 - 3-77 

- 173O 5' 
55-81 55.11 52'58 57-22 55.82 55'69 55'80 54'93 56'48 56.03 

Probabilities and 
General Means. 

Probability = 0.23 

1 4 4  4' 3"-86 

Pmhbility = 0.32 

87°55'42'"71 

1 7 3 ~ 5 ' 6 " . 8 0  

Probability = 0,34 

41' 3' $5''-55 

2.42 3-83 0 2.10 3.79 2'07 0.77 4'47 2-58 3.Z4 1 29' 1' 2".94 

1 2-38 1 1-66 1 o.++ Z 3-30 1 3-14 1 2-80 1 1-92 Z 2.26 Z 3-22 Z 3-36 
Z 1.30 1 1-94 1 0.88 1 3'20 Z 2.06 1 2-68 1 1.90 1 3-64 1 2.08 1 2-72 

1.84 1-80 0.66 3.25 2.60 a-74 1-91. z'g5 2.65 3-04 

+61'84 +61'80 +60a66 +63-25 +6zm60 +62-74 +6rmgr +62.95 +62-65 +63'04 
- 3.61 - 2.86 - 3-99 - 3-93 - 2.99 - 4.98 - 5.34 - 3-55 - 3-59 - 3'77 

58.23 58-94 56-67 59-31 59-61 57.76 56-5; 5 ~ 4 0  59.06 59.27 

C61.84 +61-80 +60m66 + 63.15 +62'60 +62'74 C61.91 +62'95 +62.65 +63'04 
- 6.03 - 669 - 8-08 - 6.03 - 6.78 - 7-05 - 6.11 - 8-02 - 6-17 - 7.01 

214' 9' au-34 

Probability = 0'34 

70' 4' 5C.48 

Pmbability = v3 



OBSERVED ANGLES. 

r - 
At VI 

May 1851, 06served 6y Mr. J. P q t o n  with Lied.-Colonel Waugh's 24-inch Z'ieodolite No. 1. 

Probabilities and 
Ueneral Meam. 

Probability = 0.46 

1 3 1 ~ 3 5 ~ 1 ~ ~ ' 0 8  

Prohbiity = 0.46 

78' 1 ' 38"~o  

Rubability = 0.48 

53O 33' 3 6 * ~ 8  

Probability = 0.46 

17~1g~60'~.86 

Probability = 0'38 

48' 50' 5611.61 

Angles. 

V'l lbV 

Means 

VII & V 

Means 

VIII Q 
VII 

131034' 
-78' I' 

V & 111 

Means 

V & IV 

Means 

Seconds of Observed Angles at each Zero 

0'0' 18000' 12' 18F 12' 1CW' 199'24' 21'36' 201'36' 28'48' 208048' 

I1 I1 'I 11 I1 11 'I 1' 1' 11 

hr7.00 h14.86 h14.94 h15-50 h 14'08 h16.76 h15.28 h18.00 h12.84 hi2.52 
h16.34 hrq.g+ h14.38 hr.+-46 h14.74 h16.12 h16-74 h16.44 h12.30 h13.38 

16.67 14'90 14-66 14'98 rq.41 16.44 16'01 17.m 12.57 12.95 

h38.18 h3;-92 h40-52 139.04 h.37'00 h36.66 hqo.38 i39-46 h37.26 h35.28 
h37-42 137.40 h40.14 h39-86 k38.50 B38-18 h38.54 h38.28 h.3;-74 h34.56 

h3 7-02 

37.80 31-66 40'33 39-45 38-15 37.42 39-46 38.87 37-34 3q92 

+ 76-61 + 74.90 + 74'66 + 74.98 + 74-41 + ; 6 ~ 4  + 76.01 + 77-12 + 72.57 + 72-95 
-37.8~ -37.66 -40'33 -39'45 -37'75 -37.42 -39'46 -38.87 -37'34 -34.92 

38-87 37.') 34.33 35.53 36-66 3 9 0 2 3 3 6 . 5  38.35 3523 38-03 

161.62 h61-52 h60.62 h61.54 h60-10 h58.80 h60-02 h61-34 Ir62.1a h63-go 
h62-62 h61.40 h59-94 h58.28 h60.12 h58.34 h59-20 A61-32 h64.02 h61-62 

h57-98 

62.1a 61.46 60.28 5 9 ~ ~ 7  60.11 58.57 59-61 61.33 63-07 62-76 

h57.08 lr56.3~ A5438 h56-28 h57.76 h56.10 h53.36 h56.42 I58.04 859.10 
h57.19 L58.12 h55-36 156.7% h57'oa 855.24 h5.3-70 h56.64 856.82 h58'40 

h54.96 

57-10 57'2a 54'87 56-50 57-39 55-67 54-67 56'53 37-43 58-75 

m a I V  

48O 49) - 170 191 

+117'10+117-22+11q87+116.50+117'.3g+11.~'6f+11y6f+116'53+117-43+118'75 - 62-12 - 61-46 - 60'28 - 59-27 - 60'1 I - 58'57 - 59.61 - 61'33 - 63-07 - 62-76 

5498 55'76 54'59 , 57-23 57'28 57'10 55'06 55'20 54-36 55'99 

Probability 
= 0'33 

31' 30' 55"'76 



34-1. NORTH-EAST LONGITUDINAL SERIES. 

C 

At VII 
F e h y  and March 1851, observed by Mr. J. Pqytm with Lieut.-Colonel Waug1.s 

&gle& 

V & FI 

Meam 

& n u  

Meam 

(b; VITI 

310531 
f 52' 10' 

VlI I  & IX 

M- 

VIII & X 

' Mr. 1 
I 

IX ' 
1300301 - 64O 29' 

24-inch Yheodolite No. 1 .  

Seconds of Observed Angles at each Zero 

OOW 180° 0' 7'12' 187' 12' 14'24' 19C2-4' 81' 36' 201°56' 28'48' 208' 48' 

I' 11 'I I1 I1 I1 ' 1  I' ' I  I1 

Z 2934 Z 29.40 2 25.66 1 27.70 7627.94 29-04 Hz796 h29.98 h30.18 h3 1-04 
128.78 Z 29.24 128.34 Z 28.02 h28-12 828.36 hz7.24 128.72 hzg'ga 128.68 

h 29-08 

29-06 29-32 27'00 27'86 28'03 28-70 a7-60 29.33 30.05 29'60 

$60.04 157.72 Z 59-76 Z 51-48 h61-34 h58.78 h58.82 h58.84 h57-90 h58.22 
"8.90 Z 56.80 2 57-58 257.90 h.5836 h59.40 159.74 159.76 h57.46 158.70 

157.80 h59.78 
1 57'44 

59-47 37-44 58-67 37-69 59.83 59-09 59.28 5930 57'68 58-46 

+ 29.06 + 29-32 +27.00 +27'86 +28.0,3 + 28.70 + 27-60 +29'35 +30'05 + 29-60 
+59'47 +57'44 +58'67 +57-69 +59'83 +5gno9 +59'28 +59'30 +57'68 +58'46 

88-53 86-76 85-67 85.55 87-86 87'79 86.88 88.65 87-73 88-06 

135.72 Z 37-90 137.90 138.20 137.16 h37.78 235.24 2 34-22 Z 36'78 h38.74 
2 35-6a 139.28 2 38.48 2 38.90 lr36.38 h37.76 135.12 E 33-80 2 36.60 h39-94 

h39.20 

35-67 38-59 38-19 38.55 36'77 37.77 35.18 3401 36.69 39-29 

h47-10 854.68 h54-66 854'70 h5.3'00 h53-90 h55-02 h55-88 h57-50 li55-10 
h47.28 h55.12 h53.82 h55.22 h53.24 h54.26 h55-12 h54'58 h55-18 h54.92 

h55.62 

Pmhabilities and 
General Meme. 

Probability = 0-30 

31' 53' 28".66 

hbabili ty - - 0.25 

52°1015811'69 

Probability = 0.33 

84" 4'27"35 

Probability = 0.51 

64" 29' 37''-07 

47.19 54.90 5424 54-96 53.12 5108 55.07 55-23 56.10 55*01 1 130' 30' 53"-99 

+47"9 $54'90 +54'24 +54'96 +53'12 +54'08 +55'07 +55'23 +56'10 +55'01 
-35.67 -38.59 -38'19 -38.55 -36.77 -37.77 -35.18 -34.01 -36.69 -39.29 

1 1  16.31 1605 16-41 16.35 16.31 19.89 ir.a= 19-41 15.711 66' 1'16''gz 



OBSERVED ANGLES. 

A t  VIII 

April and May 1851, oaserved by Mr. J .  Peyton with Lieut.-Colonel Waugh's 24-inch 
fieodolite No. 1. 

Pmbsbiiitiea and 
General Meenr. Angles. - 

Seconde of Observed Anglea at each Zero 

OoW 180°W 7O 12' 187O11 14OW 194" 24' 21°'d6' eO1° 86' W48' zoSo4S' 

'I1 ' IX 

Means 

IX 'I1 

Mcans 

'I1 & 

Meane 

& VI 

Means 

VII & JT 

74: 14' 
-19 a3f 

rr rr 11 rr rr rr II 

h34.20 130.66 Lgr'ga 131.86 h35.68 134'72 134.88 
133.76 h32.34 131.92 132.64 135.16 hjj.80 633.08 

33'98 31-50 31-92 32'25 35-42 34'76 33'98 

141.34 143.24 141'ao hqo.20 137.98 138.94 138.38 139.60 1-39-84 139.86 
139.86 141.34 139.44 h40.1a 138.28 139.32 138-04 139.56 h38.90 139.04 

40.60 42.29 40'32 40.16 98-13 39-13 38'21 39-58 39-37 39.45 

h28.38 h30*,3o 128.64 131.56 ha8.08 129.56 132.76 129.96 131.16 h29.06 
129.38 131.28 h30-58 h29.46 1 ~ 8 . ~ 6  h30-3a 132.86 129.82 lr32.16 h29.76 

28.88 30'79 29'61 30-51 28.52 29'94 32-81 29.89 31-66 29-41 

146.06 147.78 Sqg.40 146.66 146-6a 146.22 147.10 146'76 h46.04 144.64 
145.80 h48.02 148.08 146.28 147.34 14494 1'47.60 S45.72 147.54 1 ~ 4 4  

45.93 47-90 48.74 46.47 46-98 45'58 4;-35 46.24 46-79 44-51 

+88'88 +go79 +8ga61 +90.51 +88.52 + 89-94 +ga.81 +8g-8g +91.66 +89'41 
-45'9.3 -47'90 -48'74 -46'47 -46'98 -45.58 -47'35 -46'24 -46'79 -44'54 

42-95 42-89 40.87 44'04 41-54 44-36 45'46 43-63 44.87 44'87 

= 0.36 

36O 50' 39'"72 

Pmbsbility = 0.39 

7.50 15' 3on'20 

hobability = 0.36 

1g023'46"65 

pmbt,ility = o.45 

54°51r43"'55 



36-1. NORTH-EAST LONGITUDINAL SERIES. 

At I X  

March 1851, observed by Mr. J. Peytmr with Lied.-Colonel Waugh's 24-inch EJieodolite No. 1.  

Probabilitieo and 
&nerd Meana. 

67' 7' 8"-36 

292°52'51'1.6q 

. 

14~53'16".36 

Probability = 0.60 

52' 13' $zn.oo 

45' 8' 43"*62 

Probability = 0.72 

59" 1'59'"98 

Angles. 

R M  

Means 

Supplemental 
angle 

XI & R M 

< 

Meam 

;iZI XI 

6j0 6' 
- '4O 53l 

R M  & X 

M- 

XI & 

' 
Seconds of Observed Angles at  each Zero 

0° 0' 180'0' 7'12' 187'12' 14'24' 194'24' 21'36' 201°36' 28'48' 208'48' 

I1 I' 'I I1 ' I  I' 'I I' 11 ' I  

h 8.78 I 7-78 A 9.44 A 8'72 A 6.74 I 7'94 A 7-44 1 9-02 1 9.44 1 9-44 
A 8.14 A 7.60 h 7 . 6 ~  h9.22 16.24 h9.06 h 7 . 5 ~  1 8.92 18.54 2 9.38 

1 9'36 

8-46 7.69 8-33 8.97 6'49 8-50 7.48 9-10 8-99 9-41 

51-54 52.31 51-47 51-03 53-51 51-50 52-52 50'90 51-01 50.59 

Ar9.70 A18.90 Z 16-32 hr5.02 Z 15.04 1 12-04 1 13-70 1 13-91 Z 17-86 Z 12.60 
2 17-24 h19.64 1 15'90 1 16-82 1 17'02 1 18-52 116:00 113.78 1 17-80 2 17.52 
2 18.34 1 16.02 1 17.20 

18-43 19.27 16-11 15-92 16-03 15.53 14-85 13-86 17-83 15-17 

+68.46 +67-69 +68.53 +68-97 +66.49 +68.50 +67-48 +69'1o -I-68-99 +69'41 
-18.43 -19'27 -16'11 -15.92 -16.03 -15.53 -14.85 -13.86 -17.83 -15.77 

50'03 48-42 52-42 53-05 50.46 52-97 52-63 55'24 51'16 53-64 

h44.74 144.22 h45.22 143.52 h41.68 h40-36 h43.40 145'56 142'76 1 ~ 2 8  
h45-70 h43.32 h43-94 144.20 843.86 h3g-96 244'52 1 45.58 245.06 1 44.28 
h4.4'36 '~39.50 

h41.70 
h39'00 

44'93 43'77 44'58 43.86 41'15 40'16 43'96 45'57 43-91 44'28 

+ 18-43 + 19'27 + 16-11 + 15'ga + 16'03 + 15'53 4- 14'85 + 13-86 + 17-83 + 15'77 
4-44'93 +43'77 +44-58 +43'86 +41'15 +40'16 +43'96 f 45-57 f 43'91 +44'28 

+ 

63-36 63.04 60'69 59-78 57.18 55.69 58-81 59.43 61-74 60.05 



OBSERTED ANGLES. 37-1. 

4 ,  

A t  IX--(Continued.) 

March 1851, observed by Mr. J. Peyton with &cut.-Colonel Waugh'~ 24-inch 53eodolite No. 1. 

Probabilities and 
General Me-. 

ggO 8'16".33 

Probability = 0.66 

54O $9' 32"'22 

Angles. 

'ZIb 

Means 

X & 

99O 7' 
-440 8' 

Seconds of Observed Angles a t  each Zero 

OO(Y 180°(Y 7Ol2' 187°18' 14"W 194OW 81°36' 201°36' ZB048' 208O4S' 

I' I' R I' 11 I' I1 11 " I1 

119'00 h16.94 Zrg.40 Z 14-32 117.56 115'18 2 18-00 117.60 z15.14 216-36 
119-08 k17.94 113.86 114.06 118 61 111.66 1 16.38 Z16.70 l r 6 . 1 0  zI7.40 

1 15-54 

1g.04 17-44 13-63 14-19 18-09 14'13 17.19 17-15 15-62 16-88 

+ 79-04 +77'44 + 73'63 + 74'9 f 78'09 + 74"3 +77"9 +77"5 + 7 ~ ' ~ '  + 76'88 
-++'g3 -43'77 - ~ 5 8  -43.86 -41.15 -40.16 -43.96 -45'57 -43-91 - ~ 2 8  

34'" 33'67 29'05 30'33 36'94 33'97 33.23 31.5~ 31'71 32-60 

R M  & 
VLII 

Meam 

TI1 & 
Vm 

1770471 
-ggO 8' 

XI1 

192' 52' 
-177048' 

h 5-14 h 3-48 ?i 2-28 I 3-66 h I*++ h 3-56 h 5-22 h 3-06 Z 3-34 Z 2-94 
h 6.68 h 4-40 ?a 3-76 h 4.46 h 2-16 h 3-74 h 3-46 h 2'98 1 3-10 1 1-98 

5'91 3'94 3-02 4-06 1.80 3-65 4'34 3.02 3-22 2'46 

+65.91 +63'94 +63'02 +64-06 +61*80 +63'65 +64-34 + 63.02 + 63-12 +6zs46 
-1g.04 -17'++ -13.63 -14.19 -18'og -14'13 -17.19 -1;'15.-15*62 -16.88 

46.87 46-50 49.39 49-87 43-71 49.52 47.15 45.87 47.60 45.58 

+5"54 +52'3 I +5"47 +51'03 +53'51 +5"50 +52'52 +50'90 +5"01 +50'59 
- 5'91- 3'94- 3.02- 4-06- 1.80- 3'65- 4'34- 3'02- 3-22- 2-46 

45-63 48-37 48-45 46-97 51'71 47-85 48.18 47'88 47'79 48-13 

177' 48' 3"'54 

Probability = o.59 

78'39'47".21 

Probability = 0.46 

115' 4' 48"-09 



NORTII.EAST LOSGITUDINAL SERIES. 

At S 

March 1851, o6serzfed 6~ Jfr. J. Peyton with Lied.-Colonel Waugh's 24-inch !7i'lcodolite ATo. 1. 

Probabilities and 
G e n e d  U e u ~ ~ s .  

Probability = 0.27 

Angla. 

VI b IX 

Seconds of Obeerved Anglee at each Zero 

0'0' 180°0' 7" 12' 187'12' 14'24' 194O 24' 21'36' 201' 36' 21°48' 20S0 48' 

I 1  It  11 It 11 I t  I 1  I t  I t  11 

I 7-70 h 9.18 h 8-14 h1r.52 h10.42 h 8-50 h 9.74 h10.58 h 8'66 h 1 0 . ~ 2  
1 8.82 h 9.70 l~10.42 h10.84 h 9.30 h 9.08 h 8.32 h10.98 h 9'4.4 h 8.06 

h 8.80 

Mcaus 

IS & XI 

Means 

I 

8.26 9-41 9-28 11-18 9.86 8 79 103  10.78 8.97 9-49 1 58' 59' 9" .~1  

h10.34 h13-34 ~ I I - 6 8  hrr.oq h1z.26 7 ~ 1 1 . 2 0  h 9-64 h10-46 hro.18 h 7'54 
hx1.08 Itrre6.+ h1o.00 h10.76 h11.86 h 9.84 hr1.16 ~ I I - 7 0  h12.18 h9.72 

hlr.30 

10.71 12.09 10.84 10.90 12.06 10.52 10*40 11.08 11-18 8-63 

A t  XI 

April 1851, observed by Mr. J. Pqton with Lied.-Coloncl Waugh's 24-inch neodolite No. 1. 

Probability=om29 

49' 31' 1 0 ~ ~ * 8 4  

Probabilitirs and 
General Meens. 

123'39~25~~'40 

Pmbabsty = o.58 

52'12'33~~'70 

Angloe. 

' 'I' 
Meam 

IX 6e XII 

Meam 

Seconds of Observed Angles at each Zero 

0' 0' 180'0' 7'12' 187'12' 14O 24' 194'%' 21'86' 201' 36' Boa' 208'48' 

I t  tr I1 I1 11 I t  11 It  I1 It  

hz2.48 hz7-28 224.18 126'52 125'50 125.34 h23-50 h26.04 h25.36 h25-98 
h23.60 hz5.90 123.46 127.68 125.72 Zz4.34 7'24.70 hr4.86 h17.86 h z 7 - j ~  

23'04 26'59 23-82, 27-10 25.61 24-84 24'10 25-45 26-61 26-85 

h31.20 131.16 h31-04 h32-14 130.58 hgq-oo h33.96 7'34'48 h35.22 h35.94 
h33-60 h35.10 129.88 h33.66 h34.00 h34.86 130.56 h3i.14 137.26 hgg.24 

h32.94 135.64 h31-56 h37.32 
h33-60 

32'40 33-20 30'46 32-90 33-41 34.43 32-03 36'31 36'2.1 35'59 



OBSERVED XSGLES. 

A t  XI-(Continued.) 

April 1851, observed by ~ l f r .  J.  Peyton with Liezct.-Colonel FVaugh's 24-inch Theodolite 2CTo. 1 .  

Probabil~t~cs and 
Qcueld hieam. Angles. 

Seconds of Observed Angles a t  each Zero 
- 

O0 0' 180' 0' 'iO 12' lRiO 12' 14'24' 194°24' 21' 36' 201'36' 28" 18' 20S04f3' 

A IX 

r 2.3' 38' 
- j 2 1 2  

'I1 A 'I1' 

Means 

11 11 11 I1 11 I1 I1 I1 I1 

+83'04 +86.59 +83'82 +8;.1o +85'61 +84'84 f84.10 +8.5'45 +86.61 Probability = 0.49 
-32'40 -3.3'20 -30.46 -32.90 - 33'41 -34'43 -32.03 -36'31 -36'24 -35'59 

50'64 53'39 53-36 54'20 52'20 50'41 52-07 49-14 50'37 51.26 

h45.08 h4a.32 147'88 2 ~ ' y o  143.40 242.08 h45.60 144-32 141.38 142.91 
145.38 l4q08  2 48.08 142.78 141.66 142.66 h45*62 h.++.14 h4opz h44.54 

45-23 43'20 47'98 43'34 43'03 42'37 45'61 44-23 41-15 43'73 

At XI1 

March 1850, observed by Mr. G. Logala with Troughton and Simms' 24-inch Theodolite No. 2. 

71' 26' 51~";o 

Probability = 

$5' as1 431r.99 

bnglea. 

XIV & 
m1 

Means 

Scconds of Observcd Angles a t  each Zero 

Oo 0' 180'0' 10' 0' 190°0' 20' 0' 200" 0' 30° 0' 210" 0' 40" 0' 220' 0' SOo 0' 230'0' 

n ,I w II n $1 I n II I, II II 

116.50 113'90 116.86 216.80 114'83 113'90 114.90 116.77 1?1~'37 113.30 117.81 1?16'1j 
114.87 116'30 115.83 t?17'40116'90 Z14'66Z14~87 115.63 115'43 lrz'30 l17'90l15'36 

15.69 15.10 16.35 17.10 15.87 14.28 14-89 16.20 15-40 12-80 17-87 15'75 

Probabilities and 
General Means. 

Pmbability = 0.36 

47°~6115*~61 

April 1851, observed by Mr.  J. P q t o n  with Zitat.-Colonel Waugh's 24-inch Zbodolite No. 1 .  

Seconds of Obseryed Angles at each Zero 

0'0' 180OV 7O12' 187'12' 14'24' 194'24' 21°36' 201'96' 28'48' 208'48' 

h61.08 h57-76 h58.54 158.40 261.06 158.30 h59.74 h63.20 h59.46 h57.18 
XIII & XI h58.84 h57.40 h61.72 h59.08 162.24 Z 60.08 h62.46 160.84 h58-62 Z 58.96 

1 59.86 h63.38 158.98 

Means 59-96 57-58 60.04 58-24 61'65 59-19 61-86 Gz.02 59-04 58.37 

r 

Probability = 0.47 

48' 591 59n'85 



40-r. NORTH-EAST LONGITUDINAL SERIES. 

A t XII-(Continued.) 

Aphl 1851, observed by Mr. J. Peyton with Lieut.-Colonel Waugh'a 24-inch fieodolite No. 1. 

Probabilities and 
General Menns. 

bbabilitJT = 0.43 

75°33'34*'5~ 

121' 8 14"';.3 

probability = 0.59 

45°341401'.22 

Angled. 

XI & IX 

Menxw 

hfws 

*X'vm 

12r0  7: 
- 75O 33 

Seconds of Observed A~~gles  at each Zero 

O0W 18O0W 7O 12' 187°12f 14°28' 194O 24' 21°36' 20l036' 2S048' 208' 48' 

I a n # n n n n a n 

b3-84  135-58 h37-86 h33-54 1 33.66 Z 35.40 h33.00 h32.60 h35-88 h33.56 
h34.20 h37.06 h35-28 h35-12 134.50 135'00 h3r82 h32-90 h36.96 h33-80 

133'64 Z32'14 h31.88 1 3 7'98 
z 33'42 Z 36.24 

34.02 36'32 35-05 33-60 34'08 35-20 32-23 32'75 36.42 35'40 

1 14-14 hrqr .+  h16.30 hr5.12 hr5.zo h 15-16 h 14.00 h15.66 h 17'28 h1z.70 
118.34 h13.90 116.14 h13.74 h15.86 h13.92 112.12 h13.82 1~13.96 h12-24 
1 19.36 h13.78 

17-28 14'02 16.22 14-43 15-53 14'54 13-06 14'74 15.01 12-47 

+ 77-28 + 74-02 + 76.22 + 74'43 4-75'53 + 74'54 + 73-06 + 74'74 + 7.5'01 + 72147 
-34.02 -36-32 -35.05 -33.60 -34'08 -35.20 -32.23 -32.75 -36'4% -35 40 

43-26 37-70 41-17 40.83 41-45 39'34 40.83 41-99 38-59 37-07 

At XI11 

A p ' l  1851, observed by Mr. J. Pqtm with Xieut.- Colond Waugh's 24-inch Zbodolite No. 1. 

Anglea 

XI & Sn. 

Meam 

Seoonds of Observed Anglea d each Zero 

0'0' 1SO. 0' 7' 12' 187'12' 14'24' 194'28' 21°36' 201'86' 28'48' 208*48' 

I 

n n n n 4 n a n n n 

hzo-14 h18.46 h17.56 I19.66 h16.70 h 19-96 h16.50 h 16-54 h 15.20 h16-50 
h16-98 h16.48 116.14 h18-12 418.26 h ~ g - z d  h18.90 117.78 hi8.02 h18.20 
h 17-94 

18-35 17-47 16.85 18.89 17-48 19-58 17-70 17'16 16-61 17-35 

Probabilities General Means. md 

Probability = 0.28 

75O 34' 17"*74 



OBSERVED ANGLES. 

I March aud AptYil1850, observed by Mr. G. figan with Troughton a# Simma' 24-inch 
5'Xwodolite No. 2. I 

R M  & 
XII 

Seconds of Observed Angles at each Zero 

• 
oOw 1 8 0 0 ~  i00w i90°v mow 2 0 0 0 ~  mow 210°v 40°w =oOw ww w w  

Pmbabilitiea and 
General Means. 

Means 

x+&' 

38.38 38-07 34.50 37-62 37-06 36'75 37'14 37-10 38.99 37'72 34'75 37'47 

Means 

At XIV 

March 1850, okerved by Mr. G. figan with Troughton and Simms' 24anch 23eodolite No. 2. 

z0 32' 37"'15 
-- I 

126.87 h25.66 125.43 h23-43 hz5-90 124.66 128.46 125-go h24.77 h24.87 h26.44 h25.76 
107.1~ h24.76 126.03 124.23 h.4336 h25.63 122.03 126.07 125.33 h26r7 hz7.1ohz7-go 

227.73 

XIV 8t 
XV 

Probability = o r 4  

27-01 z5.ar 25'73 23-83 25'43 25'15 26-07 25-99 25-05 25'52 26-77 26-53 67' 35' 25*'69 I 
135.87 h37-10 h38-97 h40.67 1540.33 140'07 234'14 137'17 h37.26 h38.00 138'83 h35.67 
137.70 h38-54 h39.97 h41.40 h40.07 239'50 239.20 138.46 h37.47 h38-20 h38-77 h36'74 

234.63 

Angle& 

Probability = 0.44 

XVI & 
xv 

Seconds of Observed Anglee at each Zero 

OOW 1 w w  1O0V lQO0W ww mow 8000' aoOw 4000' w w  ww e800w 
Robabilitiw and 
General M e n a  

11 11 11 I1 11 11 11 11 I 1  11 I1 11 

h36'97 134.66 134.87 229.20 129'44 R32.57 633'50 h32.80 132.10 h30-66 131.67 133.20 
'135.77 h34'64 133.7 3 130'07 129'3 7 133.07 h34'83 h33-40 h33.93 h32.73 130.87 134'34 

1133.27 Z31'a7 
Probability = 0.55 



42-1. NORTH-EAST LONGITUDINAL SERIES. 

At XIV--(Continued.) 

March 1850, observed by Mr. G. Logan with Troughton and S'inrms' 24-inch flleodolite No. 2. 

Angles. 

XV dl 

Means 

XIII & 
XII 

Means 

Seconds of Ohserved Angles at each Zero 

0'0' 180'0' 10'0' 190'0' 20'0' 200'0' 30'0' 210'0' 40'0' 220'0' 60'0' 230'0' 

n n n n n II n n n n n I 

h25.84 h23.40 lar-87 123.26 126.46 h23.24 h24.43 haz.60 iz4.13 hr5-20 Za4.03 122-go 
h23.77 h~4.94 125.00 124'43 125.90 h24.03~ha5.57 h24.00 h24.00 h24.47 126.07 225.70 

24.81 24'1 7 23.94 23.85 26-18 23.64 25.00 23.30 24.07 24-84 25'05 24'30 

ha1.46 h16.36 1ao-93 219.94 116.87 120.60 h16.40 h1g.10 h1g.20 h18.04 l20'97 Zrg'oo 
h18-13 h18.13 l1g*g4 11g-37 l18.73 h2o.00 h18.83 h18.87 h18.57 hrg.16 120.83 117'30 

19.80 17-25 z o ' ~  19-66 17.80 20'30 17.62 18-99 18'89 18-60 20'90 18-15 

Probabilitien and 
General Xeans. 

Probability = o.22 

72' o' 24"'43 

= 0.33 

65' 8' 1g1"03 

At XV 

March 1850, observed by Mr. G. h g a n  m'th Troughton and Simms' 24-inch ZEeodolite No. 2. 
- 

Probsbiities and 
General Means. 

Probability = 0.42 

48' 58' 57'"79 

Probability = 0.30 

- 

58' 6' 4a1"7x 

Anglee. 

& 
U V  

Means 

I 
XIV & 

XVI 

Means 
. 

Seconds of Observed Angles at each Zero 

0" 0' 180' 0' 10'0' 190'0' 20' 0' 2QOo 0' 30'0' 210" 0' 40'0' 220'0' 60'0' 230'0' 

n N n N n n n ,I n I n n 

W55.80 h5g-80 h55.56 h56-03 7~60.16 h57.23 h59.6.3 158.03 z55'20 159'34 159.43 157'27 
h55-3.5 h57.83 856.70 h58.17 h61-30 156.56 h58.26 k58.80 157.40 156.83 159.1 7 256.34 

157'14 

55'57 58'82 56'47 57-10 60'73 56.90 58'95 58-12 56-30 58.09 59'30 56-81 

h45.16 140.80 hqn'go h42.90 h42.1~ h41.77 h41.24 h40.43 145'1 7 142.16 142.77 143.73 
h41.80 842.37 145.60 h41.43 h42.30 h4a-97 hqz.90 h41.13 143.20 143.03 242.63 144.46 
ht3-30 

43'42 41.59 44'25 42.17 42.22 41-37 42-07 40'78 4419 42-60 42-70 4.4'10 



OBSERVED ANGLES. 

At XP-(Continued.) 

March 1850, &served by Mr. G. Loga~z with Boughton and Ximms' 24-inch meodolite No. 2. 

Probabilities and 
General Mewla 

Probability = 0'35 

66" 32' 5zr1.28 

Angles. 

XOI Et 
YV1l 

Means 

Seconds of Observed Angles at each Zero 

O0 0' 180' 0' 10" 0' 190'0' 20° V 200' 0' 30°0' 210°0' 40°0' 220'0' 60' 0' 230' 0' 

n II n N n n n n 11 w II R 

148 I 7 h50.40 h54.30 h54.03 152.06 i 5 z y 7  153.63 1.5 1-67 150.33 l p . ~  849.73 1 5 ~ 0 3  
150.36 hj1.60 152'26 h53-27 h51.84 h53-20 853.57 h51.63 253.1 7 152.24 15aazj. 154'50 
hg I .63 

50'05 51'00 53-28 53'65 51'95 52'84 53-60 51.65 51'75 52'34 51'00 54.27 

At XVI 

March 1850, observed by Mr. G. Aogan with Troughton and Simms' 24-inch Theodolite No. 2. 

hbabilitiee and 
General Means. 

Pmbabstg = o.35 

58" 39' 24"s09 

Probability = o.31 

Angles. 

SVIII & 
XVII 

Means 

X V n  
XV 

Seconds of Observed Angles at each Zero 

O0V 180' V lo0 0' 190' 0' 200 0' 200' 0' 80'0' 210°W 40' 0' 220°0' 60'0' 23O0V 

Ir  rr rr 11 rr II n rr r r  I I  11 ' I  

121.14 h1.54 125.67 la6.00 225.47 125.37 ha3.30 hz3.94 125.13 h5.50 hz3.67hz4.53 
h21'17 hz4.16 126'30 225'17 ha3-24 hza.37 hz4.17 7123.83 ha4.20 124.60 h24.23 823.33 

a1.16 22-85 25.99 a5'59 24'36 23'87 23.74 23-89 24'67 25-05 23.95 23-93 

157.73 158'73 157.73 159'53 158.16 58.10 M1.53 158.60 h57.87 155.87 156.53 h57.10 
h58.60 h59.20 155.83 158.97 h55.86 156.37 h58.90 hg7.77 658.20 h57.36 h57-23 h57.34 

Means 

XV & 
XIV 

Means 

58-17 .58'97 56-78 59.25 57-01 57'24 60.22 58-19 58-04 56'62 56-88 57-22 

142'03 143.73 44.1 7 145.20 141.80 46.56 4 6 - 4 1  47-16  048'93 S8.30 45-97  14643 
141.53 144'67 l q q r o  144'60 145.94 E45.10 845.77 h47'63 h46-73 146.57 h4467 h47-70 

41-78 ~ 2 0  44-14 44-90 44-87 45'83 46'12 47'45 47'83 47'44 45'31 47-07 

Pmbability = 0.49 

59' 35' 45"'58 



44-x NORTH-EAST LONGITUDINAL SERIES. 

At XVII 

March 1850, observed by Mr. G .  Logan with I).oughton and Simms' 24-inch l3eodolite No. 2. 

Probability = 0.30 

Seconds of Observed Angles at each Zero 

oov 1 W V  1o"v 19O0w w v  mOv 3O0v 21O0W 4O0w 2m0v SOov 2300v 

Probability = 0.26 

58' 11' ~ 7 ~ ~ 4 6  

Probabilities and 
General Meana 

Probability = 0-3 7 

~t xvm 
March 1850, observed by Mr. G. Zogan with Troughtun and Sirnma' 244nch Z+eodolits No. 2. 

Anglm. 
Seconds of Observed Angles at each Zero 

V W  lW0' 10°W 190°V ZOOW 200°W 80°W 21000' 40'0' %OOW 60.W 230.W 

Pmbsbilitiedsnd 
BenenblJk€-. 



OBSERVED Air'CTX9. 45-J. 

I 

At XVIII--(Continued.) 

March 1850, observed by Mr. G. Logan with fioughton and Simms' 24inch nodolite No. 2. 

Probabilities and 
General Means. 

pmbability = ''3' 

53' 6'55"'38 

Probability=0'35 

65' 49' 56*'53 

And=, 

XIX & 
XVII 

Means 

XITI & 
XVI 

l h ~ a  

Seconds of Observed Angles at each Zero 

000' 180°0' 10°V 19O00' moo' 2oO00' SO0W 21O0V 4oow 22O0W 60°0' 2W0W 

II w ,I I I II I )  w ,I n n II 

I53-90 155'70 15.5'27 1 5 3 ' ~  157.24 157.53 156'33 155.80 155.36 15480 155.60 154.07 
153.63 155.76 153.30 153.50 155.43 156.80 l54.43 156.67 254.60 157.60 154.90 157.34 

53'77 55-73 54'29 53'47 56'34 57.17 55'38 56-24 51'98 56'20 55'25 55-71 

h$8-17 157'94 152.80 157.50 155'76 158'37 155'40 156.37 159'34 15533 155.03 157.66 
1 ~ ~ ' 1 ~ ~ ~ 7 ' 0 0 ~ ~ 6 ~ 2 6 1 ~ ~ ' ~ 3 ~ ~ ~ ' 6 0 ~ 5 7 ' 3 0 ~ ~ ~ ' ~ ~ 1 ~ 6 ~ 8 ~ 1 ~ ~ ' 2 o 1 ~ 6 ' a ~ 1 ~ 6 ~ 1 ~ 1 ~ 6 . ~ o  

56.67 57.47 54.53 56.47 55-68 57'84 55.37 56-62 59.27 55'80 55'60 57-03 

At XIX 

March 1850, observed by Mr. G. &gun with fioughtm and Simms' 24inch Zhodolite No. 2. 

Probabiitiea and 
Gteneral Means. 

Pmkblity = o.40 

68' 41' 37"*65 

= 0.28 

51' 57' 6'"24 

Probab'ility = o'ao 

65' 36' 3"'67 
$ 

Allglee. 

XVII & 
X n I  

Means 

X m  & 

& k a ~ ~  

Seconh of Observed Angles at each Zero 

OoW 18OoW 1O00'19O0V 2O00'2OO0W 80°0' 210°W 40'0' ZZOOW 60°0'2800W 

R n w w n  v n n n n n n 

136'37 139.56 Z3B06 137.00 139.96 13600 h36'37 kj8-a4 50.77 44-23  137.60 138.03 
136'94 139'20 137.96 137.00 Z39.3 7 136.14 k38.20 h39-20 h36.73 835.34 h37.13 h38.20 

36.66 39'38 38-01 37-00 39'67 36'07 37-29 38-73 38-75 3479 37-37 38'1% 

h 6.07 h 7-17 15-01 1 6'30 1 6'04 1 6 0 0  1 3.50 h 7-96 h 5.13 h 7-13 h 7-03 h 5'54 
h 6-53 h 7.00 h 5-53 Z 6'63 Z 6-14 Z 5-70 1 457 h 6-10 h 6-37 h 8-60 h 7-50 h 6'03 

6.30 7-09 5'30 6'47 6.09 3-85 4-04 7-03 5-75 7.87 7'27 5-79 

h ' ~ ' 7 3  h 5.16 h 4'5.9 13-44 1 3'36 1 5-56 1 3-97 h 5-00 h 2.90 h 3-50 h 2.30 h 3-80 
h 3'97 h 3'66 h 3-14 11-64 1 3-30 1 3.17 1 4.20 h 3-93 h 53-23 h 2.86 h 2-07 f i  4-97 

h 9'37 

4'35 4'41 3-84 3-04 3.33 4'37 4'09 4'47 3.07 3-18 ~ 1 9  3-71 



46-1. NORTTI-EAST LONGITUDINAL SERIES. 

At XX 
. March 1850, observed by IV~. G. Logan with Troughton and S'imnas' 24-inch Uieodolite No. 2. 

Anglee. 
Seconds of Observed Angles at each Zero 

O0 0' 180' 0' lo0 W 19Ga 0' 20° 0' 200°0' 90°0' 210°0' 40° 0' 2M0 0' 60'0' 230'0' 

Probabilitiee and 
Qeneral Moane. 

prohbility = 0.27 

72'41' 15"'82 

probability = o.26 

5 1' 19' 5grr'76 

probability = 0'48 

63' 39' 36"'15 

R rr rr rr rr n rt N rr I1 

hr5.10 h1.?';6A17.80 h16.34 hr3.00 ir15.80 h12-66 lrg.go 115.64 1 1 ~ ~ 1 o  
h16-20 h15-20 7117.44 h18.1; h16.66 616.87 h14.83 h16.20 h15.87 115.03 116.70 lli.47 

16.48 15'14 16-27 15-97 17-23 16'61 13-92 16.00 14-21 15'47 16.17 16.29 

XXI & 
XIX 

Means 

XJX & 
XVIII 

Meam 

h58.47 h59-80 h59.24 R57.67 h59.50 h60.00 B60.20 h53.03 h60.37 156.04 157.80 159.63 
h60.07 h58.74 159.23 658.40 657.77 h59.47 A59.07 h59.57 h57.96 156'83 157'60 158.66 

59.27 59-27 59-24 58-04 58.64 59-71 59.64 58.80 59.1 7 5 6 ' ~  37-70 59.15 

Lgz-90 h33-80 h36.06 h34'40 h3;-07 h37.30 h38.00 h37.50 h3.5'97 137'56 137'93 136'77 
h31.60 hg5.03 h34-63 h34'63 h35-20 h38.50 h36.37 h37.40 h36-77 136'47 138.63 137.14 

32-25 34-42 35.35 34'53 36.14 37-90 37-19 37-45 36'37 37'02 38.28 36'96 

At 9x1 
March 1850, observed by Mr. G. Jogan with Doughton and S'imms' 24-inch TReodolite Ni 2. 

Probabilitim and 
Qonod Means. 

probayfit = 0.40 

63' 3' 531r'39 

probability = o.42 

53' 55' 3grr'21 

prohbaty = o.3a 

59' 0' 4grr'50 
i 

hh 

XIX & 
XX 

Means 

XX & 
XXlI 

Means 

XXII & 
XXlII 

Means 

Seconds of Observed Angles at each Zero 

o0cY 18O0w 1o0w 19O0w mow mOO' 3o0w 210°0' 4O0w maO' w0' 23O0w 

A N I I  rr rr rr rr I I  I I  I I  11 I t  

h58.20 h55.07 159.14 155.57 156'50 157.90 157.63 160.36 160'63 2 58-77 160'37 159.56 
h58.64 h56.70 258.10 156.40 1 5 7 ' ~  259.24 159'16 159'30 158'77 158-00 160'43 159'53 

58.42 55.89 58.62 55-99 56.97 58.57 58.40 59.83 59-70 ~ 8 . 3 ~  60'40 59-55 

h39-70 139.56 133.80 239'86 138.40 139.73 137.70 239'54 140'04 141.83 136.30 139.90 
h40.93 h37-43 138.56 141'67 238.06 242.63 Z 3 7'97 140.57 $39'50 Z 37'80 Z38.97 J40.54 

40.32 38-50 36'18 40'77 38-23 41'18 37-84 40.06 39-77 39-82 37.64 40'22 

h46.73 h48.94 149.66 150.37 249'43 147'04 148'57 149'90 247'66 152'40 149.86 249.60 
h49.53 851 .~4  149-40 146.63 151'50 247'60 151.43 149.66 150'90 151.07 148.70 149'96 

48-13 50'19 49-53 48-50 50.47 47'32 50.00 49'78 49'28 51-74 49'28 49'78 



OBSERVED ANGLES. 

At XXII 

February and March 1850, observed by Mr. G .  Logan with Troughton and Simms' 
24-inch fieodolite No. 2. 

Frobabilities and 
General Means. 

Probabiity = 0.43 

61' 33' 62!"'28 

Probability = 0-37 

5a0 52' 34"-55 

Probability = 0.47 

53'23' 5II.53 

angles. 

"IV & 
XXIlI 

Means 

xxm ' 
XSI 

Mean8 

XXI &XX 

Means 

Seconds of Observed Angles at each Zero 

oOw 18O0v 1000' 19O0v moo' m O v  30°0c 21O0V .4O0O' 2mov mow moo' 

n I n n n I, n n N ,I n n 

h.59'17 163.40 163'70 I~g 'zo  h59-54 261'36 h64.16 Z64.30 162.84 161.73 161.63 163.83 
h60.80 165.00 162.06 163.20 h61.60 161.93 h65.3 7 164.3 7 161.63 161.10 162.77 Z60.93 

159'87 

59-99 64-20 62.88 60.76 60.57 61-65 647; 64-34 62.24 61.42 62-20 62.38 

z33.66 1 3 5 ' ~  134.07 238-lo h33.33 133'44 237.67 136'24 1.3606 135.20 132-70 233.00 
134.17 13*.30 133.00 132.73 035.73 133.34 133.64 134.20 137.74 13 5-82 232.50 132.47 

137'70 134'14 

33-92 34'87 33'54 36'18 34'53 33'39 35'15 35-22 36.90 35'54 32-60 32-74 

19-07 28.23 1 6'73 24-47 13.90 1 6-40 13'33 1 2.76 1 6-50 Z 4-50 13-47 1 5.00 
19'03 1 7-36 17'20 15.90 1 4.57 15-10 15'13 13-93 15-13 13-76 24-27 15-13 

1 5.90 1 6-10 

ga% 7'80 6'97 5'42 4.86 5-75 4-23 3-35 5.82 4'13 3-87 5.07 

At XXIII 
Fecbruary 1850, observed by Mr. G. Logan with Boughton and Xhrns' 24-inch Theodolite No. 2. 

Angles. 

XXI & 
- m I  

P 

Means 

Seoonds of Observed Angles at each Zero 

OOW 1 W W  10°W .1WW NOW 20O0iY 8000' 210°V 4O"W 220'0' MOW W O W  

w II w w n II w II a b n w 

132'57 134.47 135'63 132.44 137'87 134'10 138.07 137'46 835.33 135'94135'87 141.90 
Z3j.j4 135.47 135'30 137.07 137.50 135.54 139'57 136.10 h34'57 139'17 135'76 140'86 

134'84 

34-06 34'97 35-47 34'76 37'69 34-82 38.82 36-78 34-91 37-56 35-89 41'38 

Probebilities and 
Q e n d  Me4M. 

Probab'fity = 0'59 

68' 6'36"-4% 



KORTH-ELLST LOKGITUDIXAL SERIES. 

I 

, 

A t  XXIII--(Continued.) 

Feebruary 1550, observed by Mr. G. Logan with Ykouglrton and Simm' 24-in& E4eodolite No. 2. 

39'02 38'39 4.4'02 40.60 38-09 39-26 38-19 40.97 39'83 40'0% 40'61 38-90 

Probabilities and 
General Means. 

probability - . - 0'53 

62' 47' 19"'oS 

-1- 

XXII & 
X n V  

Means 

55'38' 3g1'~8; 

Seconds of Observed Angles at each Zero 

000' 18000' 1o0o' 19O0o' moo' moo' 300w 21000' POOw zm0w ww mow 

I1 11 If I1 I1 I1 I1 11 If If 11 11 

118.33 lar.13 122-13 118.76118'43 123'73 116'77 1~6.90 l18~3611693 122'74z16'67 
lzr-93 Z20.23 120.84 118.73 1~0.07 221.50 114';3 117.73 217'24 119.03 115.93 2 18.90 

20'13 20.68 21-49 18'75 19.25 22'62 15.75 17-33 17-80 17'98 19-34 17-79 

XZIV & 
XXV 

160.80 159.14 160-80 156.43 156-80 160.07 157.93 160a++ 160.54 160.30 16134 159.90 Pro,,ability = 0.32 158.10 160.67 158.53 157-34 157'10 158.84 158'43 l61.00 157.83 158'57 157.53 157'67 

MIXLIIS 59-43 39-91 59-67 56-89 5695 59-46 58-18 60.72 39-19 59-44 59-44 58.79 64' 42' 59"'01 

At XXIV 

February 1850, observed by Mr. G. Logan with Doughton and Simm' 24inch Theodolite No. 2. 

Probabilities and 
General Means. 

Probability = 0'29 

44O 55' 4411'43 

llgO 7' 43"'70 

= o.45 

Angles. 

nJq $ 
gxV 

XXV & 
XXII 

Bfeam 

Seconds of Observed Angles at eaoh Zero 

oOw 18O0o' loOo' lQoOw mow moo' moo' 210°0' 4000' WO' 60.0' moo' 

11 11 11 II 11 II II II II n II II 

145'20 142.90 147'27 1.53'47 145'37 $43'80 243'37 ha-63 h5-87 142.37 144'76 143'47 
145.00 Z++.zq 244.40 142-53 142.73 145.43 143'36 145.43 147.50 144-87 145-17 144'io 

lcqq.03 

45-10 43'57 45'84 43.00 44'05 44-62 43'59 44'03 46'69 43'6% 44'97 44'09 

143'93 144.04 143.83 142'73 144'50 143.70 142.16 h43.37 W.76 144'33 143.40 34446 
241.40 143'00 244.1 3 143'80 1++'40 143.53 l42'90 h44-3 7 lr43.04 14460 143.86 145.64 

h43.87 

41-67 43'52 43'98 43-27 44'45 43-62 42-98 43'87 42-90 44'47 43'63 45'05 

XXIn & Z39-70 138.60 144.60 139.77 137'14 139.37 137.44 140.83 140'86 141'63 141-16 138'56 
138.33 138'17 843.43 141.43 139.03 139'14 238.93 141'10 238.80 138'40 23g-96 139.24 



OBSERVED ANGLES. 

At XXIV-+Continued.) 

February 1850, observed by Mr. G. Logan with Troughton and Simms' 24-inch l f  eodolite No. 2. 

"'.i : f 
.C 
.% 

00 

g ,  ,, 
2 

Y ." b 
c4 

4 3 

d - 
4 

*u 
u 

58 
- 
h$$ 
0 

2% - I 

- 

Seaonda of Observed Angles at each Zero 

0.0' 180°W 10°W 190°cY NOcY 200. W SO0W ZIOO(Y 4O0d 8m0W WcY 2300 W 

I w w I w w I n I w 

+ 1 o z ~ 6 ~ + 1 o ~ ~ ~ ~ + 1 o ~ ' ~ 8 + 1 o ~ ' a ~ + 1 o ~ ~ ~ ~ + 1 o ~ ~ 6 a + 1 o 2 ~ ~ 8 + 1 o ~ ~ 8 ~ + 1 o a ' ~ o + 1 o ~ ' ~ ~ + 1 o ~ ~ 6 ~ + 1 o ~ ' o ~  - 39.0s- 38.39- ~ 0 2 -  40.60- 38.09- 39.26- 38.19- 40.97- 39-83 - 40.02 - 40.61 - 38-90 

63'65 65-13 59'96 6267 66-36 64'36 &l'79 62'90 63'07 64-45 63'02 66-15 

dl xxv - 

Fehyy  lam, o8served 6g Mr. G. hgun with 31.oughton and Simms9 24-a'mh Beodolite No. 2. 

angler 

XXIlI & 
XXIV 

Meam 

X X n  & 
XXVI 

Means 

XxvI & 
XXVII 

~ ~ a n r  

Seconds of Observed Angles at each Zero 

0.0' 180OW 100W 1 W W  W W  20000' mOW 210°W 4000' ZZCJOW 60°W e3o0(Y 

#I w w w w w w w w a w w 

158po 259.63 156.00 159.50 259.37 159.77 158.30 157.ao 1.58-37 157'96 156.20 159.96 
157'10 257.36 158'86 160.53 256.97 260.80 158.73 156.67 158.53 157'50 156'43 159-go 

58-00 58-50 57-43 60.02 58-17 60-29 58-32 56.94 58-43 57-73 36-32 59'93 

125.97 Zag16 h4-56 123-10 Zz6-77 226.80 126.70 Z22v67 b7.s hs.4 126'74 127'64 
Zzq83 1~4.90 125'70 122.53 127.17 128.60 126'43 123'80 127'90 124.67 223.87 127.96 

2540 25.03 25'13 22'82 36'97 3770 26'57 23-24 27-71 2~96 25-31 27-80 

48-57 49-50 150'00 z47.53 246.73 149.96 149.86 249.53 147.83 149.63 150.23 47-36 
h48.67 h4g-84 250.86 249.54 247-77 148-70 148.40 Z48'gq 148-03 145.77 151.90 247.57 

48'6% 49-67 50'43 48'54 47-15 49'33 49'13 49'24 47'93 47'70 51'07 47'57 

Pmbabiitiea and 
General Mesnr 

Pmhbaty = 00.34 

~ I O  47' 58"36 

PmbabilitJ = 0.46 

60° 29' a5"'72 

probavfitJ = 0.3z 

6a0 '7' 48"87 



NORTH-EAST LONGITVDINAL SERIES. 

dl XSVI 

February 1850, obsmved by Xr .  G. Logan with Troughton and Simms' 24-inch Theodolite A%. 2. 

Angloa 

X A ~ ~ ~ b :  

31eans 

XXV1l ' 
SXV 

Ifcans 

xXV ' 
XXIV 

Means 

Seconds of Observed Angles nt each Zero 

0'0' 180'0' 10' 0' 190'0' 20'0' 200'0' 3G00' 210'0' U00 '  2%' 0' 60'0' 230'0' 

I f  I1 I 1  11 I 1  I 1  11 11 I 1  11 11 I1 

h4.5'27 h45.57 143.40 h46.70 hw.10 143.84 145.83 244'63 245.30 142'33 145.60 143'50 
h+.+-~g 143.84 145.10 h4646 h43-67 h42.94 145.57 1 ~ 7 7  Z++.jo 44 -43  144.1 146.23 

- h44-80 145.3 7 144.30 

Probnbilitiee and 
Qeneral Means. 

Probability = 0.18 

At XXVII 

Fcbreuly 1850, observed by Mr. G. Logan with Boughton and Simms' 24-inch neodolite No. 2. 

Anglcs 

SXv & 
XXVI 

XSVI 8; 
XXVIII 

Means 

44.70 44-71 15-99 w.4 44-05 45-70 4 .70  45'00 43.69 4 - 8 7  ~ ' 8 7  1 5.f 25' ~ ' " 7 1  

835.63 h36-74 639.26 h.35'24 h37.73 837.06 139.13 238.30 140.93 238'44 l42'1o h42-10 
h36.34 137.94 h37.03 h38.17 h38.97 h38.16 138.50 138.20 140.07 138.13 139.63 h36.83 

h38.43 h3 8.64 

35-99 37.34 38'15 37'28 38'35 37'61 38.82 38'25 40.50 38'29 40'87 39'19 

h51.00 h52.63 h48.00 h52.90 h50.74 h51.67 248.07 148.40 151.07 151'80 149'04 Jt49.17 
h50.43 h49.+3 h~0 .27  h49.23 hgo.73 h52.57 146.53 4 9 9 6  152.1 7 151.10 151.10 h52.17 

hg 1-40 h52.00 

50.72 51.03 49'14 51'18 50'74 52'12 47-39 49-18 51.62 51'50 50'07 51'11 

Seconds of Observed Angles at each Zero 

0'0' 180'0' 10'0' 190'0' 20' 0' 2W 0' 30'0' 210'0' 400 0' 220°0' SOo 0' 230' 0' 

n v II II N n n # n N n II 

h32.87 h34.67 h32.94 h33.63 7~31.i6R31.56 k34.17 1534.76 7~33.98 832.83 h35.14 833.10 
132.77 133.40 133.90 632.50 h36.27 133.20 7~3493 034.63 7433.37 h33.77 4 4 - 1 3  h33-03 

'h33.94 

32.82 34-04 33-42 33-07 33'99 32'38 34'55 34'70 33-68 33-30 34'61 33-07 

h24.16 h22.33 h25.56 Wa4.53 h26.57 h26.00 h22.77 h24'jo h25.20 h24'26 h25'40 h23.60 
h25.4oh24.33 k24'34h24.20 h25.13 hz5-47 h22.80 hz3.93 hzg-77 h26.50 h ~ l ' g o h z q ' 2 4  

24-78 23-33 24.95 24.37 25'85 25-74 22.79 24-32 25-49 25-38 25'15 23-92 

Probability = 0.37 

57' 39' 38"'39 

Probability = 0.37 

740 3 4  50"-48 

Probabilitis and 
Qaneral Mw. 

Probability = 0.2 r 

54' 2'33".64 

Probability = 0.27 

$5' 14' zqn.67 



OBSERVED ASGLES: 

At XSV11-(Contin11ed.) 

Fcjrziary 1850, obserced I?y 111~. G. Logan with Troughton and Si~nnzs' 94-inch Theodolite N o .  2. 

Probabilities and 
General Means. 

probability = 0.23 

- 
58°42r61"..+6 

Angles. 

Seconds of Observed Angles at each Zero 

At XXVIII 

February 1850, observed by Mr. C. Logan with Troughton and Shms '  24-inch Z'tcodolite No. 2. 

/ O0 0. 18G0 Or 10" 0' 190' 0' 20' 0' 2OG0O' 30'0' 210" 0' 40'0' 220" 6' 66°C' 236' 6' 

SSFIII 
k XYIX 

Means 

Probabilities and 
General Means. 

Probability = 0.28 

68' 22' 3g1'39 

Probability = 0.26 

63' 51' 49"-05 

Probability = 0.3 7 

69' 19' 5 1 ~ ~ 1 7  

A.nglek 

XXX 8; 
XXIX 

Means 

xxIX 
XXVII 

Means 

XXVII & 
XXVI 

Means 

I I  I I  11 11 rr f r  ! I  I I  I! f r  I I  lr 

7162.24 h62.47 h 59.47 h61 'I  0 7'62'33 h62.94 h61.63 h60.97 h61.90 863'07 h59.13 h62-67 
h61 '03 h61.73 h60.43 h61.86 h62.07 h 6 1 * ~ 3  h60.60 h62.97 h59.97 1~60.30 h6oSj7 L61.86 

61.64 62-10 59-95 61-48 62-20 62.19 61.12 61-97 60.94 61-69 60.00 62-27 

Seconds of Observed Angles at each Zero 

O0W 180aW 1O00' 190°W 20°W 20O00' 30°W 210°0' 400 0' 220'0' 50°0' 236'0' 

I I  rr rr I I  I+ rr I I  rr I I  I I  11 11 

h40-27 h40.90 h38.33 h38.03 h39.56 h39.57 h38.40 h4o' 0 h37'34h38.74 h39.70 h38.97 
h4o. 77 h39.67 h37.r7 h37*96 h39.43 h3g-93 139-So h39. 7 h38.23 h41.03 1138.77 h41.67 

h38.27 
il 

h38.93 i r q r  '03 

40'52 40'29 3792 38-00 39'50 39'75 39'10 40.19 37'79 39'89 39'13 40'56 

h46.36 l ~ ~ 6 . 2 7  h50.17 h48.70 h5o.00 h48.83 h5o.ao h49.20 h50.06 h50m46 1650.53 h50-10 
h48.33 h48.66 h48.06 h4g.14 h50.37 h4g-$7 h48.43 h4g.30 h7.74 h49.70 h51.47 1447.70 

h49.50 h48.40 h47-87 

47'35 47'47 49-24 48-92 50.19 49-20 49-32 49-25 48.90 50'08 50'13 48-56 

h50.74 h5z-87 h51.30 h54-50 h49-77 h51-24 h49.16 h51.37 h49-Eo1'50~30 h47-60 hg1.16 
h49.67 h52.3 7 h54.80 h53-56 hg 1.3 7 h50-56 h50.24 h5 1-60 h5 1'83 150.54 hg 1.03 h52.80 

hg1-13 h4g.23 k50.66 

50'21 52-62 52-41 54'03 50'57 $0'90 49'70 51'49 50'82 50'4% 49-29 51'54 



52-r. NORTH-FAST LOXGITCDTNAL SERIES. 

r 

A t  XXIX 

Pebruaty 1850, oiserved by Mr. C. Zogan with Zkougirton and Si'mm' 24inch Tlieodolitc No. 2. 

an* 

xxvlll 
XxV1l ' 

lldeane 

xxm == 

lldeana 

XXX ' - 
Meane 

Seconds of Observed Angles at each Zen, 

000' 180°0' 1000' 19000' W W  mow 9000' 21000' 4000' 2 w w  WOO' moo' 

I t  I t  s I t  tt I t  tt I t  I t  I1 I t  I1 

A 9-13 A10*43 A 8.03 A 9 -20A~o~20A~o~oo 10.80 h10.36 hro-63 hro.oo h~o-83 h 8.94 

h10*40 h 9.23 
i! h10.87 h 8.j6h10.33 hr1.13 hxo.ro h 8-94 10.00 h11.47 h10m86h10'g3 h1o.Qh1o.03 

I O ' I ~  9'34 9-18 10'17 10.15 9'47 10'40 10.91 10'75 10'47 10.84 9'49 

"167 143.53 A.+o"/7 140.47 141.87 h41.77 142'73 h.+r-74 h42-63 hjo-63 141'13 h42.00 
h44-93 hqq-30 h0-94 h@'go h41'a7 h+t'oo A.p.00 hq1.60 h41.07 h 1 . 1 0  ibq1'33 &I.IO 

h4.50 h43.33 

.43'70 43'71 40'86 4069 41-57 41-89 42-37 41-67 41'85 40'87 41'23 41-55 

15'77 ho-87 13-40 ha-83 12-63 13.60 81-53 83-16 11-97 kq'so Io.77 h2-50 
13-40 8399 81-70 13-30 13.40 h3po h3.ao 13.13 14-31 h1.40 h2-53 h4-17 
h2.50 h1.47 I3.74 

3-89 2'08 3-05 3.07 3-02 3'75 2'37 3-15 3-67 3-45 1'35 3-34 

P r o W t i m  and 
c h e d  Meaar 

Pmbabiiity = 0 1 7  

~ 7 ~ 2 5 '  IO"-II  

Probability = 0.28 

55' 6'4xe'83 

Probabiity = 0.16 

65" 3' 3 t t * ~ o  

At XXX 

Janway crznd F e h m y  1850, obaerved by Mr. G. hgm with 2koughton and ~~ W n c h  
Theodolite No. 2. 

w- 

XXXII & 
XXXT 

Mesns 

Seconds of Obeerved Angles at each Zen, 
- 

0.0' 18OOW 1O.W 1WW S0.W 8000.W 80.0' 8100W 100WBWW WW e80.0' 

n I n n n n n n n n n tt 

17-70 25.83 16-76 16-87 h7-70 18-30 88-00 16.00 15-36 87.03 29-03 A680 
h7.80 17-20  87-40 87-67 h6-64 h8.27 17-83 A656 A536 h6-04 87-50 A7-50 

775 6-51 7-08 7 a 7  7-17 8-09 7 9 2  6038 $66 6-54 8'27 7-15 

Probbilitiss md 
( S e n t n m l w  

pmbab'.  = 

57'33' p 1 6  



At XSX-(Continued.) 

January and February 1650, observed by Mr. G. Logan with Boughton and Simnas' 24-inch 
(I5eodolite No. 2. 

Probebilitiea and 
Oenelral M ~ M .  

Probability = 0.29 

57' 8' 13"'95 

F'robabity S= 0.34 

560 30139"'29 

Anglea 

XXIX 

Means 

Xxlx ' 
XXVIII 

Means 

Seconds of Observed Angles at each Zero 

O* 0' 180'0' 10'0' 190'0' 20'0' 200'0' SO0 0' 210°0' 40'0' 220.0' 60'0' 230'0' 

n n n n # n n n n n n H 

h13'5o h1~-57  h14'43 h14-93 11 1-ooh13'84h14'37 ht4.13 h13.40 h16'4oh19-37 h13.53 
h13.33 h14.30 h14.93 1'13-60lq.86 h13.90h14-33 h14.83 h13.26 h16.14h12-20 h12 27 

l13-47 

13-42 14-44 14-68 14-27 13.11 13-87 14-35 14-48 13-33 16.27 12-29 12-90 

h3g.14 h38.70 h38.80 h41-67 141-14 h38.33 h39.60 h38-37 Ir4t6zo 139-80 7~39-10 h36'40 
h39.33 h~g.13 039.07 4 1 - 9 0  139-40 h40-76 h38.84 h37.40 h38.80 h37-36 ho.67 h37-50 

I41'10 

39'24 38'92 38-94 41-79 40'55 39-55 39-22 '37-89 40'00 38.58 39'89 36'95 

At XXSL 

January 1850, observed by Mr. G. Logan with fioughtm and Simvns' 24inch Theodolite No. 2. 

Probabilitiee and 
( k n d  Mesns. 

Probability = 0'20 

57' 48'43"'69 

Probability n 0'38 

52' 7'-28"'63 

Angles. 

XXIX 8t 
XXX 

Means 

XXX dz 

Meane 

Seconas of Observed Angles at each Zero 

0'0' 180'0' 10°0' 190°W W0' 2o00W 80'0' 210'0' 4000' 220°0' 60'0' 250'0' 

H n 8 w n n n n H II H n 

h43.43 h43-90 h44.43 ha-50  145.54 hdq50 h41-10 hw-10 h43.53 k42-23 h45.14 h39.3; 
h43.94 h42.90 h43-go h4.4-03 144.04 147.10 h44.34 h44.40 h4z-03 h43.13 h4z.80 h44.00 

h41.57 h44-46 

43-69 43.40 44.17 43-27 44'79 44-39 44-22 44.25 42.78 42-68 43-97 42-61 

h27.70 h26'74hz7'14hz7~g7 hzg*ao h31.80 hz7.43 hz7-83 hag.27 k2g-60 h29'03 132.53 
h27-96 h27-03 hz8-07 827.57 h30-63 h27.13 h27.56 h27.47 h28.03 h2ga50hz8.g6 hg1.17 

h29.00 

27-83 16'89 27-61 27-77 29-92 29-31 27'55 27'65 28.65 ag55 29-00 31-85 



54-1. NORTH-EAST LONGITUDINAL SERIES. 

At XXXI--(Continued.) 

January 1850, observed by Mr. G. Logan with Troughton aad Simnaa' 24ineh Theodolite No. 2. 

XXXII & 
XXXIII 

Meam 

XXXITI 
$ XXXIV 

Ikf- 

Seconds of Observed Angles at each Zero 

000' 18000' 1000' 1900w moo' 200OW w0' 2100w 4O0w ZZOOW MPW 230°0' 

n 11 s 11 n n 11 11 n R 11 11 

h45-23 h6.50 h46-66 145.87 h45.56 h43.80 h45.87 746'27 AW 13 h44.27 h3.93 h4.5'80 
h46.34 h+6'71 h e 5 7  I1680 b46.70 h44.00 h45-30 jy6.20 h46'10 -67 h43.97 h6.63 

h47.36 

45-79 46-62 46-62 46-34 46-13 45.03 45-59 46-24 45'" 44-47 43-95 46-22 

h56.47 h55.60 h.55-40 h56.33 656.14 h58.77 h55-73 h55-07 h56-34 h56-83 h58-47 h54-40 
h55.46 155.23 h56.70 h55.36 h5487 h60e47 h56.64 h57.00 h54.34 1154.40 h56-77 h53.20 

15 7-41 1553.76 

55'97 55-42 56-05 55-83 55'5' 58'89 56-19 56-01 55'34 55-62 56'33 53-80 

. Probabilities and 
General Meens. 

Probability = 0-24 

52' 34' 4511'68 

Probability = 0-32 

67O 31' 5511'92 

At XXXII 

Januasy 1850, ohserved by Mr. G. h g a n  with Troughion and Simma' 24-inch Ticeodolite No. 2. 

XXXIn 
g 

bfam 

Secondi of Observed Angles at each Zero 

000' 180'0' 1 0 0 0 ' 1 ~ 0 '  ZOOO' 200'0' 9000' 810°0' 40'0' ZZOQO' WOO' W0' 

11 11 11 I1 I1 R N I1 11 I 1  11 I1 

h58-96 h58-80 h56.73 1559.54 Mo-70 h58.23 1158.77 h59.43 858.90 h58 .e~  MI-10  k58.86 
M1.90 h57.53 h59.64 L58.80 h59.90 z 6 0 . 1 ~  h58.07 h61.90 h58.00 h59.84 h59'93 h57-44 
I5 7-83 h450.33 

59'56 58-17 58-90 59-17 60.30 59-19 58'4% 60'67 58.45 59-14 60.52 58-15 

Pmbabilitiea and 
General Mesna 

Probabiity = 0-95 

65°2815911.1z 

P 



OBSERVED AXGLES. 55-1. 

A t  XxSII-(Continued.) 

January 1850, obsert*ed by Jfr. G. Logan with ZFoughton a d  Simms' 24-inch 575eodolite No. 2. 

Angles. 

XXX1 & 
SSX 

Means 

Seconds of Observed Angles at each Zero 

OO(Y 180°0' lo0 0' 190°V 20°(Y ZOO0 W SO0 0' 210°V 40°V 220'0' 50°V 230°V 

11 11 11 I1 11 I1 11 I1 I1 11 If 11 

h27.17 h27.06 h~i .14  h~4.76 hz4.go hz4'2j h26.87 Ir22.50 h25.70 h24.50 h24.53 h26.67 
h23.80 h25.97 h ~ 5 . ~ 6  1 ~ ~ 4 ~ 0  hz3.66 1 z j.66 hz5.10 9 0  6 6 6  6 
hz4-67 

25-21 26-52 26-55 24.83 23.98 24-97 25-99 22'70 26-02 24-08 2 4 x 0  26'52 

Probabilitim and 
General Jleans. 

Probability = 0.34 

70' 19' ~ 5 ~ " 1 2  

At SSXIII 

January 1850, observed by Mr. G. Logan with Troughton and Simme' 24-inch Theodolite No. 2. 

Angles. 

XXXVI 8c 
SXXY 

MW 

sxxv & 
SXXIV 

Neans 

XXXIV 
& 

hleans 

xXxI 
xXXII 

- 

Seconds of Observed Angles at each Zero 

O o V  180°V 10- W 190°0' ZOO 0' 200°V SOOT 210°V 40'0' 220° V 60° 0' 230°V 

11 11 11 If I1 11 I1 I1 11 I1 11 11 

h17.17 Ii1z.73 h17-57 h15*44h17*~0 h17-23 hx5sg4 h17-70 h1$+4h16'04 1616.27 h16'16 
hr 7.34h14a7 h16.37 h15.03 h1g'~oh16'24 h15m47 h16-~3 h15-17 h15.90 h15.77 h16.96 

h16-70 

17-16 14'57 16'97 15-25 16.90 16-74 15-71 17-32 15-31 15-97 16-02 16-56 

h47.33 144.90 144.57 145.20 43-87 147.10 A46'80 h43.54 14520 h ~ 2 3  z41.83 143.97 
h46.83 h46.16 h45.33 h45-47 h43.67 h45-60 h6.60 h42.17 h43.10 W46-00 144'00 145.8 7 

47-08 45'53 44'95 45'34 43'77 46-35 46'70 42'86 44-15 45"2 42-92 44.b 

h13'64h17'10hr~'go~1~~goi1~~30116~73 h13.83 h14'96hr6.4oh16.60 215.53 116.07 
114-90 h16.10 h16.16 hr4-57 h18.1 7 h17~~6h14~60 h16.67 h18'26h16.73 115'26 116.83 

h15-64 

14.27 16'60 15-53 14-74 17.74 17'10 14-69 15-83 17-33 16.67 15'39 16'45 

1 1 4 7 7  h17.93 h14-87 hrqg4h13-43 514.87 h15-97 i16.87 h16.93 h15-60 118.qoZ15~03 
h16.20 h16.94 h15.34 116.33 h15.70 h14-34 hr5.30 h1~73h16.74 h13-97 116.54114.84 

h15.20 

15'49 17'44 15-11 15-64 14-37 14'61 15.49 16'30 16'84 14-79 17'47 14.94 

Probabilities and 
& n e d  Means. 

Probability = 0'24 

560 28'16~~22 

hobbi l i ty  = 0.38 

6!J0 55l 4411'97 

Pmbability = 0.31 

560 I' 16~~03  

= 'o.29 

61' 56' 1 5 ~ ~ ~ 7 2  
> 



NORTH-EAST LONGITUDINAL SERIES. 

I Januuy 1850, o6servcd by Mr. G. Logan with Troughton and Simns' 244mh Zhodolite No. 2. I 
Seconds of Observed Angles at each Zero 

000' 18000' 1o"w 19O0w 20°w mow 8000' 21vw ww 22000' ww mow 

XXXII & 
XXXIII 

, Probabilities and 
Qeneral Mesns. 

Probability = 0.24 

At XXXII 

January 1850, okemed by Mpc G. h g a n  with Trqirfon and Simma' 24-inch %odolite No. 2. 

Anglea 

XXXIn 
xXXI 

Secondk of Observed Angles at each Zero 

000' 18Oo0' 1o0w 19000' moo' mO,w 8oow 210°w w0' ZZOoO' mow 2900w 

I1 11 I1 I1 11 I1 I1 11 I1 I1 11 11 

h58.96h58.80 h56.73 h59.54 M u 7 0  h58.23 h58.7 7 h59.43 h58.90 7 J 5 8 ' ~  h61.10 W58-86 
M I - g o  h57.53 h59'6.+ 158.80 h59.go 2 6 0 . 1 ~  158.0 7 h61.90 h58-oo h5g.84 h59s93 h57-4.1 
n57-83 Mo.33 

Pmbsbilitim snd 
&nerd M e a ~ .  

Robability = 0.25 



OBSERVED ASGLES. 

At  XXxII-(Continued.) 

January 1850, ohsertled by 17.1~. G. Logan with Boughton a id  Si~nms' 24-inch Y%eodolite No. 2. 

Angles. 

XXX1 & 
SSX 

Means 

Seconds of Observed Angles at each Zero 

O0 W 180°0' 10' 0' 190' 0' m0 0' 200°W 30'0' 210' 0' 4@ 0' 220° (Y 60' (Y 230' (Y 

11 I' I' I1 'I 11 'I I' 'I If I1 11 

hz7.17 h2i-06 hz7~14L2~-~6824.30 h ~ ~ ' 2 7  h26.87 h22.50 h25.70 h24'50 h24.53 h26.67 
lr23.80 125.97 h ~ 5 . ~ 6  hw.90 h23.66~25.66 h25.10 h2r290 h26.3 hr3.66 hr3.67 126.36 
h24-67 

25-21 26.52 26-53 24-83 23-98 24.97 25-99 22-70 26'02 24-08 24'10 26'52 

Probabilities and 
Gtenerd Means. 

Probability = 0.34 

70' 19' 25"'12 - 
A t  S X X I I I  

January 1850, observed by Mr. G. Logan with Troughton and Simms' 24-inch Theodolite No. 2. 

Angles. 

XXXVI 8G 

Means 

X x X V  & 
XXXIV 

Means 

XXXIV 
dt XXXI 

Means 

XXXI 

~~ 

Seconds of Observed Angles at each Zero 

OOV 180°W 10°W 190°W ZOOO' 2oO0ff 30°(Y 210°W 40°W 220°W 60°0' 230°W 

11 'I I' 11 I' ' I  I' I' 11 I' I1 11 

h17-17 h12.73 hr 7.57 h15~46117-907117*23 h15-94hr7'jo h15-.~h16-04 hr6.27 h16.16 
h17*34hrq'27 h16-37 h15.03 h 1 ~ ~ ~ 0 h 1 6 . 2 ~  h15'~7 hr6m93 h15.17 h15.90 h15-77 816'96 

h16.70 

17.n6 14-57 16'97 15-25 16.90 16-74 15.71 17-32 15.31 15-97 16-02 16'56 

h47.33 h . 9 0  h ~ ' 5 7  045.20 143.87 h4 j.10 h46.80 h43.54 h15.20 h44.13 141.83 143.97 
h46-83 h4.16 145.33 h45-47 h43.67 h45.60 h46-60 h42.17 h43.10 k46-00 144'00 145'87 

47-08 45'53 44'95 45-34 43.77 46'35 46-70 42-86 -14'15 45-10 4 ~ 9 2  44 'b  

h13.64 h1f'roh14-90 8 1 ~ ~ ~ o h r ~ ~ ~ o 7 1 1 6 ~ 7 3  h13-83 hrq-96 hr6.40 h16.60 115-53 116.07 
h14'9oh16.1oh16.16hrq57 h18.17 h17.46h14.60h16~67 h18-26h16~73 115'261?16'83 

h15-64 

14-27 16'60 15'53 14-74 17'74 17.10 14-69 15.82 17'33 16.67 15-39 16.45 

h14-77 l11;'93 hrq87 h14-94h13-43 L14.87 h15-97 h16.87 7116.93 h15-60 118'40 Z15.03 
h16.20 h16.g~ 115.34 116.33 h15.70 14-34 hr5.0 I 6 I 6 I 

h15.20 

15-49 17'44 15.11 15.64 1457 1461 1549 16.30 16.84 14'79 17.47 14'94 

Probabilities and 
General Means. 

Probability = 0'24 

56'' 28' 16"'2% 

pmbabaty = 0.3g 

69' 55' 44"-97 

hbabIlity = 0.31 

56' I' 16"'03 

= L.29 

61' 56' 15"'72 



56-1. NORTH-EAST LONGITUDINAL SERIES. 

A t XXXIV 

January 1850, observed by Mr. G .  Zoym with Boughton and Simm8' 24-inch fieodolite No. 2. 

Probabilities and 
Oeneral Yesns. 

Probability = 0'29 

56' 26' 4gN'14 

Probability = 0.26 

49'47' g"'57 

angler. 

Seconds of Observed Anglea at each Zero 

000' 18OoO' 10°W 190°W 2000' 20000' W o ' 2 1 0 0 W  W(Y 2 W W  60°0' 23000' 

At XXXV 

December 1849, observed by Mr. G. Logan with Boughton and Simma' 24-inch 17reodolite No. 2. 

h R U  

h45.83 151.60 147-3 7 
h4g-83 148.47 1.+gm80 

47'83 50.04 48.59 

anglea 

XXXIV 
& 

XXXII I  

Meana 

XXXIII 
b 

XXXVI 

Means 

XXXIII BG 
XXXV 

Meam 

~ I O - 1 3  h 7-77 h 8.66 hg-43 h10.76 h~o-60 110-;o lro.50 h 8.83 Aro-qo 18'63 11 1-60 
hro.17 h 8'70 h8.53 hg-53 hrg.03 A I O Y ~  1 8.47 1 7.96 h11.87 h 9.43 2 7-13 1 7-90 

% 9'57 

ro.15 8-24 8-60 9'48 11.12 10.53 9-59 9-23 10.35 9-92 7-88 9-75 

Seconds of Observed Angles at each Zero 

oOo' 18O0W 1oov 19O0o' 2O0v 20000' moo' 210°W 4000' ZWo' M)OvZsoO(Y 

11 11 11 II II II rr II II rr (I 11 

h 5'73 h5.36 h 5.60 7c 4.90 h 4'44 h 6'64 h 7-60 h 7-43 h7-07 71 7'23 h 7'57 h 5-97 
h 7 ~ 1 o h 5 - 2 4 h 6 - 3 7 h 7 ~ 1 6 h 5 ~ 1 6 h 7 ~ o 3 h ~ ~ h 5 - 5 3 h 6 . 6 3 h 6 . o 7 h 7 ~ 5 4 h ~ ~ 9 4  

h 8-73 A6.83 

6'42 5-30 5-99 6'03 4'80 6'84 6'92 6'48 6-85 6-71 7'56 5'96 

h16'6oh17.ooh14~37 hr7-40 h17.20 h14'7ohr6-oo h15-5qh16.40 h17-07 h18.17 h12-46 
lb16'80 h1q43 0x7-16 h16.50 h16-87 66'17 h18.43 h15.80 h18.17 h16'56h17'83 h13.06 

h15.67 h1 7'47 

16.70 18.32 15-77 16-95 17-04 15.44 16~;o 15.67 17-29 17'03 18'00 12'76 

Probabilities and 
General h€ea~. 

Probability=o*zr 

60'17' 6"-32 

= o.40 

65' 9' 1 6 ~ ~ ~ 4 6  



OBSERVED ANGLES. 57-1. 

At XXXV--(Continued.) 

December 1849, okerved by Mr. G. h g a n  with Troughton and Simms' 24-inch Z%eodolite No. 2. 

Probabilities and 
General Mans. 

Probability = os++ 

6r013' a".96 

27' 12' 18"'07 

Angles. 

XXXVI ' 
XXXVII 

Mean6 

XXXIII 

Meane 

Seconds of Observed Angles at each Zero 

OOW 180°W 10°W 190°W ZOOW 2Oo0W SOOW 210°W 40°W 22000' 60°W W O '  

I f  I f  I f  11 I f  I f  11 11 11 I f  I1 I f  

h4.33 h 2-40 h 3.70 h 2.30 h 4-06 h4-73 h 3-74 W 1-46 h 4.47 h 0.66 h 0.83 h 7-07 
14.17 h0.33 h1.90 h 0 . q  h2.00 11.57 61.60 h3.63 13.07 h0.87 h1.57 h g p 4  

h 5-03 h 2-23 

q.25 1-37 3.30 xmza 3-03 3.65 3-46 a'55 3'77 1'25 1.2" 6'51 

h18~13h18~17h16-3oh17~6oh18~66h17~93h17~~hr6~37hzo~6oh18~~~hr8~17h18'43 
h19.17 h17.60 h17.96 h17.50 hr7-57 h16'80 h19.03 h16.6ol,zo*8oh17.56 h18-53 h18.13 

h18.90 hr 7-30 

18-65 17-89 17-13 17-55 1 8 . 1 ~  17-37 18.46 16.49 20.70 17'88 18-35 18-28 

At XXXVI 

Janzsary 1850, observed by Mr. G. figan with fioughton and Simms' 24inch ZXeodolite No. 2. 

Probebilitien cmd 
Gelled M- 

probavfity = 0.3 1 

44' 49' 44"'10 

Probability = 0'35 

69O 49' 46"'58 

anglee. 

XXXVIII 
& 

XXXVII 

lldenns 

xXxVII 
& X X S V  

Itieam 

Secunds of Observed Angles at each Zero 

000' 18o00' 100w 1 W W  mow mow 8o0w 210°w 40°w 22000' 6O0w 2300w 

" I f  I f  I1 I f  I1 N 11 I f  11 11 I f  

145'23 145'37 242.97 142.30 h42.77 h43.17 h45.43 h42.73 h45.70 h42.70 14.4'40 h44'87 
143.23 246.73 14-67 245.07 h~z .76 h+2-40 1b44'40 h45.50 h46.64 13.70 1.~4'94 h43.03 

4.1'23 46'05 43-82 4369 42-77 42'79 4492 e ~ " 2  46'1 7 43-20 44-67 43'95 

145'33 145.80 148.70 147'90 h48-17 h46.53 h47.54 h50-20 h46.80 1 5 - 1 4  145.60 h47 '6  
146-33 144'17 14963 1 ~ 7 0  846.50 1 6 - 8 0  h50-83 ?qj-57 h45-30 h46.16 143'70 h+6-17 

h48.53 817'10 

45-8 44- 99 47-17 46'30 47-34 46'67 48'97 48'39 46-05 45'95 44'65 46'62 



58-1. NORTII-EAST LOSCITGDINAL SERIES. 

r 

At XXSVI-(Continued.) . 
Jasluary 1850, observed by Mr. G. Jogan with Troughton and Simms' 24-imh 27~odolite No. 2. 

Pmbabilities and 
&nerd Means. 

Probability = 0.58 

58' 22' 271''93 

Angles. 

XXXV & 
XXXIII 

Meane 

Seconds of Observed Angles at each Zen, 

0°0' 18000' 10°W 190°0' 20°0' 2oO0V 30°(Y 2 l p W  4OoO' 220°0' 50°0' 90°0' 

I1 11 11 I1 11 11 ' I  ' I  11 11 11 I' 

22984 Z25.80 126.80 129.23 Z25.17 bo-67 125.20 h5.54 h30.00 4 1 - 6 6  11-56 7a25.77 
E~o-17  127.20 E3o-67 228.46 124-30 E28'27 h24';o h27.56 h31.03 hgo-10 Z28.10 h28.47 

30.01 26-50 28-34 28'85 24'74 29-47 24-95 26'55 30'52 30'88 96-83 27-12 

At XXXVII 

December 1849, observed by Mr. G. Logan with 'Boughton and Simm' 24inch Z%eodolite No. 2. 

Anglea. 

XXXV & 
XXXVI 

.Means 

XXXVI & 
XlLXVIII 

Means 

xxxm 
& XXXIX 

Seconds of Observed Anglea at each Zero 

000' 180°W 1@0' 19000' 20°0' 20000' 3000' 210°0' MOO' 220'0' WOO' 3000' 

a w a a w n a n n n a w 

h14-50h12-73 ~ I I - 7 7  hrr-goh12~g67a11.87 h8.67 hk1.04 1 9-70 112.84 116.50 z13.0~ 
hrz.17 h13.27 h11'0oh13'60 h12~44h11.87 h9'84h10.17 i13.14 2ro.00 11z.go Z14.03 

13'34 13.00 11'39 12-45 12-70 11-87 9-26 10.61 11'42 11'42 14';o 13.54 

h 4-90 A 5-43 h 4-93 h4.43 h 5-30 h 6'53 h~o 'no  h 6-96 14-97 1 8.93 Z 7.60 Z 4.06 
A5.56 h 5.57 A5.43 h 6.64 h 4.86 A 7.63 1i 7-60 h 6.80 Z 5.63 1 9-++ Z 7.93 1 5-04 

5'23 5'50 5'18 5-54 5-08 7-08 8-90 6-88 3-30 9'19 7'77 4-55 

h55-74 h54.57 h53.97 h~4-04 ~ 5 4 - 2  7 ~ 2 0  h50- 73 h53-04 154-00 4 9  07 z52'30 ~54-57 
h55.70 h5q40 h54.20 h53.00 h54'70 h53-10 A51.73 h53.86 255'00 149.53 154'83 151'40 

55'7a 54'49 54-09 53-52 54'49 53-63 51.23 53'45 54-50 49'30 53'57 52'99 

Probbilities and 
General Mesnn 

Probability = 0.40 

48O 57' 1 2 ~ l . 1 ~  

Pmbabilit~ = O.43 

69'51' 6lf.35 

Pmbability = o.47 

71' 20' 53"'42 





NORTII-EAST LONGITUDINAL SERIES. 

At XXXIX--(Continued.) 

A p ' l  1849, observed by Mr. G. Logan with Barrow's 36-inch Y%eodolite, 

Probabilitim and 
General Heam. 

F'robabiity = 0.29 

64' 13' 8".38 

Probability = 0.19 

Jwl-  

XXXVlll 
&U 

Means 

XL & XLI 

Sewn& of Obmrved Anglea at each Zero 

0.0' 18000' QOW 189OW lSOW 19E00' 27'0' W O W  

n a R n R a a n 

h 7-86 1 9-04 h 7 9 8  h 7-74 2 6-36 1 9-90 2 8.68 Z 8.10 
h 7 6 0  h 10.52 h 6-28 h 8.04 1 9.88 1 8-44 1 9-24 1 8.22 

Z 8-36 

7-73 9'78 7-13 7'89 8-20 9-17 8'96 8'16 

& 18-20 h 17-28 h 16-56 h ~ 6 ' 7 8  z 15.86 z 17-90 z 17-24 Z 17.60 
i 18-46 h 17.08 h 17-76 h 17.4a Z 16.74 Z 18-62 2 17-20 1 17-74 

2 17-84 

Meane 18-33 17-18 17-16 17'10 16'81 18-26 17-20 17-67 70' 35' 1 f - 4 7  

-- 

dt XL 

Ap' l  1849, obsmid by Mr. G. Logan with Barrow's 364ncir Bieohlite. 

Probsbilitieo and 
hdW 

Pmhbility = '"9 

61' or ra.47 

pmbRbilit,, = 0.25 

55O 57' ~ 9 ~ ' 8 3  

XLII & 
SLI 

Means 

XLI & 
XXXIX 

Meane 

Seconda of Observed Anglea at each Zero 

000' 18000' 900' 189OW lSOW 19S0W 27OW mow 

# I W U U R U R 

h 0'48 h 0.06 h 1-94 h a.50 2 1.24 h 1.34 h 2-56 h 1.06 
A 1.16 h 1-88 h 3-10 h 1-08 h 0.90 A 1-66 h 1-12 h 1-50 

0.82 0'97 a'sa 1-79 1.07 1'50 1-84 1-28 

&29*02 130.48 h30.00 h30.00 h 19-22 132.18 h 30.38 h 30.50 
h 28.36 h 29-04 1 29'22 h 28.46 h 29-66 1 29-94 h 30'68 h 30.16 

28.69 29'76 29-61 29-33 29'44 31.06 30'53 30'33 



OBSERVED ANGLES. 61-1. 

At  XL--(Continued.) 

April 1849, observed by Mr. G. Logan with Barrow's 36-inch Zlieodolite. 

h e h  

XXSIX 
t 

XXXVIII 

Means 

Seconds of Observed Angles at each Zero 

OOW l N O O '  LOO' 18S00' lBOW 19B0W ! P O '  201"W 

II II II II rr l r  II 11 

hrr-71 h1r.08 h12.68 h151o h ~ o - 5 6  h11.52 h11.96 h ~ a - 1 2  
h 11-86 h 12.24 h 12.86 h 12'66 h 11-68 h 11-78 h 12.96 h 12-02 

h 12.98 

11.79 11-66 12.84 13-88 ~ I - I Z  11.65 12-46 12'07 

Probabilities and 
General Afenns. 

Probabiity = 0.29 

62°57112".~8 

At XLI 

March 1849, observed by Mr. G.  Zogan with Barrow's 36-inch 575eodolite. 

Angler. 

XXXIX 
& XL 

Mesne 

XL & 
x..Lu 

Means 

XLLI & - 
Meane 

Seconds of Obsemed Angles at  each Zero 

OOW 18O0W 9OW 18S0V l E O V  19E0V 27OW 201"V 

I1 11 I 1  I1 I1 rr rr I1 

h 13'48 h 12.86 h 12-54 h 12-60 h 14'40 h 14.70 2 12-76 h 12-70 

h 13-04 h 13-12 h 13-60 h112.96 h 14-36 2 13-52 h 14.52 h 12'24 
h 13-18 

13-26 13-05 13.07 12-78 14.38 r.+'II 13-64 12-47 

I5.26 h 4'84 14'24 h 5-10 h 3-41 h 3'34 h 3-06 h 4 . 0  
h 4-28 h 5.60 h 4-90 h 5'04 h 2.10 2 4'00 h 4.08 h 5'40 

4-77 5'2% 4'57 5-01 3'76 3-67 3'57 4'90 

i 43'14 h 43-20 h 4412 Ir 43-38 h 41.42 h 41-36 h 41-10 h 40.28 
h 42-62 h 42'60 1 43.18 h 42-86 h 42'66 2 42.78 h 41'64 h 41.9~ 

A 43-06 

42'88 41-90 43-65 43-11 42-04 42-07 41-37 41-76 

Probabilities and 
General Meena 

Probability = 0.32 

53O 27' 13"'35 

pmhblity = o.29 

54' 4' 4*'32 

Probability = 0.26 

60' 15' 4sW'47 



62-1. NORTH-EAST LOSCITUDINAL SERIES. 

+ 

At XLII 

March 1849, observed 6y Mr. G. Logm with B@tT0wy8 36-iach Beodolite. 

Probabilitim and 
General Meam. 

PrOhb'ility = 0.14 

6@13~53~~'65 

hObability = o.16 

45' 5.5' 2an'84 

Probability = 0'39 

64O55'54"'72 

XLIV & 
XLLLI 

Meam 

XLIII & 
XLI 

Means 

& 
XL 

Means 

Seconds of Observed Angles at each Zero 

OOW 18000' PO' 189'0' 1800' 19800' 27OW Z V C Y  

a I n n rl n n 

1 54.74 Z 53-90 z 52-48 3 53-22 h 53-62 Z 53'80 Z 52-73 Z 54-22 
1 53.88 E 53-30 Z 53.74 Z 54.20 h 53-44 Z 53-78 E 54-14 1 53'84 

54'31 53-70 53-11 53-71 53'03 53-79 53-48 54-03 

Z 22.92 Z 23'68 h 22'44 I23.26 I 23-12 h 22'38 I 24-22 1 23-18 
Z 22'62 1 22'76 h 21-36 h 22.24 h 22.48 h 22.90 h 22-24 Z 23'68 

22.j7 23.22 21.90 22.75 22.80 92-64 23-13 23-43 

1 55-16 1 56-06 h 54'94 h 53-44 h 53.26 h 53-50 A 54.82 Z 52-90 
1 55.56 1 56-68 h 56.20 h 53-94 h 5496 I5362 A 56'74 1 53-78 

55'36 56-31 55'57 53-69 54-11 53'56 55-78 53-34 

At XLIII 

March 1849, observed by Illr. G. Logan with Barrow's 36-inch 2?ieodolite. 

XLIL 

Meana 

Second6 of Observed Angles at each Zero 

oOw 18Oo(Y 9'0' 18S00' 18'0' 198OW 2V0W mOW 

If If If If If I1 If 11 

1 54-62 1 55-72 Z 56-08 2 54.36 1 55-40 5 57.16 1 53-46 1 55.02 
h 55'58 1 55'74 1 55-36 1 54'42 h 55.14 h 56.20 Z 53.48 Z 54-56 

55'1° 55'73 55'72 51-39 55-27 56.73 53-47 54'79 

Probebilitiea and 
G t e n d  Meam 

PmbabiLty = o.32 

73°48f55n'~5 





04-1. NORTFI-EAST LONGITUDINAL SERIES. 

k 

A t  SLIT--(Continued.) 

March 1849, ojserved jy Nr. G. Logan with Bawowys 36-inch Yhodolite. 

Probabilitiee and 
General Means. 

Probability = 0.46 

58' 19' 5a1"82 

-1- 

Seconds of Observed Angles at each Zero 

000' 180'0' gO0' 189'0' 18'0' 198'0' 27'0' 207'0' 

4 n a a a n n n 

Z I Z 50.54 k 53-10 Z 51.86 h 54-42 h 51.92 1 54.88 Z 53.88 
Z 52-44 Z 51.14 h 52-34 2 52.74 1 55.86 h 52-30 Z 53.10 1 53.48 

At XLV 

March and ApiZ 1849, observed by Mr. G. Logan with Barroto's 36inch Theodolite. 

Meana 51-77 50.84 52-73 52.30 55.14 52-11 53'99 53-68 

Probabilities and 
Oenoral Means. 

Probability = 0.31 

63' 46' 3411'33 

= o.28 

57' zal 27rr'99 

Probabilit9=o.z6 

56O 50' 2gr'.50 

69' 23' aa1"28 

Angle#. 

XFi:V' 
Means 

XLIV & 
X LVI 

Mesne 

XLVI & 
XLVII 

Means 

XL1ll & 
R M  

Meaw 

Seconde of Observed Angles at each Zero 

000' 180'0' 9'W 189'0' 18'0' 198'0' 27'0' 207'0' 

ff 4 ff I R 4 4 ff 

h 34-22 h 34.98 1 33.86 h 35.24 Z 31-46 Z 36.02 1 33.48 h 35-30 
34'46 h 34-46 h 35-30 h 33'40 Z 32'90 34'54 h 34'96 h 34-72 

34'34 34-72 34.58 34-32 32-18 35'28 34-21 35'01 

h 27-18 h 28.76 h 27-50 h 17-90 z 28.52 8 19-98 h 28.02 h 21-56 
h 26'76 h 28.46 h 27'66 h 27-68 Z 28.8q Z 28.90 h 27-18 h 26.92 

26-97 28-61 21-58 27-79 28.68 29-44 27-60 27-24 

129.80 fi28.14 128.38 h30.10 z 29-16 130.06 130.86 h29.71 
h ag'zo h 28.30 h 28-44 h 29-62 Z 31.16 1 29.16 h 30'04 h 29-92 

29-50 28.29 28-41 29.86 30.16 29-61 30'45 29.82 

h 20.58 h21.66 h 20.12 h 22.66 Z 25-32 Z 22.40 h 22'58 h 22-56 
h 20.86 b 2064 h I b a3'# z 24.30 1 22.16 h 23.11 h a3.04 

1 24-40 

20'72 21'15 20'73 23-05 24-67 22-28 22-85 22.80 



OBSERVED ANGLES. 

At XLVI 

March 1849, obserzfed 6y .ii. G. Logan with Barrow's 36-inch I;raeodolite. 

Probabilities and 
General Means. 

probbaty = o.26 

54O 33' 4"'63 

Pmhbaty = o.20 

67°8'41 'mo1 

Pmhbility = o,47 

57" as' 1 7 ~ ~ 3 6  

Angles. 

XLVIII & 
XLVII 

Means 

XLIYI & 
XLV 

Mesne 

XLV & 
XLIV 

Means 

Seconds of Observed Angles at each Zero 

0'0' 180'0' 9'0' 18S0W lEOO' 198'0' 27'0' 207'0' 

11 11 11 11 11 11 11 I1 

1 6'06 4-02 1 6.48 h 3-12 h 4-98 h 4'74 15'20 h 3-76 
h 3.90 Z 3-62 h 6-02 h 5-72 h 4.26 h 4.36 h 3.46 h 3.78 

4-98 3'82 6-25 4-72 4'62 4'55 4'33 3'77 

h 3-20 Z 3-92 h 5'24 1 2  h 3.42 h 3'38 Z 450 Z 3.06 
h 2.28 1 4'64 h 3-76 h 3'56 h 4.92 h 4'32 Z 4-52 Z 4.32 

2.74 4-28 4-50 4-34 4.17 3.85 4-51 3.69 

h 18-90 1 19-42 h 16.38 h 17-84 h 16.60 h 16.08 Z 17.58 Z 14-96 
h 18-96 1 19-06 h 15.38 h 19'62 h 17-56 h 15-90 2 16-60 Z 16'86 

18-93 19 .~4 15'88 18-73 17.08 15.99 17'09 15-91 

A t  XLVII 

March 1849, observed by Mr. G. Logan with Barrow's 36-inch Ilreodolite. 

XLV & 
SLY1 

MW 

XLVI & 
XLVIII 

Means 

Seconds of Observed Angles at each Zero 

0'0' 180'0' 9'0' 189'0' 18'0' 198'0' 27'0' W00' 

4 I I, 4 n II n u 

h 31-24 h 28.00 2 2  h 27.10 1 26.02 1 27.76 z 26.06 z 26.96 
h 28.12 h 27'94 h 27.56 h 27-04 2 26'94 Z 27.58 Z 26.80 2 26.18 

29.68 27-97 27'39 27-07 26-48 27-67 26-43 96-57 

Z 44'16 h 44-46 h 45.38 h 46'56 Z 46'00 Z 44-50 Z 46-14 2 45-81 
Z 43-32 h 4440 h 44-28 h 44'54 Z 46-08 Z 44'62 2 46'44 1 45-56 

43'79 w 4 3  44-83 45'55 46-04 4 - 5 6  46.29 45'69 

Probb'iities and 
& n e d  Mesna 

A 

Pmbabilitg = 0.36 

56O 1'27*'41 

Pmbability = 0.29 

61°48r45n'15 



66-1. NORTH-EAST LONGITUDINAL SERIES. 

A t XLVII--(Continued.) 

March 1849, observed by Mr. G. h g a n  math Barrow's 36-inch Beodolite. 

dngles. 

X L V m  
& XLIX 

Meam 

Seconds of Obsemed Angles at each Zero 

OO W lsOOcY 9' W 189'0' 18'0' 198'0' 270 0' !XO00' 

I1 11 11 11 11 It 11 11 

h 14-48 h 13.88 h 14.58 h 14.46 z 14-78 z 14'78 1 14.56 z 1q.16 
h 14-34 h 15.06 h 14.88 b 14-32 z 13-64 z 14'52 1 14'64 z 14'44 

14-41 14-47 14-73 14-39 14'21 14-65 14'60 14-30 

hbsbilitiea and 
Uet~era l  Means. 

Probability = 0.06 

6.5' 3' 14"'47 

At XLVm 

March 1849, observed by Mr. G. figan with B~mow's 36-inch E4eodolite. 

htJh 

Meam 

XLIX & 
XLVIl 

Meana 

X L m  & 
XLVI 

lbull~ 

Seconds of Observed Angles at each Zero 

OOW lW0' 9'0' 189O0' lBOW 198OW 27'0' W O W  

It It 11 rr 11 I1 11 I1 

h 35'20 h 36-76 Z 35-60 h 37-40 h 36'26 h 38-62 h 36-44 Z 36'26 
h 36.82 h 37-92 1 37.94 h 38.18 h 36.76 h 36.90 136.44 Z 37-14 
137.76 

36.59 37-34 36-77 37-79 36-51 37'76 36-44 36-70 

h 47.86 l47.52 Z 48.68 h 47.26 h 49-21 h 47-20 h 46-98 Z 48.58 
h 47-58 h 47-08 Z 45'54 h 47'08 Z 47-58 h 47.50 2 41-72 Z 47'54 

47'7 2 47'30 47.11 47-17 48.41 47'35 47'35 48.06 

h11.74 h11'24 z 9-76 ~ I O - 6 6  2 12-oo h 9.68 h11.42 z ~o'zo 
h 11-96 h 11.24 Z 10.48 h 10.54 Z 11 .1~ h 11.00 h 11'70 z 11-06 

11-85 11.24 10.12 10 60 11-56 10.34 11-56 10.63 

Probabilities md 
General Meam. 

Pmbability = 0.18 

59' 24' 36"'99 

Probability = o.15 

59' 5' 47"'56 

Probability = 0.21 

63' 38' 10*-g9 



OBSERVED ANGLES. 

A t  XLIX 

February 1819, observed by Mr. G. Logan with Barrow's 36-inch Theodolite. 

Angles. 

XLVII & 
XLVIII 

M e w s  

XLVIII 
L 

Means 

& LI 

Means 

Seconds of Observed Angles a t  each Zero 

O O W  180°W Y O W  1 8 9 O O '  l S O W  198OV 27'0' . W O O '  

I1 11 11 11 11 11 11 11 

Z 57.40 Z 57-38 Z 59-00 h 59-96 h 58'88 h 58.48 1 58.22 Z 58.68 
1 58'76 1 58.08 1 59.64 h 59'26 h 58-88 Z 58'34 2 57-30 2 57'98 

58.08 57.73 59-31 59.61 58.88 58-41 57-76 58'33 

h p o l  h 51.60 1 50.18 h 50.04 h 50.56 h 4g.10 Z 50.92 Z 49.86 
h 51-30 h 51.68 1 49-32 h 50.72 h 51'35 h 49-28 2 51'66 1 50'52 

50.67 51.64 49.85 50.38 50.97 49-19 51'29 50'19 

h 20'01 h 19-64 1 19-76 k 19.68 h 19.42 h 19'71 1 20'54 2 18-08 
h 19.76 h 19'20 z 20.40 h 20.16 z 18.02 h 19.34 2 18-98 2 19-18 

19-89 19.42 20.08 19.92 18-72 19-53 19.76 18'63 

Probabilities and 
Oened Me-. 

Probb'ility = 

55' 50' 58"-51 

Probability = w26 

49' 2' 50"'52 

Pmbability = o.18 

74' 1 9 ~ ~ ~ 4 9  

At L 

F e h y  1849, observed t y  Mr. G.  Logan with Barrow's 3 6 - i d  ZJieodolite. 

Probabilities and 
General Memo. 

Probability = 0.35 

h g l e s .  

LII Bi LI 

Seconds of Observed Angles a t  each Zero 

0'0' l 8 O 0 W  9OV 189OV 18OW 198OW 27'0' W O O '  

If I1 11 I1 11 If I1 11 

h 39-98 h 40.16 Z 40.34 Z 41.00 h 41-36 h 42.60 Z 38-78 1 41'ga 
h 38.86 h 44-34 2 42.16 1 41.84 h 41.58 h 40.44 Z 39.32 2 41.86 

Means 

LI & 
BLIX 

Means 

39-42 40.25 41.25 41.42 41.47 41-52 39.05 41-89 

h 42-70 141.82 1 38.44 I? 42.02 h 39.66 h 38.70 Z 40.56 z 40.02 
h 42.02 h 40'60 Z 39.06 1 40.84 A 39.92 h 40.74 2 40.18 2 38-52 

42'36 41-21 38-'7.5 41-43 39'79 39'72 40'37 39'27 

probability = 0.40 

53' 59) 4or1'36 



68-1. NORTH-EAST LONGITUDINAL SERIES. 

At L--(Continued.) 

Feebruary 1849, observed by Jfr. G. Xogan with Barrow's 36-inch ZZeodolite. 

PI-obabilit,ies and 
General Means. 

p r o ~ ~ f i t y  = o.31 

7 1' 3 2' 3 2"-3 8 

h g l -  

XLIX & 
nm 

Means 

Seconds of Observed Angles at each Zero 

0°0' 180°(Y 9'0' 189OW 18O0' 198O0' 27'0' 207O0' 

a n II n n rr n II 

h 31-80 h 33'46 1 33'26 2 30.44 h 32-06 h 32-80 1 33-66 Z 30'80 
h 32-32 h 32.80 z 31-92 z 31'42 h 32.92 h 32-30 2 34'18 2 32.00 

32-06 33-13 32-59 30'93 32-49 32'55 33'92 31'40 

At LI 

P e h r y  1849, observed by Mr. G. Logan with Barrow's 36-inch ZEeodolite. 

Probabilities and 
&nerd Maans. 

107' 3' 37'"89 

weler. 

XLIX & 
LII 

Means 

Seconds of Observed Angles at each Zero 

000' 180°0' 9'0' 189O0' 18'0' 198'0' 27'0' WOO' 

a n II n n n I n  n 

Z 39-08 Z 38.76 h 38.60 h 36-60 Z 36-56 h 35'50 h 37-12 2 40.58 
2 38-76 Z 38.88 h 38.78 h 36.70 h 36-64 h 35.40 2 37.86 Z 4 ~ 4 8  

38.92 38.82 38'69 36.65 36-60 35-45 37-49 40.53 

& 'I1 

Mean8 

L 
XLIX & 

'07: " 
-55 47' 

LII & 
LIII 

Meane 

h38.06 138.22 h37.96 7~33.98 2 34.96 h35.26 h36'30 2 39.58 
h 3684 h 38.72 h 36.88 135.26 h 36.88 la 35.92 Z 38.22 2 38.98 

37'45 38.47 37'42 34'62 35.92 35'59 37-26 39'28 

-37.45 - 38'47 - 37'42 - 34-62 - 35'92 - 35'59 - 37-26 - 39-28 
+ 98.92 + 98-82 + 98.69 + 96.65 + 96'60 + 95-45 + 97-49 + 100.53 

61-47 60.35 61-27 62-03 60.68 59-86 60.23 61-25 

h 54'90 h $5'84 h 54-92 ?a 55-80 1 54'34 54'" 55-94 ~ 3 ' ~ ~  
h 56-96 h 56'30 h 55.66 h 55.28 h 56.94 h 56.52 2 57-34 z 55.34 

55'93 56-07 55'29 55'54 55'64 55-31 56'64 54'60 

probability = 0.24 

51'16' 01'*89 

Probability = o.20 

;oO gr 55".63 



OBSERVED ANGLES. 

i 

At LII 

February 1849, obseraed by 1Vr. G.  Logan with Bawow's 36-inch 2Beodolite. 

Probabilities and 
General Means. Angles. 

Secollds of Observed Angles at  cnch Zero 

O"W 180°0' 9'0' l 8 9 " d  18'0' 198'0' 25'0' 20i00' 

h 22-86 h 24-50 h 25-26 h ~2.40 h 21'92 h 23-22 h 21-50 h 22.78 
7b 23.23 h 22.54 h 24.10 h 21-60 h 24.14 h 23.66 h 23-64 h 29.88 ProbabiUty = 0-27 

h 22.90 h 24.36 

Means 23'04 23-52, 24.68 12.30 23-47 23-44 22.07 22'83 50' 4.1' 23*'17 

167' 54' 52"'21 

pmbabaity = o.45 

57O '3' zgN.0q 

hobability = 0.26 

71' 4' 43"'34 

LI 

Means 

1111 & LI 

'07'54' 
-50' 41' 

LI & 

Means 

h 53'44 h 48.88 h 52'60 h 51-88 1 51-66 Z 53-26 h 54'10 h p . 0 2  

h 51-76 h 51.24 h 32-94 h 52-20 1 51.88 1 52.94 h 52-28 h 53.22 

52.60 50'06 52-77 52.04 51.77 53-10 5.3'19 $ 2 ' 1 ~  

+ 52.60 + 50.06 f 52'77 f 52.04 f 51-71 + 53.10 + 53'19 + 52-11 - 23'04 - 23.52 - 24-68 - 22.30 - 23.47 - 2 3 ' ~  - 22.07 - 22'83 

29-56 26-54 28.09 29-71 28.30 29.66 I 29.29 

f i  lz'gr h 44.86 142.04 h 44.68 Z 41.76 Z 42.98 h 42-20 h 43.70 
h 43.20 h 4-:.20 h 42.64 h 44.00 1 43.69 1 43'63 h 43-60 h 43-42 

43-06 44'53 42'34 44-34 42-69 43-30 42-90 43-56 . 

At LIII 

Fe6ruary 1849, observed by NP. G. Jogan with Barrow's 36-inch Theodolite. 

Probabilities and 
General Means. 

8 

probability = 0'30 

52O 36' 35*'95 
,- 

Anglee. 

L1 g, Ln 

- 

Seconds of Observed Angles at  each Zero 

0°0' 18O00' 9'0' 189'W lBOO' 19S0W 27OW 207O0' 

11 11 I1 It 'I 'I 'I 'I 

h 3 je;o h 3 c.86 h 36.56 h 34'24 h 36.56 34'44 34'68 37'60 
11 34'56 h 36.10 h 3 7.16 h 36.90 h 37.68 h 36.98 h 35'88 

Means / 35.13 35-98 36.86 34.24 36.73 36.06 35.83 36-74 
i 



70- I. NORTH-EAST LONGITUDINAL SERIES. 

r 1 

A t  LIII- (Continued.) 

February 1849, dswved by LW. G. Logan with Barrow's 36-inch 5'2eodolite. 

Probabilities and 
General Means. 

Probability = 0.23 

50' 25' 15*'1s 

Pmhbiity = 0.24 

74' 39' 45"'3r 

Probability=o.38 

59' 6' 32"-63 

I 

Angles. 

LTI & 
LIV 

Meam 

'IV ' 

M e w  

<:LVVI& 

Means 

Seconds of Observed huglea at each Zero 

(Po' 180°01 PO' 18900' 1 P G '  1960' 27°0' W(Y 

n n n 4 n 4 n # 

h 14-04 'h 16.00' h 14.80 h 15.78 h 14.98 h 15.32 16.56 r3.21 
h 15.48 h 15.94 i 14-20 h 14-82 h 14-46 1 15-58 h 15-48 

rqmj6 15'97 14'50 15-78 14'90 14'89 16'07 14'35 

h 44'26 A 45'28 h 45-20 1 44'50 1 4564 Z 45'58 45'54 M';O 
h 47-34 h 13-52 b 45.88 Z 6 2 46.80 2 46.92 144.14 h 43.96 
145.36 h 46.28 

45'65 44-40 45'54 44-56 46-22 4625 44'84 44-98 

h 31.42 h 32-76 h 33-90 Z 32.18 Z 34-40 Z 32-16 h 31-94 h 34'98 
131.38 133.96 h3a-38 131.58 230.84 €31.40 h3a.00 h34.94 

1 32-40 

31.40 33'36 33.14 3 1-88 31-55 31-78 31-97 34'96 

At LIV 

P e h r y  1849, observed by Mr. G. Logan with Bawow'e 36-inch meodolite. 

Angles. 

I 

Seconds of Observed Angles at each Zero 

OO(Y 180°W 9'0' 18Sm(Y 18'0' 198'0' 27'0' 207O0' 

Probabilities and 
General Means. 

LVII & 1 18-90 1 17.62 z zo'jo Z 17-52 Z 18-08 h 19.50 h 17.64 h 18-14 
Z 18-28 Z 17-52 117.38 l18.06 h18.54 h1g.08 h18.50 h17.52 

18.59 17-57 19'04 17.79 18.31 rgS2g 18.07 17.83 

= 0.20 

5g0 5' 1 8 ~ ~ 3  I 



OBSERVED ANGLES. 

At LIV-(Continued.) 

Pebruary 1849, observed by Nr. C. Logan with Barrow's 36-inch Yheodolite. 

Angler. 

Means 

LIII & 
LII 

Means 

Seconds of Observed Angles at each Zero 

OOV 180°V O0(Y 189O(Y 18OV 198OV 2YO' 2m0V 

11 I1 11 I1 I/ I1 11 11 

2 42.92 1 46.26 2 44-26 Z 47.88 1 46-30 h 45.46 h 46.94 h 43.76 
1 43.88 1 45.42 1 4.6.88 1 44-48 h 44.62 h 46.66 h 46.04 h 47.42 

1 46.02 

43'40 45'84 45'57 46-18 45'46 46'06 46'49 45'73 

1 22'14 1 20.38 I? 22.82 1 20.10 1 22'56 h 22.06 h 21-60 2 21.70 
2 23-04 2 21.72 1 22.76 1 21-60 h 23-34 h 22.18 h 22.30 2 22.18 

22.59 21-05 12-79 20.85 23.05 22.12 29.05 21-94 

Probabilities and 
General Meus. 

Probability = 0.31 

52' 47l 45"'59 

Probability = 0.26 

78' 53' ~ ~ " ~ 0 6  

At LV 

January 1849, observed by Mr. G.  Logan with Barrow's 36-inch Theodolite. 

@lea. 

'I1' 
LIV 

Means 

LIV & 
LVII 

Means 

LVII & 
LIX 

Meana 

Seconds of Observed Angles at each Zen, 

OoW 180°W 9'0' 189OV 18'0' 198'0' S O V  2WO' 

u n u II n I n n 

1 27'68 1 3 1'06 h 32'14 JL 27.56 1 27'44 1 30'28 h 32'90 h 28.28 
1 28.30 h 33-50 1 32-06 h 29-26 Z 28-22 1 27.14 h 30.84 h 29.42 

h 32-52 

27.99 32-36 32.10 28.41 27-83 28.71 31-87 28.85 

h 13-14 1 1466 h 14'14 h 14-30 1 13.54 1 15.90 h 13.84 h 13.46 
A 12.58 h 14'02 1 12.24 h 13.88 Z 11.70 1 14.06 h 15-94 h 14'70 

12.86 14'34 13'19 14.09 1z.12 14'98 14.89 14.08 

h 25'70 z 24.~4 h a4.80 h 23'02 Z 24.74 2 23'12 h a666 h 25.16 
h 25.96 1 25-16 Z 23'54 h 22-90 1 24.28 1 24.38 h 25'92 h 23'00 

25-83 ~4.80 24'17 22.96 24.51 23-75 26.29 24-08 

Probabilities and 
General Xeam. 

Probability = 0.65 

$2' 32' 2gW-77 

probribility = 0.33 

48' 22' 13"'82 

probability = 0.36 

64' 58' ~ 4 ~ ~ 5 5  



NORTH-EAST LOKGITUDINAL SERIES. 

A t  LV-(Continued.) 

January 1849, observed by Mr. G. figan with Burrow's 36-inch neodolite. 

Anglen. 

L1xdc 
LVIII 

Means 

LVIII 
LVI 

Means 

LVI Bt 
LUI 

Meam 

Seconds of Observed Angles at each Zen, 

0'0' 180'0' 9'0' 189'0' lSOO' 198'0' 27'0' 207'0' 

If It I1 It I1 I1 I1 It 

h 29'00 1 30.21 h 26.48 h 32'22 1 31.06 z 30.80 h 17-44 z 29.34 
7431.38 Z30.74 130.16 h33.22 Z31.38 Z31.06 h27-88 h32-86 

1 30.90 h 32.36 

30.19 30.48 29-18 32-72 31-22 30'93 27.66 51-52 

ha662 Z 24-78 h25-18 h27-30 Z 26.84 1 29'50 h24.08 129'17 
h 24-60 1 ag.lq 1 25.86 h 27.88 1 27-52 1 26-60 124.4.1 h 26.56 

h 24-80 

15-61 24'96 25.52 27-59 27-18 28.05 24'26 26'84 

Z 57-96 Z 54-84 h 57.26 h 55.60 1 57-38 1 56.76 h 55-08 h 57'00 
2 56.86 1 55'26 1 56'14 h 52'86 1 56.90 1 55.86 h 54-98 h 53.46 

h 56-00 

57-41 55-05 56-70 54-23 57-14 $6'31 55'03 55'49 

Probabilities and 
General Means. 

Probability=o.g~ 

67O42'30"'49 

Probability = 0.45 

68' 33' 26"-25 

Probability = 0.38 

57O sof ~ 5 ~ ~ ' 9 2  

At LPI 

January 1849, observed by Mr. G. Zogan with Barrow's 36-inch neodolite. 

b g l e s .  

LIII & 
LV 

MU 
. 

Seconds of Oherved Angles at each Zero 

0'0' 180'0' gOO' 189'0' 18'0' 198' 0' 27'0' 207' 0' 

n 11 II 11 II 11 II 11 

h 31-78 h 31-96 h 33-16 h 32.08 h 32-72 h 32.76 h 31-26 h 31-34 
h 32.38 h 31'14 h 32.58 h 31-66 h 32-20 h 32-06 h 31-70 h 31.44 

32-08 31-55 32.83 31.87 32-46 32.41 31-48 31.49 

Probabilities end 
General Means. 

Probability = 0.17 

63' a1 3zrr.03 



OBSERVED ANGLES. 73-1. 

A t LVI-(Continued.) 

elanuary 1849, observed by Mr. G .  Logan with Bawm's 36-Lch Illreodolite. 

Probabilities and 
h e r o l  Mesne. 

Probability = 0.09 

56O 5gr 401'04 

hglea. 

LV & 
LVIII 

Meane 

Seconds of Observed Angles at each Zero 

oOw iwOw sow 1 8 9 0 ~  ia0v ioaOv now m w  

1 n n r) N a P n 

R 39-84 h 40.74 h 39-66 h 38-54 h 40.06 h 40.00 h 38.86 h 40.60 
h 39'56 h 40.34 I 40.82 h 40.94 h 39-92 h 40.00 h 41.1 a h 39-56 

39-70 40'54 40'24 39-74 39'99 40.00 39-99 40'08 

At LVII 

Januay 1849, observed by Mr. G. Logan with Bawow's 36-inch Ilreodolite. 

Angles. 

'2 

Mean8 

LV 
LIX & 

Meam 

LV & 
LIV 

Meane 

Seconds of Observed Anglee at each Zero 

0'0' 180° W 9'0' 189'0' 18'0' 198aW 27'0' lW0' 

Probebilitiea and 
Oeneral MesIlll. 

It It I1 I1 11 

Z 60.02 2 60.08 Z 57-84 2 59-40 Z 59'44 Z 
Z 51-88 Z 57-48 1 59.08 Z 58.68 1 57-60 Z 

z 58'52 

58.95 58'69 58.46 59-04 58-52 

1 7-50 Z 7-16 2 7-06 Z 7'28 Z 9.36 Z 8.14 1 6.72 Z 8-70 
2 7-76 Z 9-38 1 7-20 7-62 Z 7-12 1 8.28 1 7-76 Z 9.30 

7-63 8-32 7-13 7.45 8'24 8-21 7-24 9.00 

1 30'12 Z 18.28 2 29-06 Z 27-22 2 30.08 2 28-80 1 30.64 2 28-00 
1 30.74 28-44 28.90 h 28'14 Z 08.36 Z 28.72 2 29'28 1 27'26 

30.43 28.36 38-99 27.68 29-21 28'76 19-96 07-63 

Pmbability = o.OI 

54' 31' 7'po 

pmbability = o.33 

70' 32' 2Ba.88 



k 
A 4-r. KORTH-EAST LONGITUDINAL SERIES. 

At LVIII 

January 1849, observed btJ Nr. G .  Logan with BMTO~D'S 36-inch Zheodolite. 

Angles. 

LV1 
Lv  

Means 

LV & 
LIX 

M a u ~  

Seconds of Observed Angles at a h  Zero 

OOW 1WO' 9"O' 185mO' lSOW 196W 27'0' U)700' 

N n 4 n n 4 N n 

5.3'1~ ~ ~ ' 9 4  56'58 54'2s ~ 3 . 4 ~  54'44 33-74 5 3 . 1 ~  
h 52.30 1b 55'18 1 56-60 h 54.72 h 52.62 h 53.30 h 53.34 h 54'00 

52-74 56-06 56'59 54'47 53-04 53'87 53'54 53'59 

h 58-88 h 57.02 1 59.04 1 59.04 h 57.70 h 57.62 h 60.02 h 59.34 
h 57.83 h 58.04 1 59.18 Z 57.58 h 60.00 h 58-56 h 60.22 h 58.54 

58.35 57'53 59'11 58'31 58.85 58.09 60.12 58-94 

Probabilities and 
Cfenerrl Meane. 

probability = c.4(i 

54O 261 54"'24 

m b a i t p  = o.26 

5i015'58".66 

At LIX 

Januay 1849, observed by Mr. G. Logan with Barrow's 36-inch fiodolite. 

LVIII & 
LV 

h l e a ~  

Lv ' 
LVII 

Meana 

* 

Seconds of Observed Angles at each Zero 

PC? lSOwW 9'0' 19S0W 1B0W 1B8°W 2700' WO' 

11 11 11 11 11 11 I1 It 

h 32.22 71 30.82 1 34.62 h 32.60 h 31.88 71 34.16 Z 31-58 133.52 
h 31.76 1 31-50 I33-40 h 33-02 Ir 32.82 h 32.38 h 32.26 R 31-96 

31-99 31-16 34'01 32'81 32-35 33-27 31.92 32.74 

h 28-12 h 29.90 h 26.40 h 26-16 h 27.8a h 25.82 1 26.56 h 25-70 
h 27-92 Z 31.12 h 25.12 126.44 h 28.60 b 26.74 125.06 h 16-54 

h 26.98 

28-02 30'51 26.17 26'30 28.21 26.28 25-81 26'16 

Probabilitits and 
aenerrl Means. 

P m b a b i .  = o.29 

$5' 1' 32"'53 

PmbabIlity = 

60' 30' 27"'18 

i 



OBSERVED ANGLES. 

A t  LIX--(Continued.) 

January 1849, obscrved by Mr. G. Logan with Barrow's 36-imh fieodolite. 

h g l e a  

"I1 & 
LX 

Meam 

LX 6. 
LXI 

Means 

Secollds of Observed Angles at each Zero 

OOW 180°0' g00' 189OW 18'0' 198OW 27'0' 20T00' 

n II I ,I N ,I n n 

h 6.56 h 2-40 h 3.24 71 4-64 h 2-62 h 4'3a 1 6-24 Z 2.84 
h 5.12 1 298 h 4.74 h 1.96 h 3.76 h 4.18 1 3.30 h 3-01 

2 3'44 

5'84 2'94 3'99 3-30 3-19 4-23 4'77 2.94 

h 60.52 h 63.58 h 61.86 1 62.86 h 62.82 h 62-38 1 61.94 h 59.50 
h 60.08 1 62'96 h 63.32 h 61.24 h 62.34 h 61.74 1 60.44 h 61.20 

60.30 63.27 62.59 62.05 62.58 62.56 61-19 60.35 

Pmbsbilitios and 
Qeueral Means. 

Probability = 0.34 

67' 6' .3'"90 

= 0.37 

57' 35' P.86 

At LX 

January 1849, observed by Mr. G.  Logan with Barrow's 36-inch fieodolite. 

h g h .  

LXII L 
LZiI 

Means 

LXI & 
LIX 

Means 

5 

Seconds of Observed Angles at each Zero 
Probabilities and 
General Means. 

OOcY 180°W 9.0' 109.0' 18'0' 1 W W  81'0' !&'OW 1 
w 

4 a I n 4 4 n 4 

h 49-62 1 46-72 2 48-44 147.04 2 45-30 1 46-18 47'34 1 46-20 
h 49'34 1 46'36 1 47'34 h 45'74 1 45'94 1 46-18 1 48.06 1 47-24 

49.48 46-54 47'89 16-39 45.62 46-18 47-70 46.72 

139.60 136.94 13816  h36.08 136.48 139.32 1 39-70 139'82 
h 38'58 1 37-46 1 39-72 h 38'44 Z 37'24 h 38'70 1 36'82 1 39-14 

39-09 37-20 38-94 37'26 36'86 39-01 38'26 39'48 

prObaKditY = o.41 

61~a7~47"*07 

Pmbability=0.34 

62' 27' 38.26 



NORTH-EAST LONGITUDINAL SERIES. 

A t LX-(Continued.) 

January 1.849, observed By Nr. G. Jogan with Bawow's 36-imh ZJmdolite. 

bnplee- 

Li;Ia 

Means 

Seconds of Observed Angles at each Zero 

0'0' 180'0' 900' 189'0' 18'0' 198'0' 2700' 20500' 

11 I1 11 n If I1 11 I1 

h 60.66 Z 59-52 1 56'72 h 60.20 h 60.12 h 58.20 1 58.20 Z 56'64 
h 60.62 h 62-90 2 56.12 h 58.56 h 59-44 h 58-44 1 58.36 1 59.38 

b 59.16 1 56'74 

60.64 60.53 56-53 59-28 59-78 58-32 58.28 58-01 

Probsbilitiw snd 
General M- 

Probability = 0.46 

63' 45' 58"'92 

At LXI 

December 1848, observed by Mr. G. Logan with Bawow's 36-inch 27reodolite. 

Probebilities and 
General Meana 

Probability = 0.36 

59°57119N'75 

Probability = 0.40 

67°5918"'28 

Probability = 0.22 

54O 1' 33"'99 

dnglea 

LIX & LX 

Means 

LX 8t 
LXn 

Meanfj 

'*I ' 
LXIII 

Meam 

Seconds of Observed Angles at each Zero 

000' 18O00' 9'0' 189'0' 18'0' 398.0' WO' 20700' 

I1 11 I1 11 11 I1 11 11 

I 18-04 71 17-96 1 19-36 h 19-00 h 20.56 1 21-34 h 19.98 1 18-78 
h 18-76 h 19.84 1 20-oz h 19-94 2 19.66 Z 22.80 h 19-34 1 20.48 

1 19'98 

18-40 18.90 19.79 19-47 x ~ n  22-07 19.66 19'63 

h 7'30 h 7-54 1 10.84 h 9-10 2 5.80 1 10.96 h 9-34 2 9-16 
h 7.40 h 6.52 2 7.72 h 8.50 1 7-68 1 9.16 h 9.50 1 6-66 

1 8-20 

7-35 7-03 8-92 8'80 6.74 10.06 9'42 7.91 

k 34-20 h 36'00 z 33-12 h 32-42 z 33'90 z 32-50 h 33'34 h 34-84 
h 33.~0 h 34.18 1 34.38 h 34-22 1 34.16 1 33.86 h 33-30 h 34.58 

h 35'82 

33'70 35'09 33'75 34'15 34-03 33-18 33-32 34-71 



WSERVED ANGLES. 

At L9LI 

December 1848, obsertted by Mr. G.  Logan with Barrow'e 36-inch 27ieodolite. 

Anglea. 

''IV ' 
"In 

Means 

LXIIl & 
LXI 

Meam 

' 
LX 

Means 

Seconds of Observed Anglea a t  each Zero 

0'0' 180'0' 9'0' 189'W 18' 0' 198'0' 27'0' 207'0' 

II I, II n II n n n 

h 27-66 1 25.08 h 29.84 z 28-50 h 25.88 h 28.60 1 27-20 1 28-42 
1 2 -  Z 25-64 h 18-12 1 26.56 1 27-26 h 28.50 1 0 1 27.98 
1 28.28 1 29'00 

27-79 25-36 28'99 27-53 26.57 98.55 27.11 28.20 

1 36'78 1 37-38 h 39.62 1 34-14 h 36'62 h 39-64 1 35-76 Z 35-06 
1 36.16 1 36.54 Z 32.40 1 36.24 1 40.96 h 35-28 1 36-50 137.70 

z 35'00 1 38.44 1 35'46 
1 37'9" 

36-4; 36-96 36.24 35.19 38.67 36.79 36-13 36'38 

2 5-42 1 8.04 Z 4-06 1 2.38 2 7-04 h q7a 1 5-38 1 424 
Z 8.14 1 5.82 1 5-32 1 5.04 1 3.64 h 5.18 1 6-21 h 3-81 
1 3-92 1 5'42 k 8.02 

5.83 6.93 4-69 3-71 5'37 4-95 5'80 5'36 

Probabilities and 
General Means. 

Probability = 0.39 

59' 40' 27".51 

Probability = 0.33 

60°48'36"~60 

Probability = o-31 

so0 33' 5"'33 

At LSIII 

December 1848, observed by Mr. G. Logan with Bawow's 36-inch Zhodolite. 

Anglaa. 

LXI L 
L n I  

Meana 

Seconb, of Observed Angles a t  each Zero 

0'0' 18090' 9'0' 189'0' 18'0' 198'0' 21'0' 207'0' 

11 11 11 11 I1 If If l r  

1 50.48 Z 47-80 h 49.84 1 51.18 1 49'90 1 49-02 h 49-30 I4866 
Z 50'30 1 50'26 h 49'46 1 50.56 1 48'72 1 48.14 h 49'98 1 49'34 

50'39 49-03 49-65 50'87 49-31 48'58 49-64 49-00 

Probobiiitiea and 
General M e n u  

Probability = 0.25 

65' 9' 49"'56 



78-1. KORTH-EAST LOXGITUDIEAL SERIES. 

A t LXIII--(Continued.) 

December 1548, observed by Jfr. G .  Logan with Barrow's 36-inch liTleodoEite. 

Angles. 

LxTT & 
LXl V 

Means 

Seconds of Observed Angles at each Zero 

OOW 180°0' CJOO' 1S9001 lSOO' 198O0' 2TD0' 207'0' 

11 11 I1 11 I1 I1 I1 I1 

1 38.50 1 36.46 .I& 39.80 2 40.78 2 3i.20 2 40.94 h 39.38 7r 39-40 
2 36.92 1 36.28 h 39-04 1 39.46 Z 39.38 Z 40.72 h 39.04 1 38.64 

I 38.92 

37-71 36'57 39'42 39-72 38.29 40'83 39.21 39-02 

Probnhilitim and 
Gened Metuis. 

Pmhabilitg = 0.43 

62O44'38".85 

Harch 1847, observed by Nr. G.  Jogan zoith Barrow's 36-inch fl~eodolite. 

Probabilitg=o.17 

59' I 7' 0"'57 

LXIV & 
LXV 

Seconds of Observed Angles a t  each Zero 

0° 0' 180° 0' 12" 0' 192O0' 24O 0' 24M0 0' 

n n n N N II 

h60.10 h60.18 h60.26 h61.68 160-no 161-zz 
h 60.70 h 60.36 h 60'70 Z 61.08 Z 61.31 2 59.08 

60.40 60.2 7 60.48 61.38 60.76 60. I 5 

At LXN 

March 1847, oberved by Mr. G. Logan with Bawow's 36-inch 57ieodolite. 

Probabilities and 
General Means. 

Probability = o.15 

60' 21' 43"-33 

Anglea. 

LXVI & 
LXV 

Means 

Seconds of Observed Angles a t  each Zero 

0° 0' 180° 0' 12O 0' 192' 0' No 0' 204O 0' 

n II II II n ,I 

h 43'26 7a 43-38 1 44-13 1 42'88 Z 42'96 1 42'64 
h 44.60 h 43.68 1 42-78 Z 42.60 1 43'14 43.94 

43'93 43'53 43'45 42'74 43 '05 43'29 



OBSERVED -4XGLlB. #. 

1 9-1. 

A t  LXIV-(Continued ) 

Jfarch 1847, oJscrved by Jfr .  G .  Logan with Barrow's 36-inch T4eodolite. 

Probabilities and 
General Xoana. 

Pro~,,ility=0.28 

62' 0' 23"12 

Seco~ids of Observed Angles nt etlcli Zero 
Angles. 

180' 0' l z O  0' 192' 0' 3A0 0' 204O 0' 

LSV &-, 
LXI I I 

hiertn~ 

N n II n n II 

h22.26 h2.3'64 223.78 213.26 a Zaa'92 
h n 1 . 2 ~  h23.12 l22.92 12.+ '08 Ea3.76 1 2 2 . ; ~  

21.74 ~ 3 . 3 ~  23'35 ~ 3 . ~ 7  23'73 22.82 

December 1848, obseroed by Mr. G .  Logan with Barrow's 36-inch neodolite. 

Probability = 0.32 

5 7' 34' 55"'93 Meana 

Seconds of Observed Angles at each Zero 

0'0' lWOW 9'0' 189OW 18OW 19S00' 27'0' 207'0' 

N n n n n II n I 

Z 55.68 1 53.98 E 56.50 1 5.5'46 1 55-48 1 56-12 1 56-06 Z 55-46 
2 51-10 1 54.00 1 57.56 1 56.78 1 55.28 1 56.20 1 56.44 I 55.54 

57'9Z 

56-90 53.99 5 7 ' 0 3 ' 5 6 . 2 2  55-38 56.16 56-25 55-50 

A t  LXV 

March 1847, observed by Mr.' G.  Logan with Barrow's 36-inch Theodolite. 

Probabilities and 
Qe~ieral Mesns. 

probability = o.I 

58' .+a1 3;11-08 

Anglea. 

LXIII  & 
LXIV 

Means 

Seconds of Observed Angles at each Zero 

0° 0' 180° 0' 12*W 192' 0' 24' 0' W0 0' 

11 11 I1 It I1 11 

h 36.60 h 36.62 2 36'26 1 3 7'04 Z 37'88 E 37-64 
h 36.92 h 37'04 1 37.66 1 36.28 E 37'54 1 37'5% 

36.76 36-83 36'96 36-66 37'71 37.58 



80- I. NORTH-EAST LOXGITUDINAL SERIES. 

At LXV--(Continued.) 

March 1847, obserced by X r .  G.  Logan with Bawow's 36-inch Tlleodolite. 

LXIV & h 32.36 1 33.28 1 33-72 1 33110 2 32'54 33.66 I LxVI I h 2 2  h 33-36 33-40 33.74 1 32.56 1 32.96 

At LXVI 

March 1847, okerued by Mr. G. Jogan with Barrow's 36-inch ~ o d o l i t e .  

probability = o.rg I 

&am 1 29-04 =9'45 29'36 28'90 29-61 29-08 57' 20' 2g1"24 

Angles 

LXVIII & 
LXVII 

Means 1-21 1'37 1-13 1-25 57' 11' 1"-5o 

Seconds of Observed Angles at eaoh Zero 

0° 0' 1W0' 12" 0' 192' 0' BC 0' 2W0 0' 

I 

LXVII & 
LYV 

Probabilitica and 
General Meana 

h 49.08 Z qg-02 h 47-70 1 47'80 1 48-42 2 48'84 
h49.42 148.68 h47.70 148'74 148'18 147.88 

Probability = 0.20 

h 3-16 Z 1-34 h 1.72 2 1.38 2 1-26 Z 1-82 
h 2.14 h 1.08 h 1.02 1 0.88 Z 1.24 Z 1.92 
h 1.12 

LXV & 
LXIV 

Means 

Probability = 0.15 

h 43-20 2 43.70 h 41-46 1 42'52 2 44'34 44'64 Prnbability = o.25 
h 44';~ h 43'26 1 4.4'80 1 43.02 1 44-30 Z 43'66 

43 '96 43'48 44'63 43-77 44'3 2 44'15 



OBSERVED ANCLFS. 

- - 

A t  LSVII 

March 1847, observed by Mr. G. Logan with Barrow's 36-inch neodolite. 
- 

Probabilities Qcucral M w u .  nnd 

Pmbability = 0.15 

65' 28' 2gq'74 

Rohbility = 0.30 

46' 40' 3 1 ~ ~ 6 7  

hb.bility = 0.c8 

. 62' I I' 29rr'53 

Anglee. 

LXV & 
LXVI 

Means 

L I V I  & 
LXVLLI 

Means 

LXVIn 
& LXIX 

Means 

Seconds of Observed Angles at each Zero 

0'0' 180'0' 5'0' 189'0' 18'0' 198'0' 27OW 207'0' 

11 11 11 11 I1 'I 11 I1 

130.56 h 29'02 1 30.56 2 29'12 h 29'4 h 30'14 h 30.14 2 30.54 
h 29.56 1 30'88 1 30.10 E 29.30 h 29-14 h 2g'.+a 1 28.36 1 29.72 

30.06 29.95 30.33 2 g - z ~  29.24 29.78 29-25 30.13 

h 30'90 h 31-16 1 32.56 z 31.88 h 32.50 h 31'32 h 30.30 1 31-22 
h 29-46 1 31.66 1 33-22 1 32-22 h 32.46 h 31-28 1 31-34 1 33.18 

30'18 31-41 32-89 52.05 32'48 31-30 30.82 32.20 

h 28.80 h 29.72 t? 19-64 Z 30.22 h 29'28 h 2y.14 1 29'30 1 29-60 
h 30.00 1 29.90 1 30.14 1 29-10 h 29'4a 129.86 1 29-70 1 28.64 

29.40 29.81 29.89 29.66 29.35 29.50 29-50 29-19 

At L X V m  

March 1847, observed by Mr. G. h g a n  with Barrora'a 36-inch 2%eodoZite. 

Anglee. 

LXX IB 
LXIX 

Meane 
0 

Seconds of Observed Angles at each Zero 

000' 180°W 9'0' 189'0' 18'0' 198'0' 27'0' W O W  

11 11 11 11 11 I1 11 11 

133.68 Z 3q20 1 35.02 h 33.78 Z 34.44 1 33.06 Z 34.0~ Z 33-52 
A 34-26 1 35.00 A 34.9~  h 33-18 Z 33.56 1 34.10 1 33.48 1 34'78 

33'97 34'60 34'97 33'53 34'00 33'58 33'75 34'15 

Probabiitiea and 
General Meana 

= o.17 

- 

58' 14' 34"'07 

d 



83 -1. XORTII-EAST LOSGITvDINAL SERIES. 

A t  LSTIII-(Continued.) 

ilfarch 1847, obsert~ed by Jfr. C. Zogan with Barrow's 36-inch Theoclolite. 

Prohubilitics and 
Geneml Means. 

Probability = o.IS 

$4' or 17'"69 

Probability = 0.39 

62' 38' 4orr.77 

Angles. 

L I J h  & 
LSVII 

AIcana 

LXVII  & 
L x V I  

Means 

Secor~ds of Observed Angles a t  each Zero 

GOO' 1!30°0' b°C' 18L0L' 1 6  0' 19S0 0' 27'0' 20i00' 

# 11 I r, I n II N 

A I 7-08 l 17.80 l 16.58 1 38-42 2 17-46 1 18.00 1 18.24 E 17.32 
h17-12 116.94 h 1 7 . 9 ~  h18.08 l18.06 118.31 2 r ; ' + +  117.12 

I ;  17'37 17'25 18.25 17.76 18-17 17.84 17.22 

h 42.26 1 41.16 1 41-2.+ h 40-20 i 39.12 1 42.62 2 39.44 1 39.20 
h 12.34 1 41.86 h 40.74 h 39.14 2 39'50 z 41.16 1 42.30 i 39'68 

42.30 41.71 40.99 39'67 39.31 41'89 40.87 39'4.4 

At LXIS 

Fcbrua~.y and March 1847, o k e r t d  by Mr. G. Logan with Barrow's 36-inch Zkodotite. 

Probabilititw and 
General Meana. 

Probabil i tyt0.15 

63'48' 13~'01 

Probability = 0,20 

61'57~13~~'53 

pmbability = o.16 

58' 8' ag4'65 

Angles. 

L X V I I &  
L x v I I I  

Means 

LSVIII 
& L S X  

Meana 

Seconds of Observed Angles a t  each Zero 

OOW 180" W 9" W 18S00' 18'0' 198"W 27'0' 207"O' 

n 4 n 4 4 4 4 R 

2 12-74 212.68 ~ I I - 3 2  E 13-34 h12-84 2 13-26 h13.08 114.76 
113.62 2 1424 h 1 ~ 8 4  h13.04 E 12'33 112.98 h12.34 212.62 

h 13.94 h 12'54 
h 13-40 

13.18 13-46 12.38 12-97 12.59 13-12 12-71 13.69 

1 1436 h 13*12 h 15.02 h 13'60 A 13.00 2 14.08 h 13-12 A 13-18 
h13.68 h13-44 h14.46 h13.12 h13.88 112.84 h1a.48 h13.04 

14-02 13.28 14-74 13.36 13-44 13-46 12-80 13-11 

h 29-68 11 28.88 h 28.38 ?I. 28.60 h 19.70 2 30.34 h 29.10 h 30.18 
h 30.20 h 29.10 h 30.68 h 29.74 h 29.40 1 30.56 h 29-92 h ~ ~ ' $ 8  

Means 29-94 28-99 29.53 29-11 29.55 30.45 29-51 36'03 



OBSERVED ANGLES. 83-1. 

At LXX 

February 1847, o6served 6y Mr. 0. Logan with Barrow's 36-inch Theodolite. 

Probabilities and 
Qeneral Means. 

Pmbability = 

5%' 25' 29rr'22 

Pmbability = 0.17 

70' 28' 9"-1 I 

Probability = 0.1 I 

59' 48' 13"-46 

Angles. 

* 

L I X I I  & 
LXXI 

lrieans 

L X I I  & 
LXIX 

Means 

LXIX & 
LYVIII 

Neane 

Seconds of Observed Angles at each Zero 

0'0' 180°0' 9'0' 189'0' 18'0' 198OW 27'0' 207'0' 

rr rr II 11 f r  11 I1 11 

h 28-50 Z 29.74 Z 28.78 h 28.98 Z 19-32 Z 28.88 Z 29.80 1 28.40 
h 28.94 1 28.40 h 28.46 h 29.28 z 28.52 1 30'14 1 31-18 1 30.24 

28-72 29.07 28'62 29.13 28.92 29-51 30.49 29.32 

h 9.88 Z 8-74 Z 8-14 h 8.88 Z 10.34 Z 9-04 1 9.86 Z 9.64 
h 8.56 Z 9-90 E 8.54 h 8.36 1 9.44 1 9.88 Z 8.64 Z 7.96 

9'22 9.32 8.34 8.62 9.89 9-46 9.25 8.80 

h 13-14 Z 13.24 Z 13-56 h 12-48 z 14'12 Z 12-60 Z 13-56 1 12.40 
h 13.98 Z 13.14 1 13.12 h 13-56 Z 14.36 1 14.30 1 13-20 1 14-38 

13'56 13'19 13-34 13-12 14.24 13.45 13'38 13.39 

At LXXI 

Februaty 1847, okerued by Mr. G. Jogan with Barrow's 36-inch Zkodolite. 

Probabilities and 
General Means. 

pmbability = o.29 

51' 23' a2'"31 

Anglea 

LXm & 
LXX 

Means 

Seconds of Observed Angles at each Zero 

ObO' 180'0' 9.0' 189'0' 18'0' 198'0' 27'0' U)5'W 

rr 11 rr II r l  r l  rr rr 

h 23'74 h 21.06 h 24-00 h 23-21 h 2a.68 h 22-54 h 21.66 h 22'42 
h 22.82 h 20.76 A 23.40 h 22.18 h ar..+o h ar.+a h 21-42 h 2 1-24 
h21-2% ha1-06 h24.71 
h 21.74 

12.38 20'96 24-04 22'70 22-04 21-48 21'04 21-83 



84-1. NORTH-EAST 1,Oh'CITVDTNAL SERIES. 

d t LSXI-(Continued.) 

February 1847, observed by Mr. G .  h g a n  with Barrow's 36-a'mh Theodolite. 

Anglee. 

LXX & 
LXXII 

Means 

Seconds of Observed Anglcs at  each Zero 

OO(Y 18O0(Y 9°C)' 189"0' 1So0' 108°(Y 2500' 20700' 

Probnbilitirs nnd 
Oclleral Mcslla 

h 28.22 h 29-18 1 30.78 h 29.64 IL 29.58 Z 30.04 z 30'08 1 29-00 
h 2 0  h 30-26 1 29.68 h 2 0  ,? 2 1 29.68 l 3034 1 30.06 

Means 29-11 29-12 30.23 29.34 29-36 29'86 30.26 29-53 

I' 11 11 11 11 

h 25.54 ?I 26'60 2 24-64 h 24-38 h a5*00 Z 
h 27.2" 26.66 1 25.80 1 25.08 Z 24.94 1 

1 24.90 

26.38 26'63 25-11 24.73 24'97 

Probability = 0.14 

60' 19' 29"'68 

At LSXII 

February 1847, observed by Mr. G.  Logan with Bawow'a 36-inch fieodolite. 

Anglea 

LXXIV & 
LXXIII 

Means 

LXXIII &, 
LXXI 

Mema 

Seconds of Observed Anglcs at each Zero 

Ou(Y 180° 0' Q0(Y 189-0' 18" 0' 1960' 279 0' 207'0' 

n n II n n n n n 

h 40.08 lr 40.86 Z 38.68 h 39-72 h 38.18 1 I Z 40.38 1 38.70 
1 40.28 h qr-;o h 39-90 h 39'7% h 39'62 2 39.06 1 40-fz 1 40.56 

40.18 41.28 39-29 39'72 38-90 40-08 40'55 39-63 

71 24.74 h 25-46 1 26'36 1 24.96 h 26-04 1 24'50 2 25'88 Z 23-90 
Z 24.44 h 24-14 ir 24'64 1 26.34 h 26.40 1 24.76 1 24-92 Z 25.40 

24-59 24.80 25-50 25-65 26.22 24-63 25-40 24'65 

Probabilities and 
General Means. 

Pmbabilitg = 0.25 

5.3' 40' 3gt1.95 

Probability = 0.20 

50' 15' 25".18 



OBSERVED AXGLES. 

A t  LXXII-(Continued.) 

February 1847, observed 6y Jfr. G .  Logan with Barrow's 36-inch nieodolitc. 

Angles. 

L E x &  

Seconds of Observed Angles at  each Zero 

0'0' 180°0' 9'0' 18S0V 18"01 198'C1 27'0' 207001 

1' I' It 11 If If 11 I1 

k5.34 A4.96 16.34 16.14 h6.26 25.90 14.72 7'38 
1 5-51 h 8.18 I 7.76 1 5.30 h 5.92 1 7.08 1 5.38 1 4.60 

h 6.28 h 7.14 

Probabilities and 
Oenernl Means. 

Probability = 0.21 

Means 7.08 5-72 6.09 6.49 5.05 5.99 65°49'6'"04 

A t  LXXIII 

F e h r y  1847, observed 6y Mr. G.  Logan with Barrow's 36-inch Theodolite. 

Prohbilitiea and 
General Means. 

Probab'Ility = o.lI 

69" 25' 5"'04 

Pmbab'Ility = o.21 

72' 4' 52"-42 

Angles. 

LXXI & 
LXXII 

Means 

LXXIT & 
LXXIV 

?deans 

Seconds of Observed Angles at each Zero 

0°0' 180°V 9'0' 189OV 18O0' 198OV 27OV 2 G 0 V  

I1 If I1 11 I' I' I' 11 

2 4'zz Z 4.80 A 4'32 h 5.06 Z 4.54 1 6.62 Z 5-54 1 5'62 
Z 5.10 1 4.52 7r 5.46 h 4.98 1 5.18 Z 4.30 Z 5-16 2 5.16 

4.66 4-66 4.89 5.02 4'86 5-46 5.35 5'39 

1 53-48 Z 52-78 h 53.24 1 52.18 1 51.84 1 53.30 1 51'64 1 51-32 
Z 52-66 Z 52-98 h 53-06 1 52.94 1 51-64 Z 51.82 Z 51.76 1 52-04 

53-07 52.88 53.15 52-56 51-74 52-56 51-70 51-68 

May 1846, observed 6y Mr. G. Lagan with Bawow's 36-inch i'leodolite. 

Probability = 0.1 8 

67" 25' 14"'70 

& 
LXXV 

Means 

Seconds of Obeerved Angles at  each Zero 

000' 180°V lZO V 192OO' 24O V %Moo' 

rr 11 If I1 If I1 

16.12 z 15.46 1 15'30 z 14'20 1 14'20 z 15'70 
1 14.60 Z 14-84 Z 14.3% Z 13-42 1 14.90 1 14-26 
1 r.+'oz 

14'91 15-15 14'81 13'81 14-55 14-98 



86-1. NORTT~.EI\ST LONGITUDINAL SERIES. 

At LXXIV 

May 1846, observed by Jfr. C. Logan with Bawow's 36-inch Theodolite. 

Angles. 

Scconds of Observed Angles a t  each Zero 

Go W 18G00' l Z O  0' 193' 0' 24' W 205' 0' 

Pmbabilitics and 
General Means. 

Probability = o'rg 

56' 5' 10'"56 

Probability = 0.15 

57' 43l 9* '8~  

Ncans 10.18 11.25 10.15 10.43 1°'55 I 0.69 

LXXV & 
LXXIII 

Means 

1 9 . 2 2  1 9 - 7 2  1 9 - 8 6  1 9 ' 7 6  z1o.10 1 9 - 9 4  
110.16 1io.10 1 9 . 7 6  1 8 . 5 0  Z1o.46 l1o.30 

g59 9'9I 9.81 9-13 10.28 10.12 

Februay 1847, o6served 6y Mr. G. figan with Barrow's 36-inch Ilieodolite. 

Rohbility = o.30 

52'1.+'28"-18 

LXXIII 
6; LXXII 

Means 

Seconds of Obwrved Angles a t  each Zero 

OOW 180°W So 0' 189OW 18'0' 19€i0W 27"W 20700' 

I1 I1 11 11 11 I1 11 I1 

h 27-08 1 27-66 1 29.28 1 28'44 h 29.64 h 29.20 h 27'28 h 27-94 
1 27-26 1 27.68 2 29.88 1 27.90 h 29-10 h 27.68 h 28-10 h 16.18 

1 29.56 h 26.88 
A 28-30 

27.17 27.67 29'57 28'17 29'37 28'44 27'69 27-33 

At LXXV 
May 1846, observed by Mr. G. Logan with Barrow's 36-inch %odolite. 

Angle5. 
Seconds of Observed Angles a t  each Zero 

0° 0' 180° 0' lZOW 192OW 24" W ?.UC'W 

Probabilities snd 
Qwneral Meanu. 

n 4 w w 

E3i.18 135.24 236'20 236.06 136.16 $35'74 
1 37.20 Z 36.10 1 36.38 Z 36-32 2 37-32 1 36.82 

36.79 3s67 3&29 36'19 36'74 36'2 8 

Probab'ity = 0.15 

54O 51' 36*.33 



OBSERVED ANGLES. 87-1, 

A t  LSXV--(Continued.) 

May 1846, observed by Mr. G .  Logan with Barrow's 36-inch ZX~eodolite. 

Probabilities and 
Chneral Means. 

Probability = 0.27 

57' 7' 26"-87 

Probability = 0.10 

66' 37' 57*'72 

Angles. 

LXXIVg; 
LXXVI 

Meam 

LXXVI & 
LXXVII 

Means 

Seconds of Observed Sngles at each Zero 

0° 0' 180° 0' 12- 0' 192O 0' ZrOO' WO' 

w ,, v w I w 

Z 25-04 1 2;-90 1 26'52 1 27.84 1 27-36 1 26'82 
1 25.58 1 27.6~ Z 26.62 1 2684 2 26.64 1 27.02 
1 26.26 

25-63 2776 26.5 7 27'34 Z;.OO 26.92 

1 57'80 1 57-36 1 58.22 1 56.18 1 58-14 1 57.76 
1 57'3a 2 58-06 2 57.10 1 58.36 1 57.96 1 58.08 

57-56 57'71 57'81 57-27 58-05 57'9% 

A t  LXXVI 

A p ' l  1846, o8served by Mr. G. %an with Bawow's 36-inch %odolite. 

Bnglea 

LXXVIII 
& 

LSXVII  

 ifmu mu 

L X X n I  
& LXXV 

52'79 53'72 53.08 53'77 53 '05 
.. 

Seconds of Observed Anglee at each Zero 
Probabilities and 
Q e n d  Me- 

0° 0' 180° w 12O 0' 19Z0 0' ZC' 0' %Mow I 
/ 

I a a a a w 

1 11'12 1 ~0.78 2 13.40 1 13'02 8 12-26 h 10'90 
E12.08 111.08 112.60 110.96 1 1 1 ' 4  h11.94 

I 1-60 '0.93 13'00 11.99 I 1-85 11'4% --- 
z 54.04 1 5a.40 1 53-70 1 53-56 Z 53-72 h 52'54 
1 53-86 1 53'18 1 53.74 1 5z-60 1 53'82 h 53'56 

Probability = 0.26 

54' 6' r f.80 

Probability = 0.1 8 



NORTH-EAST LONGITEDINAL SERIES. 

A t  LSSVl-(Continued.) 

April 1846, obsmved by Mr. G.  Logan with Bawow'a 36-inch fl2eodolbte. 

Probabilitira and 
& n d  Mean?. 

Probability = 0.1 r 

66" 47' 23"'48 

Anglea 

LXXV d: 
LXXIV 

Means 

Seco~~ds of Observed Anglee at each Zero 

0° 0' 18a00' 1PW 192'0' 2 4 O  0' 204'0' 

w I I I a n 

Z 23.60 Z 2 q 1 2  23.72 Z 23'92 23.68 k 24.00 
E 22'60 1 23.68 z 23-70 1 22.60 2 3 ' ~  6 22'74 

23'10 23 P O  23'7 1 23-26 23-56 23'37 

Aa LXXVII 

Ap' l  1846, observed by Mr. G.  Logan with Barrow's 36-inch Dieodolite. 

LXXV & 
LXXVI 

Means 

L X X ~ I  
LXXVIII 

Seconds of Observed Angles at each Zero 

000' 18000' 1PW 1920 (Y U O W  204- 0' 

w 11 H I' If w 

z 8-78 : 9'76 
z 9-46 z 10.52 6 9-20 

z 10'20 11-26 h9 .40  E10.28 zI0'40 Z11.08 
Z 10.26 

9'49 10'43 8.90 9'87 I 0.46 10.14 

1 54'86 51-94 : 55'24 53'52 Z 56-18 1 56.16 
2 53-56 Z 55-02 56'76 2 52'88 55'8% 54'31 

Z 55'86 

Probabilities and 
aaneral Means. 

P1.obsbity = 0'22 

56" 18' g1"88 

pmbabaty = w40 

54'98 55'95 53'20 $-00 55'24 58' 6' 54"'93 

LXXVIIT 
& LXXIX 

Means 

1 25.24 2 26.88 2 25.46 2 25.98 Z 25.26 Z 25.6 
2 27-30 Z 25.60 Z 26.10 Z 27'48 1 26.56 Z 26'34 

26-27 26'24 ~ s ' i 8  26.73 25'9' 25'89 

Pmbebatg = 0.13 

61' 2' 261'14 



OBSERVED ANGLES. 

A t  LXXVIII 

Api l  1846, observed hg Mr. 0. Logan with Barrow's 36-inch YZeodolite. 

Probabilities and 
General Means. 

0 

Probability = 0.16 

55' 52' I 7**76 

Probability = 0.36 

67' 29' 29"48 

Probability = 

6;' 46' 53"'78 

Anglea. 

L S x x  
R: 

L x m s  

Means 

LxxIx 
& 

LXXVII 

Means 

L53V11 & 

LXXVI 

Mcans 

Seconds of Observed Angles a t  each Zero 

O" 0' 1800 0' 12O 0' 192" 0' 24' 0' 20f 0' 

I1 '1 '1 1' I' 1' 

1 17.70 1 17'34 1 17-78 h 1 8 ' ~  1 18-46 1 16-06 
Z 17.56 1 18-02 h 18~;o h 17-74 1 17-28 1 17-18 

1 17.90 

17-63 I 7'68 18.24 I 8.09 17'87 17-05 

1 29-46 1 29'92 h 31'16 h 30.10 1 28.84 1 27-34 
129.10 128'94 h30.98 hzg.12 130'06 128.16 

1 28.56 

29'28 29'43 31-07 29-61 99'4.5 28-02 

z ~ 3 ' ~ ~  1 5 2 ' ~ 4  h 54.34 A ~ ~ ' 5 ~  I ~ 4 . 7 ~  z ~ 4 . 4 ~  
1 54'60 1 52386 h 54'6% h 53-70 1 54-08 1 53.38 

54'10 52.70 54'48 53'1 I 54'42 53'89 

A t  LXXIX 

April 1846, o6served by Mr. G. Logan ~oith Barrow's 36-i~tch Tlteodolite. 

Anglen. 

LXXVII 
a 

LXXVIII 

Means 

Seconds of Observed Angles at each Zen, 

0° 0' 180° 0' lZO 0' 192' 0' 2 4 O  0' 20f 0' 

0 11 1' 'I If It 

1 5.16 h 4.84 ,? 3-62 1 6.14 1 3-50 1 4'64 
1 4.18 h 4.88 h 6.08 1 5-33 1 480 1 4.78 

h 7'04 

4'67 4'86 5-38 5'73 4-15 4'71 

Pmbnbilitie~ and 
General X e u ~ .  

Probability = 0.22 

51' 28' 4"95 



90-1. NORTH-EAST LONGlITUDINAL SERIES. 

A t  LXXIX--(Continued.) 

'April 1846, o6serued by Mr. G. Jogan with Bawow'a 36-inch T?~?odolite. 

Angles. 

LXXV1ll 
& LXXX 

Seconds of Observed Angles at each Zero 

0° 0' 180° 0' 12.0' 192OW 24O 0' zoa"0' 

n n n n n n 

1 43'56 h41-44 1 43.42 1 41'06 1 43'34 Z 41'68 
1 41.68 h 43.50 5 43-18 Z 41-62 Z 42.14 Z 42-16 

h 42'24 

Pmbabiliticu and 
General Meane. 

Probability = 0.22 

580 59) 42"'34 

probability=o.22 

51' 56' 58"-03 

hfean~ 1 42-62 42-47 42.95 41-34 42.74 41-92 

L x x x  & 
LXXXI 

Means 

z57'36 h57'02 z58'44 z58'28 z 5 7 ~ 9 6  157'76 
1 58-38 57-60 1 58.78 Z 58.84 Z 58-98 Z 57.00 

57'87 57'31 58.61 58'56 58-47 57-38 

At L X X X  

AF'Z 1846, observed by Mr. G. Logan with Barrow's 36-inch Theodolite. 

Angles. 

LXXXlI  
& LXXXI 

blc~ns  

LSXXI & 
LXXIX 

Ileaus 

Seconds of Observed Angles at each Zero 

0° 0' 180° 0' 12' (Y 192OW %bO 0' 204OW 

n n n n n II 

L 52'88 h 52-04 1 53'82 2 52-28 Z 53-68 1 51-94 
h51aj4  h52.n  E53.86 E51.74 152-92 152'48 

52'31 52.08 53'84 5a.01 53'30 52-21 

h 16-52 1 16-02 1 14-48 1 13.98 Z 13-98 1 13.96 
h 15.78 h 15.02 Z 14-16 1 14-28 E 14.10 Z 13-72 

16.15 -'5'52 14-32 14.13 Il'O4 13% 

Probebilitiea and 
General Mesns. 

.. 

Probability = 0.28 

74' 7' 5zr1*63 

= 0,35 

71' 13' 1 4 ~ ~ 6 7  



OBSERVED ANGLES. 

' At LXXX-(Continued.) 

April 1846, observed by Mr. G. Logan with Barrow's 36-inch ~ ~ o d o l i t e .  

Angles. 

LXXIS 
& 

LSXVIII 

Means 

Seconds of Observed Angles at each Zero 

Oa V 180" 0' 12" V 192' 0' 24' 0' 2M0 0' 

It 11 I1 It It It 

h 3'56 h 0.96 Z 1-56 Z 0.14 Z 0.26 1 0.38 
h 2'34 h 1-46 1 2.42 Z 1.18 2 1.30 1 0.58 

2'95 1-21 1'99 0.66 0.78 0.48 

Probabilities and 
General Meana. 

. 
Probability = 0.36 

65' 8' 1 ~ ~ ~ 3 5  

At LXXXI 

April 1846, obsmfed by Mr. G. Logan with Barrow's 36-inch n~eodolite. 

Probabilities and 
General Yeana. 

Probability = 0.3 I 

56'' 49' 48".43 

Probability = 0.22 

56' 49' 28".28 

Probability = 0.20 

Angles. 

Seconds of Observed Anglee at each Zero 

0°0' . 180a V lZO 0' 192" 0' 24' 0' 2Q4O 0' 

Means - 7-16 7'2 7 6.02 6.1 7 6.25 6-45 

I1 It N 

LXXIX Z 50'34 h 47-08 R 48.44 h 48.16 1 47-86 Z 48.28 
1 49'36 h 47-36 h 48'46 h 48'84 Z 48-48 1 48'40 " ..;:-. 

Means 49'85 47'26 48-15 48.50 48'1 7 18'31 

LXXX 
& 

LXXXII 

Means 

LXXXII 
& 

LXXXIII 

Z 27-40 h 28.82 h 28-46 h 28.00 Z 28'68 2 28'90 
1 27-50 h 28.88 I& 28.32 h 27.62 1 27.86 1 28.72 

h 29.22 

27'4.5 28-97 28.39 27.81 28.27 28.81 

2 6.66 h 8-02 h 6.06 h 6.12 Z 5.76 Z 6.36 
1 7-66 78 7'34 h 5-98 h 6'22 1 6.74 z 6-54 

h 6-46 



92-1. NORTH-EAST LONGITUDINAL SERIES. 

At LXXXII 

March 1846, obswved by Mr. G.  Logan with Barrow's 36-inch neodolite. 

Probabilities and 
General Means. 

Probability = 0.21 

61' 23' 9'"25 

Probability = 0.29 

45' 16' ~~"'35 

Probability = 0.3 I 

49' 2' 39'"22 

Anglee. 

LXXXIV 
& 

LXXXIII 

Means 

LXSXIII 
6; 

LXXXT 

?deans 

LXXXI 
& 

LXXX 

hlerrns 

Seconds of Observed Angles rrt cach Zero 

oO(y 18ooV SOV 18S1W 18'0' 198'0' 27'0' W O W  

'I I1 'I 11 'I I1 If I1 

h 9.76 E 9.62 1 10'34 I 9-50 h 9-38 h 9-60 h 9-48 71 8.46 
h 9s96 h 7-38 1 9-30 1 10.04 h 9.86 1 7'88 h 9.08 h, 8.28 

h 8.18 1 9.18 

9.86 8.39 9.82 9.77 9.62 8.89 9-28 8-37 

h 21.92 122.86 1 21.18 1 23-02 1 21.80 1 22.50 24.26 h 20-90 
h 22-14 h 23.30 1 22.28 1 23-22 1 20'62 h 43.22 h 22.60 h 21.68 

h 23.06 

22.03 23-08 21-73 23-12 21-21 29-93 23-43 21-29 

h 38.26 h 38'54 1 38.84 2 38-60 1 37-66 1 39-48 h 40.90 h 39';~ 
h 39-18 h 37-92 1 39.72 1 38.90 1 38-46 h 41.90 h 40.38 h 39-86 

h 39'54 

38-72 38'23 39-28 38.75 38-06 40'31 40'64 39-79 

At LXXXIII 

March 1846, okerved by Mr. G. Logan with Barrow's 36-inch Eicodolite. 

Probabilities nnd 
General Means. 

Probability = 0.30 

75' 44' 32'"11 
I 

Anglee. 

LXXXI & 
LxXXII 

Means 

Seconds of Observed Angles at each Zero 

OOW 180°V 9'0' 189'0' 18'0' 198'V 27'0' 2 W  W 

11 w H It  H H H w 

1 33.02 1 30'68 1 33.12 1 31.64 1 32-90 1 31.54 1 33-22 1 31-58 
1 32-58 1 30.76 1 31-68 1 30.40 1 32.94 1 31-58 1 33-14 1 33.02 

32-80 30'72 32-40 ~1.02 32'92 31.56 33-18 32.30 



OBSERVED ANGLES. 

A t  LXXSIII-(Continued.) 

March 1846, observed b,y IW. G. Logan with Barrow's 36-inch Theodolite. 

Angles. 

LXXXII 
& 

LSSXIV 

 second^ of Obsewed Angles nt cnch Zero 

0°0' l%OO' 9'0' 18S00' 160 0' 198O0' 2i00' 2(M0 0' 

I 4 I n n n n n 

1 54.i2 1 5.5'94 1 53-44 1 5-5-26 1 54-60 t 55'36 1 54'62 54'08 
1 55-18 1 56.68 1 55-38 1 55.56 1 54.62 1 54'44 1 56-40 1 5430 

Probabilities and 
Qellcrul Moans. 

hobability = o.21 

6.?055'551'.14 

Probability = o.21 

58' 46' 43"'j6 

Nenns / 54-95 56-31 55-41 55-16 54-61 54-90 55.51 54'19 

LSYYIV 
C 

LSXXV 

Means 

1 43.20 43-40 42.34 43.A0 l 44-04 1 44.O4 4xg6 
1 43.50 1 43.28 2 44.92 1 43'82 z 4 - 0 0  1 44'2% z 43.06 z 42.40 

. 
43'35 43'34 44-68 43'0s 43'75 44-13 43'55 42-63 

At LSXSIV 

J a n w y  and February 1849, okertted by Mr. J. Peyton with Barrotu's 24-inch Zlieodolitc. 

Angles. 

LXSXVI 
&i 

LXSXV 

Means 

Seconds of Ohsorved Angles at each Zero 

(Pw 

March 1846, observed by dfr. G. Logan with Barrow's 36-inch 27teodolite. 

180°(Y 9O0' 18g0(Y lSOO' 19S00' 27OW 

LXXXV R n R n n R n # 

& 20.56 h 22-34 71 21-54 h 20.28 7b 20'80 z 20'00 z 19-92 Z 20'52 Probability = 0.19 
LXXXIII h 20'24 h 20'04 22.28 h 20'62 W 22-26 1 22.02 1 21-26 Z 20.34 

M ~ ~ s  20'40 21'14 21'91 20'45 21'53 21'01 20.59 20'43 58' 40' p0"'~3 

Probnbilitiea and 
Uuueral Me-. 

Seconds of Observed Angles a t  each Zero 

000' 180°0' 2000' 2Oo00' 4000' 220°0' oOO' 180°0' moo' 2Oo00' .cooO' Zzo00' 

n n n R n n 

1 1 z ~ o o h 1 ~ ~ 8 0 1 1 z ' ~ 0 1 1 8 ~ ~ ~ Z 1 2 ~ o o l 1 ~ ~ ~  ; 
112.43 h16~joZ13'23 120~60113~80115~07 

1 16'53 

12-22 1535 12-97 18-63 12-90 14-22 

n n 



9 61. NORTH-EAST LONGITUDINAL SERIES. 

At  LSSSIV-(Continued.) 

illarch 1846, observed by Xr. C. -Logan with Barm's  36-incJi J%eodolite. 

Anglee. 

LXXXIlI 
& 

LXXXII 

hieans 

Sccor~ds of Obscrved Angles at each Zero 

0'0' 180°0' gOO' 189'0' lEOO' 198vG' 27'0' 20i00' 

N n n n n II N I 

h 56-72 1 5743 ?I 55'44 1 55'56 1 58.90 1 55'48 z 57.30 1 56-58 
h 56.56 lr 57'96 h 55.46 h 56.32 E 58-36 E 56.88 1 55.98 1 57'4.4 

56'64 57-69 55'45 55'94 58'63 56-18 56.64 57'01 

Prohabilitiea Coned Menne. and 

Pmbsbilitg = o.3g 

54O 40' 56"'77 

At LXICXV 

March 1846, observed by Mr. G. Logan with Barrow's 36-iach Theodolite. 

*ngl- 

. LXXXIII 
& 

LSXSIV 

hleam 

Seconds of Observed Angles at each Zero 

0° 0' 180° 0' 9'0' 189'0' 18'0' 198O0' 27'0' 207'0' 

11 n rr rr R 11 rr rr 

1 58-55 1 56-16 156.j0 1 5 6 . 5 ~  1 56.56 A 57'26 156.42 1 58.30 
2. 58'52 1 56'40 h 56.76 h 55.64 h 36-52 h 56'36 Z 56-04 Z 5530 

58.55 56.38 56'53 56-09 56-54 56-81 56-23 57.10 

Probebilities and 
&nod Means. 

Pmbabzty = o.26 

62' 32' 56".80 

Febrmy 1849, observed by IVX. J. Pqton with Barrow's %inch Bodolite. 

pmbbility = o.48 

51' l g r  54"'19 

Lx",XIV 

LXXXVI 

Neans 

Seconds of Obaemed Angles at each Zero 

II II n n t1 n 

h57-73 h53.53 h54.07 h.53'33 h50.63 h53.47 
h53.20 h.54'03 h52.70 153.73 l51.17 h49~97 

lr49.~  7 

55'47 53'78 53'39 53'53 51-45 50'90 

II n n n n II 

h54.93 h55-93 Z54-33 h57-10 154'20 156.93 
155'30 Jb.53'87 h56'6.3 h57.00 254.57 152.73 

h53.20 154'13 
h58.73 

55'12 54'90 55'72 57.05 54'39 54-60 



OBSERVED ANGLES. 

- 
At LSXXV-(Continued.) 

.February 18-19, observed by 1W. J. Peyton with Bawow's 24-inch !l%eodolite. 

Anglee. 

LXXXVI 
& 

LYXXVII 

Means 

Probabilities and 
Oeneral hIoana. 

Seconds of Observed Angles at each Zcro 

At LXXXVI . 
Pebruay 1849, observcd by Mr. J. P ~ y t o n  with Bawow's 24-inch Z'EeodoZite. 

OOIY 18000' moo' 20o0o' goow 22001~ 

Anglos. 

LXSXVIII 
& 

LXXXVII 

oOo' 18000' 2000' mo0w g o O ~  mow 

n n n 4 n )r 

h34.83 h36.77 h39.40 h.+o'.~; h4.3.60 h3;-93 
h38.80 h.+o.qo 1~41.40 h38-2; h45.67 h40.17 

140.5 7 

36% 39'25 40'40 39'37 44.64 39-05 

II n n II v I h3g-87 h39'.5; h38.83 h37.97 136'43 138.97 

Probabiitiee and 
General Menu. 

Probnbiiity = 0.59 

Seconds of Observed Angles at each Zero 

143 7.30 h37.83 h 36.83 836.40 134.50 E40'8o 
h4r.50 142.27 

38'59 38'70 39-05 37-19 35'47 40'68 

57' 52'4gf1-51 

Probability = 0.62 

63'41' 2 1 ~ ~ 8 4  

000' 180°0' moo' moo' 4000' 220%' 

n n 11 n n n 

h50.30 lq9.67 h49-43 h55.47 149.10 R j0.80 
h49.33 h48-10 h+g-37 h53.77 h48-30 h50.60 

h52.03 

Probability = 0.63 

48' I' 3g*.10 

OOo' 18o00' 20°0' 2Oo0o' 4O0o' 220°0' 

w n n n a 4 

149.97 h47.73 149'47 248'77 248.37 145'83 
151.70 h47.80 148.37 150.87 h47.22 h45'67 

10.84 47-17 18-92 49-82 8 45-75 

120.83 has-07 Z24.13 223.57 12447 7123.40 
h20.57 hz3-43 123'33 l24.10 haa.93 h25.23 

h24.33 

20'70 24-23 23'73 23-84 23-70 24-32 

247'2; h52.73 150.87 25o~oo 248.80 150'1 7 

Meam 1 8 49-93 49-40 54'6% 18.70 5o';o 

LXXXVII 
& 

LXXXV 

Means 

LXYXV 
h45.63 h52.90 150- jo 148-83 150-00 151.03 Probability = 0.55 

150-;0 

46'45 52'82 50'76 49.42 49'40 50.60 58'40' 5 0 ~ ~ 6 6  

hao-60 h22.07 h1g.7; h17.03 122'97 hrg-97 
hzo.33 h18.80 hzr'ao h18-zo hzz.90 hzo.9; 

hr 7.60 

20'47 19-49 20'49 1;'6a 2amg4 20.47 

151.77 h48.87 h52-37 h51.00 149.87 h54.13 
& 

LXXXIV 

Means 

h49-30 h~o-03 h51-oo h54-03 h50~1o h52-53 

50.54 49'45 51-69 53-52 49'99 53'33 



NORTH-EAST LONGITCDIMAL SERIES. 

At LSSSTII 

February and Xarch 1849, observed by -4fi. J. Peyton with Barrow's 24-inch flteodolite. 

Probnbilitirs nnd 
(fennral Meana. 

Probnbilitg =0.38 

68' 16'.58".60 

probability = 0.48 

6c~' 23' 38"13 

Probability = 0.75 

590 30' 17"'.p 

Angles. 

LK X XV 8; 
IASSSVI 

Jlenns 

LXXXVI 61 
LXXXVIII 

Means 

LXXXVrII 
9: LYXxIX 

.- 

hleane 

Scconde of Observed Angles nt each Zero 

At LXSXVIII 

March 1849, observed by Mr. J. Peyton with Bawow's 24-inch fl.eodolite. 

000' 18O0w 20°0' 2Oo00' 40°0' 2W0b' 

I )  . u w n n H 

lI58.13 h j6.8 j h5S' I 7 h60.70 h55.50 1.57'57 
659.07 h57.90 155'90 h63 87 h58.00 159.27 

h56-20 156.20 157.30 
1157'87 

58.60 57.39 56-76 59-66 56'93 58.42 

h36.67 h39.;7 238'43 h38.60 137.50 235'90 
143 7'90 ~.+o'oo 137.70 1'34.53 h37.57 136'30 

h38.73 
h36.63 

37.29 39-59 38.07 37.1a 37'54 36'10 

h13.53 7111'501 15.20 h1.3-7 j h19'1oA18-27 
h13-z 7 hx4.00 krg.83 h18.50 H I  7.90 219'1 7 

hr 8-47 h~ .+-87  

13.40 12';5 17'83 15-71 18.50 18-72 

dngles. 

d: 
Lx-,-SIX 

Means 

oOo 18O00' 20°W moo' 4O0l,' 22000' 

n ,I n It n )I 

h60.93 861.1 7 1'60'40 858.43 Z 59-57 h ~ 8 . ~ 0  
h.55'80 h60.73 h59.40 h59.67 160.93 156.17 
h57-20 

57-98 60.95 59-90 59.05 60.25 57-29 

h39.37 140.17 137.80 134'43 h40.67 h40.43 
h39.37 h40.6; 13i.03 135.30 140.47 1'38.27 
h3 8.80 

39'18 40.42 37-42 34'87 40'57 39'35 

h17.77 h21-90 h1.5-47821'00 h19-53 h18.33 
hr4.10 hzo.53 2 16'27 h19.20 h21.00 h19.50 
h1 5-46 

15-78 zrmza  15-87 20.10 20.37 18.92 

Probabilitics and 
Qeneral Means. 

Probnbiiity =O -66 

63O 22'59".98 

Seconds of Observed Angles at each Zero 

OOW 180°0' 20°0' mow 40°0' 220°0' 

N II n n n n 

157.10 R58..50 156.03 160.27 h6l.03 7~61.30 
h58.77 h59.8 j 155.90h62'10 h61.50 h61.70 
h60.20 

58'69 59-19 55.97 61-19 62.77 61.50 

oOw 16O0w moo' 2oO0w 4O0C' 220°0' 

H II n n n n 

L62.13 R57.27 1.57'57 160.83 h59.13 863.10 
h62.80 h56.20 h58.37 161.47 h58.87 1163.03 

62-17 56-74 57.97 61.15 59.00 63-07 



OBSERVED ANGLES. 97-1. 

At LXXXVIII-(Continued.) 

March 1849, observed by Mr. J.  Peytorr with Barrow's 24inch ~odol i te .  

Probabilities and 
Oeneral Meana 

prohabaty = o.56 

63O '6l 54f1.16 

= o.53 

52' 43' 3flf.og 

bngles. 

LXXXIX 
8i 

LSXXVII 

LXXXVII 
& 

LSXXVI 

Mean8 1 
1 

Seconds of Observed Angles at eaoh Zero 

At  LXXXIX 

March 1849, observed by Mr. J. Peyton with Barrow's 24inch Theodolite. 

OOV 18000' 2O0W mow gOOo' 2m00' 

" R 0 n tr I 

h ~ 6 '  7 7 $53'90 ~ 4 . ~ 7  A49.63 250" 7 h.54'00 
h54.90 h5g.r 7 155.40 h51.80 150'90 h5z';o 

55'84 54'54 55'04 50'62 50'54 53'35 

127.37 235.10 133.10 233.00 130.13 h3r.00 
l29.27 134.43 129'97 Z32.53 131'40 41.07 

127.63 

28.32 34-77 30.23 32'; 7 30'77 31.04 

OOo' 180O0' 20°V 20O0o' 40%' !!wv 

r n H # a I1 

h.53'3 7 h.5 7-00 53'57 155'.53 h52'7 7 h54'87 
853.80 h5 7-70 153.70 254.67 h5.5-40 h57.47 

53'59 57'35 53'64 55.10 54'09 56-17 

hgr.13 h28.10232~23 130'20h32*53 hz7-67 
119.73 ha8.87 h33.03 i32.40 h30.70 h28.3 7 

h3 1'93 234'33 13 1'47 
133'33 

30.43 28.49 32.40 31-30 32-72 29.17 

Probabilities and 
Oeneral Means. 

Probability = 0'53 

57O 12' ~ o ' ~ ' o 7  

Angles. 

LXXXVIT 
- & 

LXXXVIII 

Means 

LXXXVIII 
gt XC 

Means 

Seconds of Observed Angles at each Zero 

OOV 180°V W V  200°V 40°V 220°0' 

I f  I1 11 I1 11 I f  

250'1 7 151'57 148.6 7 152'07 152.90 151.93 
248'93 148.63 150.37 148.23 152'37 154.90 

150'63 15.3'13 

49.55 50-10 49'52 50.31 52-64 53-32 

OOo' 180°G' ZOOV ZOOOO' 40°0' 220°V 

I 1  11 I 1  I f  I f  11 

R ~ o ' o ~  R47.37 2 5 0 ' ~ ~  148.30 147'40 1.52'63 
14980 h4;-40 E49*~o E 50'03 Zq6-27 251.43 

49.94 47-39 50.04 49-17 46-84 52-03 

h 10'20 h 8'40 h 5.60 h 6.73 h 8.53 h 7'53 
h 11-03 k 5.83 h 9'57 It 6.80 h 7'07 h 5'93 

16.97 

10.62 7'1% 7'38 6'77 7.80 6'73 

h 7.1; h 9.30 18.00 1 I 1.63 1 9'5 7 15-23 
h 8.50 h 8-10 1 7'47 110.83 110.33 16.27 P,babfity = 0.46 

7'84 8-70 7-74 11-23 9'95 5'75 I- 54' 49' 8"-14 



9&-I, NORTH-EAST LONGITUDINAL SERIES. 

A t  LXXXIX-(Continued.) 

March 1849, obaerved by Mr. J. Peyton with Barrow's 24inch lkodolite. 

Probabilities and 
General Means. 

= 0.48 

52' 18' 3on.56 

Anglee. 

XC ' 
Merme 

Seconds of Observed Anglee at each Zero 

At XC 

March 1849, okerved by Mr. J .  Pqton with Barrow's 24-inch Illreodolite. 

oOw 180°w mow m e w  mow zzoOw 

R w rr n (I rr 

?u9-27 h29.90 h3r50 131.27 h34-3; h3o*oo 
hz7.57 h30.83 h31.43 h32.27 h33'90h29'20 

28.42 30'37 31-47 31.77 31-14 29-60 

oOw IWW mow m o w  4o0w zww 

11 11 II I! I1 I1 

h3 1'70 229.47 h3 x ' w  128.63 h32-I 7 h3odo 
130.97 129.9; 128.23 hz7.00131.go?a30.~7 

31-34 29.72 29-62 27-82 32-04 30'44 

Probabilitiee nnd 
Qeneral M w .  

Probability = 0.51 

75' 2' 42*'73 

Probability = 0.56 

6g0 40' 38'.69 

Probability = 0.37 

61'47' 5a1'.56 

L 

Anglen. 

X C ~ I  & 
XCI 

Means 

' 
LXXXIX 

Means 

LXXXIX 
& 

~ ~ ~ X V I I I  

Meam 

Semnda of Obeerved Angles at each Zero 

oOw laoOcy 2oow POOOW w w  zmUw 

n # I n w 

h39.87 a44.10 h3.57 141'50 141.3 7 145.00 
h41-50 h47.30 h4z-33 h42.40 146'47 142'83 

h45-60 143.27 

40'69 45-67 42'95 41'95 43-70 43.92 

h39.10 hqg.40 139.20 142'50 237.53 139.30 
136.67 140.97 239.27 141.53 138.70 E37.83 

139'03 

37.89 42-19 99-24 42.0~ 38'1a 38.72 

h53-20 h50'53 152.67 250.50 149.80 15z~oo 
855'27 h51.73 153'83 151.23 152.57 252'40 

151'07 

54'24 51'13 53.25 50.87 51'15 52.20 

oOv i80°w mow m o w  MOW zzoOw 

w n n n n m 

143.27 143.67 143.90 138'27 139'47 145'30 
143.70 1 ~ ~ 6 7  141'70 138.67 140.63 244.47 

43'49 44'1 7 42-80 38'47 40'05 44.89 

h36'7 7 138.50 h40.50 138.60 236.73 133.60 
h39.33 138.57 h39.20136'23 138'63 E35-00 

135'17 

38.05 38-51 39-85 37-42 37-68 34-59 

h54.17 h5qao h52.43 253.13 152.90 151.57 
h53-17 h53.73 150'03 155'20 253.93 151.33 

53'67 53'97 51-23 54-17 53-42 51-40 



OBSERVED ANGLES. 

At SCI 

April 1849, observed by Mr. J. Peyton with Barnow's 24-inch TEeodolite. 

Probabilities and 
General Means. 

Probability = 0.38 

58O or 52'"36 

Probability = 0.45 

55' gr 45".63 

PrObability=o.76 

52'55' 14"'3+ 

Angles. 

LXXXIX 
dt 

Means 

XC '& 
XCII 

Means 

XCII & 
XCIII 

hieans 

Seconds of Observed Angles at each Zero 

oov ~80°v moof mow aov 22o0v / oov lsav wet 2m0v urv 2m0a 

At XCII 

Apm'l 1849, observed by Mr. J. Pqton with Barrow's 24-imh Tlleodolite. 

n 11 n n R 

249'17 152'53 151.93 255.43 252.17 h50-80 
150.13 151.73 153'40 153'87 h51-97 h52-47 

h5 I '80 

49-65 52.13 52.67 54'65 51'98 51'64 

h47.20 643-07 h45.0; h43-73 243'57 h43-97 
h46.53 1 ~ 9 3  h++-I o h46.63 144'43 h45- I 7 

h46.20 

46.87 44'00 44.59 45-18 44-00 45.11 

h 1 4 ~ 4 , 3 h 2 0 ~ 5 3 h 1 2 ~ 8 o h 1 3 ~ 9 3 h 1 4 ~ 9 3 h c 2 ~ ~ 7  
7116.77 h21'30 h~ 1-93 k12-87 h15.03 h12.30 

15-60 20'92 12.37 13-40 14'98 12.44 

Anglea. 

X C m  & 
,XCIII 

Means 

XCm 
XCI 

Means 

/I H ft n Ir n 

152'30 h49.60 h53.93 h53.50 153'83 152.83 
hg1.90 h51.43 h52.57 h53.83 15a';o 152.63 

52'10 50'52 53-25 53'67 53-27 52.73 

142'97 h45.23 5 6 ' 1 7  h49.33 144.33 146'73 
h44'97 55 '3  7 h48.40 h5o.00 144.93 145'33 
h46.83 

14.92 45-30 47-29 49.67 44'63 46-03 

11g~~7113.67h13.8jh11~73113~8011~~77 
1 I 7-07 h12.77 h11.43 h~ 1.0; 112'47 114'50 

18-27 13-22 12.65 11-40 13-14 13.64 

Seconds d Observed Angles at each Zen, 

OO(Y i80°v 20°v mow wov 2m0v ( o0v i80°u mOv mov 40.v emor 
Probabilities and 
General Means. 

n II n n H n 

159.67 h61.10 164x0 262.50 t58.13 163.17 
h60.43 1162.1 3 162'67 162'40 157'2 7 162'97 

60.05 61.62 63'39 61-45 57.70 63-07 

h31.50 131.~0 132.23 136.83 l,37.r7 13627 
132.53 134.67 135.87 137'47 136.00 136.33 

135'33 

3a.02 3a-94 3405 36-54 36'59 36'30 

n n H n n n 

h6363.20 h56.73 h64. jo h65.87 162.97 166.27 
h61.23 h58'1 7 h62-80 166.57 163.23 166'23 

62.22 57-45 63-75 66'22 63-10 66.25 

138.33 23447 232.80 232'43 130.93 Z29.73 
tgqro 136.00 134.80 134'43 $32'60 231'83 
13 6.93 

36'45 35.94 33-80 33'43 31-77 30'78 

Robability = 0.77 

foO 59' 2"-27 

Probability = 0.57 

49' 51' 34"'16 I 



1-1. NORTH-EAST LONGITUDINAL SERIES. 

r 

A t  XCII--(Continued.) 

A p ' l  1849, observed by Mr. J. Pqton with Barroaa's 24-inch Ilreodolite. 

Probabilit.ies and 
Oeneral Means. 

Probability = 0.42 

49' 47' 3 1 ~ ~ 0 6  

Anglee. 

XCI & XC 

Meane 

Seconda of Observed Angles at  each Zero 

~t xcm 
April 1849, o b s d  by Mr. J. Pqtm wa'th Barn's  24a'nch Z'teodolite. 

00 v 180°0' 20.0' 20000' wv 22000' 

n n II n rr tt 

h33-53 132.83 13 1-87 h30-53 127'77 130-33 
434.23 133.77 130.47 129.90 E3o-40 128.93 

i28.67 

33-88 33-30 31-17 29.70 29.09 99-63 

Anglee. 

XCI & 
XCII 

Means 

xcI1 & 
XCIV 

Meme 

';gk 

Means 

00 0' 180°0' aOOO' mOO' 4000' 220°0' 

rr tr rr II rr II 

h2g-87 h3 1'53 h30.13 h30.97 133.73 133'27 
R32.17 h30-37 h30.80 h28'70 130'80 128'23 
h32.83 h3 I '90 12 7-80 

31-96 30'95 30'47 0 '52 32-27 79-77 

Probabilities and 
General Meana 

Probability = 0.54 

77°131~~n .37  

Pmhbility = o.72 

55' 16' 45'Ia84 

Probability = 0.48 

58' 6' 29'"18 

Seconds of Observed Anglcs at each Zero 

oOv 180°v ZOOW 2Oo0W 40aw 220°0' 

4 11 I I n I 

hx1.00 kg-13 18.87 i?r3'30 h12-53 hr1.50 
R I O . ~ ~  Rg.67 19-93 113.53 K1a.50 h12.97 

10.89 9'40 9'40 13-42 12-52 12-24 

A4640 h43.30 b3-23 143.96 142.63 144.33 
h46.60 h44.33 h44.33 145'00 243.47 lq3.10 

46-jo 43'82 43-78 44'48 43'05 43-72 

130.93 133.23 h30-23 130'77 130.23 lzg'oo 
128.50 132.53 hz8.8j126.03 123.81 227.93 

2 28.47 127'30 

29-72 32'88 29'55 98.42 37-13 28'47 

' oow 180°w wv mow 40'0' 220°0' 

I w e  4 I m 

hrz.17 h14.10 17.90 110.50 lrq'77E10.87 
h11'23 h11.73 E9.03 1 8.07 t15.03 111'63 

I I ' ; ~  12-92 8'47 9-29 14-90 11'25 

h45.77 48-37 S9.13 151.03 243.73 145.60 
148.00 h48.33 149.03 251.40 Z45.20 E43.33 

46-89 48-35 49.08 51-22 44-47 44'47 

131'10 127'13 131'30 130.07 125.80 128'33 
Zz8.jo 22 j.07 130.60 130.87 126.60 127.30 

29-90 27.10 30'95 30.47 27'70 17-82 



OBSERVED ANGLES. 

4 

A t  XCIV 

May 1849, okerued by Mr. J .  Peyton m'th Bawow's 24inch 57ieodolite. 

Probabi1it.i~ and 
General Means. 

Pmhbility = 0.73 

61O 43' 501"23 

Pmhbbity = o.50 

53' 6' 2g"'1a 

P;obability = 0.55 

53' 44' xa"'9g 

Angled. 

XCn 
XCV 

49.24 51-22 49.82 52-02 56'64 48-04 

l28.63 128.67 h27.80 hz6-90 h28.20 h26.90 
la8.10 131'43 h26'1oh28.00 ha7.4ohz7.73 

28-37 30'05 26-95 27.45 27-80 27-31 

116.47 112.13 115.m l13.40 116.93 h11.23 
114'50 1 9.30 114.33 112-20 815.34 h 9'80 

15-49 10'72 14'77 12-80 16-14 10'52 

52-63 46-95 48-50 48.08 49-97 49-65 

Seconda of Observed Angles at  each Zero 

XCV & 
YCtII 

Means 

XCIII & 
XCII 

dt XCV 

May 1849, observed by Mr. J .  Peyton with Barrow's 24inch Ilheodolite. 

000' 180°0' moo' mOv rLOOv 22000' 

N n n n II 4 

151'43 247.87 147'67 247.93 h49.43 252.13 
153.83 116.03 l.49.33 148.23 h50.50 h4j.40 

h4~'43 

127.77 h3a-20 hap330 h32.70 129'40 z3o.gq 
826.87 A31'50h30-33 h3r.10 $30'93 130'40 

27-32 31.85 29'82 31.90 30.17 30.47 

h13-07hr1.57 h12.poi11.13 113.63 111.77 
h15-93 h11.37 k13-97 hr 1-23 213.93 110'47 

Ani3lm 

X C m  & 
XCIV 

Meanu 

oOv 180°v mow 2Oo0o' 40°cr mOv 

,I 4 # II 4 4 

147.80 150.33 148.30 252.73 Z56';7 147.03 
150.67 152.10 151.37 151.30 156.50 149.90 

149.80 147.20 

14-50 11'47 13.44 11-18 13.78 11-12 

Probsbilitim and 
General Mema 

Prnbability = o.62 

68'47' aW'65 

Seoonda of Observed Angles a t  each Zero 

oOv iwOw mOv mOv 4 0 ° v  220°v 

I' '1 I1 I' I' n 

156-93 167.60 263.63 163'33 h63- 13 h63-03 
Z57-10 165.80 163.97 26.3'77 h63.27 M2.80 

5;'oz 66-70 63.80 63'55 63.10 62.92 

oOu i 8 0 ° v  mOv moo' 40°w ~ 2 0 0 ~  

'I ' I  I1 n '1 11 

16373 h60.80 160'27 160'33 162.63 261.47 
162.83 h6amzo 165.97 262.40 163'63 162.63 

E 62-33 163- I 6 160'30 
264'73 

63'28 61-78 63-33 61-37 63-13 61-47 



NORTH-EAST LONGITUDINAL SERIES. 

At. XCV--(Continued.) 

May 1849, oherued 6y Mr. J. Pqton with Bawow's 24inch neodolite. 

Seconde of Observed Angks at each Zero 

Angled. Probabilities and 
General Means. 

Go(,' 1WW 2000' 200%' 40°W 22000' 000' 180°4 2000' 20000' 4000' 220°(Y 

Probability = w41 

XCVI 8i 
XCVII: 

Means 

Z15.10 ~ I ~ * I O  .?1453 114.33 Zrg.33 214.33 
Er5.57 1 rz.;o Er5-53 116.17 114.37 Zr6-43 

111'73 

15-34 13.90 15'03 15'25 15'14 15-38 

116.80 117.93 11z-13 117'50 1rg-2711g67 
115.96 120'23 Zx2~6611g.23 h18.17 119.53 

16'38 19-08 12'40 18-37 18-72 19-60 

Probability = 0.62 

60°57' 1 6 ~ ~ 2 2  

dt XCVI 

Nay 1849, observed by Mr. J. Peyton with Barrow's 24inch fieodole'te. 

Probab'itim and 
h n e d  Meann 

Probability = 0.9 

65'39' 7"-35 
I 

Probability = 0'59 

53'43' 57"'). 

Angle5. 

X ~ ~ ~ ~ 1 6  

~ f s m  

XCVII & 
XCV 

Seconds of Observed Angles at each Zero 

o0v i80°w mow mow MOW zmOv 

n 7 II n n ,I 

19-53 15.30 16-60 z5.30$10'40 23'03 
h9.57 13-13 16-13 14.3; 1 9.03 16.63 

14'6 7 

?d-8 55.57 61-01 60.17 60.43 5810 59-24 

oow i80°w mow m o ~  MOW 2mow 

n n n n a II 

h9.40 16.67 h7.73 h8.57 18'10 h8.40 
h7.57 16-90 16.87 17.73 h l o * ~  h8'2.3 

5864 56'53 55'77 Y.30 58.40 56.57 

9-55 4'52 6'47 4'84 9-72 4'78 

155.23 161.63 160'37 160.93 257.73 159'10 
155.90 160'43 159'97 259'93 258.67 259'37 

8'49 6'79 7-30 8-15 9'27 8'32 

158-0015f'63 156.00 254.03 158.87 157-17 
159'27 2 55'43 155'53 154'57 157'93 155.97 



OBSERVED ANGLES. 

- - 

A t  XCVI-(Continued.) 

May 1849, okerued by Hr. J. Pqton with Barrow's %-inch Theodolite. 

Angles. 

xcv 
gCIV 

Means 

Probabilities and 
General Meam. 

Seconds of Observed Angles at  each Zero 

A t  XCVII 

May 1849, o6served by Mr. J. Peyton with Barrozb's 24-inch Ilreodolite. 

oOw 180°w WO' mow 40°w 22000' 

An*. 

XCV 
xcv~  

Means 

XCVI & 
XCVIIX 

Means 

XCVITI 
& XCIX 

Means 

O*(Y ISOOW 2000' 20000' 4oow zmOo' 

II w n H w w 

149'50 148'57 150.30 148.37 147'43 148.80 

1 50'03 
151.77 151.10 148.57 E49.20 149.67 I?49m60 

50.64 49-84 49'44 48-79 49.04 49.20 

n w w N 

l49.23154'97 149.60 254'30 148.87 152.53 
148'20 152.53 E50'27 154'03 Probability = 0.55 

Probabilities Qenerel Meens. and 

hbabi l i ty  = oy7 

65' 18' 45O.23 

Probability = 0.39 

5801f1 16"'oo 

= 0.66 

62' 13' 2f.77 

Seconds of Observed Angles at each Zero 

oOw iw w m0 v 20o0oP mOv neoaa / oOa imow noOv m0 at 40°up nmOo# 

48'72 53'75 49-94 5417 48.69 52-63 

N b w w w II 

h45.47 h44.70 145.7 o 14.10 145'60 143'3 7 
h.5'43 h44'50 z45.53 144'50146'50 145'57 

146.03 

45-45 44-60 45-62 4430 46-05 44-99 

h16.40 h14.43 116.60 116.73 lrq.23 116'73 
h16-20 h14.80 E 15.97 115.1 7 El610 116.00 

16-30 14.62 16'29 13-95 15.17 16-37 

$24.6 7 226.83 124.9.3 1 ~ 5 ' . p  117.1 123.17 
123.47 10;'13 125'33 125.97 1 I 7-53 122.63 

24.07 26.98 25-13 25-64 17-35 22-90 

6x0 11' 5oR*40 

4 w w w w n 

147.10 240'2 7 164-00 h45.30 h46-o h46.60 
14790 139'80h.C5'03 h44.17 h 7 . 7 7  147.40 

h41.53 
142'7 7 

47-50 41.09 44'52 44'74 46'92 47-00 

I? 14.771 18.77 h16.0; hr 7-90 hl8.40 h1q.06 
112.~3 h16.90 h15.73 h17.57 hr 7'13 h14.73 

h 17.3 7 
1 I 9.00 

13-45 18'01 15'90 17.74 17-77 14.40 

125.40 l25.00 125'00 kr4.3; hz2.1 i h r j - a  
124'33 124.23 h 2 3 ~ 0  h23.63 h22.47 haa.70 

24.87 2462 24'25 94-00 22'30 23-07 



NORTH-EAST LONGITUDINAL SERIES. 

At. XCV--(Continued.) 

~ i a y  1849, observed by Mr. J. Pqton with Barrow's 24-inch Ilheodolite. 

hglea. Probabilitica and 
General Means. 

Seconds of Observed Angles at each Zero 

Probability = 0-41 

57' 4'17*'85 

Probability = 0'62 

60'57' 1 6 ~ ~ ~ 2 2  

Got,' 18O0(1r W V  20000' 40%' 22PW 

I18.70 21 j bo  116.47 11&33 hr6'23 417.17 11640 h16.5.3 Z17.60 220.33 l19.17 119'50 
l20.60 116.80 119.60 I15543 h17.67 h17.67 117.03 117.83 116.731~1.101~0.8~ 116.97 

2 15-70 1 I 7.67 

OO0' 180°(P 2 b V  W0' 40%' 220°(Y 

z15.10 h15.10 114'53 114.33 119.33 i14'33 
2 15.57 112';o l15-53 116.17 114'37 116'43 

111'73 

15-34 13.90 15*03 15'25 15'14 15'38 

XCVf & 
XCVII 

Means 

dt XCVI 

Hay 1849, observed by Mr. J. Peyton with Barrow's 24-inch Z4eodolite. 

116.80 117'93 112.13 117.50 h19-27 h1967 
115.96 120'23 112.66 119.23 h18.17 h19.53 

16-38 19-08 12'40 18-37 18-72 19-60 

Probabilities Oenarel Mesns. and 

Probability = 0.52 

65'39' 7'35 
d 

Probability = 0.59 

53' 41' 57.~0 

Anglea 

x ~ ~ ~ : I &  

Meana 

XCVII L 
XCV 

Seconds of Observed Angles at each Zero 

0%' 180°0' 20%' 2000(Y 40°(Y 220'0' 

n n n n n I 

69.53 $5'30 16-60 t5.30110.40 13.03 
h9.57 13.73 16.33 14-37 1 9-03 16.63 

14'6 7 

9.55 4-52 6'47 4'84 9'72 4'78 

155~~3161*63160 .3 j160 '93157 '73Z5g-10  
155.90 160.43 159.97 159.93 158.67 159'3 7 

Meam ! 55-57 61-03 60.17 60.43 5r.o 59-24 

0'0' 180°V 20'0' ZOOoO' 40'0' 220'0' 

0 n n n a n 

h9-40 16.67 h7.73 68-57 h8.10 48-46 
h7.57 16.90 h6.87 h7.73 h w y  h8.23 

8'49 6'79 7-30 8-15 9.27 8'32 

1 ~ 8 ~ o o 1 ~ 7 ' 6 3 1 ~ 6 ~ o o 1 ~ ~ ~ 0 ~ 2 ~ 8 ~ 8 ~ 1 ~ ~ ~ 1 ~  
139.27 155.43 155'53 154'57 157'93 155.97 

8 6  6 7 5430 8 6 





NORTH-EAST LONGITUDINAL SERIES. 

At XCVIII 

May 1849, observed by Mr. J. Peyton with Ba~~wa' s  24-inch %odolite. 

Probabilities and 
General Mesns. 

Probability = 0-48 

67' 13' 59"'61 

Pmbability - - 0.35 

49'56' 13"'rg 

Probability = 0.51 

56" 3' 36"82 

Anglen. 

C & XCIX 

Meam 

XCIX & 
XCVII 

&fear18 

XCVII & 
XCVI 

Me- 

Seoonds of Observed Angles at each Zero 

At XCIX 

May 1849, o6aemed by Mr. J. Peyton with Barrow's 24inch Theodolite. 

OO(Y 180°0' Nw0' 20000' 40uO' 220°W 

11 11 II II II II 

h57-80 25967 15867 156.97 158'30 162.13 
h59-33 158.70 158.47 158.90 157.53 161.40 

58.57 59-19 58.57 5794 57-92 61-77 

112.63 113.33 114.13 Z13.40 l13-87 l15.47 
11z~o7Zi3~40112'63l1~~4ol13'63l1~'60 

12.35 13'37 13-38 ~3'90 13'75 15'54 

h33-go 13;'40 136'90 136'53 141'03 133.77 
135'70 134'40 138.70 233'90 136'53 134'00 

234.07 E 38.83 

34.80 35-29 37.80 35'22 38'80 33-89 

OOW 180'0' WW 20000' 40°0'2U)0V 

I, n I )  n w n 

158.17 163.03 158.93 163.10 161.07 159.80 
157.10 162'73 158'30 159.90 159.47 160.57 

162'1 7 

57.64 62.88 58-62 61';~ 60.27 60.19 

115.43 113.60 112-73 Zlo-77 110.73 111-70 
114'1oh13'47~1~'53Z1~'70I11.271~2-g3 

14-77 13'54 12.63 11-74 11'00 12.32 

138'17h37'10 139'63 136'0; 139'73 137'00 
136.80 h39.80 238'67 134'47 138.23 236'40 

37-49 38-45 39-15 35-27 38-98 36-70 

Pmbabilitiea and 
General Means. 

Probability = o.51 

67' 50' 24"49 

Angles. 

XCVII & 
XCVIII 

Meane 

Seconds of Observed Angles at each Zero 

ooO' 18O0O' 20°0' 20000' 4000' 8rn00' 

11 I1 11 I' I1 I1 

124.20 216.07 224.37 228.63 126.97 125-77 
123.13 124'77 124.77 226'83 la5'30123-97 

13-67 25'42 24'57 27.73 26-14 24.87 

oOO' 180'0' moo' moo' 4000' 2ma0' 

'I 1' I' 1' 11 I1 

227.37 124.07 221'67 122.57 126.00 1~4.00 
126.13 zza'go1~z.17 121'54123'17 121'43 

26.75 23-49 21.92 22'06 24-39 22.72 



OBSERVED AXGLES. 

A t  XCIS-(Continued.) 

1Vay 1849, observed by Jfr. J. Peyton with Barrow's 24-inch Theodolite. 

Probabilit ice and 
General Mesne. 

h b a b i l i t y  = o.43 

51' 5a1 55"-00 

= 0.45 

58' 10' 25"*18 

Angles. 

Seconds of Observed Angles a t  each Zero 

At C 

May 1846, observed by Lieutenant R. Walker with Cay's 15-inch Illreodolite. 

0'0' 180°0' 20°0' 2oooO' 40°0' 220" 0' 

h a m  

& CI 

Means 

Angles. 

Means 

CII & CI 

Means - 

OoO' 180" 0' 20'0' 2o0°0' 4O00' 2ZOo0' 

55-25 51.67 55.08 56.54 53-44 54'75 

ha3..+oh28.77 215.33 122.67 125.07 126.60 
hz2.97 hi16067 12.+'97 122.33 Za7.10 126'20 

23'19 27-72 25'1 j 22'50 26.09 26.40 

Se~onds of Observed Angles a t  each Zero 

Oo 0' 180°0' 10' 0' 190'0' ZOoO' 20Oo0' 8000' 210°0' 40°0' 2 W 0 '  WO' 230' 0' 

n n n II n n n n t n n n 

121'34 115.26 1zo.00 118'16Grg.j6 118.84 11z.40 lzo-93 h17.70 h19'80 115-60 122.63 
123.84 115.44 l1j.67 118.16 118.j6 119.83 h14.56 120.50 h16.40 h1g.16 113.50 124.50 

h13.66 

22-59 15-33 18.84 18-16 19'26 19'34 13'54 20'72 17.05 19'48 14'35 23'57 

'54'57 '54.57 '.$fm67 ' ~ ~ ' 9 ~  z52'40 146'50 h~7'5°  2.50'40 '53'3.3 h49'20 156'40 1'b8'10 
h53.87 h55.00 154'83 151.17 153-84 146.50 h57.77 150.00 h54.50 jyg-44 15f.33 146.34 

54'22 54'79 54'25 51'04 53-12 46'50 57'64 5o'zo 53'92 49-32 56.87 47-22 

53'20 56.54 54-85 56.50 56-53 55-70 

1z6.00 125.60 127.70 124.67 125'77 122.33 
125.27 125'70 126.90 124'60 123.37 124'27 

25-64 25'65 27'30 24'64 24'57 23-30 

Probabilities and 
Qeneral Meann. 

Probability = 0.84 

57'39' 1 8 ~ ~ 5 4  

Rohbil i ty = 0.99 

56' 48' 52".42 



1-1. NORTH-EAST LONGITUDINAL SERIES. 

A t  C-(Continued.) 

~Niy  1849, okewed by Mr. J. Peyton with Barrow's 24-inch 5'7teodolite. 

Angles. 

CI b 
XCIX 

Means 

XCTX d: 
XCVIII 

Means 

Probabilities and 
Cfeuerel M m s .  

-- 
Seconds of Observed Angles a t  each Zero 

A t  C I  

May 1849, obrrmed by Mr. J. Pqton with Barrow's 24inch 57ieo&lite. 

000' lSOOW 20°W 20OaV W W  220'0' 0'0' 18000' 20'0' ZOOaW 4O00' 220°0' 

11 I1 I' 11 '1  I1 11 11 I1 

hr4'67h14.47 
hrg.13 h13-07 

13.90 13-77 

Probabilities and 
&nerd Means. 

Probability = 0'38 

75' 36' %2"'3.3 

Angles. 

XCIX 
C 

Means 

h65-57 h61.86L64.53 16a'60165'43 162.70 
h66.10 h63.80 h6am6o 159.93 168'43 162.57 

65.84 62-83 63-57 61'27 66'b3 62.64 

Seconde of Observed Angles a t  each Zero 

May 1846, obaerved by Lieutenant R. Walker with Cay's 15-inch Theodolite. 

165.20 171.23 267.83 265.57 169.93 164.73 
166.23 165.43 167.67 164.13 169.83 262'97 

164.80 

65.72 67-15 67.75 64-85 69.88 63.85 

0'0' 180'0' 2O.W 200'0' 4000' 220°W 

n x II n n n 

E Z Z ' O ~  Z23.53 Z21.40 121'30 223.30 223.30 
Z21.40 E22.00 121.20 119.63 124'7 7 123'37 

21-74 22-77 11'30 20'47 24-04 23'34 

Probability = 0.69 

60'53' 5"-19 

0.0' lSOOW 20'0' WW)OW 4000' 220.0' 

x II n n x x 

220'63 119'40 224.43 123'20 123.63 222'23 
121'23 222.67 123.73 221'97 124'70 221'73 

1 19'5 7 

20'9.3 20'55 24'08 22'59 24'17 21'98 

= 0 . ~ 1  

59' 56' 4 - 8 7  

& "1 

Seconds of Observed Angles a t  each Zero 

0' 0' 180'0' 10'0' 190°W 20'0' 200'0' 30'0' 210°W 40'0' 220'0' 60aW 230'0' 

I1 11 I' I1 11 11 'I '1  I1 N I' 11 

Rzo-63 h17-50216.6; 220-00 214.63 Z20.67 118-16125-36119.g7 Z21~~56l20~10l27~00 
h21.33 h16.50 Z18.16119.50 117.67 117.67 115.24 222.1 j 121'67 126.63 l18.34 224.67 

hi- 1 21.48 Ii.00 I 7-42 19-75 16.15 19-17 16-70 23.77 10.82 21-10 19.21 25.84 



OBSERVED ANGLES. 

A t  CI--(Continned.) 

May 1846, observed by Lieutenant R. Walker with Cary's 15-inch 27ieodolite. 

Probobilitics and 
General M e w .  

&,babaity = I .rg 

64' 34' 44'"so 

Angles. 

CII & 
CIII 

Me~ns 

Seconds of Observed Angles at each Zero 

@ - 
OOW 180°0' 10'0' 190°0' W0' 20O00' WOO' 210°01 40'0' 220'0' 60°W 230°0' 

n n N n n w n n n n # n 

?~+2',53 h4.3'34 14883 143.26 150'30 242.00 148.57 140'10 148.36 141'74 24.4'67 13 7.73 
142.83 h44'34 149.34 142'43 150'33 1.+.+'00 150'50 141.67 146'83 141.53 145.66 137.00 

42'68 43-84 49-09 42-85 50'32 43-00 49'54 40'89 47'60 41'64 45'17 37'37 

At CII  

May 1846, observcd by Lieutenant R. TValkcr with Cay's 15-inch 573eodolite. 

Angles. 

& Cm 

Mhleam 

CIV & 
CV 

Means 

Seconds of Observed Angles at each Zero 

0' 0' 180°(Y 10'0' 190' 0' 20' 0' 200°0' SOo 0' 210' 0' 40' 0' 220' 0' 60'0' 230'0' 

a # a w II m n M w n n n 

120'4.3 l21'33 Zz1~66220~67 121.84 l2.5.50 128.47 11784 Z23.00 119'33 l28.50 213'17 
12o.00 125.67 120.50 121.67 Zzz.50 124-oo 127.67 21866 123.00 Zig.66 128.~0 117.33 

20'22 13-50 21.08 21'1 7 22'17 2.+'75 28.07 18.25 23'00 19'50 28'3j 15-25 

131.80 124.90 125.00 127.33 231.20 lrg'oo 12.3.76 131.13 1ag.g~ 2.33.00 227.50 z3g.00 
13 1'34 125'00 130.50 128.16 129.1 7 l28'3.3 124.66 23 1-84 lzy.50 13 3.67 22  7-40 135.00 

31-57 24'95 27-75 27-75 30'19 28'67 24'2 r 31-49 19-52 33'34 27'45 37'00 

254'00 161.23 158.84 15.+'27 155-90 150',?3 160.54 150.97 162'.?.? 148.33 E58'90 148.33 
253.33 Z55.00 157.50 152.84 25 1-66 150.81 160.00 lj0.50 160.67 248.53 160.43 47.50 

15.+'00 

53'67 56.74 58-17 53'56 56-79 50.59 60'27 50'74 61.50 48'43 59'67 47'92 

Probabilitim and 
General Meanr. 

P,bBb'llity = I.o5 

61' 34' a2".11 

Prolnblity = 0.98 

57' 27' 2g1"50 

~ ~ ~ d b i i t ~  = 1.30 

59' 20' 54".84 



108-1. NORTH-EAST LONGITUDINAL SERIES. 

At  CII-(Continued.) 

May 1846, observed by Lieutenant R. Walker with Cary's 15-inch 17ieodolite. 

Angles. 

CVI & 
CIII 

Meane 

CIII & 
CI . 

Means 

CI & c 

Means 

Soconds of Observed Angles at each Zero 

4 8 

0° 0' 180°W lo0 0' 190° 0' 200 W 20O0 0' 30'0' 210' 0' 40° 0' 220° 0' 60° 0' 230'0' 

H n w I 0 w n n n I) n n 

121.43 11z.17 i?16'34118'3 J 212.56 121.54 113.80 Zz5.23 216.44 ho.34 115.60 1~3.10 
~ a 1 ~ ~ o E 1 ~ ~ 6 6 € 1 ~ ~ ~ 0 1 1 ~ ~ 1 6 Z 1 ~ ~ 1 ~ Z 2 1 ~ ~ ~ ~ 1 ~ ~ o o 1 2 ~ o o l 1 ~ ~ 6 6 E z o ~ g ~ l 1 ~ ~ 8 ~ l a ~ ' o o  

21'47 13'9% 16'92 17'75 13-37 21-44 13-40 24-62 IS'5j  20'66 14'72 23-05 

2 1.57 Z 7.50 1 4-33 1 9.57 1 8.44 16.46 1 9.06 1 4-87 2 9-73 Z 8-66 19-03 14.87 
12.67 110.17 14.~7 d10.56 16'83 17-67 110.10 E4.00 19.50 16-17 89.16 14.84 

2-12 8-84 4.15 10.04 7-64. 7-7 9.58 444 53.62 7.41 9.10 4.86 

150.77 E52'87 151'34 14ge8J J5o.06 l47''7 l44.37 149'96143b17 E5°'34 l4O.47 l.51-53 
15 1-16 $48'50 149.83 149'67 149'67 147'83 E44.57 151'0~ i?45'00 E~I'OO 240.97 E52-33 

50'97 50.69 50'59 49.75 49-87 47'50 4447 50'48 4.4'09 50.67 40.72 51.93 

Prohahilities and 
&nerd Meaua. 

ProbabditS = I.II 

58'51' 18~"07 

Pmbabilig = 0.71 

59'31' 7'"08 

pmbbility = o.97 

63' 14' 48"'48 

At CIU 

May 1846, observed by Lieutenant R. Walker with Oarg's 15-inch 24eodolite. 

Angles. 

CI & CII 

bfeana 

Seconds of Observed Angles at each Zero 

0'0' 180'0' 10'0' 190'0' 20°0' mOO' 30'0' 210'0' 40'0' 220'0' 60b0' 230°W 

4 n n n n n N 11 n n 11 H 

18'03 2 8.00 1 I 1-26 29.50 110.56 Z8.27 28-63 116.26 15.74 1 7-37 Z 5-73 Z13.17 
18-33 1 1.83 110.84 16.83 1 9.00 19'16 17.84 E13.00 17.16 1 7.06 1 7.50 113.00 

2 2.50 

8'18 4-11 11'05 8.17 9-78 8.72 8.24 14.64 6-45 7'22 6.62 13-09 

Probabilities and 
General Means. 

Probability = 0.81 

55' 54' 8".86 



OBSERVED ANGLES. 

A t  CIII-(Continued.) 

N a y  1846, oZserved by Limtmant R. Walker with Cay's 15-inch Theodolite. 

Probabilities and 
Genoral Meam. 

Angles. 

Seconds of Observed Angles at each Zero 

GOV l M O  C' ICOG' l9C0O' 2C00' XlO00' 80°(Y 210°0' 4G0W 2Z0°0' 50'0' 230'0' 

CII & 
C r I  

Meane 

CVI & 
CVII 

Means 

rr rr rr rr rr Ir 11 u rr rr 11 I rr 

125'27 130.00 119.64 124.10 218.44 127'57 229.60 122.23 130.50 125.83 134.64 12.3'33 
~ 2 4 ~ 1 7 l 3 2 8 0 l 2 ~ ~ 0 0 l 2 5 ~ 1 7 l 2 7 ~ 0 0 l 2 6 ' 3 4 Z . 3 1 ~ o o l 2 4 ~ 1 6 l 3 2 ~ 0 0 l 2 7 ' 9 0 l 3 2 ' 5 0 l 2 + ~ 1 7  

24.72 31-40 21-82 24.64 27-72 26'96 30.30 23'20 31.25 26'87 33'57 23'75 

1 7'50 113'03 111'93 111'07 1 8-16 2 8'16 1 9-07 119.83 1 8-33 117.34 16.50 l16.17 
18-50111-37 1 7-83 1 y67110.17 l9'16l1o'oo 120.67 1 ;-00116-50 1 7.83 116.67 

8-00 12.zo 9.88 10'37 9-17 8.66 9'54 20-25 2.67 16'92 7'17 16'42 

At CIV 

May 1846, obscrved by Lieuienant R. Walker with Cay's 15-inch ZJleodolite. 

Probability = 

61' 9' 27"'18 

Prohbility = I.I7 

58' 8' 1IW'35 

Probabilitier a d  
General Ycanr. 

-- 

PmbabilitJ = o.81 

64' 55' 6lW'64 

= 0.84 

60' 46' 18".68 

 angle^. 

CV & 
CII 

Means 

CII 8t 

Means 

Scconds of Observed Anglee at each Zero 

oO(Y 18O0v 1o0w 19O0w 2C0V 2Oo0(Y SGO(Y 210°w 4O0w 220°0' wow 23(row 

11 I1 I1 I1 l r  10 11 I1 rr Ir I1 11 

165.13 161.3 7 159.93 163'46 164.57 261-qq 158.84 266-16 159.80 165-73 155.00 162.07 
165.00 158.90 162.17 164'33 162.74 159'04 159.00 Z64v00 160.03 1!63'ao 155.66 161.66 

65'07 60.14 61-05 63-90 63-66 60.24 58.92 65-08 59-92 61-47 35-33 61.87 

120.74 217.66 lz2.90 114.60 lrj 'gl 119.46 z a p 3  111-67 119.80 114.27 120-67 117'17 
119.34 lrg.67 119.83 l14.67 120.66 121-13 112.50 Zr3-67 Z Z I . I O  116.63 lzo.84 118.00 

zo'oq 18-67 21-31 14.64 1g.30 20.30 22-87 12.67 2a.45 15'45 20'86 17-59 



PU'ORTH-EAST LONGITUDINAL SERIES. 

At CV 

May 1847, sbsmed by Aieutmmt R. Walker with Troaghton aud Simms'.36-inch 57~odolitc. 

Angled. 

CX & 
'IX 

hiesne 

Seconds of Observed Angles a t  a h  Zero 

000' 18000" SQW 189OW lP0' 19P0' 2500' 20i00' 

11 I t  11 11 11 I 1  I1 I f  

h 8-50 h 8.52 h 10.42 h 9'72 h 9.76 h Ir.14 h 8'44 h 5.94 
h 6.22 h 11.40 h 9.40 h 7.64 h 9.28 h 9.50 h 7.16 h 8.54 
h 5.98 6-98 h 7.62 h 0 h 8 0 2  h 7.42 d 7.92 h 7-64 

6.90 8.93 9'15 8.13 9.02 9'35 7-84 7'37 

Aobabilitioe and 
General Men= 

Probability = 0.30 

4g0 52' 8"34 

May 1846, obsemed by Lieutmant R. Wdker with Cary's 15-ind Zleodolite. 

Probabilities and 
Qeneml Means. 

Pmhbility = 1-13 

54' 47l 4gR.gg 

Probability = 1.10 

61' 40' 48"-38 

= oP7 

57'36' 29"'89 

Angles. 

CIX 8t 
CVI 

' 
CII 

Means 

C n  & 
CIV 

Means 
- 

Seconds of Observed Angles at each Zero 

CP 0' 180°W 10°0' 190° 0' 2OV 0' 20O00' 3OV0' 21OV 2' MU0' 220°0' 60-0' 230'0' 

n I I  I I  I I  11 rr 11 n I I  I I  rr rr 

855.33 h49.66 149.60 448'24 148.50 147.33 248.50 149.70 146'17 456'13 143'33 h56.83 
h53.34 h49.23 251.00 E+8.00 l48.83 149'33 148.66 i47.84 C46.07 15;'17 h43.30 h57-50 

h43-50 

54'34 49'45 50'30 48-12 48'67 48'33 48'58 48'77 46.12 56.65 43'38 57'17 

kq6-63 149'27 148'34 250.03 1.50'40 l++'r 7 155.07 144.50 251'27 144'33 154.1 7 h42.r 7 
h46-66 h48.77 147.33 t51.50 250'83 141.67 153.17 45.66 151. I 7 143.6; h54.40 h42.50 

h55.00 

46.65 49-02 47'84 50.77 50.62 44-42 54.12 45-08 51'22 44'00 54-52 42.34 

132'84 h30.16 131.90 127.57 130.00 133'53 127.27 133.17 124.23 135.6; z27'17 130-00 
132.00 124.84 131.4 225.83 l30'50 Zj1.33 hp -13  133.84 Iz5.20 Z36.00 126.50 131'47 

123'53 123'74 130.66 
Z25.84 

32'42 26'18 31-87 26-70 30'25 32-43 28.20 33.51 24.72 35'84 25'81 30'71 



OBSERVED AKCLES. 11 1-1. 

A t  CVI 

May 1846, observed by Lieutenant R. Walker with Cary's 15-inch Theodolite. 

Probsbilitiea and 
Q.eneral Means. 

Probability = I.I7 

58' 58' 17"'57 

Probability = 

64°5036'351'~9~ 

116~50' 8'"98 

Anglee. 

CII & 
CV 

Means 

CV & 
CIX 

Means 

Means 

Seconds of Observed Angles at each Zero 

0'0' 180°0' 10°0' 190°0' 20'0' 200a 0' 30'0' 210°0' 40'0' 22G0G' 50'0' 230'0' 

N r I w tr N (I n I/ v I/ n 

h14.5~ 1~5.50 118.04 115.67 l13.00 117.00 115 07 i17.jo 118.66 115.66 124.17 111.83 
h16.40 h25.00 117.00 112.84 213.83 116.00 11 7-33 119.33 l2r.00 114.67 Z27.50 lr4.00 

15-49 25-25 17.52 1q26 13-42 16.50 16'20 18.42 19.83 15.17 25-84 12-92 

$6'26 h27.50 1.34'73 i34.00 135.17 132.30 134.43 1-+2.00 137.67 138.67 l29.00 145.50 
h3 7'33 hzy.50 Z38.00 Z3 7'00 137.67 132.80 13 1-67 139'1 j 138'50 13 7-33 133'33 142.00 

36.80 28.50 36'37 35.50 36.42 32.65 33-05 40'59 38.09 38.00 31-17 43-75 

h14.07 h 8.50 1 7.43 E14.17 111'8.3 1 7.94 116.24 1 8.17 16'33 111-oo 19-33 12.34 
h1r.17 h 7.00 1 7.33 z10.33 110.50 1 5 . ~ 0  114.00 18.00 14.34 1 8-67 15.17 17-00 

1 7'17 

12.62 7-75 7'3812.25 11-17 6.57 15.12 7.78 5-34 9'84 7'25 4-67 

CF::I& 

Meam 

CIX & 
CVIII 

' 1 ~ ~ ~ ~ 9 '  
- 55O57' 

CVII 
CIII 

Means 

Means 
I 

134'10 132.66 129.57 131.67 1.32'50 128.00 hz9.34 1.34.00 1jg.00 139.00 133'50 1-+3'34 I 
133.50 130.66 130.83 135.50 129.66 128.17 130.17 135.17 130.1 7 Z35.84 i3z.00 145.00 

130.j0 

33-80 31.66 30.20 33'59 31.08 28'09 30'00 34'59 31'59 37-42 32-75 e ~ - 1 7  

Probability = 1.17 

55' 57' 33"'25 

+ 72-62 +67'75 +67'38+ 72.25 + 71' I 7 + 66.57 + 75.12 +67.58 +6se34+ 69'84+ 67.25 +64'67 
- ~ ~ ~ 8 o - ~ 1 ~ 6 6 - ~ o ~ z o - ~ ~ ' ~ ~ - ~ 1 ~ o 8 - 2 8 ~ o g - ~ o ~ o o - ~ ~ ~ ~ g - 1 ~ ~ ~ - ~ ~ ~ ~ ~ - ~ 2 ' ; ~ - ~ ~ ~ 1 ~  

38.82 3 6 . 9  37.18 38.66 40.09 38.48 45.12 33-19 33.75 32.42 34-50 20.50 

Probability 
= 1.65 

60'52'35'~.73 

h36-50 h46.84 45-87 139'96 44'60 144.56 L1.93 b . 6 7  143.50 136.33 143.00 140.33 
h39.50 149'1 7 243' I 7 1.12'33 14z*oo 146.63 145.00 145.83 243.83 140.66 145.33 13 7'67 

38.00 48.01 44.52 qr'rg 43.30 45.60 43'47 47-75 43.67 38-50 44'17 39'00 

h18.60 7r1 1-66 113.63 116.20 l15-40 118-oo lrz.33 l12.70 11 1-50 Z18'.3q l14.50 1zo.00 
h15.6oh 9.33 ZI.+.~O l17.50 116.00 119.37 112.00 115.67 113.84 118.67 2 8.67 119.33 

112.33 

17-10 10.50 14'07 16-85 15'io 18.69 12.17 141y 12-56 18.51 11~59 19-67 

pFobabilig = o.93 

59' 35r43"'~o 

Pmbability = 0.85 

59' 59' 15'"13 
I , 



NORTH-EAST LONGITUDI3ibL SERIES. 

A t  CVI-(Contintled.) 

December 1846, observed bgr Lieutenant R. Walker with Troughton and Simms' 36-inch modolite. 

Probabilities end 
General Means. 

8' 23' 40"-74 

CV & 
R M  

Means 

Seconds of Observed Angles at each Zero 

oOQ 180°V S0V 18g00' lSoO' 198'W ZioO' 207O0' 

I1 If 11 11 If I1 11 I1 

h 3796 I 41.60 h 41-16 h 4 1 ' ~  h 41-92 7t 39'86 h 40.82 h 40.34 
A 39.64 h 9 43-42 h 39-20 i 40.74 h 41-16 i 11-rr 1 39.84 
h 41.56 W 39.90 h 44.48 h 39.00 h 41.52 h 38-04 h 43.10 h 40'46 

3 9 7  40'31 43-02 39-88 41-39 39-69 41.68 40.21 

At CVII 

May 1846, observed by Xicutenant R. Valker with Cary's 15-inch Theodolite. 

Angles 

ClII & 
CVI 

Meana 

CVI & 
CVIII 

hf- 

Seconds of Observed Angles a t  each Zero 

0'0' 180'0' lGoV 19O00' ZOoO' 200' G' 30° 0' 21OoV 400 0' 22O0(Y 60°0' 230'0' 

11 11 If 11 11 I1 I1 If If 11 If 11 

h 9-64 h 6.16 1 4-84 2x0-oo 1 1-83 2 7'83 1 6-00 110-67 1 5'17 114'50 1 5'66 11 1'84 
h 7.50 h 5'1 7 1 4-16 1 9.33 1 4-67 110.66 1 5'83 112.00 1 4-34 11 2-16 1 4'00 114'83 

8'57 5.67 4'50 9-67 3.25 9.25 5-92 "'34 476  13-33 4-83 13-34 

h45.66 h46. I 7 Z47.20 2.39'53 147.67 243.27 148.84 138'1 7 250'67 Z37.17 41-84 138'83 
h45.83 145.33 147.1 7 141.34 148.50 140.84 150'00 138.00 148.66 141.50 841'50 139.60 

45'75 45'75 47'19 40'44 48'09 42-06 49-42 38.09 49'67 39'34 42-17 39-92 

Pmbebilit iea and 
General Means. 

Pmbability = 0.91 

62' 16' 7'"87 

Pmbability = .16 

65' laf 43"-93 

At CVIII 
Hay and June 1546, obsmcd by Lieutenant R. Walker with Cary's 15-inch Theodolite. 

Probabilities and 
h e r d  Means. 

probability = 0.95 

58'49'41".22 

Angler 

c v I r  & 
CVI 

bfeans . 

Seconds of Observed Angles at  each Zero 

O00' 180'0' lGoW 19O00' 40°0' 20O00' 30°0' 21000' 4O00' 820'0' 60°W 23O00' 

I1 If 11 11 11 11 I1 If It If If 11 

115.56 240.4 135.~7 242.17 136.33 43'54 13.5'50 45-00 40'53 146'00 139.26 114'00 
143.07 141'go 135.66 140.67 136'00 142.67 139.34 144.66 139.57 145'33 141.67 144.50 

44'32 41'37 35'52 41-42 36-17 43-11 37.42 44.83 40'05 45'67 40'47 44'25 



OBSERVED ANGLES. 113-1. 

A t  CVIII-(Continued.) 

bfay and June 1846, obsmed hy Xieutenant R. Walker with Cary's 15-inch Eieodolite. 

Probnbilitiee and 
General Means. Angles. 

Seconds of Observed Angles a t  each Zero 

0'0' 18G00' lCOO' 19Oo0' 20'0' 200'0' 30'0' 210'0' 40°W 22C0b' 60°0' 230'0' 

CVI 
C I S  

Means 

4 R R n R n n n n n 

1.5 1.94 254'83 158.13 149.16 154.34 153.30 159'00 149'33 h52.83 zjo'84 157.74 151.50 

15 7-00 

I 151.93 155'60 156.1 7 150'43 152.66 2 j4.50 154' I 6 1.+8'34 k53.00 150'1 7 159'00 151.50 Probability = 0.83 

51-94 55-21 57.15 49-80 53-50 53.90 56-7-9-09 52-92 50.51 58-31 5 r 5 0 /  sf' 34' rl"'39 

At C I X  

Ma,y 1846, observed by Zieutenant B. Walker with Cary's 15-inch incodolite. 

Probabilities and 
Qeneral Means. 

P~~obability = 1.08 

63' 32' 3xr'.85 

Probability = 1-23 

60'35' 3511.43 

Anglea 

CVIIl & 
CVI 

Means 

CVI $ 
CV 

Means 

Seconds of Observed Ar~gles a t  each Zero 

0'0' 180'0' 10'0' 19O0W 2O0W 20O00' 30'0' 210'0' 40°0' 220'0' 60'0' 23O0O1 

w ,I 4 4 4 4 4 4 I 4 4 R 

132.83 729.00 h33'4.4 h38.1 7 lr28.40 h35.16 12 7.90 134.66 1.?1.50 135'34 123'24 134.83 
132.66 130.33 133.00 h.36.1 7 h28.83 h33.1 j 229.33 l35.00 130'50 133.63 122.50 134.67 

123.00 

32-75 29.67 33.22 37-17 28.62 34.17 28.62 34.83 31'00 34.49 22.91 34'75 

135.50 137'16 137.20 h31.83 136.77 h32.57 1.38.50 134.40 139'33 130'8.3 145.50 126.50 
137'67 136.1 7 hg 7'34 132.83 135'73 hg 1-66 138.6 j 132'83 239.33 232.00 144'8.3 l.27'67 

137'33 13 1.00 (41.66 

36'59 36-67 37-27 31.33 36.28 32.12 38'59 33'62 39.33 31-28 4qoo 27.09 

March 1S47, okerved.by Zieutenat R. Walker with Trougltton and cYimms' 3 6 - i ~ c h  TJteodolite. 

Probability = 0'42 

69' I' a2"'cjg 

CV & 
CX 

Meana 

Seoonds of Observed Angles a t  each Zero 

0'0' 180°0' 9'0' 189'0' 18'0' 199'0' 27'0' 207'0' 

II 4 R R n n n R 

h 21'68 h 22-00 h 22'02 h 25.86 1 19.92 1 22-78 h 21-86 h 23-80 
h oa.04 h a3.70 h 22.96 h 23.66 E 11.72 E 23.94 h 94-24 h 23.62 

h 23-16 

21-86 22'85 aamqg 2476 20.82 03'36 . 04-09 1 3 ' ; ~  



114-1. NORTH-ELIST LONGITUDINAL SERIES. 

A t  CIX-(Continued.) 

March 1847, observed by Lieutenant R. Walker with Trougliton and Sirnms' 36-inch Z%eodolite. 

Probabilities and 
General Means. 

Probability = o'J1 

8 r0 46' 53"-77 

Angles. 

C'xI& 
Means 

Seconds of Observed Angles nt each Zero 

0'0' 180'0' 9'0' 189O0' 18'0' 198'0' 27'0' 207O0' 

rr II rt II 11 n n 11 

h 54.82 h 54.62 h 53.26 h 54-94 1 33-46 1 52.06 h 49.36 h 53.98 
h 55.32 h 55-28 h 53.74 h 56.60 l 54-00 1 51.54 h 51.48 h 53.50 

1 53'54 h 52.22 

5j.07 54'95 53'50 55'77 5.3'73 52-38 51'02 53'i4 

At CS 

March 1847, obserced by Lieutenant R. Walker with Troughton and Simms' 36-inch Theodolite. 

Probabilities and 
General Means. 

105' B148".47 

Probability = 0.54 

48° 52' 13'"02 

= o.48 

560 1 6  35".15 
I. 

Anglea 

C911 & 
C 1 9  

Meana 

'zx' 
Means 

(2x11 di 
CXI 

'05' 81 
-48' 52' 

Seconds of Obsel~ed Angles at  each Zero 

O"O' 180'0' 9'0' 189O0' 18'0' 19S00' 27'0' W O O '  

v 4 4 n n 4 n N 

I48.42 h 46.78 Z 47-00 Z 46-80 h 48.22 h 49.32 h 49-88 h 48'42 
h 49-41 h 47-10 1 48.82 1 47.42 1 48-00 h 49-60 h 51.51 h 49-08 

1 48.54 1 46.84 

48.92 46-99 48-12 47-11 47.69 49-46 50.70 48-75 

h Ir.zo h 14-14 h 15'32 h 11-60 h 12.74 h 12'66 h 15.76 I 12.64 
h 12-38 h 12.66 2 15.40 h ro.,+a h 13.38 h I I . ~ . +  k 16-34 h 11-or 

h 11-96 113.38 h 10.92 

11'79 12-92 14.70 10.98 13-06 12'30 16'0j 12.33 

+ 48.92 + 46'99 + 48.12 + 47.11 + 47-69 f 49.46 + jom;o + 48.75 - 11.79 - 12.92 - 14-70 - 10.98 - 13.06 - 12.30 - 16.05 - 12'33 

37.13 34.07 33.42 36-13 34-63 37-16 3465 36.41 



OBSERVED ANGLES. 

. 
A t  CX-(Continued.) 

JIiarch 1847, observed by Lieutenant B. Walker with Troughton and Simms' 36-inch ITheodolite. 

Probabilitiea and 
General Means. 

Probability = 0.50 

Anglea. 

'IX ' 
cv 

Seconds of Observed Angles at each Zero 

OOW 18O00' goo' 189Oo' 18O 0' 198'0' 27'0' 2m0 0' 

I1 I1 11 'I I' 1' I/ r r  

h 30.50 71 28.58 h 28.92 h 34.60 h 29.72 h 31-62 h 28.12 h 28.82 
h 30.00 h 29.66 h 27-40 h 31.90 h 19.02 h 30.62 h 27.46 h 30.14 

h 29.86 h 29.50 l 31.48 

Means 30.25 29.37 28-61 32-66 29.17 31.12 2;.;9 29.48 1 61' 6' 2gU.81 

A t  CXI 

March 1847, observed by Lieutenant R. Walker with Troughton and Simms' 36-inch ZXeodolite. 

Probabilities and 
General Means. 

Anglea. 

'I' ' 
"I1 

Seconds of Observed A~~gles at  each Zero 

OOo' lf)O00' 9'0' 189Oo' 1S0O' 198Oo' 27'0' 207°0' 

II n n n N n N N 

h 3'98 h 8-78 7I 9-12 h 7.12 h 4.98 1 4.00 7r 8.28 h 5-10 
h 4.70 h 8.18 h 7.34 h 6.74 h 5.48 1 I h 6.40 A 6.58 
h 6-76 h 6.78 h 6.04 1 7-38 
h 7.96 h 6.38 
A 6.26 h 6.22 

Means 

CX ' 
"I1 

Means 

C ~ X  8G CX 

10zO 46' 
-53' 26' 

5'93 7'27 7'50 6'93 5-23 6.16 1-34 5.84 1 rozO 47' 6".53 

h 11.24 h 10.40 h 14.58 W 14'74 h 12.36 h 1.5'64 k 12 64 Ii 10.14 
h 12-98 h 12.56 h 13-44 h 13.02 h 10.74 1 13.50 h 11.34 h 10.40 
h 13-28 h 11.92 h 13.30 h 13.58 h ro.42 1 13.72 

12'50 11.63 13-77 13.78 11.17 14.29 11-99 10.27 

+ 65.93 4- 67.2 j + 67.50 + 66.93 + 65'23 + 66.16 + 67'34 + 6 5 . h  
- 1 2  50 - 11.63 - 13'77 - 13-78 - 11-17 - 14-29 - 11 99 - 10'27 

Probability = 0'47 

53' 26' 12".43 

probability = 0.44 

53'43 55.64 53.73 53.15 54-06 51.87 55'3.5 55'57 1 49' 20' 54'1'10 



XCORTII-EAST LONCITUDIISAL SERIES. 

m 

At CSI-(Continued.) 

March 1847, observed 6y Lieutenant R. Walker with fiougJlton and Simms' 36-inch fieodolife. 

bngleo. 

y-?iJII& 

Meam 

Seconds of Observed Angles at each Zero 

0' 0' 180' 0' 0'0' 185'0' 18'0' 198OW 27'0' 207'0' 

- 

I )  I )  I )  I I )  * H # 

h 43-14 h 42-42 h 45-44 h 39.72 h 44'68 1 43'52 h 38-92 h 42'06 
1 39-18 h 44-80 h 40'46 h 40.72 lr 41.62 1 12-56 h 39.86 h 43-40 
1 40.14 45.06 42-52 z 42.90 1 42.54 
h 43-18 
h 44'10 

41-99 44.09 42'81 40'22 43'07 . 42'87 39'39 42-73 

Probrrbilities and 
G e n e d  Means. 

Probability = 0.52 

59' 19' 4a1'-15 

dt CXTI 

March 1847, observed by Lieutenant R. Walker with Troughton and Simms' 36-inch Theodolite. 

Angles. 

CXIV & 
CXIII 

Y eans 

cxlll 
CXI 

Meam 

' 
CX 

Means 

Seconds of Observed Angles at each Zero 

0° W 180' W 9'0' 189'0' 18'0' 188O0' 27'0' !WOW 

11 11 11 I1 11 11 11 I1 

h 56.66 h 55-60 h 54-76 fi 54-31 h 53-02 h 55-26 h 53'92 h 54'06 
h 54'94 h 55-92 h 54-58 h 53-86 74 54-32 h 55.68 h 54'44 h 54-48 

55-80 55'76 54'67 34-09 53'67 55'47 54-18 54-17 

h 37-66 h 4o.88 h 41-28 h 39-90 h 42-00 h 42'56 h 40'48 h 3 7'86 
h 38-71 h 40.36 h 40.46 h 39.64 h 41-11 h 41.78 h 39.68 h 38.74 

7' 41.54 

38'19 40'62 40.87 40'36 41.56 42.17 40'08 38-30 

h 11-16 h 14-18 h 13.78 h 14'12 13.F h 11'52 h 12-46 h 14-36 
h 12-52 h 13.64 h 1432 h 12.84 h 13-26 h 11.18 h 12.40 h 13-68 

h 14'12 h 13'00 

11.84 13-91 14-07 13.48 13-41 11.85 12-43 14-01 

Probabilities and 
General Means. 

Probability = 0'27 

54' 31' 54"'74 

Probability = 0.47 

60'42' 4of1.a7 

Probabiity = 0.31 

70' 17' 13"'13 







OBSERVED ANGLES. 

A t  CXV--(Continued.) 

Apra.1 1847, observed by Lieutenasat R. Walker with Troughton a , d  Simms' 36-inch Zneodolite. 

Angled. 

CXVI & 
CXVII 

Means 

Seconds of Observed Angles ~t each Zero 

0'0' l W W  900' 18900' 1 e W  198'0' WO' 807'0' 

rr n rr 11 n n 11 I I  

h9-34 h11.86 Z 11.oa Z 9.96 1 ~ 2 . 4 6  Z 9'" hxx-56 h ~ a - 3 8  
h 9-70 k 12'04 Z 10'04 Z I 1-60 8 10.36 1 IO'SO h 10.60 k 12-62 

E 10.26 Z 9-78 

9.52 11-95 10.53 10.61 10.87 9.81 11.08 12.50 

Probabilitien and 
General Me-. 

Probability = 0.33 

58' 35' xo1'.86 

dt CXVI 

AF'~ 1847, obstrved by Lieutaunt R. Walker with Troughton and Simm' %-inch Tlreodolile. 

Anglee. 
Seconde of Observed Angles at each Zero 

0" 0' 180'0' So 0' 189'0' 18'0' 1980 0' 27'0' e01'0' 

Pmbabilitia nnd 
&nerd Meana 

Probability = 0.35 

63' 43' 4311'89 

Pmhbility = o.38 

59" 14' 43"'75 

Pmbability = o.47 

560 49' igffvm3 . 

h 43-04 h 46-32 h 41-86 h 42-98 h 43-04 h 44'42 h 44-46 h 44-04 
cxm ' h 43.56 h 45.28 h 43-54 142.92 h ~ 3 4  h 43-70 k 43-04 1 44-06 

cxvll h 4 5 6  h 45-14 h 41-62 h 44-30 1 45-18 

43'05 45-61 42'34 42'95 43-89 44-06 44'75 44'43 

CXVII L 
CXV 

Means 

CXV & 
CXIV 

Meens 

h 46-72 h 44-36 h 43.32 h 43.92 h 40.82 h 43-92 k 4t-52 h 42-38 
h 46-06 h 43.68 h 43.78 h 43.44 42.36 h 44.44 h a h 2 - 9 4  

43-14 A 43-80 h 45-41 A 43.68 z 43-98 
43'36 h43.44 h43-40 h44.10 

46'39 43'64 43'55 4365 43-00 4494 42-61 43-10 

h 19-33 h 8 h 19-96 h 18-06 h 21-68 h 17-38 h 19.44 h 18-98 
h 18-11 k 19-70 A ~2.08 h 1;.7q k w.46 k 18.48 1 19-90 k 18.54 
k 18-00 k 19.34 h 2190 h 17-00 
h 18.71 h 21.50 16'88 

18.54 19'05 "'36 17-42 31-07 1;-93 19.67 18-76 



1 2 k .  NORTH-EAST LONGITUDINAL SERIES. 

At CXVII 

April 1847, observed by Zieutenant R. Walker with Toughton and Simma' 36-inch 53eodolite. 

Probabilities and 
Qened Maane. 

Pmbrrbility=o~36 

62' 10' 5'"go 

Probability = 0.33 

53' 18' 1j1"35 

Probabiility=o.q6 

58' 33' 2'"16 

Angles. 

C,,V dr. 
CXVI 

Meam 

' 
CXVIE1 

Means 

CXPIII 
& CXIX 

Means 

Seconds of Observed Anglee at esch Zero 

0° 0' 180° 0' So 0' 189O0' lSOO' 19S00' Do 0' ZOirOO' 

I1 11 11 11 H 11 I1 11 

h 8.22 2 5-04 2 5.68 1 5.68 h 4'44 h 5-84 2 5.20 il 7-14 
17-38 25'68 15-84 Z5.56 h4.50 h6.48 14.74 Z 6.98 
h 7'84 

8 1  5-36 5-76 5.62 4-47 6-16 4.97 7.06 

h15'fo 116.40 216.70 213.98 h16-10 2 16.20 113.32 114.48 
h 16.96 2 16-04 2 15.46 Z 15-18 h 15-82 h 15.50 Z 14.04 1 14-20 
h 16.24 h 15'10 

16.30 16.22 16.08 14.58 15.96 15.60 13'68 14-34 

2 1.60 2 2-54 Z 1.36 Z 1-04 li 1-56 2 1-66 2 6-68 R 2.44 
20.74 22-46 21 '00  11.44 h2.68 ho-78 25-06 12.20 

h 1-60 Z 4.26 1 2.60 

1-17 2.50 1-18 1'24 2-12 1-35 5'33 2'41 

At CXVIII 

Ap'Y'Z 1847, observed by Lieutenant R. Walker with Troughton and Shnms' 36-inch fieodolite. 

Anglee. 

CXX & 
CXIX 

Meane 

Seconds of Observed Angles at each Zero 

000' lW0' SOW 189OW lSOO' 19S00' 2T00' 20100' 

11 I1 I1 I1 I1 11 I1 I1 

h 9.14 h 7-16 h 7-84 h 8'52 2 9-24 2 6'18 1 8-08 Z 9.24 
h 8.38 h 7-00 h 7-90 h 9-24 2 9.22 2 7.50 2 7.76 2 8.08 

li6.94 2 6-92 

8.76 7.03 7'87 8.88 9.23 6'87 7.91 8.66 

Probabilities and 
&nerd Meam. 

Probability = 0.29 

83' 26' 8"-15 



OBSERVED ANGLES. 

dt CSVIII-(Continued.) 

April 1847, 088emed 8y Lieutenant B. walkerki th  Troughton and Simm' 36-inch Theodolite. 

Probabilities and 
Qoneral M- 

Probability = 0.31 

49' 49' 3"'86 

Probabilitg = 0.43 

62°57r60rr-68 

Seconds of Observed Angles a t  eeach Zero 
Anglea I 00" 1"W QO" 18g0(Y 18OW 198'0' 27'0' 207OW 

& 
CXVLI 

Meane 

Means 

11 t r  II II II - 11 II 11 

A 2-44 A 640 h 3'68 h 3.92 2 2.86 1 4.24 2 4'78 , 1 4.46 
1 3.36 h 4.94 h 3.10 h 3.88 2 I p4  l 3.72 Z 4.46 2 3.84 

h 4.62 

2'90 5'32 3'39 3'90 2-40 4-23 4-69 4'15 

h 59-06 h 61-68 h 60.58 h 61.82 1 58.00 2 61'64 2 61.64 1 57.92 
h 59.84 h 62.94 h 61.00 h 61.32 1 5944 1 6070 1 61.98 1 59.76 
h 60.42 1) 62.48 2 59'92 

59-77 63-37 60.79 61.57 58.72 61-17 61.8~ 59.20 

dl CXIX 

March 1848, obeerved by Mt-. C. Zane with Troughton and Simnzs' 36-inch Theodolite. 

angle& 

CXml d 
CXVIII  

Means 

CXVII & 
CXX 

Meane 

Seconds of Observed Angles a t  each Zero 

0°0' 18O0V Q00' 18Y00' lSOO' 108OW HO(Y 207OW 

tr  rr rr 11 H n rr 11 

1 49'32 1 52.46 150.98 1 52.28 A 51.28 h 52'90 1 49'66 2 53'46 
1 4997z 2 5%'54 5 1.84 5 96 h 52'56 -53 66 1 49 g6 53.O4 

h 5.5'30 
h 5468 

49-52 52'50 51.41 52.12 51'92 $4'14 49.81 53-25 

1 33.42 h 32'98 h 32-14 h 36.22 h 32.98 h 35'44 1 31.94 h 34.18 
h 33.92 h 36'46 k 33'34 h 37.50 h 30'28 h 35.38 h 35'32 h 34'98 

h 36.16 h 37'44 1 3 1.26 33.50 
h 33.60 

- 

33.67 35.20 32.74 37'05 31.51 35'41 33'59 34'58 

Probabilities and 
General Meam 

probability - o.5 

71" 37' 5 rV.83 

12x0 38' 34'"22 



122,, NORTH-EAST LONG1TUl~INA.L LSEEIES. 

L 

At CXIX-(Continued.) 

March.lM8, obemed by 64r. 0. i5a;arae with Troughton and Simnzs' 36-inch Theodolite. 

Probabilitiec. and 
General Meanr 

Probability = 0.60 

anglee. 

C X W &  
cxx 

Seconds of Observed Angles at each Zero 

0.0' 180. W 9'0' 189'0' 18'0' 198' 0' 27'0' 20i0 0' 

I1 11 n n 11 . 11 11 I1 

+93.67 +95'20 +92'74 +97'05 +91'51 +95'41 $93'59 +94'58 
-49'52 -52'50 -51'41 -52.12 -51.92 -56.14 -49.81 -j3'25 

ra1° 37' 
-7'" 37' 

C-,VII & 
CXYI 

Meana 

cxX k 
CXXI 

17g0 44; 
-121~38 

44.15 42.70 41.33 44.93 39.59 4 43.78 41-33 1 so0 o14aV1.3g 

2 18.32 2 18.80 2 17-26 2 16.98 1 18.16 hzo.72 1 17.86 2 18-14 
17-30 1 19.68 1 20'26 1 17'72 1 16.26 h 18-06 2 19.32 h 18.04 

1 16.98 2 17.84 h 19.58 2 17'30 

17.81 1924 18-17 17'35 1 19'45 18.16 18.09 

+77'81 +7gr4 +78'17 +77'35 +77'4% +79'45 +78'16 + 7 8 ' 9  
-33.67 -35.20 -32.74 -37'05 -31'51 -35'41 -33'59 -34'58 

44'14 44'04 45'43 40'30 45'91 W04 44'57 4.3'51 

dt C X S  

Zamh 1848, obsemed by Hr. 0. Zane with Troughton and Simm' 361i4tch Tlieodolife. 

178~  45' 18".a1 

Pmbnbi]iQ = 0.56 

57" 6' ~ " ~ 9 9  

Angle 
between 

CXXnI& 
C X X I  

Circle readings, teleecope being eet on CX XI1 L 

0' 1' 180'1' 0'8' 18g0 8? 18.4' 198' 4' 87.5' 201.4' 

11 11 I1 N 11 I1 11 11 

2 50'47, 7r 5 1.38 2 49'76 Z 49-30 Z 49' I a 2 50.44 h 47'90 Z 49'10 
h 49.04 L50'5a 2 47'44 2 49'68 2 47.68 249.48 2 53.30 149'70 
h 50.08 h 48.24 2 47'32 1 53 88 

153'7% 

49'85 50'95 48'48 49'49 48'04 4996 52-20 49'40 

'X= M e s n d  Qmn 
m = Relative N'rigG 
C = Concluded Angb 

890 30' 



At CXX-(Continued.) 

*iMarch 1848, observed by Mr. C. Lane with Troztghton and Simnts' 36-inch Theodolite. 
Theodolite No. 1. 

-- 

af - Mean of Cirou 
IU = Relative 
C = Concluded Angle 

I- w-35 
,g , 4 .q 

w = 8 -2, 
I , = 0 '" 

c i 560 14' 4718.82 

I - 47". a3 - 4 

M- 6ra.3a ,, 8 . , 9  

W * ' 7  '57 ' , 
w 
C - 33' 16' ~ " ' 3 9  

I 6ra-47 , , .38 

tFelrruary 1855, observed by MI*. J. 0. Nicolson with Barrow's 2 4 - i ~ c h  

Angle 
between 

8 .  

CXXIII 
& CXXII 

Circle readings, telescope being set on CXXIII 

00 lf 1' B~ 189r r' 181 4.. lg8 Y 270 5. m70 

I1 I1  I 1  I1 I1 11 I1 11 

h48.92 h 48.84 1 46.82 2 48.26 147.26 Z 49.32 h46.38 247'28 
h 49.88 h48.56 1 47.94 149.92 1 45.94 1 48.20 152.73 148.55 
d48.57 b 46.96 1 48.26 d45.52 1 5 1.16 

2 5 i.20 
d 50.23 
d 48.09 

49.12 48.70 47'24 48.81 46'24 - 48'76 49'96 47'93 

Lasaor dmle O0 1' 180°1' 7" 12' 187°12' 14'25' 19C 2% 21°37' 20l0 37' 118'49. 2080 49' 

t 
CxXIII + CSXLI 

h 47-34 h 44'80 1 45-84 h 47.16 h 46.88 1 52'98 h 4428 h 49-24 h 4 7 . ~ 2  h 44.08 
h47 42 h 46'5% h 44.24 h 48.68 h 46.76 1 49.98 h 46.66 h 49.90 h 4.5'84 h 43'86 
h46.10 lr46.18 h48.44 h49.32 146.32 146.80 h47.04 h47.16 h 47.16 h48~30 

h 49'52 2 50.24 h 47'60 h 47'58 
h 51'00 

i4 
11 45'14 

46.95 4583 47.01 48.39 46.65 50.20 46.40 48'47 46'77 45.66 

Ira*r clmle ,,, I 66016; 1%i016' 65Ol7' W 0 1 7 D  71°19' PM"I9' 8S019. 263'19' 

• 
CX XI1 b 

CY XI 

h 61-16 h 62.54 1 62.94 '1 59.38 2 61'86 d 61.68 1 60.58 2 61.83 
d60-81 b 61.96 159.50 2 61.42 1 61.74 d60.72 162.72 161.12 
d59.85 1 6 1  28 d6097 ~360.72 a 57'53 

d 63'35 
d 64.63 

60.61 6325 61.24 60.59 61'44 61.20 61.76 61.47 

66O16' 236' 16' 6S027' 81S027' 70°40' Z6O0W 77O51' Z57"51C &'-'S1 365 S' 

h 60.30 h 61.06 1 61.98 h 61.86 h 61.44 1 62.62 h 60.46 h 62.12 h 58.54 h 6 3 . 5 ~  
t 

CXXII & 
CXXI 

h 60.60 h 59.80 h 61.44 h 62.72 h 61.30 1 G2.86 h 61.08 h 60.86 h 61.a6 h 63.16 
h61.08 h 59.50 h 63.28 h 63.38 h 61.12 h60.48 h 61.14 h61.94 h 61.66 h62.28 

h 61.48 h61.16 

60.66 60.12 62.05 63-65 61-29 61.99 60.89 61.52 60.49 62'99 



124+ NOR!CH-EAST LONQITUDINAL SERIES. 

At CX X-(Continued.) 

Mamh 1848, ob8&ved by Mr.  C. Lane with Troughton and Simm' 36-inch Theodolite. 

Angles. 

C X X m k  
CXIX 

Means 

CXXI & 
CXIX 

136' 22' 

-8y0 30' 

Circle readings, telescope being set on CX X I I I  

0'1' 180.1' Q'Y 189'Z' 18'4' 198O4' 27'6' 207'4' 

11 I) r II I I  rr II II 

231.76 L3o'oa 1 28.70 Z 30'36 128.90 129.64 Lz8.50 2 30.76 
1 32.58 h 30'1% 1 29.20 2 30.18 1 27.18 2 28.32 1 32 68 1 30.14 

h 28.64 2 2894 1 35'64 
35.30 

32-17 30.07 28.85 30.27 28.34 . 28'98 33.03 30.45 

i-92.17 +90'07 + 88.85 +90'27 + 88.34 + 88'98 +g3'03 +90'45 
-49.85 -50'95 -48.48 -49'49 -48.04 -49.96 -52.20 -49'40 

42.32 39.12 40'37 40'78 40.30 39'0% 40'83 41-03 

Probabilities and 
General Meana 

1360 23' 

Probability = 0.35 

- 
460 52' 401"47 

182" 56' 

ProbrbilitJr = 0.53 

460 33' 1o".8+ 

1 40.96 1 41.32 h 38.46 1 41'40 1 41'90 1 40.92 h 37.24 1 40.34 
2- 39'96 . 1 42.52 h 42.42 2 40'86 2 40.52 2 39'62 

2 40.80 1 43.82 
2 42.54 
1 44.66 

Means 

CXIX A, 
CXVIII 

18%' 56' - 136' 23' 

41.92 41-35 39.21 4i-57 42.16 40.89 41.76 39'98 

+ qrga +41'35 +39'21 +41'57 +42'16 i-40'89 +41'76 +39 98 
-32.17 -30.07 -28.85 -30.27 -28.34 -28'98 -33.03 -30.45 

9'75 11.28 10.36 11.30 13.82 11.91 8.73 9'53 

Xarch 1848, observed by H r .  C. Xane with Tvoughton and Simnts' 36-inch Theodotite. 
At CXXI 

Angler 

CXIx dE 
CXXII 

bleana 

Circle readings, telescope being set on CXIX 

208'11' 28'11' 217011' 87011' 226'13' 46O13' 296'14' 66'14' 

'I 'I I' It I' If It I' 

L 58'26 k 58.92 1 59'60 1 5690 1 60.52 Z 62.68 1 58 64 Z 58.52 
h 57.50 2 58'24 2 57'98 2 58.58 1 5784 E 62'34 2 57'86 1 58.80 

1 58 76 

5788 58.58 58.79' 57.74 59-04 62.51 58.25 58.66 

Probabiliti~s and 
General M m .  

rgr05x' 
i 



OBSERVED ANGLES. 

At CX X I-(Continued.) 

*March 1848, observed by Mr. C. Zane  with Troughton and Simme' 36-inch Theodolite. 
tFebrua?.y 1855, observed by Hi.. J. 0. Nicotson with Barrozo's 24-inch I'heodolite No. 1. 

Angle 
between 

CXX & 
C, 

L P I ~ ~ i , " ~ ~ ' e  

t 
CX 8t 
C X S I I  

Circle readings, telescope being set on CXIX 

208' 1 1' 28' 1 1' 217" 11' 37' 11' 226' 13' 46' 13' 235' 14' 65'14' 

,I 11 I1 I1 11 11 I1  I 1  

h22.10 h 23.52 1 25.28 2 21.90 1 22.30 1 25 80 1 2 1 5 0  122.58 
h 23.36 h22.70 125  76 124'32 E 21.92 125  04  2 19.96 I z 1 . 8 4  
h 22.86 l21 .92  

22.77 23.11 25.52 22.71 22-11 25.42 20.78 22.21 

284.9' 104'9' 291' 21' 111'21' 29B033' 118'33' 305'45' 126'45' 812' 67' 13'L059' 

h 22.84 h 22 80 h 24.36 h 2i.98 h 26.54 h 22.14 h 22.00 h 21.12 h 18 88 h 26.80 
h23.74 7121.80 h23.48 h 20 44 h22.58 h25  jo h21.50 h 21.32 h 17.58 h25.32 
h 23.32 h 24.04 h 24 90 h 22.90 h25  0 2  h 21.06 h 22'16 h 22 56 h 18 90 h 24 16 

h 26.10 1 24'98 h23  28 
h 26.30 h 22.00 

h 12.26 . h 23'92 
h 2l.0+ 

23.30 23.48 24.25 22.17 24.71 23.47 21.89 21.67 20.76 115.43 

IU= Mean of Groups 
w - &Intire Weight 

* l l~ le  

M - 23"'os 
w - a '8a 

= 6 
I - = o .16 
w 
0 = 75' 51' a3"'08 

to M P a 3 " ' 1 1  = 
3  '46 

prohnbi,ity = 0.46 

76' 0' ~ 5 " ' 8 5  

M  -- 56".79 
w ,  , . g 6  

= .38 
I ; = o '19 

(7 = 69' 0' 56"'89 

f z  5;::: 

-A$:'' ( 208' 11' 28- 11' 417' 11' 37' 11' 226' 13' &' 1 215'14' 65' 14' 

cx i~ & 
CXX 

151' 511 
- 75O 511 

• 
CXXII & 
CXSV 

+ 57'88 +58'58 +A8'79 +57'74 + 59-01 +62'51 + s ~  ~ . 5  + s ~ ~ ~  
-22'77 -23.11 -25.52 -22.71 - 2 2 ' 1 1 '  -25.42 -2078 -22.21 

35'" 35'47 33'27 35'03 36'93 37'09 37'47 36.45 

h56.50 h 56-96 h54.84 159.26 1 54.86 1 5.3'04 1 60.98 1 .58.10 
h57.50 h56.64 h56.64 I56.36 1 j5 .12  154.24 161 .68  158  94  

1 58.42 158  18 
2 57'54 

57'0° 56'80 55'74 58'01 54'99 ~ 3 . ~ 4  ~ 9 ' ~ ~  58'52 

Lesser r i d e  
-dings / 0.1' 180'0' T 13' 1Bio 12' l C 2 5 '  194'24' 21'36' 201'37' 2V4St  20b048' 

t 
CXXII & 
CXXV 

1 57-58 Ir 57'34 L 57 78 h 55'60 h 54.58 h 57'46 h 56 48 h 57.92 h 62'98 h 57.74 
1 58.08 h 56 70 h 56.78 h 56.66 h 54 84 h 55'94 h 56.62 h 58.06 h 6.3.50 h 54‘46 
1 59'96 h 54 86 h 56.92 h 56'44 h 54.14 1 56.52 h 56.74 h 58'54 h 62.74 h 56.04 
h56  04 h 56.88 h55.78 
h 55.06 h 58.06 
h 55'84 h 56.9% 

57.09 56.30 57.16 56-23 54.52 56.64 56.61 58-17 60.18 56.01 



12L1. NORTH-EAST LONGITUDINAL SERIES. 

I 

At CXXII 

*February and March 1848, observed by Mr. 0. Lane with Troughton and Simm' 
36-i~tck Theodolite. 

+January and February 1855, observed by Mr .  J.  0. Nicolson with Colonel Waugh'e 
24-inch Theodolite No. 2. 

Angle 
between 

CXX1 & 
CXX 

Circle readings, telescope being set on CSXI 

0.2' 180' 2' 9' 4' 189'4' 18'5' 19s' 6' 27'5' 207" 6' 

I 1  11 11 11 I 1  11 11 11 

h35-38 h3.5'58 h 33.22 h 35'90 1 33.22 1 34'42 135.38 h 32.88 
h 35.60 h 36.68 h 33.10 h 35.82 1 32, 7 0  1 35.40 h34.16 h 34.66 
d32.40 d33.51 h 34'46 d34.30 h 32'38 

34'46 35'83 33'28 34'73 33'41 34'91 34'77 33'31 

Y Brean of Glronpa 
to - Relntire Weight 
C = Concluded Augle 

Bf = 34"'34 
w -  7 . 9 .  

to = 9 a79 
1 - 
C = 70' 52' 34'"65 

Y = 35"'56 , , , a , ,  

M = 60''. 38 
, , 8 . 8 ,  

, = -36 
I - - - o -09 
w 
0 = 55" 34' o"'47 

M - 601'.68 , , , .54 

Laeer circle O0 1' 180'2' 7'1Y 187'13' 14'2.1' 194' 25' 21'36' 201' 37' 28'48' 208'49' 

t 

C%E' 
h 35'06 h31.16 h38.04 h35.28 A39.94 h 32.92 h 36.10 h 37.38 h 36.b6 h 31.52 
h35.96 h33.32 h36.76 h37.50 h37.52 h35.36 1135.90 A3466 h35.94 h 32.72 
135.10 133.54 h 36.72 h 38.12 h34.02 h 37'90 h 35.72 h 33.74 h 32'96 

h 34'58 h37.30 h37-46 h 35'74 h 36.32 h 35-86 
h37.12 

35'47 33'15 37'40 36'78 38.26 34'10 36'41 36.02 35'63 32.40 

# 

C X X  & 
CX 

h61.24 h60.20 h60.90 h59.30 262.20 160.14 h60.22 h60.08 
h60°'84 h60-34 d61.rg d60.97 260.68 159.02 d58.93 d60.83 
d57.95 d61 .31  d62.78 

60.01 60.27 61.13 60.14 61.89 59'58 59'58 60'46 

%e I 7Cf'64' W64' 7@6' %Bob' 86'17 2G5O17' 92'29' 27r 29' W41' 279'41' 

t 
CXX & 
CxxnI 

d58.60 d62.45 h56.72 h57.60 h58.58 h65.22 h 60.64 h58.34 h.59'74 hfio.86 
d57.70 d62.15 h59.24 h62.74 158.38 h60.04 d 61'03 h 5 8 . j ~  h62.12 h61.38 
d58.26 d62-53 h59.52 h61.18 h59.68 d64.80 d62.19 h59.34 h63.48 h63.68 
d 5 9 . 2 ~  d62.13 h 63'28 

h 61  .g6 
h 6 2 2 %  

58-45 62.31 58.49 61.50 58.88 63'35 61-29 58 80 61.78 61-97 



OBBERVED ANGLEB. 

At CXXII-(Continued.) 

*February and dlarch 1848, obrerved by M+. 0. Lane  with Troughton and Simm' 
36-inch Tiieodolite. 

t Junuary  and Februa?y 1855, observed by Mr. J. 0. Aicolron with Colonel Wazsgh'e 

2 l i n c h  Tl~eodolite Po. 2. 

Angle 
between 

I, 

C X X I I I  
& CXXIV 

-md,"" 

t 
C X X n I  
dZCXXIV 

reodingl 

C ~ $ I ~ &  
CXXVI 

- I e  

t 
CXXIV 

& CXXVI 

Circle readinge, telescope being eet on  CX XI 

126'29' 306'24 135' 30' 315' 30' 144O 33' 324' 32' 153' 32' 333'32' 

11 I 1  11 I 1  I t  I 1  11 11 

1 55-10 d52.88 h 55'80 h 54.52 1 54.18 1 53.84 d57.87 d 54'49 
d53.23 d52.86 d56.1 I d55.44 2 54.86 1 53.96 d60.01 d54.21 

54-17 52'87 55'96 54'98 54'52 53'90 58'94 54'35 

12@ 28' 3060 28' 133'39' 313' 39' 140° 51' 320' 51' 148' 3' 328O 3' 155"15' 335" 15' 

h53.52 h52.16 h55-46 h53.62 h 50'48 d50.72 h53-04 d55.77 h53.26 h53.74 
h52.20 h52.64 h53.24 h54.98 h54.20 d52.76 h53.84 d58.11 h 5 1 . g ~  h53.02 
h 53'60 h52.40 h53.18 h54.82 h54.76 d 5 1 . j . ~  h55.20 d56.43 1~49.70 h55.18 

h 51'56 
h 54.00 

. 

, 53'11 52'40 53'96 53.50 53'15 51'64 54'03 56'77 51'63 33-98 

164' 55' 344'55' 173' 56' 353'56' 183' 58' 2' 58' 191' 68' 1 lo 68' 

2 18.36 d18.38 lr 1 6 2 6  d 16.36 I 17.26 1 15.78 d 14-17 d 17.17 
d17.84 d 18.40 h 16.34 d17-53 1 18.68 1 17.62 d13 .59  d 16'94 

18.10 18.39 16.30 16.95 17.97 16-70 13.88 17.06 

164' 54' 344' 54' 172' 5' 352" 5' 179" 17' 359' 17' 1860 29' 6" 29' 193'41' 13" 41' 

h 13.88 lr 17-84 h 1g.80 h 17.20 d 16.31 d 15-96 d 14.42 d16.17 h 17.22 h 14.80 
h 16-66 h 18.88 h 20.8+ h 16.24 d 15'51 d r;.oz d 14.60 d13.83 d 17.29 d15.45 
h 15.92 d 16.44 d 14'15 d 15.84 
h I 7'96 d15.49 

16.11 18'36 20.3% 16.72 15.91 16.47 14.51 14'91 17'2j 15-36 

.U - Mean of Uroupe 
w = Relative Weight - 

iU - 54"'96 , , , .,4 

= 6 .07 
I ; = 0 ' 1 6  

0 = 38' 25' 54'"01 

M -  53"'45 , = .g3 

3f' 16"'9a 
w = 3 '68 

w = 6 '74 
1 
a O " 5  

C F 66' 31' 1 6 ~ ~ ~ 7 6  

df = 16"*59 , , .06 



lase, NORTH-EAST L O N Q I T U D ~ A L  SERIES. 

dt C X XII-(Continued.) 

*.February and March 1848, observed by Mr. C. Zane with Froughton and Simms' 
36-inch ~iceodolite. 

t J a n u a y  and Februay  1855, observed by dlr. J. 0. Nicolson with Colorwl Waugb's 
24-inch Theodolite .ATo. 2. 

Angle 
between 

CX XVI 
CXXV 

-&,%p'e 

t 
CXXVI 

& 
CXXV 

4 

Circle readings, telescope being set on CX X I  

231'26' 61'26' %0°28' 60'27' 24Y029' 64'29' 258'29' 78'29' 

M = Mean of Group 
w - Relative Wei~ht  
' Concluded hngle 

' 

' 

= 51t"34 
, .51 

: = 1 6 ' 7 5  

- - - o -06 
w 
(7 = 70' 47' 5 1 ~ ~ 6 5  

Zf = 52"-07 
w - 7 '23 

y&:g1' I 289'14' 109'14' 298'16' 118'16' 807'11' 127'17' 816'18' 186*1?' 

C ~ f V  & 
CXXI 

t 
CXXV & 

CXXI 

I )  I I  I I  rr 11 n rt 

1 20.72 d 22'52 h 20.78 2 22.58 1 23.18 2 25.00 h 21.90 h 24.16 

1 52'78 h 50.42 h 52.34 h 51.48 1 50.62 2 50.44 h 50.90 h 51.34 
d 52.82 h 50.94 h 52.58 h 50.10 2 51.16 I? 50'14 h 51.46 h 51'9a 

52'80 50.68 52'46 5-79 50'89 50.29 51'18 51'63 

289'14' 109' 14' 296'26' 116' 25' 303' 37' 123" 37' 810'49' 130- 49' 318'0' 138' 1' 

h54.62 h55-64 h 50.76 h53.98 h 52.04 h 53'86 h51-26 h51-08 h51.88 h52.90 
152.66 h53.76 hg1.32 A50.88 150.74 651.08 h50-68 h52.50 150.68 152.78 
h52.86 h53.86 h52.36 h51.68 h52.8q h49.76 h49.14 h51.66 h51.28 
d52.56 151.84 h51.22 h51.72 
d5238 
d j 1.68 

52'79 54.42 51.48 52.10 51.87 51.48 50.70 51-75 51.28 52.84 

d19.46 dz1.70 dz1.27 1 22.64 222.16 223.10 d 2 1 9 3  h24.00 
d 20.33 

20'09 22.11 20.79 22.61 22.67 24.05 21.92 24'08 

231'25' 61'25' 238'36' 68'36' 245'48' 65'48' 253'0' 73'0' 260'12' 80' 12' 

hzo.76 d 19.69 d20.28 dzo.26 h 21.24 h 19.46 h 21.66 h 19.78 h 19.36 h 2.3'14 
h z 0 ~ g ~ d z 1 ~ 5 7 d z 1 . 2 q d r 9 ~ o ~ d 1 8 ~ 1  h 2 2 ~ 2 6 h 1 8 ' 0 z h ~ 0 ~ 8 6 h z o ~ 1 6 d 2 3 ~ 7 9  
h 21.64 d21.47 d 20.17 h21.14 h 18.70 Iczr.24 dzz.50 
d38.70 
d 20.66 
d 20.46 

20'53 20'91 20.76 19.65 19'94 20.86 20'27 19-78 20'25 23'14 

hf = 22"'19 
w -  3 '85 

= I I  .28 
I - n o a09 
w 
C = 57' 48' axfr.19 

M - io"~61 
w = 7 ~ 4 3  



OBSERVED ANGLES. 

dt CXXIII 

*.March 1848, observed by Hg*. 0. Xane with Troughton alzd Simms' 36-inch Theodolite. 

tHarch  1855, observed by Xr. J. 0. Aicolson with Barrow's 24-inch Theodolite No. 1. 

Af 6 Hean of Groups 
w = Relative Weight 
C 9 Concluded Angle 

"O Ms62"'83 - 5 .24 

. 

= I z  .,8 

= 0 '08 

= 8< 4r1 I 

AWE 62".63 
,o 6 . 9 4  

3fa 11'"26 
w 4 -49 

w = 8 .41 
I ; 0 'm 

680 11 

lli - r1".86 
.92 

Angle 
between 

# 

Cgx1V8b 
C S  X I 1  

d l n g a  

t 
cXX IV 
& CXXII 

Le.wr circle 
reacdinga 

CXS1l ' 
CXX 

- readlm 

C,.II 
CXX 

Circle readings, telescope being set on CX XIV ' 

275'20' 95O20' 284'21' 104' 21' 293O 23' 11SC22' 302' 23' 122'23' 

11 I1 I1 11 11 . 11 11 11 

h 61.90 h 63.38 1 62.40 2 65.42 1 61-42 1 61.48 1 62.58 1 63.48 
h 63.06 h 64.70 1 63.42 1 63.10 1 59.64 2 61-54 2 62.88 2 64.00 

2 64.70 1 62.10 1 63'78 1 62.36 

62.48 6426 62.64 64.10 61.14 61.51 62.73 63.74 

0" 0' lW 0' 7'12' 187' 1V lk2-4' 19C 24' 21'86' 201'37 28'49' 208'49' 

h 62.26 .h62.12 h 62'20 1 62'46 W 63.96 h 62.82 h 61'08 h 64.40 1 62.98 1 62.12 
h 62'90 h 59.76 h 65.56 1 59.08 h 64-06 h 63.24 ?I 63'98, h 60.98 2 64'68 h 60.74 
R 63.18 h 62.50 h 65.78 1 62.20 h 63'20 h 63.18 h 63.68 W 61.88 1 61.64 .h 63.52 

h63:22 2 60.44 h 63'20 h 61.88 1 63'74 h 60-30 
h 60.76 

62.78 61.46 64.19 61-05 63.74 63'08 62'98 62.29 63'26 61.49 

001' 18001' 9'2' 189" 2' 18" 4' . 198" 3' 27" 4' 2070 4' 

h 11.86 h 8.76 1 11.22 1 12.28' 1 12.20 I 12.50 1 13'10 1 ro 22 

k 11 88 k 8.38 1 10.36 1 11.34 2 12.02 1 IZ.?O 1 11.50 I 1022  

1 11.18 

11.87 8.57 10.92 11.81 12.11 . 12.30 12.30 10.22 

Wo4l' 264'41' 91953' 271'53' 9905' 27g05' 106a 17 2861 18' 113030' 29S030' 

h 11.14 h 13'54 h 11.68 1 9'38 h 11.98 h 9'02 h 10'04 h 8.39 1 13-50 1 10.66 
1 1098 h 15.32 h 12.24 I 12.58 h I 1.80 h 12.18 h 9.02 h 9.86 1 12.5. h 12'62 
h 10.84 h 11-88 h 13.88 1 11.46 h 14'42 h 13 28 h 10.16 h 9.36 2 14.50 h 9'40 

Z 13.92 h 13.24 h 13.72 h ro.oz I4.34 
h 13'34 

I 
10.99 13.58 12.60 11.84 12-86, 12.05 9-74 9.40 13-51 12.07 



130-, NORTH-EABT LONGITUDINBL - 8ERIE8. 

d t  CXXIV 

*April 1848, observed h,y Mr. 0. Lane with Troughton and Sinm' 36-inch Zkodolite. 

tMarch 1855, obeerved by Mr. J. 0. Nicolson with Barrozo's 24-inch Theodolite No. 1. 

Angle 
between 

C X Y n  # 
-CXXII  

-' 

t 
CXXVI 
c x m  

Circle readings, telescope being set on CXXVI 

S05°7' 125'6' 814'9' 194.8' 323°10' 143' 10' 832' 11' 162'11' 

I1 11 11 11 'I 11 I' 11 

1 13.12 2 14'30 2 12'94 1 13.21 Z 11.30 1 12.60 1 14.10 1 13.58 
1 13'44 1 13.54 2 12.88 1 12.64 1 11.48 2 13'1a 2 13.10 1 12.12 

13.28 13.87 12.91 12.93 11.39 . 12-86 13.60 12.85 

0.0' 180°1' 7'12' 187'13' 14'25' 194'25' 21'37' 201.87' 28'48' 20S04.9' 

h 12.02 h 13.94 h II 'W h 13.48 h 9'34 h 35.82 h 11.10 h 9'46 1 11.66 h 11.30 
h 12'22 h 12.58 h 15.38 h 12.64 h 9.84 h 12.92 h 11.18 h 10.20 b 13'54 1 10.06 
h m.10 1 10-30 h 10.50 h 12.64 h 11.36 h I 1.52 1 11.24 h 1008 h 14.31 1 12.78 

1 12.14 Ar4.14 . h 13.26 h 11.04 
h 9.88 
h 9'96 
A 9.60 

12.11 19.24 11'49 12-92 10.18 13.38 11.~34 9'91 12.64 11.71 

di = Meat1 of Grou a 
w - Rel~t.ire weigrt 
C = Concluded Angle 

M =  12"'96 
w - 12 - 7 1  

'46 
I - = 0 .05 
w 
0 = 54' 55' 1 2 ~ ~ ~ 6 0  

1 1 ~ ~ 7 9  
w - 5 '74 

x =  3*'44 
, .56 , . 

w = 1 5  'a8 

1 , 
w 
C = 560 53' 3"'33 

M 0 63"-og 
0 ,  4 . , 1  

Lesser e l d e  0.2' , 180a2' 9'4' 18Ye4' 18.6' 198'6' 27'7' 207.7' 

C X ~ I I  & 
CXXlII 

** 
reading 

t 
Cxxll & 
CXXIII 

1 2.90 1 2.54 1 3-82 2 4.36 2 4-18 1 4 . h  Z 2.58 2 2.14 
2 a'94 2 2.34 1 4.34 1 3.80 2 3.98 2 4.41 1 3.00 2 2.82 

' 

2.92 9.54 4'08 4'08 4.08 4'61 2.79 2.48 

64O 66' 23C 66' 6 1  # 242'8' 69°20' 249'20' 76'32' 2561 32' 83'44' 26SD44' 

h 61.60 h 62'90 h 65.36 h 63.44 h 64.86 h 65.06 h 63.72 h 66.80 1 65.26 h 62.62 
h60.60 h 6 1 . ~ 6 h 6 1 0 4 h 6 , ~ . 1 8  h62.96h62.86 h59.34 h65.48 h61.74163%4 
h 61.68 1 63.46 h 64.00 h 63.26 h63.08 h64.54 1 66.24 165.22 1861.60 1 62.80 

h 64.04 h60.98 2 61.16 . 1 59'04 
h 62.80 h 62'64 861.04 

6r.29 62.51 63.61 63.29 63.63 63.a.5 62'62 65.83 61'74 63.09 



OBSERVED BNGLES. 

dt CXXV 

*April 1848, observed by Mr. 0. Jam with Z'ro~ghton and Simms' 36-inch T4eodolite. 

+April 1855, observed by Mr. J. 0. Nicolsm with Barrow's 24-inch Theodolite No. 1. 

Angle 
betroen 

b 

CY XI J; 

CXXII 

'lrc" 
roadIngs 

t 
CXXI & 
CXXU 

Lesser drcle 
r u d i n p  

b 
CXXII tk 
CXXVI 

Lemr circle 
rerdlnga 

t 
CX XI1 & 
CXXVI 

- 

Circle readings, telescope being set on CX X I  

319'51' 13Q061' 328'62' 148°62' 337'54' 167'64' 346'66' 166'56' 

II N II rr . II II II 11 

1 10.82 Z 12.20 1 10'04 1 10.98 I 11.68 2 10.76 1 11.62 2 11.08 
I 11.74 1 11.48 1 9'92 1 11.16 1 12.08 1 10.46 I 10.80 I 10.98 

11.28 r 1.84 9.98 11.07 11.88 10.61 11.21 11'03 

81 9' 49' 139'49' 3270 1' 147O 1' 334' 14' 154' 14' 341' 26' 161'25' 348'37' 168' 38' 

h 12.82 h 12.64 1 8.36 2 11.34 1 13.44 1 8.50 h 9.74 1 9-46 h 12-94 h 11.72 

h 12.74 h 10.72 1 8.68 h 9.76 1 12.76 1 12.96 h 12.28 1 8.14 h 10'62 k 11.74 
h11.40 hxo-942 8'40h 8~30211~60110~58 h12.961 9'58 h10.54hlo.38 

h 9.42 1 8.46 1 10.58 

32 Mean of Glrou s 
w - Relative weiREt 
a 0 Concluded Angle 

w M n . ~ l N ' l ~  - 18 -64 

= '3 'I0 

f = .04 

C = 40° 11' I I " . O ~  

1 M = 1 y ;  12.32 11.43 8'48 9'71 12.60 10.12 11-39 9'06 11.37 11.28 = 

o"2' 1 W 2 '  go 3' 189"s' 1805' 19806' 27"8' W 7 '  

1 1534 1 49'98 Z 52.08 1 51.10 1 51.24 1 51.86 1 50.78 2 50.76 
1 50.18 2 50'58 1 51.88 1 51.50 2 50 86 1 52.42 Z 5 1.36 I 50.46 

5076 50.28 51.98 51.30 51.05 52.14 51.07 50.61 

0'0' 180'1' 7'12' 187'13' 14'25' 19F26' 21'36' 201'36' 28.48' 208'49' 

h 51.54 h$ 1.32 1 ~ I ' O O  h 48.76 1 51'48 1 49.98 h 53.36 1 49.22 h52.98 h j2.88 
h50.26 1 52.88 150.78 L48.46 1 53.22 h49.44 h50.52 I5282 h52.12 h50.70 
2 50.38 1 51'68 1 50.34 h48.18 .2 53-12 h50.16 .Z 51.48 2 53'64 h51.68 h51.34 

Z 51-58 I 50.88 1 52.24 

50'73 51-87 50'71 48'47 52.61 49'86 51-56 51.73 52'26 51.64 

:;"::: 

w = 2 1  '70 
I = O ''4 

(7 = 720 221 51v.15 

H 0 51U'14 - m66 



132, NORTH-EAST LONGITUDINAL SERIES. 

April 1877. 

At CXXVI 

*April 1848, obsemed by Mr .  C. Lane with Troughton and Simms' 36-inch Theodolite. 

+March and April 1866, obseraed by Mr.  J. 0. Nicolsm with Barrow'e 24-inch Theodolite 
No. 1. 

J. B. N. HENNESSEY, 

ih charge of Computing O#cs 

Angle 
betweoo 

I, 

CXXV & 
CXXII 

I "  

t 'z,","; 

Circle readings, telescope being set on C X X V  

310'13' 130'12' 319' 14' 139'19' 328' 12' 148'12' 337'16' 167'16' 

I t  11 11 I1 I1 11 11 11 

1 47.56 1 49'66 1 48.66 2 48.72 1 47-30 1 47.44 1 47.36 1 46.54 
1 47.26 1 50.18 1 48.18 2 48.80 1 48.32 . 1  46.88 1 46.78 1 46.96 

47'41 49'92 .48'42 48.76 47.81 47'16 47.07 4675 

139'36' 819'86' 146'48' 326'48' 153'59' 331' 0' 161'12' 3$1°12' 168" 24' 348'24' 

146'54 h 4 4 . 0 ~  14456  145'08 144.90 h48.18 147'28 151'54 2 49'82 2 49'44 
2 49'84 h ~ ' 7 6  I 44'64 2 45.16 h46.28 h48.70 1 48.94 h 5 1.30 I 50.78 1 50.50 
1 49.72 143.64 2 44.60 1 45.36 ir 46.08 149.06 1 47.78 147.44 2 49'4% 1 49 80 
1 50.26 2 46'92 h 47.16 h47 $8 

2 46-86 

49-09 45'24 44'60 4.5'20 46-11 48'65 48.00 49'44 50'01 49'9' 

.If = Menn of Qron e 
to = = Reb~tive ~ e i g ! t  *"gle 

M =: 47"'91 _ .80 

to = 8 .84 
I - - - o '11 

C = 49O 48' 47'"85 

If- 47'"63 
co = 2 '04 

M = 31"'31 
to I I 1  .60 

w = 14 .r9 
I 
; = '"7 

= 58' 33' 3 ~" ' 48  

di= 3 z N . z 5  ' 
w ,  .59  

M n l r s  -= *mle I 002' 
180- 1' 9'2' 189'2' 18'1' 190'1' 27'6' 207'5' 

Cx;II Bi 
CYXIV 

1 31.58 1 31-74 1 30.26 2 32'.# 2 30.14 1 31.82 1 31.90 1 30.44 
1 31'80 1 30.92 1 30.18 2 31.56 1 31.46 1 32'66 1 32'04 2 30.26 

31-69 31'33 30.22 32-00 30'70 32'24 31'97 30'35 

189' 24 9'24' 196" 36' 16' 37' 203'jsP 23' 48' 21 lo 1' 81' 1' 218' 1%' 88' 13' 

t 
CXXII $ 
Cxxlv 

h35.04 h32.78 7r32.12 2 34.44 h31.94 h30.76 130.68 2 32'50 130.16 231.36 
h32'42 h 32-62 h 36.68 1 34'10 h 30.98 h 30'92 1 28.26 h 33'74 1 29.32 2 32.20 
I 34.56 h 36.44 1 35.58 1 35.08 h 30.12 h 30.40 2 29.90 h 32'10 1 3 1-06 1 30.64 

. 1 33.60 2 33.44 1 35.36 1 3358 
133.24 2 34'86 

33.91 33'70 34.92 34.30 31.01 30.69 29.61 32.78 30.18'31.40 



NORTH-EAST LONGITUDINAL SERIES 

PRINCIPAL TRIANGULATION. REDUCTION OF FIGUREB, 



NORTB-EAST LONGITUDINAL SERIES. 

Figure No. 1. 

) The fired d e b  here givcn are obtnined from Figure No. 8 of the Great Arc Meridio~~al Berie~, Section 24' to SO0, which was previomly reduced. They i f 3  

sliplltly from t l ~ c  find values shewn inVol. IV of the Operations of the Great IFigonome[rical Survey of India, Figure No. 1 of this Series heving been c.lc&t& 

Observed Angles 

rn 

- I F  
No. Value 822 .a9 

SF2 
V 

O I ~  

I 73 55 28.91 -09 

a 39 29 27'25 '%5 
3 66 35 5'94 '12 

4 65 23 38-39 ' I4  
5 83 18 48-86 014 

6 31 17 37-11 '05 
7 69 12 52'72 '07 

8 48 41 20.88 '14 

g 62 5 50.90 '11 

10 40 44 14'38 '34 

11 75 35 13-68 '03 

12 63 40 36-52 '12 

13 56 21 23-19 '04 

14 43 22 56-90 '03 

15 80 15 43'09 '07 

16 54 22 21-80 -05 

17 71 54 3'34 '07 

18 53 43 37'53 '25 

Values of the Factors 

xi = - 0.4318 

X, = + 5.8112 

%J = - 2'9.583 

x4 = + 6.6760 

X, = - 0'5043 

% = 3.2411 

h, = + 2.8529 
= - 3.0222 

& = + 6.5879 
Al0 = - 6.1360 

p;hr io the redurtion of thc North-West Qundrilnteral. 
I n  tho tablrs of the equntions between tlie factors the w-efficient8 of the term8 below the diagond are omitted for wnrenience, the co-e5cient of & ~ l  

tern in the q t h  line being alweye the s m e  as the co-cllicient of tile 9th term in the pth line. 

Fixed data? 

Log. Ratio of side A to side B (see diagram) = is9361 139,s 
Sum of augles 3 and 5 = 149' 53' 53."51 

Equations to be satisfied Factor 

= e, = - 0.41, XI +xs +xs 
= e, = + 1-61, 

x, 
X4 +X,  + Xa 

= e, = - 0.76, 
x, 

4 +Xs + X e  - - e, = + 1'20, 
x, 

x10 + X l l  +XIS 
= e, = - 0.07, 

7% 
XU + '14 + 

= e, = + 0.07, 
% 

'11 + '17 + X18 
= e, = + 1.29, 

x, 
X~ +x6 x, 
XI + X 4  - 7 1  - - ee = - 0.21, 

+ xlo + '18 + X i a  
x, 

-I - 2 1 3 ~ ~  + 29x1 - .46x4 + I 645xa = e, = + 0.812, 
-I .  2 1 3 ~ ~  - - 1 2 ~ ~  

x, + ' 43x3 + 1 - 6 4 5 ~ ~  - . 88x8 + '53 x9 - .26 xll + ' 49x19 - J .o58x1, - el,= - 0.399, I - 
XI0 

+ '17 X l r  - '33%7 + '73 %a 

Equations between the factors 

No.of 
e 

I 

z 
3 
4 
5 
6 
7 
8 
g 

I 0  

Angular errors i u  seconds 

X1 = - 14 X7 = - '42 xis = - -14 

S, = - '24 X8 = + '34 x14= + -18 

XS = - ' 03 x, = - -68 Xi, = - 'I1 
X4 = - '03 Xl0 = + '51 XI,,= + '01 

x6 = + 1'32 xil = + '25 X17 = + '37 

Xa = + '32 X I S =  + '44  xle= - -31 

[wxy = 32'17 

I 

Valueof 
e 

- 0.41 
+ i n 6 1  
- 0 . 7 6  
+ 1 ' 2 0  - 0'07 
-k 0-07 
+ 1-29 - 0-21  
+ 0.812 
- 0'399 

Co-efficien ts of 

h, X, X, h4 x5 h, X7 h, h, %o 

+ - 4 6  + . I Z  +.o9 --*277z - -2 j17  

+ '33 + ' I 4  + ' I 4  +'0179 +'05j5 + -3% + '07 - '06.19 
+.29 + '14 + -0510 

+ ' I 4  + '04 -.or98 
+ '37 + '05 + ' 1594 * + *26 + 0345 

+ '53 --0383 
+'5405 +'5033 

+ '8739 



PBINCIPAL W G U L A T I O N .  REDUCTION OF FIGUREB. 

Figu~t? No. 2. 

Observed Angles 

NO, Value -%fj 

Esg 

0 r j r  

17 19 60.86 *21 

a 87 55 42-71 -10 

3 56 8 21-15 *o7 

4 18 35 57'48 '10 

5 5% 0 7-48 '07 

6 53 15 36-18 '03 

7 43 '3 22-46 '15 

8 31 30 55-76 '11 

I 

Values of the Factors 

\ = -k2*596 

X, = +on821 

% = -5'998 

X4 = -0.708 

Equations to be satisfied Factor 

x1 +xs +Xa +x4 = e, = +o-71~ X, 

xa +x4 +xs +xs - -- e, = -0-02, x, 

x.5 +xs +x7 +XI3 = % =-I'92# x, 
3 ' 2 0 4 0 ~ ~  + r *38ox, + 2 *050xa 

= e, = + 1.81, 
-- -86 x, -- *'I x, --I-631~~ 

' 

Equations between the factors 

No. of 
e 

1 

2 

3 

4 

Angular errors in seconde 

x, = +'07 xs = -036 

x, = -tar6 x6 = - *14  

x8 = + - r q  r, = -a89 

xr = +'34 xg = - '53 
[wxgJ = 12'06 

Value of 
e 

4-0071 

-0-02 

- 1  -92 

i-1-81 

Co-eficients of 

x, x, x, x, 

+on48 +omr7 +0'954 

+oS27 S o -  10 +om118 

+ + 0-36 -0' 1222 

+2'957 



136, NORTH-EAST LONG1TUDINA.L SERIES. 

Figure No. 8. 

Observed Angles 

n - 
" u . 2  
82.1 No. Value . $ . ~3  
ab,e 

Y 

0 a ,, 

1 54 5' 43'55 '20 

z 52 10 58-69 -06 

3 3' 53 28-66 -09 

4 41 3 55-55 ' I4  

5 2 9  I 2-94 -12 

6 78 1 3 8 . 1 0  -21 

7 53 33 36'98 '23 

i 

a 3 4 5 3 3- 
Equations to be satisfied Factor 

XI +Xs + X ~  + 4  = el = -0.96, A1 

- 
XI +x4 +Xr + '6 - €+, =+oa55, X, 

XL +X, + X7 + X 8  = e, = +1.71, 4 

+ .  OX, -.IOX, + I - 5 0 7 ~ ~  
- e4 = - I: 45, I - 

A4 
- I -  lox6 - ' 89% - 2 • 840x8 

Equations between the factors 

No. of 
e 

- 0.96 

.+ 0 - 5 j  

+ 1-71 

- 1'45 

+0'49 i-0.23 + O m P 7 0  

+oa56 +0'33 -0.Q95 

* +om69 -0,805 

+1.788 

Value of 
e 

Values of the Factors 

X, = -2.713 

X, = -0.261 

X, = +4'461 

A, = +"543 

Co-efficient8 of 

x , '  x, x, x4 

Angular errors in second8 ' 

x1 = -'32 X, = + .51 

xp = - '17 x, = + '51 

xJ = --05 x7 = +.70 

x4 = -'42 Xg = -'01 

[wxq=7.78 

d 



PRINCIPAL TRIANGULATION. REDUCTION OF FIGURES. 

Figure No. 4. 

Observed Angles 

" 
3 
0 Y a 

No. Value k3" 
'6 a$ 

Y 

0 ' 1 1  

1 78 39 47-21 '35 

3 6 5 0 3 9 ' 7 %  ' I3  

3 6 4 2 9 3 7 ' 0 7  '26 

4 54 59 33-72 '44 

5 66 I 16.92 -66 

6 58 59 9-51 '07 

7 59 I 59'98 'S2 

8 49 31 10.84 -08 

9 71 26 51'70 '24 

10 52 13 52-00 -36 

H 52 1 2  35-70 '34 

1 2  75 33 34-51 '18 

13 115 4 48.09 -21 

J4 45 34 40'22 '35 

15 19 20 32-87 -23 

Values of the Factors 

x, = + 0.528 

ha = - 2'737 

X, = + 0.396 

h4 = - 1'332 

X, = - 1'394 

X, = + 0.843 

71, = - 0.083 

Equations to be satisfied Factor 

X1 +Xs +Xs = el = + 0.69) Xl 

X4 +xs . +Xa - - e , = - 2 - 8 1 )  X, 

X7 + X s  +X0 - e, = + "779 h - 

=lo + X l l  +XIS - - e 4 = -  85J X4 

'18 +Xl4 +Xl6 - - e6 = - 0.95, x6 

X1 + X 4  + x7 + Xlo +xl, = ea = 0-00) 

+ ' 4 8 ~ ~  - 1 ' 3 3 5 ~ ~  + ' 6 0 ~ ~  - '44 x6 + '34x0 1 = e , = + o o z 7 ,  X, - ' 8 5 ~ ~  + -26 xlp - . 78xll + 2 . 8 4 8 8 ~ ~ ~  - .98xI4 

Equations between the factors 

NO, of 
e 

. 

I 

2 

3 

4 

5 

6 

7 

Angular errors in seconda 

xl = + .48 x6 = - '20 Xll = - '43 

x, = + so8 x7 = + *65 x14 = - '24 

x, = + -13 x, = + -04 xlS= - -1% 

X4 = - ' 83 x0 = + -08 x14 = - '46 

xg = - 1.78 xl0= - .IS . x16 = - '37 

[wxg] = 10.79 

Value of 
e 

+oe69 

-2.81 

+O'77 

-0.85 

-0.95 

0.00 

+0*27 

Co-efficien ta of 

% h %I A, X6 % x, 

+0'74 +0'35 -0.049 

+1'17 +on#  -0 .~48 

4-0'52 +OmOI4 

+o-36 -0.218 

+oS7g +oe21 +om312 

+1.88 

+ 2'952 



NORTH-EAST LONGITUDINAL SERIES. 

Figure No. 5. 

Observed Angles I Equations to be satisfied Factor 

- - 

Values of the Factors 

Equations between the factors 

Angular errors in seconds I 



PRINCIPAL TRIANGULATION, REDUCTION OF FIGURES. 

Figure No. 6. 

Observed Angles 

A h 

Z''$ 
Ens No. Value .a,% rn 

$63  
V 

0 I I1 

I 63 14 48.48 '94 

z 56 48 52-42 a98 

3 59 56 19'87 -66 

4 59 31 7'08 '50 

5 64 34 44-50 1-19 

6 55 51 8-86 -66 

7 . 58 51 18-07 1-23 

8 61 g 27-18 1.08 

9 59 59 I5"3 '72 

10 59 20 54-84 1-69 

Equations to be satisfied Factor 

=1 +% + xs . . . . . . . . . . = el = + 0.17, x, 
X4 + Xs +Xtl . . . . . . . . . . = e9 = - 0.17, X, 

X.l + '8 +XV . . . . . . . . . . = e, = - 0.29, X, 

Xlo + X11 + XIS . . . . . . . . . . = e4 = + 0.12, A4 

X18 + Xl4 + Xl6 . . . . . . . . . . = e6 = + 0.44, X6 

'16 + X17 + Xie . . . . . . . . . . - = e 6  - -  1.272 x, 
Xu + Xso  + X P ~  . . . . . . . . . . = e ,  = + 1-69, % 
x, + xls +Xw . . . . . . . . . . = e ,  = -  2'21, x, 
XPS +XPS + X w  . . . . . . . . . . = e, = + 0.34, X, 

'88 + X ~  + X~~ . . . . . . . . . . = el, = + 0.69, x ,o  
X1 +x4 +x7 +=lo + xu + %a . . . . = ell = + 0.08, 41 

=9 + X l l  + Xl9 + =, + Xss +x&3 . . . . - - e, = + 0.69, Ss 
+ ' 5 8 ~ ~  - '65x9 + '68x6 - ' 4 . 8 ~ ~  + ' 5 8 ~ ~  

- '55x8) * *  . . 1-62, %a 
= el, = - + ' 5 4 ~ ~  - '60xll + .47x16 - '63x14 + ' 6 3 ~ ~ ~  - '56x17 

+ '55X8 - ' 6 0 ~ ~  + '59Xlo - '54Xls + '53Xpl - - 6 2 ~ ~  . . +*60xw -.46x, +.5oxn -.69xpd +-71xg0  --56x, = = + 3'54, 4 4  

0. - 
+ 
6 1 4 
2 No. Value 2.3 rn 

g g  
V 

0 I I1 

11 58 58 17-57 1.37 

12 61 40 48-38 1 - 2 1  

13 57 27 29-50 '96 

14 57 36 29-89 '94 

15 64 56 1-64 -66 

16 61 34 22-11  1-10 

17 60 46 18-68 '71 

18 57 39 18-54 '71  

19 59 35 43-10 -86 

20 58 8 11-35 1-37 

" 
1s 

No, 1;; Value . 9 .~3  
%Sg 

0 I I #  

21 62 16 7-87 '94 

22 55 57 33-25 1'37 

23 65 1% 43'93 "35 

24 58 49 41-22 'go 

25 60 52 35-73 2. 72 

26 55 34 53'39 ' 69 

27 63 32 31.85 1.17 

28 64 36 35-91 1'32 

29 60 35 35'43 I -51 

30 54 47 49'99 1.28 



NORTH-EAST LONUITUDINAL SERIES. 

Figure No. 6--(Continued). 

I Equations between the factors II 
No. of 

e 

Co-e5cients of 
Value of 

e 
I 

% cl x, X4 x, xi x, x, x, A10 x1, x1, hs 44 

Values of the Factors I Angular errors in seconds 



REDUCTION OF FIGUBES. 

Figure No. 7. 

J. B. N. HENNESSEY, 

I* chargs qf Computity Oflcu. 

* 
Observed Angles 

1% 
No. Value P" 

2; 

u 0 

I 70 52 34-65 -10 

33 16 1-39 -06 

3 75 51 23-08 -16 

4 70 47 51-65 '06 

5 69 o 56.89 '19 

6 40 1 1  11-05 -04 

7 57 48 21-19 -09 

8 72 22 51'15 "4 
9 49 48 47'85 '11 

ro 66 31 16-76 -15 

11 58 33 31-48 -07 

13 54 55 12-60 -05 - 
13 38 25 j4.01 -16 

I4 S6 53 3'33 'O7 

15 84 41 2-71 '08 

16 55 34 0'47 '09 

17 68 11 11-54 -12 

18 56 14 47-83 -1% 

Values of the Factors 

\ = - 4.1538 

h = - 2.7666 

= - 3,1679 

X, = - 0.6963 

X, = - 1.6319 

ha = - 3'1173 

= + 0.3732 

X, = +0.1251 

Equatioiis to be satisfied Factor 

x1 +x, +=is 
- - e l =  -1,412, X, 

x4 + X I  +=a  - - e p =  -0.845, Xp 
x7 + X 8  + x 9  

- - e, = - O.5'4~ - x, 
x10 + + XIS - e4 = - 0.152, X4 
XIS + X u  + Xu - eS = -0.540, - 
X U  + '17 + X l e  

- - e 6 = -  0.905, - S 
'1 +'4 +LI +'11 +'16 - e , , = -  1-27, x, 

6x8 - 32Xs - axs  + 18x9 - - e, = + 25'1, 
+ 15X19 - 13X11 + 2X15 

x, 
- 13Xis + 14x10 - 8x17 

' 

1 
Equatiolla between the factors 

No. of 
e 

I 

3 

3 

4 

5 
6 

7 

8 

A~igular errors in 8ec011da 

xl = - '378 x, = - -251 xlS = - -201  

x9 = - '489 x8 = - -163 x14 = - -228 

x* = - ' 545 X# = - 'I01 XI'= - -111 

X4 = - ' 144 Xlo = - '049 X16 = - ' 247 

xs = - '715 xll = - *163 = - '494 

XI = + '014 XIS = + 'O59 = - 164 

[wxq = 16-31 

Value of 
e 

- 1.412 

-0.845 

- 0.514 

- 0 ' 1 j 2  

-0 .540  

- 0 . 9 0 j  

- 1.27 

+25-I 

Co-efficie~l ts of 

x, x, x, X, X, X6 x, X8 

+ '32 + -10 -0.96 

+ -39 + -06 -0.52 

+ -24 + -09 + I s g o  

'27 + '15 -0.16 

+ '3' + -16 -0'75 

Y + '33 + '09 +os72 

+ '65 

+ 208.39 



132,, NORTH-EAST LONGITUDINAL SERIES. 

April 1877. 

, 

J. B. N. HENNESSEY, 

h charge of Computing O$ca 

At CXXVI 

*April 1848, obserued by Mr. 0. Lane with Troughton and Simms' 36-inch Theodolite. 

+March and April 1865, observed by Mr. J. 0. Nicolsm with Barrow's 24-inch Theodolite 
No. 1. 

Angle 
between 

8 

CXXV & 
CXXII 

~ ~ , ~ ~ . l o  

t 
CXXVBi 
CY 

Circle readings, telescope being set on CX XV 

310'1 3) 130° 12' 319" 14' 139' 13' 32S0 12' 148' 12' 337' 16' 157' 16' 

11 11 11 11 11 I1 11 I1 

1 47.56 1 49'66 1 48.66 1 48.72 1 47.30 1 47.44 2 47.36 1 46.54 
2 47'26 1 50.18 1 48.18 1 48.80 1 48.32 .1 46.88 1 46.78 1 46.96 

47-41 49'92 .48'42 48-76 47'81 47-16 47'07 46.75 - 
139'36' 319O36' 146'48' 826048' 153*59' 83P 0' 161' 12' 3$1°1%' 168' 24' 3480 24' 

1 46.54 h eq.02 1 44-56 1 45.08 h eq.90 h 48.18 1 47'28 1 5 1.54 1 4982 1 49'44 
1 4 9 ~ 8 ~ h 4 4 ~ 7 6 1 4 4 ~ 6 4 1 4 5 ~ 1 6 h 4 6 ~ 2 8 h 4 8 ' 7 0 1 4 8 ' 9 4 h 5 1 . 3 0 1 5 0 ' 7 8  150'50 
1 49-72 h 43.64 1 44'60 1 45'36 h 46-08 h 49.06 1 47.78 h +7'4.4 1 49'42 1 49 80 
250.26 146.92 h 47.16 14 47.48 

1 46.86 

49-09 .+5'24 44'60 45.20 46'1 I 48'65 48'00 49'44 50.01 49'91 

.If= Mean of Qmupa 
to = Reh~tive Wright 

= A" file 

M=-. 4fU '91  
w = 6 -80 

to = 8 -84 
I 
= o '11 

C = 49' 48' 47"'85 

M - 4fN .63  - a .04 

hfo 31"'31 
= I I  .60 

w =: 14 -19 
I 
= 'O7 

Q = 58' 33' 3rV'48 

.W= 3au'a5 ' 

= a .59 
a 

r i 1 00 2i 
r d l l ( n  

18O01' 9' 2' 189'2' 18' 1' 198' 1' 27'5' 207O5' 

c ] Y ~ ~ ~  
CYXIV 

1 31.58 1 31.74 1 30.26 Z 32'4.4 I 30.14 1 31.82 1 31.90 1 30'4.4 
1 31.80 1 30.92 1 30-18 1 31.56 E 31.46 1 32.66 .l 32'04 1 30.26 

31-69 31'33 30.22 32-00 30'70 32'24 31'97 30'35 

%-p / IBg0tg g 0 2 r  Ig6O36) 16'37' losoaf rsoat P i l o r  3i01# z i ~ i z ~  8801S1 

t 
CXXII dt 
CXXIV 

h35.04 h32.78 h32.12 134'44 831.94 h30a;6 130.68 132'50 130.16 1 31-36 
h32'42 h32.62 1136.68 134.10 h30.98 h30.92 128.26 h33.74 129'32 132.20 
1 34.56 h 3 6 . ~  1 35.58 1 35.08 h 30.12 h 30.40 1 29.90 h 32.10 1 3 1.06 1 30.64 

. 1 33.60 133'44 135.36 13358 
1 33'24 134'86 

33.91 33-70 34.92 34.30 31.01 30'69 29.61 32.78 30.18' 31.40 



NORTH-EAST LONGITUDINAL SERIES 

PRINCIPAL TRIANOULATION. REDUCTION OF FIOUREB, 



NORTH-EAST LONGITUDINAL SERIES. 

Figure No. 1. 

t The fixed dats here given are obtained from Figure No. 8 of the Great Arc Meridiollal Serie~, Section 2 C  to SO0, which was previously reduced. They diffm 
slightly from the f i n d  rdues shewn inVol. IV of the Operatiom of tlrs Great Trigonometrical Suwey of I ~ d i a ,  Figure No. 1 of thls Beries having been calculated 

' 

prior to tho retlurtion of tho North-West Qusdrilnteml. 
In tho tables of the equations between the fartors the co-efficient8 of the terms below the hgonnl are omitted for convenience, the co-e5cient of the pfh 

term in the qth line being n lwa~s  the same ne the co-rflcient of t l ~ e  qth tern in the pth line. 

Observed Angles 

A - $45 
No. Value .F.Y o 

86g  

O I  * 
I 73 55 28'9' '09 

a 39 29 27'25 '25 

3 66 35 5'94 '12 

4 65 23 38-79 '14 

5 83 18 48.86 '14 

6 31 17 37-11 '05 

7 69 12 52-72 '07 
8 48 41 20.88 -14 

9 62 5 50'90 '11 

1 0  40 44 14'38 '14 

1 1  75 35 13.68 -03 

r z  63 40 36-52 '12 

13 56 21 23-19 '04 

14 43 22 56-90 '03 

15 80 15 43.09 '07 

16 54 22 21980 -05 

17 71 54 3-34 '07 

18 53 43 37'53 '25 

Values of the Factors 

Xl = - 0.4318 
X, = +5.81rz 

x, = - 2'9.583 
A, = + 6.6760 
% = - 0.5043 
x6 = + 3.2411 
x, = + 2.8529 
h, = - 3.0222 
b = + 6.5879 
A,, = - 6.1360 

Fixed data? 

Log. Ratio of side A to side B (see diagram) = is9361 139,s 
Sum of angles 3 and 5 = 1 4 9 ~  53' 53 "'51 

Equations to be satisfied Factor 

=I + x ~  + x ~  = = - 0'41, 
= % = + 1-61, x, 

x4 +X6 +X6 
= e, = - 0.76, x, 

El +X8 + x9 - - e4 = + 1.~0, x, 
x10 + xll + x19 - x4 

'18 + X l r  + XIS - eS = - 0-07, 
= eg = + 0.07, x, 

'16 + '17 + Xu - - e, = + 1.29, x, 
xs +X6 

x1 +x4 -7) - x, 
- eg = - 0.21, + Xl0 + '13 + *l6 x, 

-r-z13x,, + 29x1 - .46x4+ I - 6 4 5 ~ ~  = e,, = + 0.812, A,, 
- 1 ~ 2 1 3 x ~  + '43x8 - -12 x6 
+ 1 - 6 4 5 ~ ~  - - 8 8 ~ ~  + '53 x, - -26 x,, + "Wx1s - I .058x1, - el,= - 0.399, $0 

+ "7 '16 - '33Xi7 + ' 73 X18 
- I - 

Equations between the factors 

No. of 
e 

I 
2 

3 
4 
5 
6 
7 
8 
9 

1 0  

Angular errors iu seconds 

X1 = - 14 X7 = - '42 X18 = - '14 

x9 = - '24 xs = + '34 x14= + .IS 
xs = - '03 x, = - -68 x16 = - * I I  
X4 = - 'O3 xl0 = + '51 Xl6= + '01 
x6 = + 1'32 xll = + 25 X17 = + '37 
x6 = + '32 xis= + '44 Xl8 = - '31 

[wxB] = 32-17 

Value of 
e 

- 0.41 
+ 1 - 6 1  
-0.76 
+ 1-20 
- 0.07 
-1-0-07 
+ 1-29 - 0.21 
+ 0.812 
- 0'399 

Co-efficient8 of 

$ % h3 '4 '5 X6 % X8 b $0 

+.46 +'I2 +'O9 -'2772 -'25I7 
+ '33 +-14 +'14 +.or79 +'0655 + '32 + '07 - -0649 

+-29 + -14 + -0510 
+'I4 + '04 -.or98 

+ '37 + '05 * + ' 1594 + .26 + ' 0348 
+'53 -.0383 

+ ' 5405 + '5033 
+ '8739 



PB;INCIPAL !CRMQULATION. REDUCTION OF FIGURES. 

Figure No. 2. 

Observed Angles 

$ 4 8  NO, value 4 3  
B$& 

0 '  ##  

I 17 xg 60.86 * Z I  

% 87 55 42.71 '10 

3 56 8  21-15 '07 

4 18 35 57'48 '10 

5 52 0 7-48 '07 

6 53 15 36-18 '03 

7 43 13 22'46 '15 

8 31 30 55-76 -11 

Equations to be satisfied Factor 

XI +Xs +Xs +Xr = el = +0*71, x, 
+ =4 + X ~  + '6 = % = -0'02, x, 

xs + X 7  + =a = 68 =-1.92, X, 

3 zo4oxl + I . 380xs + 2 O ~ O X ,  

= e4 = + 1*8r, - -86 x, - *II  X, - 1 . 6 3 1 ~ ~  
A4 

Equations between the factore 

No. of 
e 

I 

a 

3 

I 
4 

Value of 
e 

+om71 

-0.02 

-1 -92 

+ 1.81 

Co-efficienta of 

% % % x4 

+ 0.48 +o.rg +0*954 

+0*27 +O.IO +o.118 

* +oa36 -0.222 

+2'957 

Values of the Factors 

X, = +2*596 

X, = +oa821 

%I = -5'998 

x4 = -0~708 

Angular errors in seconde 

x, = + . 0 7  xs = -036 

xS = +.16 x,, = -*14 

xS = +*14 x, = - * 8 9  

x4 = + '34 X8 = - '53 

[wxg = 12-06 



NOR!CH-EAST LONGITUDINAL SERIES. 

Figure No. 8. 

Observed Angles 

I 

I1 F 
No. value i3$j - .- 

~ E Q  V 

0 r r r  

I 54 5' 43'55 '20 

2 52 10 58-69 -06 

3 31 53 28-66 -09 

4 41 3 55'55 '14 

5 29 I 2-94 -12 

6 78 I 38-10 -21 

7 53 33 36-98 '23 

8 iy 23 46.65 -13 

Values of the Factors 

X, = -2.718 

X, = -0.261 

X, = +4'461 

h4 = + 1.593 

Equations to be satisfied Factor 

+xs + Xs +x4 h.1 

+ x4 +Xr +xs % 

+xs +=7 +X8 x, 

+ ' 70X1 - . IOX, + I .507xs 
% 

-I'IOX~ -'8yx, -2.840~~ 

Equations between the factore 

No. of 
e 

- 

I 

2 

3 

4 

Angular errors in seconds 

x1 = -'31 x, = + -51 

X4 = -'I7 x,, = + '51 

x3 = -'05 x, = +.70 

x4 = --42 x8 = --ox 

[wxq] = 7 78 

Value of 
e 

- 0.96 
.+ 0'55 

4- 1-71 

- 1-45 

Co-e5cients of 

x , .  x, x, x4 

+0'4Y +oe23 +oe27o 

+0.56 -o.ogg 

* -0.805 

4-1.788 



PRINCIPAL TRIANGULATION. REDUCTION OF FIGURES. 1 3 7 ,  

Figure No. 4. 

Observed Angles 

rn 

No. Value 

Y 

0 1 1 1  

7 8 3 9 4 7 ' 2 '  '35 

0 36 50 39'72 "3 

3 6 4 2 9  37'07 '26 

4 54 59 32'72 '44 

5 66 I 16-92 -66 

6 58 59 9'5' '07 

7 59 I 59'98 'S2 

8 49 31 10.84 -08 

9 7I  26 51'70 '24 

ro 52 13 52.00 -36 

11 52 I 2  33-70 '34 

1 2  75 33 34-51 '18 

13 115 4 48.09 -21 

3 4  45 34 40'22 '35 

15 19 20 32-87 '23 

Values of the Factors 

\ = + 0.528 

Xs = - 2'737 

X, = + 0.396 

X4 = - 1'332 

k6 = - 1'394 

= + 0.843 

X, = - 0.083 

I 

Equations to be satisfied Factor 

x1 +XP +xs - - el = + 0.69, X, 

X4 +x6 . +I6 
- - e, = - 2-81, X, 

X.l + X a  +Xu - e, = + "779 % - 

I 1 0  + x11 + x1s - - e4 = - 0.85, X4 

I18 +xu + X l s  - e, = - 0.95, ha - 
11 +Xs + x7 + Xlo +xis = e, = 0.00, X, 

+.48x8 -Im335X2 + .60x6 - '44 xS + '34X0 1 = e , =  + o o 2 g ,  X, 
-.85xa + 26 xla - . 78x1, + 2 . 8 4 8 8 ~ ~ ~  - '98.~~4 

Equations between the factors 

~ o . o f  
e 

. 

I 

2 

3 

4 

5 

6 

7 

Angular errors in seconds 

x1 = + .48 x,, = - '20 xll = - '43 

x, = + so8 X, = + '65 xlS = - '24 

xs = + '13 x, = + -04 xis= - '12 

x4 = - ' 83 x, = + -08 x14 = - -46 

x5 = - 1-78 xl0= - -18 x16 = - '37 

[wxg = 10-7g 

Valueof 
e 

+oe69 

-2.81 

+0'77 

-0.85 

-0.95 

0.00 

4-0-27 

Co-efficient8 of 

x, h &3 X4 '6 A6 x, 

i-0'74 +0'35 -0.049 

+ l e 1 7  +o-44 -0.248 

+0.84 +o-52 +o-014 

+0.88 +o-36 -0.218 * 
+oW7g +oS21 +0°312 

+1.88 

+zS952 



NORTH-EAST LONGITUDINAL SERIES. 

Figure No. 5. 

. 
Observed Angles 

an$ 
No. Value .P.Y a 

&& 

i$% 
V 

o a a  

1 52 32 29'77 '42 

z 52 47 45'59 '10 

3 74 39 45-31 '06 

4 57 50 55'92 "4 

5 59 6 32-63 '14 

6 63 2 32-03 -03 

7 68 33 26.25 .zo 

8 56 59 40'04 '01 

9 54 26 54'24 '2' 

10 67 42 30'49 -26 

11 57 15 -58.66 -07 

12 55 I 33-53 -08 

13 64 58 24-55 '13 

14 60-30 27.18 .29 

15 54 31 7-90 '04 

16 48 22 13'82 '11 

17 72 32 28.88 . I I  

18 59 5 18.31 -04 

Values of the Factors 

X i  = + 1.597 

hp = + 3'174 

x, = - 4'731 

A, = + 2.290 

X, = + 1.780 

X, = + 1.804 

% = - 0.303 

h, = +13.649 

. 
Equations to be satisfied Factor 

=I +xs +xs - - e, = - 0.02, 

X4 + x5 - - e , =  0.00, 
x, 

+ X6 
x7 +XS + x9 - - e, = - 0.11, 

x, 

x10 + Xll + xis - - e4 = + 1.01, 
x, 

- - e 6 = -  A4 
X13 + X14 + '15 - 1 -09, - e, = 

A5 
X16 + "17 + Xi, + 0.30, 

XI + X4 +X7 +x10 +x13 - - e7 = + 0.80, 
x, 

+ -27  x, - 76x, + s.52:\ x, 
- -60 x, + . 7 r x 9  - -65 x, - + ' 70 XIS - '64~11 + 4'77, x, 

+ . 7 1  I16J 

- e, = 

- '57 Xlr + ' 60xl8 - '31 '17 

Equations between the factors 

No. of 
e 

I 

2 

3 

4 

5 
6 

7 
8 

Angular errore in seconds 

X1 = + '51 X7 = - I ' O I  X18= + 'I9 

X, = - -88 X, = - '14 XI4 = - 1-74 

Xs = + '32 Xp = + 1-04 x16 = + '46 

X4 = + '40 xlO= + -51 X l e =  + '17 

X6 = - ' 70  x11 = - '45 X17 = - '27 

x, = + .30 'la = + ' 95 X i 8 =  + '40 

[wxql = 66.27 

Value of 
e 

- 0.02 

0.00 

- 0.11 

+ I . O I  

- 1-09 

+ 0.30 

+om80 

+ 4'77 

Co-eficients of 

h L1 x, X4 X5 X, x, x, 

+0*58 -0'42 -0.060 

+oS31 + o . ~ q  -0.069 

+0.42 4-0-20 +o-142 

+ 0.41 +oS26 +o-011 

+oS46 -to.13 -0.137 
* +om26 + O . I I  -0.010 

+I -26  

+om438 



PRINCIPAL TRIANGULATION. REDUCTION OF FIGURES. 

Figure No. 6. 

. 
Observed Angles 

A A 

p'$ 
L. c .s No. Value a,=. $% 

V 

0 , I 1  

I 63 14 48.48 '94 

2 56 48 52.42 -98 

3 59 56 19'87 -66 

4 59 3' 7-08 '50 

' 5 64 34 44'50 1-19 

6 55 54 8-86 -66 

7 58 51 18.07 1-23 

8 61 9 27-18 1-08 

9 59 59 ' 5 . 3  '72 

10 59 20 54.84 1-69 

Equations to be satisfied Factor 

x1 +=a + xs . . . . . . . . . . = el = + 0.17, S 

X4 + Xs +Xe . . . . . . . . . . - ep = - 0.17, %3 
- 

X7 +Xs +Xu . . . . . . . . . . = es - - 0.29, X, 
- 

XIO + xu + '1s . . . . . . . . . . = e4 = + 0.12, A4 

'18 + X l 4  + X l s  . . . . . . . . . . = eb = + 0'4.4, 

+ '17 + Xis . . . . . . . . . . - 
X16 = e 6  - -  1-27) x, , 

XID + Xao + X a i  . . . . . . . . . . = e 7  = + 1-69, % 
X, +X, + Xa4 . . . . . . . . . . = es = - 2-21, % 
==as +xea + xw . . . . . . . . . . = e, = + 0.34, x, 
xaa + xao + =, . . . . . . . . . . = el, = + 0.69, S o  
XI + X 4  +X7 + X l o  + Xu + Xi6 . . . . - - ell = + 0.08, Xll 

x9 + X l l  + =lo +xsn + xss + =a8 . . . . - - e, = + 0.69, S s  
+ *58xs - '65xs + - 6 8 ~ ~  - -48x6 + .58x, -'55Xs) ,. . . = el, - - - 1.62, + '54xlg - .60xll + .47x15 - *63xl4 + .63x18 - .56x17 %S 

+ ' 55X8 - ' 60x7 + '59Xlo - ' 54xla + '53Xg1 - ' 62xno . . - 
+.60x, --.46x, +-50xw -'69x, x S 0  -.56x, - el, = + 3-54, $4 

1 

0. C5 

3 0 .$ 
No. Value .e._~g 223 

i s 8  V 

0 I It 

11 58 58 17'57 I 

12 61 40 48-38 1 - 2 1  

13 57 27 29.50 -96 

14 57 36 29.89 '94 

15 64 56 1-64 .66 

16 61 34 22-11 1.10 

17 60 46 18.68 -71 

18 57 39 18-54 '71 

I9 59 35 43'10 -86 

20 58 8 11-35 1-37 

" CI 
asg 

N ~ .  Value .e._~j  E a s  
i s 3  

Y 

0 I I #  

21 62 16 7-87 '94 

22 55 57 33-25 1'37 

23 65 1 2  43'93 1'35 

24 58 49 41-22 '90 

25 60 52 35-73 2 - 7 2  

26 55 34 53'39 '69 

27 63 32 31.85 1-17 

28 64 36 35-91 1'32 

29 60 35 35-43 I '51 

30 54 47 49'99 1.28 



T 

140-, NQBTH-EAST LONGI-ITUDINAL SERIES. 

I 

I 

.A 

Figure No. 6--(Continued). 

Equations between the factors 

Co-efficients of 

\ h, b X4 '6 xi % h3 &I %O XI, XIS %a k 4  

+ 2 . 5 8  +OS94 -0.254 

+2'35 +omso  -0.122 . 
+3'03 +1.23 +oQ72 -0.176 -oWrqq 

+4-27 +1.69 +I-37 -0.169 +o-344 

+ 2-56 +oe96 -0.282 

+ 2.52 + I . I O  + O - O ~ O  

+3'I7 +0.86 -0'351 
i t  +3-6% +I'37 -0.081 

+4'58 +2 '72 + O s I 0 g  

+q - r r  + 1-32 + o m 0 6 3  

+6-4% +oS259 

+8.36 -0,404 

+3'654 -0.680 

+4-851 

No. of 
e 

I 

2 

3 

4 

5 
6 

7 

8 

9 

ro 

11 

12 

13 

'4 

Value of 
e 

+ o m 1 7  

-0 .17 

-0 .29  

+ o.rz 

+ 0'44 

- 1.27 

+ 1.69 

- 2-21 

+ 0'34 

+ 0.69 

+ 0.08 

+ 0.69 

- 1-62 

+ 3'54 
A 

Values of the Factors 

Xl 
- - -0'020 

x, = -0' I21  

% = -0.177 

X4 
- - -0.150 

% = +o.o81 

- - -0,565 X6 

h = $0'572 

h = -0.651 

b = -0.031 
- + 0.109 x10 - 
- +O'I54 X l l  - 
= +o.148 
- 

X 1 ~  - -0.301 

$4 = +0'715 
* 

Angular errors in seconds 

x1 = + ' I 2  Xll= + ' 23 xS1= + 89 

x,=+-17 xu= - ~ 8 3  xPg= - ' 69 

xS = - - I %  xis= + ' 23 x==-1.32 

X4 =+ '02  Xi4= + ' 24 h=- '20 

x s = + - 0 2  Xl5= - '03 Xs5= + '32 

% =-'21 X16= - '45 XM= - -36 

x1 = -'56 xl7=-.29 xn= + 038 

% = + '40 X18= - '53 x,= + '34 

x,,=-- 13 I,,= + -62 xPg= - '44 

xlo= + ' 72 %=+.18 =so= + '79 

[wxs] = 6'41 



REDUCTION OF FIGUBES. 

Figure No. 7. 

J. 6. N. HENNESSEY, 

IR chargd ef Computiy 0s~~. 

Observed Ailglee 

'tie 
2 %  No. Value .%B 

iB 

o r a 

I 70 52 34-65 '10 

33 16 1-39 -06 

3 75 51 23-08 -16 

4 70 47 51-65 '06 

5 69 o 56-89 '19 

6 40 r r  11-05 -04 

7 57 48 21-19 -09 

8 72 22 5l"5 
'O? 

9 49 48 47'85 '11 

10 66 31 16.76 -15 

I 58 33 31-48 '07 

12 54 55 12-60 -05 . 
13 38 25 54'01 -16 

14 56 53 3-33 'O7 

15 84 41 2-71 -08 

16 55 34 0'47 '09 

17 68 11 11.54 -12 

18 56 14 47.83 '12 

Values of the Factors 

Equatioi~a to be satisfied Factor 

XI +X, + Xs = e , = - 1 . 4 1 2 ,  X, 
x4 +xs + X 6  

- - e9 = - 0.845, Xp 
X7 +Xe + XP 

- - e, = - o - j r q ,  
- x, 

I10 . + %I + '19 - e4 = - 0'152, X, 
"11 '14 + '16 - e6 = - o. 540, X, - 
116 + '17 + X l e  = e6 = - 0.905, xe 

X l  + I 4  +=7 +'lo +%I +XI ,  = e7 = - 1-27, x, 
6% - 32% + 25x6 - 8x6 + 18xD - 

+ 15Xu - 13Xii + 2x1s 
- es = +25'1, 

- 
x, 

- 13X14 + 14x18 - 8x17 

Equatiolls between the factors 

No. of 
e 

I 

a 

3 

4 

5 
6 

7 

8 

& = - 4'1538 

Xp = - 2.7666 

% = - 3.1679 

X4 = - 0.6963 

X6 = - 1.6319 

h6 = -3 '1173 

= + 0.3732 

X, = + 0.1251 

xl = - '378 x7 = - '251 xls = - - 2 0 1  

x9 = - 489 xS = - '16% x14 = - -228 

Xs = - -545 XD = - ' I01 X I & =  - -111 

X4 = - ' I44 X10 = - '049 Xll = - 247 

x6 = - '715 xI1 = - *161 = - '494 

x6 = + ,014 x13 = + '059 xu = - '164 

[wxgl= 16.31 

Angular errors in secoi~ds 

Value of 
e 

- 1.412 

- 0.845 

- 0'514 

-0.152 

-0 '540  

-0.g05 

- 1-27 

+25-I  

Co-efficie~~ ta of 

x, x, x, A, 7'6 x, x, 7'8 

+ -32 + -10 -0.96 

+ '99 + -06 -0-52 

+ '24 + -09 +1*70 

+ '27 + -15 -0.16 

+ '31 + -16 -0'75 

+ '33 + '09 +oS72 

+ '65 

+ 208 -39 



NORTH-EAST LONGITUDINAL SERIES. 

PRINCIPAL TRIANGULATION. TRIANGLES. 

NOTICE.-1. l'he values of the aide am given in the name 1i11e wit11 the opposite a n ~ l e .  
2. Stationa LII, LIV and LVI appertain to the Qreut Arc Meridional Serieq Section 24' to SO0. 

Correctionr to O h e d  Angle 

11 I t  

L I V  + '14 
LVI + ' 22  

I + '05 

Corrected P h e  
Angle 

0 ,  w 

66 35 5-24 
39 29 26'64 
73 55 28.12 

No. of triangle Disttuioe 

Miles ch,xit 

44 

zt 

43 

42 

4I 

2.51 1 1 + -41 / 180 o 0.00 

LVI 53 43 37.16 
I 54 22 20.88 
II '87 71 54 1-96 

579 

20-283 
20'449 
23.913 

5'029;618,7 
5'0333IO(L,2 
5.1012759,8 

24'583 
29' 1 0 1  

20.283 

19'610 
26'9.3.~ 
29'104 

.?I-689 
29'009 

1oio93'19 
IOj971.77 
126262'96 

2.60 1 I - -07  1 180 o 0.00 

I 5.1132763,o 
11 5 1865902,5 
Iv 5'0297618,7 

I 5-or51177,8 
Iv 5 1~29.742,r 
I11 1-13 5.1865902,5 

3-18 1 I -1.20 180 o 0.00 

L IV  + -11  I 83 18 46'60 52235428.1 
I '00 65 23 37-74 5'1851626,7 

129800'63 
153670.41 
107093' 19 

10.3.542'29 
142211 '34 
153670'41 

167,318'04 
1.j,?166.10 

LII I ::; 1 - -40 1 3 1 2 7  35'66 4.9420246,4 

3-15 1 -1.61 / 180 o 0.00 

87503.35 / I O - J ~ ~  



PRINCIPAL TRIAXGULATION. TRIANGLES. 143-, 

. 

3s 
2d rn 

I 

1-75 
1-76 
1-75 

5-26 

40 

39 

M i l a  

26'934 
33'524 
31'689 

, 

Log. feet 

5.1529342,O 
5'2479887.1 
5'2235+28,1 

Correctionr to Obnemed Anglo I Corrected Plane 
Ration 

In 
I 
LZI 

Distance 

Feet 

142211'34 
177006.29 
167318'04 

Figure 1 cf 

No. of 

Cimit 

, 

ta iq le  

&; - 

578 

18'925 
12'27.5 
19.610 

20'2.59 
29 '56.3 
22'275 

20'259 
37 '276 

Iv 53 15 35'58 4'999661.392 
III 70 36 4-43 5.070152;.9 
V 19:99- 5 ' 0 1 5 ~ 7 i ? &  

- -- 

I V  43 13 22-85 5.0292610,o 
V .5'19.338;9,4. 
VI + .46 5.0;0452j,9 

2-98 +re19 i 180 0 0.00 

111 ~.029261~, r  
'50 .5'29.)0,59O.Q 

18.925 

36'0.55 
37.514 
20'259 

30'1.3.5 
29.592 
3 6 . ~ 5 5  

30'135 
4.5'629 
37'514 

27'7.39 
18.430 
30.135 

19.649 
17'614 
18.430 

1 7 - 7 7  1 

15.765 
1 ~ 6 4 9  

12.868 
12'864 
15'76.5 

12'864 
3.5' ' i 8  
Vi.i3y 

99922'05 
117612'32 
10354A'29 

106969'75 
156094'62 
11 7612.32 

106969'76 
19681.5 '40 

'I- 1 
99922'05 

190367'9$ 
198074'29 
106969.75 

1.59114'.39 
156244.82 
19036i.96 

1.59114'40 
240919.81 
198074'39 

146464'19 
97:!10'88 

'59"4'39 

103744*.51 
93000'6.3 
97310'88 

9.38.3.7'49 
8,32.3(1'8+ 

103;44'5 I 

67944.73 
67924'14 
832.,6'84 

6;924'1.? 
18.i739'X4 
14fi464' 19 

4 

- '34 + '42 + '68 

3 8 

3 f 

36 

35 

3 4 

92 

+ -76 180 o 0.00 

Angle 

0 1  4 

+ '33 - '01 48 4' 19.12 

576 

- '20 

- -13 
+ - 2 2  6 9 ~ 2 5 1 . 1 8  
+ '55 62 5 49.70 

'19 4.9996613,~ 

1-49 . jr ; 180 o 0.00 

V 5.2j9<~18.6 
V I  78 I 36.30 .5.2y68281,0 
v17[ 1-56 + '05 ?,I 5.3 26.31 5.0292610,o 

4-70 - , 8 o 0.00 

VI 
V I I  
VIII 

v 
VII  
VIII 

r -9.5 ' 180 o 0-00 

1-89 
1-89 
-- 1-89 

5'67 

.5-16,~;?1.+.4 
49881613.7 
5'20'7094.9 

,5.01.5y650.8 
4.96848.58.4 
498Ji613,i  

4.9;2.'~5;8..5 
4 ~~2031.5.5.i 
5 01ip650,8 

4'8.32 1.5.57,7 
4.8.320241.7 
+.92031j5,7 

4.83202,+1,,3 
5.26890.50,.3 
j . 1 6 ; ~ 3 1 ~ , ~  

- '70 + '43 + ' 17  - '12 

+ 3 3  1 - '31 1 

6429.35 '31 
365039 .80  
78 39 44.89 - -  - 

180 o 0.00 

66 r ~ 8 . 7 1  
54 59 32-98 
58 19 8 ' i I  

180 o 0.00 

59 1 58'59 
49 31 1 1  '07 
71 26 /0*.34 

180 o 0.00 

52 73 .53 -62 
52 12 32'97 
75 3.3 .?R'41 

180 o 0.00 

19 20 33-63 
11.5 4 46'.52 
45 34 39.85 

V I I  - '66 
V l I I  +1.18 
IX I 

3-31 - 9 

53 3.3 34'82 
32 10 56-85 
ir  I5 280.3.3 

180 o 0.00 

- ' 27  
+ '0.5 

0 2  

- -20  

+ '65 
- '96 

2'4; + '32 + ' 3 1  

V I I  
I X  
X 

1X 
X 
X I  

.5'2017094,9 
,5.19.~80.~6.1 
5.~i9jy38,tS 

41 3 54.15 
8-1 4 24-14 
. 5 + 5 ~ 1 ~ ' 7 ~  

+ 1 - 0 7  

- '74 + '63 

j ~ o r o .  
,5..3Rr872,5.6 
52968281~0 

7-41 1 

IX + 1-97 
X I  - '38 
XI1  - 4 

+ '8.5 

VII I  .t 1-47 
- '86 
+ '54 

'66 
-65 
6 5  

1-96 

'58 
'58 
5 9  

1.75 

+ -96 1 180 o 0.00 

+ 1-78 + '67 + '83 + -08 
+ 2 0  1 - -75 1 4-2-45 

i- '91 
- 5 . r  

+2 '81 

- -65 - .16 - '81 
- -04 + '8.5 + '81 

-- - 0 8  1 - '69 1 1 -- - ' 7 7  

I - ' 7 7  



NORTH-EAST LONQl'Pm,lNbL f3lBfBB. 

No. of triangle Correctiolla to Obrend Angle 3 a DL¶tanca 

L 

Feet . 

57769.41 
52948'5% . 
67944'73 

46770-10 
58861 '69 
57769'41 

53139.46 
58955.74 
46770' lo 

54547'61 
52314.07 8 

53139'46 

63272'01 
60428'33 
54547.61 

59229'91 
57161.13 
63272'01 

54026'77 
50850'3 I 
59229.9~ 

54362'47 
47474.60 
54016'77 

55530'82 
47609'88 
54362'47 

66049'31 
55919'17 
55530'81 

61023 '08 
56755'27 
66049'31 

65001.80 
65737'2.3 
61023'08 

.1 

BIam 

10.941 
10-028 
12-868 

8-858 
1 I - 148 
10'941 

10*064 
1 1 - r r M  
8.858 

10-331 
9.908 

10-064 

11.983 
11-445 
10'331 

11-z18 
10'826 
11.983 

10'232 
9.631 

xx-318 

10'296 
8-99' 

10.232 

10.517 
9'017 

10.296 

12'509 
10'591 
10.517 

I I '557 
10.749 
12'509 

12'311 
I3'45O 
II'j.57 

91 

90 

89 

88 

87 

86 

85 

84 

83 

81 

8 I 

80 

k 

circuit 

. 

Log. feet 

If H I1 I1 0 I I1 

XI -23 - -46 + '82 47616979,1 
XI1 -23 - -31 + -18 4"238538,7 
XI11 -24 - ' I 1  -1'00 8 4' 321557~7 

4.669~~683~7 
4'3698326.9 
4.7616979,~ 

- 7 0  I I - -88 I 180 o o.00 

471615'78 
67 33 25'50 
65 8 1 8 . 7 2  

XI1 
XI11 
XIV 

-.59 1 j + :26 I 180 o,oo 

XI11 59 6 38-28 4'7254172,1 
XIV 72 624'33 4.j705261,o 
XV -18 + -02  - -22 4'6699683,3 

XIV ' 20  - '21 + '24 + '03 6% 17  32-56 4'7'367757~ 
SV -19 - -06 - -01 - '07 58 6 42'45 4 j186185,r 
XVI 1 9  I - ' 1 7  - '23 1 .- '4O 59 35 44'99- 47254172,: 

-9 1- - '44 180 0 0'00 

xv 66 32 52'39 4.8012117,o 
XVI + '35 6~ 10 57'99 4.7812405,4 
XVII -- + + i s )  -08 52 16 9'62 4.73677574 

+ ' 3 6  + '01 - . 

- 7 1  

XVI 
XBII 
XVIII - 2 j  

'73 + '35 180 o 0.00 - 
XVII '20  58 11 27'33 4'7326090,a + ' 02  + '05 
X'III ' 2 0  f '03 + '01 53 6 55 ' 2 b 4 ' 7 0 6 2 9 3 6 , 4  
XIX 2 0  + 0 6  - 0 6 1  -- 4'7725+10,5 

-60 

XVIII -18 - -06 + -04 '02  64 23 18-13 4.7352991~6 - 
XIX -18 - '03 + '05 + ' 02  / 51 5 7  6-08 46764619.6 
XX 1 8  = -09 - '09 1 - ' 18 63 39 33-79 q.7326090,a- 

.54 - -18 ! 180 o 0.00 - 
XIX ' I9 - + '03 - O 1  65 36 3'47 4.7445340~9 
XX 1 8  .18 - - 1 '16 - - 0 2 1  'or - - .  '09 51 19 58'49 4.6776971~ 
XXI - 2 L  63 3 .58'04 4.7352991~6 

' 5 . 5  - '27 180 0 0'00 - 
xx '24 + ' o a  '00 + '02 7241 15-60 48198682~5 
XXI -23 f . 0 5  + ' 0 6  + 'XI 53 55 39'09 4'74756073 
XXII 2 3  + 0 7  1 - -06 1 -- + '01 53 23 5-31 4744534~,9 

- 7 0  + '14 180 o 0.00 

XXI 4'7854941,6 
XXII q;5+0061,7 
XXIII '26 '00 4'8198682,j 

XXII - '24 61 34 1'76 4.8129253~ 
XXIII + '04 62 47 18-84 481781 r4,o 
XXl V - 2 7  - 6 55 38 89'40- +7854941,6 - -- 

' a ?  - '36 180 o 0.00 

4-7725410~5 
4 ;571007,9 
4 8012117~0 

+ -78 / 180 o 0.00 - 

+ ' 19 
f 4 

-- + '02 

58 39 24'04 
55 30 3p.66 
6.5 49 56'30 



PRIFCIPAL TRI ANCfULATION. TRIA NGI.E8. 

Corrected Plane Tor' 
0 I ,I 

64 42 38-78 
63 29 3-27 
5 1  47 57'95 

180 o 0.00 

44 55 44'34 
60 29 25'4y 

-7c34 50'17 

180 o 0.00 

68 1748 .61  
57 39 38.08 
54 2 33'31 

180 o o-oo 

55 25 44'56 
55 14 21-47 
69 19 50.97 

180 o 0.00 

58 43 ' 1-29 
63 51 48.86 
57 2s 9'85 - 

180 o 0.00 

68 za 39'28 
55 6 41-07 
56 30 39-05 

180 o 0.00 

65 3 2'87 
57 8 13-74 
57 48 43-39 

180 o 0.00 

57 33 6-95 
j Z  7 28.,30 
70 19 24.75 

180 o 0.00 

131 

130 

'29 

I 80 

* 

M ilea 

14'16.5 
1+'018 
12.311 

10'377 
12.788 
14'165 

I I ' ~ I I  
10.8j. 
'0'377 

10'483 
10'459 
I X ~ ~ I I  

10'632 
I 1'168 
10'483 

11.851 
10'4.57 
10.632 

12.697 
11';62 
11'851 

"'379 
10.643 
12'697 

Log. feet 

4.8738518~ 
4'869.3168~5 
4'8129253~7 

4'7397'8314 
4.829+280,2 
4'8738518,3 

4.7985945,2 
47.~;3~85,, 
4 7387183~ 

4'7431121,~ 
4.74212~8,5 
4-j985945,. 

4 7492423,1 
4.7io626y.g 
4'7431121,2 

4';96.?925,6 
$.7+203C8.5 
4'7492423,I 

4.8263205,~ 
4'7931.302~9 
4'796392j,6 

4'7787q7.5 
4.7497180.0 
.+'8t63206,2 

[Itation 

XXTTI 
XXIV 
XXV 

XXTV 
XXV 
X X v I  

XXV 
XXVI 
XXVII  

XXVI 
XXVII 
XXVIII  

XXVII 

Distance 

Feet 

74791.44 
74014'51 
65001'80 

54799"" 
67519.32 
74791'44 

62891'8j 
I 

54792.14 

5.5349'30 
5.5223'23 
62891.87 

56r.36'11 
58969'44 
553.~9'30 

62.573'81 
.yi212'+,? 
56136'11 

67037'94 
62r05.53 
62573'81 

I 

60079'98 
56197-6.3 
67037.94 

No. of 

circuit 
-- 

79 

138 

137 

136 

3 8 
Correctiot~s to Observed Angle 

m l' 1 Fig;; i t  Ft, I 
--- 

11 

-35 - '05 + -17- + '12 

'34 - - 1 1  - '16 - -27 
'34 - -06 - 'or - '07 

I -03 - - 2 2  

13.5 

13.5 

I33 

132 

triangle 

10.241 
11.732 
11.379 

13.009 
11'674 
11.732 

14'069 
11'4.?9 
13.009 

I 1.198 
12'190 
I I '439 

XXXI 51 34 45'48 4'7329737.5 
XXXII '24 65 28 59'05 4'7920109.8 
XXXII I  61 56 15'47 +'7787297,5 

'70 
XXXI '28 - '09 + -06 - .03 67 3 I .55'61 4'8368873,8 
XXXII I  - 2 7  - '09 + '01 - -08 56 I 15-68 4.7898529.4 
XXXIV 1 8  - -08 / - 0 7  ' I S  56 26 48'71 4 7gz0109,8 - 

- -26 180 o 0.00 

S X X I I I  + '02 69 55 44'68 4.8j0906+,7 
XXXIV '06 49 47 9'33 4.7810038,8 
XXXV - '02 60 17 5:99- 4.8368873,8 - -- 

+ '06 180 o 0.00 

XXXII I  + '02 + '04 + '06 1 56 28 16-03 4.7717847.7 
xxxv '26 + '04 + '08 6.5 9 16-32 4.80864g1.5 
XXXVI 2 6  + -10 1 - 1 2  I 58 22 27'6.5 *7810038,8 

+ ''9 
+ '05 - '0.3 

+ '21 

- '0.3 - 0 8  
- ' l o  

- - 2 1  

+ '07 
+ '02 

+ 0 3  

+ .12 

.28 
2 8  
-28 -- 

'84 

-23 
-2.3 
-23 -- 

'69~ 

- 2 2  

' 22  

-25 

'67 

54072.17 
61945.67 
60079'98 

68689'03 
616.38'63 
61945'67 

74285'91 
6ow.5'40 
68689'03 

59126.86 
64 ,3640  
60395'40 

' 22  
YXVIII  
XXIX - 2 2  t ' 0 1  

'66 + '04 

XXVIII  "23 + '05 + ' 07  + ' 12  

t '04 + '15 
+ I 0.5 1 + ' 0 7  -10 

S XIX 

- '08 
- 1 0  

- ' 0 3  

+ '05 
+ 0 2  1 
- '07 

- 2 2  

+ -02  + -05 
+ '0.3 - - 0  I 

+ 0 7  1 - o +  1 

xxx + 0 7  I - 0 8  1 - 

XXIX 
XXX 
XXXI 

XXX 
XXXI 
X X X n  

+ '0.5 + - 0 1  + -06 

i 75d  - .16 

'23- - - 'or 

-68 + '17 

+ '05 
+ '06 

'02 

+ '09 

'25 2 + -07 + .04 
2 - : - I 1 - 0 8  
'25 - '06 - '06 - --- . 12 



NORTH-EAST LONGITUDINAL 8ERIE3. 

- 
No. of 

Circuit M i h  

13-014 
13'938 
11-198 

10-og7 
13 '4+6 
13.014 

19'302 
10'963 
10.097 

11-006 
12'437 
1a.302 

ra-ga~ 
11'35a 
11.006 

12-476 
I 1.550 
12.921 

11.a8o 
9.3'33 
12.476 

12-129 
10.914 
11'280 

10-844 
12'037 
12'129 

11-690 
10.842 
10-8c) 

11.801 
12.989 
11'6gc 

10'730 
1 I '609 
11-801 

~ i s t &  

Feet 

68713'50 
73591'.3.5 
59126.86 

5331a'60 
70993.84 
68713'50 

64952'38 
57882.88 
533ra.60 

58110.88 
65669'06 
6f952.38 

68221.56 
59937'62 
58110.88 

65873'1a 
60984.33 
68221.56 

59.558'09 
49276'48 
65873'12 

64042.55 
57627'23 
59558'09 

572.56'42 
63553.2.5 
64042.55 

61723.10 
57247'68 
57256.42 

62310'16 
68581'ja 
61723-10 

56652'25 
61295'77 
62310.16 

triangle - 
NOII- 

cimuit 

Correction8 to Okrved Angle 

Angle 
Log. feet 

1 0 1  1 

XXXV 4'8370420.4 
XXXVI 4 866826794 
XXXVZI 48 57 11-48 4.7717847~7 

XXXVI + '12 44 49 44-05 4.72682984 
XXXVII + '06 6951 6.14 48.;12206,4 
XXXVIU - '06 65 19 9-81 4'8370420,4 --- - 

+'ra 180 o 0.00 - 

XXXVII 4'812.5950,3 
XXXVIII '02 4'762550~,3 
XXXlX 4'7268298,4 

'69 -1'38 180 o 0.00 

XXXVIII 
XXXIX 
XL 

-26 1 - + 
-14 1 '21 1 

-27 - -06 + '15 
-27 - -06 - ' ~ 6  
-80 

XXXIX 70 35 17-39 4 8339216~ 
XL 55 57 29'57 4':i76994,3 
XLI 4'7642573,9 

'77 
XL + '14 61 o 1-32 48187082~0 
X l d  + '22 j4 4 4.26 4 78.52182.4 
XLII -29 + 'a0 - I 64 55 51.42 4'83392162) 

-86 

XLI 60 15 42-46 4'7749407,6 
XLII '22 45 5.5 22'.55 46926397,1 
XL1I.t + -06 73 48 54'99 4 8187082,o 

+ -20 180 o 0.00 

XLII + '01 + -06 + '07 66 13 53-47 4'8064(286,2 
X LlII + -04 + '10 + 1 55 26 14.02 4.7606277,3 
XLIV + '10 - .16 - '06 5829-52'5~ 4.7749407~6 - 

'74 1 + '15 
XLIII 
X LIV 
XLV 

XLTV 
XLV 
XLVI 

XLV 
XLTI 
XLVII 

XLVI 
XLVTI 
XLVlII 

4764257?,9 
48173607,~ 
4.8125~50,3 

+ '07 + '09 - '42 
- -26 

52 49 40'31 
64 13 8'20 
6257 11'49 

180 o 0.00 

-2.5 
'26 
'26 

'77 

-24 
-23 
2 3  

'70 

180 o 0.00 

j.3 1923.29 
62 54 3-07 
63 46 33-64 

180 o 0.00 

65 14 15'33 
57 22 27-76 
57 2.3 16-91 

180 o 0.00 

56 50 29-36 
67 8 3-71 
56 126'93 

180 o 0-00 

54 33 4'50 
61 48 44-90 
63 38 10.60 

180 o 0.00 

4'7578241,6 
4.8031377.9 
4 8064686,~ 

4.7904477~ 
4.7577578,8 
4 7578241,6 

4'7945.589,2 
4.8j62070,9 
4.7904477~2 

4'7.532171~1 
4 7874'304.4 
4 7945589,a 

+ ' 14 - '02 
- '21 
- -09 
+ ' T I  - 'or 
- '14 
- -04 

- - 1 1  + '28 
- 1 6  1: 1:: / -'a3 

- -01 + -17 - 'or + 'or 
--- - -041 - 181 

+ '77 - '24 
- '4'3 
- '.50 
+ '16 

'00 

-- - '22 
- -06 



PRINCIPAL !l'EIANGULATIOIP, TRIANGLES. 

No. of 

~ i m u i t  
-- 

.r I 7 

a16 

215 

2x4 

2 13 

a12 

211 

a62 

261 

a I0 

'09 

1 

htion 

XLVII 
XLVlII 
XLlX 

XLVIII 
XLIX 
L 

triangle 

e!t'it 

593 

3 s I Corrections ta Obrened Angle 

Figure Cimuit :::it 
Corrected Phne 

13-194 
11'064 
10.663 

11'[58 
11'535 
13'194 

13'210 
11'808 
11' 158 

10'416 
10'376 
13'210 

12'6.55 
10'4.51 
10.416 

11'382 
9.916 

13'655 

11.848 
10'648 
11.382 

10.063 
9.928 

10'452 

I 1 '51l  
10'372 
10.063 

I r . ; r z  
10.648 
10'371 

69664'48 
58415.81 
56329'48 

58913.45 
60904'7.3 
69664'48 

69750'91 
62345'13 
58913.45 

54999'01 
54787'05 
69750'99 

66818.67 
5518.5'86 
54999.01 

60096'14 
52355.79 
66818'67 

62560'08 
50221.51 
60096'14 

531.30'79 
52418.j1 
55185'86 

60784.20 
54765'29 
53130.79 

6r840.42 
56221'51 
54765'29 

XLIX 74 44 19.31 4'843or13,8 
L .  53 59 40'14 7665304,1 
LI 4'7507357,3 

+ .or 180 o 0.00 

1, 477021++,4 
L I 4.;846510,1 
LI I  q'8.~30113,8 

L I  '2; + -02 + '10 4.8435499,~ 
1411 '27  + '12 '00 4.7948024,9 

' - ~ I  

I)iatana, 
5 

4'7702144,4 

4'7403548~8 
4'73867;8,6 
4.8435499,1 

4.82&78,6 
4.7418278,o 
4.7403548,8 

4.7788466.0 
4.;1896.+7,2 
4'8148978,6 

4'7962972,5 
4.749902.5~7 
4.7788466,o 

4.7253463,r 
+7194862,6 
4,74181;8,0 
. 

4.7837907~0 
q.73850;4,2 
4.7253463,1 

+79rafl~,a 
4.7499025~8 
4'738505+.a 

LI I I  '27  + -0.5 - '10 52 36 3.5'63 

-81 1 1 + -19 1 180 o 0.00 

LI I  50 41 23.13 
LIII 50 25 15'00 
LI v '24 78 53 21-87 

A: 

65 3 14.24 
59 5 41-38 
555058'38 

' 
I t  

'24 
-24 
'23 

14111 
1,I V 
LV 

+ '16 180 o 0.00 

59 24 36-96 
49 2 50'59 
71 31 32'45 

'62 1 1 + -73 ( 180 o 0.00 

-00 + 'or + '01 

+ -05 + '01 + '06 
+ -11 - -01 + '09 

M i l ~  

11.756 
11.125 
10.730 

10.668 
9'360 

11.756 

Log. feet I Feet 

4.7928805~0 62069'83 
4'76891854 58737'91 
4'7533171,1 56652'25 

.iO 1 1 + '31 1 180 o 0.00 

'33 - -32 + '08 - '24 74 39 41-84 
'2.3 + '88 - ' 0 3  + '85 52 47 46'21 
2 . 3  1 - 5 4  1 - -0.5 1 1 - ..59 1 52 32 28-95 

-69 1 1 + -02 ( 180 o 0.00 

47507357,3 
4'69.39085,4 
4.7918805~0 

56329'48 
49420'66 
62069'83 

LTV - '30 
I ,V '23 + 'or - '16 
L \' 11 '11 + -16 

59 5 1 7 - 7 7  
48 2% 13-43 
7% 32 28-80 

. 7 1  I ( - '30 ' 180 0 0.00 

LV - '16 
LVII - '48 
LIX + 1'7'3 

64 58 24'1.5 
54 31 7 '  18 
60 .?o 28-67 

LTTI 
LV 
L V I  

' 72 1 ! + 1.09 1 180 o 0.00 

-19 + - 7 0  - ' 0 4  + '66 59 6 33-10 
'19 - '40 + '01 - '39 57 50 55'34 
2 O  1 - 1 + o j  1 1 - 2 7  1 6.3 2 3rn.56 h(j 

-58 1 I -00 1 It?. 0 0.0; 

1, V 68 .33 27 '01  

1.V I 56 59 30'96 
L v I I I  54 26 53'02 

1 + ' 1 1 1  180 o 0.00 

L v  - -49 67 43 29.77 
1~~111 + '4.5 + '60 57 15 59'04 

- 
LIX -1.12 5.5 1 31.19 

.67 1 I -1.01 180 o 0.00 



- 

1 
1 

188-, NORTH-EAST LONGITUDINAL SERIES. 

No. of triangle Correctio~is to Observed Angle Distance 

M i h  

9'989 
12.168 
1 1 - 8 4  

9.741 
10'231 
9'9% 

11.083 
11-()9j 
9'741 

9.883 
10.661 
11.083 

10.106 
10.408 
9.883 

10.167 
IO'++% 

10.106 

Feet 

52742'37 
6424;-48 
62550'03 

51434.86 
54025'.3% 
52742'37 

58516.29 
,61752~19 
51434.86 

52182'62 
56291.53 
58516.29 

53357.60 
549.52'51 
52182'62 

53679'.35 
551.33'86 
53357'60 

Corrected Plano - 

Circuit circuit 
Figure Circuit Log. feet 

0 I 11 

LVII 4'7221596~3 
260 

=59 

258 

257 

256 

255 

254 

253 

2 j 2  

251 

aso 

249 

LIX 4'80;8561,2 

LXV 
LXVI 

LXV 4-7578148.9 57255.20 10.844 
LX VI 
L x v I I  

LXVI 
LX V I I  
LXVIII 

LXVII 
LSVIII  
L x I x  

LXVIII 
LXIX 
LXX 

LXIX 
JIXX 
LXXI 

4'7~62972~5 

4.ir1257j15 
4,7325973,; 
4.7221596,3 

4'7672768,r 
4';90652,?,T 
4'7Il2575,j 

4.71752,8,.+ 
4 ;50.).+10.j 
.+ 6 6 8 1  

4.72719624 
4.739987.5,6 
4.717j258,4 

4.7298072,o 
.+i41.+184,0 
4.7271962,4 

LX '02 

*% I 1 - -84 1 180 o 0.00 

TIIX 57 3.5 2 -01  
L x  62 2 7  38.23 
LXI ' 19 59 57 1 9 ' 7 6  

'57 I 1 + .;o 1 180 o 0.00- 

JIXIV 

'24 + ' O 9  '00 

61 2746.87 
6 7 5 9  8'13 
503.3 5-00 

180 o 0.00 

54 1 33-94 
60 48 36. j9  
j 9 9 

L'9 + -02  

LXI '22  + ' 07  
LXII - ' "  

'66 I - -02 

'70  
'20 
'20 
' 0  

-60 

'23 
2 3  
'2.3 

-69 

LXI 
LY I1 
L x U I  

- . o . +  -00 - '10 + '05 - '16 I - 0.; 1 --- 
+ - 1 0  + -02 

+ ' 21  1 - ::; 1 + '21 -- 

. Z I  + '11 + -05 
-21  + '24 - '04 
' 2 1  ( + -13 1 - -01 1 

-- 180 o 0.00 

59 40 26-75 
62 44 38'0% 
57 34 5.5'23 

180 o 0.00 -. 

50 17 0.36 
62 0 22-79 
58 42 36.85 

180 o 0.00 

6.3 1- + -48 

LXII - '5; 
LXIII  '20 - - '6.3 
LXIV "9- - ' 4 0  - 5 - ' 1 1  

581433 .71  
61 57 13' 13 

- 0 2  '06 59 48 13'16 

+ '01 58 8 29'38 - 'O9 70 28 8-74 
-- - 5 51 23 21'88- 

-84  - 2 . 3  180 o 0.00 

+ ' 16 
+ '20 + 1 2  

LXIII  
L x I v  
L x v  

4.7708141,4 
4.7869974,6 
4.7779175,~ 

4.8070266,3 
48522013,6 
4 7jo8141,4 

+ - 2 2  1 180 o 0.00 

-58 

'20  
2 9  
'20 

'60 

4.784r448,4 
4.671r37.3,3 
4)578148,9 

4.7;;9175,1 
4'7.39198.3.9 
4.7841448,+ 

- '04 
- '05 
- 2 1  

- -30 

+ '12 

+ "9 
t ' 21  

+ '52 

58994'86 
61234'68 
59967'71 

64124'89 
7115.5'.3+ 
58994'86 

70 40 48-32 
4 6 4 0 3 ~ ' 4 2  
62 38 40.16 

180 o 0.00 

62 11 29-42 
5 t  O17.59 
63 48 12'99 

180 0 0.00 

- '04 + '03 
- 1 0  1 - 0.3 1 
- ' 0 3  '00 

11'173 
I I '597 
11.358 

12'145 
13'476 
11'173 

6083.3'78 
46896'16 
5 i a 5 5 . a ~  

-59967'71 
54852'75 
60833'78 

I 

-- -01 - '13 - '03 

- ' 1  j 

11-522 
8.883 

10-8fi 

11.358 
10'389 
11'512 



PRINCIPAL !lTRIANGFDLATION. TRIANGLES. 149-=. 

No. of 

Circuit 

302 

301 

300 

triangle 

Non- 
c;cuit 

Miler 

10'551 
11.728 
12'145 

9'79.3 
8.666 

10'551 

10'230 
11785  
9'793 

I 1'551 
10'576 
10'230 

10'430 
10.555 
11.551 

11'508 
10'521 
10'+3o 

10.070 

10'55.5 
11 '508 

11.263 
11'8yz 
10'070 

10.276 

Diatanm 

Feet 

5.5710'96 
61924'49 
64124'89 

51704.58 
45758'06 
55710'96 

54012'21 
6ii27.26 
51704'58 

60987'14 
55841'37 
54012'21 

55068.91 
55i50'43 
60987.14 

60761.36 
55552'45 
55068.91 

5316~'17 
557~1.36 
60761'36 

59.+70*10 
62;90'9j 
53r6p-17 

54258'55 

299 

298 

297 

296 

295 

LXXIII  . 

Correctiolis to Observed Angle 

Station 
Log. feet 

11 0 1 I1 

LXX 4'7459407,o 
LXXI 4 .7~1862~,0  
LXXI I  '25 - 4'8070266,3 

-74 I 
LXXI + '06 60 19 29-57 4'7135289,7 
LXXII  5 0 1 5 2 5 ' 5 4  4'6604676,r 
LXXII I  -- + -0.9 69 25 4-89 4'7459407,o 

'52 + '62 180 o 0.00 

294 

293 

29 = 

291 

L x X I I  + . '28 

LXXIX - -16 58 59 41-96 4.7495952.6 56181.75 10.640 
1 . X x x  - I 65 8 0.61 4.7742986,6 59+;0'1o 11.263 -- 

'67 ( - j8 180 o 0.00 

LXXIX - '04 51 56 57.79 4.7079481,2 51044'44 9'668 
LXXX - - 2 7  71 13 14.19 4.3879585,r 61370'34 11.623 
LXXXI - 2 0  -- 56 49 48'02 4.7344682,1 54258'55 10.276 

- I 180 o 0.00 

LXXX '01 

LXXXI 
LXXXII 

+ .5z 180 o 0.00 

T,XXXI '21  - -07  + - 0 2  - '05 58 59 6-29 '4.7535~86.2 57489'51 10'888 
~ , X X X I I  2 0  - 1 5  1 - 0 3  ( 4.5 16 21.97 8 . 1  476.57'77 9'026 - 
~ I X X X I I I  ' 21  - '17 + '01 - -  - '16 75 14 ZI'i4 4.8130031,r 65013'43 12.313 

'62 - -39 180 o 0.00 

+ O 2  + -" 1 
- 2 1  

LXXIV 

LXXIII  
1,XXIV 
JXXV 

55 40 40'0% + '02 
4.7324919~5 

-21  

'63 

- 2 2  

' 22  

2 2  

'66 

- '28 
+ '04 

LXXIV - 2 2  - 
LXXV 
LXXVI ' 22  - '03 

'66 

LXXPI I I  - 2 2  - -11 -00 - '11 55 52 1;'4.? 4'7344682,1 

56 5 10'46 
57 7 26'40 
66 47 a,?'rq 

180 o 0.00 

66 37 5 7 6 8  
57 3 52'85 
56 18 9-47 

180 0 0'00 

54 611.85 
58 6 54-84 
67 46 53-31 

180 o 0.00 

61 2 26-33 
67 29 28-99 
51 28 4-68 

180 o 0.00 

X 
LIXXVI 
LxxvII 

LXXFI  
LXXVII 
LXXVIII  

LXXVII 
.I,XXVIII 
L n I X  

+ -02  

4.7409064~7 
4'i460923,9 
4'7852382,6 

4.7836275.2 
4':447032,0 
4'7409064,7 

4'7~56599~2 
4'i460996,3 
4.7836275,~ 

4'7742986,6 
4'7978970.5 
4 i ~ 5 6 5 ~ 9 , .  

- * 0 8  + '11 

- '06 - '08 
- 0 5  1 - 0 3  1 

' 22  
' 22  

-66 

- 2 6  
+ '06 

+-08  

+ -0; - '14 
- '08 

- 1 9  

irr- - ' I 1  ' 2 1  

- .18 '01 

7% 4 ~j1.95 
52 14 28-03 

: ;  - -19-  

- '33 

'21 + '03 + '2.3 
- 2 2  + '08 + .05 
1 2  1 + 0.3 1 - a 8  1 
-65 I 
-23 + - 0 1  + '41 

+ -08 ::: + 3 1 
71 - 

4793pt!06,9 
4'7135a89,7 

180 o 0.00 

67 25 14-51 
5 7  43 9-46 
$4 51 36'0.3 

180 o 0.00 

+ -26 
+ -13 
- .25 

+ - 1 4  

+ -42 - '26 
- 0 4  

+ -12 

4'7852382,6 
4'7469.561~0 
4'7324919,s 



160,, NORTH-EABT LONGITUDINAL SERIES. 

. 
No. of triangle Correctio~~s to Okrred  Angle 

oi&t ::it 
0 I 11 

LXXXII 
290 

289 

330 

329 

3 28 

327 

3 26 

3=5 

324 

323 

361 

360 

M ila 

11.714 
11-987 
10.888 

11.289 
11'2i6 
r I . j l +  

12.418 
10-315 
11.289 

9'937 
11.982 
12.418 

I O ' S i i  
11.689 
9-93; 

10'841 
ll'238 
10'3;7 

10'997 
r0.0.54 
10'841 

10'260 
12'159 
10'99; 

12'9i9 
11 '027 
1 ~ ~ 2 6 0  

10.618 
50.174 

12'979 

12'450 
1 0 . ~ ~ 4  
10.618 

11'339 
10.681 
11'45O 

Distsnw 

~ o g .  feet 

4.7913477~3 
4'8013283,6 
4'7595886,a 

4'7752788,4 
4'7;47894,7 
4'79134775 

4'8166729~8 
4 7361022,3 
4'7752788,4 

4'719908599 
48011507,5 
+'8166729,8 

4.74698967 
4'790+=9.5 
4'7 19908.5~9 

4 '75769~~6  
4+7;.3311.?,7 
4.7469896,7 

47639231,8 
4';249745,6 
4.7576911,6 

4'7.337822.9 
4.8075215~9 
4.7639231~8 

4'8358917,s 
4.7650820~6 
4'7337822,9 

4'7486814~0 
4'73014+0,3 
4'8358917,s 

4 8178079,4 
4 7.570203.4 
4.;486814,0 

4.7172194.3 
4.7512516,6 
4.81780;9,4 

LXXXIII 
LXXXIV '24 - -02 

'75 1 1 - '41 1 180 o 0.00 

61851'15 
63289'02 
57489'jr 

59604-47 
59537'35 
61851'15 

65565'13 
54463'08 
59604'47 

52469'70 
63263'14 
65565'13 

55845.69 
61719'58 
52+(19'70 

57238'89 
59335.06 
558+se*) 

58066.17 
5308.se.?4 
57238'89 

5417a'ga 
64198'01 
58066'1; 

68.531'74 
58211.31 
54172'92 

56063'65 
53720.99 
68531'74 

65736'70 
57J50.54 
56063'65 

59871'40 
5 6 3 9 6 ' ~  
65736'70 

LXXXIII 
LXXXIV 'I4 - '04 
LXXXV 

58 46 43' 15 
58 40 20.51 
62 32 5 6 . 3 4  

' 7 1  1 I - '5s I 180 o 0.00 

70 0 14-49 
51 18 54'55 
58 40 50'96 

180 o 0.00 

48 I 39-45 
63 41 21-88 
68 16 58.6; 

180 o o-oo 

57 52 49-92 
69 2.3 38'69 
52 43 31-39 

180 o 0.00 

LXXXIV 
LXXXV + '60 
LXXXVI '24 + '54 

';a + I -48  

L x x x v  + '59 
LYXXVI '24 + '28 
L X X X v n  + '32 

+1"9 

LXXXVI 
LXXXVII 
LXXXVIII 

LXXXVII 
LXXXVIII 
IdxxxTX 

TJXXXVIII 
LXXXIX 
XC 

-22  

-- '39 59 30 16-81 
- '57 ( 16 5.3'; - 0 2  7 12 49-81 

- '98 180 o 0.00 

- I 63 22 59-61 

- -18 + -81 

-23 
'22 

" 

'67 - 

+ -17 1 54 

49 8.10 - -06 61 47 52-29 -- 
'64 - '04 180 o 0.00 - 

LXXXIX 52 18 30'06 
xc 6y 40 37'87 
XCI '23 - 58 052.07 

+ '6.3 

XC 
XCI 
XCII 

XCI 
XCII 
XCIII 

XCII 
XCIII 
XCIV 

X C I ~  
XCIV 
XCV 

+ '78 
+ '57 

+ r m 9 8  

'21 - '01 

2 2  

-21 -- 
'6.5 

- '26 
- '24 

- 4 8  

5 3  + -2.5 1 + -64 - ' 07  

- '31 + '22 

+ *09 1 

'69 - 
-24 
'24 
i j  

'72 - 
'23 
2 3  
-23 

.69 

'24 
'1 
'23 

'71 

'25 
2 4  
' 2 5  

-A 

'74 

180 o 0.00 

+ '53 - '13 + '41 + .16 
+ 3 6  1 - 0 3  1 
+ '40 + 'ox 
+ '12 1 - 2 3  1 + -20 + '22 - 

+ '40 
+ '57 
+ ' 3 3  

+I'30 

+ '41 - O 1  

t '42 

+ '82 

75 2 41-89 
55 9 45'96 
19 47 31-15 

180 0 0.00 

52 55 14.52 
49 51 39-92 
77 13 11-56 

180 o 0.00 - 

70  59 1-51 
55 16 46-04 
53 44 12-45 

180 o 0.00 

58 6 29-10 
53 6 28-35 
68 47 2'55- 

180 o 0.00 

- -16 - -52 

- ' 15 1 i 11:; ( + '44 
- ' 0 8  - - '31 

1 - -39 
- -06 + -13 - - o Y I  - '47 I 
- '09 + -2.5 

+ ' 17  - '53 
+ '1.5 

- - 2 1  



PRINCIPAL !PRIANQmATION. !~RIANG~;ES. 151-1. 

No. of triangle Comctiona to Oboewed Angle 

Btrtion Corrected P h e  Angle 
firnuit cTzit m -- 

w 

XCIV + '98 61 43 50'97 

--,, .- 

Log. feet 
- -~ 

4'77941793 
4.7585179.7 
4.77721943 

4 . 3 3 ,  
.cS7275237,4 
4.7794179~2 

4'8033377,8 
47735675,7 
4.7626733,8 

4.7834936,7 
4.7205157,8 
4-80333;7,8 

4*80693r5,1 
4'7.?;9910,4 
4'7834936,7 

4'75002a9,5 
4.6793212,3 
4.8069315,~ 

4'7218688~2 
4 7364566,8 
4'7500229,5 

4.7595671,5 
4';391977,9 
4'7a18688,a 

47.5~9467 
4,7645694.8 
4.75956714 

4'7545728.7 
4.7528678,7 
4.7645694,8 

4.7703613~4 
4.7267589,4 
4 7545728,7 

4.736j481.1 
4 7412275.6 
4.7544~)46,7 

- 

359 

358 

357 

356 

3.55 

354 

353 

I 

I 

351 

423 

4'2 

350 
I 

. - ---- 

Dista~ica 

Feet 

601;~'25 
57347'96 
59871'40 

578w.30 
53397'84 
60175.25 

63582'53 
59370.08 
57899'30 

,60742'64 
52543'11 
63582'53 

64110'84 
54700'47 
60742'64 

56al;'11 
47788.26 
64110.84 

52707.06 
54507.55 
56237.11 

57486'67 
54852'67 
52707'06 

56819.14 
58152'65 
57486.67 

56829'37 
56606.71 
58152'65 

58933'38 
53303.89 
56829'37 

54519.0.? 
55364.01 
56819.14 

--....-- - 

S C V  + '60 57 4 18.22 
XCVI + '65 61 1 1  50'81 

Milem 

11'397 
10.861 
11.339 

10.966 
10'11.3 
"'39; 

12'042 
"'244 
10.966 

11'504 
9'951 
ra'04a 

12'142 
10.360 
11.504 

10'651 
9.051 
1 ~ ~ 1 4 2  

9'982 
10.323 
10.651 

10.888 
10.389 
9-98' 

10.761 
11.014 
10'888 

10.763 
rom7ar 
11'014 

r 1'162 
10'09.5 
10';63 

10.326 
10.486 
10.741 I 

XCV 
XCVI 
XCVII 

-7' I 1 -I-2-13 1 180 0 0'00 

: 1 5. 1 1 - 1 + 5 1 60 57 5 
+ '26 53 43 57-94 

'22 + '30 + 'Ij + '47 65 18 45-48 

.66 1 1 +I:~I 1 180 o o-oo 

XCVI 65 39 7'" 
XCVII 58 '7 16.00 
XCVIII 56 3 36-79 

+ '57 180 o 0.00 

XC: VII 62 13 23-17 
XCVIII 49 56 12.72 
XCIX 67 50 24-11 

XCVIII 
XuIx 
C 

-70 I I - -75 1 180 o 0.00 

XCIX 58 1 0  25-35 
C '20 46 13 12.22 
CI -21 + - 2 3  + -08 75 36 22-43 

-61 I I +1.08 I 180 o 0.00 

C 56 48 51'93 
CI 59 56 '9.74 

67 13 59'47 
5' S2 55'O9 

, 60 53 5'44 

+ '24 + '18 
+ '50 

CII 

CI 
CII 
CIII 

cn 
CIII 
c \'I 

CII 
CVI 
CV 

CVI 
CV 
CIX 

CIII 
CVI 
CVII 

-72 I 1 + -92 / 180 o 0.00 

- '14 
+ '15 -- -01 

63 14 48'33 

-60 1 I - -17 1 180 o 0.00 

64 34 43'99 
59 31 7.11 

55 54 8-90 

'61 

''2 

'23 
'22 

1 + .17 1 180 o 0.00 

+ 1 - '17 I + 3 9  - + '05 - '35 + '13 + - 1 2  + '2.5 

'67 1 _ _ I + -29 1 180 o o-oo 

59 20 53-72 
+ '37 58 58 17-49 

61 40 48'79 . 

-67 1 ) - -12 1 180 o 0.00 

58 51 18.24 
61 9 26'60 
59 59 15-16 

'22 

'21 

+ '20 - '36 - '34 - '79 64 36 3.5'55 
54 47 48-63 

'2.1 + .44 + - 1 6  60 35 35.82 

'64 1 ] - '69 1 180 o 0-oo 

2 1  1 - 1 8  
'21 - -62 
-21 --89 

6 I - -, 1 -1.69 ,- 180 p 0.00 

- 0 8  1 1 - 2 6  
+ -0.3 - '59 + '0.5 - 8 4  

58 8 10.88 
59 35 42-30 
62 16 6'82 



NORTH-EAST LONGITUDINAL SERIES. 

-- 

No. of 

Cimuit 

349 

42 1 

410 

419 

418 

417 

4x6 

4x5 

414 

triangle 

Non- 

618 

617 

616' 

, 

Correctionr to Obrerved Angle 

station Corrected Plane - 
Angle 

Log. feet 

0 1  Q 

CVI 4'7226.341~6 
CVII 4.7622911~2 
CVIII  4'7365481,~ 

'61 

0 4'721377I~I 
CII 4'73979834 
CIV - 4'7364566,8 

D istanca 

CI I  
CIV 
cv 

CT? 
CVIII 
CIX 

CV 
CIX 
CX 

CIX  
CX 
CXI 

CX 
CXI 
CXII  

Feet 

52800'03 
57848'37 
54519'03 

52768'78 
54928'57 
54507'55 

52680'90 
56606'71 
52768.78 

56446'73 
53303'89 
57848'37 

51464'38 
628j0.33 
58933'38 

6713712 
51093.75 
51464'38 

593I5'97 
57281'57 
67137.12 

58933.76 
59760.08 
59315'97 

54553'99 
6012.5'89 
58933i6 

58857'73 
57168'21 
54553'99 

61100 '4~  
6257.+'07 
583ji.73 

5896.5'70 
59376'06 
61100'40 

10-000 

~ b - 9 5 6  
10'326 

9'994 
10-403 
10.323 

9-97? 
10'721 
9-994 

IO-@I 
10.095 
10'956 

9'747 
r t  '903 
r1.162 

11715 
9'677 
9'747 

11'234 
10'849 
12-715 

11.162 
1 ~ ' ? 1 8  
"'234 

10'332 
11.387 
11162 

11-147 
10.827 
10'332 

11.572 
11'8j1 
11.147 

11.168 
lI"W5 
11.572 

-60 + 1 - 2 7  180 o 0.00 

'19 
1 0  

-20 

'59 

4'7703641~5 
4.7764111,5 
4'7731717,O 

4.7368~65~0 
4.7790615~4 
4 ;iol641~5 

, 

4'7698035,o 
4'7571546~3 
4.7368~65~0 

4'7860440~5 
4.7963944,~ 
4.769803jlo 

q.7705~4,5 
4.7736113~7 
4.78(j044ol5 

59 19 41-73 
60 42 39-77 

5 9  57 38-50 

180 0 0.00 

54 31 54-56 
63 50 49'53 
6 37 9 

180 o 0.00 

63 31 52'78 
60 23 54-39 
56 4 12-63 

180 o 0.00 

60 19 37-63 
6 2 5 1 ' 3 ' 2 1  
56 49 19-16 

180 o 0.00 

58 35 10.73 
59 14 43-36 
62 10 3-71 

180 0 0.00 

CXI 
CXII 
CXII I  '0 

4'7216532,a 
4.7528678~ 
4'7223;71,1 

- '23 - '03 
+ 0 3  1 1 + 0.5 - '24 - ' 02  

- '18 - '26 1 - 'O5 

4'7516388,s 
4'7267589,4 
4.7622911~1 

4'7115067~6 
4'7983075~8 
4.77036134 

4.82696~7~1 
4.7083677~8 
4.7115067~6 

4'77317I;,O 
4.7j80149,i 
q.Y26y627,1 

- '26 57 27 29'05 + 0 8  1 64 56 1'52 - '26 57 36 29-43 

- -44 1 180 o 0.00 

60 52 34-54 
55 34 53'74 
63 32 31-72 

180 o omoo 

49 5% 7-90 
69 I 22'92 
61 6 29'18 

180 0 0-oo 

81 46 53-68 
48 52 12-35 
49 20 53'97 

180 o omoo 

56 16 35-08 
53 26 12.15 
70 17 1 2 - 7 7  

180 o 0.00 

-21  1 I :.;; 1 1 - -66 1 - -98 
-21 + '36 + ' 2 0  + '56 
-21  + '46 + -08 

' 6.3 - '34 

' 22  

'67 

' 7 2  1 - .49 

2 1  
-20 
' 20  

'61 

'25 
'25 
2.5 

'75 

CXII  
CXII I  
CXIV 

CXIII  
CSIV  
cxv 

CXIV 
CXV 
CXVI 

CXV 
CXVI 
CXvI I  

- 1;: 1 1 ;  1 - 
- ' 07  + '14 - 

- ' I I  - '01 - '10 + ' 0 7  - -05 1 - '06 1 

'22 

'23 
2 3  

'68 

'22 

1 2  

'22 

-66 

+ ' 12  
- '47 
+ ' 07  

- '28 

- '1% 

- '03 
- -11 

- '26 

-2.5 1 + '42 1 + ' 02  ( 1 + '44 
-25 + '12 + '04 + '16 
-- -25 + '24 - -06 + -18 

' 7 5  + -78 

+ - 1 1  

+ '05 
'02 + -06 

I + - 2 2  

+ '03 + 'or 
+ '03 + ' 02  

+ 0 9  / - 0.3 1 
- -05 + -03 
- 0 5  1 - 0 2  / - ' I 2  - '01 -- 

+ '04 
+ 'C.5 
+ 0 6  

+ -1.5 

- '02 

- '07 - '13 

- - 2 2  



PRINCIPAL TRTANGULATION. TB;IANBLES. 153,, 

J. B. N. HENNLSSEY, 

I n  charge of Computing Oflcs. 

No. of 

circuit 

413 

4'2 

411 

4x3 

409 

408 

407 

424 

trinngle 

c:2:{b -- 

6ao 

6j9 

Corrected Plane 
Angle 

0 I I1 

63 43 43'91 
53 18 15'35 
62 58 0'74 

180 o 0.00 

58 33 3-01 
49 49 4-11 
71  37 52-88 

180 0 0'00 

83 26 7-96 
50 041 '69  
46 33 10'35 

180 o 0.00 

57 64.3'96 
46 5% 40'50 
76 035 .~54  

180 o 0.00 

33 16 1-93 
7 5 5 1  23-09 
70 5 1  34'98 

180 o oSoo 

69 0 57-36 
70 47 51'64 
40 r r rr'oo 

180 o 0.00 

57 48 21'26 
72 2 2  51-01 
49 48 47'7.3 

180 o 0.00 

66 31 16.41 
58 33 31.30 
54 55 12.29 

180 o 0.00 

56 14 47'90 
55 34 0.39 
68 11 1 1 ' 7 1  

180 o 0.00 

38 25 54-00 
84 41 2-72 
-- 56 53 3-28 

180 o 0.00 

a a Corrections to Obeerved Angle 

M ilea 

11.243 
10'05.3 
11.168 

10.106 
9'050 

11.243 

13.829 
10'66.5 
10.106 

11'967 
10.402 
13'829 

6'918 
12.282 
J 1'967 

10'053 
10'169- 
6.948 

11.137 
12'5.13 
10'053 

14'058 
13.076 
19.543 

11'000 

10'912 
12'282 

8.163 
13.076 
rr'ooo 

~ o g .  feet 

4'773498491 
4'7249235.7 
4'7705994,5 

4'7272r17,o 
4'6793013~9 
4.77.34984.1 

4'8634127~9 
4'7~05971,4 
4'7a7ar17,o 

4'8006325,7 
4'7397527,~ 
4.8634127~9 

4'5644979,6 
4'8119176,3 
.+'8006325,7 

4'7249503~5 
4'7298912,~ 
4'5644979,6 

4'7693857,E 
4.8210217,5 
r.7~495036 

4.8705496,8 
4,8;91201,0 
4'8210217,5 

4.7640124,a 
4.7605242,1 
4.8119176,3 

4'6344896,6 
8 0  
4.f6.+0124,9 

Distance 

~ e e t  

,59360'62 
53079'11 
58965'70 

533.59-49 
47786'08 
59360.62 

7301~'12 
56311.51 
53359'49 

63187'71 
54~22.80 
73015.12 

36685.79 
64851.14 
63187.71 

53082.37 
53689'73 
36685.79 

58801.15 
66224.96 
53082'37 

74224'91 
6904306 
66224'96 

58078.10 
57613.49 
64851.14 

4.3101'23 
6904,3'06 
58078.10 

Station 'r $ 

- m 

11 n 

CXVI + '24 
CXVII '22  + ' 20  + '02 + ' 22  

CXVIII - 2 2  + '32 - '04 + -28 

CXVII 
t :SVIII 
CXIX 

CXVIII 
CXIX 
CXX 

CXIX 
CXX 
CXXI 

CXX 
CXXI 
CXXII 

CXXT 
('Y x I1 
CXXV 

CXXII 
CXXV 
CXXVI 

CXXII 
CXXVI 
CXXIV 

CXX 
CXXII 
CXXIII 

CXXII 
CXSI I I  
CXXIV 

-66 + '74 

-19 
'19 
-19  

'57 

'2.4 
'23 
'23 

'70 -- 

+ -98 + '06 + '47 - '0.3 
+ I . Z I  I - 0 3  / + r n o 4  + '44 

+ 1 2 4  

+2 '72  

+ '24 
+ '29 - '04 

+ '49 

+ - 7 1  

+ I + ' 5 1  

+1'41 

+ '62 
+ -14 + -09 

+ ' 8 j  

+ '30 + '10 + 1 1  

+ -51 

- '0% 

-I- 1 5  
1- '02 

+ ' 1 5  

+ '32 + "16 
+ '42 

+ -90 

+ '18 + 2 1  

+ -15 

+ -54 

-80 

-1; 
'18 
1 8  

'5.3 

- '08 
- '34 
- ' 2 6  

+ -49 + - 2 2  

+ '54 - '35 + 3 8  + 1 3 1  

+ '05 - 
-00 - '26 

- '68 

4 ,  

'41 I 
'23 t '25  + '05 
" : 1 ; ::: 1 , '23 

- 7 0  1 
'33 
3 3  
3 -- 
'99 

+ '0.5 + : 1 - '06 + '08 

+ -16 + -16 - '09 
- '07 

.?Jl 
::Y 
- 2 0  

'59 

-02  : ::: I 1 0  + '23 - -08 



NORTH-EAST LONGITUDINAL SERIES. 

PRINCIPAL TRIANGULATIOR. LATITUDES, LONGITUDES AND AZIMUTHS. 

N~~~ . -S ta t ione  LII, LIT and LVI appertain to the Great Axc Meridional Series, Section 24' to 30'. 

8ta.ion A Side A 9  Ststion B 

F$f,",","Z,": 
o r rr 

78 11 18-88 

18 

)> 

78 13 37-13 
J I  

78 27 54-61 
I J  

78 29 52-04 
I )  

>I 

78 45 21-56 
78 4 34-08 

I >  

>¶ 

78 57 47'74 

- 

8ericm No. 

LIV 
I 
111 
LVI 
I 

I 
11 
I1 
111 
IV 

IV 
IV 
V 
VI 
v 

AzimuLh at A 

o r rr 

184 33 18-10 
215 50 54-81 
264 32 15-68 
214 40 32-90 
281 15 38-98 

355 1 8  15.14 
301 34 37.12 
229 41 35-72 
326 47 13-28 
286 2 59.12 

329 33 36'72 
222 29 43.75 

293 5 48-95 
274 29 5"5O 
349 20 40'03 

I Circuit 
No. 

22 

21 

Beme 

Mehesari 

29 

J I  

Chsndipahk 

)I 

Ghandiiil 

9) 

Mdbegarh 

12 

¶ ¶  

Riinigarh 
Gijwtila 

>I 

J¶ 

Ghungti 

series lo. 

LII 
21 

3) 

LlV 
) J 

LVI 
21 

I 
j) 

J> 

I1 
111 

2 j  

)) 

IV 

Latitude North 

o r rr  

29 30 18-21 

II 

9) 

29 55 29-73 
J )  

30 13 25-32 
J) 

29 52 39-58 
IJ 

JJ 

30 4 4'47 

29 33 0.87 
I )  

¶ ¶  

29 45 36'02 

Log. Feet 

5-1851626,7 

5'2235428,1 
5.~479887~1 
5.1212764,~ 

4.9420246~4 

5.1012759~8 
5'0333102,2 
5*029i;618,7 
5.1529342,~ 

Azimuth at B 

o r rr 

4 34 26-63 
36 o 6-22 

84 48 39-04 
34 47 42-61 

101 23 45-01 

175.19 13-97 
121 43 22.90 

49 49 20-07 
146 54 30-49 

I 5~1865902~5 106 16 52.34 

5'113276H,0 

5.0151177~8 
4.9996613,~ 
5'2940j90,9 
5'0704527~9 

149 39 48-84 
42 35 16-38 
113 14 20.84 

94 q8 5'97 
169 22 41'60 



PRINCIPAL TRIANGULATION. LA1TTUDE8, LONGITUDES AND AZIMUTHS. 155,, 
9 

Btation B 
- 

Rerim No. 

VI 
VI 
VII 
VIII 
VII 

VIII 
VIII 
IX 
X 
Ix 

XI1 
X 
XI 
XI1 
XI 

XI1 
XI11 
XI11 
XIV 
X I V  

XV 
xv 
XVI 
XVI 
XVII 

XVII 
XVIII 
XVlII 
XIX 
XIX 

XX 
XX 
XXI 
SXI 
XXII 

Ciy 

21 

20 

)) 

19 

)) 

18 

J )  

9 )  

17 
I 

46 
)) 

45 
3 )  

44 
)) 

43 

JI 

42 
J )  

Beriea No. 

IV 
V 
)D 

); 

VI 

)J 

VII 
IJ 

)J 

VIII 

JJ 

IX 
IJ 

)J  

X 

XI 
9 )  

XI1 
)J 

XI11 

9 )  

XIV 
$ 9  

XV 
IJ 

XVI 
Y S  

XVII 
3) 

XVIII 

)) 

X I X  
)J 

xx 
9 )  

I Side A B  

LongiLude Enat 
of Lilllllic~ 

0 8  I1 

785747'74 
79 153.73 

)) 

9 )  

79 21 34-86 

2) 

79 21 55-78 
)) 

33 

79 45 24.18 

99 

79 38 18.56 
#I 

J )  

79 21 16.72 

79 37 42-26 
J) 

79 48 3'20 
IJ 

7947 0'93 

IJ 

79 55 q - 1 3  
) J 

79 55 11 - 1 1  
)) 

80 3 56-94 
JJ 

80 4 19-77 
J )  

80 13 14-50 

>I 

8013 7.93 
)J 

802111-48 

J) 

Btation A 

N m  1 Latitude North Ad.huth .t A 

0 1  R 

306 7 16'19 
257 18 24-11 

327 23 23.07 
286 19 26-45 

359 26 27'33 

305 52 50.62 

231 37 36-34 
296 7 12-75 

Ghungti 
Ilhela 

)) 

)) 

S4onch4lia 

IJ 

~ k w 4 r a  

J) 

) 1 

Birond 

2) 

Beheri 

)) 

1 

Silcgarh . 

Atfiria 
) )  

D onlo 
j 9  

Kalihnplir 

39 

K 4irnkLera 
)I 

Umra 

3) 

ShlEgarh 

)) 

Semr4o 
J) 

Udepiir 

1 )  

Piparia 

)) 

Sult4np6r 
J J  

0 8  11 

294536'02 
292631'67 

2) 

) J  

29 30 22-91 

)) 

28 58 58-14 

13 

I; 

29 15 14.I5 

>) 

28 51 53-07 
J> 

); 

28 43 38-07 

28 38 9'53 
)) 

28 44 40'46 
)) 

283511'10 

)J 

28 37 25'50 
3) 

28 28 39'4.4 

91 

28 33 15.18 

)J 

28 22 49-01 

J 9 

28 28 36- 19 

I; 

281941.26 

J S  

2825 8.16 

II 

Log. Feet 

5'1933879,4 
5~0292610~0 
5'2968281,o 

5-3818725,6 

5.~795938~6 

5'1938056,1 

5.2017094~9 
4.9881613,7 

Azimuth at B 

0 8  it 

126 19 1'83 

77 28 -5-20 

147 33 9-73 
106 40 45-81 
179 26 37.60 

126 4 31-85 
51 49 1-63 
116 15 8-00 
182 8 13-28 

194 54 54-00 

I75 39 3-49 
241 7 22.~4 
182 13 17-74 

130 4 22.93 
1 1 0  46 26-81 

54 30 49-16 
109 56 2.86 

185 30 19.49 
138 18 4-63 

73 945'71 

132 10 17.80 

181 9 15-37 
118 55 54.30 
59 20 9-12 
125 53 1 1  -84 

178 g 21.69 

119 34 12.79 
53 44 16-24 

r 1 1  55 39-95 
180 37 17-60 

116 17 49'72 

52 38 13.75 
118 I.+ 10.04 
181 18 8.26 
108 41 41'37 

2 8 32-12'4.9684858J4 

14 58 20.73 

355 37 46'39 
61 15 34-37 
2 I3 35'20 

309 59 41-23 
290 38 33.89 

234 25 51-06 

289 51 35-33 
5 30 49'44 

318 14 33.47 
253 545'19 

312 6 23.66 
1 9 21'19 

298 51 48'43 
239 15 58-01 

305 48 50.64 

358 9 10.89 
299 29 46-61 

233 40 1-59 
291 51 29-12 

o 37 20.82 

296 14 2-51 
232 34 23-86 
298 10 27-52 

I 18 15-08 

288 36 59'24 

5'1657314~4 

5'268g050J3 
5'0159650~8 

4'9203155,7 
4*8320241,7 

4.97235~8~5 

4'8321557~7 
4.7~38538~7 
4.7616979~1 
4~7698326,g 
4'6699683,7 

4'770j261,o 
4'7z54[7zJ1 
4.7186185~1 

4'7367757,4 
4.78124054 

4.801zr17,o 

4'7571007,9 
4.772541~1~5 
4.7062936,4 
4-7326090,~ 

4.6764613~6 

4-7352991,6 
4.6776971~5 
4.7445340~9 

4'7475607,3 



166-x ETORTH-EAST IAONGITTJDINAL SERIES. 

- 

BhLion A 

Name 

Kahi  
J J 

RQmuipdr 

JJ 

Kokra 

JJ 

RBmnagar 

J J  

Dahlelnagar 

II 

Hilgi 

9) 

Saidara 

JJ 

Kutia 

IJ 

Asogiph 

JJ 

Daorira 

IJ 

LBkdn 

JJ 

J J  

Chelca 
I3ela 

2) 

JJ  

Khiiiip6r 
MBsi 

JJ 

Atkonawa 

J J  

Anirkali 
J J  

Dadaora 

Azimuth at A 

0 I I f  

235 13 47-58 
294 14 37.14 

2 26 1.22 
300 51 59-18 

245 13 6.j1 

309 56 5-64 
I 49 15-36 

316 53 30'74 
242 18 28.60 

310 36 17.44 

4 43 5.65 
309 17 20.87 

239 57 3-29 
298 40 4-80 

356 g 25-24 

287 46 45-73 
231 16 26-88 
296 19 30'03 

354 12 28-03 

296 39 20.83 

226 20 31-92 

278 55 17-63 
346 27 13-52 

340 55 19-13 
42 59 19'44 

333 3 34;45 
276 35 18-17 
272 4% 26.86 
218 15 12-55 

279 28 15-33 

328 28 35.68 
283 38 51.36 

218 22 47.74 

289 43 40.Q 
340 49 28-45 

Latitude North 

0 I f f  

28 15 58-44 
J# 

28 22 11-04 

JJ 

28 12 7-34 

JI 

28 16 36.69 

JJ 

28 4 16-46 

IJ 

28 8 28-31 

JJ 

2; 58 7-64 
J J 

28 241'80 

IJ 

27 53 27' 16 
JJ 

27 59 54-51 
)I 

27 48 54.04 

JJ 

JJ 

27 55 44'53 
27 47 18.45 

IJ 

IJ 

27 39 0-60 

27 38 25-17 
19 

27 46 4-81 

IJ 

27 36 24-60 

JJ 

27 43 18'33 

No. 

41 

IJ 

40 
JJ 

39 
JJ 

69 
IJ 

68 

31 

67 
JJ 

66 

6; 

JJ  

)I 

64 
J) 

91 
IJ 

Station B 

Berirr No. 

XXII 
XXIII 
XSIII 
XYIV 
XXIV 

XXV 
XXV 
XXVI 
XXVI 
XXVII 

XXVII 
XXVIII 
XXVllI 
XXIX 
XXlX 

XXX 
SSX 
XXYI 
XXXI 
XXXII 

XXXII 
XXXIII 
XXXIV 
XxXIII 
X X x l V  

XXXV 
XXXVI 
XXXV 
XXXVI 
XXXVII 

XXXVII 
XXXYIII 
XXXVIII 

. XXXIX 
XXXIX 

~ ~ ~ $ ~ ~ ~ t  

0 f  I f  

80 20 57-34 

IJ 

80 31 4-77 
JJ 

80 30 35.80 

JJ 

80 41 35'94 

JJ 

80 41 9'41 

I J 

80 50 11-42 

JJ 

80 49 13-72 
$9 

8058 8.48 

2s 

80 58 50.41 

JJ 

81 7 55-06 

>I 

81 9 10.41 

>a 

JJ 

81 17 15'05 
81 20 31 '86 

II 

JJ 

81 1 1  50.98 

81 25 36-15 

IJ 

81 32 23.71 

I& 

81 39 3-1 I 

JJ 

81 45 11.47 

series NO. 

XXI 
)J 

XXII 
JJ 

SXIII 

J I 

XXIV 
JJ  

XXV 
JJ 

XXVI 
2) 

XXVII 
J J 

XXVIII 

13 

XXIX 
J J  

x n  
JJ 

XXXI 
JJ 

JJ 

XXXII 
XXXIII 

)I 

JJ  

XXXIV 
XXXV 

a) 

XXXVI 
JJ I XXX\'II 

1 
I 

Side A 9  

Log. Feet 

4.8198682~5 

4.7540061~7 
4'78.54941~6 
4,8178114~0 

4'8129253,7 

4.8693168~5 

4.8738518~3 
4*8294280,2 

4.7387183~4 

4.7573~85~7 

4~7985945~2 
4.7421218~5 

4.7431121~2 
4.7706269~9 
1.749~423~1 

4.74203684 

4.796392,5,6 
4'7931302,9 
4.8263206~2 

4'7497180,o 

4*7787297?5 
4.7920109~8 

4*7898529,4 
4'7329737J.5 
4-8368873,8 

4.781003828 

4.8086431~5 
4.8709064.7 

4.7717847~7 
4-8668267,4 

4.8370420~4 
4'8512206,4 

4.7268298,4 
4.7625501~3 
4'812j9j0,3 

Azimuth at B 

O f  * 
55 18 35.83 

i 1 4  19 10.80 

182 25 47-39 
120 56 58.64 

65 18 18-97 

130 1 4-54 
181 49 2-83 

136 57 31'41 
62 22 43-96 
130 40 5-06 

184 42 38-60 
129 21 5-52 
60 I 14-32 

118 44 34-92 

176 944'99 

107 51 21-32 
51 20 42-04 
116 24 19'70 

174 13 3-37 
"6 43 43-42 

46 24 18.42 

99 o 3j.39 
166 28 28.24 
160 56 51-09 

222 js I 7-23 

153 5 55'97 
964049'93 
92 48 49.67 
38 18 22-02 

99 34 29.55 

148 31 41-33 
103 44 48-78 
38 25 38-70 
109 48 21.16 

160 51 18-47 90 

JJ 

XXXVIII 

.I 



PRINCIPAL TRIANGULATION. LATITDDES, LONGITUDES AND AZIMU!CHS. 157, 

Station B 

Serier No. 

XL 
XL 
XL1 
XLI 
XLII 

XLII 
XLIII 
XLIII 
XLlV 
XLIV 

XLV 
XLV 
XLVI 
XLVI 
XLVII 

XLVII 
XLYIII 
XLVIII 
XLIX 
XLIX 

L 
L 
LI 
LI 
LII 

LII 
LlII 
IrllI 
LIV 
LIV . 

LP 
. LVI 

14V 
LVII 
L v I  

Asimnth at A 

o f  e 

287 5947.88 
225 4 26-94 

295 39 44-59 
349 lo 29-14 
288 10 27.j3 

223 15 39-60 
283 31 22-28 

357 24 8-89 
291 10  15-17 

232 50 37-05 

286 10 0.59 

350 05-5-58 
284 46 40.01 
227 24 14-40 

284 14 44.04 

340 20 3-13 

285 46 58.39 
222 10 35.54 
287 13 50.02 
343 8 2.26 

283 43 25-09 
212 12 24.90 

286 56 44-55 
338 15 17-72 
285 7 36.87 

214 5 6-06 
284 15 1.81 

336 54 24.98 
286 13 1-62 

207 21 59-32 

282 I 44-39 
341 8 17.68 

334 36 21-34 
275 31 3-33 
44 15 22'03 

'Eit 

90 

89 
J> 

88 

>J 

87 
)a  

86 

11 

112 

IJ 

i 1 1  

ll 

IIO 

JI 

109 
)J 

108 

JJ 

107 

seriee NO. 

XXXVIII 
XXXIX 

IJ 

XL 
JI 

XLI 
J J 

XLII 
J J  

XLIII 

)I 

XLIV 
J J  . 

XLV 
II 

XLVl 
JJ 

XLVII 
IJ 

XLVIII 

11 

XLIX 
IJ 

L 
JI 

LI 
I> 

LII 
JI 

LIII 

I# 

#J 

LIV 
11 

LV 

~ $ ~ ~ ~ ~ ~ ~ t  

o r 11 

814511.47 
81 49 8-53 

Jl 

815646.16 

II 

81 59 8.44. 
)) 

82 7 30'34 
II 

82 8 0.31 

JJ 

821727.47 
I> 

82 19 17.62 

11 

82 27 42-33 
1) 

82 31 34-92 
II 

82 38 37'25 

Jl 

82 41 56-91 

JJ 

82 47 30.15 
a) 

82 52 16-18 

J) 

82 58 22-51 

11 

83 3 25-59 

9 )  

#) 

83 8 5-99 
11 

83 13 23-34 

Side A 6  

Log. Feet 

4-8173607,9 

4'764257319 
4'7776994~3 
4'83.79216~4 
4'7852182,4 

4.8r87082,o 

4.69~6397~1 
4'7749407,b 
4.7606277~3 
4.8064686,2 

4'8031377,9 
4.7578241,6 
4.7577578,s 
4.7904477~2 
4.8362070~9 

4-7945589,2 
4.7874304~4 
4.7532171,1 
4.7689185,4 
4'79288c5,o 

4'6939085J4 
4.7507357~3 
4.76653041 
4.8130113~8 
4*7846510,1 

4*77021.(4,4 
4-7948024,g 
4~8435499~1 
4'7386778,6 
4'7403548,8 

4-7418278~0 
4*7194862,6 

4.8248978,6 
4.7189647~2 

4*7253463,1 

Station A 

Name 

Dadaora 
Tilakplir 

JJ 

New Ada 

J# 

Isr4plir 
1 J 

MBnichiok 
I J  

Saibara 

)I 

Lohlipd~lia 
>I 

Bansidila 

J# 

Tulaipiir 

>I 

Maj hBwa 
IJ 

Ganesplir 

>I 

Pipdri 
9 1  

Pathardi 

II 

Bankata 

19 

Paragawa 

]I 

Bbugra 

I# 

J) 

Ghaos 

JJ 

Plirena 

Azimuth at  B 

o ?  e 

108 5 10.73 

45 7 58-97 
115 44 21'77 
169 11 35.06 
108 15 26-37 

43 19 31 -66 

103 35 27-58 
177 24 22-79 
1 1 1  14 51 -67 

52 j4 58-91 

106 15 12.51 
170 I 46-41 
104 51 24-26 
47 28 7'12 
104 20 23-20 

160 21 50.40 

105 52 0.73 
42 13 49-88 
107 18 35-59 
163 9 34-20 

703 47 30'77 
32 14 58-11 
107 I 28-41 
158 17 29.21 
105 12 37-24 

34 7 54-14 
104 20 8.19 

I 56 56 44-09 
106 17 29-89 

27 24 7-78 

102 6 17-56 

161 9 43-24 
154 38 46-74 

95 35 28-80 
224 12 15-00 

Latitude North 

0 1  u 

274318.33 
27 33 10'74 

IJ 

273956093 
JJ 

27 28 53-33 
JJ 

27 36 48-14 
J> 

27 26 58'94 

)I 

273321.68 

JI 

27 24 3-24 
J> 

27 30 56-70 
J J  

27 21 15-57 
JI 

27 28 11-17 

IJ 

27 18 22.87 

JI 

27 26 14'77 
II 

27 15 33.87 
I) 

17 23 36-95 
J) 

27 13 1-44 

I# 

>J 

27 21 5-08 

9 9 

37 1 1  7-18 



158,, 'NoRTB-EAST LONGITUDINAL 9ERIES. 

~ $ ~ ~ ~ ~ ~ ~ t  
- 

0 I P I  

83 23 e3-34 
$1 

19 

83 6 33.09 
83 17 43'93 

J> 

83 17 32-64 

83 23 45'63 
Yl 

83 29 26.69 

)* 
83 33 42.97 

13 

83 40 50'97 
>1 

83 44 3.62 
>I 

83 50 49-16 
3 )  

83 53 59-31 

j) 

84 2 59-93 
I) 

84 3 55.81 
a> 

84 11 23'39 
>) 

84 13 45.01 
>I 

84 22 2-74 

9 )  

84 26 14-04 

81 

84 32 58-75 
)a 

- 

Latitude North 

.. - - 

0 I 

27 11 7.18 

#I 

)> 

27 4 50.15 
27 zo 14-90 

)) 

27 z 52-80 
27 11  26-33 

I>  

27 18 30.51 

)) 

27 10 55-53 
)9 

27 18 10.85 

j) 

27 10 3.60- 

)I 

27 16 28.06 

1) 

27 8 4'37 

)9 

27 14 20.87 

>> 

27 4 56-05 
>> 

27 12 26.23 

)> 

27 2 46-00 

>) 

27 9 4-09 

$8 

26 59 10.29 

>a 

27 6 6-27 

)J 

Circuit 
No. 

107 
I> 

98 

135 

>> 

106 

134 

)J 

133 
)> 

132 
)# 

131 
>) 

130 
$3 

I29 

9 )  

I Z 8 1  

#I 

series NO. 

LV 
>J 

1) 

LVI 
LVII 

)) 

LVIII 
LIX 

>> 

Lx 

> s  

LXI 
)> 

>> 

LXIII 
)I 

LXIV 
>I 

LXV 

)9 

LSVI 
P I  

LXVII 
a> 

LXVIII 
> j  

LXIX 
8) 

LXX 

)t 

LXXI 
9 ,  

Station A 

Name 
- 

Pcrena 

8 )  

>> 

Dharamsingua 
Bharmi 

)I 

Gharbaria 
SBonbarea 

>> 

Btinarei 

>> 

BBgBpdr 

I) 

Plip6r 

91 

Morairi 

I 9 

Chanda 

> y  

Mathia 

13 

Bal6a 

II 

Upaaai 

>I 

Bdjra 

)I 

Bakwa 

VY 

Rdmnagar 

>> 

Naonangarhi 

3) 

Azimuth at A 

0 I It 

203 I 0.40 

335 4' 54-79 
267 59 '4.79 
281 1 1  55-17 

328 31 51-34 

279 23 53-64 
212 59 47-68 

215 40 41 '77 

'73 '5 43-97 
333 15 39-41 

271 47 52-32 
221 16 45-19 

27j 18 19.34 
340 31 24-21 
280 50 57-27 

223 17 30.70 
282 34 31.26 
341 20 13-11. 
280 58 29-71 

232 3 13-41 

289 23 -42.70 

354 56 18-74 
284 15 30.32 

221 37 15-96 
283 48 45'61 

347 40 22.26 
289 25 48-31 
229 38 40.29 

287 47 9-95 
339 14 17-93 

286 48 48-51 

221 I 37-43 
281 21 7' 17 

350 49 15'74 
295 8 35-51 

Tarharwa 

8 )  

Azimuth at B 

0 8  w 

23 2 59-76 
155 43 48'42 
88 4 ge25 
101 16 55-19 
148 34 38' 16 

99 29 16-21 

33 2 37-84 
35 43 17-83 
93 20 16'8c) 

153 17 36-84 

91 53 6.23 
41 20 1-01 

95 23 2-80 
160 32 52-48 
100 55 31-52 

43 20 36.10 

102 39 3-09 
261 21 40-14 

101 4 4-39 
52 7 20'32 

109 28 14.51 

174 56 44-34 
104 19 20.64 
41 40 40.08 

103 j3 13-69 

167 41 26.91 

109 30 40'35 
49 42 26.95 
107 52 jo.12 
159 16 12-28 

106 53 47.62 

41 4 41-43 
IOI 24 52- 18 

170 49 57.25 
115 13 18.98 

side AB 

Log. Feet 

-- -- - 

4'7788466,o 
4'7385054J2 

4'7499025J7 
4.7837907~0 
4.796297~~5 

4-8078j61,z 

4.7912724,~ 
4.7~~1596~3 
4'7325973~7 
4'7112j75,5 

4.7906523~7 
4-7672768,1 

.+'7504430,5 
4.7175258~4 

4*7399875,6 

4.7271962~4 
4-7414184,o 
4-7298072,o 
4-8272472,3 
4'79[4900)0 

4-7570464,o 
4.7578148~9 
4.6711373~3 
4.7841448~4 
4.7391983~9 

4'7779175,I 
4~7869974~6 
4.7708141,4 
4'5522013~6 
4-8070266~3 

4.7918624~0 

4.7459407~0 
,4.660.+676,1 

4'713528917 
4.7939806~9 

155 
8 1  

1 

I Station B 

Series No. 

LVII 
LV1ll 
LIX 
LVIII 
LIX 

LX 
LTX 
LX 
LX1 
LXI 

LXII. 
LXII 
LSIII  
LXIII 
LXIV 

LXIV 
LSV 
LXV 
LXVI 
LXVI 

LXVII 
LXVJI 
LXVIII 
LXVIII 
LXIX 

LXIX 
L x X  
LXX 
L X x I  
LXXI 

IJXXII 
L x x I I  
LXXIlI 
L x x I I I  
LXXIV 

. 

LXXII 
a# 



PRINCIPAL TBIANQULATIUN. LATITUDES, LONQITUDES AND AZIMUTH8. 159,, 

Station B 

Serien No. 

L x x I v  
LXXV 
LXXV 
LXXVI 
LXXVI 

LXXVII 
LXXVII 
LXXVIII ' 

LXXVIII , 

LXXIX 

LXXIX 
LXXX 
LXXX 
LXXXI 
L x x x I  

LXXXII 
LXXXLI 
LXXxlll , 

LXXXIII 
LXXXlV 

LXXXIV 
LXXXV 
LXXXV 
LXXXVI 
LXXXVI 

LXXXVII 
L x x x V I I  
LXXXVIII 
LXXXVIII 
L x X x I x  

LXXXIX 
XC 
YC 
XCI 
XCI 

Azimuth at A 

0 8 88 

242 54 49-41 
310 20 4-14 
5 15 41-06 

309 10 30.38 

242 22 39-77 

309 o 37-67 
5 22 50.53 

311 16 38-47 

243 29 17-27 
304 31 43-83 

356 3 44-80 
300 1 1  27.15 

23.5 3 47.31 
287 o 45-30 
3-13 54 13-40 

269 46 20.60 
220 44 51-96 

279 43 ~ ~ ' 4 ~  
355 31 59-97 
294 8 50.81 

239 28 17'27 
298 15 0-67 
o 52 19-84 

290 52 5-11 
232 1 1  10.15 

280 12 49-84 

348 3.1 3-39 
290 41 Ij.25 

237 58 33-54 
297 28 50'57 

354 45 32.83 
291 22 33-00 

229 35 6.84 

281 53 37- 13 
339 58 5-60 

Latitude North 

0 # 88 

26 57 40.75 
JJ 

27 I 44-04 
JJ 

26 51 42.57 

)J 

26 55 55'15 
JJ 

26 45 56-02 

JJ 

264950.81 

JJ 

2640 3.20 

J J 

2645 10'71 

JJ 

26 37 4-95 
19 

26 45 12'55 
JJ 

26 35 44.89 
JJ 

26 40 55-73 
JI 

36 31 5-45 

J J  

26 87 43'27 
JJ 

26 29 13-89 

JJ 

26 34 6-93 
JI 

m26 14 43.37 
JJ 

26 3055'00 

Station A 

l a m e  

Sathwkia 

> J  

Sikta 

J J  

. 13iarwa 

J J  

Hardhi  

I) 

Bigoia 

JJ 

Batwaia 

>I 

Rlipdi 

J a 

DipG 

>I 

Mashha 

JJ 

Sillaria 

JJ 

Amiia 

I J 

Bulbkip& 

)I 

Madanph 

JJ 

Sundai 

I) 

Himdonpiir 

38 

Pardwa 

>I 

shbp& 

J J  

Jirol 

Circuit 
No. 

154 
J J 

153 
JJ ' 

152 
JJ 

151 

JI 

150 
JJ 

149 
J) 

148 

170 
JJ 

169 
JJ 

168 

4 

Longitude Emt 
of Greenwich 

O v N  

84 34 29-91 
JJ 

84 43 21 -74 
J J 

84 42 19-98 

JJ 

84 51 19-14 
JJ 

84 50 16.27 

BJ 

8459 1-54 
JJ 

845946.56 
9J 

85 7 57'29 

9 )  

85 ro 33-25 
JJ 

85 18 21-43 

IJ 

85 19 10.76 

JJ 

85 28 58-19 

JJ 

85 25 48.20 

JI 

85 38 19'03 
JJ 

85 40 13-50 
8) 

85 48 55'04 
JJ 

85 49 s2'55 
JJ 

85 57 59-29 

No. 

LXXIII 
JJ 

L m I V  
BJ 

LXXV ' 

JI 

LXXVI 
$1 

LXXVII 
JJ 

LXXVIII 
J J  

LXXIX 
I) 

L x x x  

JJ 

LXXXI 
JJ 

LXXXII 
JJ 

LXXXtII 
JJ 

LXXXIV 
J J  

LXXXV 

JJ 

LXXXVI 
J J  

LXXXVII 
JJ 

LXXXVIII 
JJ 

L x x x I x  
II 

XO 

Side AB 

Log. Feat 

4'7324919,5 
4.7469561~0 
4.785~382~6 

4.7460923~9 
4.7409064~7 

4*7~7032,0 
4.7836275,~ 
4.7460996~3 

4.7256599,~ 
4.7978970~5 

4.774~986~6 

4.749595~~6 
4-734.468~~1 
4'7879585,1 
4'7079484~2 

4.7526019~7 
4-8130031~1 

4'67813.?7r1 
4'7595886,2 
4'8013283~6 

4'7913477,3 
4.774~894~7 
4*7;52788,4 
4-7361022~3 
4.8166729~8 

4 s 8 ~ ~ ~ 5 ~ 7 , 5  

4.7199085~9 
4'7904225,5 
4-7469896,7 

4.7733113~7 

4'757691 1 ~ 6  
4.72497456 
4'7639231J8 
4*8075~15,9 

4'733782%~ 

Azimuth at B 

0 1 8# 

62 58 50'74 
130 23 36.90 
185 15 13-15 
129 14 6.96 
62 26 43-60 

129 4 12-52. 
185 22 22-21 

131 20 7-55 
63 33 14-02 
124 36 0'22 

176 4 5-13 
120 15 28-64 

55 7 27-80 
107 5 35-29 
163 55 23'52 

89 51 1-55 
40 48 2za14 

99 47 50B24 
175 32 22-19 
114 13 37-10 

j9 32 40'59 
118 19 18.77 
180 52 15.36 
110 56 16-71 

52 15 25-51 

COO 17 55'71 

168 34 54-63 
110 45 58-02 
58 2 26.42 

"7 33 8-48 

I74 45 58'53 
111 26 36-20 

49 38 43'7O 
rox 58 44-21 

159 59 36-51 



160,, NORTH-EAST LOW GITUDINAL SERIEIS. 

Azimuth at A - 
0 1  # 

26455 22'47 
215 9 22'71 

268 4 37-46 
345 21 2-08 

274 22 0'33 

220  38 57-83 
278 45 27.18 

347 35 59-23 
285 32 8-02 

224 41 20.69 

285 38 37'49 
3 j l  o 49-67 
285 21 42'21 
229 18 50.17 

291 32 13-57 

3.59 26 3"79 
292 12 33-08 
231 19 31.07 
289 29 56-62 

5 1022.61 

308 21 30.48 
250 42 11-34 

245 6 17-94 
3'9 4' 2'14 

5 3 9  2-92 

189 59 21-28 
247 26 50'52 

306 47 44'46 
246 48 2-36 

304 56 13'45 

305 4 4-25 
5 50 16.22 

311 2 27.38 
261 10 19-26 

7 16 32-54 

Latitade North 

0 1 .  

263055'00 
26 22 30.86 

JJ 

26 31 45-64 
J> 

26 22 48-38 

JJ 

26 31 2'15 

JJ 

26 21 22-96 

JJ 

26 28 26.48 

JJ 

2619 0.04 

JJ 

26 '5 5°.32 

JJ 

26 15 48-71 

JJ 

262225.23 

JJ 

9s. 

26 13 10'4: 

J J 

261649'97 

>a 

JJ 

JJ 

26 723'33 
JB 

26 25 24-70 
26 20 24-69 

JJ 

I) 

26 IT 4'72 

Bhtion A 

Name 

Jirol 
Cl~andareanpGr 

JI 

Narhar 
J# 

Bheria Biaanpiir 
JJ 

Mirz4plir 
JJ 

B a r a h  

JJ 

Janjpati 
JJ 

Bliela 
13 

Ladnia 

JJ 

Semriha 
JJ 

Harplir 

JJ 

JJ 

Barhbta 

JJ 

Dewinganj 

n 

9J 

JJ 

Latona 

81 

Baiei 
Minai 

JJ 

JJ 

Chlini 

CFF 

168 

167 
JJ 

166 

>J 

186 

JJ 

185 
JJ 

184 
J; 

183 

I) 

>I 

182 

)) 

JJ 

IJ 

218 

JJ 

JJ 

181 

Station B 

8srisr No 

XClI 
XCII 
XClII 
XCIII 
XCIv 

XCIV 
XCV 
XCV 
XCVI 
XCVI 

XCmI 
XCVII 
XCVIII 
XCVIlI 
XCIX 

XCIX 
c 
C 
CI 
CI 

CII 
CIV 
CII 
C1l' 
CIII 

CIV 
CV 
CVI 
CVI 
cvI1 

Cv 
CVI 
CIX 
CX 
CVII 

d 

Cfreellrich 
Lotlgitode East 

0 1  v 

855759'29 
86 I 23-35 

: J 

86 8 37-86 

>J 

86 11 13-79 

JJ 

86 19 5-27 

J J 

86 21 26.63 

9) 

86 29 12.38 

JJ 

863051.78 

JJ 

86 39 42.22 

, JJ 

86 39 48.72 
JJ 

864859.10 

JJ 

JJ 

86 48 3-42 

JJ 

865648'73 

#I 

JI 

JI 

865546062 

JJ 

86 58 29-43 
87 6 23-44 

IJ 

JJ 

87 5 19-98 

Eerie. No. 

XC 
XCI 

JJ 

XCII 
JJ 

XCIII 
9 t 

XCIV 
JJ 

XCV 

J J 

XCVI 
JJ 

XCVII 
JI 

XCVIII 
JJ 

XCIX 
JJ 

(3 

JJ 

JJ 

CI 
JJ  

CII 

)I 

JI 

JJ 

CIII 
81 

CIV 
CV 

JI 

JJ 

CVI 

~ 

I 

Bide AB 

Log. Feet 

4'7650820~6 

4.8.3j8917,j 
4'73014-+0,3 
4'7486814~0 
4'7570203,4 

4.8178079~4 
4.7512516~6 

4'7772194.3 
4,7585179~7 
4.7794179~2 

4.727~237~4 
4.76~6733~8 

4.773~675~7 
4.8033377~8 
4.7205157~8 

4'7854936J7 
4'73795)10,+ 
4.8069315~1 
4.6793212~3 
4m:500229J5 

4~7364566~8 

4'7397983,4 
4.7218688~2 

4'739'977~9 
4'7595671~5 

4*7223771J1 
4.75~8678~7 
4'7645694~8 
4'7544946,i 
4'7432275~6 

4'7216532~2 
4.75457~8~7 

14.7703613~4 
4.7983075~8 
4.7365481~1 

Azimuth at B 

O I .  

85 o 7-62 

35 J 2 36-23 
88 8 jg.76 

165 22 11 -5; 

94 26 40.50 

40 42 27-82 

98 45 59-44 
167 37 2-24 
105 56 38-88 

44 44 47-83 

105 42 48-22 

171 I 33-92 
105 26 22-77 

49 2245'74 
III 36 11.39 

I79 26 35-74 
112 16 40.71 

51 23 35-03 
109 33 35-36 
185 9 5 8 - 0 0  

128 24 58-76 

70 46 24-91 
65 l o  10.23 

129 44 26-43 

1853835'5.3 

10 5-97 
67 31 j .24 

126 51 30'43 
66 52 1 5 - o j  

124 59 52-23 

125 7 34-81 
185 49 48-14 
131 6 3.67 
81 15 22-40 

187 Ij 59-26 



- - - 

PRIKCIPAL TRIANGULATION. LATITUDES, LOXGITUDES AND AZIMUTHS. 16ldX 

Longitude of Greeuw,ch East 

0 .  X 

8 7  j 1 9 - 9 8  
J )  

87 4 4 ' 2 7  
87 1.3 1 6 - 5 5  
87 14 31 .65  

J Y 

87 17 4 6 - 3 3  
I )  

87 23 40.61 

J J  

8 7 2 8 1 3 . 7 1  

J J  

87 3 4  3 3 - 4 1  
J J  

87 3 9  1 4 - 7 5  

J J  

87 4 5  0 .99  
11 

87 5 0  42.00 

J J  

87 5 5  52 '97  
J J  

88  o 2 5 - 1 2  

J J  

88 4 3 4 ' 1 2  

81 

88 10 1 2 - 3 1  

J J  

J J  

88 14 3 1  - 6 1  

S J  

88 19 5 7 - 6 1  

I J  

J J  

J J  

Station B 

Berien No. 

CVIII 
CIX 
CVIII 
CIX 
CX 

CXI 
CXI 
CXII 
CXII 
CXIII 

CXIII 
CX1v 
CXIV 
CXv 
CXV 

CXVI 
CXVI 
CXVII 
CXVII 
CXVIII 

CSVIlI 
CXIX 
CXIX 
cxx 
CXX 

CXXI 
CXXI 
CSXII 
CXXIII 
CXxII 

CXXV 
CXxIII 
CXXIV 
cxxv 
CXSVI 

b 

Latitude North 

0 1 11 

26 1 1  4 - 7 2  

J J  

26 2 9 - 0 5  
26 4 4 6 - 2 0  
26 14 1 . ~ 9  

J J  

26 21 5 9 - 7 7  
11 

26 1 2  16 -49  

I J  

2 6 2 1  9 - 9 3  

J J  

26 13 17-06 

J J  

26 2~ 14' 19  

J J  

26 13  1 - 8 0  

J J  

26 21 43 '11  

J J  

26 1 3  10.72 

J J  

26 22 5 - 0 6  

J J  

2 6 1 4  6 - 5 5  

9 )  

26 25 2 -41  

I> 

J J  

26 15 21 ' 7 9  

J l  

26 18 55-51 
J J  

J J  

J J  

Azimuth at 6 

0 I/ 

131 22 1 8 - 5 7  

70 3 0  27.64 
72  32 47-06  

6 57  5 5 - 7 1  
20 8 5 3 - 0 0  

101 5 8  2 3 - 2 4  
151 1 9  17.41 

9 5  4 4 3 - 6 8  
24 47 30.66 
84  10 0 ' 2 4  

144 7 3 8 - 9 8  

89  37 4 9 ' 3 l  
28 0 3 3 - 1 7  

9 l  3 4  5 9 ' 0 1  
14; 39  1 1  - 86  

87 2 2  5 - 6 0  

3 3  3 2  46 .19  
89 10 1 4 - 3 3  

151 20 20 '29  

87 38  3 7 - 2 2  

24 40 3 6 - 2 6  

8 3  15  2 9 - 3 8  
I j 4  5 3  1 2 - 4 5  
7 1  29 4 4 - 7 7  
2 4 5 6  3 4 - 1 9  

82  5 1 2 - 8 2  

158 5 4 8 - 6 3  
124 52 11-27 

6 8  37 2 6 - 0 3  

5 3  59  36'  1.1 

123 I 4 7 . 8 j  
o 26 14-07  

3 8  55 3 8 - 0 2  
163 12 5 8 ' 9 9  

105 28 3 3 . j 4  

Azimuth at A 

-- 
0 1 11 

311 18  58.66 
250 26 23 -91  
252 28 4 4 - 4 8  
186 57  2 2 - 5 2  
200 7 26.82 

281 5 4  20.71 

331 16 4 0 ' 4 j  
275 0 5 - 1 2  

204 45 2 9 - 8 1  
264 5 1 1 - 7 8  

324  4 5 0 ' 6 j  
269 3% 5! ja87  
207 j 8  2 8 - 7 4  
271 3O 2 1 ' 7 4  

327 36 3 8 - 3 6  

267 17 0.48  
210 3 0  i5a32 

L 

269 5 26.29 

331 18 2 - 3 9  
267 3 4  18 -26  

204 3 8  35.86 
2b3 11  39.06 

334  51  31 - 9 6  
251 25 2 3 - 7 6  

2 0 4 5 4  4 - 3 7  

262 o 4 8 - 6 0  

338 5 j3 .43  
304 47  5 1 - 3 3  
248 3 3  3 - 1 9  
233 57  1 1  - 9 0  

302  5 8  9.41 
180 26 11 - 9 0  
218 5 2  6 .09  

343 11  4 4 ' 3 2  
285 23 2 2 - 8 3  

Station A 

Name 

Chiini 

J J  

RBmnagar 
Manlila 
Ghiba 

J Y  

Nirph 

J Y  

Mhnikph 

J J  

Kamaldiiha 

J Y  

BBnghora 

J Y  

Dipnagar 

> J  

Mdsaldanga 

J Y  

Lachmipiir 

J J  

Tagria 

J J  

Bandarjila 

J J  

Kharkhari 

>J 

ThBkdrganj 

J J  

J J  

Sontikhoda 

J J  

R h g a n j  
J J  

J J  

J )  

Circuit 
No. 

181  

" . 

1 8 0  

217 

BJ 

216  

215 

J J  

214 

J J  

213 
I >  

212 

J J  

I 1  

211 

J J  

J J  

IJ 

Side AB 

Log. Feet 

4 ' f 622911 ,2  

4 '7267j8924 
4 ' 7 2 2 6 3 4 1 ~ 6  
4 . 7 5 1 6 3 8 8 ~ 5  
4 - 7 1 1 5 0 6 7 ~ 6  

4.7083677~8 
4 . 8 ~ 6 9 6 2 7 ~ 1  

4 .7580149~2  
4-773171;,0 
4 . 7764111~5  

4 .7703641~5 
4"7790~15,4  
4 '7368265,o 
4 ' 7 5 7 1 . 5 4 ~ ~ 3  
4-7698035,o 

4 . 7 ~ ~ 6 3 9 4 4 ~ 2  
4 -7860440~5  

4 .7736113~7  
4 '770j994 ,5  
4'7249235,7 

4-7734984,1 
4 . 6 7 ~ 3 0 1 3 ~ 9  
~ + ' 7 2 7 2 1 1 7 ~ 0  
4 ' 7 5 O j 9 7 7 ~ 4  
4 ' 8 6 3 4 1 2 7 ~ 9  

4 , 7 3 9 7 5 2 7 , ~  
4'8006325,7 
4 . 8 1 1 9 1 7 6 ~ 3  
4.7605242,~ 

4'5644979,6 

4 .7298912~1  
4 .7640124~2 
4 . 8 3 9 1 2 0 ~ ~ 0  

4 ' 7 2 4 9 5 0 3 ~ 5  
4 ' 8210217~5  

series No. 

CVI 
)# 

CVII 
CVIII 
CIX 

J J  

CX 
J J  

CXI 
J J  

CXII 
J J  

CXIII 
J >  

CXIV 

9 9 

CXV 
J J  

CXVI 
J J  

CXVII 
J J  

CxVIII 

J J  

CXIX 

J J  

CXX 
J J  

J J  

CXXI 

J J  

CXXII 
J J  

J J  

J J  



NORTH-EABT LONGITUDINAL SERIES. 

J. B. N. HENNESSEY, 

In charge of Compuhpuhng O#m. 

Btation B 

Berieu No. 

CXXIV 
CXXVI 
CXXVI 

Bhtion A Bide A 6  

Longitude East 
of (;S,,,,,ich 

0 1  * 
88 20 2-49 

88 27 54-42 
88 22 46-09 

88 31 39-10 

Name 

CXXIII Dlimdtingi 
CXXIV Kanch4bliri 
CXXV Ch0t4ki 

Azimuth at B 

0 8  R 

95 48 41 -50 
164 2 5 -  17 
55 39 45-58 

Azimuth at A 

o r  R 

275 45 X I  ' 15 
344 o 25.4~ 

235 35 50'24 

Latitude North 

o r  n 

26 28 30.74 

26 27 47-73 
26 10 32-16 
26 16 0.95 

Log. Beet 

4'6344895,6 
4-8705496,8 

4'7693857,B 



NORTH-EAST LONGITUDINAL SERIES. 

PRINCIPAL TRIANGULATION. HEIGHTS ABOVE NEAN SEA LEVEL. 

The following table gives, first, the usual data of the observed vertical angles and the heights of the sig~ial slid i~is tmme~it ,  
kc., i r ~  pairs of horizo~ltal lines, the first line of wlricll gives tlie data for the 1st or the fixed sti~tio~i,  arid the secoiltl liiie the data 
for the 2nd or the deduced station. 'This is followed by the arc coiltailled I)etwecr~ tire two stat io~~s,  a i ~ d  the11 I)y tlie terrestrial 
refraction, and the height of the 2nd station above or below the lst, as computed from the vel-tical ailgles ill the usui~l manlier. 

Ttiis difference of height applied to the given height above meal1 sen level of the fised statioti, gives that of the detluced statio~i. 
Usually there are two or three independent values of the heigllt of the deduced station; the details are so arn~nged as to 
 how these consecutively and their mean in the columns of ~T~~ igo i~ome t r i cu l  Resrilts". The meal1 results tl111s obtained are 
bowever liable to receive corrections for the errors generated ill tile trigoliometrical operatiolls, wlriclr are sllow~l 11p by the 
11)irit leveling operations, wlierlever a juilction betrveeii the t~vo  has been effected. l l l e  spirit leveled detelnli~lations, r r e  
ilways accepted as final, aud the trigoilometrical heights of stations Iyillg between those fixed by tlre leveli~lg operatio~is 
ire adjusted-usually by simple prol)ortion-to accord with the li~tter. 1 1 1  the table the spirit leveled values are printed 
thus 628'84, kc., to distiirguish them from the adjusted trigonometrical values. Tlie columll in mllich the mean trigotn>metrieal 
heights are given is barred across where necessary, as after deduction of Stu. XI  from Stn. IX, pnge 165-1, to iudicate that one 

1. 

let of adjustment ends and another begins. Tlie trigonometrical lieiglits always refer to the upper mark-stone, or t o  the upper 
burface of tlie pillar on which tlie theodolite stood; wlleu a spirit leveled height does not refer to either of tliesq surfaces, i t  is 

given in combination with a correction, thus 619'32 aild the sum of these two quantities, in this case 6j7.1 ,  represents the ( 37.8 
ralue with which the corresponding trigonometrlcal mean height 665.6 is comparable. Descriptio~~s f o l l o ~  tilese tables, exactly 
indicating the positions of the leveling staff during the determi~iatious of the spirit leveled heiglits. 

When the pillar of the station is perforated, the height given in the last colltmi~, is tlint. between tile upper surface of 
ptllar and ground level mark-stone in floor of passage; otherwise it  is the approximate lleiglit of the structure, above the grouud 
a t  the base of the station. 

The heights of the initial stations, are taken from the Great Arc Meridional Series, section W0 to 30°, of tlie North-West 
Quadrilateral, page 42-,., Vol. IV, and are as follows :- 

LII . . . 820.5 
LIV . . . feet above Mean Sea Level at KarAchi. 
L V I  ... 7350.1 



1 6 L ,  NORTH-EAST LONGITUDINAL SERIE9. 

Thin hfight i to be combined with a negative dgn, becaw the pYar 8t LII, Mhrari ,  had a permantmt addition made to it of 1.5 feet by a aubuquent 
obmrver. t Eejected. 



165-, 

C 

b 

6 
3 - 
is 
C 

a 

4 
$ 

.- 

feet 

§ 

38 

38 

.Q 37 

20 

20 

24 

in 
M d  

l b j l ;  (4) 1Yh 68m of 28th March I889 and 3h 49111 of 8th Apr~l 1851. 
t Rejected. 8 Not forthcoming. (1) Tlle meall of obwrvatiom taken on Uth February 1845, 29th U h  1850, 11th and 12th April -1. (2) 20th 

Fsbmary 1848,ZSth Yaroh 1860, 13th 14th and 16th April 1861. 
I n  t hen  ixutsnm, the chronometer error not h b g  been recorded, the timen here given M mere okronometer readings. 

HEIGHTS 

tl 
4 

9 
8 

11 

1571 

2379 

1543 

1571 

961 

1446 

91g 

1025 

927 

523 

582 

1 8 3 ~  

671 

671 

571 

581 

JilTereut 
:-(8) 

TRIANGCLATION. 

.- 4 

$ 

~ i ;  

4 - 
2 

8 
16 

4 
4 

4 
12 

16 
8 

8 

4 

8 
4 

I 2  

22 

4 

6 

20 

14 

8 

8 
8 

8 
8 

8 
6 

18 
8 

I %  

16 

4 
8 

ohsewntion 

Observed 
Vertical Angle 

0 1 11 

D 2 26 1.1 

E 2 3 20'3 

E o 5 0 I x ' 9  
D I 2451.6 

D o 45 32'4 
R 0 22 30'3 

E 2 3 20'3 
D 2 26 1.1 

D 0 7 5'0 
D 0. 5 40'3 

D 2 37 12.9 
E z 16 18'2 

o 59'4 
D o  446'1 

D o  752 '6  

D o  538'4 

D o  7 5'9 
D o  3 1'4 

D 0 5 7 ' 5  
D o  4 3'6 

o m5 58'2 
D o  251-3 

I) 0 5 53'5 
p o 3 31'3 

D 2 10 7.7 
E I 43 26'4 

D o  8 11'4 

D o  1 3 i . 4  

D O  6 15.1 

D o 5 4 3 . g  

D 0 3 57'3 
D o  6 13'4 

D O  5 12.5 
D o 3 14.2 

of tlnlrs of 
W I L I I ~  of' space, 011a 

PRINCIPAL 

Station 

VIII 
VLI 

VIII 

VI 
VIII 

VII 
VIII 

VII 
IX 

VIII 
IX 

VII 

IX 
X 

IX 
XI 

hBOTE MEAN SEA 

Height 

2 

S 

-- 

0.83 
1-50 

1-48 
1-17 

1-03 
1-46 

1.5'2 
0.83 

5'35 
5'28 

0.75 
1-50 

5'34 
5.28 

5-93 
5-58 

sea8 
5-23 

8-45 
5'85 

5'35 
5'78 

5-60 

5.07 

1-04 

"47 

5-12 
5-25 

5'42 
5'33 

5-53 
5'20 

5-64 
5-63 

t a k ~ n  
~nformotion k 

Aatronomioal 

18'1 

Apr. 29,30 
Fe b. 28 
Mar. 1,2,4 

Jan. 16 
Apr. 80 

May 23 1% Fe b. 
Y a r .  , 
Apr. 29,30 

Peb. 27,28 
Mar. 26 

Apr. 29,30 
Mar. 80 

Mar. 1,2,4 
,, lO,ll,l% 

18,14,18 

&far. 2G 

s8 17 

89 80 
Apr. 8,9 

Terrsstrral 
ReCaotion 

' 

110 

153 

86 

I I O  

98 

102 

+6 

106 

108 

184 

- 4 

8 

121 

I I  

- 24 

- 2 0  

36 

hours either 
13h 63m 

in feet 

f g  
B 
Y a 
Y 

5-40 
5-94 

5'42 
5-40 

5-40 
5-40 

5-24 
5.40 

5-24 
5'37 

5-40 
5'37 

5'14 
5.35 

1-37 
5'35 

5-37 
5-33 

5-30 
5'37 

"" 
5-33 

5-14 
5.10 

5-40 
5'34 

5-37 
5-34 

5.33 
5'34 

5'2O 

5'42 

5-46 
5-23 

nt two 
u followr 

Date 

Mean of 
Ti~uen 

o f o h r -  
ration 

- 
h. m. 
2 57 
2 58 

3 8 V  
22 11 

2 22 

3 15 

2 58 
z 57 

4 27  

4 15 

a 45 
z 6 

2 5 I 
4% 

rg 30 
4 15 

5 '5 
5 13 

LEVEL. 

Height in feet of 2nd Station 

(8) 
(4) 

Apr. 8,9 

,, 11,12 
1843Feb. 24 
1860Mnr.Z9,30, 
l84SMar. 1 
1860 ,, 28,24 

1861 
Apr. 09, May I 

,, 1520 

m .  26,26 
hpr. 14,M 

9, 2,89499 
,, 13214 

(1) 
(2) 

1843 Feb. 20 
1850 Mar. 98 
1843 Peb. 26.27 
L850 Mar. %,26 

4 

In  some 
their proper plwer 

1 { Level 

- -  
Find 
h u l t  

6967 

708 

670 

619.32 { +37.8 

62ama4 

609.97 

652 

not be entered 
m d  B l r t  

above Mean Sea 

U E  0 4  

.;! n o  u 

'070 

'064 

'056 

'070 

'102 

'070 

.050 

-103 

. r 3 r  

'198 

-008 

'014 

'066 

'017 

'036 

'035 

'062 

of tlre 
of 28th 

Trigonornetrid 

By ear11 
deductiori 

736'4 

6973'8 

6g;g'rt 

6972.8 

715'8 

716.2 

678.7 

(j8a.2 

666e7 

664.5 

633.3 

612.7 

654.0 

652'9 

651'9 

647'6 

634'8 

on different 
and 8h 47m 

I x 

c. 
rz) 

0 l, 
-9-m 

's .s 
tnz 

3 
m 
a 
cv 

-6237.4 

+4;34'0 

-1546'7 

+6237'4 

- 20.1 

-6257'1 

- 57 .2  

- 33.8 

- 49.3 

- 15'9 

- a3.8 

- 20.6 

-6313.0 

- 55'1 

- 5'2 

+ 18'8 

- 16'8 

same day or 
MMh 1830 

Resultn 

Mesn 

6973'3 

716'0 

680'4 

665.6 

633.3 

611.7 

651.6 

days oould 
of 17th, 18th 

2 40 
2 53 

'5 49 
a3 47 

3 12 

3 53 

4 6 
4 23 

3 6 
3 3 

'3 27 
'3 29 

'3 59 
a4 

XI 

XI 
XI11 

XI11 
xv 
VIII 
XI1 

IX 
XI1 

XI 
XI1 ' 

XI11 
XI1 

XI1 
XIV 

inetancas, the date4 and mean 
in mlnmns 1 arid 2 horn 



NORTH-EAST 

t Bxcleaire of the number of obsemat.ions taken in 1848 which informntion is not fortl~w~ning ; the observations themaelre8 are however aU included. 
The chronometer error not karhlg been rocordcd, the times given in thin wlumn are mere chronometer readings. 

L O N G I T U D I N A L  

Astronomical Date 

station 

XI11 
XIV 

XV 
XIV 

XIV 
SvI 

XV 
XVI 

XV 
XVII 

XVI 
XVII 

XVI 
XVIII 

XVII 
SVIII 

XVII 
S1X 

XVIII 
SIX 

XVIlI 

XIX 
xx 
XIS 
YXI 

XS 
XXI 

XX 
XXII 

XXI 

XXI: 
XXIII 

1843.50 

SERIES.  

Mean of 
Times 

of obser- 
vation 

I 

Observed 
Verticul Angle 

0 1 '1 

D O  3 27'8 

D o  3 54.1 

D o  a 26.6 

D o  5 24.5 

D o  3 16 .8  
D o  4 28 '3  

D o  2 15 '0  
D o  6 7 ' 9  

D o 5 18.6 

D o  3 25 '3  

D o  7 12 '7  
D o  2 21.9 

D o  7 5 '2  
D 0 2 28.5 

D o  2 33 '0  
D o  3 21 '7  

D o  5 4 0 . j  
D o  3 8.2 

D o 6 28.8 
D o  3 10.5 

D 0 4 42 '7  
D O  2 34 '2  

D o 3 50'7 
D o  4 48 '3  

D 0 4 33 '4  
D o  2 57 '6  

D o 5 0 . 7  
D o  2 34 '1  

D o  6 5 2 ' 1  
D 0 2 23 '1  

D o  3 49'7 
D O  2 4 . 8  

D o  5 23 '8  
D O  0 54 '0  

l 

o ." - .- 
!i 

% 
* 
2 
E? 

R 

t 8  
t 8  

8 
8 

8 
12 

6 
12 

8 
8 

1 2  

4 

1 2  

1 2  

8 
8 

8 

4 

4 
8 

16 
8 

8 

4 

8 
1 2  

6 
1 2  

8 

8 

8 
8 

1843 Feb. 25 
1850 Motr.29,30 
1843 Feb. 26 
1850 Mar. 25,ZG 

>1u."~~23,?4 

91 25,2(i 

,, 25,26 
,, 20,21,22 

,, 23," 
,, 20,21,22 

9 )  23,24 
,, 18,19 

,, 20,21,25 
19 9 )  

,, 20,21,22 
,, 14,16,17 

,, 18,19 
16,lT 1, 

,, 18,19 
13 9, 

F1 14 
,, 12,13 

,, 14,15,16 
,, 
,, 12,13, 
91 11 

,, 12,13 
3 ,  5,6,7 

,, 8,11 
,, 5,6,7 

,, 
Feb. 28, Mar. 1 

Mar. 6,G 
Feb. 28, Mar. 1 

Mar. 6,6 
Feb. 23,54 

h' "' 

3 28 

30 

3 48 
3 48 

3 40 
3 40 

3 39 
3 34 

4 15 
4 16 

3 46 
3 45 

3 30 
3 29 

4 55 
4 55 

3 40 
3 41 

3 33 
3 33 

3 29 
8 , 1 1 3 3 4 X 1 Z .  

3 28 
3 28 

3 18 
3 18 

3 2 2  

3 2 2  

8 , 1 1 3 3 3  
3 34 

4 49 
4 50 

4 30 
4 32 

21 
4 

%! 

S 

N 

462 

525 

517 

539 

597 

625 

565 

585 

502 

534 

469 

537 

470 

548 

552 

652 

561 

Height 

3 
M 
iij 

2'76 

5.07 

5 - 2 3  
5.50 

5 '50 
5 - 2 3  

5 '50 
5 -40  

5 - 5 0  
5-40  

5 '50 
5.50 

5 -60  

5 '50 

5-60 

5 - 5 0  

5 - 4 0  
5 - 5 0  

5-40 
5.60 

5 '30 
5 - 6 0  

5-30 
5 '40  

5 '50 
5 - 4 0  

5 '50  
5 - 3 0  

s m 7 5  
5 '30 

5 - 7 5  
5 - 5 0  

5-50 
5.50 

in feet 

42 

8 
2 s 
u 

5'14 
5.23 

5.05 
5 - 0 3  

5-03 
5 '08  

5-05 
5 '08  

5-05 
5.08 

5.08 
5-08 

5.08 
5.08 

5-08 
5-08  

5'03 

5 - 0 5  

5-08  

5 - 0 5  

5-08 

j . o j  

5 - 0 5  
5 '05  

5 -05  
5.08 

5-05 
5.08 

5"5 
5'05 

5.0' 

5 - 0 5  

5-08 
5.08 

Terrcstrid 
Refraction 

g 
5 

16 

26 

25 

I 7  

35 

24 

- 6 

114 

-15 

-24 

14 

8 

8 

45 

- 

117 

90 

8 ... 
3 

c. 
m 

0 s 
2 4 %  -19 . a g =  El 2 .- 
9 
m 
a 
rn 

+ 4'1 

+ 23'1 

+ 8 ' 9  

+ 30'7 

- 16'7 

- 44'6 

- 38 '4  

+ 7 ' 0  

- 18.7 

- 25'9 

- 14.6 

+ 7 ' 7  

- 11.1 

- 19.9 

- 36.6 

- 16.9 

- 37'1 

k E  
O 4  

.g .; : 3 
a s  

U 

-034 

'049 

-048 

'031 

'059 

-038 

'011 

'194 

'030 

'045 

'031 

'015 

'017 

'083 

m m 5  

'225 

-161 

Height in feet of 2nd Station 
above Mean Sea Lerel 

Reeults 

By each 
deduction 

632.9 

633.1 

642.9 

640'7 

593'3 

597-2 

603'4 

602'3 

576'6 

576'9 

588.2 

584'4 

565-6 

566.4 

549.7 

549'1 

528'9 

Final ' 

Result 

6 3 4  

641 

593 

599 

572 

581 

559 

5 4 1  

5 x 9  

Trigono~rretrical 

&,an 

633'6 - 

641.8 

595'3 

602.8 

576.7 

586'3 

566'0 

549 '4-  

528'2 

% 
% 

3 
E 

lbsr 
Y 

so 

\ 
17 

22 

t j  

18 

16 

13 

26 

/ 



PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MXAN SEA LEVEL. 1 67-1. 

- 

Astronomical Date 

22 1 " 1839 
Jan. 5 

!850 

11 5 
1650 

Feb. 21,22 

I )  19 

,, 6,724 
Jan. n9,ab,a1 
Feb. I 

Meen of 
Times 

of obser- 

,, 2,3,4 
Jan. 31, Feb. 1 

ststion 

Feb. 2,3,4 
Jan. 23,24,25 

I 

Fob. 1 
Jan. 23,24,25 

XXII 
9x111 

XXII 
XXlV 

XXIII 
XXIV 

XXIII 
XXV 

XXIV 
XXV 

XXIV 
XXVI 

XXV 
XXVI 

XXV 
XXVII 

XXVI 
XXVII 

XXVI 
XXVIII 

XXVII 
XXVIII 

XXVII 
XXIX 

XXVIII 
XXIX 

XXVIII 
XXX 

XXIX 
XXX 

XXIX 
XXYI 

XXX 
XXXI 

Observed 
Vertical Angle 

Height in feet Terrestrial 
Refraction 

The chronometer error not having been recorded, tlie timee giveu in thie column are mere chrouometer readings 
t Rejected. 



NORTH-EAST LON(3ITUDIKAL SERIES. 

I n  there ilutuncer, the chronometer error not having been recorded, the time# here given ue =ere chronometer d g a  

a 
.9 
3 
m 

'z s 
$73 
XiZ.3 
eg 
t 
'u 
01 

-- 26-9 

- '4'5 

- 24'1 

- 13'7 

- 13-6 

+ "'7 

- a'3 

- 13.7 

+ 32'7 

+ 35'4 

+ 8'0 

- ~ 7 - 7  

- 10.6 

+ 15.1 

- xx.4 

- 23.8 

- 37 .0 

b 
o 

6 
0 
L 
I - - 
& 
C 

5 
.. ,. 
fd 

l4 

Y 

'' 

'4 

? \  

J0 

30 

" 

18 

Height in feet of 2nd 8htion 

station 

xxx 
XXXII 

XXXI 
XXXII 

XXXI 
XXXIII 

XSXII 
XXXIII 

XXXI 
XSXIV 

XXSIII 
XXXIV 

XXXIII 
XXXV 

XXXIV 
XXXV 

XxXIII 
XXXVI 

XXXV 
XXXVI 

XXXV 
XXXVII 

gXXVI 
XXXVIl 

XXXVI 
XXXVIII 

XXXVII 
XXXVIII 

XXXTII 
XXXIX 

XXXVIII 
XXXIX 

XXxVIII 
XL 

Amtronomid Data 

Obaaned 
Verticul Angle 

0 I I t  

D o 6 19'3 
D o 3 0'7 

D 0 5 47'3 
D o  4 7'3 

D o  6 1 7 ' 0  

D o 3 36.8 

D o 5 3 0 . 2  

D o 3 46.0 

D o 5 29'2 

D o  3 58'5 

D o  449.7 
D o 5 59-3 

D o 5 z '  I 

I) o 446'8 

D O  6 16.2 
D O  5 0 ' 7  

D o 3 24'5 
D o  6 54'6 

D o 2 26'9 
D o 6 32'5 

D o 5 a1.0 
D o 6 6 -5  

D o  658 '4  
D O  412'9 

D O  547'9 
D o  448.1 

D O  3 8.0 
D o 5 6.5 

TI 0 3 29.3 
D o 4 19'9 

D o 6 48.5 
D o  4 16'5 

D 0 6 45.5 
D o  254'2 

I 
lBM) 

Jan. 28,29,30 

,, 26,27 

. 23,24 

n 26,27 

,, 23,24,25 
,, 13,14,17 

,, 26,27 
,, 13,17 

,, 23,%,25 
20,21 

,, 14,17*321 

,, 20,21 

,I 13,14*15,17 
1849 

Ilec. 96;r7,28,YO 
1850 

Jan. 20,21 
1849 

l)ec.26,$7,28,30 
1850 

Jan. 14,15,17 

P, 8,6,7,8 
1849 

Dec.Y6,27,28,30 
I850 

Jan. 6 6 7 8 
1849 " 

Dec.26,27,88 
,, 22,28,24 
1850 

Jan. 5,7,8 
I849 

Deo.21,22,23,24 
1850 

Jan. 5,6,8 
1849 

Dea 10,11,12 

,,a1,2%Z3124 

,, 10,11,11 
1, 81,92,23,31 

A .  16,17 

Dec. 10,11,12 
Apr. 16,17 

, O , l l ,  

Apr.11,12.13 

Level 

Final 
b u l t  

436'61 

415 

439 

416'89 

460 

434 

450 

42670 

4'5 

above Mean Bea 

- z .- 
Y 

E 
4 
% 

2 
2 
Z 

12 

8 

8 
8 

12 

12 

8 
8 

12 

8 

8 
8 

16 
16 

8 
16 

1% 

12 

16 
16 

12 

12 

1% 

16 

10 

12 

16 
I Z  

16 
8 

12 

8 

"4 
12 

Mean 
Tilllee 

of obwr- 
ration 

i .  m. 
*2 52 
92 52 

*2 43 
*2 ++ 
*3 7 
*3 8 

"3 12 

*3 12 

*2 47 
*a 50 

"3 21 

*g o 
3 1 7  

*3 3 
3 21 

*a 33 
*2 3 I 

3 6 
2 59 

3 13 
3 17 

2 50 
3 O 

3 19 
3 2 4  

3 7 
3 16 

3 13 

4 45 

3 12 

4 19 

. 35 
5 o 

Tr igo~~omet r id  
Xeadt.4 

Byeach 
deduction 

441.3 

439'3 

424'5 

422 '9 

435'0 

435'4 

421'4 

421'5 

457'7 

4(j1'3 

433'9 

431'8 

4 8 . 9  

447'9 

421.4 

424.6 

413.0 

Mean 

440.3 

423'7 

$35'2 

4a1.5 

u g . 5  

432'8 

448.4 

4z3.0 

413'9 

Z 
4 

% 

1 
8 

I1 

555 , 
593 

61z 

534 

609 

678 

596 

734 

636 

584 

727 

679 

701 

527 

571 

642 

649 

Height 

2 
, & 2  

iii 

5-50 
5'63 

5-50 
5-60 

5-50 
5-35 

5-50 
5-50 

5-30 
5-35 

5-30 
5-50 

5-60 

5'.jo 

5-60 

5'30 

5-75 
5'50 

5-35 
5.60 

5-45 
5'30 

5-45 
5'35 

5'75 
5-35 

5'55 
5'45 

5 . j 8  
5-50 

5'58 
5.65 

5 ' i5  
5.65 

l'errrstrial 
Refraction 

4 

1 
hi 

- 4 

- 3 

8 

-13 

20 

14 

2 

28 

6 

1 

19 

3 

31 

14 

-15 

-13 

34 

in feet 

- 
B 

Y 

5 
----- 

5 "  15 
5-09 

5'0.5 
5-03 

5'0.5 
5'03 

5-03 
5-03 

5'05 
5-08 

5-03 
5-08 

5-03 
5-07 

5-08 

5'07 

5'03 
4'90 

3-07 
4'90 

5-07 
5'07 

4-90 
j'O7 

4'90 
5-18  

5-07 
5-18 

j.0; 

5'50 

5"  8 

5-50 

5 

5-53 

c 2 
0 4  
3.. 
.!,; 
2 3 

'008 

'004 

'013 

'024 

'032 

'020 

'003 

-037 

'010 

'035 

'026 

'004 

'04 

'027 

-035 

'021 

.052 



PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 

The chronometer error not having been recorded, the timer given in t l ~ i a  column are mere chronometsr readinp. 
(1) The mean of obeewatioris tuken on 16th h k c h  1847, sctd 22nd, 2 3 4  ?.Llh Almh 18M. ( 2  The mean of obrewstiow taken on 16tl1 M u r h  1847, and . 

l6th, 16&, 17th March 18U. 

atation 

XXSIX 
XL 

X S X I X  
XLI 

XL 
XLI 

XL 
XLII 

XLI 
XLII 

XLI 
XLIII 

XLII 
XLlII  

XLII 
XLIV 

XLIII 
XLIV 

XLIII 
XLV 

Z I V  
XLV 

S L I T  
XLVI 

X L v  
S L V I  

XLV 
XLVII 

SLVI 
XLVII 

XLTI 
XLVIII 

XLVII 
XLVIII 

htronomial  

lW 

Apr. 16,1'7 
,, 11,1?,13 

, 16,17 
hIar.28,30,31 

Apr. 11,12,18 
Mar.28,30,31 

Apr. 11,13 
. 26,37 

,, Z8,09,80,31 

,, 25,26,27 

,, 28,29,30 
,, 22,23,24 

,, 26,26,27 
,, 22,23 

91 45,26 
,, 19 

23,23 

PI 21 

(1) 
(2) 

Msr.18,19,20 
,, 16,17 

I I  19 
18 13 

,, 15,16,17 

,, 12,13 

,, 15,16,17 
I, 10,l l  

,, 12,1.3,14 
,, 9,10,11 

,, 12,13,14 
3,5,7,8 

,, 9,10,11 
5,7 0 

Terreetrial ~1 L. 
I Height in feet 
6 Refraction .s 
.- 3 Height in feet of 2nd Station f 

m above Mean Sea Lev01 R 
C I $ 

3 - 
V e r t i d  Angle .I, iZ 

I. 
.d 

C m Fir1.l 
6 
d a Hemult 5 
A (N 

BY each ~ e a n  
deduction li - 

e .  e 
feet 

7 -012 - 10'3 414'8 

Date 

Mean of 
Timer 

ofobrer- 
vation 

h. trr. 
4 39 
4 40 

4 33 
3 53 

4 54 
4 13 

4 31 
3 55 

3 40 
3 39 

3 15 
3 17 

3 6 
3 5 

4 47 
+ 47 

.3 10 

3 8 

4 34 
4 3 9  

3 1 1  

3 12 

3 48 
3 48 

3 20 
3 20 

3 4 

3 3 

3 13 
3 13 

36 
3 3; 

3 a5 
3 25 

D 0 3 45'1 

I) 0 5 34.4 
D O  4 27 .8  

D o 5 20.2 
D o  258.0 

D o 5+2'8 
D o  416.3 

D o 5 8.2 
D o  a46-o 

D o 5 32'6 

D o  43;'4 

D 0 3 4r.2 
D o  30.1 

D o  5 18'5 

D o 454.8 

D o  5 2'8 
D o 3 21'3 

D o  5 0'1 

D 0 3 43'4 

D o  442'9 
D o  3 7'7 

o 4 42'2 

D o 4 38'5 

D o 6 38.2 
D o 4 28.5 

D 0 5 ji.7 
D 0 3 46.5 

D O  5 38.1 
D o  3 29'2 

D o  4 15-1 
D o 4 29.1 

12 

" 
1 %  

8 
6 

16 
12 

12 

12 

12 

8 

8 

8 
6 

16 

14 

6 
8 

4 
4 

12 

8 

12 

8 

10 

13 

1 2  

14 

12 

8 

5-91 

5-68 

5'51 

5-60 

5-51 

5.60 
5.50 

5.80 

.sa50 

5-80 
5'60 

5-65 
5.60 

5-65 
5-80 

8 . q ~  
8'65 

5-31 
5-75 

.5'43 
5'75 

5'43 
5-31 

5-50 
5.31 

5'50 
5'43 

5-60 

5 - 5 1  

5'60 

5.50 

5'53 

5-53 
5-53 

5-53 
5'55 

5'j3 
5-55 

5'53 
5.65 

5'55 
5'6j 

5'55 

5'65 
5'53 

5.64 
5'59 

5'53 
5-50 

5'53 
5'!i0 

5-50 
5-50 

5-50 
5-50 

5-50 
5'50 

5'50 
5-50 

5-50 
5-50 

59% 

674 

602 

(55' 

487 

588 

569 

633 

628 

566 

565 

610 

677 

615 

605 

560 

0 

36 

52 

35 

6 

-11 

99 

g 

5% 

21 

47 

25 

5 

16 

29 

18 

'000 

'053 

'086 

'054 

'0x3 

'019 

"73 

'015 

'083 

'037 

'083 

'041 

'008 

'025 

'04; 

'031 

- 20.7 

- I 

- I 

- 13.9 

- 17.2 

- 8.1 

- Io" 

- 3'6 

- 15'5 

- 10'4 

- 13.0 

- 0'6 

- 21'6 

- 19.9 

- 1 9 ' 2  

+ 1.9 

404'4 

402.8 

392'8 

389'7 

386'4 

383.1 

385'0 

386'3 

374'4 

375'3 

372'7 

374.2 

353'2 

353.5 

354.2 

355.3 

403'6 

391'2 

384.8 

385'7 

374'8 

3i.3'4 

353'4 

354'7 

406 

395 

389'90 

386 

377 

376 

356 

358 

27 

28 

a4 

24 

20 

25 

30 

25 



I 
NORTH-EAST LONGITUDINAL SERIES. 

XLVII 
XrtIX 

XLVIII 
XLIX 

XLVIII 
L 

XLIX 
L 

XLIX 
L I  

L 
L I  

L 
LI I  

LI  
L I I  

LI 
LIII  

LII  
LIII 

LII  
LIV 

LIII  
LIV 

LIII 
LV 

LIV 
LV 

LIII 
LVI 

LV 
LVI 

LIV 
LVII 

Artronomical 

1840 

. 9,lO 
Feb, %,26 

Mer. 3,4,5,7 
Xeb. 21,82,23, 

w,2a 

Mar. 8,4,5,7 
Feb. 18,19 

81,22,f?S, 
24,% 

,, 18,19 

,, 2132,241 
,, 15,16,17 

9, 18919 
,, 15,16,17 

,, 18,19 
,, 11,12,13 

14,15,16,17 
,, 11,12,13 

,, 14,15,16 

,, 6,7,8 

,, 10,11,l2 
,, 6,7,8 

, 10,11,12,18 
,, 2,4,5 

,, 6,7,8 
1) 4,5 

,, 6,7,8 
Jm.8lfSfS,26 

Feb. 4,5 
Jan. 2192,241 

Feb. 6,7,8 
Jan. m,31 

,, 21,22,23,?4 
I, 80,31 

Feb. 3,4,6 
Jan. 17,18,20 

Obsewed 
Vertical Angle 

0 r 11 

D 0 5 17'7 
D o  15'8 

D 0 5 20 '2  

D o 4 16'6 

D 0 5 30'0 
D o a 8'9 

D o  5 "'6 

D 0 3 38'7 

D o  624'1 

D o  3 9'7 

D 0 4 9'4 
D O  2 31'3 

D o  5 3.7 
D 0 4 47'3 

D 0 4 0.0 

1) 0 5 14'5 

D o  5 23'6 
D o  4 8'1 

D 0 5 31.4 
D o  3 8 '5  

D o  441'9 
D 0 3 46'7 

D 0 3 12'9 
l) o 5 8-7  

D 0 5 10'5 

D 0 3 25'7 

D o 650'9 

D o  3 47'1 

D o  4 1 ' 7  

D 0 3 39'2 

D 0 3 21'4 

D 0 441'3 

D o 4 26'9 

D 0 3 24'4 

Dab 

Mean of 
Timen 

ofobaer- 
vation 

~ - .  

rn 

A. m. 
2 5% 
a 5 I 

3 4 
3 4 

3 20 

3 20 

3 I3 
3 13 

z 36 
2 35 

4 1 

4 o 

a 39 
a 41 

2 38 
3 0 

3 10 

3 10 

3 53 
3 48 

44 
a 50 

2 28 
2 28 

2 52 
2 52 

3 a 
3 a 

3 a 
3 3 

a 42 
2 43 

2 46 
2 45 

Height in feet t I 
height  in feet of 2nd h*m 1 i 1 

above Mean 8er Lre l  

Terrestrial 
Refrwt~on 

a 

-- 

3 

18 

14 

13 

a 

143 

4 

15 

24 

85 

16 

15 

14 

I I  

28 

22 

'3 

The chronometer error not having been recorded, the tilnes given in this column u e  mere ohrouometer reedi~rg. 

' 

, e 
:q z3  

.g .E 
z 2 

f a  
U 

'005 

'030 

'029 

'023 

'004 

'208 

'007 

-026 

'038 

' 123 

'030 

-026 

-026 

'or7 

'055 

'041 

'044 



PXINCIPAL TREANGULATION. HEIGHTS ABOVE MEAN' SEA LEVEL. 171-i. 

' The chronometer error not hnving been recorded, the times given in this column are mere chronometer readings. t Reject&. 
' 

(1). The mean of obaervatiolu taken on 22nd April 1847, and Nth ,  31st January 1849. (2) The mean of obrratious taken On 19th April l a 7 1  and 27th, 
28th Janu~ry 1849. (3) The mean of obserratious taken on ?8th, 30t.h Dece~lller 1838, and 1st January 1819. 

fl 

? s. 

k 
& 
C 

5 - - 
b; .r 

5 
R" 

feet 

25 

30 

16 

25 

26 

15 

26 

27 

Astronomical 

Jan.21,%2,23,25 

,, 1 7 , 1 9 , 2 0  

,, 21,%,23,24 

,, 27,28 

(1) 

(2) 

Jan.21,22,28,26 

,, 1 0 , l l , l f , 1 ~  

,, 1 9 , 2 0  
,,9,10,11,13 

,, 27,28 
,, 10,12,13 

,, . 19,20 

,, 8,4,6,7,8 

, o 
,, 4,5,6,7,8 

,, 10,11,12,13 

(3) 

Jan. 3,4,5,6,7 
1848-49 

Dec.28,ao,ar Jan. 1 

Jan. 3,4,5,6,7 

Dec.24,25,26 

Dsc.Pe~,8l,Jan.l 

,, ZS,24,25J6 
1848 

,, 28,30 ,31  

,, 14,15,16 

,, zsIr4,w,z6 

,, 15,16  

,, 26,?G 

9 )  19 
1847 

Mar. 19 

PI 1 7  

#S 19 
2, 16 

Station 
Level 

- 

Final 
Result 

279'60 
{+25 

315 

329 

322 

329 

334 

338 

334 

Height in feet of 2nd 
above Mean Sea 

g .- 
3 
m 

*. 
0 i * 

a76 
$$.I 

m 9 
CCI 

A) 

+ ~ ' 9  

+ 5'6 

- 4'5 

+ "'7 

- 7'1 

+ 9'4 

+ 5'6 

+ 11'4 

+ am+ 

- 6'6 

- 1'5 

+ 5'4 

+ 20.2 

+ 4.0 

- 11.5 

+ 2-9 

- 3.5 

4 

" 

36 

30 

14 

27 

- I 

28 

51 

57 

4' 

38 

1.15 

88 

o 

86 

257 

12 

18 

Date 

blenn of 
Tinier 

ofobser- 
ration 

I 

h. m. 
3 26 
3 26 

3 12 
3 1 1  

5 18 
5 1 1  

33 
2 32 

a 4O 
2 38 

3 a 
3 2 

3 5j 
3 I3 

3 I 
3 13 

28 

a 29 

2 47 
47 

2 59 
3 4 

3 0 
3 o 

2 38 
2 38 

3 34 
3 36 

3 56 
3 54 

5 58 
6 o 

5 32 
5 33 

'Jhigonometrical 

By each 
deduction 

314'4 

295'1 

295'9 

311.0 

316'3 

314'0 

329'0 

325'2 

316'2 

320'5 

325'6 

323'7 

338'5t 

3a8'7 

31~'at 

331'6 

32S.2 

E 
4 

.- 
2 

I 

594 

541 

600 

555 

G18 

611 

635 

521 

534 

508 

610 

578 

556 

515 

543 

527 

545 

Terrestrial 
Refract~on 

6 3  

51 = , ,  
nz 

'061 

'056 

'023 

'O49 

.ooa 

.045 

'080 

'109 

'077 

'074 

'238 

'152 

'000 

'167 

'4i3 

-023 

.033 

Results 

Mean 

195.5 

313'8 

327.1 

318'3 

324'7 

328'7 

331.6 

316.1 

Bt.tiOn 

LV 
LVII 

LV 
LVIII 

LVI 
L V ~ I I  

LV 
LIX 

LvI1 
LIX 

LVIII 
L I x  

LvII  
L x  

LIX 
L x  

L I x  
LSI  

L x  
LXI 

LX 
LXII 

LXI 
LXII 

LXI 
LXIII 

Height 

3 

bij 

5'44 
5'75 

4'io 
5'44 

5-01 

5-32 

5-43 
5'i5 

5-43 
5'43 

5-43 
4'70 

5'44 
4'" 

5'44 
5'45 

5-33 
5'45 

5-33 
5'53 

5'60 

5'53 

5-60 

5'42 

3-27 
1 5.46 

LXII 
LXIII 

LXII 
LXlV 

LSIII 
LXIV 

LXIII 
LXV 

Observed 
Vertical Angle 

0 I 11 

D O  255'6 
D o  5 45'6 

D O  342'4 
D o  421'5 

-DO 5 2.9 
D o 4 31'4 

D o 3 27'8 
D o  452'3 

D o  534" 
D o  446'8 

4 6'9 
D O  511'7 

D o  4 9" 

D o 4 49'3 

D o a 38'8 
Do 4 8.y 

D 0 3 37.1 
D 0 3 5t.8 

D o 4 4.1 
D O  3 9'6 

D o 2 44'8 

D 0 2 34'3 

D O  3 1.8 
Do 3 40.7 

D o  3 25.0 
Do 5 52.1 

in feet 

a 

g 
3 

\ f  
t4  

--- 

5-51 
5'53 

5'5' 
5-51 

5'48 
5-47 

5-51 
5'43 

5.5' 
5'43 

5'5' 
5'43 

5.5' 
3-62 

5'43 
5'62 

5-43 
5-46 

5'62 

5.46 

5-62 

5'48 

5-46 
3-48 

5.46 
5.48 

2 o .- 
Y ID 

t. 

I 
po 
'.-, 

P" 
5 
R 

16 
12 

16 
6 

16 
16 

16 
16 

16 

12 

20 

16 
20 

'6 
'2 

20 

16 

20 

10 

16 
16 

12 

12 

D o  2 36'4 
D o  3 7 - 1  

Do o ~8.6 
E 0 057'4 

D 0 4 3'6 
D o  424.8 

o 4 3O.5 
D 0 4 3'7 

7-48 
5'48 

5'48 
5'5% 

5'48 
5.48 

5'48 
5'47 

16 
8 

8 

4 

4 
4 

4 
4 

5'" 
5-50 

5'44 
5'42 

4'64 
4-89 

~ ' ~ 7  
4'89 
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. In them hbsncer, the cbronomehr error not h ~ g  been re&, the time8 here given ue mere chronometer &go. 

h 

g 
R 

c 

g 
Si 

fmt 

aa 

26 

24 

28 

18 

25 

24 

'9 

30 . 

Height in feet of 2nd Station 

Observed 
Ver t id  Angle 

0 I I t  

D 0 5 39'0 
D o  359'7 

D o  3 4.3 
D o  5 12.1 

D 0 453'5 
D o  3 35'7 

'7.9 
D 0 3 9 '9  

D 0 . 5  34'5 
D 0 3 27'9 

D o  3 4 0 ' ~  
D o  5 11.1 

4 s8 ' 4  
D o  357'5 

D o 5 5 1 . 0  
D 0 3 31 .o 

D o  6 25'1 

D 0 2 35'9 

D 0 4 24.2 
u o  318.4 

D o 5 v 9 ' 2  

D 0 4 4.5 

5 '9.I 
D 0 4 53'0 

D o 3 3 8 . 5  
D o 5 30.2 

D o 3 0.0 

D o 5 32'9 

D o  4 51'5 
D o  4 11.8 

D o  5 40'4 
D o 2 19.7 

D o 3 48.6 

D o 4 47'1 

Terrestrial 

! Height in feet Befraction 
." 
Y 8 m 

4 

po 

LXXII 
LXXIV 

LXXIII 
LXXIV 

LXXIII 
LXXV 

Lxx.tv 
LXXV 

LXXIV 
LXXVI 

LXXV 
LXXVI 

LXXV 
LXXVII 

LXXVI 
LXXVII 

LXXVI 
LXXVIII 

L X x W  
LxXVIII 

LXXVII 
L ~ I X  

L x x v I I I  
LXXIX 

LXXVIII 
LXXX 

LXXIX 
LXXX 

LXXIX 
LXXXI 

TAX= 
~ X X x I  

LXXX 
LXXXII 

Level 

F ind  
Besult 

- 

289 

a61 

a73 

253 

143 

214'64 
{+25 

a60 

a35 

a69 

Astronomical Date 

8-  
8 

16 
8 

6 
8 

8 

8 

4 

8 

6 

8 
8 

8 
10 

8 

4 

18 

4 
1% 

8 
8 

16 
8 

I8 

4 

8 
6 

10 

ra 

above Memi Ben 

Trigonornetrid 
Besultr 

Feb- 18,19 
,, 15,16 

1846 
May 6,7 

99 4,5 

~t 6,7 
n 2,3 

9 )  4,s 
n 2,3 

99 4,5 
Apr. 80 

May 2,3 
Apr.30,'Mayl 

May 5,3 
Apr. 28,29 

May 1 
Apr. 23,29 

,, 80, May 1 
,, 24,25,26 

,, 
P t  24 

9, 28 
,, zo,2i,efa,zs 

I$ 

,, 20,22,23 

, 24,25 
,, 17,18 

,, ~,o,Slp2,28 

,, 17,18 

,, zo,zl,za,es 

31 12 

,, 16,17 
,, 14,16 

,, 16,17 
Mar.19,10,21 

eaoh 
deduction I 

288.3 

288.5 

261.2 

2G0.6 

271.2 

271.8 

252.7 

251.5 

240'9 

243'4 

139.0 

a38.4 

258.1 

259'6 

233.7 

'34.0 

266'9 

Times 

of obaer- 
vation 

h.  m. 
'5 34 
*5 34 

4 5 6  
5 57 

5 19 
5 22 

4 48 
4 48 

4 47 
4 50 

4 35 
4 41 

4 33 
4 3 4  

4 47 
4 e, 

4 2.5 

4 34 

4 36 
4 3 9  

4 5 5  
5 o 

4 31 
4 34 

4 3 %  
4 31 

q 23 
4 a5 

4 g r  
4 52 

4 11 

4 5 

4 rs 
4 11 

4 ' i9  
4'62 

4'63 
4-63 

4 . C  
4-63 

4'63 

4-83 
4'63 

4 
4-63 

4'% 
4-63 

4-69 
4-63 

4 
4-63 

4 3  
4-56 

4-54 

4'69 
4'67 

4'8.3 
4-67 

4'83 
4-62 

4'63 
4-62 

4-63 
4'59 

4'83 
4-83 

Meul 

188'4 

260.9 

2 7 2 - 0  

aja 'o 

142'2 

a38'7 

258.9 

w3-8  

266'3 

5'46 
5'47 

5-49 
5-49 

5-49 
5-48 

5-19 
5'48 

5'49 
5-48 

5'*8 
5-48 

5'48 
5-48 

5-48 
5'48 

5'48 
5'48 

5-48 
5-48 

5'48 
5-45 

5'48 
5'45 

~ ' 4 ~  
5-48 

5'45 
5-48 

5-15 
5-48 

5-48 
5-48 

)js48 
5-47 

I 1  

615 

534 

552 

602 

550 

54 

549 

600 

550 

525 

62, 

587 

555 

536 

&6 

504 

559 

21 

a2 

7 

22 

34 

26 

,,j 

14 

16 

y 

'034 

-041 

-04 

-033 

'01s 

.016 

so,1 

-036 

.013 

.065 

. o p  

.017 

.O1l 

-027 

sO56 

'031 

'043 

a 
e4 

- 15'1 

+ 16.7 

- 10.6 

- 27.8 

- 17 '2  

+ 11.9 

- 8.2 

- 20.7 

- 31'1 

- 8'6 

- 13.0 

- 3.8 

+ 

+ 20'0 

- 5s9 

- 4 9  

+ 8'0 
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PRINCIPAL TRJANGULATION. HEIGHT8 ABOVE MEAN SEA LEVEL. 1 7 L L  

(1) The meur of obmnetiom toLen on 4tb, 6th April 1849, urd 19th Yay 1858. (2) The rn- of o h n a t i w a  taken on % a d ,  Zard April I W ,  and a d  
f i y  issa. 

E 
4 

$ .- 
d 

------. 

11 

634 

535 

531 

575 

677 

554 

565 

649 

557 

591 

566 

594 

527 

572 

586 

6a8 

519 

L. 

5 
Cc 
h 

2 - - 
is 
b, 

2 
.,M 

g 

feet 

25 

36 

26 

a6 

26 

35 

36 

35 

34 

Height in feet of 2nd Btation 

station 

LXXSIX 
XCI 

XC 
XCI 

XCI 
XCLII 

XC 
XCII 

XCI 
XCII 

XC1ll 
XCII 

XCII 
XCIV 

XCIII 
XCIV 

XCIII 
XCV 

XCIV 
XCV 

XCIB 
XCVI 

XCV , 

XCVI 

XCV 
XCVII 

XCVI 
XCVII 

X c v I  
XCVIII 

XCVII 
XCVIII 

XCVII 
XCIX 

Astronomical 

Mar. 22,23 
Apr. 4 6  

Mar.25,27,31 
Apr. 8,4,6 

(I) 
(2) 

Mar. 81 
Apr. 8,9 

JJ 6,6 
8 JJ 

Apr. 18,20,81, 
22,23,29 

,, a,9,14,15 

,, U,15 
May 1,5 

Apr.00,22,28,94 

May 1,5 

Apr. 29 
7 

JP  1,3,6 
7 tm 

13 5 
,, 9,12 

11 7 
1) 12 

SJ 7 
16 11 

It 9,12 
,t 15,16,17 

I9 la 
I, 19 

,, 15,16,17 

,, 18,19 

9 )  17 
20,21 11 

Observed 
Vertical Angle 

. I  4 

D o 4 58'2 
D o  521'9 

D o  5 29.2 
D o  3 9.2 

D 0 4 "'2 

I) o 435'4 

D o  4 15'8 
D O  5 3'6 

D o  3 ,55'2 
D o 640.1 

D O  3 1'1 

D o  6 8.8 

D o  3 51.9 
D o  5 45'6 

D 0 3 42'4 

D o  647'7 

D o  411-g  

D 0 430'7 

D o  656.1 
D o 250.7 

D o  4 17-8 
D o  5 26.8 

D o  218.7 
D o  727'6 

D o  3.1 

D O  3 4.4'2 

D o 8 15.8 
D o  r 36'4 

D o  r3'5 

D o  358'4 

D o  3 30'6 
D o 7 16.0 

D o  454'3 
D O  3 40'9 

Date 

Of 

Times 
of obser- 
vation 

A. m. 
4 36 
5 6 

4 12 

4 7 

4 11 

4 I4  

4 36 
4 42 

4 56 
5 3 

4 
4 43 

4 25 
4 14 

4 55 
5 13 

4 35 
5 I 

4 49 
4 53 

5 6 
5 10 

4 3 0  
4 47 

4 zo 
4 26 

4 37 
4 50 

4 48 
4 43 

5 17 
5 18 

4 40 
4 1 

Level 

Filial 
Belult 

a02 

106 

2'9 

'45 

909 

5 5  

a00 

335 

192 

above Mean Bee 

* 
g .- 
CI 
6 c 

P 
2 
% 

; 
z 

8 
8 

12 

12 

12 

I2 

4 
8 

8 

4 

24 
16 

8 
8 

14 
6 

6 

4 

12 

4 

4 
8 

4 
4 

4 
4 

8 
10 

4 

12 

8 

4 
8 

8 .* 
3 w 

.I Y 

0 *.a - ai 
212 
.% g .I 
B 3  
9 
m 

-2 
03 

+ 4'0 

- 17'9 

+ 3-5  

+ 6'8 

+ 27 '2  

+ 25.0 

+ 16.1 

+ 39'3 

+ 2.6 

- 35'4 

+ 1o.o 

+ 45'3 

- ro.1 

- 55'9 

- 

+ 34'9 

- 9'3 

Height 

2 

G 

4-77 
5-34 

7 
5'71 

4'99 
5-74 

5-;I  
5-71 

5.71 
5-40 

5'71 
4'77 

4'90 
5-71 

4-90 
5.40 

5'33 
3-40 

5-33 
5-71 

4'83 
5-71 

4-92 
5'40 

5-33 
5-40 

5-33 
j . 7 1  

4 " ~  
5'7' 

4-83 
5-40 

5-33 
5-40 

4 

g 
" 

7 

8 

I 

6 

30 

0 

- 7  

39 

16 

I 

-10 

4 

- I 

-12 

-r)  

- g 

I 

-- 

!higonometrid 

By each 
deduction 

202'3 

201'9 

205'5 

226'8 

229'2 

231'0 

245'1 

215'3 

208'6 

209.8 

255.2 

354'5 

~ g g * r  

199-o 

235.7 

233.9 

189'7 

in feet 

.L. 

1 .  
2 
Pi 

5-10 
5-10 

5-10 
5'10 

5-09 
5'O9 

5-10 
5-10 

5"" 
5-10 

5-10 
5-10 

5-10 
5-10 

5-10 
5.10 

5-10 
5.10 

S-10 

5-10 

~ ' r o  
5-10 

5-10 
5-10 

5-10 
5-10 

5-10 
5-10 

5'1° 

5-40 

5-10 
5-40 

5-10 
5-10 

Terrestrial 
%fraction 

:% 
4 ? 
E.5 .- g 2  
Q: 

'011 

'015 

-002 

'010 

'029 

'003 

I 

'061 

'029 

* c a r  

-018 

'006 

'001 

'oao 

mo2. 

'014 

'002 

Results 

M- 

203.6 

205'5 

229'0 

245'2 

209'2 

254'9 

rgg'o 

234'8 

191'4 



174, NORW-EAST LONGITUDINAL SEI1IES. 

LXXXI 
LXXXII 

LXXXI 
T,XXXTII 

LXXXII 
LXXXTII 

LXXXIII 
LXXXV 

LXXXII 
LXXXIV 

LXXXIII 
LXXXIV 

LXXXV 
LXXXIV 

LXXXIV 
LXXXVI 

LXXXV 
LXXXVI 

LXXXV 
T;XXXVII 

LXXXVI 
T,XXXVII 

LXXXVI 
~xsx71n 
LXXXVII 
LXXXVIII 

LXXXVII 
LXXXrX 

LXXXVIII 
LXXXTX 

LXXXVIII 
XC 

LXXXIX 
XC 

drtronomical 

lM6 

Apr. 18,15 
Mar. 19,2I 

Apr. 12,15 

9 )  11 

Mar.19,20,21 

19 17 

,, 1'3917 
19 29,31 

9, 19121 
9, 23~26 

9, 17 
3, 23 

(1) 
(2) 

18419 
Feb. 1,2,3,6 
,, 16,17,18 

1, 7#,9,11,12 
,, 15,16,17,18 

8, 7,8,11,12 
9s 31f 2,W5 

3, 16118 
,,zsP,=.s 

,, 16,17,18 
Mar. 11 

Feb. 21,25 
&far. 9,10,11 

Feb. 21,22,25 
&far. 15,19 

9 )  13 
,, 15,19,20 

,, 9,10,11 
,, 25,31 

,, le,N,fl ,22 

,, 25,31 

Date 

Mean of 
Timer 

of obser- 
ration 

h, m. 
4 4 
4 5 

4 31 
4 3 1  

3 59 
3 57 

4 34 
4 32 

4 14 
4 13 

3 27 
3 28 

3 43 
3 44 

3 47 
4 ra 

4 20 

4 3fi 

3 58 
4 I7 

3 I 7  
3 17 

3 50 
4 37 

3 37 
4 g 

4 33 
4 52 

4 30 
4 21 

3 57 
4 I3 

3 57 
3 55 

- 

In wme instsncee, the dates of observations could not be entered in their proper 
Much 1846, and 7th, 8Lh, 914 llth, 12th February 1649 ; (2) 28rd, Bbtb, 26th Muoh 

Oboewed 
Vertioel Angle 

0 I 11 

D o  337' '  
D o 659'2 

D o  3 15'6 

D o  3 57'2 

D o 6 7-6 
D o  235'8 

D 0 5 27'3 
D o  3 3'8 

D o 5 36'8 
D 0 4 4'0 

D 0 3 49'3 
D o  6 0.6 

D 0 2 35'7 
D o  6 30.2 

D 0 5 54'9 
D o 2 8'8 

D 0 4 14'3 
D o 4 14'8 

D 0 5 " - 0  

D 0 3 57'3 

D o  524'1 

D 0 3 34'2 

D o  553'5 
D 0 4 23'5 

D 0 4 38'3 
D o  437'7 

D 0 4 40'5 
D o a 56'3 

D o  5 4.6 
D o  3 1i.g 

D o  4 1.1 

D o q 46.0 

D o  3 19'1 
D o 6 10.2 

; 
0 .- 
4 

i 
% 
O 

d 
9 
R 

-- 

lo 
8 

8 

4 

12 

4 

8 
8 

8 
8 

4 
4 

22 

16 

14 
12 

16 

14 

16 

14 

8 
10 

12 

4 

8 
12 

I2  

8 

q 
ra 

12 

8 

1% 

8 

( H d ~ b t  

a 
.!$ 

4'83 
4-64 

4-61 

4'63 

4'61 

4-83 

4'63 
4-67 

4'63 
4-83 

4'63 
4'67 

5-17 
4-90 

5'58 
5'71 

5-25 
5'63 

5'63 
5-29 

5'29 
5-71 

5-25 
5-71 

5'63 
5-29 

j.25 
5'29 

10.65 

9-42 

5-71 
5-71 

5-71 
5'34 

in feet 

+. 

* B 0 
A 

-- 

5'48 
5'47 

5'48 
5'48 

5-47 
5-48 

5-48 
5-48 

5'47 
5 - 4 4  

5-48 
5-44 

5-28 

5.25 

5.06 
5-08 

5-08 
5.08 

5-08 
5-10 

5-08 
5-10 

5-08 
5.10 

5-10 
5-10 

5-10 
5-10 

5-10 
5-10 

5-10 
5-10 

5-10 
5-10 



PRINCIPAL !l!RIANGtULATION. HEIGHTS ABOVE MEAN SEA LEVEL 1 7 L L  

A~tronomical Date b 
1849 

M .  22,23 
Apr. 5,6 

Mar.26,27,31 
Apr. 8,4,6 

(1) 
@I  

M a  81 
XCII 

XCI 
XCII 

XCIII 
XCII 

XCII 
XCIV 

XCIII 
XCIV 

XCIII 
XCV 

XCIV 
xcv 
XCIV 
XCVI 

XCV , 

XCVI 

XCV 
XCVII 

XCVI 
XCVII 

XCVI 
XCVIII 

XCVII 
XCVIII 

I 

XCVII 
XCIX 

1 apr. 8 ~ 9  

0, 616 
8 ,  

Apr. 18,20,21, 
82,83,29 

,, 8,9,l415 

,, 14915 
May 1,5 

Apr.20,ZZ,28,24 

May 

A P ~ .  29 

# S  1,335 
#* 7 

1s 

#I 9,12 

IS 7 
I@ l2 

99 7 
01 16 

*1 9J2 
,, 15,16,17 

#, 14 
PS 19 

,, 15,16,17 

9 )  18,19 

1, 17 
I, 20,2l 

Observed 
Vertical Angle Times 

ofobser- 
vntion 

i. m. 
4 36 
5 6 

4 1% 
4 7 

4 1 1  
4 14 

4 36 
4 4% 

4 56 
8 5  3 

4 
4 43 

4 25 
4 24 

4 55 
1,5513 

4 35 
7 5 '  

4 49 
453 

5 5 6  
5 xo 

430 
4 47 

420 
4 26 

4 37 
4 50 

4 48 
4 42 

5 17 
5 18 

4 40 
4 1 

station 

LXXSIX 
XCI 

XC 
XCI 

XCI 
XCIII 

XC 

I Terrestrial 
&fraction g 

0 .- 
S 

C 

i 
P 

c .c 

5 
zi 

8 
8 

12 

12 

13 

" 
4 
8 

8 

4 

24 
16 

8 
8 

14 
6 

6 

4 

1% 

4 

4 
8 

4 
4 

4 
4 

8 
10 

4 
4 

1% 

8 

4 
8 

Height in feet of Znd Station 
above Mean Ben Level 

Height 

" 0 2  
, B ?  

---- 

4'77 
5'34 

4-77 
5-71 

4'99 
5'74 

5-71 
5-71 

5-71 
5'40 

5-71 
4-71 

4-90 
5-71 

4'90 
5-40 

5'33 
5'40 

5-33 
5-71 

4'83 
5-71 

4'93 
5-40 

5'33 
5-40 

5'33 
j-71 

4'83 
5-71 

4'83 
5-40 

5'33 
5-40 

in feet 

0 : 
Y s 
A 

5-10 
5-10 

5-10 
5-10 

5-09 
5'09 

5'10 
5-10 

5-10 
5-10 

5-10 
5.10 

5-10 
5-10 

5'10 
5-10 

5'10 

5-10 

5"O 
5-10 

5.10 
5-10 

5-10 
5-10 

5-10 
5'10 

5-10 
5-10 

5-10 

5-40 

5-10 

5-40 

5-10 
5.10 

aigonometriml 
Results 

By each 
deduction 

a01 - 3  

202 '9 

205'5 

226-8 

229.2 

231'0 

245' 1 

215 '3 

208'6 

209'8 

255 'a 

154.5 

199-1 

Ig9.0 

235'7 

233 '9 

189'7 

(1) The mean of obmt iona  taken on 4th, 6th April 1643, urd 19th Ylry 18B2. (2) The of ohrrmtionr *en on a d ,  Zard April 1849, and ZBnd 
h y  m a .  

- 

M- 
-- 

202 '6 

205'5 

229'0 

245'2 

209-a 

254'9 

'99'0 

234'8 

191 '4 

r 

Cc 
8 
2 + z 
u 

B 
G 

feet 

25 

26 

26 

a6 

26 

2.5 

26 

'5 

24 
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Tkir height is to be oornbined with a negative aign because the pillar  ti^ CV, hlinai, Lad a permanent addition mnde ta it of 6 fwt by s ~ubeequeut obrener. 

I. 

; 
i: 
k h 
a 
PC 
C 

5 
E 

feet 

20 

32 

28 

29 

a8 

25 

28 

28 

ABOVE MEAN SEA HEIGHTS 

Astronomical 

Dec. 2831 
1 8 ~ )  

Jan. 3,6 
1846 

&by 21 

97 26 

99 28 
9) 26 

n 21 
28 97 

97 16 

3) 25 
l a 7  

Mar. 16 

9> 4,fi 

99 6,6 
a )  lo 

99 16 
,, 10,12 

99 17 
,# 18,19 

99 13 
99 18 

99 12 
78 22 

79 19 
79 23 

,, 18,19 
n 26 

" > 
23 

n 26 

,, 22 
99 30 

91 26 
a )  80 

n 27 
Apr. 2 

PRINCIPAL 

station 

C 
CIV 

(111 
CIV 

CV 
CIV 

CII 
CV 

CVI 
CV 

CIX 
CV 

CV 
C S  

CIX 
CX 

C I x  
CXI 

cx 
CXI 

CX 
CXII 

CXI 
CSII 

CXI 
CXIII 

CXII 
CXIII 

CXII 
CXIV 

CXIII 
CXIV 

CXIII 
CXV 

Terrestrial 
Refract 

4 

g - 

1 

52 

17 

55 

-30 

39 

28 

6 

-15 

2 

- 2 

12 

4 

I 

6 

- 1 

Height 

- 
; a ;  

10.89 
12-50 

5-30 
5.81 

5-21 

0.50 

0'50 

5.94 

0.25 

5.42 

8'08 

4-98 

5.23 

8.21 

5-33 
5-04 

5'04 

5-04 

5 - 1 3  
5.23 

j.00 

5-23 

5'oc 

5-13 

5'00 

5-04 

5-00 

6'83 

5.04 

6-75 

5-17 
4-96 

5"5 
5'04 

Data 

of 
Time6 

of obser- 
vation 

h, m. 
4 5 
4 6 

3 40 
3 38 

I 58 
I 45 

3 48 
3 19 

I 5 1  

I 42 

3 58 
4 o 

4 I I 

4 14 

3 51 

3 41 

3 53 
3 53 

3 39 
4 I 

3 11 

3 I3 

3 2 

3 12 

3 39 
3 40 

3 27 

3 29 

3 3c 
3 37 

3 6 
3 13 

3 23 

3 56 

LEVEL. 177, 

Height in feet of 2nd Station 

Obssmd 
Vertical Angle 

O I I  

D O  3 1.0 
Do 5 12'0 

D 0 2 6'9 

D o  4 47'1 

D o  3 19'3 
Do 4 42'1 

110 3 0.8 
Do 4 22'2 

D o 3 42'7 
D o 6 34.4 

Do 2 48'2 
D O  5 27'4 

D o  4 28.6 
D o  4 48.8 

D 0 2 34'3 

Do 5 44'3 

D 0 4 43'0 
D o  4 14'0 

D O  6 46.3 
D o 4 14'0 

D 0 5 17'5 
D 0 4 14'4 

D 0 3 51'4 
Do 5 33'3 

D 0 5 34'3 
D O  4 11'4 

Do 6 19'0 
D o 3 18'6 

Do 4 28'3 
D o  5 9'9 

Do 2 26'7 
D 0 6 37'4 

D o  5 3'6 
Do 4 43'2 

ion I 
C F 
0 

< % 
.g .9 
z2 
- 0  v 

'001 

'I00 

'032 

'97 

'053 

'067 

'045 

'0x1 

-029 

'003 

-003 

-020 

'006 

.oar 

-010 

'002 

in feet I - 
g 

4 

a n 

----- 

5.26 

5-08 

5'23 

5-25 

"0'75 
5'2s. 

5'23 

"0.75 

5'44 

+oe75 

5-40 

5'40 

5.40 

5'40 

5-40 

5.40 

5-40 

5-40 

5-40 

5.40 

5-40 

5-40 

5-40 

5'40 

5.40 
5-60 

5-40 
5-60 

5-40 

5-40 

5-60 

5-40 

5'60 
5-40 

Level 

Final 
Result 

234 

228 

231 

204 

220 

193 

226 

191 

above Yean Sea 

TRIANGULATION. 

; o .- 
.a e 
4 

$ 
R 

8 
8 

4 
6 

6 
8 

4 
6 

6 
6 

4 
8 

8 
4 

4 
8 

4 
8 

4 

4 

4 

4 

4 

4 

8 
6 

6 
4 

4 

4 

6 

4 

6 

J 
9 
m 

(r 0 % -  
Q 

%!a 
'6 ij .s 
fri 
9 m 
2 
~l 

+ 18'3 

f 20.7 

+ 5'2 

+ 16'9 

+ 29.3 

+ 21'2 

+ 4.6 

+ 23-6 

- 3'6 

- 24'7 

- 8-7 

+ 14'7 

- 12.1 

- 25.0 

+ 6.9 

+ 33'2 

- 2.B 

P 
4 

a, 
> I =  

'Z - 
g 
0 

II 

543 

521 

520 

559 

561 

582 

621 

508 

505 

663 

566 

586 

590 

582 

594 

539 

565 

Trigonometrical 
Results 

deductio~l 

237'3 

232'7 

233.0 

228'9 

226'3 

228.1 

232'6 

a30-5 

203'3 

206'8 

222.8 

219.8 

193'0 

196'3 

228'2 

227.8 

191.8 

Mean 

234'3 

227'8 

231'5 

205.1 

221.3 

194.6 

228.0 

192.8 
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CXIV 
CXV 

-- ~ 

dstronou~ical 

lW 

Mar. 80 
bpr. 1 

-. 31 
Apr. 8 

1, 1 
S #  3 

91 2 
9 )  1 0 5  

9, 4 5  
,, 1 0 5  

1, 4 
D, 12 

9, 11 
99 12 

1848 
Mar. 20 

,, 9210 

9) 21 
9, 

#l 21 
,, 19 

1, 9,11912 
,, 2 2 3  

9 ,  11 
11 B 

(1) 
(2) 

(3) 
(4) 

( 5 )  
(6) 

(7) 
(8) 

CXIV 
CXVI 

Data 

Mean of 
Times 

of oker- 
vation 

h. m. 
4 49 
4 10 

4 35 
4 59 

4 30 
4 52 

4 27 
4 

7 
9 

4 I 1  

3 55 

4 25 
I1 

3 39 
3 43 

4 10 

9 4  4 

3 40 

3 42 

4 4.4 

4 45 

4 13 
4 10 

3 58 
3 59 

3 48 
3 47 

3 40 
3 4' 

3 50 
4 2 9  

CXV 
CXVI 

CXV 
CXVII 

CXVI 
CXVII 

CXVI 
CXVIII 

CXVII 
CXVIII 

CXVII 
CXIX 

CXVTII 
C'XIX 

CXVIII 
CXX 

CXIX 
CXX 

CXIX 
CXXI 

CXX 
CXXI 

CXX 
CXXII 

CXXI 
CXXII 

CXXI 
cxxv 

llcigl~t in feet Terrestrial 
Refraction Height i n  feet of 2nd Station 

E 
above Mean 9- Level 

i 
8 

!lkigonometrical 6 
Resulte Final 5 

aeclult c, 

193.8 

227'3 

227.0 41) $6 

226'7 

190'2 

'91.7 

'93.2 

'39'5 

241'4 238 18 

243 '3 

1'3.3 

011-o 207 ~3 

308'7 I 
I 

269'3 \ 
267-7 "41'~ 

266 - 2 

230'7 
208'16 , ,4 

231.8 { +  
234.9 

256.0 
231'49 IS 

255'1 { +  18 

254'3 

222'0 

N-.--III some instances, the dotes of obsemstiorls could not be rntered in their proper Iwes in column 1 from want of ~prce ,  this infonnntion ''bnozjz 

19th March 1848, and 26th, 27th February In65 ; (2) 4th March 1848, and 20th. 22nd dbruary  1855 ; (31 27th March 1843, a ~ ~ d  26111, 27111 Febronq l@; 
29th February 1846, and "1st Jmusry, 4th February 1855 ; (5) 4th Mnrch 1818, and l8tli Februory 1865 ; (6) BOnd February l N ,  and 5th Fsbnu'l 
4th &ch 1W, and 18th ?I& February 1855 ; (8) 8th April 1858, nnd 6th, 11th April 1865. 



PRINCIPAL TRIANGCULA!I!ION. HEIGHT8 ABOVE MEAN SEA LEVEL. 179-, 

Nom.-In mrne inatnnces, the dates of observatio~~s could not be entered in their proper phoes ill column 1 from want of spsoe, this information M M follows :- 
(9) 20th February la&, R I I ~  0th February 1855; (11)) 8th April 1818, ~rnd 6th April 1855; (11) P2nd February 1648, and 25th March 1854; (12) 13th April 1848, and 
6th April 1864; (13) Nth April, 13th May 1848. and6thApril 18Sh; (14) 13th Apri1,lSthMay 18L8, and 31at March, 18th April 1865; (lh) 20th February 1848, 
and 14th Jal~uary, 3rd, 6th February 1866 ; (16) 16th April 1849, a ~ i d  3rd March 1856 ; (17) 19th, 20th March 1848, a i ~ d  46th, 27th February 1855 ; (18) 
16th April 1848, and 3rd Mnrrh INh5 ; (19) 15t11 April 184.8, and 13th, 15th Marc11 1856; (9) 16th April 1848, and 3rd March 1855; (31) 29th February 1818, 
and 6th February 1858; (11) 15th Ap~i l  1848,  and 21st March 1824; (23) 10th April 1848, and 25th Mamh 1 b 5 ;  (24) 15th April 1848, and 18rh, Wt l~  March 
1854; (86) 16th April 1818, und 3rd Mamli I S 5  ; (26) 16th April 1848, und 19th, 16th Maroh 1856. In thole ioshneer, the chronometer error not having been 
woorded, the times here give11 are mere chronometer r e rd~np .  

Descriptions of Spirit-teveted Points. 

The spirit-leveled heights given on pages 166-, to  178-, , were dekermined by the operations either of 

.9 
c 

ii 
m 

\r 0 %  

273 
.Z g.g 

3 m 
a 
OV 

P 

- 25.0 

+ 18'0 

t l i e  (3.. T. Survey or t l ~ e  Revenue Su~vey ; these connections are hereafter indicated in the former case by the 
lctters (G. 1'. Y.), and iu  the latter by (R. S.) irn~nediatc~ly f o l l o w i ~ l g  the name of each statiou ; the surface on 
which the leveling staff stood is also described. 

8 .- 
Z 

E 
po 

Q 

d 
2 

8 
8 

8 
3 

12 

18 

16 
lo 

16 
8 

ra 
8 

8 
8 

8 
12 

8 
I 2  

XI or Atdtia Toroer Stotimt, ( G .  T. 5.) ; On the mark-stone imbedded at 2 feclt above the level of the 
ground, over which the perforated masonly pillar has been 
built. 

Observed 
Vertical Angle 

0 I 11 

D o 6 2.0 

D o 2 57'4 

D o  4 21'9 

0 5 45'7 

D o  2 37'0 
D o  715.0 

D o  o 59'5 
D o 7 56'3 

D o  1 38'5 
D o 658.6 

D o 5 14.9 
I) o i 6.0 

D o r 5 1 - 7  

D o  g 24.5 

D o  3 13.0 
D o g 0'5 

D o 2 6.0 

D 0 5 14'9 

XI11 ,, Kalldraplir Tower Station, ,, 
On the mark-stone let into the upper surface of the pillar. 

XV 8, U ~ T O  Towe9* Station, 88 

8. 

k 
3 c ... 
g .s 
2-i 

feet 

29 

3 

3 - 

If 

524 

654 

581 

574 

569 

426 

682 

733 

426 

sbtion 

Terrestrid 
Height 

1 

; 

6-65 
4-26 

1'54 
5'49 

'2'28 
6.64 

6-60 
4-28 

6-53 
4-90 

4-23 
6'38 

6'50 

5-64 

6'57 
1-47 

6-38 

4-23 

Bstm~io~uical 
Height in feet of 2nd Station 

above Mean Sea Level 

ro 

20 

4 

c ,-I 

- 8 

21 

- g 

' 9  

a3 

- 8 

I 

0 

- 8 

in feet 

8 : e e g  
4 

d 

5'27 
5'37 

5-29 
0'23 

5'19 
1-78 

5-27 
5'32 

3-86 

5-32 

5-22 

5-32 

5-27 
5-27 

2-81 

5'27 

5-32 
5 ' 2 2  

Dnte 

11 can of 
Times 

ofobser- 
vation 

Refraction 

h L 
0:  

2~ 
. id 
FIG 

U 

'or6 

'032 

'015 

'033 

-041 

-018 

.oar 

'000 

,018 

(9) 
(10) 

(11) 
(12) 

(18) 
(14) 

(15) 
(16) 

(17) 
(18) 

(19) 
(20) 

(21) 
(22) 

(23) 
(24) 

(25) 
(56) 

Final 
Besult 

267 

307 

325 

Trigonornetrid 
Reslllta 

I BY each Hean 
deduction 

224'5 

267-5 

306.8 

325'4 

+ 4 3 ' 5 1  r 6 7 ' 5 r  

267'5 

h .  m. 
j 58 
4 6 

4 22 

4 58 

'4 31 
'4 17 

3 28 
3 31 

3 44 
3 48 

4 1 7  
4 20 

4 8 
3 49 

4 g 
q 9 

4 20 

4 17 

+ 57'5 

f 42.8 

- 18'7 

+ 75'3 

+ 58'7 

+ 18-7 

I 
CXXII 
CXXV 

CXXII 
CXXVI 

cxxv 
C n V I  

CXXII 
CXXIII 

cxx 
CXXIII 

CXXIV 
CXXIII 

CSXII  
CXXIV 

CXXVI 
CXXIV 

CXXIII 
CXxlV 

307'0 

306.8 

306.6 

324.8 

325.7 

525.6 
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Descriptions of Spirit-leveled Points-(Continued). . 
XXIV or Bdmnagar Tower Statiun, (R.  8.) ; On the 2nd step of a flight of 32 steps leading to tlre summit 

of the tower, height = 498.82 feet. To t h ~ s  value, 25930 
feet (the height of the upper mark-stone of tower above-this 
step) being added, the height of the upper mark-stone is 
found to be 524.62 feet. 

XXVIII ,, 

XXXI ,, 
XXXII ,, 

XXXV ,, 
XXXIX ,, 

XLIII ,, 

LVII ,, 
LVIII ,, 
LXIX ,, 

LXXIX ,, 

CII ¶¶  

Kutda Tower Station, ,, On a peg imbedded in the ruins of the earthen tower, height 
= 460.61 feet. To this val~le, 19-00 feet (the heigl I t of the 
upper mark-stone of tower above this peg) being added, the 
height of the upper mark-stone is found to be 474.81 feet. 

ZdMn Tower Station, ,, 7 
Chelda Tower Station, I On the upper surface of the pillar. 
ill& Tower Station, 

Tilakpzir Tower Sta.tion, 9 ,  J 

Saibara Tower Station, ,, On the mark-stone let a t  1+ inches below the upper surface 
of the pillar. 

Pzirena Tower Statwn, (G.  T .  8.) ; At foot of tlle tower, height = 274.33 feet. To th is  ra.lue, 
24.92 feet (the height of t l ~ e  upper nwrk above this spot 
determined by subtense angles) being added, the height of 
the y y e r  mark-stone is found to be 299.25 feet. 

Bharmi Tower Station, 

Oharbaria Tower Station, ,, 
Bakwa Tower Station, SY On tlie mark-stone let into the ground floor of the tower. 

Rdpdi Tower Station, 

Dewdnganj Tower Station, ,, 
CIII ,, Jatona I'ower Station, 99 On the mark-stone imbedded at 2 feet belom the level of the 

ground, over which t l ~ e  masorlry pillar has been built. 

CVII ,, Bdmnagar Tower Station, ,, On the mark-stone imbedded at 1 foot below the level of tbe 
\ 

ground, over which the nlasonry pillar has been built. 

CIX ,, - Ghdba Tower Station, 9 s On the mark-stone imbedded at I f  feet below the level of the 1 
ground, over which the masonry pillar has been built. 1 

CXXI ,, Sotidkhoda Tower Stntwn, ,, On the mark-stone, in floor of vaulted passage, whicli carries 
the small piece of brass on which the mark denoting the 

CXXII ,, Rdmganj Tower Statwn, ,, end of the base-line is cut. 

.& firther particular8 of t h e  r t a t h ,  rec pager 7 -  to 23--. 

J. 6. N. HENNESSEY, 

In charge of Oomputilrg O&a 



NORTH-EAST LONGlTUDl NAL SERIES. 
I 

PRINCIPAL TREANGULATION. AZIMUTHAL OBSERVATIONS. 

R M  8 

Lat. N. 28" 35' 11".10; Long. E. 79'47' W.93 = 5 19 8.1 ; Height alwve Mean Sea Level, 629 feet. 
March and April 1850; observed by Mr. (3. Logan with Trougl~to~i and Sirnma' !24iucl~ Tlieodolite No. 2. 

Star observed 
Mean l i igl~t  Ascension 1860.0 
Meat1 North Pokrrr Distance 1850.0 

Local Mean Timea of Elongation, Mar. 39 

a U r m  Minoris (West and East). 
l h  gm I' 
r0 4$ 24''-79 . . 

Western 6h 3j' 
Easter11 18 39 

w - 
6 
2 .- 
0 
E - 
4 

Mar. 29 

,, 29 

80 

,, 31 

g 
.d 
4 

G 

w. 

E 

W. 

E. 

Recl~~wd Okrvntion 
Ref, llnrk-Star 
st Elongation 

o I II 

+ 4 39 29-50 
27-96 
30'84 
28 '66 

+ I 1561.33 
56-62 
5 i  '98 
57.96 

+ 4 39 29-13 
30'98 
24-86 
24-79 

+ I 1555.56 
53 '84 
55'99 
56-00 

UlORT 

lteduction in 
Arc  to T m e  of 

Elo~lpation 

f a  

+ o 0'00 

o 0.09 
o 6-14 
0 i '73 

- 0 2 7 . 0 0  

o 24'28 
0 3'65 
o 2'37 

+ o 12-63 
o 7'01 
o 2-19 
0 5.02 

- o 7 - 2 1  
0 5-66 
0 0'01 

o 1-03 

Redneed Observation 
R e .  a - r  

at Elongtit~on 

o t 11 

+ $39 29-59 
aY .o i  

34 -20  

30'54 

+ I 1550.00 
47 '69 
48 6O 

47'58 
46.51 
51'49 

+ 4 39 28-71 
29'79 
3 1 '9.5 
33 ' 13 

+ I 15 49-72 
50. 20  

5.1 ' 5 7  
50'68 

48'93 
4 8 . ~ 4  

RACE LEFT 

Reduction in 
A b T i e  o f  

Elongution 

I 
I u 

+ o 1-86 
o 1-10  

0 "77 
o 2'47 

- 051'13 
o j0.07 

o 1 1 - 2 0  

0 9'42 
o 0.9 
0 1.38 

+ 0 28'90 
o 24'69 
o 2.22 
0 0'00 

- o 21-98 
o 19.07 
0 1-06 
0 1'25 

0 5-91 
o 8'76 

Observed 
Irorix,mtnl : , 

bf.Murk--Ytar 

C 
0 -  PACR 
iD-3 

S? 

Observed .E E 5 - 2 .; 
5 i z i  

0 I 

0 2 

'ti 
180 2 

o 2 
& 

180 2 

a0 4 
& 

200 4 

20 4 
& 

200 4 

o I 11 

+ 4 39 27-73 
39 26'97 
,1932'43 
39 18-07 

+ r 1644'1.3 
16.37'76 
15.i9.86 
15 57'00 
15 46-60 
15 52-87 

+ 4 38 59'84 
39 5-10 
39 29-73 
39 33-13 

+ r t6 rr';o 
16 9.27 
'5 55'03 
'5 51-93 
15 54'83 
15 57'30 

0 * I1 

+ 4 39 29-50 
3927.87 
~y 24'10 
39 20'93 

+ I 1628'83 
16 zo'yo 
16 1-63 
16 0'33 

+ 4 39 16'50 
39 23:97 
39 21'67 
39 '9'77 

+ 1 x 6  2-77 
15 59'50 
15 56-00 

15 j7'03 

9s 8 

5 40 
4 21  

5 .?I 

6 31 

30 94 
2Y 24 
13 5 3  
12 44 

I 14 
4 53 

22 17 
20 36 
6 1 1  

0 17 

rg 28 
18 8 
5 58 
4 38 

10 5 
12 6 

W l  8 
I 

o 2 

1 x 7  
1 0  17 
11 32 

zr 34 
20 27  

7 55 
6 23 

14 44 
10 59 
6 8 
9 '8 

r x  8 
9 5% 
o 28 

4 12 



182-i NOICTH-EAST LONGITUDINAL SEBIES. 

Abstract of Astronomical Azimuth observed at XI11 (KaUnphr) 1850. 

1. By Eastsrn Elongation of a Ursae Minoris. 

I Face L R L R L R 

I Date March 29 April 4 March 81 

PAOP HIQHT 
L 
0 -  

.- 

8 o 
0 

cl 32 

50'00 61'83 47 '49 47'43 49-72 
46'06 

55 '56 
Observed difference $7'69 56'62 49.21 50.20 53 '81 
of Circle-Readings, 48 -66 57'98 4i.29 50' 72 53'57 55'99 
Ref. M.-Star 47 '58 57'96 47'36 51-44 50'68 56.00 

reduced to Elongation 46-51 -48.92 
51 '49 48'54 

lAOP LEFT 

3 

dpr. 4 

,, 4 

- 

0 r Y .  

Meana of both fame + 1 3.5 53-63 
Az. of Star fr. S., by W. 181 41 49-40 
Az. of Ilef. M. ,, 182 57 43'03 

Obeerred 
Horirontnl 
D8. of Keadil,g, 
Bsl. 

0 1  * 

+ 4 39 31-07 
3928'77 
39 33'I4 
39 33-57 

+ I I 5  47-43 

1 5  49-30 
15 58.56 
16 0.66 

Oberred 
Horizon,al A ,lg, e: 
1)iK. of Readingo 
Ibf. Mark-Star 

0 1 .  

+ 4 39 22-97 
39 21-27 
3926'5~ 
39 21-77 

+ I 16 11.16 
, 16 6'63 

15 49'17 
15 50'20 

.5 E g 
E 3 < 6 
4 

m 8 

5 53 
451 
7 25 
8 19 

o 9 
1 I4 

1 1  36 
12 35 

Reduction in 
Arc to Time of 

Elongution 

I I 

+ o 2-01 

0 1-37 
0 3-20 
0 4-02 

- o O'OO 

o 0.09 
o 7-84 
o 9.22 

- 

W. 

E. 

Beduwd Obacmlr 
Ref. blark-%a 
at Elongabop 

0 1 .  

+ 43933.~9 
30'1r 

36'34 
3 6 . j ~  

+ I 15 47'4j 

49'21 
50.71 
51.44 

1 
1 

a 
ZCL; - 
0 I 

I 0  3 
& 

'90 3 

10 3 
& 

190 3 

.E! 8 
Redt~red Obsrrration 

Ref. Mark-Stnr 
8 S a Elongation at Elo~lption z z i  

0 1  . 
+ 4 39 31-47 

27'76 . 26-50 

25-73 

+ I I5 47-49 
46 ' 06 

47-29 
47'36 

m r 

1 2  5 
10 34 
o 2 

4 3 

20 12 

18 50 

5 41 
7 o 

I  * 
+ 0 8-50 

o 6'49 
o 0'00 
0 0'96 

- o 23-67 
o 20.57 
o 1'88 
o 2'84 



PRINCIPAL TRIANGULATION. AZIXUTHAL OBSERVATIONS. 183,, 

Abstract of As tronornical Azimuth observed at XI11 ( K a l f i p h )  1850-( Continued). 

2. By Western Elongation of a Urn Minoris. 

Zero 0" 180° lo0 190" 20° 2000 

Date March 29 April 4 March 30 

Observed difference 29'59 29 .SO 31-47 33 '08 18-74 29' 13 
of Circle-Reading, 28.07 27-96 27'76 30'14 29'79 30'98 
Ref. M.-Star 34.20 30.84 26-50 36'34 31'95 a+-86 

reduced to Elongation 30'54 28.66 25-73 36.59 33'13 24'j9 

Means 

0 I I1 

Means of bath faces + 4 39 29-92 
Az. of Star fr. Y., by w. 178 18 10.78 
AZ. of Ref. Id. ,, 182 $7 40'70 

0 r I /  

... ... ... ... I by Eastern Elongation 182 57 41-92 

Bstronomid Azimuth of Referring Mark by Western ,, ... ... ... ... ,S 40'00 

Mean ... ... ... ... 9, 40'96 

Angle Referring Mark and XI1 (Donb) see page 4 L I I  ... ... ... ... + .% 32 37.15 

... Astronomical Azimuth of D o h  by observation ... ... ... ... 1853018.11 

Geodetical Azimuth of ,, by calculation from that adopted ( Pol. 11, page 141) at # 

IFaMnpur, see page 166,, ante ... ..I ... ... ... ... 185 30 19-49 

Astronomical- Geodetical Azimuth at XI11 ( K d h p b r )  ... .em ... ... - 1.38 



NORTH-EABT LONGITUDINAL SEEIES; 

At Rg,u&piu Azimuth Station*. 

i n ,  r 
Lat. N. 28'22'38".72; Long. E. 80°31'6".51 = 5 22 4.4; Height above Mean Sea Level, 546 feet. 
December 1888; observed by Mr. C. Murphy, with Troughton and Simms' Isinch Tl~sodolite No. 2. 

Star observed 
Mean Right Ascension 1838.0 
Mean North Polar Distallce 1838.0 3O 24' 35'"43 

Local Mean Times of Elongation, Dec. 23 Western -6" lom 
Easter11 18 23 

Ye+ Addendulu on page 1 8 L L  

3 
n 
'j '' ' 

3 

Dec. 23 

, 23 

!24 

,, 24 

,, 25 

,, 27 

,, 27. 

1 

Observed 
BOrilol,td dllde : 

of Rndi,,p 
hf. ~ , , ~ k - ~ ~  

O I ~  

+ 6 12 54'33 
13 9'00 
12 56-00 
12 40.67 

- 130 47-00 
30 59-33 
3' 59"7 
31 54'33 

+ 6 13 11-50 
13 15'50 
I3 11.50 

- I 30 56'67 
31 6.00 

31 41-17 
31 32-17 

+ 6 12 23-83 
12 36'17 
12 41-67 
12 26.17 

+ 6 12 35'67 
12 44-17 

1 1  56.33 
1 1  33'50 

- I gr 15'00 
31 30.00 

31 43-67 
34 25'17 

B 

5 
l=i 

W. 

E. 

W. 

E. 

W. 

W. 

E. 

! 

PAOE 

= L: 

1.5 L 

i 5 $ 

m s 

I3 10 
7 53 
13 42 
16 54 

24 13 
21 50 

I '5 
7 32 

7 48 
5 12 
8 6 

2 2  31 
20 15 
1 1  50 
14 2 

19 32 
16 32 

17 5 
19 37 

16 45 
15 1 2  
24 41 
27 38 

19 21 
16 33 
1 2  27 
17 2 

EIGHT 

Reduction in 
Aro to Time of 

Ylongntion 

I T 

+ o 23.04 
o 8.26 
o 24-82 
0 37-79 

- I 17-39 
I 2'96 
0 0'21 

0 7'53 

+ o 8-08 
o 3'58 
o 8.70 

- I 6'97 
0 54-17 
o 18-59 
0 26-18 

+ o 50.74 
o 36'31 

0 38'59 
o 50.88 

+ o 37-25 
0 30.72 
I 20.40 
I 40'73 

- o 49'52 
o 36-22 
o 20-60 
o 38'52 

%., 
0 -  
.a :: 

;$", 
6% 

g f I. 
V 

o I 

220 o 
& 

W 

220 I 
A '  

40 I 

230 I 
& 

50 1 

230 I 
& 

50 I 

210 I 
& 

3O 1 

200 I 
A 

20 I 

zoo o 
& 

20 I 

RedudObaervation 
Xef. Mark-Stu 
at Elongstion 

0 1  * 
+ 6 13 17-37 

17-26 
~3.82 
18-46 

- I 31 64-39 
62 * a9 

59'38 
61 '86 

+ 6 r3 19-58 
I y '08 
20'20 

- I 31 63'64 
60'17 

59'76 
58-35 

+ 6 13 14-57 
12-48 
20.26 
17'05 

+ 6 13 12.92 
14'89 
16.73 
14-23 

- I 31 64'52 
66.22 

64.27 
63'69 

Observed 
Horiwuw Allgle : 
Diff. Bof. of Readings 

0 1  * 
+ 6 11.45'50 

, 12 8 - 1 7  

13 19-50 
13 14-50 

- I 31 28-50 
31 38.17 
31 25'00 
31 17-67 

+ 6 12 8-67 
12 36-17 

' - I 31 33-50 
31 40'67 

31 58'50 
31 55'83 

+ 6 13 2-83 
13 7'67 
I3 11.83 
13 0'83 

+ 6 13 8-50 
13 13-33 
13 21-17 
'3 17-83 

- I 31 54-00 
3156.33 
32 2-33 
31 57'17 

1A0E LElrP 

Reduction in 
Arc ta Time of 

Elongation 

I w 

+ I 31.00 
I 13-17 
0 0'17 
o 6-15 

- o 26.62 
o 18-37 
0 32-70 
040'97 

+ I 9-33 
o 14-79 

- o 24-58 
o 17-48 
o 0'26 
0 3'08 

+ o 11- 5 2  
o 5-62 
o 0.25 
o 12-03 

+ o 12-46 
o 8'76 
o 0.30 
0 2-00 

- o 7-51 
0 2'95 
o 0.14 
0 2-93 

.E B 

7 4 8 
5 g ; 
m r 

26 10 
23 28 
I 8 
6 49 

14 1 1  
1 1  47 
1s 41 
I7 33 

22 50 
18 21 

13 38 
1 1  29 
I 24 
4 49 

9 19 
6 30 
I 23 
9 32 

9 41 
8 7 
1 30 
3 53 

7 32 
4 4 3  
I 2 

4 42 

Reduced Obmration 
Ref. Mark-Star 
at Elo~~gativn 

0 1  * 
+ 6 13 16-50 

21-34 
19-67 
20.65 

- I 31 55-12 
56'54 
57'7O 
58-64 

+ 6 13 18-00 
20'96 

- I 31 58.08 
58-15 
58-76 
58'91 

+ 6 13 14-35 
13-29 
12'08 
12'86 

+ 6 13 20.96 
22'09 

21-47 
19.~3 

- 1 3 1  61.51 
59-28 
62-47 
60.10 



PRINCIPAL ~1ANGUI;BTION. AWMUTEAL OBSBRVATIONS. 185,, 

Abstract of htronomical Azimuth observed at RAmuiplir Azimuth Station 1838. 

1. By Eastern Elongation of 6 Ursae Minoris. 

, 

1 
1 

Face L B L B L B L R L B L R 

Zero 180" 0° 190° lo0 200' 20' 210" 30° 220' 40° 230' 600 

Date December 29 December 28 December 27 December 30 December 23 December 24 

w * * w I w n * ll I )  * q 

Observed difference 55'90 63-67 56.84 60.86 61-51 64'52 59-27 67-92 5 . 5 - ~ a  64.39 58-08 63.64 
of Circle-Uendings, 53'49 63'92 56-45 62.25 59.28 66-22 62'23 66'47 56.54 62.29 58.15 60'17 

Ref. M.-Star 62'42 60'13 61-17 62-47 64.27 61'55 66.82 57-70 59-38 58.76 59-76 
reduced to Elongation 60.2% 6om4a 61-78 60.10 63'69 63-28 64'72 58.64 61-86 58'91 58'35 

Means 54'70 62'56 58-47 6 1 ~ 5 2  60.84 64'68 61'58 66'48 57-00 61.98 58-48 60.48 

o f n  w 9 w n II 

Meana of bothfaces - r 31 58-63 - 60'00 61-76 64'03 59-49 
Az. of Star fr. S., by W. 183 5% 42-13 

59 ' 48 
41'79 4' '43 41.47 39'97 ' 40'3 1 

Bz. of Ref. M. ,, 18a 20 43-50 41'79 38-69 38'44 40'48 40'83 

Observed 
Horizolltal Angle : 
I)ifE of Rendlllgs 
&f. MurX-&nr 

o f "  

' + 6 12 48-00 
' 1254'00 

FACE LKBr 

Reduction in 
Arc toTiine of 

E1onguiOn 

I r 

f o 6-53 
0 3.64 

.E 5 5 * 2 t ta 

2 4 
m r 

7 I 

5 14  

S 
o .= 

Observed .- 
Horizontal Angle : 
Diff. of Read~ngs " R bf. m k -  8~ Q 

4 

IlIQRT 

Reduction in 
A~oto ' lL i ieof  

Elongation 

I II 

+ o 28.43 
o 21.61 

PACE 

.s 5 j - 9 '2 r. = 
, 

? i a r  

14  38 
1 2 4 5  

Radt~cedObnervatio~~ 
lief. bLrk- Ytar 
" Elohgution 

0 1  N 

+ 6 13 23.36 
21*31 

Dee. 28 

Reduced Observntiot~ 
Hef.Mlrrk-Star 

at Elongation 

0 1  1 

+ 6 13 1 6 . ~ 3  
15.62 

1 2  56-50 
1 2  48'67 

- 131a8 '50  
31 4 0 ' 0 0  

31 33'50 
31 '7'33 

: -  I 31 53.17 
, 31 56'83 

32 2-00 

3r 57'83 

+ 6 13 8-33 
13 8'67 
13 15'00 

. 13 9.83 

- I 31 51.50 
31 55-00 
32 6'67 
31 59-17 

o 0'61 
o 4'14 

- 0  9.01 
o 0'81 
o 0.46 
o 2 - 4 2  

- o 43'90 
o 34'16 

+ o 34'10 
o 28'65 
o 25'1j 

, o 36-47 

- 1 I 

0 57'90 
o 35'55 
046.45 

2 9 
5 36 

6 9 
2 29 
I 52  
4 16 

18 13 
16 4 

16 I . .  

14  41 

13 47 
16 36 

23 20 

2 0  56 
16 21 

18 42 

,, 28 

,, 20 
I 

30 

30 

o 21-85 
o z9:24 

- 0 3 2 . 3 6  
o 2 2 ' 2 5  

o 27-67 
0 34'45 

- o 11-50 
0 7-09 
o 0 . 4 2  

o 2-39 

+ o 8.93 
o 4'16 
o 1-87 
o 5.15 

- o 16'42 
o 11-47 
o 0.15 
0 5'55 

12 51 
14 5 2  

1 5 3 8  
1 2  58 
14 26 
16 6 

9 19 
7 I9 
I 46 
4 I5 

8 12 

5 36 
3 46 
6 14 

11 8 
g 18 
I 3 
6 28 

23'94 
20.81 

- 13156 '84 
56.48 
60.13 
60.42 

- I 31 55'90 
53'49 

+ 6 13 24-60 
24'15 
22.98 
22.97 

- I 31 59-27 
62'23 

61'55 
63'28 

W. 

E. 

E. 

W. 

E. 

 go o 
'A 

17.91 

- 1y160.86 
62-25 
6 ~ ~ 1 . 7  
61.78 

- I 31 63-87 

0 I I1 

+ 6 13 16.83 
13 17.67 

I 0  0 

IP I 
86 

I 0  I 

180 I 
& 
0 I 

180 I 
& 
0 I 

2ro I 

& 
30 1 

, 

I 

13 23-33 
13 16.b7 

- 13151.83 
31 55-67 
31 59-67 
31 58.00 

- I 31 1 2 - 0 0  

31 19-33 

+ 6 12 50.50 
12 55-50 
1 2  57.83 
12 46-50 

- I 30 47'33 
3' 4'33 
31 26-00 
31 16'83 

63'92 1 
62'42 : 
60'22 

+ 6 13 17'26 
12.83 
16'87 
14-98 

- r 31 67'92 
66-47 
66.82 
64'72 

' 



NORTH-EAST LONCIImJDINAL SERIEFI. 

Ahtract of Astronomical Azimuth observed at  Rttimdp6r Azimuth Station 1838-(Continued). 

2. By Western Elongation of 6 Ursse Minoris. 

Face L R L R L R L R L R L R 

Zero 180' 0° 190' lo0 200' 20" 210' 80' 220' $0' 230' 50° 

Date December 30 December 28 December 27 December 25 December 23 December 24 
II II II 11 II II 11 II I t  11 11 I f  

Observed difference 24-60 17-26 23*,36 16'43 zoS3G ra*ga 14-35 14-57 15'50 11-37 18-00 19-58 
of Circle-Readings, 24.15 12.83 21.31 15'62 22'09 14'89 13.29 12-48 21'34 17'26 20-96 19.08 
Ref. M.-Star 22'98 16-87 23'94 18'35 21-47 16-73 12'08 20.26 19-67 20.82 . 20'20 

reduced to Elongation 22.97 14'98 20'81 17-91 19.83 14-23 12-86 17'05 20'65 18.46 

Meane 23-68 15-49 22-36 17-08 ~1'09 '14.69 I~ ' I S  16'09 19-54 18.48 19-48 19-62 

o I II r I II N 11 11 

Means of both faces + 6 13 19.59 19'72 17-89 14-62 19.0 I 
20.26 

19-55 
Az. of Star fr. S., by W. 176 7 I 7 '75 18-43 18-77 19-57 19.92 
Az. of Ref. M. ,, 18a 20 37'34 38' 15 36-66 34' 19 39-27 39'47 

... ... by Eastern Elongation O m *  O m *  

... ... Astronomical Azimuth of Referring Mark ... ..I 

... Mean ... ... ... 
Angle Referring Mark and XSIV (mmnagar) eee following page ... ... ... ... 

... ... ... Astronomical Azimuth of Rhmnagar by observation ... ... ... 
Geodetical Azimuth of ,, by calculation from that adopted (701. 11, page 141) at 

... ... Kalihnpur, see following page ... ... ... ... ... ,*a 

... Astronomical-Geodetical Azimuth at Raslu4ph Azimuth Station *.a * a #  

Bddendwn to the Aetrmmicat Azimuth obeerved at Bdmudpzir Azimolth Station. 

The station herein designated Rtimuip6r Azimuth Station was selected and fixed at the termination of the operations of the 
Amua Meridional Series in 1838, when the Astronomical Azimuth which precedes this note and the angles of the triangle as well as 
the connecting angle to the Referring Mark which follow hereafter were measured. The tower marking the station stood in an 
open plain, 300 yards from the southern bank of the Chaulta river and about 2 miles N.W. of the large village of Bhira; but in 
time the whole structure was washed away by the river, so that when KhuBpGr village was revisited in 1850, in course of the 



PRINCIPAL TRIANQ'1JLATION. A!4IMU!I'HAL OBSERVATIONS. 187, 

Addendum to the Astronomical Azimuth observed at Rdmzcdppzir Azimuth Slatwn-(Continued). 

operations of the North-East Longitudinal Series, a new station, designated H&mu&p6r XXII, was selected and fixed instead of the 
one destroyed. No Astronomical azimuth however was observed on the latter occasion and hence the comparison between Astrono- 
mical and Geodetical Azimuths in this locality is necessarily made at the station of I838 or liimuhp6r Azimuth Station. It will be 
seen &om what follows that the two points were nearly on the same meridian and about 2,796 feet apart. 

Proceeding in the usual manuer, we find, 

At XXIV, RBmnagar 

Azimuth of RQmuiip6r Azimuth Station 123' I' 32"' 73 

At RBmuiplir Azimuth Station 

Latitude N. 28" 22' 38"72 

Longitude East of Greenwich 80 31 5 -51 

Azimuth of XXIV, Rlmnsgar 302 56 33 -59 

Correction 
Eltation Spherical obmrved 

Angle 

n 

SXIV +O.JZ 

XXXII 1-03 + a 2 1  

%mu6plir Azimuth Station + -18 

+ .jI 

Also from above data and those given on page 156,L, the following are deduced :- 

At RlmdpGr or XXII, Azimuth of Rdmuiplir Azimuth Station, r8r0 21' 16" 

RBmutlpGr or XXII  to Rlmdplir  Azimuth Statiou, Log. feet 3.446569j, feet 2796'21, mile 0-530. 

Corrected Plane 
Angle 

o f n  

57 43 13-47 

62 50 7-17 

59 26 39-36 

180 o O.OO 

1)istanee 

The observed vdues of the angle at RBmudpprir Azimuth Station, connecting the Referring Mark with XXIV, R d m n a ~ ,  
are as followa :- 

M ilea 

12.087 

12.719 

12.311 

* 

Log. Feet 

4.8049431 

4.8270967 

4.8129254 

Feet 

63817.99 

67157-83 
65001.80 

At RAmu&piir Azimuth Station. 

December 1838 ; obsemed by Mr. C. M ~ r p h y  with trough to^ and Simma' 18-inch Theodolite No. 2 .  

Angle 
between 

B. M. & 
XXIV 

Circle-readinge, telescope being set on R. M. 

289'26' 690%' 249'26' 690%' 2SP25' 79'26' 2890%' 89026' 279'26' 99'25' 289026' 109%' 

I1 I1 I1 I1 11 I1 I1 I I  I1 11 I1 I1 

154.50 151'50 251.67 150.67 156'83 154' I 7 251-8.3 255.00 $57'00 154-oo 156.00 254' 17 
154.50 153.00 153'67 150'33 156'00 155'50 E52.17 255.33 157.33 155'83 157.17 15+'33 

54'50 52-75 53-17 50.50 56'41 54-83 5%-oo 55.17 57'16 54.92 56'58 54-25 

Gensrd Mom 

1zo~35'54"'35 



NORTIT-EAST LONGITUDINAL SERIES. 

At XXXV (%i) 

i n  r 
Lat. N. 27' 38' 25".17; Long. E. 81' 25' 36".15=5 25 42.4; Height above Mean Sea Level, 426 feet. 

December 1849 and January 1850; observed by Mr. G. Logan, with Troughton and Simms' %inch Theodolite No. 2. 

. Star observed 
Mean Right Ascension 1850.0 

6 Urste Minoria (West and East). 
lah 2om 44' 

Mean North Polar Distalice 1850.0 3'' 24' 9".99 
Local Mean Times of Elongation, Dec. 26 Western gh 54m 

Eastern 1 8 ~  6m ' 

I LI 

S 
a 

4 

Dee. 26 

,, 26 

,, 27 

,, 27 

,, 28 

9, 28 

,, 29 

H 0 r i ~ , " ~ ~ 4 1 p , e  : 
DiE, Relrdirlk 
hf Mut - Stu 

0 I I1 

+ 4 8 30'27 
8 27-80 
8 0.00 

- 3 31 34-40 
31 36-40 
32 13-67 
3216'67 
31 31.66 
31 24-56 

+ 4 7 52-90 
8 2'40 
8 26-03 
8 22.90 

- 3 31 58-73 
32 7-03 
32 6-10 
31 59-60 

+ 4 8 4'73 
812.94 
8 22-17 
8 15-26 

- 3 32 11-64 
3215'37 
31 56-10 
31 49.93 

+ 4 8 20.37 
8 25'67 
8 16.70 
8 13-50 

Observed 
Korizonhl Angle : 
Di,.. of 
Bef.Msrk-Star 

0 1  I1 

+ 4 8 19-67 

8 9-23 
8 6-80 
7 28'44 
6 38-20 

- 3 30 38.40 
30 56.20 
32 1-66 
32 2-97 
32 2-00 

31 53.64 

+ 4 7 17'56 
7 30.50 
8 25-60 
8 28-74 
8 13'27 
8 8.53 

- 3 31 17-20 
31 37'77 
32 12'33 
32 9-90 

+ 4 7 38'56 
751'97 
8 31'20 
.8 31'93 

- 3 31 47-67 
31 57.97 
32 16-40 
31 9'97 

+ 4 7 58.20 
8 5'43 
831.17 
8 30.26 

W. 

E. 

W. 

E. 

W. 

E. 

W. 

PAOP LEFT 

Reduction in 
Arc to Time of 

Elong&ion 

I 11 

+ o 8-08 
o 13-88 
o 17-52 
o 57'72 
I 46.40 

- I 33'85 
I 16.62 
0 12'34 
o 7.05 
o 11.29 
o 16.51 

+ I 9'85 
I 0'17 
0 4-03 
o 1-97 
o 15-63 
o 20.02 

- o 47-92 
0 32-25 
0 0'73 
o 0'02 

+ o 52.31 
0 42-39 
o 1-27 
o 0'03 

- o 25-30 
o 17-66 
o 0'27 
0 2 - 5 9  

+ o 32-50 
0 25'46 
o 0.00 

0 0.45 

." ,g 
& S 

t 

2 z i  

m a  

7 51 
10 17 
1 1  34 
21 o 
28 32 

26 48 
24 12 
g 42 
7 20 

g 16 
1 1  12 

23 2 
21 23 
5 32 
3 52 
10 55 
12 22 

19 8 
'5 42 
z 21 
o 21 

19 56 
I7 57 
3 7 
0 29 

13 54 
1 1  36 
I 26 
4 1 6  

15 43 
13 55 
o 6 

I 51 

- BX 

0 I 

o 3 
& 

180 3 

o 3 
& 

180 3 

20 4 
& 

200 4 

20 4 
& 

200 4 

30 5 
& 

210 5 

30 5 
& 

2x0 5 

50 2 
& 

930 2 

Reduced Observation 
h i .  Mark -Star 
at Elongution 

0 I I1 

+ 4 8 27-75 
23'11 
24-32 
26' 16 
24.60 

- 3 32 12'25 
12.82 
14'00 
1 0 ~ 0 2  

13-29 
10.15 

+ 4 8 27-41 
30'67 
29'63 
30'71 
28-90 
28'5j 

- 3 32 5'12 
10'02 

13-06 
9'92 

+ 4 8 30'87 
34'36 
32-47 
31'96 

- 3 32 12'97 
15-63 
16'67 
12.56 

+ 4 8 30.70 
30'89 
37-17 
30'71 

Reduced Oban.ti 
Ref.  ark - S t u m  

at E l o n p t h  

0 I I1 

+ 4 8 31-50 
31-52 
33'70 

- 3 32 14-30 
9.04 
14'00 

16-75 
13-93 
15-33 

+ 4 8 24'43 
25 '65 
26 -04 
24-57 

- 3 32 .g'64 
14-51 

12-39 
10.55 

+ 4 8 25'3 
27'3 89 
28.66 
28.61 

- 3 32 15'55 
17'22 

15-43 
16-43 

+ 4 8 30.78 
32'76 
24'74 
25' 54 

PACE 

'' 
& 

2 8 

W a 

3 3 
5 20 
16 2 

17 27 
15 47 
I 35 
0 4 7  
17 55 
19 39 

I5 29 
13 18 
o 19 
3 34 

9 7 
7 33 
6 55 
9 8 

12 32 
1029 

7 2 
10 .6 

5 27 
3 4 5  

12 7 
14 12 

8 54 
7 21 
7 50 
9 35 

BIGHT 

Reduction in 
Arc to Time of 

Elongation 

I 11 

+ 0 1-23 
o 3.72 
o 33'70 

- 0 39-90 
0 32'64 
0 0.33 
o 0'08 
o 42.27 
0 50'77 

+ 031'53 
o 23-25 
o o'or 
o 1-67 

- 0 10.91 
O 7'48 
o 6'29 
o 10.95 

+ 0 20'66 
0 14'44 
o 6.49 

, o 13-35 

- o 3' 
o 1.6 

o 19-33 
o 26-50 

+ o 10'41 
0 7'09 
o 8-04 
o 12'04 



PRINCIPAL TRIANGULATION. AZIMUTHAL OBSERVATIONS. 189-, 

Abstract of Astronomical Azimuth observed at XXXV (MEisi) 1849-50. 

1. By Easttbrr~ El~ngnt~ion of 6 Ursse Minoris. 

Face L K L R L R L R L R L R 
Zero 0° 180' lo0 190' 20' 200' .SO0 210' 40" 220' 50' 230' 

Date December 26 January 1 December 27 December 29 December 31 December 29 
11 11 I1 11 I1 I1 11 If  11 11 I' 11 

12.25 14.30 8.45 17.06 5 -12  9'64 12.97 1 ~ " 5 5  1.3'15 16'83 8 - 1 6  10'32 
Observed difference 12-82 9.04 1.3'09 17.54 1 0 . 0 ~  1+'51 15-63 1 7 . 2 ~  8'98 17.62 9'63 12-55 
of Circle-Readings, 14'00 14-00 10.21 14.16 13-06 12.39 16'67 1.5'43 1.3'77 17-49 9 - 8 1  13'49 

Ref. M.-Star 1 0 . 0 ~  16.73 15'23 9-92 10.55 "'56 16-43 1.3'16 18'47 12-55 13-64 
reduced to Elongation 13-29 13'93 

1 0 ' 1 j  15-33 

Means 12-09 13-89 I 16-25 9'53 11'77 14.46 16-16 12-27 17-60 IO.O+ 12-50 

0 1  n v I f  4 4 n 

Meanaofbothfaces - 3 32 12-99 14.00 10'65 15.31 '4 '94 11'27 
Az. of Htar fr. S., by W. ,183 50 21 '29 23-71 21.70 2 2 ' 1 0  23 '30 22.50 
Az.0fRef.M. ,, 180 18 8-30 9-71 11.05 6.79 8-36 11-23 

3 - - - .. 
0 Observed 

Horizo,ltnl *ngle ; 
of Readill18 

Ref. Mark- 8tnr 

o r  rn 

- 3 32 10'10 

32 12 '50  

3120'80 
31 13-20 

+ 4 8 22-90 
8 26-80 
8 17-13 
8 12.43 

- 3 32 13'87 
32 17-44 
31 41'43 
31 35'87 

+ 4 8 2 4 - 2 4  
8 21-83 
7 44'07 
738.04 

- 3 32 17.03 
32 17-20 
30 38'03 

8 

8 .- 
.a = 

FACE BIGHT 
C 
C -  

5 $ 
g<z  Observed c E E 

, 2 & 
2 g, g 

m a  

I 18 

o 38 

. 
2 E'?: 
ba - 
o I 

50 2 
& 

230 a 

40 5 
& 

2 2 0  5 

40 5 
& 

2 2 0  5 

10 2 
86 

190 2 

10 2 

& .  
'90 3 

o r * l l ,  : 
1)iK of Heudil,p~ 
XBf. Mark-Ytnr 

o r  n 

- 33156.36 
32 1-83 
32 2 - 4 0  
31 49-37 

+ 4 8 33'54 
8 31.37 
7 49-60 
7 42'83 

- 3 31 40'80 
31 49-40 
32 8'56 
32 5'17 

+ 4 838'96 
8 33.63 
815'8.3 
8 10.43 
6 43'80 

- 3 31 58-00 
32 5'54 
3156'50 

Y 

4 

Dec.29 

,, 81 

,, 31 

Jan. 1 

1 

FACB 

.E S g 
Raduction in 

Arc to Time of 
Elongation 

1 4  

- o 0.22 

o 0'05 

E. 

W. 

3. 

W. 

E. 

LEFT 

Reduced Obeerration 
Ref. Bfnrk-Star 
at Elong.tion 

o I II 

- 3 32 10'32 

12-55 

Reduced Obsemntion 
Ref. M w k -  Star 
a glollgation 

o I 11 

- 332  8.16 
9'63 
9.81 

12'55 

+ 4 8 33'57 
31-65 
30'94 
32-05 

- 3 32 13.15 
8-98 

13-77 
13-16 

+ 4 8 39-02 
34.05 
33'85 
32 '62 
30'55 

- 3 32 8-45 
'3'09 
1 0 ' 2 1  

15-23 

7 ,g 2 

sgz 

m a  

9 2 9  
7 43 
7 31 

13 17 

0.27 
I 28 

17 46 
19 24 

I5 43 
12 13 
6 18 
7 48 

o 40 
I 48 

1 1 4 4  
13 I 
28 35 

8 56 
'7 35 
10 13 

13-49 
13'64 

+ 4 8 28-91 
29-96 
27-95 
27'82 

- 3 32 16'83 
17-62 

17-49 
18-47 

+ 4 8 28-74 
28.69 
26 - 30 
26-86 

- 3 32 17-06 

17.54 
14-16 

2 0  I /  052.69 

~ d u c t i o n  
Arc to l'ilae of 

Elongstion 

I r 

- 0 1 1 . 8 0  
o 7-80 

0 7'41 
0 23'18 

+ o 0'03 
o '0.28 
0 41-34 
o 49'22 

- 0 32'35 
o 19.58 
o 5-21 
0 7'99 

+ o 0.06 
o 0.42 
018-02 
o 22-19 
I 46'75 

- o 10.45 
0 7'55 
o 13-71 

21  26 

6 46 
4 54 
9 5 

10 50 

4 45 
I 11 

16 33 
18 o 

5 52 
7 14  

17 58 
19 19 

o 27 
I 37 

27 I 

I 0 ' 4 4  

+ o 6-01 
o 3-16 
o 10.82 
o 15'39 

- 0 2.96 
o 0'18 
o 36-06 
o 42-60 

+ o 4-50 
o 6.86 
0 42'23 
048.82 

- o 0-03 

0 0'34 
I 36'13 



190,, NORTH-EAST LONGITUDINAL SERIES. . 
Abstract of Astronomical Azimuth observed at  XXXV (Mhi)  1849-50-(Cmtiaued). 

2. By Western Elongation of 8 Ursae Minoris. 
.' 

Face L I1 L R L R L It L R L R 
Zero 0-80" 10" 100' 20' 200' 30' 210' 40' !!2@ 500 230" 

I 
Date December 26 ~ a n u a r ~  1 December 27 Uecernber 28 December 31 December 29 

~ 7 ~ ~ 5  3r'50 39Yoz 28';4 27.41 24'43 30%7 33."57 2 8 5 1  304.'70 30!'78 
Observed difference . 23-11 31.52 34'05 28'69 30'67 25'65 34-36 27.38 31'65 29.96 30'89 32'76 
of Circle-Recrdings, 24-52 33-70 33.85 26.30 29'63 26.04 32-47 28.66 30'94 25-95 31.17 24'74 

Ref. M.-Star 26' 16 32-62 26'86 30.71 2+'57 31-96 28-61 32'05 27-82 30.71 25.54 
reduced to Elongation 24 '60 3O.55 28-90 

28.55 

Means 25'19 32-24 34'02 27-65 29-31 25-17 32-42 27-51 32-05 28'66 30.87 28-46 

Meana of both faces + 40 84 28'*72 30'84 27.24 ~ 9 ~ 9 7  30'U36 ng !h7 h 

Az. of Star fr. S., by TV. 176 9 38.91 36'49 38-50 38.10 36-89 37-70 
Az. of Itef. M. ,, 180 18 7-63 7'33 5'74 8.0; i .25 7'37 

x 

O I A  

I by Eastern ~ l o n ~ a t i o n  ... ... ... 180 18 9-24 
Astronomical Azimuth of Referring Mark by Western ,, ... ... ... ,, 7-23 

Mean ... ... ... . . . ,, 8-24 
Angle Referring mark and XXXIII (Bela) see page 67, ... ... ... ... - 27 12 18-07 

I. 
Astronomical Azimuth of Beln by observation ... ... ... ... ... ... 153 5 50'17 
Geodetical Aziruutll of ,, by calculation from that adopted (Pol. 11, page 141) 

at  KaliBnpur, see page 156-.1. ante ... ... ... ... '53 5 55'97 

Astronomical- Geodetical Azimuth at XXXV (UBsi) ... ... ..@ ... ... - 5-80 

At XLV (Bansidila) 
h m r  

Lat. N. 2P0N 3".24; Long. E. 82' 19' 17".62 = 5 29 17.3; Height above Mean Sea Level, 377 feet. 
April 1849; observed by Mr. (3. Logan w i t h  Barrow's 36-inch Tlreodolite. 

Star ol)served 
Meall Right Ascension 1849.0 
Mean ~ & t h  Polar Distance 1N9.0 

Local Mean Times of Elongation, Apr. 4 

a Ursae Minoris (West and East). 
x h  4m 43' 
I" 29' 4j1'.99 

r Western 6" lom 

0 
Y 

.- 

!$ 
Y 

4 

A .  4 

g 
.; * 
2 
Zl 

- 

W. 

C 
0-  

Ei+ 
m S 6  
E & w  gz.5  

34' 
o I 

9 3 
k 

189 3 

1 

PACE IBXT PACE BIGHT 

Redlmed Obmat ion 
Ref. hfsrk -Star 

at Elollption 

o f  u  

- 2 40 19'62 
2c.65 
24.19 
22.98 

25-76 
27-04 

A o r i ~ ~ ~ ~ C l s  : 
])iff. of Readings 
bf. Mark-star 

0 1  u  

- 2 40 31'88 
40 27'90 
40 27.26 
40 29.24 

Redltrtion in 
Arc to T I I I , ~  of 

E1Ou~atiOn 

I u  

+ o 29'94 
o 19'57 
o 0.25 
o 0.00 

0 16-66 
o 2 1 . 1 0  

Observed 
: 

l)iK of hudmngs 
lief: .Yt- 8 b  

0 1 1  

- 2 40 49'56 
40 40'22 
40 24'44 
40 22-98. 

40 42'42 
40 48-14 

.5 z g 
'- 

2 $ & 
2 4 

m c 

r r  31 
9 29 
5 58 
8 9 

Reduction in 
Arc to Tune of 

Elongation 

1 a  

+ o 7'67 
o 5'20 
o 2'06 
o 3-83 

.5 E o .O = 
2 5 

-- 

m r 

2 2  46 
18 2 5  

2 6 
o 7 

17 0 

19 8 

Redl~ced Observation 
Bef. Mark - Star 

at Elongation 

O I U  

- 2 40 24-21 
22'70 
2 5 - 2 0  

25-41 



PRINCIPAL !FRIANGULATION. MI31UTHAJ OBSERVATIONS. 191-, 

w 
4 

C 
0 -  PACE LEFT PACE BIGHT d 

a .- Observed 
R 
0 

9,  6 

n 6 

,, 6 

,r. 7 

1, 7 

,, 8 

E. 

W. 

E. 

W. 

E. 

W. 

RG 
189 3 

18 3 
A 

198 3 

27 3 
& 

207 3 

27 3 
& 

207 3 

18 3 
& 

198 3 

: 
180 3 

o 3 
& 

180 3 

o r  4 

I 0 '56  
2 5 '20  
2 9 '34  
2 31-36 

2 33-00 

- 6 I 1-06 
I 10'86 
2 11-84  
2 15-14 
2 34'84 
236 ' 46  

- 2 41 10'32 
41 5'34 
40 30'06 
40 28.02 

4029.30  
4029 '78  

- 6 I 7-56  
I 14.10 
2 7 -90  
2 10.64 
2 32.16 
2 3 4 . 7 ~  

- 2 41 3'70 
4044.02 
40 26-30 
40 24.24 
4036.02 
40 40'34 

- 6 I 1 -78  
I 16-40 
2 5-36  
211 .46  
2 34-56 
a 34-98 

- a 41 8-30  
4052.10  
40 26'14 
40 23-48 
40 29'94 
40 30'64 

m 8 

40 32 
2 2  44 
2 0  24 

3 9 
o 2 0  

40 7 
37 59 
2 0  56 
18 54 
4 14 
o I 

27 49 
25 29 

8 44 
7 24 
5 0 

6 3 0  

, 39 o 
36 43 
2 1  49 
19 40 
4 21 

0 5 

26 48 
2 0  52 

2 53 
o 14 

14 2 

15 35 

38 37 
36 12 
21 26 
20 2 

5 31 
o I 

29 17 
2 4 3 5  

8 59 
5 51 
9 0 

10 41 

I 

1 3 4 ' 3 2  
0 29'75 
o 23'96 
0 0 ' 57  
o 0.01 

- I 32-43 
I 22.87 
o 25'25 
o 20'57 
o 1.03 
o 0.00 

+ 0 44'69 
0 37'49 
o 4'41 
o 3-16  

0 1 -44  
o 2'44 

- I 27-40 
I 17-47  
o 27.40 
o 22.30 
o 1-09 
o 0.00 

+ o 41-49 
0 2 5 . 1 6  
o 0.48 
o 0.00 

0 1 1 . 3 6  
o 14-01 

- I 25.68 
I 15.30 
o 26.44 
o 23-13 
o 1'76 
o 0-00 

+ o 49-52 
0 34'92 
o 4.66 
0 I . 97  
0 4'67 
o 6 '58  

0 1  N 

34 ' 88 
34'95 
33'30 
31 '93 
33 '01 

- 6 a 33-49 
33'73 
37 '09 
35-71 
35'87 
36-46 

- 2 40 25.63 
27-85 
25'65 
24'86 
27-86 
27-34 

- 6 2 34.96 
31'57 
35'3O 
32-94  
33'25 
34-70  

- 2 40 2 2 ' 2 1  
18'86 
25.82 
24'24 
24.66 
26'33 

- 6 a 27-46 
31.70 
31-80 
34' 59 
36-32 
34'98 

- a 40 18-78 
17.18 
21'48 
21'51 

25-27 
24'06 

o f *  

I 41-26 
2 23'28 
2 26.24 

2 25'74 
2 21-16 

- 6 I 37'40 
145 ' 12  
2 24-74 
2 27'64 

233 ' 48  
2 31-02 

- 2 40 43-92 
40 37'24 
40 27'36 
40 26.46 

40 34'88 
40 36'80 

- 6 I 40'94 
I 47.12 
226 ' 76  
2 28'32 

a 33 '46 
227.90 

- a4041 .72  
40 37-86 
40 29.68 
40 32.02 
40 52.62 
40 57-12 

- 6 I 44-90 
I 52-34 
223 .98  
2 25'58 
2 30'50 
a 27-30 

- 2 40 39-70 
40 35.28 
40 28'96 
40 32-72 
40 37-98 
40 39'88 

411 8 

29 46 
1 2  30 
10 29 

8 3 
10 24 

31 30 
2 9 3 3  
13 14 
11 16 

5 5 0  
8 10 

18 3 
14 27 

2 3c 
o 5 

11 46 
13 27 

30 6 
28 12 

1 2 2 6  
10 o 

6 14 
8 4 4  

14 10 
11 56 

7 7 
8 53 

21  7 
22  37 

29 22 

27 o 
1 4 4 4  
12 58 

7 57 
10 17 

16 52 
14 52 
o 1 2  

I 39 
15 46 
17 13 

I 4 

o 50.97 
o 9.01 
o 6.34 
0 3'74 
o 6-25  

- o 57'06 
0 50.21 
0 10'10 

o 7'31 
o 1'96 
o 3'86 

+ 0 18'81 
o 12.06 
o 0 '36  

' o 0.00 

o 7-98  
o 10'43 

- o 52'12 
o 45'75 
o 8.92 
o 5 -77  
o 2.24 
0 4-41  

+ 011'60 
o 8.22 
o 2-92 
o 4.56 
o 25-69 
o 29'48 

- 0 49-60 
o 41'98 
o 12.50 
o 9 . 7 ~  
0 3'65 
o 5'96 

+ o 16-43  
o 12'76 
o 0'00 

o 0.16 
o 14-32 
o 17'08 

0 1  tl 

32'23 
32'29 
32' 58 
29-48 
27.41 

- 6 2 34'46 
35'33 
34'84 
34'95 
35'44 
34'88 

- 2 40 25-11 
25.18 
27'00 
26.46 
26-90 
26-37  

- 6 a 33'06 
32'87 
35-68 
34 '09 
35'70 
32.31 

- 2 4 0 3 0 ' 1 ~  
29-64 
26'76 
27'46 
26.93 
27'64 

- 6 2 34-50 
34'32 
36.48 
35 '28 
34-15 
33-26 

- t 40 23'27 
22'52 
28.96 
22.56 
23 '66 
22.80 







1 9 L i  NORTa-EAST Lr)NGI'J!UDINA.L SERIES. 

Abstract of htronomical Azimuth observed at LXXI (Nmnangarhi) 1852. 

By Eastern Elongation of X Ursa Minoris. 

)I 

3 0- 

14 a .: a 

Fsce L B L B L B L B L B L B 

Zero 0° 180° 100 190' 20'' 200'' 81' 211' 41" 221' 51' 281' 

Date June 13 June 14 June 26 June 25 June !& June 22 
n n e n n n w n w a v e 

55'69 52'68 52-37 54'77 +49'2g 93-03 50'46 41-65 53'52 48'40 50'10 47.10 
54'66 54.00 51'69 53'14 *50ma+ *54'29 46'88 '46'87 51-59 50'68 52.00 49.83 
53'95 52-82 51'07 51-30 47'85 47-27 44-22 44-08 52'99 45.09 49.77 46-20 

Observed difference 51'02 55-54 50'20 52-45 451.26 44-93 47-11 46.93 52-24 50.37 50.45 50'81 
of Circle-Readings, 52-97 53.02 50.28 49'19 44.80 42.83 46'69 43-86 51-53 47-42 51-29 45.44 

Ref. M.-Star 53.52 52'42 50'55 53.29 49-11 43-56 47-61 45-69 53-05 50'16 50'84 44-06 
reduced to Elongation 47'05 44'49 50'19 48'93 

45-84 45'g0 46'00 47-27 
47-91 43'77 
46-50 46'51 

Meam 53-64 53-41 51.03 52-36 47'79 46-69 47-16 44-85 51-39 48-54 50'74 47-26 

0 1 1  * I1 * * w 

Means of both face8 - r 16 53.53 51'70 47'24 46-01 49'97 49.00 
Az. of Star fr. 5., by W. 181 16 29'82 29'50 15'54 25-88 26-20 26.88 
Az. of f i f .  M. ,, '79 59 36-29 37-80 38'30 39'87 36-23 37-88 

1 
4 

June 26 

o r rr 

... Astronomical Azimuth of Referring Mark by Eastern Elongation ... ... ... I79 59 37'73 

... ... Angle Referring Mark and LSIX (Bakwa) 8ee following page ... ... - 72 6 54'97 
... ... Astronomical Azimuth of Bakwa by observation ... ... ... ... ... 107 52 42-76 

Geodetical Azimuth of ,, by calculation from that adopted ( 7 0 1 .  11, page 141) at 
... KaMnpur, eee page 158,, mte  ... ... ... ... ... ... 107 52 50.12 

... Astronomical - Geodetical Azimuth at LXXI (Naonangarhi) ... ... ... ... - 7'36 I 

PAC1 L.pT 

am.-Where observations ocourred on the same pair of zeros on different nights they are reduced in this abstract to one d a b t h e  most convenient-by I 

&wing for rtu'r change of place. The date so adopted appeara at the head of the column, and the reduced oboemation b preceded by an as- 

O h w e d  
Eoizonw : 

of d i n  
Ref.Muk-8tnr 

0 I I1 

- I 16 26.80 
16 24'37 
I 5  24'23 
1 5  14-23 
13 36.53 
13 21'30 
11 26-60 
X I  9.20 

PAOX BIGHT 

Ei 

E. 

ga 
Y 

0 1 

20 24 
A 

200 24 

a ) 
j;; 

m  a 

21 57 
23 53 
42 59 
46 40 
66 12 
68 37 
86 8 
88 17 

Observed 
Horiio,,W Angle : 
DiL of 
Gff MUk-BYI 

0 1  * 
- I 16 41.56 

16 36-86 
1553'43 
1 5  48-30 
14 33-87 
14 27.13 
12 25'50 

12 7'93 

Reduction in 
Am LO l h e  of 

Elongation 

I * 
- o 5-71 

o 8-07 
049'40 
0 55-56 
2 1om61 
2 18-77 
4 18'27 
4 38-58 

.!! E g 
E B : 2 9 
8 

m a  
X I  26 
13 36 
3339 
35 41 
54 46 
56 28 
77 9 
80 9 

Beduction in 
Am ta "me of 

Elongation 

I w 

- o 21-05 
0 24.89 
120-57 
I 34'88 
3 10'52 
3 24-54 
5 21-31 
5 37'30 

BdundObmmti 
Bof. Mu*--8: 
it Elongation 

0 1  w 

- I 16 47-27 

41-83 
44'93 

43-86 
44'49 
45'90 
43'77 
46-51 

RduoedObsedion 
Ref. Mmk- 8- 
at Elongation 

O I W  

- I 16 47.85 
49-26 
44.80 
49-11 
47'05 
45'84 
47.91 
46'50 



PRINCIPAL !f!B,IANQULATION. AZI3fUTEA.L 'OBSERVATIONS. 195,, 

At CVI (Chhi) 

At LXXI (Naonangarhi) 

Jzlne 1852 ; observed by N r .  J. W. Armstrong with Barrow's 24-imh Theodolite No. 2. 

h a ,  r 
Lat. N. 26' 11' 4".72 ; Long. E. 87' 5' 19".98 = 5 48 21.3 ; Height above Mean Sea Level, 197 feet. 
December 1846; observed by Lieutenant R. Walker with Trougllton and Simms' 36-inch Theodolite. 

Angle 
bebeen 

LXIX& 
I&. M. 

a 

Star observed 6 Ursae Minoris (West and East). 
Mean Right Ascension 1846.0 1 8 ~  22m I@ 
Mean North Polar Distance 1846.0 3' 24' 17"'42 

Local Mean Timea of Elongation, Dec. 27 Western gh ~2~ 
Eastern 18 4 

Beconde of Observed Angles at each Zero 
0"s' 18008' 1@1' lg071' 20"21f 200"211 80°32' ZlOO93' 40049' 2W.48' EoosV 2w65' 

I1 I1 I1 I1 I1 If If 11 I1 I1 I1 If 

156.67 155.83 7~57.17 h54-90 7452'00 159'93 156'14 157'80 153'44 h56-27 154'90 1?53.33 
156'97 h53.07 157'30 h54.46 43.84 1.55'64 153'14 h57.83 h53-07 h56.76 h56.43 156.46 
h56' 17 hso'go h53' 56 h57.03 h51-60 

h51 '46 h49.86 h56 - 10 h53.36 h53.90 

150.16 h58.80 

56-60 52-67 56.01 54'68 52'92 54'52 55-16 57'82 53'26 56'52 54-90 54-36 

Qenerd Mean 

72' 6'5411'97 

S 
LI 
0-  FACE LEFT 

Redured Observation 
Ref. Mark-Star 

at Elongation 

4 

Dec. 27 

,, 28 

,, 28 

FACE 

Observed 
Ho.izonW Angle : 
Dx, of 

BIGHT 

Reduction in 
Am to Time of 

Elongation 

I v 

+ I 17-71 
o 56-37 
o 0-25 

0 3-15 

+ o 12-31 
o 7-21 
o 47-80 
o 59-65 

- 2 35-85 
2 13-47 
o 1-74 
o 4.41 

0 1  * 
+ I 13 26-48 

36.9~ 
25.11 
26-00 

+ r 13 22'25 
25'55 
25'35 
26' 58 

- 6 21 33-34 
33'82 
35-06 
34'44 

- 

W. 

W. 

E. 

.S g .g! , 3 

7 5 
2 2; 

Reduced Observation 
Ref. Mark-Star 
at Elonption 

o r  * 
+ I 13 33-61 

35'89 
33'89 
32'39 

+ I 13 32-37 
29. 48 

34'78 
33-17 

- 6 21 30.01 
31-11 

33-22 
31-77 

o I 

18 5 
& 

198 5 

a7 6 
& 

207 5 

27 6 
& 

z07 5 

0 1  w 

+ I 1 2  15.y 
12 39-52 
13 33'64 
I3 29'24 

+ I 13 20.06 
13 22-24 
12 46-98 
12 33-52 

- 6 18 54-16 
19 18-64 
21 31'48 
21 27'36 

m r 

24 27 
20 50 

1 23 
4 56 

9 44 
7 28 
19 14 
21 29 

34 47 
32 11 

3 40 
5 50 

o r  * 
+ r 13 14.38 

13 19-96 
rz 58-64 
12 44-44 

+ r 12 14-18 
12 35'40 
13 25.08 
13 23'96 

- 6 21 13-78 
21 26'34 
21 23'66 
21 13-71 

m a  

9 39 
7 19 
14 18 
I7 56 

22 53 
I9 39 
I 27 
4 30 

12 18 
7 36 

9 22 
12 38 

r * 
+ o 12'10 

o 6-94 
o 26-47 
0 41-56 

+ I 8-07 
0 50'15 
o 0-27 
o 2.62 

- o 19-56 
o 7'48 
0 11-40 
o 10'72 



NORTH-EAST LONGITUDINAL SEBIES. 

Abstract of Astronomical Azimuth observed at CVI (Chhi) 1846. 

1. By EaaternElongation of 8 U m  Minoris. 

" 
Y 

4 

Dec. 29 

,, 80 

,, 30 

, 81 

,, 81 

Face L . B  L B L B L B 
Zero 0" 180" 9" 189' 18" 198" 27" 207" 

Data December 81 December 80 December 29 December 28 
w D v I v ? n rr 

32.51 30'73 32-81 26-22 35'06 30.82 33 ' 34 30.01 
Obaervd difference 3Ss25 30.74 35-89 26.08 34-91 31-57 33'82 32 ' X I  
of Circle-Readinge, 36-32 30'59 37-22 28.85 35-15 32-50 35'06 33'22 

Ref. M.-Star 37'54 30'69 39-48 28'24 34-66 32 '05 34'44 31 '77 
reduced to Elongation 33'87 

33'35 

Meam 35-41 30'69 36'35 27'35 34'50 31'74 34'17 31-78 

0 1  1 I 11 

Means of both fama - 6 91 33-05 31'85 33 ' 12 32-98 
Az, of fr. S., by W. 183 47 30' 24 2 -88 29-52 29-17 1 Be. of Ref. M. ,, 177 25 57'19 5 '03 56-40 56-19 

I 

g w 

E. 

w. 

E. 

W. 

E. 

Observed 
Horizontal Angle: 

" Bndi"r 
Ref. Muk-Star 

0 1  I - 6 18 30'82 
19 10.96 
21 25'58 
21 29.18 
2047'28 
2034'26 

+ I 12 50'12 
I3 3-18 
12 40.96 
12 21-20 

- 6 21 17-54 
21 25'78 
21 30'62 
21 a6.78 

+ I 13 21-12 
13 13-56 
12 24-42 
12 1.78 

- 6 18 31'20 
18 56.80 
21 19-56 
21 26-40 

1 

C 
0 -  
0 1 

-3s :2 
' ? e m  

'3 d .: " 
83 
Y 

o I 

18 6 
& 

198 5 

g 2 
& 

189 I 

5' 
189 I 

O& 
180 4 

o 5 
& 

180 4 

Observed 
: 

Dil or 
bf. Yvk-Bt-. 

0 1  I 

- 6 20 20.72 
2043.98 
21 32'36 
21 30'84 

+ I 13 33-78 
13 32-70 
11  36-28 
11 18-96 

- 6 19 49'34 
20 5.00 
21 28.76 
ax 17-92 

+ I 13 18-24 
13 25'58 
13 13.26 
13 7-06 

- 6 20 15-66 
20 28-08 
21 28.66 
ax 30'36 

FACE 

g.g 
2 2 ;i : I m 
4 = 
zgjq 

m r  

37 50 
33 25 
8 36 
6 30 
1 8 5 6  
2 1 2 0  

15 47 
I2 42 

18 39 
22 13 

10 52 
8 50 
7 8 
g 53 

o 9 
2 24 

22 15 
24 49 

37 32 
35 4 
11 23 

LSP7! 

Reduction in 
Arc U Time of 

Elongation 

I v 

- 3 4-24 
2 13-95 
o 9-57 
o 5'48 
046.59 
059-09 

+ o 31-35 
0 20.92 

o 44-96 
I 3-81 

- o 15-27 
o IO'II 
o 6-60 
o 12-70 

+ o o'oo 
o 0-75 
I 3'98 
I 19-48 

- 3 1'31 
2 38'45 
o 16'76 

Reduced Obrervation 
Ref. Mark-8tu 
at Elongation 

0 1  11 

- 6 21 30'82 
31' 57 
32-50 
32 '05 

+ I 13 34'39 
32-71 
33'34 
34-69 

- 6 21 26.22 
26.08 
28'85 
28-24 

+ I 1 3 35-89 
35-21 
29-19 
31-97 

- 6 21 30.73 
30'74 
30'59 
30'69 

PAC1 

.a 0 g 
9 

m r  

23 18 
19 1 1  

I 3 
3 3 

2 lo 

0 15 
30 8 
32 27 

27 24 
25 4 
o 49 
I 34 

1 1  40 
8 37 

11  6 
14 g 

24 7 
22 I 

3 52 
I 36 

Mucad O b . o r t i o ~  
Ref. Mark-Star 
at Elongation 

0 1  I 

- 6 11 35-06 
34-91 
35-15 
34'66 

33'87 
33'35 

+ I 13 22-47 
24' I 0  

25.92 
25'01 

- 6 21 32-81 
35'89 
37'22 
39'48 

+ I 13 21'12 
24-31 
28'40 
21'26 

- 6 21 32-51 
35 '25 
36'32 

g 17 I o 11'14 

BIQBT 

Ei.onhf 
Elongation 

I n 

- I IO'IO 
0 47'59 
o 0.14 
0 1-11 

+ o 0'61 
0 0'01 
I 57-06 
2 15-73 

- I 36.88 
121'08 
o 0.09 
o 0'32 

+ o 17-65 
0 9'64 
o 15-93 
o 25-91 

- 1 15'07 
I 2-66 
0 1-93 
o 0'33 37'54 



PRINCIPAL !I!RIANGULATION. AZiMlTTHdL OBSERVATIONS. 

Abstract of Astronomical Azimuth observed at CVI (Chihi) 1846-(Continued). 

2. By Western Elongation of 6 Urm Minoris. 

Face L l% L B I; R L B 
Zero 0" 180' 9" 189' 18O 198' 21' 20'P 

' Date December 31 December 30 December 27 December 28 
11 I 1  rr 11 11 I1 I 1  I 1  

Observed difference 21-12 35'89 22-17 34'39 26.48 33'61 22'25 32'37 
of Circle-Beadings, 24'31 35 '22 24. 10 32'71 26-90 35 '89 2.5 '55 29 '48 
Ref. M.-Star 28 '40 29'19 25 '92 33'34 25.1 t 33-89 2.5 '3.5 34'78 

reduced to Elongation 21-26 22-97 25-01 34'69 a6*00 32'39 26-58 3.3 ' 17 

Means 23'77 33'32 24-38 33'iS 26-12 33'95 24'93 92.45 

0 I 11 I1 11 ,I 

Means of both facee + 1 13 28-55 29 ' 08 30'01 28-69 
Ax. of Star fr. S., by W. 176 1% 29.94 30.30 31-37 31-01 
As. of Ref. Id. ,, 177 25 58'49 59 '38 6: '41 59 ' 70 

0 r ... ... ... by Eastern Elongation I77 25 5&:95 
Astronomical Azimuth of Referring Mark by Western ,, ... ... ... 9, 59'75 

Mean ... ... ... 
8 9  58.35 

Angle Referring Mark and CV (Minai) eee page 112- ... ... I. ... + 8 23 40.74 ... ... ... Astronomical Azimuth of Minai by observation ... ... '85 49 39'09 
Geodetical Azimuth of ,, by calculation from that adopted (Pol. 11, page 141) at 

KaliBnpur, gee page 160-, ante ... ... ... ... ... 185 49 48-14 
Bstronomical- Geodeticrtl Azimuth at C VI (Chtini) ... ... ... ... - 9-05 

At CXXII (Rimganj) 

b m  r 
Lat. N. 26' 18' 55".51; Long. E. 88' 19' 57".61 = 5 53 19.8; Height al~ove Mean Sea Level, 249 feet. 

December 1852 and January 1853; observed by Ah. J. 0. Niuolson with Barrow's !24-iuch Tbeodolite No. !L 

Star observed 
Mean Right Ascension 1853 -0  
Mean North Polar Distauce 1853.0 

Local Mean Times of Elongation, Dec. 27 

6 Ursae Minoris (West atld East). 
18" 1 9 ~  46' 

3 O  24' 4". 62 
Western gh 4gm 
Eastern 18 o 

C 

4 FACX LEXT MOB BIQAT 

Reduced Observation 
Kdf. M~rk-Star 
at Elongation 

0 1 lr  

+165 41 7-59 
7 ' 0.3 
10.60 
10'02 

Reduction in 
Arc to Titne of 

Elorlgation 

I * 
+ o 0-79 

o 0.06 

0 S.20 
0 5',?5 

4 

Dec. 27 W. 
0 I 

o o 
(e 

180 I 

0 I I 1  

+165 41 9'60 
qr 12-83 

40 53-30 
40 50'00 

Wb a 

1 1  47 
ro I 

14 53 
16 27 

I I1 

+ o 18'04 
o 13-06 

0 28'68 
0 35'04 

0 I I1  

+165 41 27-64 
25 '89 
21 '98 
'5 'O4 

o r  11 

+165 41 6'87 
41 6-97 

41 7-40 
41 4-67 

m e  
2 21 

o 41 

4 58 
6 25 



198-is NORTH-EAST LONGlTUDLNAL SERIES. 

- 
S 
n 
3 

I 
4 

Dec. 28 

28 

29 

,, 29 

,, 80 

,, 80 

,, 81 

n 81 

.i$ 
g 

W. 

E. 

W. 

E. 

W. 

E. 

W. 

E. 

%, 
0-u 

pf 
4 .  

" Y I  
g M  

0 I  

20 o 
& 

2 0 0  I 

20 o 
& 

2 0 0  0 

40 o 
& 

2 2 0  I 

40 o 
& 

220 0 

236 59 
& 

56 59 

236 59 
& 

56 59 

256 59 
& 

76 59 

256 59 
& 

76 59 

Beduoed Obsemstion 
Bar. Mark-SLu 

at  Elonguiun 

0 1  * 
4-165 41 30'77 

32-21 

32-35 
34-84 

+158 5 62'71 
60'34 
60'og 
60'21 
68.86 
62 ' 98 

+165 41 20.68 
17'48 
19'36 
2 I ' 0 2  

23'58 
19'64 

+158 551'97 
51.00 
46'23 
49'45 

+165 41 25'5j 
24-37 
19-64 
24-67 

+158 5 51-47 
59'33 
60.36 
61 '76 
59'36 
60'79 

+165 41 21-17 
23'95 
17-53 
18'66 
I9.99 
17-39 

+158 5 54'96 
53-26 
54-41 
53 '69 

8ACI LPfi 

.S S g 
Beduotion in 

&Lo 

Obmwed 
Honaontsl Angle : 

of hdingm 
&,I. Muk - S k  

O I *  

+165 40 48'57 
40 58'63 
41 11.90 
41 7-43 

+158 546'50 
5 45'20 
5 56-77 
6 7-53 

+165 41 8-17 
41 10.77 
41 12-27 
41 13-10 

+158 6 0'00 
6 4'10 
6 28.00 
6 3g.10 

+165 41 1 2 . 0 0  

41 15-27 
4 0 9 . 2 3  
39 59-40 

+158 5 44'00 
5 46'23 
551'97 
5 55'73 

+165 41 12-83 

41 14-07 
41 7-40 
40 59-17 

+158 6 15-70 
6 11'27 

6 1'33 
6 4.90 

DS. of bdingm 

0 1  * 
+165 41 25.40 

41 29'10 

4132.33 
41 34'47 

+158 6 8'00 
6 3-30 
6 48-40 
6 56'00 
7 50'00 
8 4'33 

+165 41 1-13 
41 2'80 
41 3'77 
I I 

40 43-23 
40 31-47 

+158 552.30 

5 51-00 
553'93 
6 1-93 

+165 41 14-33 
41 21'80 
41 2-13 
41 0'37 

+158 6 4-03 
6 7'57 
6 52-43 
7 3-10 
7 9-50 
7 18-60 

+165 41 15'80 
41 20.93 
40 43-40 
40 38'53 
39 58'37 
39 47'67 

+158 5 58-80 
5 55'63 
5 54'47 
5 54'43 

IACP 

2 2 '- 
af i  ' ' 
t 2 % 
3 0 

m a 

13 37 
12 7 
7 50 
9 15 

2 2 

0 34 
10 13 
11 52 

4 9 
2 45 
2 15 
3 40 

11 g 
g 2 0  

17 46 
19 53 

5 43 
4 19 

2326  
24 49 

o 53 
o 7 
6 3 3  
8 6 

o 41 
I 25 
7 29 
8 56 

15 45 
13 23 
11 g 
12 33 

BIQHT 

M u d i o n  in 
Aro Lo Time of 

Elongation 

I 1  

+ o 24'11 
o 19-07 

0 7'94 
0 11'09 

- o 0-54 
o 0.04 

o 13'56 
o 18.31 

+ o 2'25 
o 0.98 
o 0.66 
0 1-74 

- 016-13  
o 11-30 
o 41-02 
o 51-42 

+ 0 4-24 
0 2-13 
I I I - 0 4  
1 19-58 

- o 0.10 

o 0.00 

0 5 - 5 8  
0 8-51 

+ o 0'06 
0 0'26 
0 7'25 
o 10'34 

- o 32-09 
o 23-21 
o 16'17 
o 20-50 

b d u c s d o l  
Ref. Mar 

Elon 

0  

+165 41 

+158 5 

+165 41 

+158 5 

+165 41 

+158 5 

+165 41 

+158 5 

m a 

6 26 
4 54 
0 2 4  
I 42 

6 23 
4 47 

19 16 
20 43 
27 53 
30 32 

1 2  14 
10 38 
10 58 ' 

12 23 
I7 52 
19 18 

I 36 
o a 
7 4 2  
9 43 

3 4 
4 27 

11 37 
I 2 

9 27 
7 58 

2 0  I 

2 1  43 
23 13 
24 27 

6 26 
4 49 

16 14 
17 36 
25 8 
26 21 

5 27 
4 17 
0 35 
2 24 

Elongat'on 

I *  

+ o 5-37 
o 3'" 
0 0 ' 0 2  

0 9 - 3 7  

- o 5-29 
0 2-96 
o 48-31 
0 55-79 
141.14 
2 1-35 

+ o 19.45 
o 14.68 

0 15-59 
o 19-89 
0 41-35 
048.17 

- o 0.33 
o 0.00 

0 7-70 
o 12-28 

+ o 1 - 2 2  

0 2'57 
o 17-51 
0 24-30 

- o 11-56 
0 8-24 
o 52.07 
I 1-34 
I 10'14 
I 17-81 

+ o 5'37 
0 3-02 

0 34-13 
0 40'13 
I 21 '62 
I 29-72 

- o 3-84 
0 2'37 
0 0'05 
0 0'74 



PRINCIPAL TI1IANQULATION. AZIMUTHAL OBSERVATIONS. 1% 

Abstract of Astronomical Azimuth observed at CXXII (Rgimganj) 1852-63. 

1. By Eastern Elongation of 8 Urm Minoris. 

c. 
0 -  PACE LlPT PACE PIffET 

F I '  

obaewal 0bWrTef.l 

Fsce L B L B L R L B L B L B 

Zero 0' 180" !Uf' 200'' 40' B(P 287" 6'?" 7 7  2 v  9g0 

Date January 2 Decembet 28 December 29 December 80 December 81 Jsnnary 1 

II II I( r n 11 #I tr II II R II 

50.14 43-05 63-71 45-96 51-97 43-87 5%-$7 43'90 54-96 4 3 ' 6 ~  #'% 49'73 
Obaerved differem 45-75 42-29 60.34 4 5 . ~ 6  51-00 52.80 39-33 46'23 53-26 48-06 43-89 47-58 
of Circle-Readiigs, 51-05 43-33 60.09 43-21 46-23 46'98 60'36 4 - 3 9  54.42 45-16 43-31 43.48 

Ref. M.-Star 45'34 44-25 6 - 2 1  49-23 49'45 47-68 61'76 47'2% 53'69 44-40, 45'57 M'OO 
d u d  to Elongation 49'88 68.86 59'36 46-44 

62 '98 6 - 7 9  

Merns 48-41 43'33 63'53 45'89 49'66 47'83 59-01 45'94 54-08 45-31 45-01 46-20 

o t n  I1 I t  f I  I1 11 

Mesne of both faces +158 5 45'83 54-21 48-75 53'48 49'70 45'6r 
As. of Star fr. S., by W. 183 47 45.49 43'48 43-87 44-32 +I.)' i6  ~ 5 . 1 5  
Ac. of Ref. M. ,, 341 53 31.31 3 7-69 33'63 36'80 34'46 30'76 

4 

Jan. 1 

,, 1 

,, 2 

W. 

E. 

E. 

.. 
0 t 

276 59 
a 

96 59 

276 j9 
& 

96 59 

0 o 
a 

1m 0 

O f "  

+165 41 18'67 
41 19-87 
4059.63 
40 55'73 
39 5 1-93 
39 35' 13 

+158 6 10.90 
6 3'53 
6 10-ao 
6 20.43 
626'90 

+158 5 54'33 
5 48-00 

5 51.23 
5 46-27 
5 53'43 

l n $  

4 45 
6 19 

12 59 
14 51 
28 25 
29 47 

14 11 
12 19 

14 2.3 
16 8 
1739 

5 37 
4 ro 
I 11 

2 49 
4 26 

I .  

+ o 3-93 
o 5'17 
o 21.84 
o 27-31 
I ~ ' 2 6  
1 54'53 

- 0 26.06 
o 19-64 
o 26-89 
033.86 
040'47 

- o 4-09 
o 2-25 
o 0.18 
o 1-03 
0 3'55 

o r  * 
+16j 41 21-59 

35 '04 
21-47 
23 '04 
36' 19 
29'66 

+158 5 44-84 
43'89 
43-31 
46-57 
46m43 

+158 5 50.14 
45'75 
5I'O.S 
45-24 
49-88 

0 1  * 
+165 41 8'6; 

41 10.9; 
40 8-27 
3954.00 

+158 5 52'27 
548'70 
5 45'03 
5 47'43 

+ 158 6 7'57 
6 0.60 

6 1-73 
6 7'03 

m 
3 32 
I 44 

a1 55 
'5 5 

4 25 
a 56 
3 27 
5 8 

13 46 
11 53 
11 54 
13 J.+ 

8 

I * 
+ o 1-62 

o 0'39 
1 a-08 
I 31-33 

- o 2-54 
o 1-13 

0 1-55 
0 3'43 

- o %.c's~ 
o 18-31 
o 18-41 
o 12-78 

0 1  

+165 41 10'29 
11'36 

10.35 
15-33 

+1j8 5 49'73 
47 '58 
43 '48 
44-00 

+158 5 43-05 
41-29 
43'32 
44.25 



2 0 %  NORTH-EAST LONQITUDINAL SBRIES. 

Abstract of Astronomical Azimuth observed at CXXII (Rhnganj) 1852-53-(Continued). 

2. By Western Elongation of 6 Ursse Minoris. 

Face L R L R L R L R L R L R 

Zero 0° 180' 20' 200' 443' 220' 237' 570 257' 770 2770 9P 

Data December 27 December 28 Deoember 29 December 30 December 31 January 1 
k 4 I # rt V u w I I1 11 

27-64 7'59 30'77 12'68 20'68 10.42 25-55 16'24 21-17 12.89 21-59 10.29 
Observed difference 25.89 7-03 32-21 17-70 17'48 11.75 24'37 17-70 23-95 14'33 25'04 11-36 
of Circle-Readings, 21-98 10.60 32'35 19.84 19-36 12.93 19-64 20'27 17-53 14-65 21-47 10.35 

Ref. M. - Star 25-04 10'02 34'84 18'52 21'02 14'84 24'67 18-98 18'66 9'51 23-04 15.33 
reduced to Elongation 23-58 '9'99 36-19 

19'64 17-39 29'66 

Means 25'14 8-81 32'54 17-19 20'29 12.49 23-56 18.30 19.78 12-85 26-17 11.83 

0 1  * 4 v H 4 U 

Meaneofbothfacea +165 41 16.98 24-87 16-39 20.93 16-32 rgeoo 
Az. of Star fr. 8., by W. 176 12 17'02 16-69 16'35 '5.91 15-46 I 5 'ox 
BE. of Ref. M. ,, 341 53 34'oc' 41 '56 32'74 36.84 31-78 34'01 

... 
i ... 

by Eastern Elongation 
Astronomical Azimuth of Referring Mark by Western ,, 

Mean .., ... 
Angle Referring Mark and CXXIV (~&ch&bhi) aee below ... ... 
Astronomical Azimuth pf I(ancMb&ri by observation ... ... ... 
Geodetical Azimuth of 29 by calculation from that adopted (Po t .  

at KaLhpur, see page 161-L ante ... ... ... 
Astronomical- Geodetical Azimuth at CXXII (R&mganj) ... ... 

... m.. 

... ... 
11, page 141) 

J. B. N. HENNESSEY, 

In charge of Computing O&u. J 

I 

At CXXII (IUmganj) 

December 1852 and Janzcay 1853; observed by Mr. J. 0. ~Vicoleon with Barrow's 24-imh Theodolite No. 2 .  

Qenelnl Mern 

123~1~38"'62 

Seconds of Observed Angles at each Zero 4 @I8 lWIJ W18 -1. 4U'lt Wlr 23.69' 66'69 ZW60' 7.60' -69' 96'6%' 

C-,IVL 
R. M. 

I x 4 n 4 n I ,, I1 4 It w 

h34.87 h36-93 840.50 h39.60 h36-33 h40.63 h36.83 h+o-o3 h37-37 841.33 A38.10 hqo-to 
h34-50 h35-67 h39.63 137.97 h38.13 h38'53 hqo.70 h40.17 h3g.07 h39.43 h37.17 h40.83 

h41-70 

34'69 36-30 40.06 38.79 37-23 39.58 39-74 40.10 38'22 40.38 37-63 40'77 



NORTH-EAST LONGITUDINAL SERIES. 

ALPHABETICAL LIST OF PROPER NAMES SHOWINa 

LATEST AUTHORISED SPELLINGS. 

A portion of the text of this Eleldes in which Indian proper names occur having been printed prior to 
1871, the spelling of such names was necessarily in accordance with the rules introduced by Colonel Evereat 
for use in the Survey Department. Subsequently the Government issued a modification of these rules, but as 
it was not desirable to introduce a change of system in the middle of the publication, Colonel Everest's method 
was adopted throughout the Series, excepting in the Addendum, beginning with page 25.-,, which, being printed 

only recently, is in accordance with the Government method. Now that the publication of the series is finished, 
it appears desirable to give the proper names in question by both systems of spelling ; this is accordingly done in the 
following table, where the h t  column of each pair states the spelling adopted and the second column gives the 
corrected orthography as required by Government rules. Where the methods are identical the second column 
is left blank. 

OBTHOQBAPHP 

By old or Survey By new or Government 
rule8 1 &a 

OBTHO~EAPHY 

By old or B w e y  By new or Government 
rules 1 rule, 

OBTHOQBIPHY 

By old or Survey By new or Government- 
rules I ,.&, 

Baori 
B4ra 
Bar4ich 
B4ra  ad ilia 
Bartipbra 
Bantseo 
Bare 
Bareilly 
Bargonia 
Barhbmpdr 
BmhBta 
Barikankd 
Barri Patesri 
Barshm 
Barwha 
Barwb 
Basaola 
Basotara 
Basua 
Batdha 
Bat& 
Batwaia 
Begni 
Beheri 
Bela 

Adwani 
Ahlapfir 
Ah ti 
Aj i tpb  
Ajmere 
Akaom 
W m j  
Almora 
Amdm 
Amba 
Adrkali 
Asanghwa 
Asoghpb 
Asogi 
At4ria 
Athari 
Atkonawa 
Baber 
Bhbm 
Bachaor 
B&dhar 
W P W r  
%ha 
Baghaia 
Bagotiph 
* 

. 
Bagwhra 
B4h Adlirganj 
Baigul 
Bailawa 
Bailwa 
Baingra 
Bairchawa 
Baisi 
B4jm 
Bakwa 
BUpbr  
Balchentha 
Bgligarh 
Baloia 
Baldmpb 
B a l h  
B h m i  

, Banda j a a  
B h g  hora 
Bangra 

Ban "Ilk"" ta 
Bhiisi 
Baneidfla 

Bauri 
Barn 
Bahraich 
Bara Man j ilia 
Barhapura 

Barham pur 

Barikankai 

Basaula 
Basotra 

.. 
Baheri 
B@ 

Adwhni 
Bihp~r  
Htiti 
Ajitpur 
Aj mir 
Ikauna 
Aligan j 

Amua 

Asangawa 
Asogapur 

Babra 
Baohhaur 

Bagaha 

Bagotipur 

Bal~hdurganj 
Bahgul 

Belwa 

Btilapur 

BaMmpur 
Balua 
Banarsi 

Bangm 
Banjaria 

BBnei 
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O B T H O Q E ~ P ~ ~  

By old or Buroey 

O a m o o s ~ ~ w  

By new or Government 

OBTEO~BAF.ET 

By old or Survey 1 By new o;Trnmcmt By old or Eiurvey 
rule8 

G h d w a  
Gharbarh 
Ghiba 
Ghogochodi 
Ghona 
Ghungti 
Ghungtigarh 
Gidh uraia 
Gilaolia 
GirhhBwa 
Girj w 4la 
Gon4lia 
Gonda Badich 
Goruckpiir 
Guluria 
Gumti 
Gdiighi 
Gunski 
Haidarhbid 
Haidl 
Haldikora 
HaldwAni 
Halsan 
Haraot 
Harmandil 
Harmoa 
HarnShi 
HarpGr 
Hasuadol 
Hhtgdon 
Hdtihaol 
Haveli Goruckpfir 
Hilgi 
Himdonpiv 
Hurdwar 
Inarwa 
Intai 
Irfagarh 
Isdnagar 
Isrdpiir 
Jabdi 
Jtidupati 
Jagarchi 
J&ub Itwa 
Jampta 
Janjpati 
Jarel 
Jeh4ntib4d 
JehAn girpiir 
Jh 4la 
Jliolai 

By new or Government 
rule8 1 _a 

Gl~ungtigarh 
Gidhraia 
Gilaulia 
Girama 

Gonda Bal~raich 
Gorakhpur 
Gularia 

Giinghi 

ECaidarabad 

Halstin 
Haraut 

Harmuma 

Harpur 
Hanswadol 
Hhtgaon 
Htitlhaul 
Haveli Gomkhpu 

Himaiunpur 
HardwSr 

Iriagarh 

Isrtipur 

Jakdb Intwa 

Jah4naba.d . 
Jahdngirp ur 
J&la 

Belwa 
Belwania 
Benaikph 
Beraor 
Betia 
B htigalp~ir 
Bhagarati 
Bhagwhnph 
khaispha 
Bh4la 
Bhaonipiir 
Bharmi 
Bhataora 
BhatttibBri 
B116wka 
Bhela 
Bherin, 
Bheda Bisanpdr 
Bhikaolia 
Bhinga 
Bbogpfir 
Biar wa 
Biar wa 
Bigoia 
Bijnor 
Birfidi 
Birda 
Birdpfir 
Birond 
BisalpGr 
Bisambharpdr 
Bisanptir 
Boda 
Boudi-tola 
Budlloli 
BuUkiph 
BudgSon 
Burwa 
Chakla 
Chalthi 
Champhn 
Chanda 
Chan darstina 
Chandarsrinptir 
CI~&ndipah&r 
Chaoka 
Chdpin 
Chaprhri 
Chedarmi 
Cheliia 
Chetaona 

rules 1 rdea 

Belwania 
Binhyakpur 
Beraur 
Bettiah 
Bh4gdpur 
Bhdgirathi 
Bhagw4npur 

Bhaunipur 

Bl~ataura 
Bhattabhri 
Bharwha 

Bheria 
Bheria Bisanpur 
Bhikaulia 

Bhogpur 
Biarwa 

Bigoia 

Biradi 

Birdpur 

Bisalpur 
Bisam bharpur 
Bisanpur 

Baudi-tola 
Badholi 
Bul4kipur 
Bunagaon 

Chalari 
Chumparun 

Chandarsanpur 

Chauka 

Chelua 
Chetauna 

Chilkia 
Chot4ki 
Chota Parsoni 
Chfini 
Dadaora 
Dahlelnagar 
Daka 
Dak4ria 
D4libhht 
Dknar 
Diiiiria 
Daorka 
Daparka 
Deopfir 
Dewhnganj 
Dhakdbia 
Dhanga 
Dhdntola 
Dharamnagar 
Dharampdr 
Dharamsingua 
DhLr4ra 
Dhasowar 
D hela 
Dl~oadni 
Dholakar 
Dllunka 
Dhdrwa 
Di4nirao 
Dinhj pore 
Dip& 
Dipnagar 
Doab 
Don do 
Doiik 
Dfimdhgi 
Ddng4pAra 
Durgaoti 
Fateptir Singhia 
Gandak 
Ganespk 
Ganges 
Gangi Stihibganj 
Gaoria 
Gaori-Rgi 
Garhwal 
Gernhbhri 
Ghdgra 
G hamaria 
GhandU 
Ghtios 

Dadaura 

Dh4ka 

Dhnria 
D haurahra 

Deopur 
Diwhn gan j 
Dllakdhia 

Dharampur 

Duhosuho 

Dhaudni 
Dllalokar 

Dllianirau 
Dinagepore 

Donau 
Donk 

Dhgapdra 
Durgauti 
Fatehpur Singhia 
Gunduk 
Ganespur 

G angi Stihebganj 
Gauria 
Gauri- Rai 
Garhwkl 
Gernabhri 
Gogra 

Ghaus 
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OBTHOQEAPHY 

By old or Survey 
rule8 

By old or Survey 
rules 

Kothibh4r 
Kow4lpfu 
Klilri 
Kdiiganj 
Kumaon 
Kusha Baldmpbr 
Kusmai 
Kutia 
Lachmip tir 
Ladda 
Lakima 
Uki in  
IAlpdr 
Lambskhera 
Langari 
Laorilia 
Larg4pati 
Latona 
Latona-Ggdi-H&t 
LohBpBnia 
M4begarh 
Madanp6r 
Madkgan j 
Madnagar 
Mtidopbr 
Madura 
M4hhdeoa 
Mahamdi 
Mhhhada 
M4h4whgan j 
Maihiri 
Maisaora 
Maj h4m 
Majhiwa 
Majhowa 
Mqkliri Gola 
Makhhra 
Malan 
Malkonia 
Mandh  
Mtinichtiok 
Mhikplir 
Manikpdr 
MBnikp6r-Bardsha 
Mansiirganj 
Maniila 
ManGla-Pdti 
Maomai 
Marahia 
Mastiha 
M h i  

By new or Government 

OBFHOQUAPHY 

By new or Government 
rules 

Kothibhhr 
Kewalpur 
Kulri 

Kumaun 
Kusha BalrSmpur 

Kutia 
Lachmipur 
Ladnia 

Ulpur  
Lambakhera, 

Lauria 
Largapati 

Lohdpania 
Mabegarh 
Madanpur 

Mdd hopur 

Mahddewa 
Muhamdi 
Mahbnada 
Mahawaganj 

Maisaura 

Majhawa 
Maj hauma 
Majkuri Gola 

Manicllauk 
Mhikpur  
Mhikpur  
MBnikpur-BardBha 

Manblapati 
Mauwai 

Masi 

OPTHO~RAPEY 

By old or 8 u n q  / BynmorG&ve-m.' I rules 

Masoa 
Mathi 
Mathia 
Mehesari 
Mehesi 
Mehnd 
Mihambar 
Mila 
Minai 
Mirtipati 
Mirzhph 
Misaraolia 
Modhra 
Moradabad 
Morairi 
Motihdri 
Muldpiir 
Mundawar 
Mbsaldanga 
Nadda 
Ndgal 
Nahli 
Naitithtina 
Nanaota 
Nhndptira 
Nanpdr 
NaogBofi-KaliBnp6r 
Naou angarhi 
Naosera 
N4r4digar 
Narhar 
Naringa 
Narkatia 
N4thpiir 
Nawfibganj 
Nepal 
Newtida 
Newtini 
Nichlaol 
Nightban 
Nimua 
Nirpiix 
Oel 
Omiria 
P4hBrkBta 
Pair w aha 
Pakaria 
Panchpirwa 
Paori 
Paragawa 
Parewa 

Jirol 
Jitpiir 
Jukniil 
Juktia-atsdra 
Judwandi  
Kabiai 
Kri.imkhera 
Kakuruha 
Kali&gan j 
Kalitinp6r 
I ( a l i b p b  
Ktilidongi 
Ktilbsaiud 
Kamaldtiha 
Kamtilpiix 
Kamaria 
Kanamajot 
Kanch 4bAri 
Kanjaoli 
Kankira 
Kanont 
Kaolda 
Kaonriko t 
Kar6.i 
Karela 
Kdridia 
Karimtibhd 
Karmhhi 
Karmeni Ghat 
Easaka 
Kashipb 
Katgarhoa, 
Katna 
Kavaia 
Kelsllia 
KhairBbid 
K h h p h  
Khark hari 
Eheri 
Khesri 
Khopra 
KhotAgBch 
Kiloli 
Eimeria 
KimGsera 
Kishanganj 
Kohorawhl 
Kokra 
Kota 
Kotdwha 
Kothar 

Masuwa 
Mtithi 

Mahesari 
Mehsi 
Mahind 
Miasambar 

Mirapati 
Mirzapur 
Misraulia, 

Motiharee 
Mulapur 
Mandtiwar 
MbsaldBnga 
Nadua 

Nhnauta 

N h p u r  
Naugaon-Kalihpur 
Naumngarhi 
Nausem 
Ntiridigar 

Nhthpur 

Nephl 

Niohlaul 

Nirpur 

Phbrkita, 

Pawi  

Jitpur 
Jakania 

Jurawandi 

Khliagan j 
KaliBn pur 
Kalitinpur 
KQadhbngi 
K4lusayyid 

Kamtllpur 
K hamaria 

Kanchab4ri 
Khajauli 

K h anaut 
Kaulda 
Kaunrikot 

Karimabad 

Earmeni G u t  

Ktisliipur 
Katgarhwa 
Kathna 

Khaimbad 
KMnpur 

Khotaghchh 

Kumeria 

Kissengunge 

Khut4r 
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J. B. N. HENNESSEY, 

In charge of c b m p h g  Osw. 

OP~OQPAPHT 

By old or B c w q  By new q Uo~ernment 
ruler 1 dw 

PargBwa 
Parindtiha 
Parsa 
PatargSicha PatargAchha 
Patarghiti 
Pathardi 
Patli Doon Patli Dlin 
Phatakdaona Phatakdauna 
Pikhptir 
Pilibhit 
Pinjtira 
Pipiri Pi pari 
Piparia Piparia 
Piptiria Piparia . 
Pipra 
Pipdhia P i p m b  
Pi rela 
Pokhar 
Ponmdarplir P h d a r p u r  
Powain Pawiyan 
Puran Pliran 
Phangtbha Pl'lranghhha 
Pur4ni 
P h n p h  P h n p u r  
m e n a  
P h e a  P u r n d  
& ~ j  
Rhmkhethi 

Rhmpiir & ~ u r  
Rhmutipiir Ramuapllr 
RBnigarh 
Rgpti 
Ratangarh 
RatanpGrrt Ratanpura 
Ratanpb BBhi Ratmpur BAmi 
Ratansarpati 
RhtigLch Rsltigdchh 
Rattliplir RattGpur 
Ratwa 
Relawa ReUwa 

OBTHOOWHI 

By old or B q  By new or Uorsrnment 
ruler 1 111.. 

Rhab  Rhmnagar 
Richa 
R i p  
Rohilcund 
RGdarpGr 
Rudpiir 
Rungpore 
RGpdi 
Ruponi 
Sahor 
Saibara 
Saidara 
S a m l i  
S4onbam 
Sionch4lia 
S h n  

shT Sat w d r h  
S e d m  
Semera 
Semnltgar 
Semra 
S e m r b  
S e m h  
Semdo 
Senjtina 
Seopuri 
Seramao 
Shtigarh 
Sh4hjehhph 
Shai 
Shaplir 
Sidhoa Jabuna 
Sihoria 
Sikaoda 
Siktki 
Sikrana 
Sikta 
Simraol 
S inah  
Singbjot 

OETHOOPIPHI 

By old or Bnney By new or Uoremment 

d e a  1 
Richha 

Rudarpur 
Rudpur 

Saunbaraa 
Saunchalia 
Sarun 
Sarju 
Sat hwaria 
Semam 
Semm 

Semraha 
Simmna 
Semrau 

Senunau 
Shithgarh 
S bihjahrlnpur 
ShBhi 
Sh4hpur 
Sidhua Jobna 

Sikauda 

Semaun 
Sinaria 

Sirdiiwan 
Sisgarh 
Sisowa 
Sissai 
Siswrtr 
Sitalghati 
Sonikhoda 
Son&! 
Srinagar 
Sughagar 
SukdmpGr 
Sultslnph 
S unbarsa 
Sundai 
Sup01 
Sdplir 
Tab* 
Taj pih 
T&lpbrwa 
Tambaor 
Tarai 
Tarharwa 
Teeree 
Terli ari 
Thakia 
Thslktirgan j 
TMktirgbn 
Tharaoli 
Tigra 
Tilakph 
Tilptir 
Tirhoot 
Tulsipbr 
Tulsundi 
Udeplir 
U1 
Umra 
Upasai 
Upasai- tola 

Sirstiwtin 

Sisai 

SitalgMti 
Somkhoda 

Srimgar 
Suganagar 
SuMmpur 
Sultslnpur 

Soopole 
Supur 
Tagria 
Tijpur 
Wlpura 
Tambaur 
Tart% 

Tehri 

Wkurganj 
Thslkurgaon 
Tharauli 

Tilakpur 
Tilpur 

Tulsipur 

Udepur 
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BUDIlON MERIDIONAL SERIES-(LONG. 78" 30'.) 

INTRODUCTION. 

In  the year 1830 when the first measuremerlt of the Calcutta Longitudinal Series was 
approaching completion, the Hon'ble the Court of Directo~s of the East Illdirt Company ex- 
pressed a wish that a number of series of triangles should be carried north wards and south- 
wards from certain sides of this triarlgulation, in order to connect together the isolated surveys 
which llad already been made in various provinces and districts, arid to furnisll reliable buses 
for future surveys. The Surveyor General-then Captain G. Everest of the Bellgal Artillery- 
in an exl~austive letter dated 12th October 1831, discussed all prelimirlaries for giving effect 
to the wishes of the Hon'ble Court, in regard to the number of the series to be undertaken, 
the character of tlle country to be traversed by each, the necessary additions to the then-existing 
establishment, aud the probable cost of the operations. 

During the year 1831-32 the requisite instruments for carrying out this scheme of tri- 
angulation were procured and instruction given to the officers and assistants selected for the 
work--one of a high order of accuracy-in which they had had no previous experience. 

The first series undertaken was the Budhon, one of the 13 meridional chains now in- 
cluded in the North-East Quadrilateral. I t  follows the meridian of 78" 30' as nearly as was 
practicable, and lies immediately to the east of the Northern Section of the Great Arc Sexlies 
(E. Long. '78" and N. Lat. 24' to 30"). I t  was begun in 1832-33 nt its southern end in the 
Saugor (Sbar) District, based on the side Budhon-l'insm41 of the Calcutta Longitudinal 
Series. 

For about the first two and a half degrees (166 miles) of its length it was carried for 
the most part as a single chain of triangles across the north-eastern spurs and out,liers of the 
Vindhya range which forms the southern watershed of the great Gangetic plain, traversing the 
modern districts of Saugor, Lalitpur, and Jhsnsi, the Native States a t  the N. W. corner of 
Bundelkband, and that of Gwalior, in which a good many secondary stations and places of 
interest or importance were fixed, including Tehri, the ancient town of Orchba and its modern 
successor Jhtinsi, Datia, Nar war, and Gwalior. 

To the north of Gwalior the Series left tile hills and descended into the valley of the 
Chambal and Jumna, requiiing henceforward the aid of towers and tohe heavy labour of ray- 
clearing, which greatly retarded its progress. having  Gwalior it passed through the districts 
of Agl-a, Mainpuri, Etah and Aligarh, striking the Ganges in latitude 28", whence it was con- 
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tinued as a double se&s, with shorter sides, arranged in five polygonal figures, to its northern 
limit about latitude 30" where it reached the outlying liills at the foot of t l ~ e  Himalayas and 
closed upon stations of the Qreat Arc and N. E. Longitudinal Series, having traversed the dis- 
tricts of Uudaun, Moratlabad, Bijnor, nnd Muzaffar~~agar, with one station in the Tadi  and 
two in British Garhwhl. The Budhon Series was brougllt to a close in the year 1842-4.3, a 
period of ten years havil~g been occupied in completing about six degrees of distance along 
the meridian or aGut  400 miles. 

The officer selected for the conduct of this Series mas Lieutenant Roderick Macdonald 
of the 69th Bengal Native Infunt~y, an officer of t l ~ e  Rcvvnue Survey who had been report- 
ed 11y the head of that department as " \\yell fitted for employment in tlie Great Trigonoine- 
trim1 Survey and desirous of obtaining it". He was appointed a Second Assistant in the 
Department in March 1832, and in October the sanction of Qovernment was obtained for a 
party to be employed under his orders, as follows :-A Principal and one Juuior Sub-Assistant 
with a Native Establishmeut of the usual streugth. 

The party was organized in Calcutta under the supervision of the Surveyor Cknel-a1 
himgelf, and started on its  long march to the field on the 

I d  Bmsm 1839-33. 23rd November 1832 provided with a 15-inch Theodolite by 
P s ~ s o n a ~ .  

Lieilt.. R. Macdonald, 2nd Aaaistant. 
Harris and Barrow for the principal observations. I t  

Mr. W. s. Jamea, Principnl s u b - d ~ i s t a n ~ .  reached the town of Saugor (%gar) on the 28th of 
,, J. H 8a11llg, Ard Clam 

Subrsquantly in Bfwd 1833. January 1833 when a part of the native establishment 
,, F:. Cropby, 3rd C I I I ~ I  s u b - A M ~ S ~ R I I ~ .  struck for higher wages, and had to be replaced hy new 
,, H. LO~IIC,  )I 19 hands picked up on the   pot ; but Lieutenant Macdonald 

pushed on and nrrived at  Budhon H. S. his first station, 22 miles N. W. from Saugor, on 
the 2nd February. This statiou and that of TinsmBl distant 30 miles to the eastward, defined the 
west and east ends of the base or side of origin for the new Series. They were both found 
intact, but much overgrown by jungle infested with wild beasts, since last visited and observed 
at for tlie Calcutta Longitudinal Series by Mr. Olliver eight years previously (in 1825). 

The selection of the requisite stations in advance was taken in hand a t  once, and the 
junior Sub-Assistant sent on to select the best point available in the desired direction and to 
burn lights tilereat; these however could not be seen without some artificial elevation, and 
it was only on the 23rd February that the final observations at  Budhon could be begun. 
They were finished by the 27th, and the main part'y marched to Tirismhl where it was foitntl 
necessary to raise the station platform 1)y 8.5 feet to command the ray to Patna (I)* and over- 
look a small temple that obstructed the view. Whilst tlie building was going on, Lieutenant 
Macdonnld proccoded to select the next two stations ill adva~ice on the east flank, Dargawu (11) 
and Dl~andklia (111) and having returned to Tinsmd, completed the observations by the 
15th of Marcll. Whilst there, the Surveyor Gene~.al, w11o wm on his wily to resume the opera- 
tions on tllc Great Arc, visited the parlp, and beforc going on, left two more Sub-Assistants, 
hlcssrs. E. Cropley and R. Iloalle wit11 Lieutt:nant ,Macdonald. 

Tue Ko:nlu~ n~rl~illcr in b r a c k e ! ~  nt'trr the nnlnc of a eb~tion intl~uites it* posi l io~~ in non~erical ordcr from muti1 to nortli. 



The signals observed during this season and for some seasons to come, were flags by day 
and vase lights by night. 

Patua (I) was next visited, but hazy weatlier prevented the completion of the 
principal angles before the 23rd of April, the time between tlie two short periods of clearer 
weather being utilized by fixing as rnany secoridary stations and points as practicable. 
Dargawa (11) and Dliandkfia (111) were next visited and the -observations completed by the 
3rd of May, when tlie principal observing was stopped by hazy weather and by obstruction 
met with from tlie inhabitants, who regarded the survey operations with suspicion and dislike, 
and hindered the advanced party continually. 

Lieuteniint Macdonaltl endeavoured to complete another triangle but failed, although 
he waited at Sirsaud (tlf.tt~rmards abandoned for AndhiAri, IV) from 13th May to 26th June 
without having a single good night for observing. Indeed, the length of the rays here-over 
30 miles-was too great for the rtquisite visibility at  this season, unless tlie air were cleared 
by a general fall of rain. The party then went into recess quarters at Saugor. 

Tlie out-turn of work for the first season (1832-33) shews but three principal triangles 
completed, covering about 1000 square miles of country and stretching to a point nearly 50 
miles north of tlie origin of t l ~ e  Smies. But a good deal of secondary or minor triangulation 
had been accomplislied, by which a num1)er of points were determined, especially in and around 
the first triangle, when tlie weatlier was comparatively clear and suitable. A few cornmallding 
points mere selected and observed at  whilst mnrcliing between the principal stations, whereby 
many other places a~ id  lantl~i~arlcs wl~icli could be seen from two or more of tlie stations were 
fixed. %'or this work Lieutenant ~ I i ~ c d o ~ a l c l  appears to have used his large theodolite, employ- 
ing his principal Sub-Assist:~nt with a smaller itistrument to supplement liis work a t  the minor 
stations wliioh he was u ~ ~ a b l e  to visit, whilst to the junior Sub-L4ssistnnt was entrusted the 
difficult task of selectil~g and building the principal stations in advance. 

At the close of tlie recess an epidemic fever broke out at Saugor and attacked three 
2nd sraros 1833-3 b. of the Sub-Assistants, ono of whom, Mr. E. Cropley, died 

PEBBONNEL. on the 27th October. I t  mav be ~iow xioted that Lieute- 
Lieut. R. Bfacdoiialil, l e t  Assistant. 

,, Y.  id^^,,,,,,, ~~~~~~l Artillery, 2nd Asst, nant Bridgman wl~o had recently been appointed as 2nd 
(sick and i~,eflecfic$e.) 

Mr. W. X. Jamca, Prilicipal Sub-Assistant. Assistant to the pal-ty, was prevented by sickness from 
J. H. S C U I I ~ ,  3rd CIW I ,  joiiiilig until 15th FeI1r11a1-y 1834 and further incapacitated 

11 E. C ~ P ~ Q J ,  8, ,, (sick a d  
died 27th OCL)  for field duties until Auril. when he mas entrusted with the 

I .  ,, R. Loane, 3rd blnm Sub-Assistant. execution of a secondary series in the vicinity of Gnralior, 
with Mr. Lonne for his assistant: but altlmugh he kept the field until tlie end of July lie 
appears to have contrib~itetl little or notliing wo~.tli mentioning to the season's work. Shortly 
afterwards he was transferred to tlie South Phrasnbth Series; but liis healtli failed com- 
pletely, and he died on liis voyage 11ome. 

Tlie party was thus in fact no stronger than during the previous season, and the per- 
sistent opposition of tlie inliabitants in tlie Native States, was a source of great hindrance ni~d 
anxiety; but the results of this season's work proved nevertheless very much more favournl~le 
tlian tlle preceding or many succeeding seasons, and appear to reflect no little credit on 
Lieutenant IvIacdollald and his assis tau ts. 
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Lieutenant Macdonald took the field about the middle of October 1833, and found that 
Dliandk6a (111), the terminal station of the previous season, had been destroyed during the re- 
cess ; this necessitated the remeasuremetlt of the angles thereat, as well as at  Patua (I) and 
Dargawa (11). Tllese were completed by the 18th November, after ml~ich t l ~ e  new stations 
were visited in the following order :-Andhihi (IV), GwBli (V), Kathera (VI) a remarkable 
Bundela stronghold, BhitBri (VXI) first visit, Algi (VIII)  first visit, Bhittiri (VII) second visit, 
Daryapur (IX) first visit, MallarAjpur (X), Karaia (XII), Narwar (XI), Algi (VIII) second 
visit, Daryapur (IX) second visit, Majh6.r (XIV) and Uepur  (XIII), by the 30th April 1534. 
No further observations could be made throughout the month of May owing to the hazy 
weather, and the season's mork closed on the side K4epur (XII1)-MajliBr (XIV), on the 1st 
of June, when the party marched into recess quarters at Agra where it arrived on tile 30th. 

I n  all, twelve new priucipal triangles had been measured, extsndirig the Series to a 
point near Gwalior, distant 140 miles north of its origin. 

The secondary triangulation accomplished this season was considerable, the points 
fixed being numerous and fairly well sptead over the country traversed, including the im- 
portant towns of Tehri, the ancient Bundela capital Orchtia, its modern successor JMusi, the 
large artificial lake Barwa Stigar, Datia, and Gwalior, besides otl~ers of less note. 

Some of the cliief secondary stations were made to form a minor series by which an 
independent value was obtained of the side Gwiili-Bhithri, as a check against certain unusu- 
ally large discrepancies in the observations of some of the previous angles. 

I n  addition to the principal and secondary triangulation rtccotnplished, the preliminary 
selection of the stations in advance was carried to a distance of 60 miles, well into the plains 
across the Cliambal and Jumna rivers, rendering this season's out-turn of work, notwithstand- 
ing many drawbacks and hindrances, one of the most successful noticed in this account. 

At  the commencement of the Budlion Series, tlie Surveyor General had directed that a 
connection should be made, as soon as it could be done without going out of the way, with 
the Great Arc Series adjaceut, recently laid out by Mr. Rossenrode but not yet finally observed 
with the great tl~eodolite. 

The first opportunity of carrying out this connection occurred between JhAnsi and 
Gwalior, where the Great Arc Series approaches tlie Budhon Series in the secondary hill sta- 
tions of LadAra and Karaia, and the principal station on the RBepur Iiill, the first of \vliicll is 
visible from Algi (VIII) ,  tlle second from mepur  (XIII) ,  and both first and second from Ma- 
har6jpur (X). Lieutenant Macdonaltl therefore, occupied the sites of tlre two Great Arc Series 
secondary stations of Lad6ra and Karaia as principal stations, reb~iilding tlie platforms, which 
had been destroyed by the iuhabitants from superstitious motives ; but he built a frcsli principal 
station on the RBepur hill, because tlie Great Arc Series station thereat could not be observed 
from the Budhon Series side owing to a sm:tll temple that occ~~pied the peak of the hill and pre- 
cluded the establishment of a common station suitable for both series. Thus a hexagonal fi- 
gure was formed round MaharBj1)ur (X), and, after measuring tlie angles, Lieutenant Nacdonald 
reported tliat he had effected it conrlection with the Great Arc Series on the side Narwar 
(XI)-Karaia (XII),  Narwar being identical with Ladka h.s. of the Great Arc. These two 
stations being only secondary points this connection could not be accepted. The three prin- 
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cipal stations of the Great Arc Series, Shergarh, Dhobtii, and IWiepur, although they are near 
to Narwar, Karaia and RAepur of the Budl~on Series, respectively, are in reality different 
points, and in fact no proper connection was effected. Subsequently however in 1877, the 
Surveyor General, then Colonel J. T. Walker, R.E., caused a more exact connection to be 
made between tlie two principal stations on the RAepur hill, which were only about 41 feet 
apart, the temple above mentioned being on the summit of the peak, between them. The 
details of this connection will be found at page 73-J. of Volume V I I  of the Account of the 
Operatiom of the Great Z'riyonornet~~ical Survey of Iadia. 

The Budhon Series had now been carried for one-third of its entire length in two 

~ r d  se~r~n 1834.36. seasons, to the northern limit of the liilly tr&t in which 
PEBSONNBL. it began, and the provision of towers or artificial elevations, 

Lieut. R. Maadonnld, 1st Assiatnnt. to carry the Series across the plain country to the north, 
MI.. \V. N. James, Prit~cipal Yub-As~istrmt. 
,, J. H. souily, 3rd cllrse ,, became indispensable. The Surveyor General had already 
,, R. Loene, I, 3, applied to t l ~ e  Government to sanction the erection of high 

to~vrlrs for the purpose, like those being built by the Public Works Department for the Great 
Arc Series, ~vliich had been sanctioned during the year 1833. Those towers however promised 
to be so c.xpensive that the Governrrient hesitated to sanction any more for the time, or until 
their precise cost was known, and put forward a memorandum by the Hon'ble Colonel Morri- 
son suggesting the adoption of a reflecting circle and a portable wooden mast, in place of a big 
theodolite and a masonry tower. The Surveyor General could not accept this suggestion, but 
proposed the construction of a lofty central pier of masonry for the instrument and signals to 
stand on, supplemented 1)y a scaffolding with a stage for the observatol-y, the cost of which he 
estimated at Rs. 140 to lis. 270 ; and if this should prove too costly, then he believed that a 
mast, such as he himself had recently used for the approximate Series of the Great Arc, - - 
mould answer. He did- not tliink such costly towers as those just erected for the Great 
Arc necessary, and pointed out tlie excessive depth given to their-foundations by the Public 
Works Department, by wl~ose officers they were built. Finally he expressed a hope that the 
Survey Officers sl~ould not be required to build their own towers or supervise the expenditure 
of larie sums of public money, having already as much to attend to in tlieir own proper 
professional line as they could well do. This representation however seems to have produced 
little or no effect, for we find the surveyors generally from that time forwards buildilig their 
own tower~ as best they could, in a more modest but sufficiently effective ~vay ; and, notwith- 
standing some failures, this arrangement has probably proved the most economical. 

Meanwhile, pending the settlement of the question as to what kind of t,onrer stations 
sliould be adopted, Lieutenant Macdonald took the field on the 1st October 1834, and having 
taken extra precautions for tlle preservation of the two terminal stations observed at dur- 
ing the previous season-RiLepur (XIII)  and Majhtir (X1V)-proceeded by direction of the 
S~vveyor General to select the stations in advance by the " ray trace " system, using small 
theodolites and perambulators. Much skill and judgment -is necessary in carryicg out this 
method, and some time was spent in acquiring the requisite wcuracy ; in short, a good deal of 
the work had to be revised. Moreover, progress was retarded by sickness, the services of the 
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principal Sub-Assistant Mr. James being lost through this cause for nearly three months of 
the field season. The principal station sites were finally selected across the Dorib as far as tlie 
Ganges, and the preliminary selection pushed on into the districts of Budaun and MoradaM 
beyond, before the party returned to recess quarters at  Agra early in June. 

No observing of principal angles mas done this season, but the approxitnate series was 
completed for a distance of 100 miles, as far llorth as the Ganges, by 12 stations forming a 
single series of symmetrical triangles, and operations were in progress for a considerable 
distance beyond. 

Lieutenant Macdonald himself was obliqed by ill health to quit the field in April, and 
suffered so mucl~ from jungle fever during the ensuing recess that he applied to be relieved of 
his charge in September, and obtained sick leave. Unhappily he did not recover, but died before 
the end of the year. He was succeeded by Lieutenant E. L. Ommnney, of the Bengal 
Engineers, who had been appointed to tlle party in May to learn the practical duties of tlie 
Trigonometrical Survey, he having hitherto been employed on a survey of the Brahmaputra 
river. He joined the Budhon Series at  Agra on the 13th June. 

Mr. James was transferred to the Great Arc and his place not filled up until 1st March 
4th &UOU 1836-36. 1836, when Mr. J. Olliver, Chief Civil Assistant, joined, and 

PXBBONNBL. the transfer of Mr. Scully also to the Great Arc towards 
Lient. *. Ommsn"ey~ Benga' Enginsem* and the end of this season left the Series without any of its Assistant. 
Mr. J. H. S C U I I ~ ,  2nd CIme sub-hsistant. original staff. Lieutenant Ornmanney took the field on 
the 8th November 1836, and having received no sanction as yet for the erection of the towers, 
proceeded a t  once to run trial lines along the rays between the selected station sites, to 
ascertain that no serious obstacle existed in them which could not be readily removed, 
and he wm engaged in this work until March 1836. But hitherto no rays were actually 
cleared owing to Lieutenant Ommanney's inexperience and to the refusal of the inhabitants 
to allow trees to be cut do=. 

The Government had recently (April 1836) considered the subject of ray clearing, and 
had directed that equitable compensation should be given in all cases of injury to the owners ; 
and to enable a just valuation to be speedily made in the case of recusant proprietors, the 
civil authorities were ordered to direct the perso~~al attendance of the tahdlddr or pe8hkdr 
(local subordinate Revenue Officers) at  the spot, when called upon by the Survey Officers. At 
the same time the Survey Officers were enjoined to use every means to avoid bringing any 
highly prized or sacred tree in the ray passing from one station to another. 

The latter part of this season mag spent in clearing the rays between tho stations in 
the plains, and in determining the height of the towers of observation which would inevitallly 
be required to command them. Approximate angles were observed from the top of masts 
erected for the purpose, and before the close of the field season this work had been completed 
as far as Pondri (XXIV) in the middle of the Dobb. 

I n  the case of the t'wo first stations in the plain country-Gfirmi T.S. (XVII) and 
Bllind S. (XVII1)-the forts at  these places offered suitable sites for stations, in the one case 
on a high bastion, and in the other on the gateway tower, on which during this season sta- 
tions were built. 
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The final selection of stations forming a single series of symmetrical angles mas ex- 
tended as far as Moradabad in Lat. 29", but this advanced part of the approximate series 
north of tlie Ganges was afterwards abandoned in favour of a double series of smaller 
triangles. 

Several principal stations being now ready, Lieutenant Ommanney commenced the 
6th Season 1~~36.37. field season of 1836-37 by resuming the filial observatio~is 

PERSONNEL. which he coulpleted at  the uudermcntioned stations as fol- 
Lient. E- L. Ommnnney¶ Bengal E''gin*m* Ond lows :-at JhAnkri H.S. (XVI) 18tli to 37th October 1836, Aasiatant. 
Mr. J. Olliver, Chief Civil Assistant. at Majhdr H.8. (XIV) 28th to 31st October, a t  mepur 
H.S. (XII I )  1st to 4th November, at  SAnichri (XV) 6th to 8th November, at  Gdrmi T.S. 
(XVII) 11th to 28rd November, and at Bliind 5. (XVIII) by 2nd December. 

By the time the observing party arrived a t  GGrrni T.S. the next forward station on the 
west flank had been built on the gateway of Panhllat Fort, and tlie first tower station erected, 
tlrat at  Athgatll, had been sufficiently prepart:d to be observed to. 

Lieutenant Ommanney had intended to build solid, conical, mud towers, 22 feet in 
diameter at base, 16 feet at  top, and about 40 feet high, at  an estimated cost of from Rs. 200 to 
Rs. 300 each, but this plan did not meet the Surveyor General's approval; as, $f*stly, the 
lower centre, or station mark must be on the ground, so as not to be affected by dilapidation of 
the superstructure; and, secondly, tlle upper centre mark for tlie frequent adjustment of 
instrument and signals, must be always plumb over tlie lower centre, for which purpose the 
latter must be easily accessible both at  first and for subsequent re-examination. Lieutenant 
Otnmanney modified his towers accordingly, having a masonry core pierced with a vertical 
slraft or central opening 18 inches in diameter, and a horizont,al arched passage of masonry a t  
ground level giving liglit and access to the lower centre or station mark, with an easy spiral 
slope or rarnp winding round the tower and leading to the summit. 

The first tower crected, Atl~gath T.S. (XIX) on the banks of the Chambal, was only 
built in the first instance to a height of 26 feet, which appears to have been sufficient for the 
back rays, but afterwards (in 1840) i t  was rebuilt and raised 10 feet higher. 

No further principal observations were taken this season, after those concluded a t  Bhind 
S. on the 2nd December, and the rest of tlie season was spent in building the towers and 
in taking approximate angles with the aid of masts and  scaffold^, as far as the Ganges. 

By the close of the season four towers Sherpur, Firozabad, Baragaon and Pondri, 
were reported as " well advanced " tomnrds completion, and four others, Kilhrtuio, Salimpur, 
~amii l iur  and Sankrito, b~gun .  But the earthm'ork of tlle Firozabad tower gave way and 
fell down twice, after it had been built up to a height of 28 feet. 

By tile end of the fourth season's work the following method of carrying on the principal 
triangulation in the plains, had been arrived a t  :-The country liaving been reconnoitred 
gonerally and no hills or artificial elevations suitable for stations met with, a ray trace, traverse 
or route survey was made in the desired direction for each new sb,tion, from wllicll its precise 
bearing could be computed. A trial line wns the11 run to ascertain that it contained no insur- 
nlountable obstacle, after which the line was cleared and tlie angles between adjacent lines 
memured by means of a small theodolite raised on the top of a high mast surrounded by a 
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scaffold with a stage for the observer. This measurement was termed the "Approximate 
Series," a term which in more recent times has been applied to the laying ottt and prepara- 
tion of the principal triangulation generally. After this i t  only remained to build the towers 
requisite for the final observations with a large theodolite. 

The apparently small progress made may be attributed to the want of officers and 
assistants experienced in the work of triangulating in a plain country and of building high 
towers in mud without professional aid. But the prime cause of delay was the attempt to 
maintain almost as large triangles in tlie plains as in the hills, thus necessitating observations 
over distances much too great for dist'inct vision, except in very unusually clear weather. 

Final observations were made at 6 principal stations, forming a quadrilateral figure 
and two single triangles, by which the Series was advanced a meridional distance of 32 miles 
and reached the south bank of the Chatnbal river, the boundary between the Gwalior State 
and the Agra District. 

On 31st May 183'7 Lieutenant Ommanney resigned his appointment in the Depart- 
ment, and left the Series in charge of Mr. Olliver, Chief Civil Assistant, the only officer 
remaining with the party. 

Before resuming the field work for Season 1837-38, the Surveyor General directed 
6th Searos 1837-38. Mr. Olliver to reduce the size of the triangles in laying out 

PXESONNEL the Series to the north of the Ganges, and in place of a 
Mr. J. OIIiver, Chief Civil Aseistant. single series of triangles having 16 to 20 mile sides, to 
,, J. Uriberg, 3rd Class Sub-hietaut. 

adopt a double series of consecutive polygonal figures, 
with sides from 8 to 15 miles in length, by whicli lower towers would suffice, greatly improved 
signals would be obtained, and some of the mounds whicll. frequently obstructed the view on 
the longer rays might be utilized for station sites, whilst the double series would afford an 
effective check against error. Having regard however to the very backward state of the 
Series, none of the previous work which would serve, could be abandoned. 

Mr. Olliver therefore, in great hopes of completing the section of the Series already 
laid out to the south of the Ganges, set to work to finish the 8 or 9 towers commenced under 
Lieutenant Ommanney the previous season. The more advanced of tliese-Athgath (XIX), 
Sherpur (XXI), Firozabad (XXII) and Pondri (XX1V)-still required much additional height 
which however their foundations were not calculated to bear with safety. Firozabad had 
already fallen twice from this cause. Mr. Olliver therefore pulled them down and rebuilt them 
afresh upon deeper and more solid foundations. I n  tlle case of Firozabad firm soil was only 
found at a deptli of 16 feet below the surface. Having commenced work at all the towers at  
once to econo*ize time, he was greatly impeded for w&t of funds ; and was constrained to 
advance sums from his own private purse. 

I n  his half-yearly report, dated 1st March 1838, he said that the progress hitherto had 
been rapid. The towers at Pondri (XXlV) and Baragaon (XXIII) were finished, Athgath 
(XIX) 26 feet high, and KilhmAo (XXV) 27 feet; but that Firozabad tower had fallen again 
after reaching a height of 40 feet. 

This was the last of his (Mr. Olliver's) work here, for his services being urgently 



required with the new party just formed for the Great Arc (Section 18" t.o 2A0) under Lieu- 
tellant Waugh, B.E., he suddenly left on the 4th Marcb, having made over charge to the 
Sub-Assistant, Mr. Drillerg. Early next month (April 1838) and before he could have made 
milch progress, Mr. Driberg was ordered to repair with tlie whole of the Budhon Series party 
to tlie Head Quarters of the Surveyor General at Del~ra Ddn. 

During the following season, 1838-39, this part,y was employed under Lieutenant h n n y  
on the southern section of the Great Arc, aud the Budlion Series mas thus left in abeyance. 

On the 13th November 1839 Lieutenant Renny was put in charge of the Budhon 
7th Searon 1839-40. Series in the hope that his experience and ability would 

P ~ R E O R N E L .  conduce to its more rapid progress and early completion. 
L i r ~ t .  T. Renny* BengdEngilleml le t  Amidant1 He was directed to re-organize an efficient party from the 

(nbrrnl on other duty). 
Mr. C. ~ u r p h y ,  1st CIW sub-Assidant. former Budhon Series party and from that of the Amua ,. W. boaenrode, 2nd , 

hughton a.d Simmv ls.imi Thsodddts Series recently completed by Mr. Murphy, and to resume 
NO. 2). the operations where Lieutenant Ommanney had left off ; 

but as his personal assistar~ce was required in the astronomical observations at  Kaliha, 
- 

Mr. Murphy was placed in temporary executive charge. 
Tlie work of the season consisted in completing the t,owers and extending the approxi- 

mate series. Tlle stations of Bhind (XVIII), G6rmi (XVII), and the towers a t  Firozabad 
(XX 11), Baragaon ( XXI 11) and Pondri (XXIV) were repaired, the last-built tower of Ath- 
gath (X IX) raised frorn 25 to 36 feet, and that of KilArdo (XXV) from 19 to 4A feet, a new 
tower at Sherpur (XXI) built, and those at  Salimpur (XXVI), Jamhlpur (XXVII) and 
Sankrdo (XXVIII) completed, leavirlg Parauli (XXXI) alone unfinished of all those south 
of the Ganges. 

As soon as Mr. Murphy had set on foot the tower bhilding he proceeded to take up the 
approximate series to tlie north of the Ganges as a double series of consecutive polygons with 
sl~ort~er sides, ordered by the Surveyor General in 183738, abandoning the sixty miles of 
approximate series ahead which had been carried as far as Moradabad (Lat. 29"). By March 
1840 he hat1 laid out the Sakrora hexagon. 

Lieutenant Renny now (March 1840) visited the party and rernained long enough to 
satisfy himself that the work was being carried on in a correct and systematic way. 

By the end of this field season the Sakrora tower had been built, and the ground in 
advance for the next polygon reconnoitred. 'l'lle towers built under Mr. Murphy north of 
the Ganges appear to have been solid, as first intended by Lieutenant Ornmanney. 

Lieutenant Renny being engaged in the astronomical observations at Kali4npur and 
0th Sewon 1%~-$1.  in the measurement of the Bider Base-line, Mr. Murphy 

Pz~sonnas.. remained in executive charge all this season. He began 
Lieut. T. Renny, Ben@ Engiueem, lot Aslintant, tlie season's work I)y selecting a second hexagon about 

(d rent  on other dut.y). 
Mr. C. Murphy, let U ~ W  sub-~mis iant  ( i s  the advanced station of Bhnsgophl (XXXV), whilst the 

e r e d i n e  charge). 
, O. Mulhemn, 2nd ,, It towers that had been damaged during the recent rainy sea- 
,, W. Qlynn, 8rd ,, , son were being restored. One of them, Jamiilpur (XXVII), 

had fallen, although the precaution had been taken of thatching the towers before the rains 
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set in. He then hastened southwards to resume the final observing which had been in 
abeyance four years siuce Lieutena.nt Ommanney finished at  Bhind S. on the 2nd Uece~ilber 
1836. 

The final horizontal angles were now taken up and completed at the undermentioned 
stations as follows :- 

a t  Firozabad T.8. (XSII )  between 7th and 9th November 1840 
,, Panrillat S. (XX) ,, 10th ,, 16th Y Y  9 Y 

,, Athgath T.8. (XIX) ,, 16th ,, 18th ,, $ 3  

,, Sherpur ,, (XXI) Y Y  19th ,, 20th ,, Y Y  

,, Baragaon ,, (XXIII) ,, 21st ,, 30th ,, 99 

,, Pondri " (XXIV) ) in all December lBM 
, K i r o  ,, (XXV) 
,, Salimpur ,, (XXVI) 
,, Jamhlpur ,, (XXVII) ,, January, February, and to 8th March 1841. 
,, Bankdo ,, (XXVIII) 1 

The towers in advance were not sufficiently advanced for any further observations to 
be made ; but before the end of the field season a third Iiexagon-that round Sirsa (XL)- 
was selected and marked by masonry pillars, up to tlie side Milik (XLII1)-Akbarp~lr (XLIV), 
the rays of the Sakrora and BtinsgopBl. polygons all cleared, and the angles approximately 
measured with a small theodolite. 

No vertical angles were measured this season, and scarcely any secondary triangulation 
a t  all accomplished. The vertical angles were not measured, doubtless because the signals on 
these comparatively long rays in the plains were not visible at the time of least refraction, 
the only safe time for a single observer to measure them, and they were deferred until tlie year 
1842-43 when a pair of observers with two good instrument8 became available for the simul- 
taneous reciprocal measurement, requisite at  any other time of day. The party returned to 
recegs quarters at  Dehra D h  on tlle 4th June 1841. 

The approximate series having now been brought up from the south to wit,hin 50 
9th tleaaon 1041-a. miles of the out-lying hills of the Sub-Himalayas about 

P B B B O ~ G .  Hardwhr (Haridwbr), Mr. Murphy took the field in tlie 
Lie.,. T. R e n n ~ ,  Enginwm, 1st  * ~ ~ h t .  middle of 0ctober 1841 at  the no-rth end, as being near- 

( a b u d  om other duly). 
I l r .  C. ~ u r p h y ,  la t  class sub-~ssiatant, (insas- est to Dehra Dlin, and proceeded to lay out tho figures 

cwlirs charge). 
MT. O. Alull~cran, 2nd ,, ,, by mliich the junction with the Great Arc Series was to 
,, W. Glynn, 3rd ,, 91 be effected. 

Starting from the statZions of Slieopuri T.S., Godl~na T.S., and C116ndipahlir H.S., of 
the Great Arc, he selected Mahesari T.S., (now also belonging to the Great Arc) as tlie 
centre of a very irregnlar hexagonal figure, the north and north-east stations being on hills 
and one of them (Mhh~gnrli) common to this and to the N.E. Longitudinal Series. Two 
more stations were then selected to form a pentagonal figure about SarkSra T.S. (XLV) by 
which the entire plan of the Series was completed about the end of February 1842. The rays 



INTRODUCTION. 
=I-, 

of these two polygons having been cleared at  the same time, and the necessary tower stations 
built to the required height (16 to 20 feet), there rernained only a few rays in the Sirm 
hexagon to clear, arid the towers to build or complete in the southern polygons before having 
all ready for the final measurement of the angles. 

But it required the utmost exertiol~s of all concerned t o  finish the towers by the 
beginning of July, when the party returned to recess quarters, having accomplished a very 
laborious season's work successfully. 

(1). Equipped with Troughton 
and Simms' 18-inch theodolite No. 2 and 

Lieut. T. ttcntly, B.E., 1st Amistant. tnro 12-incli theodolitc~s by Trougl~ton 
Mr. C. Murphy, 1st Clwr Sub-Assistant. 

Budhon Beria' Party (I). ,, 0. Mulberan, 2nd ,, I, and Simms for simultaneous reciprocal 
,, W. Olynn, 3rd ,, II verticals. 

Mr. W. N. James, 1st Principal Sub-Amistaut. 
Extra Party (2). ,, N. Prrsick, Sub-Assistant. (2). With probably an 18-inch 

,, T. o~~ivarl ,, theodolite by Cary. 

Mr. Q. Logan, 1st Aasiatant. 
Extra Party (8). ,, Q. Tarry, aub-Assistant. 

,, k!. Ollire~,  3 1  

(3). With 15-inch theodolite by 
Cary. 

I n  view of the large amount of observing to be done, no astronomical observations for 
azimuth having yet been taken since the Series w a s  begun, and no vertical angle8 observed since 
it entered the plains across the Cliambal, (owing to want of visibility at  time of minimum 
refraction), and to ensure its completion, the Surveyor General appointed two extra observing 
parties, atid divided the work iuto three sections to be taken up simultaneously by the three 
parties as follows :- 

I n  Lieutenant Renny's absence on military duty as Field Engineer to the Army of 
Reserve assembling at  Ferozpur, Mr. Murphy with the main party was to complete the hori- 
zontal angles of the southern (Sakrora) polygon, aud the unobserved triangle to the south of 
it, the whole of the verticals, and two Azimuths. 

A third Azimuth mas to be observed by one (or other) of the two extra parties. 
Mr. James with two Sub-Assistants was to observe the horizontal angles of the next 

two polygons, the B4nsgopkl and Sirsa hexagons, measuring the vertical angles also in the 
afternoon whenever practical~le. 

Mr. Logan with two Sub-Assistants was to observe the angles of the two northernmost 
polygons, the Sark4ra peutagon and the Mahesari hexagon. 

Accordingly Mr. Murphy took the field on the 15th October 1842 and mcliecl Firozabacl 
his first station for obsel-vation on the 11th November. Here in corljunction wit11 his su11- 
assistants he measured three of the four vertical angles by simultaneous reciprocal obsenra- 
tions, after which he proceeded to PanBhnt and Ghrmi, where by the 10th December he 11ad 
completed a set of azimuth observations (to E Urm Minoris at both E. and W. elongations), 
besides the requisite vertical angles. 

He then visited in succession the stations of Bhind (XVIII), Slierpur (XXI), Baragaon 
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(XXIII) ,  Pondri (XXIV), KiltirmAo (XXV), Jamiilpur (XXVII),and Saraotlia (XXIX), where 
by the 25th January 1843 he had completed the vertical angles on all but seven rays of the 
single portion of the Series to tile south, and by the middle of February, tlie horizontal angles 
at  JamBlpur (XYVII), Sarsotha (XXIX), KariBmBi (XXXII), Salcrora (XXX), Mehtra 
(XXXIV), and ltajauli (XXXIII)  of tile Sakrora liexagon were also finished besides vertical 
observations on tl~ree rays of this figure. On tlie 10th February Lieutenant Renny rejoined 
and assumed charge at  Sankrh T.S. (XXVIII), where he at  once took up the tirial observing 
and by the 26th had completed the second Azimuth (using 29 Carnelopardalis Hev. a t  
both elongations), the necessary horizontal and the simultaneous reciprocal verticals. 

Lieutellant Rmny then completed tolie horizontal and vertical angles remaining to be 
observed in the following order:- at  Parauli (XXXI) by the 4th March, Cliandanpur 
(XXXVI) by the 14th, whilst Messrs. Murplly and Glylin with tlie t\vo 12-inch tlleoclolites 
co-operated in observing the siinultaueouu reciprocal vertimls. The main party now retur~ied 
to Ki161-~nBo, Po~idri, and KariBmBi, completing or re-observing the angles wl~icll Mr. Murpliy 
had been unahle to obtain satisfactorily on his first visit, all which were made good by the 
9th April. Having completed the work assigned to the main party on tlie southern section, 
Lieutenant Renny marched northwards re-observing or suppleluenting the observations 
which were still wanting to complete the Series. 

A good lialf of the vertical angles were, practically spealting, simultaneous, i.e. taken 
a t  both ends of a ray within five minutes of one another, but some only within 15 minutes, 
whilst in a few cases the observations of the vertical angle at  one end of a rap were taken a t  
a widely different time from the corresponding observations a t  the other. The verticals liad 
necessarily to be observed at  any time of day when the signals were visible, with the natwdl 
result of giving great variations in tlie deduced co-efficient of refraction. 

Meanwhile the two extra parties under Messrs. Logau and James leaving H ~ a d  
Quarters, Dellra DLin, on 2nd November reached Agra on the 26th, and having completed 
their equipment proceeded to the section of the tield work allotted to them. 

Mr. James readied his first station Rajanli (XXXIII)  on the 23rrl December 1842, 
and completed his two horizontal angles there on the 30th. The two next angles occupied 
him a t  Mehtra (XXXIV) from the 4th to the 21st January 1843. He next measured the six 
angles at  BSnsgopftl (XXXV) between the 24th January and 4th February, after which lie 
proceeded to Sirsa (XL) where he was employed nearly a whole month, from 7th February 
till 3rd March, observing an azimuth and completing five of the six angleu. Be  observed 29 
Camelopardalis Hev. a t  both elongations, the same star that Lieutenant RRnn y was si multane- 
ously observing a t  SankrBo. He next visited BLiatauli (XLII), near Moradabad town wllicll 
he observed to, and whilst here his party was inspected by the S~~rveyor General. The four 
angles at  Atora T.S. (XXXIX) occupied from the 14th to 26th March, and the two a t  Barauli 
(XXXVII) till after the middle of April. He tlien returned to Sirsn and mas occupied from 
20th April till the 3rd May in making good tlie angle which he had been unable to complete 
during 11is former long visit. The rest of the observing allotted to him having been coulpleted 
by the other two parties, Mr. James helped to complete the vertical angles for a few days 
before returning to recess quarters. 
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Mr. Loqan on the northern section of the work was rather more fortunate. He com- 
pleted tile angles at  his first station Akbarpur (SLIV)  hy tlie 26th December 1842, then those 
at Nandi (XLVII), and three of tile five angles at Sark&ra (XLV) by the 10th January 1843 ; 
Harptlsid H. S. (XLVIII) was next observed at, and then Mahesari T.S., where however a 
portion of tlle angles had to be left unmeasured, by the 3rd of February. The Surveyor 
General visited and inspected the party whilst at  Mahesari. The angles at CIi&ndipahBr near 
Hardwk, Goclhna and Sheopuri, the stations of the Great Arc, were completed by the 16th 
February, after which the missing angles at  Mahesari were observed, and all the four at 
Haldaur (XLVI), by 6th ISXarch. T l ~ e  missing angles at Sarkhra (XLV) were next observed, 
and the party then proceeded to Milik (XLTII) where the measuremel~t of the 4 angles occu- 
pied from the 12th to the 25th March, when tile northernmost section allotted to Mr. Logan 
was finished, but Mr. James's work being backward, lie continued his southward progress, 
completing the angles at L6t (XLI) and Kandarki (XXXVIII) by the end of the month. 

Seeing Mr. James to he now in a fair way to complete the angles a t  the centre and east 
flank of the Series, and those on the west flanlt and to the soutllward being finished, Mr. Logan 
proceeded to co-operate with Lieutenant Rel~ny in observing tlle remaining vertical angles all 
of which were completted by the middle of May, when all three parties marched to Head 
Quarters at  Del~ra D6n. 

Three other angles were measured at  the northern extremity of this season's work and i n  
connection with the triangulation above described, by Captain J. S. Du'Vernet, when com- 
mencing the " Nol-ti1 Connecting Series" afterulards named the North-East Longitudinal Series, 
in October and Novembe~ 1842 ; but two of them were eventually superseded by re-measure- 
rnc?nts made by Lieutenant Rennp eigl~ t years later, with superior inst.ruments, which two 
are now i tlcorporated with tlie North-East Longitudinal Series. 

Tile calculations of the triangulation of this Series having been carried up from the 
side of origin, B 11d11on-Ti nsm51 of tlie Calcutta Longitudinal Series, to tile terminal side, 
Slieopuri-Mahesari of the Great Arc, the following discrepancies were met with l~etween tile 
original values of the length and azimuth of the terminal side above named and those of the 
latitude and longitude of the terminal station Mahesari, and thevalues of the same as derived 
from the Great Arc after the reduction of the North-West Quadrilateral. 

I n  Logarithm of the side + O.OOO,O~OZ,~  = 4.5 inches per mile nearly. 
,, Latitude + I".OOZ 

,, Longitrtde + 0 '307 
,, Azimuth + 8 -284 

These discrepancies were treated as errors in the Budhon Series and were dispersed by 
the method of least squares, as described in Part I of Volume V I I  of the Account of the 
Operations, kc. 

Soon afterwards, the two principal stations at  R4epur of this Series and tlie Great Arc 
which are only about 41 feet apart, (see page VII-J. above), were connected in the manner 
described at page 73-~. of Vol. VI I  quoted above. 
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The following discrepancies between the first corrected Budhon Series values, and the 
adopted values of the Great Arc were then met with at Rtiepur H.S. (XIII) belonging to 
the Budhon Series :- 

I n  Latitude + o".io 
,, Longitude - o '02 

Tliese discrepancies were treated as errors in the first col~ected results of the Budllon 
Series, and they were dispersed over the whole triangulation by introducing two additional 
equations of condition for satisfaction, the four primary equations which were required to dis- 
pose of the terminal errors being simultaneously maintained. For full description of tlie 
procedure see Part I of Vol. VII  of the Account of the Operntions, PC. 

The trigonometrical heights above sea-level were checked at  several stations (see page 
63-J.) by the spirit leveling operations of the Trigonometrical and Revenue Surveys, and the 
errors thus disclosed, together with those of the terminal side Sheopuri-Mahesari, dispersed o v a  
the Series in four sections indicated at pages 37 and 38 of Part I of the above named volume. 

I n  the section Budhon-Tinsma to Pirozabad-Baragaon, a distance of about 212 miles, 
the cumulative error was + 1 2  feet nearly. I n  the next section ending at Mehtra-BBnsgopAl, 
a distance of about 88 miles, it was as rnucli as - 1 7  feet. I n  the next section ending at 
Bhatauli-Sirsa-Milik, a distance of about 34 miles, it was less than 1 foot; and in the last 
section, a distance of about 60 miles, it mas nearly - 7 feet. For further details see pages 37 
and 38 quoted above. 

Secondary Triangulation. 

AB long as the Series lay in hilly country under Lieutenant Macdonald, tlie number of 
secondary stations, landmarks, and places of importance or i~lterest fixed, was very consider- 
able, including the towns of Tehri, Orchha, Jh&nsi, Datia, Narwar, Gwalior, Bama SBgar, 
and many hill forts, temples &c. 

But after entering tbe plains in lat. 26" 30' where no view was to be had except by 
clearing the mys of trees and building high towers, scarcely any secondary points coultl be 
fixed without making special arrangements, and the whole strength of the esta1)lishment mas 
barely sufficient for the principal triangulation until its close. Nevertheless, Shikol~abad, 
Jalesar, Momdabad, Bijnor, and Kankhal were fixed. 

Compiled porn the very extensive and complete materials collected by  Mr. Charles Wood. 

May 1881. 8. R. BRANFILL. 
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ALPHABETICAL LIST O F  PRINCIPAL STATIONS. 

Akbarpur 
A1 gi 

Andhihi 
Athgath 

Atom 
BAnsgopd 

Barngaon 

Bsrauli 

Bhatauli 

Bhind 

B\lit&ri 

Budllon 
(of Calcutta tongitudinal Series). 

C handanpur 

Dargawa 

Daryapur 

Dhandlrlia 

Firozabad 

Giirmi 

G\r A l i  

Hnldaur 

HarpSlsid 

JamAlpur 

Jllankri 

Kandnrki 

XLIV. 
VIII. 

IV. 
XIX. 

XXXIX. 
XXXV. 
XXIII. 

XXXVII. 
XLII. 

XVIII. 
VII. 

111. 

XXXVI. 
11. 

IX. 
111. 

XXII. 
XVII. 

v. 
XLTI. 

XLVIII. 
XXVII. 

XVI. 
XXXVIII. 

XII.  
. ' XXXII. 

VI. 

Mtibegarh 
(of North-East Longitudinal series). 

341a11 esari 
(of Great Aro Meridional. Series). 

Majlitir , 

Milik 

Nandi 

Nar war . . 

Parauli 

Patna , 

Pondri . 
U e p u r  • 

Ra j auli * . 
Sakrora 

Salimpur * 

Siinichri * . 
Sankrtio * . 
Sarkhrs • # 

Sarsotha~ . 
Sheopuri @ @ 

(of Great Arc Meridional Serien). 

Sherpur . . 
Sirsa I 

Tinsmdl 
(of Calcutta Longitudinal Beriee). 

xxv. 
XLI. 

I. 

X. 
LII. 

XIV. 
XXXIV. 

XLIII. 
XLVII. 

XI. 
XX. 

XXXI: 
I. 

XXIV. 
XIII. 

XXXIII. 
XXX. 

XXVI. 
xv. 

XXVIII. 
XLV. 

XXIX. 
XLVIII. 

XXI. 
XL. 
VII. 



BUDHON M E R I D I O N A L  S E R I E S .  

NUMERICAL LIST OF PRINCIPAL STATIONS. 

V I I  

I 
I1 
I11 
I V  

v . 
VI 

VII  
VI I I  

I X  

X 

X I  

XI1  

XI11 

XIV 

xv 
XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII  

XXIII  

XXIV 

xxv 

• • Budhon. 
(of C h t t a  Longitudinal Series). 

Tinsmil. 
(of Calcutta Longitudinal Beriea). 

• . b Patna. 

. . Dargama. 

. . Dhandklia. 

a m a Andhihi. 

. QwQi. 

. Kathera. 

. . Bhi tB1.i. 

. . . AIgi. 

a Daryapur. 

. . MaharAjpur. 
. Narwar. 

. . Karaia. 

a . . 8 R4epur. 

. . a Majtjbtir. 

. . . .. a Wnichri. 

. . . Jh4nkri. 

. . GGrmi. 

. w Bhind. 

. .  . Athgath. 

a . • Pantihat. 

. a . a Sherpur. 

. Firombad. 

. Baragaon. 

. • . Pondri. 
Kil&rdo. 

XXVI . . SaIimpur. 
XXVII Jam4lpu.r. 

XXVIII S a n k ~ h .  

XXIX . Sarsotha 

XXX Sakrora. 

XXXI Parauli. 

XXXII . Kari4mfi. 
XXXIII . Rajauli. 

XXXIV . Mehtra. 

XXXV Btbsgop&l. 

XXXVI . Chandanpur. 

XXXVIX . Barauli. 

XXXVIII . Kandarki. 

XXXIX Atora. 

XL Sirss. 

XLI . Liit. 

XLII Bliatauli. 

XLIII  Milik. 

XLIV Akbarpur. 

XLV Sark&ra. 

XLVI Haldaur. 

XLVII . . Nandi. 

XLVIII . . Harphlsid. 

I M4l)cgarh. 
(of North-East Longitc~dinnl Series). 

XLVIII Sheopuri. 
(of Great Arc Meridio~~d !eriec-). 

L I I  . Mahesari. 
(of Great Arc Meridional Series). 
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DESCRIPTION OF PRINCIPAL STATIONS. 

Of the 48 Principal Stations composing this Series, the first 16  are on l~ills occupying the muthern 
half of its extent. Tliey are low solid platforms, either level with the rock, marked in such case in eilzl, or 
raised above it. Where the platform is thus raised there is (presumably) a rock-mark or stone, above which 
one or more mark-stones, with the usual engraved circle and dot, are inserted in the platform, the uppermost 
even with its surface. When the Series entered tlie plains, artificial elevations had to be constructed; the 
necessity for constr~~cting these was sometimes avoided, either in part or entirely, by taking advantage of existing 
buildings and bastions of forts with which the country abounded. The special erections consisted at first, generally 
speaking, of kacha towers, 20 to 30 feet square at base, having about 7 feet square in the interior made of paka 
brick laid in mud cement, with a central hollow about 14 feet in diameter running vertically tl~rough it, and a 
mark-stone laid in masonry at about tlie level of the ground : an arched doorway and passage led to the mark-stone 
for convenience in plumbing ; and a staircase exterior to the tower gave access to the top. Subsequently, tlie 
paka pillar instead of being perforated was made solid, of about 42 inches diameter at top and having one or 
more mark-stones built vertically within it : in certain instances no definite information is forthcoming as to  the 
number of marks which were built into the pillar ; in these cases no allusion is made in the descriptions to any 
mark save that at  the summit. 

The following descriptions have been compiled from those given in the original MS. Genera1 Report and other original 
records of this Series, supplemented in respect to the neighboring villages, by information obtained from the Revenue Survey, Topographical 
Survey, and other reliable maps of the country traversed. The orthography is m literal agreement with the Gazetted Iist for the N. W. 
Provinces, wherever the locality is identified ; and conforms to the spirit of the orders of Government on the snhject, aa worked out i n  this 
and other provincial lists, where there is no clear literal authority. The information as to the local sub-divisions in which the several stntio~~e 
occur has been derived where practicable from the Anllual Eeporte received from the oivil authorities k, whose charge the stations have 
been committed. . 

1x1.-(Of the Catcu-tta Longitudinal Seriee). Budhon Hill Station, lat. 24" 8', long. 78" 34'-observed 
st in 1826, 1833 and 18631-is situated immediately above the village of that name : thana Barodia, tahsil 
Kurai, pargana Banda, district Saugor. 

The pillar is solid and contains three marka, the two upper rmpectively 9 and 4 feet abore the lowest. The station of 1826 
wae re-visited in 1833 for the purpose of originatillg the Bndhon Meridional Yeriee, but no alteration in its construction appears to have 
been made. When again visited in 1864 the mark-stones were found untampered with, the upper being accurately plumbed over the lowt-r, 
which WAS adopted for the new station. The benringa and distances of surroullding villages are :-Jiman Kheri 1.5 miles N.W; Burruho 
1.5 miles N ; Dnbri 1.3 miles E.N.E.; Khirea 1:l miles E8.E.; and Kanera 2 miles due 5. 
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VI1.-(Of the Calcutta Zongitzcdinal Series). Tinsm91 Hill Station, lat,. 24" 7', long. 19" 2'-observed 
a t  in 1826, 1833, 1834 and 1864-is situated on tlie top of a very conspicuous hill al~out three quarters of a mile 
8. by E. of the village of Tinsua from which i t  is approached : tl~&na, tahsil and pargana Banda, district Saugor. 

The pillar is solid and has three nlarka, one engraved on tile rock in eitff  and t l ~ e  otliers 3 6 and 8.6 feet above i t  respectively. 
The station of 1826 wna re-visited in 1833 for the purpose of originating the Budhon Meridional Series, when its height was i n r r e ~ e d  
by 8 5 feet. I t  was again vidited in 1834 to originate the Ran& hleridional Series, but no further altentio~i in its conutruction nppecrre 
to  have been made. On visiting i t  in 1864 the upper mark was found displaced and the position of the lower was adopted for the new station 
The beruingu aud distnnces of other surrounding villages are :-Dalpntpnr, from which a road leads up to the station, 1.6 miles B.E.; Lamnau 
1.3 miles towards the W. ; rtnd the deserted village of Tinsi 0.8 mile Y.S.E. 

I. Patna Hill Station, lat. 24" 20', long. 78" 40'-observed a t  in 1 8 3 3 4 s  situated on a sandstone 
hill, standing on an elevated plateau, on the N. E. face of ml~icli is the large village of Patna distant half a mile 
from the station : tahsil Malironi, pargana Mhaura Nbhat,  district Lalitpur. 

The pillnr is solid, and has a mark-stone a t  its upper surface. The bearings and distances of other surrounding vill~ges are :- 
Dongraa Kalan 2.2 miles N. by W. ; Chanaura 2.2 miles N.E. by N .  ; and Baraudia 2.4 milea due E. 

11. Dargama Hill Station, lat. 24" 37', long. 79" 4'-observed at  in 1833-is situaked on a steep rocky 
ridge, running nearly north and south, at the northern foot of n~hich is the village of Dargawa distant 0.41 
mile from the station : pargana Balcleogarh of the Orchha or Tellri state. 

The stntion is marked on the rock in sitd. The benriligs and diutances of other surrounding villages are :-Pama 0.3 mile N.W; 
Rasoi 1 mile N.N.W.; Bhadaura 1.41 miles Y.Y.W.; and Magarlthera 1.6 miles E.S.E. 

111. Dliandkda Hill Station, lat. 24" 48', long. 78" 46'-observed a t  in 1833 and 1834- is situated 
on a detacl~ed hill, wl~icli is deemed sacred by tlie inhabitants of tliofie parts, and at tl~enorthern foot of wl~ich 
a t  a distance of 600 feet is the village of Dhandki~a: tal~sil Mahroni, pargana BBnpur, distrct Lalitpur. 

The pillar is solid, and has a mark-stone at its upper surfnce. The bearings and distance8 of other surrounding villages are :- 
Pura 0 8 mile N.W. by N.; Billnhta 0.8 mile S.S.W.; and Khakhron 2 8 miles S.K. by E. 

IV. Andl~ihri Hill Station, lat. 24" 41', long. 78" 16'-observed at  in 1833-is situated on the higliest 
point of the sandstone range of that name, and about 100 yards nortli of a remarkable cave : in the Gwalior state. 

The pillar is solid, and has a mark-stone a t  its upper surface. The bearings and distances of surrounding villages are :-Sirsod 
0 1 mile N. by W. ; Jamursa 2.1 miles Y.E. ; and Larheri 2 miles Y.W. 

V. Gm&li Hill Station, lat. 26" lo', long. 78" 28'-observed at  in 1833-is situated 'on a rocky ridge 
running north and south, and takes its name from a small village which is distant about of a mile to the 
E. : pargana Jl~dnsi, district JIiBnsi. 

The pillar is solid, and has a mark-stone at it# upper surface. The bearings and distances of surrounding arb :-Bijpur 
1.2 miles N.E.; Lakhaupur 1.3 miles Y.E. by 8.; and Uusai 1.6 miles S.W. by 8. 

VI. Kathera Hill Station, lat. 26" I#, long. 79" 0'-observed a t  in 1834-is situated on a high and ' 
steep hill which was forrilerly used as a strongliold : pargana Mau, district JhBnsi. 

The pillar is solid, find has a mark-st,o~ie a t  ito. upper surface. The bearings and distances of surroundicg villages are :- 
Laraun 1 mile Y.W.; Katehm Muif 1.6 miles W.; aud Hanvpura 0.4 mile E. by N. 

VII. Bhit,hri Hill Station, lat. 25" 28', long. 78" 47'-observed at in 1834-is situated on a hill on the 
E. bank of the Betwa river, and distalit 0.4 mile S.S.W. of tlie village after which it is named. The h ig l~  road 
from J11Brlsi to Garotlia passes about a mile north of the station : in the Orcl~ha or Tebri state. 

The station is marked on a large block of qunrtz around mhich a platform hes been built. The bearings and distnnces of 
neighboring villages are :-Tiletha 1.1 miles 5. by W. ; Bngnt, on the left bank of the Dangrai Nadi, 2.8 miles E. by 5. 

VIII. Algi Hill Station, lat. 25" 30', long. 78" 24'-observed at  in 1834-is situated on a liill about 3 
miles north of the hill fort and large village of Dinarrr : in the Gmalior state. 

- The station is marked on the rock in sitd around which a p1:1tform has been built. The bearings and distances of surrounding 
villnges are :-Khirk 1.2 milee N .N.W. ; Algi 1.1 miles S.W. ; and Uuraira Bij Orchha 0.5 mile due 8. 
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IX. Daryapur Hill Station, lat. 25" 42', long. 78" 41'-observed at in 1834-is built on the site of rt 
dilapidated fort surul~ounting a low isolated hill, on the southern brow of which is the village of Daryapur : 
ta,hsil and pargana Datiya of tlie Datiya state. 

The pillar is solid, and has a mark-stone at it8 upper surface. The bearinge and distances of surrounding villagee are :-Bhda 
0.9 mile S. ; .Dlirsara 1.3 Inilea N.E. ; and Karkhara 1.6 miles N.N.W. 

X. Mrthartijpur Hill Station, lat. 25" 54', long. 78" 17'--observed a t  in 1834-is situated on a hill 
rising immediately above the village of Maharhjpur and surrounded by several lower hills : in the Gwalior 
state. 

The pillar is solid, and hns R mark-stone at its upper surface. The bearings and di~tances of surrounding villagea are :-Rajare 
and Lailiapunr 0.8 mile towards the W. by 8. ; Kanwai 1.5 miles N.N.E. ; and Chetauni 1.8 miles S.E. by 8. 

XI. Narwar Hill Station, lat. 25"37', long. 77" 58'-observed at in 1834-is situated on the N.E. 
extremity of a sandstone I~ill on nrl~ich, at a few feet to the E.S.E., the secondary station Ladha h.8. (of the 

- Great Arc Meridional Series, Section 24" to 30") is built : in the Gwalior state. 
The pillar is .solid, and haa R mark-stone at its upper surfoce. The bearings and distances of surrounding places are :-the large 

town and fort of Narwar about 1) miles N.W. by N. ; Yurkharia village 1.3 miles N.E. ; and Shergarh 1.5 miles 8. by E. 

XII.  Karaia Hill Station, lat. 25" 54', long. '78' 3'-observod at in 1834-is situated in the centre of 
a n  unfinished fort which occupies an eminence of the great sandstone range extending to the vicinity of 
Gwalior : in the Gwalior state. 

The pillar is solid, a i d  has a mark-stone a t  its upper aurfrtce. The bearings and distances of surrounding villages are:-Karaia 
0.5 mile E.S.E. ; Bethaunda 2 miles S. by W. ; and Uhobni 1.8 miles N. by E. 

N 0 ~ ~ . - 1 7 l i a  etation is almost certainly identical with the eeconday point Karaia I.8. of t i e  Great Arc dleridional Serk8, Scctwn 24' 
t o  30°, i n  f i e  original record8 of which hotcever it ia described cur on the W. turret of a tc-ell known detached fortiJed hill on road Q+~w to 
Sironj ; f i r a h  villuge lice on th.e earrtern dope : i t  ie marked by a circular p1atfu1.m with a mark-stone, having a 8 engraved on it. 

XIII .  R4epur Hill Sht,ion, I&. 26" 8; long. 7$7-observed at in 1834 and 1836-is situated on a 
lofty conical peak of the VindhgAcllal range surrnolint,ed by a Hindu temple, on the western side of which R&e- 
pur H.S. of the Great Arc Meridionsl Series, Section 24" to 30°, is built. The station commands a good view 
of the town and fort of Gwalior which lie about 98 miles to the N.E. : in the Gwalior state. 

l'he pillrv is solid, and has a mark-stone at  its upper surface. The bewings and distancee of neighboring villagee are :-BBepur I f  
miles W.S.W. ; and Naigaon 1.5 miles Y. 

XIV. Majlliir Hill Station, lat. 26" 6', long. 78" 31'-observed at  in 1834 and 1836-is situated on 
the same elevated plateau as Gujara fort from which it is distant about 14 miles due north: in the Gwalior 
state. 

The pillar is solid, nnd hsa a mnrk-stone at its upper surface. The bearinge and distances of neighboriug placee are :-Jamr6ha 
fort 2 miles E.N.E. ; and Naugamo villuge 3 1 milea B.S.E. 

XV. L?&nichri Hill Station, lat. 26" 24', long. 78" 15'-observed at in 1836-is built adjoining some 
ruins on a sacred hill which is the residence of a gzcrlc or religious instructor of the Raja, and stands above the 
ruins of the ancient town of Ainti : in the Gwalior state. 

The pillar ie solid, and has a mark-stone at  ita upper surface. The bearings and distancee of surrounding places are :- 
Khitoro fort 2 miles E. by N. ; Burrlili village 1.4 miles N.N.W. ; and Parbat village 0.6 mile W.8.W. 

XVI. JhAnkri Hill Station, lat. 26" 19', long. 78" 35'-observed at in 1836-is situated on a low 
range of liills which runs nearly north and south, and has a couple of hamlets lying at  the foot of the hill on 
the eastern side : in the Gwalior state. 

The pillar is solid, and has a mttrk-stone a t  its upper surface. The bearings and distancee of eurrounding villages are:- 
Silauli 1.3 miles N.E. by E.;  Makata 1.1 miles Y.E. ; and Chimara 1.9 milee W.S.W. 

XVII. Q b m i  Tower Station, lat. 26" 36', long. 78" 33'-observed at in 1836 and 1842-is situated 
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on a bastion a t  the northern angle of the mud fort attached to tlie village of Gdrmi which lies between t h e  
SBnichri hills and the Chambal river : in the Gmalior state. 

The station consists of a tower of sun-dried bricks and mud cement, raised to a height of 27 feet above the terreplein of t h e  
rampart, and having a mark-stone a t  top and another a t  bottom. l'he bmrings aud distances of surrounding villugea we:-Silauli 1'6 
miles N.W. by W.; Kalihnpura 1.6 miles S.W. by W. ; and Qopilpura 1.4 miles E. by 5. 

XVIII. Bllinil Station, lat. 26" 34', long. 78" 50'-observed a t  in 1836 and 18L2-is situated on the roof 
of the gateway in tlie north face of tlie masonry fort attached to the large village of Bliind wllicli lies on the plain 
south of the Chambal river. The station is 34 feet above the level of the interior of tlie fort : in tlie Gwalior state. 

The station consists of a masonry pillar, 5 feet high and 9 feet square, whicl~ carries the usual mnrk-stone at its upper surface. 
The bearings and distances of surrounding villages are :-Pure 0.4 mile X. by E.; Khirpura 1 3  miles S. 8. W.;  Haibatpura 1.8 milee 
W. ; and Kumaroa 1.7 miles N.W. by W. 

XIX. Athgath Tower Station, lat. 26" 48', long. 78" 45'-ol~served at  in 1840 and 1842-is situated 
amidst the ravines on tlie north bank of tlie Chamha1 river, and close to tlie northern skirts of the village of 
Athgath or Hathkanth : tahsil Panibat, pargana Hathkanth, district Agra. 

The stntion consists of a tower, 36 fe'et high nnd 14 feet siuare a t  top, having a central hollow core of masonry : i t  has a 
mark-stone a t  level of ground floor. 'I'he benrings and distances of eurrouuding villages are :-Kiriri 13 miles W. by 8.; Pidmmpura 
1.1 miles N.E.; and Surekhipura 1.3 miles N.E. by E. 

XX. PanBllat Stat,ion, lat. 26" 53', long. 78" 25'-ohserved s t  in 1840 and 1842-is situated on tlte 
roof of a vaulted building (apparently an interior gateway) of the dilapidated mttsonry fort at  the south side 
of the village of Pantillat: tallsil and pargana Panbl~at, district Agra. 

The station mark is elcvnted 30 feet above the ground nt the nouth side of the building, the walls of which wore rnised to 
form a platform around a pillar 3 lket Iligh. The bearings nnd di~tances of surrounding villnges are :-Biprauli 1.4 miles W.N.W.; Utsana 
1.1 miles S.S.E. ; aud Sikthura 2.5 milee E. 

XXT. Sherpur Tower Station, lat. 27" l', long. 78" 42'-observed at in 1840 and 1842-is situated 
on the terreplein of the rampart a t  the northern corner of an old mud fort stnndir1,o a short distance east of 
the village of Sherpur : tli&na Sarsaganj, tahsil arid pargana Shikohabad, district Mainpuri. 

The stntion consists of a tower of sun-dried bricks and mud cement, 30 8 fret high and 14 feet in diameter a t  top, having a 
central hollow core of burnt brick : i t  has a mnrk-stone a t  level of ground floor. 'I'he bearings and distances of surrounding vil l~~gea 
are :-Madanpur 1 mile N.N.W.; Pandrawan 0 3 mile 8. by E.; and Aidalpur 0.3 mile N.E. 

XXIT. Firozabad Tower Station, lat. 27" 9', long. 78" 26'-observed nt in 184.0, 1842 and 1843-is 
situated on the terreplein of tlie rampart a t  tlre 8. E. corner of an old mud fort standing about t mile W. of 
the town of Firozabad : pargana and talisil Firozabad, district Agra. 

The station consiut~ of a tower of sun-dried bricks and mud cement, 43 8 feet high and 14 feet uqunre nt top, hnving a central 
hollow core of burnt brick : i t  has a mark-stone a t  1 foot below the level of the teri-eplein. 'J'l~e benrings a ~ l d  distances of surrounding; 

laces are :-Piroznbad station, of the E. I. Railway, 0.3 mile S.S.E.; Rasklpur village 1.1 miles E.S.E. ; Datauji 1.1 miles W.S.W. ; and 
humbyinpur 1 2 miles N.W. 

XXIII. Baragaon Tower Station, lat. 27" 15', long. 78" 45'-observer1 nt in 1840, 1842 and 1843-is 
situated on the crest of a mound distant 4 mile to the S. E. of the village of Baragaon : th&na Ja s rha ,  tahsil 
and pargana Mustafabad, district Mainpuri. 

The station consists of a tower of sundried bricks and mud cement, 45.4 feet high and 14 feet a q u m  a t  top, haring a centml 
core of burnt brick : it  has a mark-atone a t  1 foot below the ground floor. The Etiwab Branch of the Qnugeu Cnnnl rull8 at 3 111ile S.W. 
of the stntion ; and the bearing8 and distances of surrounding villages are :-Nnhu 1.1 miles N.; Jaarana 2.8 miles Y.S.W.; Kuiari 2.2 miles 
L3.E.; and Kanchgahi 2 6 miles N.E. 

XXIV. Pondri Tower St.ation, ]at. 27" 28', long. 78" 27'-observed a t  in l a 0  ~ n d  1843-is situated 
on a mound (about 25 feet in height) witliin the ruins of the mud fort attached to the small village of Pondri : 
tahsIl and pargana Jalesar, district Agra. 

Tho utntion consiuts of a tower of eon-dried bricks and mud cement, 44.3 feet high and 13 feet square a t  top, having a central 
hollow core of hurnt brick : i t  has a mark-atone at 1 foot below the ground floor. The hearings and distances of surrounding villages are :- 
Pllllhara 1.5 miles W. by N.; Kasua 1.3 miles N. ; Khnira Taj 1.2 miles E. by N. ; and Mahaki 1.8 miles Y.S.W. 
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XXV. Kilhrmio Tower Station, lat. 27" 33', long. 78" 49'-observed at in 1840, 1842 and 1843-is 
situated on tlie crest of a mound (al~out 20 feet in height) distant mile wgst of the sr~sall village of Ki18rmb : 
thbna, tahsil, pargana and district Etah. 

The etntion consists of a tower of sun-dried bricks and mud cement, 44.5 feet high and 14 feet square a t  top, having a central 
hollow core of burlit brick: it has ri mark-s to~~e at 1 foot below the grou~id floor. The bearings and distances of nurrounding placee are:- 
E t a h  town 6 lniles W.; Nelichalpur village 0 9 mile W.N. W.; Jisukl~pur 0.5 mile S.W. ; and Murjadpur 0.6 mile N. by W. 

XXVI. Salimpur Tower Station, lat. 27" 47', long. 78" 33'-observed at  in 1841 and 1843-is situated 
on the crest of a mound (about 20 feet in Iieight) distant 600 yards west of the small village of Salimpur : t m  
and talisil KSsganj, pargarla Bilrciln, district Xta11. 

'I'he station consists of a tower of sun-dried bricks and mud cement, 48 feet high and 13  feet square a t  top, having a central hollow 
core of burnt brick : i t  has a ~nnrlc-stone a t  1 foot below the ground floor. The bearings and distances of surrounding village8 are :-Badam- 
par 0.9 mile E.S.E.; Naraii~pur 0 5 mile Y. ; Kutubpur 1.2 miles N.W.; and Dbarampur 1.3 miles N.E. by N. 

XXVII. Jamtilpur Tower Station, lat. 27" 48', long. 78" 52'-observed a t  in 1841 and 1843-is situated 
on a mound (about 1 2  feet in heigllt,) within the ruins of a mud fort distant nearly half-a-mile to the N.W. of 
the  small village of JamAlpw : tlicina Sahbwar, tahsil Kftsganj, pargana Sali&war, district Etah. 

The stntio~l consiuts of a tower of sun-dried bricks and mud cement, 28 feet high and 14 feet in diameter a t  top, having a central 
hollow oore of bur l~t  brick : it has a mnrk-stone a t  1 foot below the ground floor. The bearings and distances of surrounding villages are :- 
Firozpur 0.5 mile Y.S.W.; Clladpur 0.5 mile N.W.; and Bhaloli 0.7 mile N.E. 

XXVIII. SanlcrAo Tower Station, lat. 28" 2', long. 78" 35'-observed a t  in 1841 and 1843-is situat- 
ed on the site of an old fort on a high spur of the bank wllich bounds the southern edge of the Ichddar or low 
lalids of the Ganges, and stands close to  tlie west side of the village of Sankrcio wliicll is distant within half- 
a-mile to tlie south of the old bed of that river: talisil Atrauli, pargana Gangiri, district Aligarh. 

The station consists of a tower of burnt bricks and mud cement, 37.3 feet high and 14 feet in diameter a t  top, having a central 
hollow core of masonry : it lias a mark-ntone a t  1 foot below the ground floor. The beari~iga and diatunces of surrounding villages are :- 
Rwtamuala 1.1 miles W. by N. ; Mohkampur 1.2 miles S.8.E.; and Sikri 1'1 miles E. by 8.  

XXIX. Sarsotlla Tower Station, lat. 28" 6', long. 78" 48'-observed a t  in 1843-is situated on the 
northern .edge of the lchddnr or low lands of tlie Ganges, and stands about Ilalf-a-mile N.E. of the hamlet of 
Sarsotlia a place of IIindu pilgri~nage : tlidna, tahsil and pargana Sahaswftn, district Budaun. 

The station consists of a tower of unburnt bricks and mud cement, 14 feet in diameter a t  top, enclosing a central solid pillar of 
mmonry 23 8 feet high : it has a mtirk-stone in the fountlation, another a t  7 feet above groulid level, nud a third a t  summit. The beariuga 
and diatauces of surroundil~g villages are:-Mauikpur 1 mile 1J.W.; Alipur 0 6 mile N.W.; aud Quhlaul 2 3 miles N.E. by E. 

XXX. Salcrora Tower Station, lat. 28" 13', long. 78" 36'-observed at  in 1843-is situated on a mound 
(abont 10 ftlet in height) ~v i t~ l~ in  half-a-mile S. by W. of tlie village of Sakrora: th&na Asadpur, tahsil Gunnaur, 
pargrtna Asadpur, district Budaun. 

The station consists of a tower of unhurnt bricks and mud cement, 14 feet ia diameter a t  top, enclosing a central solid pillar of 
masonry 21 feet high : it  has a mark-stone a t  ~ u ~ n ~ n i t .  The bearings a l ~ d  distauces of surrouuding villages are :-Lahra 0.5 mile W.N.W. ; 
Mirzapur 0.6 wile 8. ; and Baudrii 1 8 miles N.E. by E. 

XXXI. Parauli Tower Station, lat. 28" lo', long. 78" 24'-observed at  in 1843-is situated on high 
ground about 350 yards due north of the village of Parauli or Ptrrl~auli: th&na Ramghat, tahsil Anfipshahr, 
pargana Dibai, district Bulandsbahr. 

The station consists of a tower of unburnt bricks nnd mud cement, 15 feet in diameter a t  top, enclosing a central solid pillar of 
meRonry 18.8 feet high: i t  l~aa a mnrk-stone nt p ~ u n d  level, nnothrr a t  7 feet above it, and a third a t  summit. 'I'he bearings nnd distances 
of eurrouucliug villages are:-Bampur 0.7 mile E.; Bajhera 0 6 mile S.E.; Jirnjpur Khurd 1.2 miles W.;  and Belon Nagla 0.9 mile N. 

XXXII. KariAm4i Tower Station, lat,. 28" 15', long. 78" 48'-observed a t  in 1 8 4 3 4 s  situated on a 
slight elevation distant lialf-a-mile east of the village of Kari&mBi : thsna IslAmnagar, tahsil Bisauli, pargana 
Isljmnagar, district Budaun. 

The station consists of R tower of unhurnt bricks ~ n d  mud cement, 15 feet in diameter at top, enclo~ing a centrnl solid pillar 
of mnsonrp 17.3 feet high : i t  has rr mnrk-stone a t  grom~d level, and another a t  summit. The bearill@ and dietaucee of surrounding vil- 
lages are :-Bhartpur 0.4 mile S.S.E. ; Udaipur 0.8 mile N.E. ; and Firozpur 1'1 miles due N. 
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XXXIII. Rajauli Tower Station, lat. 28" 22', long 78" 28'--observed a t  in 1843-is situated on t.he 
khddar or low lands of the Ganges, and stands 0.4 mile S.E. of the village of Rajauli or liajawali : th&na Raj- 
pura, tahsil Qunnaur, pargana Rajpura, district Budaun. 

The station consists of a tower of unburnt bricks and mud cement, 14 feet in diameter at  top, enclosiug a central solid pillar of 
mason 28 feet high: i t  has a mark-stone a t  summit. The bearings aud distances of surrounding villages are :-Paniwara 1.8 miles  
~ . ~ . ; % e o r a  1.3 miles S. by E.; and Uobindpur 1.1 miles due B 

XXXIV. Mehtra Tower Station, lat. 28" 22', long. 78" 4l'-observed at in 1843-is situated on a 
mound (about 10 feet in height) distant ) mile north of the small village of Mehtrta : tallsil and pargana Sam- 
bhal, district Moradabad. 

The station consists of a tower of unburnt bricks and mud cement, 14 feet in diameter at top, enclosing a central solid pillar 
of masonry 16 feet high : i t  hns a mark-stone a t  summit. The bearings and di~tnnces of surrouuding villages are :-Bnhpur Patti 1.1 milee 
E. ; Sultriupur 2.4 miles W. ; Mirzapnr 0.9 mile N .N.E. ; and Yazafpur 0.8 mile N .W. by N. 

XXXV. B4nsgop&1 Tower Station, lat. 28" Y3', long. 78" 34'-observed at  in 1843-is sitnated on a 
sandy mound (7 or 8 feet in height) distant 500 ynrds west of the temple of Binsgopal a place of Hindu pilgrim- 
age : tahsil and pargana Sambhal, district Moradabad. 

The station consists of a tower of unburnt bricks and mud cement, 14 feet ill diameter at  top, enclo~ing a central aolid pil lar  
of masonry 18.8 feet high : i t  has a mark-stone at a little below ground level, and another at; summit. The beari~igs and distances of Rur- 
rounding places are : -Yambhal town 3 miles N.E. ; 'l'urrano Sarni 1.8 milea E. by 8. ; Uandhipura village 1 mile N. by E. ; Busla village 
1.7 miles W. by S. ; nnd Bahadurpur Sarai 1.1 miles S.W. by Y. 

XXXVI. Cllandanpur Tower Station, lat. 28" 34', long. 78" 21'-observed at  in 1843- is situated at  
the distance of half-a-mile to the E.S.E. of the village of Cllandanpur : tallsil and pargana Hasanpur, district 
Moradabad. 

The station consists of a tower of unburnt bricks and mud cement, 14 feet in diameter at  top, enclosing a central solid pillar 
of masonry 16.5 feet high: it has a mark-stone a t  ground level, another 7 feet above it, and a third at  sumnlit. The bearings and dis- 
tances of eurrou~lding villages are :-Deorara 0 8 mile S. ; Khanraua 1.8 miles W.9. W. ; and Chhapna 2.1 miles N.W. by N. 

XXXVII. Barauli Tower Station, lat. 28" 32', long. 78" 48'-observed a t  in 1843-is situated on a 
mound (about 20 feet in heigl~ t) which is apparently the site of a deserted village, and is distant nearly If miles 
N. E. of the village of Barauli : tahsil and pargana BilBri, district Moradabad. 

The station consists of a tower of unburnt bricks and mud cement, 14 feet in diameter at top, enclosing a central solid pillar 
of masonry 16.5 feet high : i t  has a mark-stone a t  summit. The beariugs aud distances of surrounding villages are :-Khisepur 0.6 mile 
W. ; Pipli 0.8 mile N.E. ; aud Akrauli Auliapur 1.1 miles E.S.E. 

XXXVIII. Kandarki Tower St.ation, b t .  28" 44, long. 78" 27'-observed a t  in 1843-is situated 
close to the eastern side of the village of Kandarki: tahsil and pargana Hasanpur, district Moradabad. 

The station oonsists of a tower of unburnt bricks and mud cement, 14 feet in dinmeter a t  top, enclosing a centrnl solid 
pillar of masonry 18-7 feet high : i t  hna a mark-stone a t  summit. The bearings aud distallcee of surrounding vilkges are :-Khairpur 1.1 
miles E.S.E. ; Begpur 1 mile S.W. by W.  ; and Jehu1 1 mile W.N.W. 

XXXIX. Atora Tower Station, lat. 28" &', long. 78" 40'-observed at  in 1843-is situated on a 
mound (about 30 feet in height) immediately N. W. of the village of Atora or Athaura on the high road from 
Moradabad to Sambhal and Aligarh : tahsil and pargana Sambl~al, district Moradabad. 

The station consists of a tower of unburnt bricks and mud cement, 14 feet in diameter a t  top, endosing a central nolid pillm of 
masonry 17.8 feet high : i t  has a mark-stone at  summit. The bearings and distances of surrounding villages are :-Athauri 0.4 mile S. ; 
BhBuddinpur 0.8 mile W.; Harthali 1.3 miles N.W.; and Shtihpur 1.6 llliles E.N.E. 

XL. Sirsa Tower Station, lat. 28" 55', long. '75' 35'-ohserved a t  in 1848-is situated on a monnd 
(about 15 feet in height) distant 600 yards north of the village of Sirsa : tahsil and pargana Amroha, district 
Moradabad. 

The station consista of a tower of unburnt bricks and mud oement, 14 feet in diameter at  top, endoaing a centrnl solid pillar of ma- 
sonry 26 feet high : it has a mark-stone a t  summit. The beariugs and dist~nces of aurnmndi~~g villages are :-Darynpur 0'7 mile S.W. by \V. ; 
Mauye Chak 0.4 mile N.E. by N.; Baghunathpur 1 mile S.E. by Y. ; and Hbhampur 0.9 mile N.W. 
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XLI. Lht Tower Station, lat. 28" 54', long. '78" 21'-observed at  in 1843-is situated in the lands of 
t h e  village of Lbt : tal~sil 'and pargana Hasanpur, district Moradabad. 

The station consists of a tower of unburnt bricks and mud cement, 14 feet in diameter at top, enclosing a central solid pillar of ma- 
20 feet high : it  has a mark-stoue a t  summit. l'he bearings and dist.ances of surrocnding villages are :-Mahamdi 0 .1  mile N.N.W. ; 

A.fz ""3 pur 0.6 mile S. by E. ; Kurnla 0.6 mile N.E. ; and Lakhania 1.2 miles S.W. 

XLII. Bhatauli Tower Station, lat. 28" 5 4 ,  long. 78" 46'-observed a t  in 1843-is situated at the 
distance of about 1 mile west of the village of Bliahuli : tahsil, pargana and district Moradahad. 

The atation consists of a tower of u~lbnrnt  brirks and mud cement, 14 feet in diameter a t  top, ex~closing a central solid pillar of 
masonry 145 feet high : it  has a mark-stone a t  sun~tnit. 'I'l~e benrings and distances of surrounding places are:-Moghalpur town 1.6 wiles 
N.; Mahtakpur 1.2 miles W.S.W.; and Gopilpur 1.9 miles W. by N. 

XLIII.  Milik Tower Station, lnt. 29" 5', long. 78" 28'-observed a t  in 1843-is situated in the lands 
of the village of Lodhipur Milik : talisil Chbndpur, pargana Burhpur or Nurpur, district Bijnor. 

The station consists of a tower of onburnt bricks and mud cement, 14 feet in diameter a t  top, enclosing a central polid pillar of 
masonry 17.3 feet high : it ha8 a mark-stone at sumr~~i t .  The benrings and dintances of surrounding villages are :-Sahela 1.1 miles E. ; Ber 
0.6 mile 9.5.E. ; Shehboupur 0.6 mile W.S.W. ; and Mor Makddmpur 1.2 miles N E. by N. 

XLIV. Akbarpur Tower Station, lat. 29" 6', long. 78" $1'-obsel*ved at in 1842 and 1843-is sitnnted 
close to the high road from Hardwar to Moratlabad, and distant about half-a-mile N.W. of the village of Akbar- 
pur : tahsil and pargana Amrolia, district Moradabad. 

The station consists of a tower of unburnt bricks and mud cement, 14 feet in diameter at top, enclosing a central solid pillar of 
masonry 15 feet high : it  has a mark-stone a t  summit. l'he bearings and distances of surrounding villages are :+arhi 0.4 mile, 8. by W. ; 
Burhpur 0'8 mile W. by Y.; and Salimpur 0.5 mile N.R. by E. 

XLV. SarkBra Tower Station, lat. 29" 16', long. 78" 35'-01)served at  in 1813-is situated close to the 
high road from Hard\r$r to Moradahad, and distant about 0.6 mile S.S.E. of the village of Sarkkra: talisil 
Dhhmpur, pargana Sherkot, district Bijnor. 

The stntion con~ists  of a tower of unburnt bricks and mud cement, 14 feet in diameter a t  top, enclosing a central solid pillar of 
masonry 16.3 feet high: it has 8 mark-ato~ie a t  sumulit. The benriugs and distances of surrounding villages are:-ltajmul 0.3 lllile S.Y.E.; 
Naairpur Bhunwari 1.3 miles W.S.W. ; and Salinlpur Sami 0.8 mile S. by W. 

XLVI. Haldaur Tomer Station, lat. 29" 17', long. 78" 19'-observed at  in 1843-is situated on a sandy 
mound (8 or 9 feet in height) in the lands of the village of Rasfilprlr, and is distant about 1 mile S.W. of the 
large village of Haldaur : tahsil Bij nor, pal*gana Daranagar, district Bij nor. 

The station consists of' a tower of unburnt bricks and mud cement, 14 feet in diameter a t  top, enclo~ing a central solid pillnr of 
masonry 19.7 feet high : i t  has a mnrk-stone nt top. 'I'he bei~rinps and distances of surrouuding villages nre :-Chajjnpura 0.8 lllile Y.E. by 
E.; Uttapur 0.8 mile S.W. ; aud Sikandarpur Saui 1.1 miles nearly due N. 

XLVII. Nandi Tower Station, lat. 29" 17', long. 78" 49'-observed at  in 1842 and 1 8 4 3 4 s  situated 
in the lands of the village of Pliranpur, aud is distant about half-a-mile E.S.E. of the village of Nandi: tahsil 
and pargana KAshipur, district Tar&i. 

The station consists of a tower of unburnt h r i ck~  m d  mud cement, 14 feet in diameter a t  top, enclosings central solid pillar of mason- 
ry 12 feet high : i t  has a mark-stone a t  summit. The surrou~lding \.illages are :-PJraupur 0.6 mile N. ; Haipur ; Haripura; and Mowa Dabra. 

XLVIII. Harpiilsid Hill Station, lat. 29" 40', long. 78O 36'-observed at  in 1843-4s situated on the 
peak immediately west of the hill of Harp4lsid on the soutllern border of the Sub-Himalaya mountains, and is 
approached from Najibabad by Kotkadr and Bagnala : district Garhwdl. 

The station is denoted by the centre of a circle engrnved on a stone which is  fixed in the middle of a plntform nnd is flush with 
the level of the ground. The station of 1843 wna re-visited in 18tiG in the course of the secondary operations of the Kumaun aud Garhwd 
Survey, but, from the absence of information to the contrary, no alteration in its construction appears t o  have been made. 

I.-(Of the North-.East I;ongitudi~tal Series). Mbbegarh Hill Station, lat. 29" 53', long. 78" 30'- 
observed a t  in 1842, 1863, 1850 and 18fi5-is situated on the hill of that name, and adjoins a rude temple to 
the north : pargana Ajmir, district Garli w81. 

The etation consists of a platforu~ of stones and enrth, 14 feet e q u m  at  top, eucloai~~g n centnrl isolated pillar af mssonry 6.9 feet 
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high : it has a mark-stone a t  1 foot above 'ground level, and another a t  summit. The original station of 1842-43 which was common to the 
Budhon Meridional and the North Connecting Ser ieewas  -visited in 1850 in the courae of the operations of the North-East Longitudinal 
Series, and again in 1865 to originate the Kumaun and Qarhwil Surve on neither of these occasions was any alteration made in the 
construction of the station. The bearing8 and distanom of s ~ u n d i n g  vilGea am :-Kundra I mile S. by 8. ; Jaurisi 1.8 W ~ B B  W. ; Hutlu 
1.6 miles N. ; and Badoli 1.8 miles N.N.E 

XLVII1.-(Of the &eat Arc llleridwnal Series, Section 24" to 30'). Sl~eopuri Tower Statien, lat, 
29' 19', long. 78" 2'--observed at in 1836,1837, 1843 and 1866-is built on an elevated mound, apparently t h e  
site of a .ruined fort, standing on a high bank which bounds the bed of the Ganges on the west, and distant about 
half-a-mile east of the village of Sheopuri : hhsil J h a t h ,  pargana Bhlima Sambalhera, district Muzaffarnagar. 

The station oonsista of a hollow masonry tower 40.5 feet high, having a mark-stone in the ground floor. It was originally con- 
structed as a station of the Great Aro Meridional Series, Section 24' to $0°, in the courae of the operations of which i t  was visited in 1836, 
1837 and 1866, the Budhon Series having connected with i t  in 1843 : no change waa however made on the occasion of the subse uent visits 9 to the original tower. 'l'he bearings and distances of surroullding places are :-Miriinpur town 3 milea S.W. ; Jaapur village 1 m' e N.N.E. ; 
and lllampur 1'2 miles E 

MI.-(Of the &eat Arc dleridwnal Series, Section 29" to 30"). Mahesari Tower Station, lat. 29" 30', 
long. 78" 11'--observed at in 1843, 1851, 1865 and 1866-4s built on a sand ridge (about 20 feet in height), near 
the S.W. corner of the village of Mahesari: tahsil Bijnor, pargana Mandhwar, district Bijnor. 

The station consists of a tower of unburnt briaks and mud cement, 14 feet square at top, enclosing a oentral pillar of maaonry 
13.5 feet high which is solid to a height of 12 feet above ground level and perforated thereafter : it has a mark-stone a t  the level of the  
ground, and others a t  7 and 12 feet respectively above this level. The station of 1843-which wae 12 feet in height-was re-vieited in 
lb51  in the course of the operations of the North-East Longitudinal Series, when the masonry pillar was found in good order and the upper 
mark-stone undisturbed. When again visited in 1865-66 in connection with the Great Arc Meridiond Series, Section 24O to 30°, the pillar 
and upper mark-stone were found in good preservation : on this occasion however the height of the pillar waa raised to 18+ feet, but no 
mark-stone was plaoed s t  its summit, a hollow cylindrical space, 4 inches in diameter, having been left for reference to the old mark-stone. The 
bearings and distances of surrounding places are :-Mandawar 1.6 miles S.Y.W. ; Shahbazpur 1.2 miles W. ; Bataupur ltaiga 0.8 mile N.N. 
W. ; and the town of Kiratpur about 3 miles E. 

February 1877. J. B. N. HENNESSEY, 

In charge of Coinputing O#ce. 



BUDHON MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. ADDENDUM TO DESCRIPTION OF STATIONS. 

NOTE.-Consequent on modern alterations of district and other boundaries, the sites occupied by the stations are in some 
instances now included in civil divisions of territory which differ from the district, pargana, or village, recorded in the preceding 
descriptions of stations : a complete list of all the stations of the Series including a suitably modified statement of the altered sub- 
divisions in question is accordingly given in the f6110wing table, and is derived chiefly from the annual reports, up to 1881, made 
by the Civil Officials to whose care the stations have been committed. The statement also gives additional information as to position, 
construction, and present condition of certain of the stations; where no entry regarding present condition ie made against a 
station it is to be assumed that the station when last reported on by the district Official was in good order. 

The spelling of names is in accordance with that given in the lists of more important places published under the orders of 
Government whenever such names occur in the lists. 

NOTE.--Btatiom 111 * and VII * appertain to the Cnlouttn Longitudinal Serier of the South-Esrt QuedrilsteraL P. rtcmda for puganal T.h. for khrfi, and 
9!h& for t h b  

&marks on the 
Construction and Condition 

of the Station 

... ... 

. a .  ... 
The upper mark-stone wanting as 

reported in January 1870. 

... ... 

The pillar fallen down as reported 
in May 1867. 

No trace of the station fouud aa 
reported in 1877. 

No mark-stone found as reported in 
May 1867. 

No mark-stone found as reported in 
May 1867. A pile of earth and 
stones raised over the pillar in 1879. 

No report received. 

... ... 

No. 
of Station 

I11 * 

VII  * 
I 

I1 

I11 

IV 

V 

V I  

VII  

VIII 

Local name 

... 

... 

... 

... 

... 

Andheri 

... 

Hanspura 

... 

... 

Village in which 
the Station 

lies 

Budhon 

Tinsi 

Patna 

Dargawa 

Dhandkua 

Sarsud 

Glwili 

Hanspura 

... 
Algi Dinara 

District 

Saugor 

3, 

Lalitpur 

Bundelkhand 
Political Ageucy 

Lalitpur 

IJsagarh (Gwalior 
territory) 

Jh4nsi 

IS 

.., 

J h h s i  (Gwalior 
territory) 

Pargana, kc. 

Tah. Kurai, Tfiluka Pi- 
tihra, Th4. Baraudia 

P., Tah. and Th4. Banda 

Tah. Mahroni, P. MB- 
r a m  

P. Baldeogarh 

Tah. Mahroni, P. Bdn- 
P u  

P. Marguli 

Tah. Jhdnsi 

Tah. Mau 

... ... 
P. Karera 
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Village in which 
the Station 

lie8 

Remakks on the 
Construction and Condition 

of the Station 
District Pargana, kc. 

Tah. Datia IX 

X 

1 XI 

XI1 

XI11 

XIV 

xv 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 

xxv 

XXVI 

XXVII 

XXVIII 

Bundelkliand 
Political Agency 

Da ryapur 

Mahirajpur 

... 
K arehis 

Raepur 

Gujara 

Bntri 

I.. 

Gormin 

Bhind 

Hathkanth 

Pan A hat 

Madrnpur 

Raepur . 

Kushiari 

... 

K i l h a u  

Salimpur 

Jam4lpur 

Sankra 

a , .  

..I 

... 

... 

8 . .  

... 
Sanichari 

... 

Gormin 

... 
Hathkanth 

... 
Sarsaganj 

. . . .  
' Jas rha  

. . a  

, . * 

Salimpur 

... 

Minb Sankra 

Narwar (Gwalior 
territory) 

I P. Karhia 

P. Narwar 

I'sagarh (Gwalior 
territory) 

P. Chanderi 

Gwalior I P. Gird Gwalior 

The p~llar fallen down, only the 
mark remains, as reported in May 
1877. 

P. Kotmiil 

... ... 

P. Gormin 

Sikarwiri (Gwa- 
lior) 

Tonwarghhr 
(Gwalior) 

Bhind (Gwalior) 

Agra 

The tower fallen down as reported in 
May 1877. 

I P. Bhind 

I P. Pandhat 

Ditto. JJ 

Mainpuri 

... ... 
The arch and the lower portion of 

the central pillar were found dug 
into up to the perforation. 

Tah. Shikohabad, Th4. 
Sarsaganj . 

Agra 

Mainpuri 

... ... 
About 20 feet of the pillar fallen 

down as reported in March 1873. 
Tah. Mustafabad, Th4. 

Jas rha  

The station was connected with the 
Revenue Survey line of levels i o  
1873, under Colonel Anderson, 
whet1 the lower mark-stone wan 
found intact and the heiglrt of 
summit of pillar above this mark 
to be 42.6 feet. 

The pillar 42 feet high as reported in  . 
1874. 

Etah 

JJ 

J8 

Aligarh 

I The pillar 35 feet high as reported in 
1 1874. 

Tah. and Thb. Kkganj, 
P. B i l r h  

The pillar 25 feet high as repoi-ted in 
1874. 

Tah. Kbgsnj, P. and 
TM. Sahiwar 

The mark-stone wanting as reported 
in 1867. 

Talr. Atrauli, P. Gangiri 

NOTB.--Station8 XXI to XLVII were visited in 1865-66 by Mr. W. Ivay, Asaistsnt B~irveyor, who was especinlly deputod for the purpose. With regard to the 

central paka pillars, their eolldition when viaitad and the repairs effected are give11 in detml above. As respecta the kacha towere, around the pillars, theea we- 
found either prrlidly or wholly waahed swny; nor were any measures taken specially for their restoration. Mr. Ivey protected the stations in the followi~~g manner - 
the stunmits of 1110 pillar. were cnppcd by conical mounda of sun-drird br i rko  or cnrthwork to carry olf the midall, alld the p* tbemaelvee were eucloeed in ~e 
-terinls up to vaying heights. Alter this he trenderred all thew ht iona  to the charge of 1 4  omci&, 

p, ,buds for pargaua, 'I&. for Lrh.LI, aid I h i  fur L b r  
i 



PRINCIPAL TRIANGULATION. ADDENDUN TO DESCRIPTION OF STATIONS. 

NOT&-P. atanda for pargene, Tah. for tuheil, and Th&. for th6na, 

No. 
of Station 

XXIX 

XXX 

X XXI 

XXXII 

XXXIII 

XXXlV 

XXXV 

XXXVI 

XXXVII 

XXXVIlI 

XXXIX 

XL 

XLI 

XLII  

XLIII  

Local name 

MBnikpur 

. . . 

. . . 

... 

... 

Mehtra Dha- 
rampur 

Benipur Chak 

Chandanpur 
Iih4dar 

Umra 

Kaudarki 

. .. 

... 

Mahamdi 

Kdzipur 

Lodipur Milik 

Remarks on the 
Construction and Condition 

of the Station 

The central pillar and its upper 
mark-stone were found uninjured. 

The central pillar and its upper 
mark engraved on a burnt brick 
were found uninjured. 

The central pillar and its upper 
mark-stone were found all right. 

Ditto. 

The central pillar was found half 
thrown dowir, it was raised by 3 feet 
with burnt bricks and mud ce- 
ment, making its height about 14 
feet above ground. 

The upper mark-stone was found 
iutact, the central pillar partially 
dug into at base and summit. 

The central pillar and the upper 
mark-stone were found all right. 

Ditto. 

The upper mark-stone was missing, 
and portion of the summit of the 
central pillar broken. 

The central pillar and its upper 
mark engraved on a burnt brick 
were found perfect. 

The upper mark-stone mas missing, 
and portion of the su~llmit of the 
pillar broken. 

The central pillar and the mark-stone 
on its summit were found perfect. 

The whole structure was found fallen 
down, with the exceptiou of 4 feet 
of the central pillar above ground. 
The pillar was raised 4 feet in 
height above the old remains, with 
burnt bricks and mud cement. 

The central pillar and the mark-stone 
on its summit were found perfect. 

The central pillar and the mark en- 
graved on a burnt brick, on ita 
summit, were fourid perfect. 

District 

Budaun 

JJ 

Bulandshahr 

Budaun 

J, 

Moradabad 

JJ 

IJ 

JJ 

>a 

JI 

IJ 

I, 

JJ 

Bijnor 

Pargana, kc. 

Tah., P. and ThB. Sahaa- 
w h  

Tah. Gunnaur, P. Asad- 
Pur 

Tah. AnGpshahr, P. Di- 
bai, ThB. Ramghat 

Tah. Bisauli, P. and Th4. 
Islfim~~agar 

1'1th. Gunnaur, P. and 
ThB. Rajpura . 

P. Sambhal 

Ditto. 

P. Hasanpur 

P. BilBri 

P. Hasanpur 

P. Sambhal 

P. Amroha 

P. Hasanpur 

Tah. Moradabad 

Tah. ChBndpur, P. Burh- 
Pur 

Village in which 
the Station 

lies 

MBnikpur 

Sakrora 

Parauli 

KarihBi 

Rajauli 

Mehtra 

Bhsgopklpur 

Cha~~danpur 
Khiidar 

Barauli 

Kandarki 

Atora 

Sirsa 

L ~ i t  

Bhatauli 

Lodipur Milik 
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- - 

Nm.-Station I spperteinr to the North-Eaet Longitudinal Berim. Stationa XLVIII* md LII sppertain to the (3reat Arc Meridional Seriem, Section ePoto 80'. 
P. strnb for pargana, Tah. for td~f l ,  and ThB. for th8na. 

No. 
of Station 

XLIV 

XLV 

XLVI 

XLVII 

XLVIII 

I 

XLVIII * 

LII 

J. B. N .  H E N N E S S E Y ,  

In charge of Conapwthg O#ce. 

Local name 

,.. 

... 

... 

Nanda 

.,. 

... 

... 

... 

District 

Moradabad 

Bijnor 

99 

- Tar& 

Garhwtil 

JJ 

Muzdarnagar 

Bijnor 

Remarks on the 
Constructioll and Condition 

of the Station 

The central pillar was found stand- 
ing and slightly dug into at the  
base, and the mark-stone missing. 

The central pillar and the mark- 
stone on its summit were found per- 
fect, the edgegof the pillar eligl~tly 
decayed. 

The central pillar and the mark- 
stone on its summit were found 
perfect. 

The central pillar was found fallen 
down to within 14 feet of the ground 
level, this was repaired, raised to 2f 
feet above ground, with burnt bricks 
laid in mud cement, and a mark- 
stone placed on it. 

A portion of the maaonry given way 
as reported in 1879. 

A portion of the masonry given nay 
aa reported in 1878. 

. . . ... 

... ... 

Pargana, t c .  

Tah. Amroha 

Tah, and P. Dhdmpur 

Tah. Bijnor, P. DBrana- 
gar 

P. Khhipur 

- 

P. Talla Salh ,  Tdluka 
Bhfibar 

P. Ganga Salh, Patti 
Ajmir 

P. and Tah. Jhsath, 
ThB. Mirfinpur 

Tah. Bijnor, P. Mand&- 
war 

Village in which 
the Station 

lies 

Akbarpur 

Bhika JBt 

Rasclpur 

Priranpur 

Bfign4la 

Nali Badholi 

Sheopuri 

Mahesari 



B U D H O N  M E R I D I O N A L  SERIES. 

OBSERVED ANGLES. 

+ Of Calcutta Longitudinal Series. 

_ 

At I11 (Budhon) of Calcutta EotagitudincGZ Series. 

P e h a y  1833 ; obuerved by Ekwtencclat B. M~cDomzEd with Harris and Barnoto's 16-imh Theodolite. 

Angle 
between 

I&VII+ 

1g;50 28'83 25'83 29.17 30'50 19-67 35'17 16'50 32'83 30'50 39-83 32-34 
9 s 3 9 9 9 9 9 9 9 3 

61O I' 30'"06 
Prob. 

Circle readinge, teleecope being aet on I 
H* 801. 82. size 87. 8170 4%. saz* 470 8870 680 2320 

#I 11 I1 11 11 11 I1  11 11 I t  11 ' If 
ro.83 10.83 7;50 8'83 11-oo 11-67 14;50 10.67 14;33 g;r; 10.67 6-00 

s 3 3 9 9 9 9 s 

67. 237O Be0 242O 67. 847O 72O 862* 77. %7* 

19;50 12;00 9;33 9;33 13;83 11.17 ra-oo 9;50 10.83 7;67 
s 8 'a 

General Meanr 
and Probabilitier. 

65" 18' 1om.96 
Prob. a 0'59 

At VII ( T i n a d )  of Calcutta EoltgidudkaZ Series. 

March 1833 ; observed by Zkutelutnt 8. MmDorcald with Ha* and Barrow's l S - ~ h  Theodolite. 

General Means 
.nd Probabilitier. 

36" 17' 41'"89 
p p ~ b .  = 0.89 

Angle 
between 

nI+ &I 

Circle readings, telescope being set on III. 

800* 190* 810° 180° 8e0° 1 W  880° 160b 84Oe 160' 860e 170° 

tf II II 11 I t  I t  II I t  tr n 11 

43'34 45-08 45.17 ~ ' 8 3  42-92 40'50 +oh50 3 7 2 0  35h83 4 O P  4 6 p  41;0° 
8 3 9 3 3 9 

Circle wadinga, teleecope being set on I 

m7. 810 817. 4v0 827' 67O %I* 67. 247' 77. %7* 



BUDHON MERIDIONAL SERIES. 

Of Calcutta Longitudinal Series. 

At I (Patna) 

tdlarch, April; and $October 1833; observed by ZT;iezlte.na~zt B. MacDomld with Ban-is and Barrow's 

16-inch Theodolite. 

h g l e  
between 

2 
m & m  

$ - 

mhn 

t 

t 
II&VII+ . 

t 
W e &  III. 

Circle readings, telescope being set on IV 

11300 00 1900 loe 1960 160 ZOO' 200 el lo 810 2Sl" 610 
General M-B 

and Probabilitk. 

At 11 (Dargctwa) 

§ A f i E  ; m d  f November 1833; obsmed by Lieutenant B. MwDonuld'with Harris and Barrow's 

16-inch Theodolite. 

b l e  
between 

§ m* & 1 

4 

I & m  

'(I 

> 

11 I1 11 11 11 11 I ,  11 11 11 I1 1 5 6  48' 44".63 
43'17 45'00 43-17 45'33 51'67 42'00 50.50 41.00 47-00 40'33 39-00 46'33 prob. = I.o6 

a s 9 s s 1 s s I 1 1 1 

Circle readinga, telescope being eet on 111 

1800 00 1900 lo0 ZOO" 200 eioO 800 ezo0 so" ssoa soo 

39.11 37-67 40.00 34-17 37-00 39.67 .41;33 30;33 41;34 34;17 42133 4;;oo 
8 S 1 9 1 1 

ea1° 410 a310 610 eriO 610 aaio 710 zelo 810 2710 oiO 

41;67 37;67 31;33 37;33 40;00 43;33 36;33 43;11 30;83 39;50 38p67 36;83 

10.67 19;33 15.67 14.33 16-00 q;50 17-50 30.50 17-18 19.34 16-50 
s s s D 9 9 P s s 

Circle readings, telescope being set on VII+ 

881" 101° 891° 111' 801° 181° 8100 130' 8P1° 141' 881' 161° 

11-oo 11;33 7;67 4;oo XI-17 6-83 8'83 13-17 10.83 5;33 6'834 6;83 
9 9 9 s s !a 

Circle readings, telescope being aet on VII. 

00 180' 10. 1960 W)O Moo 80° 2100 40' BW 60° 2300 

40' 43' 3W.24 
Prob. = o - 75 

690 29' 24"'54 
Prob. = 1 - 1 0  

78" 24' 8"-69 
Prob. = 0.82 

General Means 
and Pmbabilit~w. 

rr I I  I I  II I I  I I  I I  I I  I I  II rr  1 49'29' 9".63 
a9;33 7 1 ; ~  58;67 %;SO 7 3 ; ~  7 6 ; ~  64-33 a 74;67 63-00 s 7 7 ; ~  68.50 a 67.50 4 = I.57 

31-83 s $4'50 a 33;I7 39;17 37;33 30;83 45;33 35;50 39;00 37;67 37hW 48b83 

Circle reading& teleewpe being set on I 

610 e8i0 610 8410 710 e6i0 810 e6i0 oi" a710 lolo zs1° 

25.67 34'33 36'55 44'67 39-08 33;67 33167 32;00 39;50 38;67 33;50 39;67 
9 9 8 9 4 

69" 43' 36"*76 
Prob. = 1.00 



OBSERVED ANGLES. . 

At I11 (Dhandk6a) 

t M a y  ; S November, December 1833, and Ja?tuary 1834 ; obeemed by Zieuteltant B. MacDonatd 

with Hccr9"iB and Barrow'o 16-inch Theodolite. 

A ~ ~ g l e  
between 

t 

11 & I 

$ 

$ 
I & I V  

+ '3.3' 55' - 168' 5+' 

$ 
I V & V  

3 
V &  VI 

Circle readings, telescope being set on I1 

110' 290' 120' 800' 130' 810' 140' 820' 150' 890' 160. 840' 

11 I1 11 11 11 11 11 I1 I1 I1 It 11 

47'33 47-50 46'67 58'67 54-00 57'67 49-00 47'00 51'50 50'83 51-33 41'83 
4 I 9 9 9 I I 9 9 I 9 I - 
89' 263' 99' 279' 109' 289' 119' 299' 129' 809' 189' 819' 

55-33 48-83 48-67 56433 51'67 53'67 53-17 55-00 58-00 53'67 52'66 52-00 
1 P 6 9 S Q 1 1 1 1 1 

General Meam 
and Probabilitier. 

69" 32' 51".76 

Prob. = 0'83 

At IV (Andhihi) 

Novet~tber atad Decenther 1833 ; obse?*vecl by Lieutenant R. dlacDonald with Harris and Barrow's 

16-inch Theodolite. 

Angle 
between 

Circle rendings, telescope being set ou I I 
889' 169' 849' 179' 859' 189' 9' 199' 19' 209' 29. 219' 

+96'j3 1 99'67 (I 98.80 6 90'89 s 93-67 s 98'67 s 96'17 a 99'00 1 96'00 s 95-61 1 95'00100'83 1 a 

-33-67 24-73 39-78 28-17 32'67 27-18 37-33 31-08 39-11 31-00 26'67 32-33 
9 4 9 9 1 S 9 4 9 9 9 9 

62-66 74-92 59-02 62-72 61-00 70.89 58.84 67-92 56.89 64.67 68.33 68-50 

Circle readings, telescope being set on IV 

2840 6h0 254' 6r0 254' 74' 264' 84' 874' 94' 284' 104' 

26;33 32;11 34;33 29;33 31;83 3 4 ; ~  31;67 34;33 34;m 26;50 34'92 27.00 
4 1 

432' 4O;4" 43;" 39i83 4Sa67 1 4';s' 4'i67 Mi33 4'i67 35i67 4727 

I 56" 13' 40'"38 
V ,b I11 I 3{89 4"33 a 4;'33 4 3 3 3  4 4::3 4;. 4:'67 3i"% +;183 4z150 46167 3520 Prob. = 1 - 2 7  

13;67 11-66 5;oo 6;33 7.00 3;67 9.67 11.33 8-17 6.42 7.66 3.671 58" 9' 7"'85 
1 1 a c I) 4 Prob. = 0.88 

Circle readings, telescope being set on V 

am 228' 65' 238' 67' 247' 78' 256' 889 268' 98' 278' 

' 

650 4tt.70 

Prob. = 1-51 

68" 20' 31''*40 
Prob. = 0.91 

60' 23' 42'"54 
probe = 0.85 

General B l ea~~s  
and Prubabilities. 
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This value should be 19.17 : the error was llot detected uutil after colnpletio~l of the calculations. 

At V (G1~4li) 

December 1833 ; observed by Zkutemalzt R. MacDonalcl noilh Zarr.ie and B a r r o d s  16-inch Theodolite. 

Angle 
between 

vm&vn 

+l63O 44' - 10gO 9' 

VII  & VI 

+"go 8' - 70' 41' 

VI & m 

+7$4:: 

111 & IV 

+ 8 '  I '  

+4i0 24' 

Circle readings, telescope bcing set on PIII 

IQ6* 16* 206' 26- Elsa 86' 226O 46' 236' 66O 246' 66O 

I 1  11 I 1  I 1  11 I 1  11 I 1  I f  I 1  I 1  I 1  

+76.m 69;33 78;67 66;67 80;67 71-17 78-83 74'33 67-00 75133 70P7 74-17 
4 9 s s 1 s 

-15.67 18.67 27.00 Z I ' j O  24;83 19i83 17i8.3 19;50 19.56 ~ 0 . 0 0  1923 22.11 
9 1 1 s 8 4 s 

60.33 50.66 51-67 45.17 55.84 51-34 61-00 54'83 47.44 55.33 50.84 52-06 

+75;67 78;67 87;oo 81;5o 84;83 79;83 77;83 79-30 79-56 80'00 79-83 82-11 
4 S 4 2 s 

-57;67 55;33 69;67 59i.50 63;00 55;67 59;33 63p7 57.17 s 63167 59PO 61-61 1 

18-00 23-34 17.33 22-00 21-83 24-16 18.50 15.83 22-39 16.33 20.83 20.44 

+57'67 55;33 69;67 5 9 2 0  63;oo 55;67 59;33 63;67 $7117 63-67 59-00 61-67 
4 B 1 1 

-47;17 53;83 52;33 51;00 54;33 52:7 5627 53i33 51i33 499;33 5oi33 

10.50 1-50 17-34 8-50 8.67 3-50 8-66 7 - 0 0  3.84 11-34 9-67 11'3J 

+47"7 53p83 52;33 51;00 54;33 52p17 50;67 56367 53;33 5$33 49;33 Soh33 
9 

+I4633 19;17 9683 18'17 a 13b84 1.5a.50 14;33 15333 15;33 12-78 s 14h34 15h67 

61-50 73-00 62.16 69.17 68-17 67-67 65-00 72.00 68'66 64-11 63'67 66-00 

Qe~ienrl Meanr 
and Probabilitier. 

54' 35' 53".04 
Yrol. = I -30 

38' 27' 20f'.08 
Prob. = 0'78 

62 '40 '  8".57 
Prob. = I .  19 

55' 26' (j'j.76 
Prob. = 1-01 

At VI (Kathera) 

January 1834 ; ohserved by Zieutenant R. dlkccDo~tatd toil?& Zarr i s  and Bnrro~o'e 15-inch Theodolite. 

Oeneml I f e n s  
and Probab~l~t~es. 

56O 56' 12'"82 
Prob. = 1.43 

Angle 
between 

111 & V 

+1130 s6' - 570 o1 

Circle readings, telescope bcing set on I11 

90 189* is0 19g0 290 2 0 9 ~  890 2190 490 229* 690 2390 

I1  11 I f  11 11 I f  I f  I1  I1  I f  I 1  11 

+44'33 50.00 42-67 53'67 49'66 45-17 48'83 51-67 47.00 46'17 48-00 50'67 
9 s 2 a s e e 1 2 e s 1 

-34'67 34-50 38-33 35'78 36-66 26-00 36-17 34'00 35.83 43.00 32-17 37.50 
s s s S 1 1 2 1 !a 9 2 s 

9.66 15.50 4.34 17-89 13.00 rg*83 12-66 17-67 11-17 3-17 15.83 13-17 

V &VLI 34.67 34-50 38.33 35.78 36.66 26.00 36-17 34.00 35.83 43-00 32-17 37.50 57' 0' 35"'38 
9 9 9 S 1 1 1 1 s 9 9 I Prob. = I -10 



OBSERVED ANGLES. 15-J. 
E 

A t  V I I  (Bhithri) . 

January and Feb?*uary 1834 ; observed by Lieutellant R. MacDonaZd with Zarris  and Barrow'e 

1B-irlch Theodolite. 

General Means 
and Probab~lit~ecl. 

84' 32' 8"'36 
Prob. = 1 - 2 2  

50' 59' 25"'56 
Prob. - 0'67 

65' 3 '  15".71 
Prob. = r '50 

Angle 
between 

Circle-redi~igs, telescope being set on VI 

308' 128' 8i8' 18h0 328' 148' 838. 16bm 8M0 168' 858' 178' 

At V I I I  (Algi) 

January, February and March 1834 ; observed @y Lieutenant R. Ma;cDoncald with Harris and Barrow's 
16-inch Theodolite. 

VI d;: V 1 8 8 3  I I 3 3-0 1 1.:. 14,67 -67 I 11'67 1 1<33 (67 ;66 1 6'67 1 

Angle 
between 

+ I I J O  14' 
- 540 291 

'IX 

l X & v n  

VII & v 

V & VIII 23.00 28-67 26.00 25;67 23;67 21.67 28.66 24.67 28.06 28;33 25.00 23;33 
1 e 1 1 I 1 I 1 

Circle readings, telewope being sot on X I  

849" 69' 259' 79' 269' 89' 279O 99'' 289' 109' 299' llgO 

11 I' I1 I' I' 11 11 I1 I1 ' I  I1 I' 

$94'83 90'67 89'67 86'33 9.3'67 92'00 92'66 98.67 90'67 89'67 94'17 96-33 
2 1 1 1 1 1 1 1 1 1 9 1 

-34.89 37.00 39-67 33.66 40.67 37;83 35;j3 42;oo 31;67 37;oo 25;67 40.50 
s 1 1 1 2 9 

59'94 53-67 50'00 52'67 53'00 54-17 57'33 56'67 59-00 52-67 68'50 55-83 

+34'89 37.00 39'67 33'66 40'67 37883 35;33 4 2 ; o ~  31;67 3 7 y  25;67 40'50 
S 1 1 1 9 8 

f43.89 42.6; 41-00 46.67 35-00 39.33 .40.67 41;67 43;33 &;67 37;16 36;83 
3 1 1 1 1 1 1 

78.78 79-67 80.67 80.33 75.67 77-16 76-00 83.67 75-00 83.67 62.83 77.33 

+75.33 80.67 80.00 81;67 73;83 79;67 69j67 83;33 74;33 75;oo 78;33 ;z.oo 
1 1 1 1 

-43.89 42.67 41.00 46.67 35-00 39.33 40.67 41.67 43.33 46;67 37;16 36;83 
3 1 1 1 1 1 1 1 1 

31-44 38.00 39.00 35-00 38.83 40.34 29.00 41.66 31-00 28.33 .+ I - I ]  ~ 5 . 1 7  

+42.00 32-00 34-67 35.67 43-33 36-67 28'33 30.00 32;OO 42i17 31-83 32;33 1 :  1 : 1 1 1 1 1 9 

v1n61X +41.50 40.33 40.00 43-00 36.67 43.00 40.67 39-00 39-00 42.66 43-67 39.00 
1 1 1 1 1 1 1 1 1 

+ 460 0' 
+ I g ~  83-50 72-33 74-67 77.67 80'00 79-67 69'00 69'00 71'00 84-83 75.50 71-33 

Gtsnernl Menns 
and Probsbil~tiea 

5 6 O  45' 56'"1z 
Prob. = I '34 

66' 16' 17'"57 
Prob. = I '51 

43' 38' 35".75 
Prob. = I -33 

I 74' 24' 45'"28 47;53 45'67 49'89 46.81 46'00 40'34 46'67 46i.33 42;33 4.5;OO 39;33 47;67 
Prob = o.86 1 S 2 2 1 1 



167. BUDHON B3ERIDIONAL BERIES. 

r 

At I X  (Daryapur) 

February and Apri l  .1834; observed by Lieutenant B. MacDonald zoith Harris and Bnrrow'e 
15-inch Theodolile. 

General bleana 
end Proixb.ilit~es. 

71'. 18' 7'"79 
Prob. = I ' I 8 

67' 2' I I ' ' - I ~  

Prob. = I '53 

40' j8' 6"-56 
Prob. = 0.99 

A ~ ~ g l o  
betwoen 

VII & V I I I  

V I I I & X  

+ 1.38' 20' 

- 710 

Circle readings, telescope being set on VII 

257' 77' 267' 8 i 0  277' 9 i 0  2Zl'i0 107O 29i0 l l i O  M i 0  12i0 

rr rr rr rI rr r t  rr rr r t  t r  11 ,I 

9-83 9-00 5;33 8-00 12-34 17-00  4;33 3-47 7;00 9.00 7;33 0;67 
9 1 1 1 1 1 1 '  

+30;33 24;67 16-00 16.6; 16.67 31.00 12;33 g;00 14;33 15-00 20°,33 20.67 
1 1 1 1 1 1 

- 9 . 8 3  9-00 5;33 8-00 12.34 17'00 4;33 3;67 7;oo 9-00 7;33 0 ' 67 .  
4 1 1 1 1 1 1 

20'50 15'67 10.67 8.67 4'33 14'00 8'00 5-33 7-33 6-00 13'00 20'00 

X & X I V  1 5;22 9;33 ~ ; O O  7;00 6-00 2-67 9;67 .~;oo II;OO 0'67 
1 1 1 

At X (Mal~arhjpur) 

February and March 1834; observed by Lieutenant R. MmDonald with Harris and Barrow's 
15-inch Theodolite. 

Qe~~eral  Moans 
u ld  Probabilities. 

Anglo 
betweon 

Circle readinga, telescope being set on IX 

la l 8 l a  110 1910 e l a  201' 81" 211" 420 2220 610 2810 

I' I 46' 41' 32"'57 
1,. VIU 1 2,45 ,<a3 2;:34 1 3 z 3 3  1 3,oo B 3 L 3  9 3..33 1 3<67 3&0 3;;67 4 3 3  31i50 Prob. = r '37 

61' 8' 22'"85 
Prob. = r -09 

43' 4" 57'"'7 
Prob. = 0'52 

59' s2' 59"'97 
Prob. = I '69 

- 
76' 21' 35"*63 

pPob. = I .39 

7~' 13' 32'1'04 
Prob. = 0.83 

'In 

+ 104' 49' 
- 43O 411 

XI  & X I 1  

XI1 b XI11 

XI11 &XIV 

+ 99' 41' + 68' 52' 
- 7 2 O  12' 

XIV &: I X  

+74p'17 19;67 79;67 87;67 76;33 88;33 75;50 84;33 79'50 4 80.56 s 76-33 9 78.11 s 

-5,3;17 58;oo 57;oo 58.83 56-00 59-67 60.33 56.67 57-00 5 7 p 0  56-33 56-00 
4 1 1 1 1 1 1 1 

21.00 21-67 22.67 26-84 20.33 28-66 15-17 27'66 22.50 23-56 20'00 22'11 

5.3;17 58.00 57-60 58.83 56-00 59.67 60.33 56-67 57.00 57-00 56-33 56.00 
1 1 B 1 1 1 1 1 1 1 1 

61-33 57.00 60.33 65.67 64.33 56-00 67.33 48.00 59.00 51.67 68.00 61.00 
e 1 1 1 1 1 4 1 1 1 1 1 

+67'67 62'67 64-33 51.00 63;33 59;33 6 4 2 3  70;oo 61.34 64'00 61-33 58.00 
4 1 1 1 1 1 1 1 

+6gex7 56.67 70.34 65;33 67;33 63;33 6a;33 64;67 59-00 65'33 66'67 74-00 
D 1 1 3 B 1 

-94;33 86;67 94p.50 87'00 94'00 89'33 91.00 94.67 95'67 92.00 92'66 92'67 
1 1 1 1 1 1 1 1 1 

42-51 32'67 40.17 29.33 36'66 33'33 36.16 40.00 ~ 4 . 6 7  37'33 35.34 39'33 

34.33 26.67 34-50 27-00 34-00 29-33 31-00 34.67 35-61 32.00 32.66 32.6: 
1 1 D 1 1 1 1 1 1 -  1 1 1 



OBSERVED ANULEB, 

f This value should be 51.17 : the error waa not detected uutil after completion of the calcultations. 

At X I  (Narwar) 

March 1834 ; obeerved by Lieutenant R. ;21wDonald with Harris and Barrow'e 16-inch Theodolite. 

Angle 
between 

XI1 & X 

X &VIII 

Circle readings, telescope being set on XI1 

o0 180° loo 190' 20' ZOOo 80' 210' .u)o 220' 50' 2SOa 

I1 I1 11 11 I1 11 11 I1 11 11 11 

39;oo 37-00 40'00 16-67 40.83 49'00 37-00 37'00 36'17 38-00 16-33 34'00 
1 9 1 1 9 9 1 1 1 1 1 

46;83 46;33 43;17 38;67 45;33 50;oo 47;33 48;67 4 9 p  42;33 53;67 45;33 

G e n e d  enno 
and Probarilitier. 

30' 52' 3g1"25 
Prob. = I '22 

62" 5' 46"-43 
Pmb. = 

At X I 1  (b=araia) 

dia?*eh 183 & ; obeerned by Lieutenant R. diac Donald with Harris and Barrow's 16-inch Theodolite. 

General l l ea~ir  
a11d Probabilities. 

Angle 
between 

Circle readinge, telescope being set on XI11 

286' 1080 296' 116' 306' 126' 817' 187' 826' 146O 836' 166' 1 73" 33' 5 ltf '32 
5i;00 P1.ob. = 0.88 

1 

X & XI 1 24.67 30.00 23;33 I 105" 25' 24"'75 
s 1 1 1 

28.33 21-67 27 '00  19;34 24;33 27;33 27;33 20;33 23;33 Prob, - 0.92 

At XI11 (RgRpur) 

*April  1834 ; obsevved by Lieutenant R. MacDonald with Harris and Barrow's 15-inch Theodolite. 

tNoaember 1836 ; obeerved by Lieutenant Onzmclnney with Harris atid Barrow's 16-inch Theodolite. 

General Yeanr 
and Probabilities. 

40' 42' 30'"53 
Prob. = 1-23 

Angle 
between 

t 
XV & XVI 

Circle reading4 telescope being set on X \T 

0' lW 1F 192' 24' 204' 86' 21P 48' 2%' 

It I )  I# It #I )I #I !I I# I# 

32.62 35'47 32-03 37-42 24-33 19-55 25-57 30'50 27-52 30.28 
9 a a s 2 a a 9 a a 

t 
l (YI  & XIF 1 11;27 r3;73 14i17 12;47 11;22 19-28 22-15 17-60 19;47 15;40 

9 s s 

I) 

XIV & X 

Circle readingrr, telescope being set on HIV 

2590 2690 890 279' 99' 2890 l o  mi0 119' 809' 1?b0 

3O'SC 32'00 13-33 31'33 32'00 31-62 31'00 20;34 31-31 24;33 26-00 21-34 
a 1 1 1 1 1 1 1 I 1 

54' 7 )  27"'93 
Prob. 1'25 

X & ~ X I I  1 61.50 63.00 73-63 62-00 61-67 67.00 61-67 71-67 59.67 ?xi33 67;33 75;oo 
s 1 1 1 1 1 1 1 1 

46" 33' 6''-35 
Prob. = r '47 



18-J. 
BCDHON KERIDIONAL SERIES. 

At XIV (Majhtir) 

*Apri l  1834 ; observed by ~ k u t e n a n t  R. MacBonald with Harris a~ad Barrozo's 16-inch Theodolite. 

f October 1836 ; obeerved by Lieutenant Ommanney with Eaj*ris a ~ i d  Barrow's 16-iltch Theodolite. 

General Mean8 
aud Probabllitiea. 

66' 48' 23'"36 
Prob. = r -43 

Angle 
betreen 

I X  6 X 

Circle readings, telescope bcing set on I X  

293' 113' 303' 123' 313' 133. 323' 143' 333' 163' 343- 163' 

11 11 11 11 11 I1 I1 I 1  11 11 11 11 

27;33 15;34 25;33 26.33 30'67 23'33 26.33 23'3 14'67 12-67 17'00 28'00 
1 1 1 1 1 1 1 1 1 

X & X I I I  
L 

t 
X I I I & X V I  

t 
XVI & XV 

t 
XV XI11 

+ 10oO 21' 
- i 4 D  14, 

68.67 71.67 61.33 56.00 64.67 67.00 61-33 68.00 64-33 66.33 76.33 68-67 1 49. 31' 6". I g 
1 1 1 1 1 1 1 1 1 I 1 1 Prob. = 1-46 

Circle readings, telescope being set on XI11 

280" 80' 272' 92' 284' 104' 296" 116' 308' 128' 

- 

47'92 49-05 43'07 46.02 46'65 46'03 42-23 42'18 42-57 52'00 
2 2 2 2 2 2 2 9 2 4 

28-12 2i;40 31;:~ 31'47 33.27 30.11 25'26 31-90 12.58 35.27 
e 9 2 s 2 e 2 s 

+47'92 49'0.5 43.07 46.02 46'6.5 46-03 42-23 42-18 42-57 52.00 
-28.12 27.40 31.72 31'47 33'27 30.11 25-26 32.90 22.58 35'27 

19-80 21.65 11.35 14'55 1.3'38 15.92 16.97 9.28 rg'gg 16.73 

At XV (Sdnichri) 

Noventbel* 1836 ; observed by Lieuteltnnt O~,tt~tula,zey with Harris am? Bnwoto's 15-inch Theodolite. 

looO 21' 45"'77 
Prob. = 0'99 

54' 14' 29".81 
Prob. = 1-18 

46' 7' 1 5 ~ ~ 9 6  
Yrob. r 1.18 

Qenernl Mertnr 
and Probabilities. 

53O 2' 59"'70 
Prob. = I .qq 

36" 28' 4"-81 
Prob. = 0.54 

64O 34' oU.87 
Prob = 0.72 

Angle 
between 

X V I I  b X V I  

X V I & X I V  

Circle readings, telescope being set on X T I I  

0' 180. 12' 19" 04' 204' 36' 216' 48' ' 228' 

11 11 I I  I I  11 I I  11 I I  I I  11 

60.18 69.42 55-74 62;63 s.~;.P 59;18 54;58 64;05 58;s~ 59i.37 
2 2 e 

4 7  4;37 6;33 5;;8 6;62 2153 6-15 I .  3;85 6;sz e 

X I V L X I I I  I 6j;93 5 9 ; ~ ~  60;73 64.58 56-63 58.72 60.62 62.22 61-98 60.17 
9 4 9 9 9 ¶ 9 

At XVI (Jl~dnkri) 

October 1836 ; obset*ced by LWzctenaltt Ontnza?~ney with Z a r r t  alzd Bn~?*ow's 15-inch Theodolite. 

Ankle 
between 

11 11 It I t  11 I t  I1 11 / 51' 2' 0'"5;1 
56.09 60.37 55-60 64-60 62'18 59-10 61.40 61-12 

e 4 
/ P1,ob. = 0'92 

a 9 P 2 9 4 I 

Circle readings, telescope being set on XIV I 
Gene~nl Bfeans 

O0 180' 12' 192' 24' 204' 36. 216' 48' 228' 
and Yrobabdlties. 



- 
OBSERVED ASOLE$. 

At XVI (Jh6nkri)-( Continued). 

Qeneml Means 
and Probabilitie~. I I Angle 

between 

89" 17' 28"*30 
Prob. = r .og I 

Circle readings, telescope being set on XIV 

0" 180' 1 192' 24" 404' 86. 216O 46' 228' 

I + 89: 17' 
- 51 I I  I Prob. = 1-16 

26.20 28-92 30'73 28'66 33-28 26-78 21'57 29'52 30'30 21-35 I 
XV&XVII 

+ 160" a' 
- 89' 17' 

At XVII (Gtirmi) 

I *Noven~ber 1536 ; observed by Lieutetaant O~nnta?~ney with Harris and Bav1*ow'8 16-i~zch Theodolite. 
$Nove?rlber 1842 ; observed by MT. C. Xtc~pl ty  wilh Trotiyldon and Sin~~~ia'  1 8 - i ~ ~ c h  Theodolite No. 2. I 

+35'55 39'67 31-12 42-38 35'43 41'50 35;2o 33p35 41;18 37;08 
9 9 9 9 9 9 

-26.78 33-60 26'82 29-03 28'88 31.38 23-75 28.62 31-70 22.47 

8.77 6.07 4-30 13'35 6'55 10'12 11-45 4'73 9'48 14-61 

- 

XVII s X ~ I I I  

+ 2 0 j 0  53' 
- , 6 0 ~  

Circle readillgs, telescope being eet on XY Gtenernl Means 
between 206' 26' 216' 36' 226' 46' 236" 66' 245' 65' 266' 76' and Probabilitiee. I 

70" 45' 8"'94 
Prob. = I .06 . 

+36.05 39-20 31p70 35;32 34p05 38457 38;67 31;03 37p90 31;33 
P 

-35'55 39'67 31.12 42-38 35'43 41'50 3.5'20 33'35 41'18 37'08 

6 0 . 5 ~  59.53 60.58 ~ 2 . ~ 3  58.62 57.07 63'47 57-68 56-72 54.25 

47" 50' 58"*14 
Prob. = 0.94 

I) 

X X  & XIX 

+ '99" 5 6  - 76" 29' 
- 57" 44' 

1 56" I I' 52".79 
Prob. = I ' 13 I 

+ 
XIX&XyIIl 1 68i.5 58.27 68.28 64-53 65;90 5.5.48 6.543 57;30 64-22 59-82 

9 9 9 P 9 9 

R.11. dcuotcs Referring 3Iork. : This value should bc 26.62 : the orror maa not detected until after completion of tho calculatiou 

104' 984. 116" 296- 128' 308. 140' 8%' 162' 832' 

- 

+36-72 39'6; 36-70 37'32 39'57 36-28 38;86 36;43 43;92 32;35 
9 P 9 9 2 9 

I I I 12.90 10.07 14.18 7.63 13-62 1 7 - 1 2  16.20 
-68.05 58-27 68.28 6.+'53 65.90 55'48 65.43 57-30 64.22 59.82 

1 
18.24 30.06 14-89 19-89 23'60 24.84 25'80 15'51 22.58 16.33 

57" 45) 2"'73 
Prob. = I '39 

6j0 42' 21".:7 

Prob. a 1 '51 

+ 
XVIII & XVI 

1 0 ~ ~ 4 3  11-32 1 3 ~ ~ 5 3  12'90 10 '07  14'18 7.63 1.3'62 1 7 - 1 2  16.20 ( 76" 29' 1 2 ~ 7 0  
9 9 2 9 9 P P 9 Prob. = 0.87 



BUDHON MERIDIONAL SERIES. 

r 

At XVIII (Bhind) 

November and December 1836 ; observed hy Lieutenant Ommanmy with Harris and Barrow's 
16-inch Theodolite. 

Angle 
between 

Circle readings, telescope being set on X V I  

0' 180" 12" 192' 24" 204' 86" 216' 48" 228 
General Meanr 

and Probabilitien. 

XVII & XIX / 7497 2-12 5;67 7;18 10.06 3658 16.13 7;63 2.41 5667 
!a !a 2 

5 5 O  39' 51"*68 
Prob. = r m a r  

62' 47' 5"-4.3 
Prob. = o 88 

At XIX (Athgath) 

November 1840 ; obsemecl by Mr. C. Mu~phy  with Troughton and Ximm' 18-inch Theodolite ,Vo. 2 .  

Angle 
between 

Circle readings, telescope being set on XVIII 

291" 111' 301" 121° 811' 131' 821' 141' 331' 151" 841' 161' 
General Mesnr 

and Yrobabilitiee. 

rI rr It 11 Ir I t  I t  11 It I t  1 59' 27' 4jr .76 
50'17 53'92 49i00 49i.58 5Oi7.5 44i.58 5\33 48;93 46;75 47;42 5"67 prob. = o..74 a 9 

X V I I & X X  

XX & XXI 
. 

23pi7 28-42 2 3 ; ~ ~  24467 25-58 21-08 26;33 19;17 21;58 18-17 26.67 29;~s 
2 z P a B 

8.17 5;58 3442 7;08 3;17 13;75 4;75 11-33 13;83 6.25 3;42 
a 9 2 

62' 56' 23''.94 
Prob. = 0.97 

61' 29' 7"*72 
Prob. = I I I 

At XX (PanBhat) 

November 1840; observed hy M?*. C. MlbrpjLy with Troughton and Simms' 1 8 - i ~ c h  Theodolite No. 2.  

Angle 
between 

Circle readings, telescope being set on X X I I  

85" 215" 45' 225' 66' 235" 65' 246' 75' 255' 85" 265' 
General Meairs 

and Probabllitiea 

58" 26' 43'"69 
Prob, - I.o2 

X X I & I I X  1 29;25 18-11 27;J231;25 21-58 27.00 32-41 15-08 16-67 26-93 2g;ga 22;50 ( 420 54' 2711'35 
2 2 e 2 s s P Prob. = 0.89 

Circle rendinga, telescope being set on X I X  

XIX & X VII 346' 176' 356" 186' 6" 196O 16' 206" 26' 216" 36" 

14;58 11;33 11.75 13i93 17;17 2020 18175 15;67 rg-oo 12175 922 1425  7 !a D 

5 1' 21' 14''.67 
Prob. = 0.81 



OBSERVED ANGLES. 

, 

At XXI (Sherpur) 

Nbvember 1840; observed by Mr.  C. 3lurphy with Troughton and Simm' l&inch Theodolite No. 2. 

General Means 
and Probabilities. 

75' 36' 25'"61 
prob. = 

58" 0' 20".22 
Prob. = 0.88 

71' 28' 5'"60 
Prob. = 0.93 

Angle 
between 

XIX & XX 

Circle rendinge, telescope being set on XIX 

0' 180° 10' 190' 20° 200' SO0 ZIOO 40' 220' 60' 230' 

fr I! rr II II II I! I! I 1  rr I 1  

28-83 25;75 23;75 26-50 24;83 17'00 21-92 28-50 27850 29'67 24-92 28-16 
2 9 9 9 9 9 2 2 

X X  & XX11 1 1);67 19;67 20.42 23;58 22.58 21.25 24442 18833 18'83 19;83 a3;17 12-83 
a 2 s s a 

XXII&XXIII 65.17 64'08 62'50 62-92 59-50 65;50 65p.33 69p92 6.5892 67875 66;33 7a;zg 
2 2 2 9 2 

At XXII (Firozabad) 

November 181.0; observed by Mr.  C. Murphy with Troughtofi and Simms' 18-inch Theodolite No.  2. 

Angle 
between 

Circle readinge, telescope being set on X XIV 

lo 181' 11' 191' 21° 201° 81° 211' 41' 221' 61° 231' 

General 1fes11a 
atad Probsbilitiea. 

7 I r  11 lr  rr rr 11 I r  rr  - 1 1  

rr 

Ir I 66" 30' 23'"17 X Y T V '  2 1 . 8 3  22.42 25;83 18;75 25;9z 16.83 23.00 23.83 21-73 21.50 28.92 24;50 Prob.=0.90 X YllI  2 9 9 2 2 9 9 9 

XXIII k XXI 

Circle readingu, teleecope being set on X XI11 

llsO Z9E0 1280 SOS0 138' 818. la0 828' 16E0 838O 168' S4E0 
-- 

2 8 . ~ 0  31.75 31.9%' 34:50 32-33 4 35-33 30.17 34;OO 32i.58 33;42 31i.8 
9 9 9 4 I! a 9 

50' 32' 31"-65 
Prob. 0.82 

XXI & X X  65-67 61-42 59;92 62-61 63.6; 70.67 61-67 63-61 63-25 58.33 63-50 56-08 /P 9 4 2 a 2 9 e 9 s 
630 33' 2"'54 

Prub. = 1.01 

At XXIII  (Brtragaon) 

November 1840; observed 6y Br*. C. Butyhy  with Troughton and ~ i r n ~ d '  l&irrch 5eodo l i t e  No. 2. 

General Means 
and Probabll~tler. 

57' 59' 22l.28 
= o.6r 

Angle 
between 

X X I &  X K I I  

Circle readings, teleecope beiug set on XXI 

oa 1800 lo0 1900 200 Zooo aoO 9100, 400 zzo" so" BOO 

11 rr r) rt rt 11 v 11 rl I r  rt I t  

22'83 21'58 21'1; 22.58 21-67 19;83 25.00 24;17 26933 19p67 I9;17 23'33 
3 9 9 2 9 9 2 

xxII& XxIv I 21i.50 2223  21.25 19;17 23;oo 19'67 20.75 23833 17.58 30.50 18.58 19125 / 59" 47' 21' '41 
e s s s s s Prob. = 0.93 

xx~vrxxr 53;~s  58;83 6x850 6ri3.3 61;75 6x808 5 5 2 2  53'83 57-42 51-84 65-00 64;25 
s s s s 

62O 54' 58"-83 
Prob = 1 ' 2 1  



22, BUDHON MERJDIONAL SERIES. J .  

At X X I V  (Pondri) 

December 1840 ; observed by Mr.  C. Murphy with Troughton and Simma' 18-inch Theodolite No. 2. 

Ge~~eral  Meana 
and ProbabiliLlaa. 

Angle 
between 

Circle readings, telescope being eet on XXFI 

0° lBOO lo0 190' 2U0 200' SO0 ZIOO 46' 3?0° SO0 230' 

11 1 )  I1 I1 - 57" 55' 4 8 " 5 6  
48-00 9 48;75 48p33 46p92 38;83 Prob. = I .  

++;So 33;17 34;58 26.58 42.42 53" 57'  34"'07 
9 2 t'10b = 1.43 

XXIII&XXII 6.92 19.08 16-75 23;83 19;58 20.58 25;92 1 3 ; ~ s  23;33 2125 z9:25 14:58 1 53" 4'' 20"'36 
s 3 9 2 P~.ob. = 1-75 

At xxv ( K i h h o )  

December 1840 ; observed by Mt*. C. d l u ~ p h y  with l7roughton and Simme' 18-inch Theodolile Xo.  2. 

G e n e d  MI ~ 1 1 3  

and Probab~li~ Ira. 
Angle 

between 

C~rcle readiligs, telescope being set on X XI11 

oO 180° lo0 1900 200 zooo soo eioO a0 2200 so0 2300 

11 II It I )  I t  I )  I f  I{ I ]  I! 1 63O 7' 2gf'.58 
29.25 33.42 29'75 29-75 25'33 30'67 27-58 26'17 31'4% 30.92 26'25 Prob = 0.79 

e 9 2 P 2 4 e e a a 2 

58" 53' r 6"'5+ 
Prob. = I '08 

54' j6' 15"'28 
Prob. = 0.69 

XXlV&XXVl 12.08 17-08 16-50 23;qz 14'08 18i.33 18.42 16;75 10-42 19h7.5 
9 9 J1,34 "0;25 2 9 9 2 

12-67 15;75 15;58 16.58 10.50 17;58 r7;83 13;g' 13;34 18-08 13.33 
s s 9 s B 

At XXVI (Salimpur) 

January and Illarch 1841 ; obsmed  hy MY. C. Mzcrphy with Trozcghtolz and Simms' 1 8 - i ~ c h  Theodolite No. 2. 

Anple 
between 

Circle readingrr, telescope being set on XXVIII 

o0 1800 lo0 ISOO 200 em0 so0 2100 do0 2200 600 zsoo 

General 1fcn11a 
and Probabilities. 

38;25 
80" 27' 38"*38  

Prob = 0 . 8 ~  

XKVlI&XX\./ 9.42 9 11-67 s 7;92 8-17 2 6.58 9 5.67 9 6-50 9 9;50 9 4;58 1525 7.615 1 49' Prob. 20' = 0.82 8'"63 
- 

XXF & XXIV 49'58 50'33 61;17 53800 52325 55'75 60'25 58.42 59-00 54-42 57-33 53-25 I 9 
4 9 2 0 2 2 9 

63" TO'  55'"40 
Prob = I ' 07  



OBSERVED ANGLES. 
23-J. 

At XXVII (Jamhlpur) 

*Barch 1841 ; and +January 1843 ; observed by dlr. C. M u ~ p h y  with 5-oughton and Sinante' 
18-inch I'heodolite No. 2 .  

General Mesns 
and Probsbil~tlea 

7 5 O  43' 37Its29 
ProL = 1-37 

48' 49' 6 . 1  9 
Prob. = I -00 

35' 36' 23'"62 
Prob. = I 72 

Angle 
between 

I) 

xXV& XXvI 

8 

X X v l &  
S XVIH 

t 
XXVIII & 
XXIX 

+ 84' 25' 
- 4s0 49' 

Circle readings, telescope heing set on XXV 

125" 3%" 185" 815" 145' 326" 155" 895" 165" 845" 175" 866" 

If If 11 11 If 11 If If 11 If I1 11 

37-50 33p33 32;92 32808 29867 33;OO 38i.50 41i.58 43;92 43;92 41B2.5 89i83 
s 

Circle roadillgs, telescope being set on X XVI 

71" 251" 81" 261" 91" 271' 101" 281" 111" 291" 121" 301" 

3-00 10.92 2.67 5;oo 6.25 I 4;83 0.83 11-83 6-50 5;25 1.33 
2 9 2 9 9 9 9 9 

Circle readings, telescope being set on XXVI 

72" 252' 82" 262' 92" 273" 102' 283" 112O 292" 128" 802 

+32;17 lip33 31;92 30;75 3 7 4 2  2 2  25-08 9 32-08 9 28-08 9 30'25 9 20'83 4 28.42 P 

- 3.00 13.92 2-67 5'00 6-25 11.92 4.83 0.83 11-83 6-50 5-25 5-33 

29.17 16.41 35'25 25';s 26-17 20.50 20.25 31-25 16-25 23'75 15-58 23-09 

At XXYIII (Sankriio) 

*Fehmcnry 1841 ; observed by Mr. C.  Murphy toilh Trorcyhton and Simnts' 1 8 - i d  Theodolite No. 2 .  
tFebl.uary 1843 ; obseruetl by Lieuter~clnt 1'. Bejtny with llr.olcg/blolt attd Si)rtt)b8' 18-inch Theodolite No. 2 .  

Qonersl Mes~ia 
and ProbablllL~w. 

58" 56' 2rU.63 
Prob. = 0.61 

670 27' 52"'45 
Prob. = 0.77 

60' 2'31'"31 
Prob. = o - 78 

50'43' '70m69 
Prob. = 0.65 

5 O  44' 4of'.43 
prob. = 0.48 

Angle 
between 

Circle rendi~igs, teiescope being set on X X Sl 

22i0 4 i 0  237O 6 i 0  247O 67'1 257' 7 i 0  26i0 870 27i0 97" 

+ I I1 If If I1 11 I1 11 If If 11 If 

XKXI6: X X X  22-08 19.1; 18-00 20.25 22.08 19-42 24;42 20.58 24;5o 23417 a4850 a1;33 
9 a 'a e 9 9 s 

t 
XXX & XXIX 

8 

XXIX &d 

XS\'II 

+ I  roo 451 
- 500 43f 

57**58 53;j.q 54;.+2 52;75 52;34 51-58 48.25 55.08 48.00 50.00 50.92 53.17 
a Y Y a 9 9 z 

+46'83 48'59 52-08 44'42 47'25 48'92 50'33 48'08 48-50 54-67 48'00 50'33 
9 % 'a 'a 9 9 a P I 3 Y 

-15.83 16.6; 16.75 18-25 15-75 20.92 14-83 20.33 16.25 22.25 16-25 18.25 

31-00 31'92 35'33 26'17 31-50 28'00 35'50 27-75 32-25 32-42 31-75 32-08 

1 5 ~ ~ 8 3  16.67 16;75 18-25 1.5;75 20;92 1583  2 0 . g  16-25 22.25 16-25 18.25 
IXVIIXXXVII P s 2 8 D !I s 

t 
R M.& X X X  

Circle rendillg, telescope being bet on I t .  M. 

280° 100' 290" 110' 300' 120" 310° 130° 320" 1400 830' 160' 

40'50 40'J0 43'0° 42'17 4"y2 39'4a 4I.75 39's8 37i25 39'0° 4 1 . 5 ~  38'50 
9 9 9 a 9 9 9 P 2 9 9 



240, BUDHON MERIDIONbL SERIES. 

* 

At XXIX (Sarsotl~a) 

January 18Q ; obeerved by Mr. C. Murphy zuith Trouglhton and Sirnms' 18-inch Theodolite No. 2. 

Angle 
betreen 

XXTJII& 
XXVm 

+ a+0 0' 

+ 600 20, 

Circle readings, telescope bring set ou X X V I I  

O0 180. 10. 190' 20° 200" 30° 210° 441' 220" 60' 230' 

I' I1 I1  1' 1' 'I rr 11 '1 I' 11 rr 

+27'92 28'25 22.17 25892 26'83 20.17 25.00 27.67 27.66 26.25 27;92 2328  
4 a 9 2 9 2 9 9 9 

t40 .41  31-67 41-75 37.10 39-17 40.50 4~;42  38;33 36;67 42;83 38;83 37;17 
9 9 9 9 9 9 

68-33 62-92 63'92 63.42 66-00 60.67 66-42 66-00 64-33 69.08 66'75 60.75 

O e ~ ~ e r a l  Bleana 
and Prubabllitrw. 

8q0 21' 4"*88 
Yrob. = 0.75 

50" 59' I 1'"67 
I'rob = 0.60 

57" 42' 24"'83 
Prob = 0.29 

XXV1ll& 8.83 11.42 12-25 16.25 12.83 12.25 8;75 I 11-17 10.58 11.42 9;83 
X X Y  1 2 s s 2 P 2 e 2 P 

& 
X X XI1 27;5R 25;(3 2y.58 20.17 24;58 21.42 r.+;50 25;08 26;33 20.58 2527 27-08 

2 4 9 2 9 

At XXX (Salzrora) 

January and February 1843 ; obserued by Mr.  C.  M i ~ ~ y I i y  with Troughton and Siurnze' 18-inch 

Tl~eodolite No. 2 .  

General Means 
and RobabllltlcE. 

66" 33' 57'"02 
Pmb. = 0.41 

70° 5' 49*-80 
Prob. = onS8 

67" 2' 52"-47 
Prob. = 0.66 

50" 32' 8"'ro 
Prob. = 0.84 

44' 12' 16'"85 
Prob. = 0.89 

Angle 
between 

xxvrll 1 x XI " 

X.YXI a 
xxXILI 

z12; ::: 
XXXIII & 
X S X L V  

'"IV& 
S XXII 

YXKTI d 
A XlX 

+ 105' 44' 
- 61' 32' 

/ 61" 32' 55".81 
s s 2 s s s s Prob. = 0-75 

Circle readings, telescope being set on X XVIII 

O0 180m lo0 l W a  20° 200. SO0 PIuO 40' 220. SO0 230' 

I' I' rr 'I 1' 11 rr I' rr I' 'I 'I 

59i67 59i83 55p83 57;" 57;s8 52;83 59;0° 54i9' 53i67 572 '  58i50 

+107'92 I0925 10&33 107.42 103'92 102'33 109'92 105'50 110.08 109.17 107.17 102.83 
9 2 2 2 2 2 2 2 2 9 9 9 

- 5967 59.83 55-83 57.08 57-58 5r .83 59.00 57-42 5 4 . ~ 2  53.67 57-91 58-50 

48.25 4942 50.50 50.34 46.34 49-50 50'9% 48.08 55-16 55-50 49-23 44-33 

52650 50042 48;17 54;33 51;67 55;67 5 5 2 5  51h.12 5 3 2 e  5';'7 5.5;58 

4p33 12;s 8-17 12-92 8.00 8.08 1-58 7;33 7;92 9;33 g;17 8;17 
2 P 9 a 9 

+ 74;17 69383 7528  t1;50 7375  7 7 . ~ 2  72-83 s 71.82 70.28 68.42 9 72-50 s 73.42 s 

- 55'75 56.17 93-92 54-03 53-25 61-08 54'92 52-67 53-58 58-92 55'83 59-50 

1842 13.66 21-16 17-42 20.50 16-84 17-91 19.25 17-00  9-50 16.67 13.92 

XXIX & 



OBSERVED ANGLES. 26,, 

At XXXI (Parauli) 

February and March 1843 ; observed by Zieutenant T. Renny with Trotcghton and Simm' 18-inch Theodolite No. 2. 

A ~ ~ g i e  
between 

XKSTII L 
xxx 

X X X  a 
X X V l l I  

Circle readings, telescope being set on X X S I I I  

0.. isoO lo0 1900 m0 zoo" 80' eioO .ioO aw aoO soa 

I1 11 11 I1 11 11 11 11 I1 I1 11 " 
59;j8 j8;33 57i08 s2'75 s 57-17 9 52'83 s ~ ~ ' ~ 5  9 s8.j8 9 56'50 a A6's8 9 57"5 s j6;33 

a a s s s 2 
35;92 31-50 39'75 40'17 36-15 42'42 37'83 41-83 40;58 39;17 37;59 38;33 

9 

General Means 
and Probsbilitiea. 

56' 7 ' 5 6 " * 7 7  

prob. = 0.~8 

5 4 O  29' 38".77 
prob. = o.63 

At XXXII (Ka~i&m&i) 

Apt4 18t3 ; observed by Zieuttznant T. Renny with Troughton and Simm' 18-inch Theodolite No. 2 .  

&nerd Mmtir 
and Probabiitieu. 

78' 5' 22"*27 

pmb. = 0.39 

Angle 
between 

XXIS &XXX 

+1370 - 59O 5or 

Circle readings, telescope being set on X XIX 

o0 1800 lo0 1900 200 2w0 so0 aioO 40" 2200 so' em0 

I1 11 I1 11 11 I1 11 11 11 11 11 I1 

+6.5;58 65'83 67'75 66-33 65'25 62'67 64'92 69'42 68.25 69'33 66'78 66'94 
s s s 9 s s s s s a s 

-4O.9' 44'67 45'25 43'75 4"75 43'67 43'9' 2.50 45"7 46'08 45"7 w'oo 

24.66 21-16 22-50 22-58 22-50 19-00 21-00 22.92 23-08 23-15 21.61 02-94 

4 
1 5 9 O  50' 44'l.32 X X  ' 1 4 0 ; ~  44-67 45.25 43;;s 42ii.5 43;67 4 3 ; ~  46i50 45;17 46;08 45;17 44;" Rob 0.42 XXXIV 9 

At XXXIII (Rajauli) 

t December 1842 ; observed by Jfr .  W.  N. ,Tame8 m i t i  Cary's 16-inch Theodolite. 
*Febt.uary 1843 ; observed by HI*. C. Mlrrphy with I'vozcyhton and Simms' 18-irrch Theodolite No. 2. 

General Means 
and Yrobablktier 

55' 37' 38'"07 
Prob. = r -48 

63' 6' 8"*20 

Prob. = 1-19 

Angle 
between 

t 
XXXVI & 

X X X V  

+ 12s0 21' 
- 690 

t 
X X X V A  
X X X l v  

+69043' - 6" 38' 

Circle reading*, telescope being set on X X XVI 

235' 66' 245O 65' 255' 75' 265O 86' 275O QSO 286' la0 

11 I t  11 I1 11 11 I1 I1 I1 I1 11 11 

+101'90 100'12 106'66 103'15 104.05 110'73 106'98 105'91 106.03 104.77 105.13 108'08 
a 9 s B 9 s s a 4 s o 

- 58;47 54;2 71;89 65-48 64.87 66.27 62-91 69-48 75-42 68-58 72;s 7725 
s s s s s a 9 

43'43 45-90 34'77 37'67 39-18 44-46 ~ ' 0 7  36'43 30'61 36-19 33-08 31-03 

+118.47 1x4'22 131.89 125.48 124'87 126'27 122-91 129.48 135'42 128'58 132-05 137'05 
s s a 4 s 9 s 2 9 s s 9 

- ~ 5 ~ 7 9  54;32 64;65 52-41 58.75 59-80 57-61 59.38 61-41 57.02 61;1) 65P9 
9 9 9 9 3 4 9 

62.68 5990 67-24 73-07 66-12 66-47 65-30 70.10 74-01 71-56 70.62 71-16 



BUDHON MERIRIONAL SERIES. 

At XXXIII (Rajau1i)-( Continued). 

General Meanr 
and Probebhtim. 

500 42' ag'I.05 
Prob. = 0.99 

Angle 
between 

Circle readings, telescope being aet on XXXIV 

o0 iw 100 imO eoO ma so0 eioO ro' noa so0 moo 

XX&V & 
XXX 

14'08 17;67 r3hag 18'50 18-25 18-17 14;25 1:*5o XXXk.XXX1 I rS;08 18.08 s 17-33 s 14;75 9 9 s P 1 53" hob .  46' = I 0.54 6"-41 

At XXXIV (Mehtra) 

*Janua y 1843 ; obsemed by Mr .  W. N. James with Ca y ' e  15-inch Theodolite. 
+February 1843 ; observed by Mr. C. Mutphy with I'rmghton and Simms' 18-incA I'heodolile ,To. 2 .  

Angle 
between 

Circle readings, telescope being aet on XXXU 

0° 180° 10' 1900 20' ZOO0 80' 810' 40' 220' 60' 280° 
General Mmnr 

and Probabilitiea 

I1 I1 I' I t  I! 1 69' 37' 4"-69 
62-17 65'92 62'75 67'50 65.42 65158 Prob = o.8a 9 s 9 9 4 

t 
XXX & 
XXXIII 

I) 

34-08 34;42 29;92 36;17 35;75 34i75 35;67 34;33 38;83 38125 3814' 3';67 
9 

Circle readings, telescope being set on XXXTII 

oa 1800 loa imO 200 2000 8oa eloO 400 seoO aoO esoO 

+46'27 51-95 40'52 48'32 43-20 48'52 40.57 44'52 46-51 48'88 35'30 48'53 

62" Pmb. 14' 35"-27 
o.70 

XxxTII & s s s 4 s 9 s B 4 s s 59" 54' 6 1 3  

+ 89" 33' 
-29O 39' 

8 

XXXV & 
XXXVII 

+ 29O 39l 
+ 2 8 ~ 4 9 ~  

6-73 12-72  2'92 4-58 3-46 3'37 3-80 4-61 9-90 7-05 0'43 14'04 

+39554 39;23 37;60 43i74 39;74 45i1.5 36-77 39h91 36161 41183 34h87 34'349 
9 

+55;21 54;64 55;07 53;31 56;74 5 7 ~  49.62 58-17 57-00 46.96 61-92 49-20 
9 9 9 9 9 4 

94-75 93-87 92-67 97'05 96.48102-18 86'39 98.08 93-61 88-79 96.79 83'69 

58" 29' 33"'70 
Prob. = I -++ 

At XXXV (Bhnsgophl) 
Jmua y and Pebrmay 1843 ; obeemed by M11. W. N. James with Ca y 'e  16&h Theodolite. 

General Mesnr 
a d  Probabilitiea 

54" 48' 33If'43 
Pr0b. = 1-47 

Angle 
between 

XXXVII & 
XXXlv 

+ go0 Ibl - 35O 22) 
* 

Circle readings, teleacope being set on X X X m  

36' 215. 46' Z2S0 6b0 285' 66' 245' 75' %So 85' 2 6 5 O  

I' 'I I' I' I' If 'I I' 'I I' I' I1 

+57;97 54,'25 49687 47689 569'53 579'52 528'10 5065a 5'636 47i95 439'40 51660 

-23.60 24.89 20.85 16-67 24;32 16-78 25.92 12-88 17-28 10.72 16.80 9-10 
9 9 9 9 9 9 8 9 9 9 9 

34'37 29-36 29'02 31-22 32.21 40-74 26'18 37.64 34'08 37-23 26'60 42'50 



OBSERVED AXGLES. 
7-J. 

At X X X V  (Btinsgop41)-( Contitiwed). 

Angle 
between 

XXXIV & 
XxXIII 

+ '47" 9) - go0 10' 

XXXIII & 
XXXVI 

+ 2 1 r 0  6' 
-147~ 10' 

XXXVI & 
XxXvIII 

Circle reedings, teleecope being set on XXXVII 

86" 2150 45' 2%" 66" 236" 65' 246' 75" 2%'' 86' 866" 

rr lr 11 11 11 II II N IT II rr rr 

+108.27 106'75 97-94 100'05 111.79 102-18 105.12 97-88 99-88 92-14 103'04 96-03 
9 9 9 9 9 9 P S a 9 9 9 

- 51 97 St25 49'87 s 47'89 s 56'53 s 5:;s" 52;IO 50;52 51;36 47;95 433;40 51a'60 

5030 52'50 48'07 52-16 55-16 44-66 53'02 47-36 48'52 ~ - 1 9  59-64 44-43 

General M e w  
and Pmbabil i i  

56' 59' 5of'*o1 
Bob.  = 1-31 

59' 27' 33'"oS 
Prob. = 0.82 

70' 3' 25"'72 
Bob. = 0.99 

-211° 7' +2650 51r I 7.92 15.22 13-86 9.16 12'5.3 7-07  10'50 6.57 9-46 4-26 11-67 10.66 

+ 72351 73985 62468 71;14 74159 7225 74-29 68'45 73-22 65'82 61-90 64'59 
2 S 9 9 9 S 

- 48-22 46.75 37.94 40'05 51.79 42-18 45.12 37-88 39'88 32-14 43.04 36-03 
9 9 9 9 9 9 9 S 9 9 9 9 

24.24 27'10 21-74 31-09 22-80 30'07 29-17 30'57 33'34 33'68 18-86 28-56 

+ 2043 29.07 16-54 20'30 27-12 rg;32 24-79 15'02 22-68 10.08 13-56 15-25 
P s s s s e s a a s s 

2.68 11.14 14159 12.25 14;2g 8-45 13-22 5-82 1-89 4159 - - x2.5' 9 13485 9 9 9 9 9 P 9 

XXXVIII & 
XXXIX 

+325O 18: 
-265' 51 

I 

63' 56' 27U'85 
Prob. = 1-23 

54'44)  gff.91 
Prob. = 0.88 

+ 53'87 58;69 50pw 53;57 55;65 53490 55178 59.01 52-62 49-02 49'53 48'51 
9 8 9 9 9 s 

- zo*q3 29:; 16-54 20.30 27-12  1g;3a 24-19 15.02 22.68 10.08 13-56 15.15 
9 9 9 9 8 9 9 P 8 

33'44 2962 33'46 33.27 28-53 34'58 30'99 34'99 29'94 38'94 35'97 33-26 

At XXXVI (Chandanpur) 

March 1843 ; obeerved by Liezltenaat 2'. Benny with Troughton and Simms' 18-inch Theodolite No. 2 .  

+ 83'60 84-89 80.85 76-67 84'32 76-78 85-92 72'88 77'28 70.72 76'80 69-10 
XXXIX & 9 9 9 9 9 P 8 9 9 9 9 
XXXVII  - 53.87 58.69 50-00 53;57 55;65 53;90 55;78 50.01 12-62 49-02 49.53 48-51 

s s s s s s s 

+ 35' 21' 
2973 26-20 30.85 23-10 28.67 22.88 30.14 22.87 24.66 21'70 37-27  20.59 -325O18' 1 ' 

General Means 
and Probabilitiee. 

63' 27' 3"-26 
Bob.=o .55  

600 25'54m'85 
Prob. = 0.51 .. 

Angle 
between 

XXXVIII L 
XXXV 

x x x v k  
X XXIII 

4 

Circle readings, telescope being set on XXXVIII 

O0 lAOO 10' 190° 20' ma 80' %loe 40" 2 2 P  60" %80° 

11 11 11 II II II I) 11 II II rr II 

64'17 60'58 64'92 63'25 64-50 59-15 62-33 63'92 62-17 64'93 66.42 62'67 
9 9 9 P 9 9 P 9 9 9 9 9 

52;58 '58608 55;25 55;42 52;50 55;66 53;67 54;75 56;50 52;67 53.91 57.25 
s s 



28-J. 
BUDHON MERIDIONBL SERIES. 

At XXXVII (Barauli) 
April 1848 ; observed by Mr. W .  N. James witlt Cay ' s  16-inch Theodolite. 

Angle 
between 

yxx~va 
xXXV 

+ 161' 53' - 95O 1 1 ~  

XXXv 
X Y X I X  

+ 95O "' - 46" 16' 

Circle readings, telescope being set ou X X XIV 

0' 180' lo0 190' 20' 2Q0° SO0 210' 40' ZOO0 60' %!SO0 

I1 I1 1' I1 'I 11 'I rr 'I 'I 11 rr 

f 73892 73807 65;53 69;59 65;77 6;;27 61'57 68-24 57'45 66-74 58-32 68-82 
P 9 9 a 9 e 

-61;57 68;59 $8;98 74;05 57-50 68.11 58.39 65-34 56.22 61-93 56-78 65-85 
a s 4 3 9 9 a 9 

72-35 64.48 66-55 55'54 68-27 57-16 63'18 62-90 61-23 64.81 61-54 62.97 

t61.57 9 68'59 s 58'98 4 74'05 B 57-50 9 68.11 8 58'39 a 65-34 a 56-22 9 61'93 a 56-78 a 65'85 s - 
-13625 23;82 13984 16.87 8'54 18.67 15-95 18'85 4'78 15.88 

a II;99 20935 a a a e 9 8 

48-32 44-77 45'14 $7'18 45-51 47-76 49'85 46.67 40.27 43-08 52-00 49-97 

Qe~ieml Mranr 
and Probabllitier. 

66" 42' 3"'42 
Prob. = I - 25 

48" 55' 47"-54 
Prob. = I ta 

At X X X V I I I  (Kandarki) 
Harch 1843 ; observed by Mr. Q. Logan with C a y ' s  15-inch Theodolite. 

Angle 
between 

XLI& 
XL 

+ 28' 23' 
-329O 34l 

XL & 
xXXIX 

+ 920 9r - 28' 24' 

X**IX& 
XXXV 

+1.C4042' - 92' 10' 

XXXv& 
x n v 1  

+a060 31' 
- 144' 43' 

r 

Circle readings, telescope being set on XLI 

830' 150' 840' 160' 950' 170' O0 180' 10' 190' 20. ZOO0 

I1 I' 11 I1 'I 'I I' 11 I' I1 rr I' 

+108'za 92'42103'89 98'05107'45 93-78 93'90100'26 96-20104'15 98.60105'52 
s 9 9 a 9 9 a 9 a 9 s 9 

- 45-20 39'57 38-15 44;03 34857 45;78 33;62 40;58 36;73 39;50 34p05 40494 
9 a s 

63-02 52-85 65-73 54-02 72-88 48-00 60.28 59'68 59-47 64.65 64-55 64-58 

+68'77 D 69-15 a 73-68 I 67'87 0 68-57 9 71.83 9 60.84 !a 7 ~ 8 3  D 69-70 9 69-68 9 63:s 73h75 

-48.22 32-42 43.88 38-05 47.45 33-78 33.90 40.26 36.10 41-15 38.60 4.5'52 
s D 9 a a 9 a a s a 4 9 

10.55 36.73 29-80 19-82 zr-ra 38-05 16-94 32.57 33-50 25-33 14-65 28-13 

+78;93 7557 79897 7772 8';'8 70;98 71.p 76'9'5 69;73 78'43 9 75-28 a 74'60 9 

- 8877 9;15 13.68 7887 8;57 11-83 0.83 12.83 9;p 9668 3;" I 
9 9 9 a 

70.16 63-42 66'29 69.65 72-61 59-15 70.69 63.32 60.03 68-75 72-03 60.85 

General Yeane 
and Probablhw. 

58" 50' 01'*81 
Prob. = I '85 

-630 45' 28".~96 
Prob. = 1-55 

SZ 33' 6"-41 
Prob. = I -35 

+70a63 68'55 67'07 64'92 65;7i 67-57 58-80 68.07 64.46 66-20 63'85 67-23 
9 a !a 4 9 9 9 s a 

-18;93 12857 17;52 ~1'13 a 10.98 9 I 9 16.15 9 9-13 a 18-43 9 t j I O  48' 50r1-52 
Prob. = I -09 

51-70 55.98 47.10 47-40 44'59 56'59 47-28 51-92 54'73 47-77 48-57 52'63 



OBSERVED mGLES. 

At XXXIX (Atora) 

lllarch 1843 ; observed by Mr. W. N. Jcames with Cay ' s  15-inch Theodolite. 

XxXvII & I' I 61' 0' 3gf"41 
X X X V  1 38:71 48'90 s 33'20 s 48'48 s 3t.52 s 43'4O s 3 i 7 5  s 44'03 s 34'1° s 38'75 9 29'95 s 4%*16 s probe = I . 7 I  I 

XXXV & 1 24;55 25;43 24;65 19.89 26.99 17-78 39-80 25-45 22-09 26.34 17-47 11-10 1 67' 59' 24".38 
XXXVIII s s s s s s s s s Prob. = I '00 I 

&nerd Mmm 
and Probabilitier. I 

- - 

Angle 
between 

I I 

L 2 C Y V ~ I L I ~  4-11 2-27  9.86 5.77 8 15;90 I 7;69 12-28 9;32 5;1o 9;87 1 640 26' 7"'84 
s s s 9 s s Prob. = I -20 

Circle readings, telescope being eet on XSXVII 

0° 180° lQO 190' Zoo ZOO0 80" ZIOO 40° 9500 CW 880° 

XL & XLII ( .28'38 ~ 2 . 7 4  25.65 26-12 19-11 r5;09 27;65 -15.81 18-57 20.30 35-85 23.29 1 46O 5%' 24".88 
s s P s s s s s s s Prob. = I -44 I 

At X L  (Sirsa) 

February, April and May 1843 ; observed by M r .  W. N. James with Cay'e 15-inch Theodolite. 

Angle 
between 

B.M. & 
XLIII 

Circle readings, telescope being set on B.M. 

00 180' lo0 190' 20' ZOO0 80' $310' 40' 820° SO0 SO0 

11 11 rr 11 II II II 

43-54 45-61 41-35 43-31 43-55 42-57 42-18 
s s s s s s s 

47-22 42.40. 44-06 46-31 43.65 44'68 41-86 
9 8 9 9 3 9 9 

XLnI & 
XLlV 

General Mean0 
and Probabilities I 

. . 

SLIP & 
XLLI 

+82'30 82.50 78-02 74.35 83.39 84.87 77-83 79.83 80-17 76'88 73'2.5 78.87 
8 S 9 9 9 9 9 D 9. 9 9 9 

-43'54 45-61 41-35 43-33 43-55 42-57 42-18 43'68 41-17 41'66 38-40 39'88 
9 8 P 9 s s s s P s s s 

XLII & 
X Y X I X  

+220° 54l 
-155' 24' 

58' 19' 37'"11 
Prob. u 0.80 

+73;22 76625 71636 68634 73607 68-08 74-06 70.02 72-67 68-52 66-33 64'35 
s s s s s s 

-22.30 22-50 18-02 14-35 z3;j9 24;8] 17;85 19;83 10.17 16.88 13.25 18.87 
s s s s 8 . %  P s 

XXXIX & 
XXXVIII 

65' 23' 5 1'"17 
Prob. = 1-02  I 

t'33.41 30;57 34;oo 22.M 36'64 38-45 39-15 24-07 29;52 26h57 28h5.5 24h42 
9 9 8 9 9 

- 1 3 . ~ 1  16.25 11-36 8;34 13;07 8-08 14-06 10.02 12-67 8.52 6;33 4;35 
9 9 s s 9 9 9 8 

20.19 14'32 22.64 14-10 23-57 20'37 25-09 14-05 16-85 18-05 22'22 20 '07 

+%?a0 42' 
- ,20~  54t 

65' 30' 19'"29 
h o b .  u 1-06 

+63-37 63-23 61-70 p ' a o  68-74 60'07 61.78 57'70 55'01 45-36 61-40 54-10 
9 9 9 9 9 9 9 9 9 9 9 9 

-33;41 30;57 34;OO 22.44 36.64 28-15 39.15 24p7 29;52 16.57 18-55 24'.(2 
9 9 9 9 9 9 9 

29'96 32'66 27-70 29.76 32-10 31-62 22-63 33-63 25-49 18-79 32-85 29'68 I 
51' 4r 28"-91 

Prob. E 1-26 

B.X dellotee Referring Mark. 





OBSERVED ANGLES. 
31-J. 

At XLIII (Milik) 
Harch 1843 ; observed by dlr. G.  Logim with C a y ' s  16-inch Theodolite. 

Angle 
betreen 

xLvI& 

+3440 58: 
-282' I 

Circle readings, teleecope being set on XLVI 

883' IOBO 2920 l i e0  aozO 122. aiaO isaO =a0 iw ssp iszO 

XLV & 
"IV 

Ga~ieml, Meanr 
and Probabilitier. 

+95;62 104;07 83;83 93;95 87959 89p45 87;32 89;02 86.32 90'08 85-95 92-53 
P s 9 s 

-46i07 51;41 45i3.5 45;83 43i43 Hi97 40.34 4927 38p5 5027 36;12 57i45 
a .  

49.55 51-65 38.48 48.07 44-16 44.48 46-98 39.95 48-21 39-81 49-86 35-08 

+ 45013' 
-3.~4~ 59' 

62' 57' 44"*78 
Prob. = 1-49 

+q8-63 s 46-98 a 46'45 s 47-15 s 43'98 s 37-82 s 39-50 9 4728 4128 45;60 36;13 51h.58 

-35;62 #;o7 23;83 33;95 27;59 a9;45 a7;32 299;~ 26-32 30.08 a5;95 33;53 
9 9 

X L I V ~  
X L  

At XLIV (Akbarpur) 
December 1842 ; observed by Mr. G. Zogaa with Cay ' s  16-imh Theodolite. 

60' 14' 13''.87 

13-01 I 12-62 13.20 16-39 8-37 12-19 18-06 14-96 15-52 10.18 19-05 

XL& 
''I 

+ 165' 33' 
-1060 20' 

Prob. = I '44 

+85;73 93;23 88;05 91;83 87.64 88.87 84.75 88-20 85-raS88;93 84-70 93-12 
s 9 9 9 9 9 9 

-48;63 46;98 46;45 47;15 43.98 37'82 39-50 47'08 41-28 45;h 36;13 51;58 
a s s a a 

+102'35 10a.82 94-72 97-05 81.17 98-10 gq.20 103.23 89'77 98'27 92'58 96.08 
9 9 S s s 9 9 9 9 9 

- 23.73 33.23 28-05 31.83 21-64 28-87 24-75 28-20 25." 28;93 14-70 33.12 590 14' 7 w * 5 ~  a a s s s s 9 a s : 1 1 .  Prob. = 1'63 
76-62. 69-59 66-67 65-20 53.53 4~2~ 69-43 75-03 64'65 69'34 67.88 62-96 

61' 6' 44'"oo 
Prob. = I '01 

General Meam 
and Probabilitier 

Angle 
between 

& 
XL 

''5'O '3' 
-10l0 22' 

I 

Thie value should be 48.12 : the enor waa not detected until after completion of the dculationa 

Circle readinge, telescope being set on X LII 

W)8. 88O Slba 8S0 2?,S0 48. 858' 68' 44E0 68' 268' IS0 

+ IOIO 22' - 40° 49' 

N II  II II rr II II rr 11 rr II II 

+68;37 64;32 7723 70;63 73;17 69;62 7523 73;75 77;75 72;77 72;33 %;a5 

Mi25 433;17 48;48 Mi57 46;27 43i57 47927 47;68 4726 55;49 41:s 

23-87 20.07 29.06 az.15 28-60 23.35 31.66 26-48 30'07 25.74 16-85 28-20 

50'51'25'"51 
Prob. 3 rsar 

44-08 37-32 31-59 41'63 35.30 37-10 31-60 37-62 31-36 41-08 39'56 31'4% 

Prob. = 1-20 



BUDHON MERIDIONAL BEXES. ' 

At XLIV (A.kbarpur)-(Continued). 

General Meam 
and Probabilitier. 

Angle 
between 

Circle readinge, telescope being aet on XLII 

2oB. 88' 8180 880 828' r180 8880 68' 248" 68" 268" 78" 

XLlII & 
XLV 

+ 400 + 24O 11' 

I1 I1 I' I1 'I I1 I1 

+ 0'4% 6'73 11-58 6685 9;27 9917 11997 9;65 I5:32 5;95 15;92 9;63 
8 8 9 9 65' I' 8"*77 + 59-67 60.15 58;80 58;37 61'18 59-55 60'42 57-22 58-41 57'88 58-55 62'62 
9 9 9 s s s s s Pmb. = 1.20 

60.09 6688 70.38 65.2% 70.45 68-72 72-39 66-87 73-71 61-83 74.47 72-15 

122.38 116';o 122'68 116.35 123.93 
a 9 s s 

57-22 58-42 57-88 58-55 62'62 
9 9 4 9 9 

65-16 58-18 64-80 57-80 61-31 

56'29' 1"*58 
Prob. = 1-01 

At XLV (Sarkh) 

Jmuary and March 1848 ; obeerved by Hr. Gr. X o g m  with Cay's 16-inch Theodolite. 

Angle 
between 

XLVIII & 
XLVU 

+ I I ~ '  8' - 37' 28' 

XLVII & 
XLIV 

+ 189' 11' - 1,90 9~ 

XLIV & 
XLIII 

+ 243' 56' 
- 1 8 ~ ~ 1 2 '  

XLTn & 
LXVI 

+3090 f - 243' 5 7 

Circle readings, telescope being eet on XLVIII 

88' 218" 48' 228' 58' 238" 68" 248' 7E0 258' 88' 268' 

11 I1 N A I1 I1 I1 'I I1 'I 'I I1 

+ 97.17 101.43 97'45 101.88 102'90 100.32 97-68 96'43 96-29 107.85 95-23 102 
s 9 9 9 s s s s 9 s 9 '8 

- 41.53 46-58 40.37 41-31 39'" 41-58 34'03 44068 3\13 1 3 2 0  
3 5 y  4823 

9 9 9 9 9 9 9 

55'64 54'85 57'08 60.51 63'78 58'74 63'65 55'75 65-15 64.65 60.23 54'95 

+ 85.38 86'83 88'20 92-75 84.93 91'22 82-18 93-83 76'62 93.87 81'35 95'97 
s s a 9 s s s s 9 a s s - 37.17 41'43 37'45 41-88 4 ~ - 9 0  40'32 37-68 36'43 36i.8 47;85 3533 42.88 
9 9 9 X 9 9 9 9 

4821 45.40 50'75 50'87 42-03 50'90 44.50 57-40 40.34 46'02 46-12 52-95) 

+ 69'31 71.00 69'75 71'72 66-10 74-50 67-45 74-88 66'03 26-42 62-65 70'62 
9 9 s 9 9 9 9 9 9 9 9 9 - 25.38 26.83 28.20 32.75 24-93 31.22 22-18 33.83 16-61 33-87 11;35 35;97 
9 9 s 9 a s 4 s 9 s 

43'93 44'7 41'55 38'97 41-17 43-28 45.27 41.05 49-41 43-55 41-30 34-65 

+ 49'75 58992 $328 55933 50;99 60;85 51;47 60;93 47;48 65;88 45;18 59;75 

- 9.31 11.00 9;75 11;72 6 14.50 7;45 1428 6-03 I 1.65 10.62 
9 4 9 9 9 9 9 9 

40.44 47.92 43-33 43-61 44-89 46.35 45.02 46-05 41-45 49.46 4 2 . j ~  49-13 

General Meanr 
and Probabilities 

8 1' 40' 5g''.5 8 
Prob. I . Io 

70' a' 47"*96 
Prob. = 1'34 

54' 4.4' 42".28 

Prob. = 0.99 

65' 7'43"'02 

Prob. = 0.81 



At XLV (Sark4ra)-( Conthaed). 

Angle 
between 

At XLVI (Haldaur) 

lllarch 1848 ; observed by Mr. G. Xognlz with Cay'o 16-Cch Theodolite. 

XLVI A 
rLV=rl 

+ 370 27r 
-30g0 4) 

Circle readings, teleecope being set on ZLVIII  

88" B l 8 O  48. 5!* 6@ 2W 68O 24fP. ?a0 26aO 88' eS80 

Genemi Yranr 
md Probabilitier. 

rr n rr n H rr rr 11 n rr rr If 

+1o1'53 ro6.58 100.37 101'37 99-12 101.58 94'03 100'68 91-13 103'20 95.00 108.03 
9 9 9 9 9 9 9 S 9 9 9 

- 49;75 ~ $ 9 2  53;d 55;33 50;99 b;85 52;47 do-93 47;48 65;88 45;18 59;75 
9 .  

51 78 47.66 47-19 46-04 48-13 40.73 41.56 39.75 43-65 37-31 49.82 48.28 

Angle 
betweal 

XLVm+& 
L1l 

+3540 
-298' 50' 

88' 23' 45"*17 
Prob. = I .  24 

LII & X L P I I I  

+ 520 46: 
-354O 50 

Circle readings, telescope being eet on XLVIII* 

1 1 9  8090 129' 81Q0 139' 829' 149' 839' 169' 849' 169' 

I) rr II II rr rr rr 11 II II II rr 

+ 61.77 59.38 62-95 70'60 63-12 66.65 61-07 71-95 61-48 62-95 60.50 70.15 
s s 9 9 s s 9 9 9 9 9 9 

- 29;30 "$53 15-51 35.70 30.78 31-82 20.93 37.45 21.20 31-55 19-67 36-03 
s e s 9 s 9 s 9. k s s 

32.47 32.85 37-43 34-90 39-34 33.83 40.14 34'50 40.28 31-40 40.83 34-12 

XLVIII  & 
XLV 

I I J 
NOTE.-XLVILI* and LII appertain to'Breat Arc Meridional series, Section 2-4" to WO. 

General Menno 
and Probabilitier. 

56' 0' 35'"42 
Prob. = 0.93 

+131'05 140'82 131'52 124.68 128.08 131'57 104-00 128.68 124.42 129'08 121'0.3 138'67 
0 9 9 9 9 9 .  9 9 s 9 9 9 

- 61.77 59-38 62.95 70'60 63-12 66-65 61-07 7 ~ 9 5  61-48 62-95 60.50 70.15 
J 9 9 9 9 e 9 s s 9 s 9 

70.28 81.4 68-57 54.08 64'96 64-92 62'93 56-73 62-94 66-13 60.53 68.52 

XLV & XLIII 

57' 57' 5'"17 
Prob. = 1'94 

+ e('30 37'03 36'90 4 4 - 2 0  42-20 45'12 36'33 49.20 38'73 35.27 35-12 43;92 
II 9 9 S 9 9 S 9 D 9 9 

-12.05 20.82 11-51 4.68 8-08 11-57 4-00 8.68 4-41 9-08 1.03 18-61 
s 4. s 9 s 9 s 9 9 9 II 9 

60033'311''14 
Prob. = I -88 

+ ;3;93 68-82 73-42 75-62 70.38 74.13 62'87 78-88 66-87 75-92 59-55 76'52 
9 9 9 9 I 3 II 9 9 9 9 

- 44-30 31-03 36-90 44.2. 42-20 45-12 36.33 49-50 38-13 35-27 35.12 43;92 
9 9 4 9 9 9 4 9 9 I 9 

51' 54' 30''*7~ 
Prob. = 1-22  



At XLVII (Nandi) 

December 1M2 and January 1843 ; obsemed by Mr. @. I;ogan with OaryT8 16491ch Theodolite. 

6e11eral Mennl 
cmd Probabilities. 

Angle 
between 

XLIV & 
XLV 

+ 2.5O 4' + 28' 23' 

At XLVIII (Hsrp&Tsid) 

January 1843 ; observed by Mr. Q. Xogan with Ca y '8  16-inch TheodoZite. 

I 11 11 I1 'I 'I 11 11 I' 11 11 

Circle readings, telescope kiug set on XLIV 

385' 166' 845' 166' 855' 175' 6' 185' 1 F  195. 25. 205. 

+ $2'77 37.61 49'55 41-05 50'83 45'38 56-12 48'28 48'37 52.32 59-10 46-60 
9 3 9 4 9 9 s 2 4 9 2 

+ 2736 23.06 14-75 31-38 28-60 16-58 18-50 a1;43 16-62 32-27 16-42 27-00 
8 4 9 s 4 s s 4 4 9 

80.13 60.67 74-30 12-43 79-43 71-96 74-62 69'71 64'99 84'59 75-52 23.60 

6g0 13' 3g1"54 
Prob. = 1-49 

XT,V & 
XL\.Ifl 

+ 97O 36' - 28' 23' 

5 3 ° 2 8 ' 1 3 " ' 5 ~  
Prob. = I '39 

+ 66-15 65-58 62'93 11-31 $7'23 66'88 56.1; 68.00 60.85 63-22 61-89 68'22 
s I 9 s r . s s P 9 s s 9 

- 27.36 23.06 24-15 31-38 28.60 26.58 18-50 21;43 16.62 32-23 16.42 29-00 
8 S S P 9 9 9 4 4 4 9 

38'79 4a.5a 38-18 39.93 28'63 40.30 37-67 46-57 44.23 30.95 45-41 41-22 

Angle 
between 

Circle readings, telescope being set on XLVII I Qeneral Dlealla 

288' 1080 298. 118' 308' 128O 818- 138" 888- 198- SS6' 158' 
o l ~ d  Probabilities. I 

XLVII 62 
XLV 

XLV & 
S L V I  

+ 42' 48' 
- ]Io 46' 

+ 38'35 38'25 41-68 qz-97 46-07 32-18 53' 3 40'22 46-17 43'53 50'30 36-8a 
9 2 9 4 4 S !? 4 9 9 2 

- 19;58 16.63 ~5i;32 1423 26-30 9-05 28.70 18-37 aqhpg 21-68 22-58 16-37 
9 4 4 4 4 0 4 9 

I I 
NOTE 1.-LI I tlppertnin~ to Great Arc Meridional Seriee, Section 24' to 800. 

2.-I appertains to North-East Longitudinal Series. 

2g0 5' 22"'33 
Prob. = 0.74 

,+ 79;58 7$63 7 9 ; ~  74po3 86-30 69-05 88.70 28-37 84'97 81.68 81-50 76-39 
4 D 9 9 9 8 P 9 

- 35;72 25'08 35'78 27'82 40.82 31.45 35-17 2 2 . ~ 7  34'40 ?3'%3 33.30 27;7f 
4 2 4 4 4 9 9 9 4 4 

43% 51'55 43-54 46-21 45'48 37.60 53'53 56'20 50-57 48'45 54-28 48'6' 

320 54' 298''92 
PI'0b. =: 1'52 

XLVI & LII 

+ l r O  46' 
+ 2 1 O  7' 

L I I  & I 

+l l . jo  4' 
- 21' 7' 

31O a' 48"*32 
Prob. = I '47 

+ 3.5'72 25.08 35'78 27-82 40.82 31 ;45 35;17 22;17 3 4 y  33;23 33;3o 27;77 
8 9 4 ¶ 4 

+ 55.58 61.30 j8;42 59;8j 59i95 63i7.3 55;13 56-05 54-10 54.60 54-80 61-80 
8 9 2 9 S 4 P 

91'30 86.38 94'20 87-67 100.77 95'18 90.30 78'2a 88-50 67-83 88-10 90-57 

+ 105.25 112'98 100-85 110-58 104'62 104'38 103.15 103-85 109.83 102-42 109-97 111'78 
4 9 4 4 4 9 9 9 9 9 9 9 

- 5 ~ 5 8  61;30 58;42 59;85 59.95 63;73 5 5 ; ' ~  56.05 54-10 54-60 54.80 6.-80 
s 4 4 9 4 

- 

49'67 51'68 42'4.3 50'73 44'67 40'65 48.02 47-80 55-73 47-82 55-17 48-98 

91° 57' 48''.61 
Prob. = I ' 26 



OBSERVED AXQLES. 35-J. 

At XLVIII* (Sheopuri) 

Februal-y 1843 ; obeeraed by Mr. B. Logan with Oary's 16-inch Theodolite. 

Angle Circle readings, telescope being set on LII  G e n d  Mermr 

50' 230" 60. 240. 70' 250° 80' BsoO 90' 870' 100. %8O0 and Probabilitiea. 

At LII (Mahesari) 

January, Feebrtrary m d  Harch 1843 ; observed by Mr .  O. Logan with Cay's 16-.inch Theodolite. 

O.neral M e m s  
and Probabilitiea 

Angle 
between 

I & XLVLII 

Circle readings, telescope being set on 1 

15' 196' 26' 205" 86. 215. 46' 226' 56' 66' W' 

XLvIII  & 
XLvl 

+ 133' 5 I' 
- 4 4 ~ 4 3 1  

I Angle 
between I 

'+58;92 5 4 ; P  56;77 P i 9 5  9;SO 46;08 48;37 5a;50 P i 4 7  b4i62 46;35 59;2? 

-13.18 3-10 8-6a 0.67 445% 3 ~ 4 5  5;60 4 2 3  OF a-17 
9 s 9 s e a . r o  s 

5:g33 52p18 57p40 53;05 6027 57"O 51-40 60'58 
XLYI & s s s 

I l . % i  30i.3 10.20 26-02 15;3o 19;83 6 5 I 
e s 9 s 9 s 

45-05 "-95 47-20 27.03 q . 2 7  32.92 39.48 28-85 39-48 

Circle readings and telescope setting unknown 

30° 0' 47"-68 
 rob. = I ' 17  

+91'25 74-27 87-71 72-27 90.23 fo'ao 86.oa 75-30 79-83 7t.62 83-55 81-10 
3 9 8 9 9 9 9 9 9 3 9 Z 

-58.92 50.90 56-77 50.95 4 9 ; ~  46;d 8;32 52;.50 48;47 54;67 46;35 59;%1 
3 9 9 9 

32-33 23-37 30.94 21'32 40'73 24.1% 32-65 22'80 31-36 22'95 32-20 21-83 

600 s2' 3 ~ ' ' * 4 ~  
Prob. = 2-31 

XLVIII & 58' I' 23'"10 
LII 

It Prob. = 0.99 . 
NOTE 1.-XLVIII* and LLI appertain to (Jreat Arc Meridha1 Series, Section 2 P  ta 80". 

2. -I appertaiue to North-East Longitudinal Series. 
J. B. N. HENNESSEY, 

' 

8g" 8' 2SU.88 
Prob. = 1-94 





BUDHON MERIDIONAL SERIES. 

PRINCIPAL TRIANGULATION. REDUCTION OF FIGtURE8. 



BUDHON MEEIDIOI?AIi 8ERIEB. 

Figure No. 1. 

In the t a b h  of the equationa betweeu the factom the co-efficients of tho terlllr below tho diagonal are omitted for aonvenience, the 00-e5cient of the pth term 
in thr gtA line being dwayr the rune u tho oo-e5cieut of the gth term in the pth line. 

Obeerved A~igles 

.I 

,F I& NO. Value 

$8 
O f .  

I 46 41 32.57 1-88 

2 66 16 17.57 a-27 

3 67 2 11*13 2'33 

4 72 13 32-04 0.69 

5 40 58 6.56 0.98 

6 66 48 23.36 2.04 

7 76 21 35'63 1-94 

8 49 3' 6-19 2'1% 

9 54 7 27'93 1'57 

10 59 52 59'97 2'85 

X I  46 33 6.35 2'17 

1% 73 33 51-32 0'77 

'3 43 41 57'17 0.27 

14 105 25 24-15 0.84 

15 30 5% 39.25 "so 
16 61 8 22.85 1.20 

17 62 5 46.43 1-19 

18 56 45 56.12 1-80 

Values of the Factore 

Xl = - 0 , 4 6 4  

& = -0 '530  

x, = + 1'155 

X4 = -0 .963 

& = + 0.390 

X, = + 0.246 

X, = + 0.178 

X, = - 0.615 

Equatione to be satisfied Factor 

=1 +xs +xa - - el = - 2.66, 
X4 + X i  + X 6  - - e , = -  

x, 
- 1-69, - e8 = + 7-26, 

x, 
4 + X e  +Xu - - e, = 

x, 
X l o  + Xn + Xis - - 3-94, 
'1) + Xir + xis - e, = - 0.62, 
'16 + '17 + xie - - e6 = + 0.90, 

:: 
x1 +x4 +x, +Xl0 +Xll - - e7 = + 0.23, 

x, 

'42x8 - ' 44% + z1 x, 
-1.15x~ + ' 72x0 - '85xe - - ee = + ' 29Xm - '95xii - 5 9 7  % 
+ . saxl4 + ' 66x18 - + 1s67x1b.J '53X~7 

Equatione between the factore 

Co-efficieats of 

h 4 . h  a, X5 '6 % %I 

+6.48 +1.88 -0.020 

+3'7I +on69 -0.250 

+5'63 +1-94 -0.672 

+5'79 +2.85 -1.839 

+ 2.61 +Om27 +2'740 

* +4'19 +1 .20  +0*557 

+8.83 

+ 12.259 

No.of 
e 

I 

2 

3 

4 

5 
6 

7 

8 

Angular errore in seconds 

x1 = - '54 4 = + 2-59 XIS = + '15 

x , = -  '44 X8 = + 3'55 X l 4 =  + .18 

xa = - 1.68 x,, = + 1.12 x15 = - '95 

S4 = - -34 X l O =  - 2'24 X16 = + '51 

xi = + -16 xll = - ' 83 x17 = + .67 

x6 = - 1-61 xll = - '87 Xl8 = - ' 28 

[wxq = 1 7 ~ j 3  

Valueof 
0 

- 2.66 

- 1 . 6 9  

+ 7.26 

- 3'94 

- 0.62 

+ o + g o  

+ 0.23 

- 5'197 



PRINCIPAL TlZIANGFULATION. EEDUCTION OF FIGURES. 

Figwe No. 2. 

Obeerved Anglea I 
No. Value 

- 

Equations to be satisfied Factor 

+% +Xa + x4 = q = + 0 ' 6 4 ,  

+x4 + 4 + Xs =ep=+1-10, A,# 

+ Xs +x7 +xn = % = + I S 3 5 ,  X, 

- 

Equatione between the factb* 

Values of the Factors I .  

No. of 
e 

Angular errors in seclonds 

Value of 
e 

Co-efficien te of 

- 

x, x, x, x4 



BUDHON MEE1DIONA.L SERIES. 

Figure No. .3. 

Observed Angles 

I 

145 
No. Value .$Xj 

,316 
Y 

0 1 1  

I 61 32 55-81 - -56 

2 67 27 52'45 '59 

3 50 59 7 '36 

4 44 13 16-85 -79 

5 57 42 24'83 '63 

6 78 5 22.27 -16 

7 50 32 8-10 -70 

8 59 50 44-33 '18 

9 69 37 4'69 '67 

10 67 2 52'47 '43 

11 62 14 35-27 '50 

1 2  50 42 29.05 -98 

I3  70 5 49'80 '77 

14 53 46 16-41 -29 

15 56 7 56-77 '34 

16 66 33 57-02 -40 

17 54 29 38-77 '40 

18 58 56 21.63 -38 

Values of the Factors 

x, = - 1.010 

h = + 1'324 

X, = - 2.612 

7b4 = - 2.069 

7b6 = 0'924 

7b6 = - 3'336 

x, = + 0.798 

X, = - 1.041 

Equations to be satisfied Factor 

XI + X P  +.a = el = - 1.13, 
1 4  + '1 + Xe - - ep = + 3-10, 

% 
- - e, = - 3-64, 

&A 
x7 +'a + x o  - - e4 = 

X, 
I 1 0  + x11 + - 4-17, 
XIS + X i r  + XIS 

- - e, = + 1-89, 
x16 + x17 + '18 - - e , =  - 3 ' 56, 

? 
XI +x4 +17 +x10 +.A~y l  = e7 = + 0.05, 

~ 8 1 %  - ' ~ I x ,  
2' 

- '63x, + '37x0 - .  58% - 
+ - 8 2 ~ ~  + .67x16 

- e , =  -4-104, X, - '53x11 - ' 73'14 + .60x, -'7Ixi7 

Equations between the factors 

No.of 
e 

I 

2 

3 

4 

5 

6 

7 
8 

Angular errors in seconds 

x1 = - -12 x , = -  1.27 Xu = + 1'33 

Xs = - '34 xa = - 36 x u =  + '50 

x8 = - '67 xg = - 2'01 xu = + -06 

I, = + 1.68 X l ~ =  - '55 x16 = - 1'02 

x, = + 1.25 xll = - '74 x17 = - 1-02  

X6 = + '17 xis= - 2-88 xi8= - 1'5% 

[wxT=41.32 

Valueof 
e 

-1.13 

+3'10 

-3'64 

-4' 17 

+ ~ . 8 9  

-3'56 

+0.05 

-4- 104 

Co-efficieuts of 

x , h , X , " 4 " , x ,  h7 x, 

+I*SI  +om56 +o*o50 

+1.58 +oS7y -0.363 

+IS55 +o.70 + o . r e  

+ r s g l  +0'43 +0'539 

+ 1'40 +oS77 +om016 

* +1.18 +om40 -0.056 

+3'65 

+2-191 



PRINCIPAL 'I'RUNGULATION. REDUCTION OF FIGURXS. 
- 0  

Figure No. 4. 

A 0 

n -R 
Value 

j4$ 
No. . a . ~  a 

ggg 
V 

Observed Angles 

I Equations between the factor8 

Equations to be satisfied Factor 

Co-efficients of 
No. of Value of 

e e 
x, x, x, A 4 . h  ha x, x, 

I Values of the Factors Angular errors in seco~~ds 



b2-J. 
BUDHON MERIDIONAL SERIES. 

Figure No. 5. 

Observed Angles 

Valuee of the Factors 

Equations to be satisfied Factor 

Equations between the factore 

Angular errors in eeconde 

No. of 
e 

Value of 
0 

Co-efficient8 of 

x , x , x ,  X4 X, X6 x, x, 



PRINCIPAL T W G U L A T I O N .  UEDUCTION OF FIGURES. 

Figure No. 6. 

L 

Observed Atlgles . 

No. Value .p..F* 
9 && 

V 

0 I If 

I 54 44 42-28 '98 

2 60 14 13.87 2-08 

3 65 1 8'77 1-44 

4 70 2 47.96 1-79 

j 56 29 1 . j8  i -04 

6 53 28 13-50 3-21 

7 81 40 59-58 1 - 2 0  

8 69 13 39-54 2 - 2 1  

9 29 5 22'33 '54 

l o  88 23 45-17 1.54 

I r  31 2 48-32 2-16 

1% 60 33 31-14 3'54 

13 65 7 45-02 '64 

14 5' 54 30'72 1'48 

15 62 57 44.78 2.22 

Values of the Factors 

X1 = + 0.977 ' 

X, = + 0:206 

X, = - 0.231 

X, = + 0'414 

& = - 0.167 

ha = - 0'255 

X, = + 0.600 

Equations to be satisfied Factor 

*! + x, +xs 
- - - e l = + 3 - 8 4 ,  X, 

X4 a t  x, + X a  = e p = + l - 8 0 ,  Xg 

X7 4- '13 f XQ = e, = - 1-14, x, 
110 + Xn + X m  = e 4 = + 1 . 6 4 ,  X4 

Xu + '14 + xu - - e, = - 0.90, & 

X1 + X4 $ X7 + X l o  +xis = e , = + o - 0 1 ,  X,, 

' 4 7 ~ ~  --57xs + ' 7 4 ~ ~  -.66x, + I -80x, 1 = e 7 =  t-7'443, X, 
-.38x8 + .56xlS - 1 . 6 6 ~ ~ ~  + ' ~ I x ~ ~  - '78x1, 

Equatio~ls between the factors 

Co-efficients of 

A1 Xg x, 5 A, A6 x, 

+4-50 +0.98 - 0.509 

+6-04 -t1.7g + 1.689 

+3'95 + I - 2 0  + 0.132 

+7'24 +1.5q - 1.604 

* $4'34 +o-64 - 0.022 

3-6.15 

+ 13.814 

No. of 
e 

- 

I 

2 

3 

4 

5 

6 

7 

A ~ ~ g u l a r  errors in eeco~lds 

X1 = + '71 x, = + 2.09 xll = - 1'27 

xp = + 1.31 x7 = - .58 x,, = + 2.67 

xs = + 1 ~ 8 2 '  xS = - 1.02 xl, = - ' 27 

x, = - '09 X, = + .46 x14 = - '95 

X6 = - '20 XIO = + ' 24 Xla = '32 

[ W X ~  =9.68 

Value of 
e 

+3'84 

-t 1-80 

-1.14 

3-1-64 

-0.90 

+owor 

+ 7'443 



BUDHON MEBIDIONAL SERIES. 

Figure No. 7. 

t The fixed data here given are obtained from F i p e  No. 8 of the &at Arc Meridional Series, Section SE to 80a, and Fignre No. 1 of the North-Bast h n g b  
tudinal Series, both of which were previously reduced. These data depend on the 5gurally corrected angles only, not on the finally corrected angles acr u b l d e d  in the 
Volumes of the Operatior, qf the O+sd !A-igotw&riad S m e y  fl India ; because this kure (No. 1) was reduoed before the &Id valuea were obtnines. 

? 

October 1877. 
J. B. N. HLNNESSEY, 

In c h g e  OJ Consput* O&. 

Observed Angles 

e. 0 

143" 
NO. ' Value a ss 

zg8 

o r I #  

1 60 51 35.41 5-60 

2 63 6 50'73 1'47 

3 s6 O 35'42 '87 

4 89 8 28.88 3.76 

5 57 57 5'17 3'75 

6 32 5q 29-92 2.30 

7 30 o 17-68 1-36 

8 91 57 48-61 1-58 

9 58 123.10 -98 

Values of the Factors 

% = - 0.237 
X, = - 0'054 
Xg = - 1.017 
A, = + 0'335 

% = + 0.153 

Fixed data? - 
Log. Ratio of side A to side B (see diagram) = I 7039306~5 

Sum of angles I, 4 and 7 = 180° I' 51".29 

Equations to be satisfied Factor 

x1  +xs +xs 
- - el = - 0.03, X, 

=4 +xs +X6 = es = + 0.91, X, 

x7 + Xe +Xo = % = - 3-43) Xg 

XI +Xc +X7 = e 4 =  3-0-68, X4 

*67x~ - ' 5 1 ~ ~  
- = e6 = + 0.561, Xg - 63xs + *62x0 + ' 0 3 ~ ~  +1.55x61 

Equations between the factors 

Co-efficienta of 

X, x, x, x4 x, 

+ 7-94 + 5.60 -0.167 

+gn81 +3-76 +1.202 

+3.92 + 1-36 +om655 

* + 10.72 
+as167 

No.of 
e 

I 

2 

3 

4 

5 

Angular errors in seconds 

+ '55 x4 = +1.06 XI = X7 = - '93 
xs = -*47 x6 = - '57 x8 = -1.60 

% = -*I1 X6 = + '41 Xg = - '90 

[wxq = 3-76 

Value of 
e 

-0.03 

+om91 

-3'43 

$0.68 

+om561 



BUDHON MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. TRIANGLES. 

NOTEE.-1. The valu~a of the side are given in the ssme line with the opposite angle. 
2. SLstiono In* and VII apperhin to tha Caloutta Longitudii~al Series. 

Station 

111. 
VI.1 
1 .  

VII  

No. of trinngle Didance 

1 

d . Correctioils to Observed Angle 

circuit 

I 

Corrected Plane 
A ~ ~ g l e  , ~ ~ ~ ,  

3 

4 

5 

. 

118336*04 
170134.53 
169937'63 

1G7615.98 
181573'36 
170134'53 

189175'7a 
169194*93 
167615 '98 

22-4x2 
32'222 
32'185 

31'745 
34'389 
32'222 

35.829 
32.044 
31.745 

m Figure I Circuit I c ~ ~ ~ ~ , , ,  1 Total Log. feet 

1-10 + '34 '43 65 18 9'77 5'1693275,5 
1-10  - 18 -59 36 1 7  41-38 4.y8.32672,6 

+ 1-26 78 24 8.8.; 5~zoz0309,o 

I -41 40 43 36'35 
I1 - 1-71 6943  33'56 
111 -18 69 ;z 50'09 

- 2-30 180 0 0.00 

I 56 48 43.89 
111 65 2 7 - 1 0  
Iv 58 g 9'01 

6-11 + 8'93 180 o o'oo 

111 25.89 
1 V 31-48 
V 2'6.3 

6'2.3 

14769~~99  
96220'41 

159232.20 

169937'63 
181940.12 
147681'99 

3 '30 -- 
1-85 
1-86 
1'85 -- 
5.56 

5.0731170,7 
j2307924.4 
5.2302895,6 

5'22-+?153,8 
5'2590521,3 
5'2307924,4 

5.2768654,~ 
5.2~83873~7 
5.2243153~8 

27.970 
18.224 
30'158 

3a-18.5 
34'458 
27.970 

+ 4 6  -2-72 1 
+ -28 + -02 

+ ',59 $2.70 

t 1-76 

- 2-26 
t '30 
+ 3'29 

+ 1-33 

180 o 0.00 

61 1 25-95 
69 29 22'98 
49 29 1 1 ' 0 7  

180 o 0.00 

5'2.302895,6 
5.2599285,o 
5'1693275,s 



4% BUDHON MEBIDION AL SERIES. 

CorrectedPkne 
h g l e  

0 I 11 

60 23 39'ga 
62 40 7'50 
56 56 12.58 

180 o 0.00 

38 27 19'15 
57 o 33-47 
84 32 7-29 

180 o 0.00 

54 35 51-47 
50 59 24-08 
74254.4'45 

180 o 0.00 

65 3 15-56 
43 38 36-38 
71 18 8-06 

180 o 0.00 

66 16 16-61 
67 a 10'98 
46 4r 32-41 

180 o o'oo 

40 58 4'93 
72 I3 31.28 
66 48 23'79 

180 o 0.00 

76 21 32-40 
49 31 1'44 
54 f 26-16 

180 o 0.00 

56 45 j4.93 
61 820.47 
61 5 44-60 

180 o 0.00 

43 41 56-91 
30 5% 39.52 

105 25 24.27 

180 o 0.00 

59 53 1-24 
73 33 51.70 
4633 7-06 

180 o 0'00 

x m  rn =++.02 
28 36 16'95 
51 r 59'03 

180 o 0.00 

40 42 28-51 
38 15 26.99 

101 a 4-50 

180 o o-oo 

3 I '6 a 
s M * m - 

11 

2-08 
2-08 
2-08 

6'24 

1 - 2 7  
1-27 
1-28 

3-81 

1-13 
1-13 
1-14 

Etation 

III 
V 
VI 

V 
VI 
VII 

' v  
VII 
VIII 

Bo of 

aimnit 

6 

7 

8 

triangle 

Et Milem 

33'144 
33.968 
32'oqq 

20'769 
28.011 
33'244 

23.704 
2%-597 
~ ~ ' O I I  

12'.tS9o 
17.271 
23.704 

28'545 
28'710 
22-690 

20.361 
29-57.? 
28'545 

24'419 
19'111 
20.361 

~7 .174  
28'452 
28.710 

rg-475 
14.467 
27-17.) 

17.237 
19'11a 
r4-467 

10.~95 
15'037 
24'419 

20.529 
19." 
30'895 

Correction# to Oblerved Angle 

9 

10 

I I 

I a 

I3 

14 

Diatanoa - 

46 ' 

4 7  

~ug.  feet 

5'2443503,2 
~'1536996~7 
5-aa83873,f 

5~04005a3,8 
5.1699658~2 
5'2443503,a 

5mq7t530.0 
5-0766814~3 
5-1699658,~ 

5'0784683~2 
4'9599559,o 
5.q7.+53o1o 

5'1781671,5 
5-1806703~8 
5'0784683,l 

5*03r430a17 
5.1935238~4 
5.1781671,5 

5'1103651~3 
5'0039476,a 
5'0314302~7 

5'1567811~1 
5.17675~0~8 
5.1806703~8 

5 - O I Z I O S ~ A  
~m811~ooao9~  
5-1567811~2 

4'95p868.1 
5~0039476~1 
4-88300ao15 

5*a115180~7 
4.8997811~9 
5'1103651~3 

5'0350054,9 
5.01a+512,4 
5"axaj180,7 

VII  + '67 
VIII +1'44 
IX + 1 ' 9  

+3'20 

VIII + '35 
IX +1'16 
X 1'3r + '54 + -61 +1'15 

3'93 + iS66  

IX - 4 
X + '46 
XIV i-1-65 

Bigure 

I1 

+ '40 + '79 
+ I ' I ~  

175539'57 
179349'29 
169194'93 

109661.06 
147899'19 
175529'57 

125156.37 
119311'af 
147899.19 

1x9803'17 
91191.83 

1as156-37 

1507x8'70 
151589'92 
119803'17 

107505'39 
156143'47 
150718.70 

128933'30 
1oo~r3' la  
107505.39 

143~76'61 
150228'40 
151589'92 

1028a6.67 
76383'94 

143476'61 

91009'53 
100913'12 
76383'94 

163124.09 
79392'82 

128933'30 

108394'06 
1oapS.49 
~~~~~~~q 

x 
XIV 
XI11 

C h i t  

11 

- '94 + '22 + '72 

'On 1 Total cimuit 

I1 

3-65 

11 

- '54 
+ I 'o l  
+1'84 

+a'gr 

+ '43 - '64 
+ '" 

'00 

- 
- '35 
+ '31 

- 4 8  

'00 

-00 

-00 

+ 1-69 

-2.40 
-3.92 

. - '94 

+ '43 - '64 
+ -11 

-7-26 

+ '31 - -88 
- '33 

- -90 

- '36 + 8 6  + '12 

+ '62 

1 . 0  

+ '91 
+ 1 ' 2 3  

+3.94 

- -95 
+1.06 
- '75 

- '64 

-I .  16 + -12 - '31 

-1.35 

2 '49 

VIII + '03 
x I '50 

: 1 1;: / - '12 + '43 

XI 

X 
XI  
XLI 

X 
XI1 
BIII 

X I V  
XI11 
XVI 

XI11 
S V I  
X v  

1-50 

4-50 

'60 
'59 
-60 

lI'i9 

'52 

1-58 

8 0  
'79 
'79 

2'38 

-86 
-86 
-87 

2.59 

- + '34 

- -15 '11 

+ -9.5 1 1 0 9  - -18 + '30 

+'  04 + '83 + ' 4 0  

- 9 1 
+ '97 + '09 - '68 

-1-2a + -06 
+ -19 1 - -07 / - -3% + '01 



PRINCIPAL TEIAETGULATIOR. TRUJYGLES. 
47-J. 

Ba of 

C h i t  

15 

I 6 

'7 

r 8 

' 9  

20 

a I 

92 

13 

14 

' 5  

'. 

txbngle 

Bon- 
,ircuit 

48 

Mile4 

19'490 
25.296 
24.419 

23.324 
19'743 
ao-529 

'7'726 
23.248 
19'743 

17 .40~  
18.302 
1 7 . 7 ~ ~  

21.359 
20'869 
18.302 

19.376 
15.013 
21.359 

18'442 
18.354 
19.376 

20.620 
16'792 
18'442 

13-46.? 
22'1og 
20-620 

23 '420 
21'270 

23'463 

22.238 
21.468 
23'420 

18.782 
17'406 
22.238 

Distanoe 

Feet 

102908'49 
133564'47 
128933.30 

1231.52'32 
1~4245.35 
108394'06 

93595'03 
122749.00 
104245.35 

91903'20 
96636'35 
93595'03 

11~774'31 
110186'23 
96636'35 

102305-atj 
79266'60 

I 

97370.45 
96908.62 

102305.29 

108876' 15 
88659'67 
97370'43 

123887.10 
116737'67 
108876'15 

123657 ' 7 9 
112304'87 
123887'10 

117416.55 
1.186a9.85 
123657'79 

99169.55 
9 1 ~ 1 . 9 4  

117416'55 

Correctionr to Observed Angle 

Bt.tion 
Corrected P h e  

Angle 
Log. feet 

- 
I1 0 I I1 

XIV -98 - '86 5.01245i2,4 
XI11 -98 - -2.5 5.1256909~2 
xv '98 + 'or 5.1103651,3 

2-94 -1.10 180 o 0.00 

XVI 5'0904425,9 
XV 5.0180567~2 
XVII 5'0350054,9 

2-52 

XVI 47 50 57'33 49712527,4 
XVII '75 76 29 11-95 5'0890179,9 
XVIII '75 55 39 50.7' , 5'0'80567,2 

XVII 
XVllI 
XIX 

2.24 

'60 
6 1  
-60 

1.81 

- .28 

+am30 + '07 
+ '9; 1 - '01 1 1 ' 

+2'3j  + '93 + '6 - '06 + -59 

1 +3.89 

5'0512101,9 
5.0421273,4 
4'9851404,7 

5*0098981,0 
4'8990901,8 
5.05aa101,g 

4'9884271,1 
4.98636241 
5'0098981,o 

5.03@327,3 
4'9477260~8 
4g884a71,r 

5'0930261,3 
5'0672110,s 
5*03693a7,3 

.5'092221.)13 
5'0503985,9 
5'0930a61,3 

5'0@7293,3 
5.07+1939,6 
5'09zza1.+,3 

4.9963783,r 
4,9633247,' 
5.0697293,3 

XVII 65 42 21-93 
XIX 62 56 23-71 
XX 51 21  14'36 

+2'51 180 o 0.00 

XTX '62 + '48 - '04 61 29 7-54 
XX -62 + '32 + '11 42 54 37'16 
XXI 

XX 
XXI 
XXII 

XXI 
XXII 
XXIII 

XXTI 
XXIlI 
XXIV 

XSIII 
XXIV 
XXV 

XXIV 
XXV 
XXVI 

XXV 
XXVI 
XXVII 

180 o 0.00 

5745 4-50 
62 47 5-75 
59 27 49.75 - 

180 o 0.00 

4.96333064 
4'9851404,f 
4.97fi527~4 

'62 

1-86 

'67 
6 6  
-67 

2.00 

'65 
-64 
-65 

1'94 

-92 
-9% 
-91 

2-75 

9 8  
'97 
-98 

2 '93 

'98 
'98 
'99 

2 '9.5 

-70 
'69 
'70 

2-09 

75 36 25'30 

180 o 0.00 

58 26 41-42 
j8 o 18-27 
63 33 0.31 

180 0 0.00 

71  28 6-01 
50 32 31 '92 
5 7  59 aa.07 

180 o 0.00 

66 30 a1'91 
59 47 19-95 
53 42 18'14 

180 o 0.00 

62 -54 5 7 '89 
53 57 33'49 
63 7 28'62 

180 o 0.00 

57 55 48'43 
58 53 ~ 6 . 2 4  
63 10 55'33 

180 o 0.00 

54 56 14-63 
49 20 8'25 
75 48 37'1% 

180 o 0.00 

+ '38 - '07 + '31 

I +1.18 

-1.64 + '04 -1'60 
- 1 2 0  1 - 0 9  1 1 - - I ' ~ c J  
-1.61 + -0.5 -1.56 

1 -4.45 

+ I '06 + '91 
f '44 

+2'41 

- -34 
- '54 
I 

+ I '  10 + -84 + '47 

- -04 
+ '07 - '03 

I -2.19 

- '38 - -40 
I 

+ 'aa 
+ '07 

+ '04 - -14 
+ -10 

'3 + ' 17  + '39 + -02 

1 + '45 

+ '85 + '68 + '92 

+ '84 + '82 
+ '79 

+ .or - -14 
+ '13 

I +"-45 

+ '14 + '20 

+ '55 

I + .89 
-- 

-' -09 
+ -11 - '02 

+ '05 + '31 
+ '53 



4%. 
BUDHON MEBIDIONAL SEBIEB. 

No. of 

circuit 

26 

27 

a8 

29 

30 

31 

3 2 

3 3 

3 4 

35 

triangle 

zc$, 

49 

50 

Corrections to Obsened Angle 

Btotion 
Correded Plane 

n u  Non- Angle 
m aW Figure Circuit circuit Log. feet 

11 I1 0 I I1 

XXVI -75 - I + .01 80 27 37.63 5'1015467,9 
X X VII '74 - '01 - '11 - ' 12  4849 5-33 4'9841721,3 
XXVIII '74 - -01 + ' 10  504317'04 4'9963783,l 

2'23 
' 180 o 0.00 

XXVII + 1-51 3.5 36 24-33 4.8687471~8 
XXVIII 60 231 '15 5'0413750,7 
XXIX 84 21 4-52 5'1015467~9 -- 

+ 2 ' 1 0  1 180 0 0'00 

XXVIII 67 2; 52-43 4'8901520,8 
XXIX 505911.94 4'8150686,9 
XXX 61 32 5.5'63 4'8687470 

I '06 

SXIX - I  -3 I 57 4% 23.24 4'8266264,7 
XXX -1.61 44 12 14'96 4.7429722,8 
XXXII - -18 78 5 21-80 48901520,8 

ass . -3'10 180 0 0.00 

xxx . +1'34 50 3% 9 '  19 4'742334314 
XXXII 59 50 44'37 4.791j573,o 
xxmv '5 69 37 6-44 4'8266264,f 

' 7.5 +3-64 180 o 0-00 

XXX + '54 67 2 52'69 4.8670316,s 
XXIV + '67 62 14 35-62 4'8497616,1 
=I1 +2'96 50 42 31 '69 4'7915573~0 

*96 ++'17 180 0 0.00 

XXVIII 58 56 22.82 4'8372038,3 
xxx -33 + 1 - 0 2  66 33 57.62 4'667028.3~1 
XXXI 54 29 39'56 4.8150686~9 

-98 +3'56 180 o 0.00 

XXX '3; -1'33 - -09 -1'42 70 5 48-01 4.9037643~8 
XXXI 3 6  - 0 6  1 0 0  - -06 56 7 56'35 .~'8497616,0 
LXXIII -36 - -50 + '09 - -41 5.3 46 15-64 4.8371038~3 

I '09 -1.89 1 180 o 0.00 

XXXIV '14 - I  '84 59 54 3 '90 4.8805517~4 
XXXlII -1.00 63 6 6-80 4,8937~83~6 
XXXV - -3% 56 59 49-30 4'8670316~5 

71 z-1 180 0 0.00 

XXXIII - '86 55 3; 36.82 4'8578008,f 
XXXV + 1 '05 6.3 56 28-51 4'894590.3,5 
XXXVI + - 2 1  60 25 54'67 4'880551;,4 

DLtanoe 

Fbet 

126341.72 
96421'12 
99'69'55 

73917'49 
109995'54 
126341'71 

77651.91 
65323'39 
73917'49 

67085' 16 
55331'48 
77651 '91 

55250'26 
61881'00 
67085' 16 

73626'08 
70755'73 
61881'00 

68739.10 
73625'5' 
65323'39 

80124.33 
70755'73 
68739.10 

75954'18 
7829.3'98 
73626.08 

72077'70 
i8449.54 
75954'18 

66769'13 
73151'77 
72077'70 

67955'97 
62640.32 
73151.77 

XXXV 
XXXVI 
XXXVIII 

XXXV 
XXXVIII 
XXXIX 

Mi 

93.918 
18'262 
'5'782 

14.000 
20'832 
33'928 

14'707 
12.372 
r4'ooo 

12.706 
I O ' . C ~ ~  

14-70; 

10'464 
11 '720 
12'706 

13-944 
13"401 
11 -720 

13.019 
13'944 
12.372 

15'175 
13-401 
13.019 

14'385 
14.828 
13.944 

13'651 
14.858 
14'385 

12'646 
13'8.55 
13.651 

11-8;o 
I I '864 
13.855 

1.17 / + '40 180 o 0.00 

'34 - .56 

1 - 0 2  

'93 1 

54 44 8'87 
63 27 2'37 
614848'76 

180 o 0.00 

59 27 32.60 
5 2  33 4-04 
67 59 23'36 

180 o 0.00 

- '70 
- '55 
-1'42 

-2'67 

- 1 

-2.06 - ' 7 1  

-2.94 

4'8245757~ 
4'8642248,7 
48578008,7 

4.8322276,o 
4'7968539.4 
4 8642248,7 



PRINCIPAL TRIANQUTLATION. TRIANGLES. . 49-,. 

XXXIV 
xxxv 
XXXVII 

XXXV 
SXXVII  
XXXlX 

XXXVIII 
XXXlX 
XL 

XXXIX 
XL 
S LlI  

No. of 

Circuit 

36 

3 7 

3 8 

33 

40 

4' 

42 

XL 
XLtI 
XLI v 

XL 
XLIV 
XLIII 

XX S VIII 
XL 
XLI 

XL 
XI11 
XLEII 

X IIIV 
X LI 11 
x1,v 

XLIII 
XLV 
XLVI , XLV 
XLVL 
XLVIII 

XLIV 
XLV 
XLVII 

triangle 

Non. 
circuit 

5' 

52 

53 

54 

55 

^a r Corrections to Obrerred Angle Distat~ce 
.- 
ti 

Corrected Plane 
Angle 

m Fig- I circuit 1 ::;, I Total Log. feet I poet 



BUDHON MERIDTONAL SERIES. 

NOT&-Shtiona XLPIII. and LII appertain to the aired Am &riw-S&ion 84' to 90; and I appertrinr to the North-Eamt Longitudinal Serier. 

J. B. N. HENNESSEY, 

In charge of Computiw Ogu.  

9 
Dirtsnw 

b 

No of triangle 

w o n  

XLV 
Xldlr1I 
XLVIII 

XllPI 
XLVIII 
LII 

Corntad Plane 
Angle 

81 40 59-46 It 

69 13 39-34 
29 5 21'20 

180 o o-oo 

57 57 5-10 
32 54 28-08 
- 8t3 8 26.82 

180 o 0.00 - 

Correotion~ to Obrerrd Angle 

h ~ t  

43 

44 

3 r 
22 ou 

:87 
'86 
-86 

2'59 
1-02 

1-02 

1.02 

3 ' 06 

M ibm 

29-25.; 
27.642 
14'373 

26'897 
17'240 
31'729 

Bigura 

+ Ys8 
+rSo2 
- '46 

CE,"ft 

56 

j7 

Log. feet 1 Feet 

16'027 
16'885 
1j~240 

31'689 
15.860 
06.897 

5' 1838037,9 
5'16.+2053,2 
4'8801843,r 

5'1523?0:,6 
4'9591j06,g 
5.az4091a,1 

XLVI 
LII '53 - '55 
XLVIII. 

XLVIII 
LII '94 + '93 
I '94 + -90 1 +1'99 f2.89 - 

2-82 +.jaqq 180 o 0.00 

15445.5'65 
145950.41 
75889'95 

142013.68 
91027'10 
167539.46 

84620.13 
89155'37 
g1oa7*ro 

167.318'04 
83741.96 
142013.68 

Non- 
Circuit I c,m,,it ( Total r-- + '17 - '36 + '19 

+ '57 + '38 
- '41 1 - '40 1 
-1'06 + .oz 

+ '75 + '66 

+ I . I ~  

+ '95 - -80 
-rao+ 

- I 



BU-DHON MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. LATITUDES, LONGITUDES AND AZIMUTHS. 

Nm.-Bhtiona 111. and V I P  appertain to the Caiouttr Luugitudid Ssrh of the South-kt  Qrudrhted, 

Station B 

&riel No. 

VII* 
I 
I 
11 
11 

111 
IV 
111 
IV 
Tl 

VI 
V 
VI 
VII 
VIII 

Station A Side AB 

Azimuth at B 

O I  I 

85 34 7-81 
20 6 43-66 

301 42 33-71 

2 5 3 5 9 ' 0 9  
5% 23 12.01 

I f  32 3'97 

Asimuth at A 

O I  a 

265 22 28.10 
200 4 17-23 
121 51 50.29 
182 53 18-09 

232 13 8.87 

I 9 1  29 31-04 

> 

Latitude North 

0 1 .  

24 5 8'41 
JJ 

.24 7 12'97 
JJ 

24 20 3-70 

JJ 

YJ 

24 37 13-21 

24 47 35'33 
$1 

JS 

24 41 6-77 
2 j  10 25-82 

JJ 

Name 

Budlion 
JJ 

Tinsm61 

JJ 

Patna 

JJ 

JJ 

Dargawa 
Dhandklia 

JJ 

93 

Ai1dlii41-i 
QwMi 

13 

JJ 

'?,sit ssriez NO. 

_J 
Log. Fwt 

5'2020309,o 

4*9832672,6 

s5"69327.jJ5 
5.2599~85~0 
5'230~89j,6 

5'230792494 

~ ~ $ ~ $ , ~ ~  

0 1 .  

78 33 39.07 
JJ 

79 2 12-45 
:J 

78 39 36.15 

JJ 

JJ 

79 3 51.81 
78 45 44'02 

JJ 

JJ 

78 16 16-17 
78 28 5'22 

JJ 

JJ 

1 ,  

JJ 

2 

3 
JJ 

JJ 

1344045 ' '2  
122 6 47-06 

76 34 13'11 
I44 54 q x S o 8  

205 18 23-08 

zoo 8 19-73 
262 7 4-31 

223 39 43'80 
169 3 51-20 

111" 
~9 

VII* 
JJ 

I 

JJ 

JJ 

I1 
I* 

JJ 

JJ 

I V  
V 

JJ 

9) 

5'259052173 
j'0731170,7 
5'224315398 
5'2283873Y7 

5.25369967 
5~2768654~1 

5'2443503,2 
'5'  1 ~ 9 9 ~ 5 ~ ~ 2  

5*0766814,3 

3 I 4  3 I  4-34 
301 59 12-39 
256 21 53'29 

324 47 1 3 . ~ 9  

25 24 16-20 
20 13 18-59 
82 20 30'86 

43 47 4 0 . 3 ~  
349 2 5.49 



BUnHON MERIDIONAL SERIES. 

?$:,4f:i? 

0 1 11 

78 59 39-05 
78 46 39'51 

j J  

78 23 58-16 

#J 

JJ 

78 4055'86 

jl 

78 16 40'27 

JJ 

18 

IJ 

77 57 56-47 
78 z 43-76 
78 716'1j 

IJ 

JJ 

78 3044'91 
JJ 

78 15 30.00 

J* 

783441'30 
JJ 

78 33 17-00 
#J 

JJ 

78 50 14-33 
78 45 4'33 

JJ 

782458.83 

JJ 

78 41 33-12 
JS 

78 25 56.23 
JJ 

Bide A B  

Cimuit 
No. 

4 

5 
I s  

6 

J) 

7 
JJ 

8 

JJ 

9 
lo 

JJ 

11 

n 

. 

Etation B 

Seriw No. 

VII 
VIII 
IX 
1X 
X 

XI 
X 
XIv 
XI 
XI1 

XIII 
XIV 
511 
XI11 
YlV 

XV 
YVI 
XV 
XYI 
XVI 

XVII 
XVlI 
SVlII 
XVlII 
SIX . 

XX 
XIX 
xs 
XXI 
X U  

XXII 
XXII 
XXIlI 
XXlII 
XXIV 

Station A 

Name 

Kathers 
Blririrri 

)a 

Algi . 

JJ 

JJ 

Daryapur 

JJ 

Mahar4jpur 

JJ 

JJ 

JJ 

Narwar 
Karaia 
RBepur 

IJ 

JJ 

MajhL 

J l 

Sdnichri 

3) 

Jllfirikri 

l J  

Glirmi 

JJ 

JJ 

Bl~ind 
Atllgath 

18 

Panillat 

JJ 

Sl~erpur 

# J  

Pirozabad 

JJ 

VI 
VII 

J) 

VIII 
3) 

JJ 

I X 
J J  

X 
JJ 

JJ 

I J  

XI 
XI1 
XIII 

JJ 

JJ 

XIV 
I J 

xv 

JJ 

SVI 
J J 

XVII 
JI 

JJ 

XVIII 
XIX 

J J 

XX 

JJ 

XXI 
SJ 

XXII 
JJ I 

Azimutll at B 

0 1  * 

Latitude North 

0 I .I 

25 14 20.91 

25 28 4'54 
JJ 

25 29 46-20 

## 

IJ 

2542 12-41 

JJ 

25 53 54'44 
IJ 

JJ 

JP 

25 37 22'30 
25 53 47-07 
26 814.29 

JJ 

JJ 

26 6 17-00 

JJ 

26 23 31 '20 

JJ 

2618j.3-92 

JJ 

26 36 3-63 

JJ 

JJ 

26 33 32-92 
26 47 59'51 

JJ 

265239'07 

j J  

27 o 41-38 

JJ 

27 8 31-46 
JJ 

Asimuth at A 

0 1 I 1  

%op. Fset 

139 21 5-60 

94 47 5'5i 
1.59 50 21'9.5 
230 58 42-71 

164 42 24-79 

107 56 28.36 
118 8 14-71 
'59 (5 20'H5 

45 47 36-88 

89 29 33-69 

149 22 35-46 
225 44 8.69 

194 46 48-35 
195 49 36' 10 
275 1 1  1 - 0 1  

205 52 13-90 

246 34 43-27 
141 28 36.27 

19j 43 4.0.5 
284 53 47-07 

231 50 46-73 
17547 27-23 
223 38 25'30 

279 17 37.00 
221 32 31-90 

15.5 50 9-20 
16% 1% 18-55 

104 34 14.1 7 
166 3 22-33 
241 30 42-16 

183 4 0.07 
"9 38 31-60 
191 6 38.26 
2.18 58 52-60 
182 28 29-77 

5*0400p3,8 

5'0974j30~0 
4'9.599559~~ 
5.0784683,~ 
j.1806703~8 

5' 1767520~8 
5.1781671~5 

~ ' ~ ~ 3 5 ~ 3 ~ 9 4  
5.156781 1,2 
4'88300~0~5 

j.00.39476~2 
5'0314302,7 
5'0121057~4 
4'9590868,2 
5'11036j1~3 

5'0124512,4 
5'2i2j180J7 

5'1256909~2 

4'899i811,9 

5-0350054,9 

5'090442j,9 
5.0180567~2 

.i.0890179,9 
4'9712,5=:,4 
4'5851404~7 

i'O421273,4 
4.9633306~4 
.5'0.522101J9 
4.8990901~8 
5-0098y81~0 

4.9:563624,1 

4.9884271~1 
4.9477260~8 

5.0369327~3 
5.0672~10~5 

1319 15 31-79 
274 37 19.90 
339 4i 5 . 3 ' ~  
51 6 2-49 

344 39 14.~1 

287 45 14-56 
297 57 41.19 
339 I 53-95 
225 39 28-46 
269 23 28-33 

329 18 28-00 

45 50 18-96 
14 48 53.90 

15 51 35.j8 
Y ~ P I  21'23 

25 5j 52-44 
66 46 50.2; 
321 21 .51*65 

I j  44 50'-fj 
105 2 18-12 

51 58 42'77 
35546 49-70 
43 45 20.70 
99 25 12.1; 
41 37 49-70 

335 46 25-06 
342 9 59-35 
284 25 9-94 
346 I 46-7j 
61 38 12-67 

3 4 26-14 
299 31 25-16 
11 8 4-60 

69 7 27-31 
2 28 55-44 



PRINCIPAL II1IBNUUZA'MON. LATITUDES, LOaGCITUDES AND AZIMUTHS. 5% 

%y2d,"zz 
-- 

o r  r r  

78 qq 42-45 
I# 

782552.19 

18 

78 48 58.27 

13 

78 33 15-88 
)a 

78 51 35-08 
II 

783430.15 
I* 

11 

78 47 40'39 
II 

78 35 43' 17 

21 

I )  

II 

78 23 31..39 

7848 1-99 
78 27 39'95 

U 

JJ 

7841 23-88 

u 

78 34 26.89 
)J 

I# 

#I 

78 20 59- 24 
78 47 56-11 
78 27 2-57 

I# 

J I  

Station B 

8eA lo. 

- 

. XXIV. 
=v 
XXV 
XXVI 
XXVI 

XXVII 
XXVIl 
XXYLII 
XXVIII 
XXIX 

XXIX 
XXX 
XXXI 

. XXX 
XXXII 

XXXI , 

XXXII 
XXXIII 
X x X I v  
XXXIII 

XXXIV 
XXXIV 
XXXV 
XXXVI 
XXXV 

, XXXVII 
XXXYI 
XXXVII 
XXXVIII 
XXXXX 

XXXVIII 
XXXIX 
XXXIX 
XL 
XLI 

~stitude NO* 

o r  rr  

27 15 2.94 
I) 

272752'48 
JI 

27 33 11'44 

I) 

27 46 36-46 
I) 

27 48 10.77 
II 

28 228.99 

)I 

II 

28 5 59-88 

II 

28 13 12'59 

" * 

II 

18 

28 9 45'27 

28 I5 7'44 
23 22 97-53 

11 

II 

2 8 2 2  5'99 

IS 

08 33 28.07 

11 

I1 

)I 

28 33 58'94 
28 32 3-39 

28 43 37.17 
¶I 

IS 

both at B 

0 r r r  

308 46 36-39 
1' 5' 44'79 
7459114.39 
16 56 10.40 

313 45, 14-08 

849t j9 .78 
84 33 37-60 
3 5 8  1-53 

313 14 43-75 
348 j7 18-63 

73 18 23-79 
5 4 4 5 3 . 6 0  

306 42 45.71 
304 11 57-62 

2 o 9-80 

2 j 2  13 5-83 
80 5 31-89.  

322.20 50.86 

29 30 14-39 
16 7 6.86 

319 53 7 - 7 0  
91 44 50'33 
28 35 25-58 

33% 51 23-41 
35 35.89 

30 11 31-46 
27% 25 28-35 

96 53 31-42 
327 12 30.73 

26 46 8-24 

29 I 19-83 

325 45 25-43 
94 45 31-91 
30 57 36-91 

332 1 0.15 

8t.tion A 

Runs 

Bmyaon 

t J  

Pondri 

)I 

K i l h f i o  

II 

Salimpur 

#I 

Jam 6lpur 

II 

S a n k h  

JI 

I# 

Sarsotha 

¶I 

Sakrora 

91 

I1 

JJ  

Parauli 

Karidmsi 
Rajauli 

I# 

JJ 

Mehtra 

9) 

B4nagopdl 

IJ 

II 

I# 

Chrndanpur 
Barauli 
Kandarki 

I# 

I# 

ddmoth .t A 

0 r r r  

128 54 48-19 

'9' 49 47-06 
254 49 1-93 
196 53 12'52 
133 52 31-61 

1884846.94 

264 25 5-14 
18357 26.76 

133 22 43-67 
168 59 8-63 

253 12 11-96 

18544 19-17 
126 47 56-02 
124 17 36-08 
181 59 59-60 

72 18 5 ~ 5 5  
259 59 42-38 
142 24 39-93 
209 27 32'94 
196 5 9-12 

139 56 16-51 
271 38 18-85 
208 3 2  11 -65 

152 5)  34'44 
151 38 54-62 

zro 8 24-59 

92 31 54-48 
276 47 5-72 
147 16 3-69 
206 43 36-60 

208 58 25-64 

145 49 21-51 
274 39 26.38 
210 53 59-63 
152 3 j5-89 

Cirauit 
l o .  

12 

I# 

13 

#I 

14 
#I 

15 
I# 

16 

17 

I# 

18 

IJ 

)I 

IS 

Side AB 

~ o g .  h t  

5-og30261,3 
5'050398599 
5'0922214,3 
5'0741939,6 
5'0697293,3 

4.9633~47~1 
4'9963783,l 
4.9841721~3 
5'101j467,9 
5'0413750,7 

4.8687471,8 
4.8150686,9 
4'8670283,1 
4.8901520~8 

4'742972~~8 

4'8372038,3 
4'8266264,7 

4,8497616,~ 
4'7915573,O 
4.9037643~8 

4'7423343,4 
4'8670316,5 
4.8805517~4 
4'89459034 
4'8937283,6331 

4-8430197~5 
4*8578008,7 
4.86140l5~1 
4*8642248,7 
4' 7968539,4 

4.8~45757~7 
4.8926775,' 
4.832~276~0 
4-8920916~1 
4-8400080~4 

Mier 

XXIII 
II a 

XXIV 
)I 

XXV 

I# 

XXVI 
9) 

XXVII 
II 

XXVIII 
I# 

9 1  

XXlX 
11 

XXX 
)I 

I# 

I# 

XXXI 

XXXII 
XXXIII 

II 

I J  

XXXIV 

II 

XXXV 
#I 

#I 

I) 

XXXVI 
XXSVI'I 
XXXVIII 

#I 

I D  



6 L i  BUDHON MERIDIONAL SERIES. 

Bop--St&iom XLVIII* md LII appsrtrrin to the Or& k o  Mwidiond Series, Section SC to SO0 ; md I appertaias to the North-East Longitudinal Serim. 

y;$:",":F 

O I U  

78 39 43-31 
9) 

78 34 33-32 
II 

II 

II 

78 20 57-91 
78 46 0'69 

78 27 55-61 
II 

II 

784050'96 

18 

78 34 47'36 
II 

I 9  

78 18 33-28 

18 

IS  

784859'41 

78 35 47'99 
9) 

78 1 58-60 
78 11 18.88 

78 29 52'03 

Station B 

Beriem Yo. 

XL * 

XLII 
XLI 
XLII 
XLIII 

XLIV 
XLIII 
XLIV 
SLIV  
XLV 

XLVI 
XLV 
XLVII 
XLVI 
XLVII 

XLVIII 
XLVIII 
XLVIII* 
L I I  
XLVIII 

L I I  
I 
LI I  
I 

kimuth .t A 

0 1  U 

159 11 38-43 
206 4 5-48 

85 28 48-77 
273 38 48-02 

149 55 20'99 

208 14 58-71 
209 a 52- 27 

157 29 9-05 
268 45 22.83 
208 31 10'07 

145 33 25-61 
153 52 46-38 
210 21 47.83 

93 4% 15.81 
263 47 0.80 

182 6 0.47 

213 o 50.97 
99 3 9-45 

155 3 4 - 8 5  
153 7 37-66 

66 3 49-15 
158 1 36-96 
215 48 11.17 
215 50 54-81 

htituds  nth 

O f U  

28 42 41-94 
II  

28 54 39-64 
II 

JJ 

93 

28 53 42'23 
28 54 0.60 

29 4 42-70 
II 

JJ 

29 456.85 
99 

29 15 46-92 
JI 

9 I  

29 16 41.23 

IJ 

) I  

2917 7'53 

29 39 50'90 
I 1  

29 18 59-08 
29 30 18.21 

29 52 39'58 

Circuit 
No. 

19 

zo 

a1 

JJ 

aa 
JJ 

M 

23 
)I 

Bide AB 

Log. Feet 

4'8895967,8 
4.8826480,3 

4.8615229~7 
4.786840~76 
4,847606~44 

4.8499416~6 
4-  8826708~5 
4.8558888,8 

4'8376105,2 
4.88~9477~7 

4.944687399 
4,8641688~1 

4.93~2742~9 
4,9366917~4 
4.88~1843,~ 

5.1642053,~ 
~ - Z Z ~ O ~ I Z , I  

4'9501475~2 
4'9j91706,9 
5.1888037~9 

5'1523301~6 
4'9229430,9 
4-9274737,o 
5-~235428,0 

XXXIX 
ID 

X L 
JI 

JJ 

I 9  

XLI 
XLII 
XLIII 

JJ 

II 

XLIV 
II 

XLV 
IJ 

91 

XLVI 
IJ 

I9  

XLVII 

XLVIII 

I #  

XLVIII * 
LII  
I 

Aaimuth at B 

0 8 . U  

339 9 9-05 
26 7 7-31 

265 22 14.6 j 

93 44 20.26 
329 52 8-21 

28 18 1-77 
29 6 14.71 

337 26 38-94 
88 51 39-68 

28 34 30.76 

325 28 51.51 

333 49 49-14 
30 25 46-01 

273 34 19-54 
83 53 57-46 

2 6 30.29 

33 9 20-05 
278 55 9-71 
335 0 11-67 
333 1 8.23 

245 51 43-83 
337 58 40.22 
35 5% 46'32 
36 o 6-21 

Btrtion A 

Name 

Atora 

>I 

Siraa 

IJ 

IJ 

IJ 

Llit 
Bhatauli 
Milik 

J)  

91 

Akbarpur 

II 

Sarkha 

II 

99 

Haldaur 

JI 

9) 

Nandi 

Harpasid 

3s  

Sheopuri 
Maheaari 
Mgibegarh 



BUDHON MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 
t 

The following table gives, first, the usual data of the observed vertical angles and the heights of the signal and instrument 
Szc., in pairs of horizontal lines, the first line of which gives the data for the 1st or the fixed station, and the second line the data 
for the 2nd or the deduced station. This is followed by the arc contained between the two stations, and then by the terrestrial, 
refraction, and the height of the 2nd station above or below the lst, arr computed from the vertical angles in the usual manner. 
This difference of height applied to the given height above mean sea level of the fixed station, gives that of the deduced station. 
Ueually there are two or three independent values of the height of the deduced station; the deta~ls are so arranged as to show these 
consecutively and their mean in the columns of " Trigonometrical Results ". The mean results thus obtained are however liable to 
receive corrections for the errors generated in the trigouometrical operations, which are shown up by the spirit leveling operations, 
whenever a junction betweeu the two has beeu effected. The spirit leveled determinations are always accepted as final, and the trigo- 
nometrical heights of stations lying between those fixed by tlie leveliug operations are adjusted-usually by simple proportion-to 
accord with the latter. In the table the spirit leveled values are printed thus, 557'44 &c., or, when uot very exactly identified, 
thus, 567, to distinguish them from the adjusted trigonometrical values. T l ~ e  columu in which the mean trigonometrical heights 

are given is barred across where necessary, as after deduction of Stn. XXIII  from Stn. XXII, page 58 -J, to indicate that one 

set of adjustment ends and another begins. The trigonometrical heights always refer to the upper mark-stone, or to the upper 
surface of the pillar on which the theodolite stood; when a spirit leveled height does not refer to either of these surfaces, i t  is given 

in combination with a correction, thus 557'44 and the sum of these two quantities, in this case 601.2, represents the value with 
( + a m 8  

which the corresponding trigonometrical mean height 612.5 is comparable. Descriptions follow these tables, exactly indicating the 
positions of the leveling staff during the determinations of the spirit leveled heights. 

When the pillar of the station is perforated, the height given in the last column, is that between the upper surface of 
pillar and ground level mark-stone in floor of passage; otherwise it is the approximate height of the structure, above the grouud 
st the base of the station. 

The heights of the initial stations are taken from the Calcutta Longitudinal Series of the South-East Quadrilateral, 
page 179-, , Vol. VI, and are as follow8 :- 

I11 
V I I  

i;:;:: ) feet above Mean Sea Level at Karlohi. 

Denoh  that the time8 of obaerration are eitbsr partially or dtogother unknown. f Not forthwmipg. 

Aatmuornical Dale 

Mean of 
Times 

ofobwr- 
vation 

h 

! 
h 
: 
3 - - 
ii; 
L. 

5 
6 

E 
C 

1 
3 
8 

o 
5 .- 
d c 
% 

$ 
5 
2 

Btstion 

s .- 
3 
rn 

L. 
0 - 
2 Z . z  
3;" 
0 0 .5  e z  

9 
m 
'a 
el 

Obaamd 
~ e r t i d  Angle 

Terrestrial 
Refruction 

Feb. 26 
Mar. 31 

9 ,  15 
,, 31, dp.  2 

. 15 
29 AP. 

Oct. 2 9 1 1  
Nov. 

Height in feet of 2nd Station 
above Mean Yeu Level 

feet 

t 

0 

I11 
I 

V I I  
I 

TI1 
11 

1 
TI 

Height in feet 

s 
[ - - 

h. m. 
15 

15 

15 

4 9 1 5  

0 I I1 

D o 7 10'3 

D 0 4 54'5 

D o 17 28.5 
D o  1 5 2 ' 4  

D o 25 15.9 
E o o 38.4 

D o  I 9  

D 0 3 55'5 

3 w 
S 

- 2  
O - l  

3 
.I.: 
0s 
~ i ;  

U 

Final 
~ e s u l t  

Trigonornetrid 
Results 

8 

4 

4 
8 

4 
4 

4 

.., 

2 
% 
c 
u 

dctluction '7 each 

1823 

, 14.52 

Mean 

1835.7 

1811.0 

1460.7 

1445.4 

0 - 5 0  
0'50 

0.50 
9'00 

0'50 
9.00 

0'50 
0'50 

1813'3 

1453'1 

5-50 
5-50 

I I  '00 

5'50 

1 1 ' 0 0  

5.50 

'"O 

5-50 

124 

154 

164 

151 

951 

1459 

1798 

1679 

'130 

'106 

- '091 

-090 

- 31.7 

- 328.2 

- 678'5 

- 377.9 
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* Don&@ tbnt th, tinJl d rkrnnt&n ma o i h  -I a rlbgethrr mknokn t Hot fottbmbg. An .Poili.I.J W n .  

A 

I , 
k 
a 
c is o 

g, 
6 

f d  

t 

t 

t 

t 

o 

o 

t 

0 

t 

4 
'3 
*I 
u 

--- 
11 

1681 

1169 

1794 

1656 

1672 

18% 

1771 

1734 

1083 

rI;g 

1237 

901 

1184 

,039 

908 

r498 

-- 

d m 
f 

CI 

2 o f 3  I,. 

.?.g m i  .S 

a 
El 01 

- 5a3-a 

- 168'8 

- 194.6 

+ 342'8 

- 86.1 

-413'6 

+ 73'9 

+ 126.0 

- rq;'q 

- 299.9 

- 58.8 

+ 104'9 

- 261.4 

- 359'6 

- 142.5 

- 246.0 

- 3 4  

- - 

0 b - d  
VwtidAn&- 

0 1  N 

D o %a 5'3 
D o o 56'9 

fi o [a 23'4 
D o  a 35'0 

D o  15 39'7 
D o 8 17'8 

D o 3 I j .4  
D o r 7 1 9 . 1  

D o 11 5.0 

D O  735'1 

D o  18 47'3 

D o 3 45'4 

D o 858-2 
D o 11 48'2 

D o  855'5 
D 0 13 51'5 

Do1311.7 
D o 6 20.6 

D o 17 14'5 

E o I 33'4 

D O  851'2 
D O  527'8 

D o  6 10'7 
D o 11 56'5 

D O  t4 57'7 
E o  444'7 

Do1557 '1  
E o 4 41.0 

D o  a7 '7  
D o a 8.4 

D o  rq 17'4 
E o 4 7'2 

I" 33'4 
D o q 28-3 

1 
% 
g 
d 
!3 
R 
- 

10 

8 

4 
8 

ro 
ra 

6 
6 

10 

4 

18 
6 

1% 

6 

8 

4 

4 
6 

6 
6 

4 
6 

6 

4 

6 
6 

6 
6 

6 

12 

6 

4 
6 

T0rrertri.l 
Befrrotion 

1 

156 

14 

184 

217 

282 

264 

a6g 

189 

151 

81 

16g 

84 

155 

a63 

121 

160 

305 

b v e  Hem 818 

htim 

I 
111 

11 
XXI 

I 
IV 

111 
1v 

111 
v 
IV 
V 

I11 
VI 

V 
VI 

V 
VII 

V I  
VII 

v 
VXII 

VII 
VIII 

VIt 
IX 

VIII 
IX 

VII 
Chandera # 

VIII 
Chandevr # 

VIII 
X 

0q 

11 
fid 

'093 

I 

'103 

'131 

'1% 

'141 

a 

'109 

'104 

-075 

'143 

-068 

'172 

' 2 2 2  

,117 

-176 

-204 

Level 

Altmmmic8lD.k 

I--a lEy Heigbt 

irA 

3 

a 

0.50 
0.50 

0.50 
0'50 

0-50 
0.50 

0.50 
0.50 

0.50 
0'50 

0.50 
3-50 

0-50 
0.50 

0-50 
0'50 

0.50 
0.50 

o'oo 
0.00 

0'50 
0.50 

o'oo 
0.00 

0'50 
0'50 

0.50 
0'50 

O 0  

0'50 

0'50 
0.50 

O ' s 0  

0.50 

'Oct. t4,20 
Nor. l4,15 

1) 4 
11 12,14 

Oct. 24,29 
Nor. !&,a5 

16117 

n 25 

, 1 4 1 8  
D~c.  18 

Nov.23,24,25 
Dec. 22,24 

Nov. 14,17,18 
Jan. 14 

Dec. 9 0 8  
Jan. 18 

Deo. 
Feb. 14 

Jan. 10 
Jm. 20 

k 
~ U L  80 

~1 20 
Feb. 6 

n 13 
11 

11 7 
1) 17 

n 18 
11 18 

~1 

~1 18 

9 )  8 
Mar. 1 

in fe& 

3 1 3  

5'50 
5-50 

5'50 
5.50 

5:50 
5 50 

5'50 
5-50 

5'50 
5'50 

S'50 
5-50 

5-50 
5-50 

5'50 
5'50 

5'50 
5-50 

"jO 

5-50 

5-50 
5'jo 

5'50 
5-50 

5-50 
5-50 

5'50 
5-50 

5-50 

5.50 
5'50 

5.5' 
5.50 

Height in feat of 2nd Stdm 

ration 

h. m. 
+ 

g 30 

9 15 
10 o 

lo 

9 30 
9 30 

9 
9 

lo  
rn 

9 
8 

10 

1 8 9  
9 

J 

4 

1 8 9  
8 

. s  
4 

15 
1 7 .  

15 
l 

15 
15 

7 1 s  
15 

16 

15 

- 

 rid 
h a l t  

-- 

1291 

1630 

1209 

I349 

1055 

1154 

793 

909 

IOlS 

- -- 

Trigonornetrid Bault. 

By-h 
deduaion 

1300'1 

1284'3 

1628 '7 

1635.0 

1206.1 

1218.3 

1366'1 

1358.2 

1064'8 

1 0 5 ~ - a  

1153.4 

1163.4 

797'1 

798.8 

916.0 

912.4 

lo2q.J 

M, 

ragz-a 

1631-9 

1212.2 

1352.1 

1058'5 

1158'4 

798.0 

9'4'1 

1o2o-2 
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Denotes that the tinlm of oboemution are either partially or Jtogether h o w n .  t Above the terreplein of the rumput un whioh the tower statldr. f Above 
roof of *way on which the plilar stun&. 1 

Mronomical 

1886 

Nov. 

Y# 19 

Od.  27 
Nov. 17 

Oct. 25,26 
Nov. 26 

1)  18 
a t  26 

1842 
VP 28 
n 28 

Dea 11 

n 11 

NOV. 30 
80 a# 

#B 23 
a8 o 

Dea 16 

1 )  15 

Nov. 21 

a )  a1 

## 16 
n 16 

YY 13 
n 18 

Deo. 24 

o 24 

Nor. 11 
11 n 

184a 
Jaa. 1 

PI 1 

Mar. 27 

#I 27 
1842 

Dec. 28 

#J 28 

8t.tion 

XV 
XVII 

XVI 
XVII 

XVI 
x 1' III 
XVII 
XVIII 

XVII 
S I X  

XVIII 
S I X  

XVII 
X S  

XIX 
XX 

S I X  
XXI 

X X  
XXI - 

XX 
XXII 

XXI 
XXII 

XXI 
XXIII 

XXII 
XXIII  

X S I I I  
XXIV 

XXII 
XXIV 

XXIII  
XXV 

Date 

of 

Time0 
of obser- 
ration 

h. m. 
7 a  

a 

5 51 
5 50 

5 38 
5 39 

5 52 
5 53 

5 39 
5 38 

5 30 
5 30 

5 38 
5 41 

5 49 
5 47 

6 I 

6 o 

5 35 
5 34 

6 16 
6 18 

6 4 
6 4 

6 58 
6 56 

5 35 
5 35 

3 
3 " 
8 

n 

1030 

1213 

925 

954 

908 

1x14 

783 

Io I I  

957 

962 

876 

1075 

1224 

1153 

1x09 

Height 

. a 
.B m 

Oe75 
0'75 

G'75 
0'75 

0'75 

0'75 
0'75 

0'92 
0'91 

0.92 

5'17 

0'9% 
0.92 

0'92 
0'92 

0.92 
0'92 

0'9" 
0.92 

0-92 
0'92 

0-92 
1 - 1 7  

0'92 
0'92 

0.92 
0'92 

0'92 
0'92 

0'92 
1-08 

0'92 

Obmned 
Vertical Angle 

0 I 11 

D 0 ' 5 3 9 ' 2  
D o  n 4'1 

"I 

D o 5 28.8 

1037'3 
D o  7 7'4 

D 0 7 33'1 
D o  641.4 

D o 4 30'5 
D o 5 0.9 

D o  411.1 
D o  5 1'6 

D 0 3 19'1 

D o  517.5 

D o 4 1.6 
D o  341-2  

D o 3 3 1 ' 6  

D o 3 56.5 

D 0 3 31'6 
D o  a 42.2 

D o 3 41.9 
D o 4 36-1 

D o I 29.7 

D O  323-5 

D o 4 26'6 

D O  i 48'5 

D o  3 37'0 
D 0 4 44'1 

D o 5 35'4 
D o 6 56.9 

D o 3 27.5 
D o 5 43'7 

D o 4 49'4 

in feet 

j 
3 n 

5 
5-42 

5 4 2  
5-42 

SmJ2 
5'42 

5-42 
5'42 

4-75 
4-92 

4-92 
4.9' 

4'75 
4.92 

4'92 
4'75 

4-92 
4'75 

1-75 
4-92 

4'92 
4'75 

4-92 
4-75 

4-92 
4-75 

4'75 
4-92 

4-92 
4-75 

4-92 
4'83 

4'75 
4-92 

4 

I 
s - 

87 

g2 

46 

200 

177 

293 

333 

178 

327 

238 

343 

80 

294 

242 

308 

236 

8 .- 
4 

E 
2 

2 
5 
z5 

.+ 

4 

4 

4 
.+ 
8 
8 

8 
8 

8 
8 

8 
8 

8 
8 

8 
8 

8 
8 

8 
8 

8 
8 

12 

8 

12 

8 

8 
J O  

8 

Terrestrisl 
Refmotion 

, Z  
0 4  

$ I  
8, 
G o  
D 

. 

.085 

.068 

-049 

' a q  

-194 

'269 

'299 

'a27 

'323 

'a49 

'356 

'091 

'274 

'198 

'267 

.%If 

.- 8 
3 
m 

'"a 
2 5 -  
~ 1 3  
'"5 
R'c. 

3 
m 

3 OU 

- z 4 3 . 4  

- 54.7 

- 6r.5 

- 11.8 

+ 7'0 

+ x1.1 

+ 31'6 

- 5'5 

+ 4'9 

- 12'4 

+ I 

+ 27.1 

+ 43'5 

+ 1 6  

+ 24.6 

+ 38'7 

- 20.0 

h 

g 
R 
L. 3 

2 3 
L. 
o 

3 
G 

f=t 

~ 7 t  

5x 

I 

- 
Height in feet of 2nd Station 

36 

3 O  

31t  

t 
43'8 

45-4 

M.3 

44 

Level 

Final 
Baul t  

575 

562 

577 

588 

578 

[ 557'44 
t43.8 

573'30 1 +45.4 

594'75 [ +44*3 

605 

above Mean 8ea 

Trigonornetrid 
Herulta 

By ench i deduction 

588e7 

577.3 

569.5 

571.2 

590'0 

581'4 

614'6 

580'1 

590.6 

585'0 

610.2 

614'9 

631.3 

630'1 

643'3 

639'9 

598.7 

~i ,  

583'0 

570'3 

585'7 

597'4 

587'8 

612.5 

630.7 

641.6 

603'5 
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t 

XXIV 
XXV 

XXV 
XXVI 

XXIV 
XXVI 

XXV 
XXVII 

XXVI 
XXVII 

XXVI 
XXVIII 

XxVII 
XXVIII 

XXVII 
XXIX 

XXVIII 
XXIX 

XXVIII 
XXX 

XXIX 
XXX 

XXVIII 
XXXI 

XXX 
X x S I  

XXIX 
XXXII 

XXX 
XXXII 

XXX 
XXXIII 

XXXI 
XXXIII 

Obmrred 
Vert id  Angle 

0 I I1 

D o 6 40.0 
D o 456'8 

D O  3 42.2 
l) o 6 3.7 

D o  521.7 
D 0 5 19'4 

D O  3 33'2 
D o 2 22.5 

D o 8 5.3 
D o 5 10.3 

D o  637.5 
D O  740'8 

D o  o 50.6 

D o 4 51.7 

D O  643-1 
D o 6 26'7 

D o 8 13'1 
I) o a 45'0 

D o  7 32-2 
D o I 37.8 

D o o 53'7 
D o  052'7 

D o 3 50.0 
D o  o1a.1 

D o  3 13.7 
D o 645'2 

E o  111.a 
D o o 18.7 

H o o 59.7 
D o o 14.1 

E o o 56.0 
D O  O 7'7 

E o o I.s'.? 
E O  158.3 

A&ronomical 

lM8 

Mar. 28 
23 w 

n 28 
28 9s 

Jan. 7 
7 9s 

n 18 
18 ma 

21 n 

21 n 

Feb. 18 

n 18 

n 19 
s s  19 

Jan. 24 
24 n 

Feb. 24 

ss 24 

s t  25 
25 n 

. 7 
D s  7 

Feb. 26 

n 26 

11 26 
I) 26 

&. 7 
7 n 

n 7 
4 7 

Feb. 11 
DI 11 

PS 12 
n 12 

k! 
4 

T! 
% 

------ 

I1 

1121 

1160 

1172 

908 

980 

952 

1086 

730 

645 

767 

727 

673 

547 

663 

699 

791 

;j 
.2 
t 
E 
2 
3 
3 
il 
& 

8 
10 

8 
12 

8 

4 

8 
8 

8 
8 

8 
10 

4 
4 

4 
4 

16 
8 

ra 

8 

8 
8 

8 
I2 

8 
12 

8 
8 

8 
8 

12 

4 

8 
8 

Date 

Mean of 
Timen 

of obser- 
ration 

h. as. 
6 35 
6 34 

7 5 
7 7 

5 49 
5 51 

5 40 
5 41 

4 6 
4 7 

4 40 
444 

16 31 
16 34 

4 35 
4 32 

3 57 
3 57 

5 13 
5 16 

6 35 
6 53 

7 5 
7 8 

4 4: 
4 40 

7 48 
7 47 

6 53 
6 53 

6 a0 
6 ao 

6 32 
631 

I 

Height 

;1 

a 

0.92 
1-08 

1-08 
0.92 

0.92 
0'92 

0'92 
0'92 

0'67 
0-67 

0.75 
0.75 

0.92 
0.92 

0'08 

0'75 

0.13 

0.75 

0.42 

0'75 

0.58 
o'a5 

0.33 
1-00 

0.17 
0'42 

0'25 
0'25 

0'25 

0'58 

0.92 
0.92 

0-92 
0'92 

L 

h 
Z 

- - 2 
6 
CI 

& 
i 

fmt 

48 

28 

37 

24 

21 

19 

17 

23 

in feet 

; 

1 
n 

4-92 
4.83 

4-83 
4-92 

4'75 
4-92 

4-75 
4-92 

4-02 
4-75 

4-92 
4'83 

4-92 
4'83 

4-83 
4.75 

4-83 
4-92 

4-83 
4'92 

4'33 
4-15 

4-92 
4'75 

4'92 
4'75 

4'33 
4-92 

4-75 
4-92 

4-92 
4'fj 

4-33 
4-83 

Terresbrid 
Refraction 

4 
" 

a69 

294 

a72 

285 

lor 

56 

459 

156 

48 

61 

341 

254 

49 

231 

295 

385 

47% 

g 
3 m 

(r 
0 % -  

;;;r 
@.a 

2 
2 03 

- 30'8 
+ 40'2 

- 0'7 

- 15'8 
- 4o.o 

+ 14'9 

+ 73'9 

- 4'0 

- 58'5 
- 56'0 
- 0'6 

- 38'5 
+ 33'8 

+ 1x.8 

+ 1%" 

+ 11.0 

- 20.2 

a4 
i~ 
.PI 
fiS 

'220 

'253 

'132 

'314 

'103 

-058 

-368 

I 

'066 

-095 

'445 

-350 

-07' 

'422 

-4.5 

'551 

-596 

Height in feet of 2nd Station 
Level 

Final 
b d t  

645 

599 

670 

606 

613 

643 

624 

629 

above Mean Bea 

Trigonornetrid 

By-h 
deduction 

608'3 

643.7 

638'4 

587.7 

599.1 

656.0 

667'3 

589'4 

603'1 

605'6 

595'7 

623.1 

634'5 

608'1 

612.8 

611.7 

608.6 

Besulta 

641 ' r 

593'4 

661-6 

596'3 

600.7 

628.8 

610.4 

612.6 



%"-J. 
BUDHON MERIDIONAL 8El&IES. 

Sms.-Thur heightr u a  to be wrulined with naptire migu~, brmw th pilkr .t XL, Sir- hwl 6 pmment &lition madm b it of 718  fwt by 6 o u b n q d  
0krrTu. 

8 .- 
3 
rn 

B n ,  
+;e 
.i 6 4  
R s 

rn a 
i: 

- ao-3 

4- 35'2 

+ 29'2 

+ 20'3 

+ I 

+ 49'5 

- r'a 

- 28-7 

+ 10.5 

+ 41.5 

+ 46'5 

- 5'6 

- 52.3 

+ I 

- 30'0 

- o 

+ ++'o  

a. o 
k 

8 
=: t 
CI 
C. 
o 

.- 
x" 

f d  

16 

19 

16 

17'8 

26'0 

14-5 

I 6 

Height in feet of 2nd Etation 
Amtronornical Data 

I M~ OT 

Timw 
18* foker-  

vation 

4 

8 g a  

126 

226 

50 

126 

487 

a87 

398 

118 

-11 

a78 

49 

264 

a 

216 

315 

a76 

a76 

0 .- 
t" 
0 
% 
$ 

d 
g 
A 

Termtrial 
Hefrnction 

69 

. . 

'174 

'3tS9 

' o g ~  

I 

'631 

'382 

'579 

'164 

'0x8 

'360 

'063 

'350 

'003 

'292 

'441 

'410 

420 

Level 

rill 
b d t  

652 

677 

657 

696'93 

739'45 

689'37 

647 

above Mean Sea 

Trigonornetrid 
Resulta 

strtiw 

2&T"y:n 

617.4 

635 '9 

639'6 

630'5 

657'2 

662'1 

650'8 

648'3 

687'5 

698'3 

742'4 

690'3 

687-2 

650'1 

646'8 

644.3 

69%-5 

obwrVecl 
Vertical Angle 

May 16 

,, 15 

Mar. 6 

89 6 

Feb. 6 

I* 6 

May 16 

8) 15 

bpi1 10 

91 10 

Mar. 18 

99 13 

May 12 

IS 12 

9,  8 
n 8 

-4pril 2 

I8 2 

May 10 

88 10 

Feb. 19 

99 19 

. 16 

19 16 

Peb. 21 
I, 21 

Mnr. 1 0 7  
8) 10 

98 10 
99 10 

May 6 

89 6 

81 5 
99 6 

1 Mean 

635'3 

659'7 

649'6 

691'9 

7 4 r 4  - 
688'8 

647.1 

E 
4 

P 
3 

Height 

" 

is 

h. m. 
7 24 
7 31 

6 39 
6 40 

4 18 
4 18 

7 31 
7 24 

16 15 
16 15 

659 
7 3 

16 8 

15 56 

1532 
1517 

,, 
7 34 
7 33 

4 31 
q 29 

6 48 
6 42 

3 57 
3 52 

11 

7 12 

7 50 
7 49 

8 a 

8 3 

8 3 
8 a 

XXXIV 
SXXIII 

IXX. 
XXXIV 

XXXII 
XXXIV 

XXXIII 
XXXIV 

XXXIV 
XXXV 

XXXIII 
XXXV 

XXXIV 
XXXVII 

XXXV 
XXXVII 

XXXV 
XXXIX 

XXXVII 
XXXIX 

XXXIX 
XL 

XXXIX 
XLII 

XL 
XLII 

XXXIII 
XXXVI 

XXXV 
XXXVI 

XXXVIII 
XXXVI 

XXXn 
SXXVIII 

in feet 

- 
2 

d 
---- 

* 

727 

611 

546 

727 

773 

750 

688 

718 

619 

771 

766 

754 

605 

775 

71% 

659 

659 

21-79 
34-33 

0.33 
0.58 

0.75 
0'75 

14-33 
21'79 

0.25 
0'42 

0'08 
0'92 

20'86 
20'50 

21'63 
21.00 

1-04 
0.98 

1'58 
1'36 

9 - 4 5  
3'75 

2.42 

1-39 

1-33 
9 . 4 5  

0.83 
1-08 

0.83 
1.08 

20.33 
21-33 

21-33 
20.33 

0 I It 

D o  4 6'9 
D o  a 7.4 

E o o 22.6 
D o  3 31'6 

D o 2 1o.o 

D o  547'2 

D o z 7.4 
D o 4 6'9 

E o a 26'9 
E o o 31'7 

E o o 3 3 ' 1  

D o  351.9 

E o I 36'2 
E o I .$.+'I 

D o 4 36.4 
D O  153'7 

D o  458'4 
D o  6 8'1 

D o o 7'5 
D 0 3 47'5 

D 0. 3 58'3 
D o 7 21.9 

D o 2 16'6 
D o 145'0 

D o  7 . ~ 4 ' 9  
D 0 2 39.6 

D o  156'2 

D 0 3 46.4 

D o a 17.2 

E 0 o 34'7 

D o o 36.9 
E o 4 0'0 

E s 4 0.0 

D o o 36.9 

4-91 
5-41 

4-75 
4.92 

1-92 
4.75 

5-41 
4.91 

4.93 
4.83 

4-83 
4 3 5  

5-41 
4-91 

5.41 
4 9 1  

4-82 

4-96 

4-91 
5-12 

4-91 
*a-32 

5-41 
4-91 

+2'32 

4-91 

4-83 
4-83 

4-25 
4-83 

5-42 
4.83 

4-83 
5-42 

I 
8 

xa 

12 

8 

4 
4 

12 

8 

8 
8 

8 
12 

12 

8 

16 
8 

8 
8 

8 

14 

6 
12 

q 
q 

8 
6 

8 
ro 

8 
8 

10 

8 

8 
lo 



PRINCIPAL TRIANGULATION. HEICIHTS ABOVE ME..\N SEA LEFEL. 
-z 

*Xor~.-Thaee heights ue to be c u u b i ~ d  with ueyutivr riylls, bew~~me the p i h ~ .  ut XL, Srw, had u per~l~unel~t additiou made to it of 7 i 3  fert by a aubrc.c,uent 
ob~errer. 

s. 

B 
a =: 
R 
C 

> 
6 

feet 

19 

20 

15 

17 

16 

20 

12 

Astronomical 

184 

A pr. 8 

9 )  a 

n 6 
89 6 

3fay 6 

n 6 

Mr. 81 

9 )  31 

Apr. 14 

19 14 

;\lay 8 

II 3 

Feb. 24 

II 24 

Xar. 13 

I# 13 

n 1(i 

n 16 

Pe b. 26 

9s 16 

Jlar. 16 

I) 16 

1 .  17 
1) 17 

1 9  17 
I) 1 7  

11 1 8  

I) 1s 

,, 1 Y  
18 I t  

n 17 
)I 17 

.. 17 
o I7 

* 

Height in fret of 2nd Station 
Ihte 

Of 

'I'imrs 
of obser. 
vati011 

h.  m. 
aftammn 

9 ,  

abrmld- night 

,, 

7 16 
7 31 

5 48 
5 48 

1.5 23 
15 2j 

8 19 
8 2; 

.+ 4; 
4 54 

5 1 ;  

5 5 

5 4.3 
j 4.3 

+ 53 
4 5; 

5 43 
j 43 

7 1 ;  

7 12 

15 7 
15 6 

7 40 
9 27 

8 45 
ro 40 

15 39 

15 51 

4 49 

5 o 

XYXV 
XXXVIII 

BXXIX 
XYX\'III 

XL 
YXXVIII 

XXSVlII  
S L I  

X L  
XLI 

YCIII 
YLI 

SL 
YLIV 

S L l I  
X L l v  

XIIIII 
SLIV 

xr~ 
SLIII  

XLTV 
YLLII 

SI,III 
XLV 

XIdIV 
XlAV 

XLITI 
XLVI 

XLV 
XLVI 

XLIV 
SLVII  

S L V  
XLVII 

Level 

Finn1 
Result 

689 

716 

719 

742 

761 

806 

;7r 

above Mean Sea 

Ohaerved 
ve"ic.1 angle 

0 I I 1  

E o 2 58-2 
K o a 20.c) 

D o r 15'5 
D o o 50'7 

D o 2 44'9 
E o I 35'9 

D o  I 57'4 
D o 441'2 

110 151-2 

D o o 33'1 

L) o o 8'4 
E o I 54.0 

I)o 513.1 

D o g 30.0 

1) o 2 22'1 

L) o $ 33'2 

L) o 3 44'7 
l) o I 21.2 

I J  o 4 26'0 

0 4 59'2 

1) o I PI'Z 

D o 3 44'; 

E o o 10.0 
I) o r 38.2 

E o  3.53'1 
I$ 0 0 2'3 

E o I 36.2 

D o 2 59'6 

E o I 34.2 
D o 2 7'8 

E o z 35'9 
D O  129.5 

D o 5 14.6 
D o  6 17.0 

BY each 
ded~~ctior~ 

683'8 

691.9 

689'2 

715'9 

715.2 

i17.8 

713.4 

722.5 

712.1 

736.8 

, ~ 742'6 

73'9'8 

;5;'2 

798.5 

804'9 

766.; 

769'5 

Trigo~it~~nrtrical 
Hes~lltr 

blmn 

689'3 

j16.3 

716.0 

i39'7 

758.j 

801.; 

768.1 

E * 
.- 
2 
3 

__----- 

I1  

722 

671 

77O 

68.3 

718 

754 

699 

709 

679 

695 

6;9 

754 

722 

870 

854 

845 

750 

Terrest 

-- 

4 

n 

530 

283 

309 

153 

241 

364 

94 

124 

196 

71 

196 

344 

490 

403 

420 

380' 

41 

in feet 

e 
$ - 
L * - 
GI 

4'82 

4.69 

4-96 
4'69 

4.83 
5.4~ 

5-42 
4.90 

4'91 
4.92 

4'83 

5'45 

*ta52 

4.91 

5.41 
4.~1 

j.42 
4.90 

* Z . ~ Z  

4.9' 

4.90 
5.42 

4'8.3 
4.8,; 

4'92 
4'83 

4.92 

4-91 

4.8.3 

4.92 

4'92 
5.46 

P 1 Ucipht 
.s , 

r i d  
Rel'raction 
- 

, e  
-0- 
5 0 ,., .- 
8,"  
G E  

U 

-734 

-422 

'402 

-223 

'336 

'483 

'134 

:1;5 

-289 

-102 

'289 

'156 

'678 

4 6  

'492 

'449 

-055 

4 
3 
5 
2 

12 

12 

10 

10 

8 
8 

8 
8 

8 
8 

8 
8 

19 

6 

1 0  

10 

6 
6 

12 

6 

6 

8 
8 

8 

8 
1 2  1 

8 
8 

8 

14 

1 3  3 
L. 
m 

a D 
% d z  
y' i :  .- 
;.- - 

m 
a 
N 

+ 6'8 

- - 4.0 

- 50.3 

+ 26.9 

- 24.3 

- 24'2 

- 26'0 

+ 33'1 

- 24'7 

- 2.7 

+ 24'; 

+ 20.I 

+ 41'2 

+ 58'8 

+ 46-4 

+ 50'; 

+ "'0 

l 
? 
a 
Gl 

1-33 
1'33 

1.2.3 
1-23 

11-33 
ZO'OO 

2-54 

0.77 

31-50 
10.50 

21.33 

18.;5 

4.02 

'j.45 

2-99 
2-11 

2'90 
0.8; 

4'02 

*5'45 

0-8; ! 
2.90 

o.;~ 
0.92 

0'7.5 

1'2.; 

0.92 
0.93 

0.92 

o.;.; 

1-18 

1-25 1 
ro 

16 
1.o.j 4.8,; 
0.58 ~ . 4 6  

1 



6 0 7  , . BUDHON MERIDIONAL SERIES. 

Astronomical Data 

I Mern of 
Time0 
fobser- 

May 16 

I) 15 

bhr. 6 

1f 6 

Feb. 6 

%* 

Mag 15 

I) 16 

April 10 

*I 10 

M 18 

11 13 

Uay 12 

9 )  12 

Y) 8 
n 8 

lpr i l  2 

1) 2 

a y  10 

Po 10 

Feb. 19 

I* 19 

Mar. 16 

I )  16 

Peb. 21 
I> 21 

Mar. 10 

1) 10 

)I 10 

IY 1 0 7  

May 6 

11 6 

9 )  

19 6 

* hm.-There 
obwnu. 

Btrtion 

vation 

h. m. 
7 a4 
7 31 

6 39 
6 40 

4 18 
6 ' 4  18 

7 31 
7 24 

16 15 
16 15 

659 
7 3 

16 8 

15 56 

1532 
1517 

~cternan 

,, 

7 34 
7 33 

4 31 
4 29 

6 48 
6 42 

3 57 
3 52 

7 rz 
7 12 

7 50 
49 

8 2 

8 3 

8 3 
8 a 

heighb 

.- 
m 

! 
.;j 

$ 
8 
2 

O k s d  
Vertical An& 

XXXIV 
SXXIII 

XXX. 
XXXIV 

XXXII 
XXXIV 

XXXIII 
XXXIV 

XXXIV 
XXXV 

XXXIII 
XXXV 

XXXIV 
XXXVII 

XXXV 
XXXVII 

XXXV 
XXXIX 

XSXVII 
XXXIX 

XXXIX 
XL 

XXX'fX 
XLII 

XL 
XLII 

XXXIII 
XXXVI 

XXXV 
XXXVI 

XXXVIII 
xxxm 
XXXVI 
XXXVIII 

are to be ooruLined 

E 
-I 

p 
3 

Height 

$ 
S 

0 I I1 

D o  4 6'9 
D o  a 7.4 

E o o 31.6 
D o 3 31'6 

D o 2 10.0 

D o 5 41.a 

D 0 2 7'4 
D o 4 6'9 

E o 3 26.2 
E o  031.7 

E o o 3 3 . 1  

D o 3 51.9 

E o I 36.a 
E o I ++'I 

D o 4 36'4 
D O  153'7 

D o  458'4 
D o  6 8.1 

D o o 7.5 

D o 3 47'5 

D o* 3 58.3 
D o  7 21.9 

D o a 16.6 
D 0 1.55'0 

D o  74.4'9 
D o  a 39'6 

D o I 56.2 

D o 3 46.4 

D o a 17 '2  

E O  034'7 

D o o 36'9 
E o 4 0'0 

E o 4 0.0 

D o o 36'9 

w i t h  neg.tiie 

e 

727 

611 

546 

727  

773 

750 

688 

718 

619 

i 7 1  

766 

754 

(505 

775 

71% 

659 

659 

at XL, 

in feet 

.a 

2 - 
B 

.--- 

"'79 
24.33 

0.33 
0.58 

Om7'  

0.75 

14-33 
21-79 

0.25 
0'42 

0.08 

20.86 
20.50 

21'63 
Z I * O O  

1.04 
0-98 

1'58 
1-36 

*5'45 
3-75 

2.42 

2-39 

1'3.3 
*5'45 

0'83 
1-08 

0'83 
1-08 

20.33 
21-33 

21-33 
20.33 

brcwc 

I 
8 

12 

1% 

8 

4 

1 2  

8 

8 
8 

8 
12 

rz 
8 

16 

8 

8 
8 

8 

14 

12 

4 
4 

8 
6 

8 
10 

8 
8 

10 

8 

8 
10 

r i g y  

g 
.& 
3 

I. 
m 

o%., 

zl$! . - - a  

3 
i 5 . -  

m ' 
4-91 
5.41 

4.75 
4-92 

4-75 

3-41 
4-91 

4'92 
4'83 

4-83 
0 . 9 ~ ~ 2 5  

5-41 
4-91 

5.41 
4 9 1  

9-82 

4'96 

4-91 
5.43 

'." 
*2'32 

5-41 
4-91 

*zm32 

4.91 

4'83 
4'83 

4-25 
4.83 

5.42 
4-83 

4.83 
5.42 

the pilkr 

4 s 
g 
3 

- 10.3 

+ 35'1 

+ 2g.a 

+ 20'3 

+ 11-g 

+ 49'5 

- 1 - 2  

- 28'7 

+ 10.5 

+ 41.3 

+ 46.5 

- 5'6 

- 50'3 

+ 01.1 

- 30.2 

- u g o  

+ 44.0 

per-& nt.ddition 

v 
Terrestrial 
Xefrnction 

{ T  
E.5  

D 

1a6 

a26 

50 

126 

487 

287 

398 

118 

-11 

278 

49 

264 

a 

"6 

315 

276 

276 

Birm, 

f d  

16 

t9 

16 

17.8 

2 6 . 0  

14.5 

16 

robrquent 

L a 
k 

8 
0 - - 
k' 
c. * 
3 -- 
g 

'174 

'369 

-091 

-174 

-631 

'382 

'579 

6 

'018 

'360 

-063 

'350 

'003 

'292 

'442 

.qzo 

-420 

bwl 

Height in feet of 2nd Etation 

652 

677 

657 

69a*os 

789.45 

689'87 

647 

by 

above Mean Sea 

Trigonornetrid 
Resulta 

'Y Mean aedwtinn 1- 

617.4 

635'9 

639.6 

630'5 

657.2 

662.1 

650'8 

648'3 

687.5 

698'3 

742.4 

690.3 

687'2 

650'1 

646'8 

644'3 

692'5 

d e  to it 

Level 

Find 
Berult 

635.3 

659'7 

649'6 

692'9 

742.4 - 
688'8 

647'1 

of 7.78 feet 



PRINCIPAL TRIANGULATION. HEIGHTS ABOVE BfE?\N SEA LEVEL. GI,, 

*.YoTP.-Those heights we b be cwvbiaed uegu~irr rigus, bewnlaa the p i h r  rrt XL, Sirscr, had. s perlit&~lt wlditiou made to it of 7 73 feel b ~ .  II suh ,uent  
obrerrer. \ 



62-j BUDHON MERIDIONAL SERIES. 

NOTE -Ststions XLVIII t and LII nppertlrin to the Great Arc Mrridional $cries, Sectiol~ 24' to 30'; and I appertains to the NoI%~-&Rs~  Lo~igit~~~iinnl Series. 
These heights are to be con~lrincd with llegativo signe, because the pillar at LII, Mahesari, had a yemianent addition &e to it of 1.6 feet by a s u b  

qnent obrerrer. 
1 ) Tile mean of oboervntions taken on 27 Janl~ary 1843, and 2, 3 Jltnuary 1851. 

I 2 1  ,, I* 17 November 18C2, and 3, 4 I)erer~~ber 1850. 
f 'l'llin I~eigllt. is to be combined with a negslire sign, because the rignal (heliotrope) at  XLVIII, Harp&id, in thir h t a n o e  WM placed 0.37 feet below the 

markertone denotiug the etatio~r. 

L 
d 

is 

L 
0 

2 
- ,  - 
iG 
w 

-= .- 
a 
4 .-. 

fet 

41 

14 

7 

t 
4 

'2 
'2 
t: 

3 

- 

w 

14.41 

1655 

1525 

880 

899 

1402 

827 

16j2 

Iirigl~t in feet Astronomical I h t e  

ststion 

XLV 
XLVIII  

X1,VI 
XLVIII  

XLI'II 
XLVIII  

XLTI  
XLVII I t  

XLVI 
LII 

6 3 0 ' X T , V I I I  
L I I  

XLVIlI  
I 

L I I  
1 

" 

.- 
rn 

April 20 

1, 20 

May 11 

99 11 

April 21 

19 21 

May 11 

o 11 

April 25 

I) 25 

May 12 

,# 12 

April 25 

,# 25 

( I )  
(2) 

Height in feet of 2nd Station 
above Mean Sea Level 

.a 

6 
Y 

.- 
n 

blenn of 

Times 
ofobser- 

vat ion 

h. m. 
459 
4 46 

5 34 

6 29 

4 31 

4 7 

4 qz 
4 30 

15 47 
16 4 

4 28 

j 36 
4-51 

3 0 

2 3  

8 .- 
.A 

G ... 
3 2 4 

2- 0 
%!2 '= - . -  6.5 - .2 

9 
m 
'O 

tx 

+21r1.8 

+2069'6 

+2106'o 

+ 62.1 

+ 15'8 

-2059.8 

+2764'9 

+4835'8 

Observed 
Verticnl Angle 

0 I 11 

E o 3 9  7-8 
D I o 21.6 

E o 30 ,$3.1 
I) o 54 IS-5 

E o 35 29.6 
D o 5 8 1 4 . 1  

D o  444 ' 6  
D o 9 j3.7 

E o o 1 '2  

D o I 2.8 

D I  o 7 . 7  
E 0 39 40'9 

E 146 4.j.o 
D 2 .  o 18'3 

I '7 44.9 
D 1 5 c 5 6 . 2  

Trrrrstrlal 

Final 
Rssult 

2876 

871 

821 

Trigonome~rid . 

; o .- 
4 
I * 
B 
$ 
'-, 
o 
P 

5 
z 

. 

zo 
8 

10  

12  

lo 
8 

8 
8 

8 
8 

10 

1% 

6 

14 

Hefrsction 

g 
a 
04 

89 

122 

86 

20 

428 

94 

14 

'35 

Heaulta 

'F 
~lt.tl~trtion 

2870.3 

2871'3 

2874'1 

863'8 

817'5 

81z.1 

I 

0 L L 

z4 

j? .= .= 
e s  
C E  
u 

'062 

'074 

-056 

-023 

'476 

-067 

'017 

'082 

Mean 

28;1-9 

863'81 

814.8 

-1 

5640'9 

5656.8 

1-23 
0.58 

1-08 
0.50 

1.25 
1.03 

1 - 2 1  

0.50 

*I -00  
0.92 

I Z * I - I ;  
0'92 

3'92 

$0'37 

''54 
0 .10  

4'83 
5.08 

4'8.3 
5.08 

5-46 
5-08 

4'83 

4'92 

4.83 
3-33 

5.08 

3-33 

5'45 
4'89 

~ ' ~ 7  
5-43 

I 
5648.9 5653 



PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 
63-J. 

The spirit-leveled lieights given on pages 68-, and 60-J, were determined by tlle operations eitherof the 

G. T. Survey or the Revenue Survey ; these connections are hereafter indicated in the former case hy the letters 
((i. T. S.), and in the latter by (R. S.) immediately following the name of each station; the surface on which 
the  leveling staff stood is also described. 

XXII or Firozabad Tower Station, (G. T. 5.) ; On t,he mark-stme imbedded a t  1 foot below the level 
of the terreylein of the ran~part on which the tower 
is built. 

XXIII 9, Baragam Tower Station, 

" 
On the mark-stone imbedded a t  1 foot below thc 

XXIV (R. 5.) ; 
ground floor of the tower. ,, Pondri Tozoer Station, 

XXXIV ,, Mehtrcc To~oer Station, ,, ; On the upper surface of brick-work of the tower. 

XXXV )I Bd?zsgopdl Tower Slation, ,, ; On the upper surface of the muson ry pillar. 

XXXVII ,, Barauli Tower Station, ,, ; On the upper surface of brick-work of the tower. 

XXXIX ,, Atora Tower Station, ,, ; On the mark-stone let into the upper surface of the 
pillar. 

XL 3, Sirsa Tower Station, (G. T. 5.) ; At foot of the tower, height = 715.22 feet. To this 
value, 54-23 feet (the heiglit of the upper mnrk 
a.bove this spot dctcrminetl by subtense anglcs) 
being added, the height of upper mark-stone is 
fouud to be 739.45 feet. 

XLII Bhatauli Tower Station, ,, ; At foot of the tower, lleiglit = 673-88 feet. To t l~ i s  
value, 15-49 feet (the l~eigllt of the upper mark 
above this spot determined by subtense anglcs) 
being added, the height of upper mark-stone is 
found to be 689.37 feet. 

April 1878. 
J. 6. N. HENNESSEY. 

III cha& of Cmputing O@, 



BUDHON MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. AZIMUTHAL OBSERVATIONS. 

At XVII (Gbrlui) 

h m  8 

Lat. N. 26' 36' 3".63; Long. E. 78' 33' 17".00=5 14 13.1 ; Height above Mean Sea Level, 573 feet. 

December 1842; observed by Mr. C. Murphy with Trouglrtoli alrd Simms' 18-inch Tlreodolite No. 2. 

Star observed . . . . . . . . . . e Ursae Mi11o1-is (Went a~id Euclt). 

Meau Right Aaceusion . . . . . . . . .. 1 7 ~  zrn 22' 

Mean Nortli Polar Distaa~~ce . . . . . . . . .. 7°42'47"6r 

Local Meau Times of Elongation, December 4 Western gh 5~~ 
Ensterrl 18 24 

C 8 

S 0-  IACB LEPT IACB RIGHT 

Dec. 4 W. 
0  I .  

rgo I 
& 

10 I 

9 27  4 8 . ~ 7  

9, 6 

,, 5 

,, 6 

0 1  * 
+ 7 42 50'83 

4249'3.3 
40 44'.50 
40 26.00 

33 47 
32 1 1  

18 54 
17 1 
o 59 

5 1 4  

1327  
11 7 
13 ,?I  
11 51 

26 47 
24 47 
9 4; 
7 4 9  

4 4.5 
6 28 

1 8 5 3  
17 2 

- 9 33 18.24 
21'31 
22'.37 
20 a 0.3 
2 2 - 1 1  

24'35 

+ 74255'40 
54-32 
50'26 
50' 1 2  

- 9 33 17-45 
19'10 
zr .08 
1 7  ..54 

15'97 
20.57 

+ 7.+z49'.35 
49' 2 2  

- 5 30'07 
4 59-98 
1 . ~ + ' 0 4  
124.86 
o 0.28 

o 8'02 

+ 05,?'2? 
o 36-32 
o 3a.26 
0 40 '9.5 

- 3 28-12 
2 j8.27 
o 27-91 
017 '87  

0 6-64 
o 12-24 

+ 144'85 
1 2.5'39 

W. 

E. 

50.21 
4 i a 3 +  
48.28 
49'35 

o 1.38 
0 0'34 

I 4'4.5 
r 19-68 

29 4 

m a  

o 53 
4 2 3  

20 51 
22 21  

10 I 

199 4 
& 

'9 4 

199 4 
& 

'9 4 

209 4 
& 

0 1  * 
+ ; 42 51-06 

54'96 
50'82 
51-13 

- 9 33 18.01 
1 8 . 6 ~  
17-84 
18.69 
16-72 
r)-YS 

+ 74241'43 
40.1; 

48.59 
46.96 

- 9 33 24-06 
2 I ';+ 
25'14 
22-73 

+ 74248'29 
41-45 

I I I  

+ o 0.23 
0 5-63 
2 6'32 
z 25-13 

28 z r  -3 .3 
31 33.33 
31 55'17 

. 33 21-83 

33 16-33 

+ 742 2 - 1 7  
42 18.00 

42 18'00 
42 9'17 

- 9 29 49'.13 
30 20.8.3 
32 51'17 
3259'6i 

33 9-33 
33 8 ' j 3  

+ 7 4 1  4'50 
41 2.j.83 
4248'83 
4247'00 

41 4.3'83 
41 29-67 

47 '19 
46'62 
50.39 
50'00 

- 8 25'68 
; .c2.64 
3 2 . ; ' ~ ;  
3 8.136 
o 25'72 
o 15-21 

+ O  0'60 
o 0.00 

I 37-26 
I 5 1 . ~ 6  

- 14.1'.39 
I 26-74 
o 1-14  
o 0.06 

+ 036'79 
o 21'29 

- 9 24 .52'33 
25 36'00 
zg 52.6; 
.3o 9.81 
32.51'00 
32.59'67 

+ 74240.83 
4 2 4 0 ' 1 i  

41 11'3.3 
40 55.00 

- 9 31 40.67 
.?I 5.i'oo 
3.3 24.00 
33 22'6; 

+ 74211.50 
42 25.17 

2 1 0  

I 5 
14 52 
16 32 

0 14'.'39 
o 20.79 
z q1.22 
j 2'33 

41 53 
4 0  2 
26 36 
2.5 30 
9 2 3  
7 1 3  

1 2 6  
o 3 

18 17 

19 37 

18 5 1  

/ J 7  16 
1 59 
o 28 

11  11 

8 31 

42 33.00 / 7 I 
42 25.83 I H 26 
40 9 '  1 7  23 3.3 

0 1 1  

+ 7 42 41-24 
43-82 

5'3'41 
52-81 

39 4ie67 

I * 
+ o 8'24 

0 3'1.5 

039'74 
0 50'48 

0 1 .  

+ 7 42 33-00 
4240.67 

42 13 '67 
42 2-33 

25 4 

m r 

5 18 
3 1 7  

I J  40 
13 9 



PRINCIPAL TRIANGULATION. AZIMUTHAL OBBERVATIONEI. 6%. 

.E a g - e .< Reduction in Redliced Obserratio 
Am Lo Time of Ref. Murk- Star 

z zg  Elongation at Elongation 

Observed 
Horizontal Angle : 
])iff. of Readings 
&f. Mark-Star 

Reduction in Reduced Obsewntio~ 
Am to l'ime of Ref. Mnrk-Shr 

Elo~~gatioii st Elongstion 



BUDHON lKEBIDIONAL SERlE8. 

Abstract of Astronomical Azimuth observed at XVII ( G M )  1U2. 

1. By Eastern Elongation of e Ursa Minoris. 

Face L B L It L E L B L R L B 

Zero 190' 10' 199' 19' 209' 29' 219' 39' 229" 49' 239' 69' 

Date December 4 December 6 December 6 December 7 December 8 December 9 
I t  I1 I1 11 11 11 11 11 N I1 I1 I1 

18-24 18-01 17-45 24-06 16-05 93-48 19-76 26-43 23-93 26-23 23-16 29'53 
Observed difference 21'31 18'64 19-10 21'74 21-28 22'69 21.39 22-41 23-43 23.80 22-05 27.27 
of Circle-Readings, 29-37 17-84 21-08 25-14 21-52 23-50 19-50 w'.;o 28-12 22-79 22.85 25-18 

b f .  M.-Star 20'03 18'69 1;'54 22-73 21.87 22-04 18'32 24'21 26-24 22-56 23';~ a5.21 
reduced to Elongation az.xr 16-72 15-97 20.40 22.92 14-56 Zj'ja 29'25 27-19 

94-35 14-88 20'57 az-ag 22-00 15-10 23-74 26-04 24-34 

Mean8 21.40 17'46 18-62 23-42 20.57 22-77 18-11 24-17 26-50 24.49 22.94 36-80 

0 I 11 I t  11 I1 11 t l  

Means of both faces - 9 33 19-43 21'0% 21-67 21'14 25 '49 24-87 
Az. of Star fr. S., by W. 188 38 5-24 5 'So 5'81 6-09 6-36 6.64 
BE. of Ref. M. ,, I79 4 45'81 44'48 44' 14. 44 '95 40'87 41-77 

2. By Western Elongation of e Ursm >finoris. .. 
Face L E L 11 L B L B L li L I1 

Zero 1900 100 199' 19' 209' 29' 219' 89' 229' W 2390 690 

Date December 4 December 6 llecember 6 December 7 December 8 December 9 
v I n a v T n # I# I1 I I  I I  

51-06 41-24 55-40 41'43 49'35 48-29 53'97 4.5'53 58-83 44'70 6-16 49-02 
Observed difference 54'96 43-82 54'32 40'17 49-22 46.46 55'84 48-14 60'03 4.5'77 58-80 49-93 
of Circle-Bradings, 50.82 53'41 50.26 $8.59 50'21 47-39 5i'j2 47-00 55-39 46'62 57-39 51-38 

Ref M.-Star 51-13 52-81 50"' 46'96 47-34 46'62 54-93 47'20 53-91 48'16 57'6r 49-85 
reduced to Elongatips 48.28 50'39 

49'35 50'00 

Mbane 51'99 41-82 52-53 44'29 48-96 4'19 55-57 46-97 57-05 46'31 58'49 50'05 

0 1  n I n n n 11 

Ideans of both faces + 7 42 49'91 48-41 48-58 S1'2? 51-68 
Az.o fStar fr . t i . ,byW.  171 21 54-91 

54'27 
51-63 54-33 54 '06 53 ' 79 

Az. of Ref. M. ,, 53-51 
179 4 44-82 43'04 42 '93 45'33 45 '47 47'78 

A 

... 
i 
by Eastern Elongation ..I ... .(. 

Astronomical ,Azimuth of Referring Mmk by Western ,, ... *= ... ... 
Mean ..# ..@ ... ..I 

Aegle Referring Mark and XX (Padbat) we page 19-, ... ... ... ... ... 
Astronomical Azimuth of Panahat by observation ... ... ... ... ... - ( a  

Qeodetical Azimuth of ,, by wlculation from that adopted (7ol,II, page 141) at 
Kalihnpur, eee page 62-=. ante. ... ... ..# ... - * a  ..* ..( 

... Betroaomieal-Geodetical b i m u t h  at X V I I  ( G M )  ... m e @  ... ... ... 



PRINCIPAL TBIANGCULATION. AZI-L OBSERVATIONS. 

At XXVIII (Sankrtio) 

k C n  8 

Lat. N. 28' 2' 28"-99; Long. E. 78' 84' 30f"15=5 14 1 8 . 0 ;  Heigbt above Mean Sea Level, 670 feet. 

February 1843; observed by Lieutenant T. Renny with Troughton and Simms' 18-inch Theodolite No. 2. 

Star observed 29 Camelaparddis Hev.* paat and West). 

Mean Right Ascension 1 8 3 8 . 0  10" qm 53' 

Mean North Polar Dista~~ce 1838.0 4 O  56' I".I~ 

Eastern 6h 33rn Local Mean Times of Elongatioh, February 16 Western 18 ro 

So cnlled in Everest's " Muurwrmt of the Meridwmal drc of India" 1847, p. 98. The Star is identicsl with B.A.O. No. 8495 Qnue Majoris, and 
mth Madras Qenernl Catalogue No. 4534, 189 Cnmelop. [nrdalia]. It ia not in Pond's C I ~ .  of 111% stars 1833-which seema to hare furnished other namea, 8.g. 146 
Bsngileris observed I& Somtsns Hill Station of t l~e Qraat Arc Meridional Series, Yectiol~ 1S0to 14'. No evidence remains pointing certainly to my one catalogue 
relied on by Fiverrst. The pkce given here in from an ~utogruph lid of c i n w m p o h  furuiehed by "T. (3. Taylor, 8. C. dstronomer" for 1838, preaurmbly .t 
Bverest'r request. J. H. 

. 
3 
1 

i a 

h b .  16 

I, 16 

n 17 

17 

n 18 

b 
0- e3 
.- a 2  

- 2 ;  
4 "g 

;e 
g* 

0 I 

99 5.3 
& 

279 54 

99 54 
S; 

279 54 

109 53 
& 

289 53 

109 53 
& 

289 53 

119 53 
& 

299 53 

B 
w 

E. 

W. 

E. 

W. 

Em 

PACE LEET 

Observed Observed 
Horirontal Angle: HorizOntnl 
 iff, of 
hf. Merk--Jtar 

FAOE BIOEZ 

0 ,  If 

- 5 37 34'83 
3i 33-17 
35 34-33 
35 ~ 4 . ~ 3  

+ 5 35 6'33 
35 31'00 
36 58-50 
37 a'w 

- 5 37 3a'oo 
37 34-33 

37 19'00 
37 7'83 

+ 5 36 40'33 
36 50'67 
36 35'67 
36 za'oo 

- 5 37 34-33 
37 28-33 
37 1-83 
3651'17 

.E E !2 
' 1 3 

5 
Aro Reduction to Time in of Rduoed Ref. Msrk-Star Observatio~i 

Ebn~.tion at Elmetion 

0 1  * 
- 5 37 16-83 

37 30.50 

37 4-17 
36 52'83 

+ 5 3630'17 
36 40'83 

36 46'50 
36 40.50 

- 5 3653'67 
37 7-00 

3740'50 
32 37'83 

+ 5 35 30'33 
35 50.83 
36 54'83 

3655'67 

- 5 3644.33 
37 0'50 

3740'17 
37 36-17 

. O f  * 
- 5 37 35-58 

38'23 
36'oa 
36-13 

+ 5 36 60'30 
61 '38 
59' 18 
62 '03 

- 5 37 40'86 
, 41 '63 

40'33 
. 41-11 

+ 5 36 6a.74 
63'55 
60' 18 
60'62 

- 5 37 30.31 
3 2-39 

31-51 
35' f0 

n t l  

I 58 
5 8 
25 8 
a; 5 

24 20 
21 40 
I 53 
o aa 

' 6 48 
6 10 

10 39 
U 10 

10 48 
8 1 1  

11 19 
14 13 

5 35 
4 36 
13 a 
1513 

10 14 
7 4 

13 55 
16 24 

12 53 
10 q 

8 41 
10 19 

15 54 
13 51 
I 4 

. 8 4 

zo 45 
18 32 
0 7 
a a0 

17 12 
14 56 
1 2 

4 13 

I 
I I) 

- o 0'7.5 
0 5.06 
2 1-69 
P 11'30 

+ 153'97 
I 30.38 
o 0'68 

o 0'03 

- o 8'86 
0 7-30 
o 21'83 
0 33'34 

+ 0 22-41 
o 12-88 

o aq.51 
o 38'62 

- 0 5'98 
0 4-06 

032.68 
044'53 

O I R  

- o zomo.+ - 5 37 36-87 
0 9-58 I 40.08 

o 37-21 41 ' 38 
o 51-78 44-61 

+ o 31-93 , + 5 36 62-10 
o 19-45 60'28 

o 14-43 60'93 
o ~0.34 60'84 

- o 48-31 - 5 37 41-98 
o 36-70 43.P 
o o'aa 40' 7% 
0 1.19 39-62 

+ I 22-94 + 5 36 53'27 
r 6-07 
0 0'00 

56' 90 
54'83 

o 1'05 56-71 

- 056.48 - 5 37 40'81 
o 42'62 43-12 
0 0'20 40'37 

39-60 



BUDHON MEBIDIONAL 8ERIES. 

3 

1 

B 
3 

Feb. 18 

, 19 

,, 19 

,, 20 

,, 20 

,, 21 

,, 21 

H o , ~ ~ ~ ~ ~ \ C , e  : 
of Rpdi,lg8 

&,fa ~ ~ ~ k - a k  

o r  11 

+ 5 34 29'50 
34 58.00 
3656'00 
37 1-33 

- 5 37 33-33 
37 26'50 

3729.17 
37 20'67 

+ 53546'83 
35 57-83 
36 32'50 
3626'17 

- 5 37 2.5'33 
3729.33 

37 20'67 
37 13'5C 

+ 5 36 45-17 
3649'83 

36 39'33 
36 29'33 

- 5 37 36-33 
37 38-00 

36 38'67 
3630'67 

+ 5 3.5 11'00 

35 27'67 
36 48-67 
3653'00 

4 m 
p 
G 

W. 

E. 

W. 

E. 

W. 

E. 

W. 

Observed 
H o r M ~ t a l A n g b :  

of nndings 
&,fa Yuk-Shr  

0 1  I 1  

+ 5 36 5'83 
36 23-83 

36 3i.67 
36 29'50 

CI 

$ i Z  
4f.z 
7 a 
V 53 

119 53 
& 

299 53 

129 53 
& 

3O9 53 

12953 
& 

3O9 53 

139 53 
& 

319 53 

139 53 
& 

3'9 53 

149 53 
& 

329 53 

149 53 
& 

329 53 

Rednced Oboerrst iou 
Ref. &lark-Star 

at Elongation 

0 1 I 1  

+ 5 36 5 6 - 5 9  
57 -61 
58-73 
61 -33  

- 5 37 43-10 
40' 6 5  

41-71  
38-85  

+ 53658 '55  
56.5 7 
60.01 
61-39 

- 5 37 3 6 . ~ 1  
37-12 

37'25 
35'45 

+ 5 36 60-10 
60.34 

59'55 
57'99 

- 5 37 38-31 
38-00 

35 -84 
34'78 

+ 5 36 51-99 
51.27 
49' 28 
53' 00 

FACE 

.E B 
4 4 

1 
fi 

21 38 
24 55 
3 4 6  
0 13 

10 10 

8 36 

8 5 
9 44 

1918  
15 28 

11 59 
1 3 3 4  

7 32 
6 2 2  

9 1 7  
10 4' 

8 51 
f 24 

10 1; 

1% 14 

3 13 
o z 

'7 '4 
18 15 

22 54 
2 0  50 

1 47 
o 6 

'5 g $  
: c 

,),, 
16 43 
13 38 

9 58 
12 11 

FAOX L W  

Reduction in 
Arc b Timaof 

Elon.tlon 

1 1, 

+ o 53'80 
0 35'72 
o 19'01 
o 28.3; 

- 0 0.78 
o 0 '02  

057.52 
I 6'73 

+ O  4-43 
o 0.13 

- o 0'00 

o 0'92 
I 0'98 
1 14-31 

+ I 21-03 
I 5-31 
0 0'00 

o 1-13 

- o 7-98 
o 15.08 
I 19-90 
2 3-31 

+ 0 35-25 
o 26'67 
o 22.5j 
o 26-95 

RlQIiT 

Reduction in 
Arc f o h m e o f  

Elongation 

I I1 

+ 2 27-09 
I 59-61 
o 2-73 
0 0'01 

- 0 19-77 
o 14-15 
012'5+ 

. o 18-18 

+ 1 l r . 7 2  

0 58.74 
0 27'51 
035.22 

- 0 10.88 
0 7-79 
o 16-58 
o 21-95 

+ 0 15-03 
o 10.51 

0 20 '22  

o 28'66 

- o 1'98 
o 0.00 

0 57-17 
I 4-11 

t 1 4 ~ ' ~  
I 23'60 
o 0.61 
0 0 ' 0 0  

Reduced Oboervation 
X 1  Mark-Star 

Elongabion 

0 I If 

+ 5 36 59-63 
59-55 
56-68 
37-87 

- 5 37 56-45 
35 '85 
36-85 
38-56 

+ 53659'43 
60'80 

- 5 37 36-50 

36-75 
37'31 
37'64 

+ 5 36 57.20 
55-98 
56-33 
56-46 

- 5 3; 33-81 
35'08 
34-40 
35-81 

+ 5 36 55-42 
56. 84 

54' 88 
55-95 

- 5 37 15-67 1 2 1 
3735'83 
36 39'33 
36 31-83 

+ 53655.00 
37 0'67 

- 5 37 36-50 
37 35'83 
36 36'33 
36 23-33 

+ 5 35 36'17 
35 50'67 
3656'33 
36 55'33 

- 5 37 25.83 
37 zo-oo 
35 44'50 
35 32-50 

+ 5 36 20.17 
36 30' 17 
36 32'33 

' 36 29-00 

0 1 7  

17 18 
18 3; 

4 4 8  
o 50 

o 3 
2 11 

17 48 
'9 39 

20 31 
18 25 

0 4 
a 26 

6 27 
8 51  

23 53 
25 18 

13 32 
H 47 
10 5' 
x x  52 



PRINCIPAL TUNGULATION.  AZIMUTHAL OBSERVATIONS. 6 L J ,  

Abstract of Astronomical Azimuth observed at XXVIII (Sank&) 1843. 
\ 

1. By Eastern Elongation of 29 Camelopardalis Hev. 

Face L B L B L B L B L R L B 

Zero 100" 280' 110' 290' 120" 800' 130' 810' 140' 820' 1500 880" 

Date February 16 February 17 February 18 February 19 February 20 February 21 
w 4  4  4  R w n 4  w 4. 11 I1 

Obaerved difference 35-58 36-87 40'86 41-98 30'31 40.81 36-45 43-10 36-50 36-21 33-81 38-31 
of Circle-Readings, 38-13 40.08 41-63 43-70 32-39 43-12 3-5-85 40'65 36'75 37'1% 35-08 38-00 

Ref. M.-Star 36'03 41'38 40'83 40'72 34-51 40'37 36-85 41-71 37-31 37-15 34'40 35-84 
reduced to Elongation 36'13 44'61 41'17 39-61 35-70 39'60 38-56 38-85 37-64 35-45 35-81 34-78 

Means 36'49 40'74 41'12 41-51 33'23 40'98 36'93 41-08 37'05 36-51 34-28 36-73 

0 1 4  n n 4  4  II 

Meana of both faces - 5 37 38'61 41-31 37-10 39-01 
17-06 

36-78 
16'71 16'36 

35'75 
Az. of Star fr. S., by W. 185 37 17-74 17-40 16-02 
Az. of Ref. M. ,, I79 59 39"3 36-09 39'96 37'70 39'58 40'27 

2. By Western Elongation of 29 Camelopardalis Hev. 
-- - - -- - - - - - 

Face L B L  B L B L B L B L B 

Zero 100" 280" 110' 290' 120" 3006 1300 810' 140' 820' 1500 830' 

Date. February 16 February 17 February 18 February 19 February 20 February 21 
4  11 v " 4  4  4  4  ? 4  11 11 

Observed difference 60'30 62-10 62-74 53-27 59-63 56-39 39-43 58.j~ 57'20 60'20 55'42 51.99 
of Circle-Readings, 61-38 60'28 63.55 56'90 59'55 57-61 60'80 56'57 55'98 60'34 56'84 51-27 

Ref. M.-Star 59.18 60'93 60.18 54-83 56'68 58-73 60'01 56-33 59-55 54-88 49-28 
reduced to Elongation 62-03 60.84 6oa.62 56.72 51-87 61-34 61-39 56-46 57.99 55'95 53-00 

Means 60'72 61-04 61-77 55-43 58'43 58-37 60'12 59-13 56-49 59-52 55'77 51-39 

O I *  v ? 4  4  I1 

Meens of both fecea + 5 36 60'88 58-60 58'50 59'62 58-01 
I74 22 42-42 

53'58 
Az. of Star fr. S., by W. 42'77 43'12 43 '46 43'80 44' 15 
Az. of Ref. M. ,, I79 59 43'30 41-37 41 '62 43 '08 41-81 37'73 

0 8 

(by Eastern Elongation ... ... e m *  I 7 9  59 3im'79 
... Astronomical Azimuth of Referring &rk by Western ,, ... ... 9, 41-48 
... Mean ... ... 9, 40.14 

Angle Referring Mark and XXX (Sakrora) eee page 23,, ... ... ... - m e  + 5 44 40.43 
... Astronomical Azimuth of Sakrora by observation ... ... ... ... 185 44 20.57 

Geodetical Azimuthof ,, by calculation from that adopted (Tot .  11, page 141) at 
... ... KaUnpur, see page 63,, ante ... ... ... 185 44 19-17 

... ... Astronomioal-Geodetical Azimuth at XXVIII (Sank&) ... I .  . + 1-40 



h a  t 
Lnt. N. 28" 64' W.64 ; Long. E. 78' 84' 83"*82=5 14 18.2 ; Height above Mean Sea Level, 739 feet. 

February 1048 ; observed by Mr. W. N. James with Cary's 16-inch Theodolite. 

Star observed . . . . . . . . 29 Camelopardalie Hev.* (West and East). 

Mean Right Ascension 1838.0 . . . . . . . . 4m 53' 

Mean North Polar Distance 1838.0 . . .. . . q0 56' l l ' - r q  

Local Mean Then of .Elongation, Feb. 12 . . . . Western 1 8 ~  2srn Eaatern 6 49 

80 d e d  in Everost'r " M a w r e d  oj the Mmidha2 Am of India" 1847 p. 98. The Star ir indentical with B.A.C. No. 3496 Urm Majori., md 
6 t h  M A  &nerd W o p e  No. 4684, 189 Cunelop. [rrdrlir]. It ir not in Pond9# Cot. of 1119 dslr 1-which mema to have fumkbsd other names, 0.9. 146 
hgi fer i r  observed at Bomt6na Bill Btation of the ( 3 r d  Arc Meridional Berim, Section 1 8 O  to 24'. No evidence remrinr pointing certain1 to m y  one catalogue 
relied on bJ Evsrsmt. Tha pLoe given here i from an autognph LLt of ciroumpo1.n furnished by " T. Q. Taylor, H. C. dslmnomer ", &r 1888, p-j at 
Evemat'# requmt. f. H. 

Beducad Ref. Mark-Star Obmmath 

0 1 .  

- 56 5 21-25 
21-10 

22.81 
23 '55 

- 56 5 17'54 
22-56 

14-69 
22'03 

- 67 25 30.50 
37'44 
35'46 
35-75 

- 56 5 28'88 
27-87 
21-35 
25-39 

- 67 25 37-21 
36' 13 

37-11 
39-25 

I 
)I t 0-  

1A0L -IT 
1.11 

M u d  O b r  ' 
Ref. Mark-= 
st Elongation 

o r  n 

- 56 5 19-71 
19-43 
13-51 
10' 79 

- 56 5 1;-60 
12-96 
13-11 
8-73 

15-25 
es69 

- 67 25 37'59 
31-66 

29-43 
33'63 

- 56 5 15'63 
21-00 

24-34 
14-02 

18-84 
20.33 

- 67 25 40'27 
43-53 

34' 68 
33'86 

Ho$rzfn81e, 
I,iL of Badi,lp 
Bef. Mvl-star 

o r  I 

- 56 7 46-70 
635'60 
j r4'qo 
5 10.83 

- 56 g 26-74 
849.3; 
5 31-74 
520'66 
5 56-60 
6 1-40 

- 67 24 52'36 
2459'74 
2522.13 
a5 10'23 

- 56 g 38'50 
8 4.4'87 
6 2-43 
5 40.83 

5 30':7 
53iSi4 

- 67 24 58-50 
2513.33 
2529'00 
25 22-80 

J 

7 

Feb. 12 

16 

,, 16 

,, 16 

,, 17 

IAOP 

.e 0 8 
& 3 
; ; 
2 g g 

m r  

27 30 
19 49 
2 9 
o 27 

35 47 
3317 
9 48 
7 5 1  
14 39 
16 51 

15 r9 
125% 

6 8 
10 59 

36 4 
32 23 
14 I 
11 46 

7 48 
9 3 0  

14 43 
ragr 

5 2 5  
7 33 

W. 

W. 

2. 

W. 

E. 

sxem 

Eeduction in 
Am to TIM of 

Elongrtion 

I I 

+ 2 26'99 
J 16.17 
o 0'89 
o 00'04 

+ 4 9'14 
335'41 
0 18-63 
011'93 

0 41-35 
054.71 

- o 45'23 
031.92 

0 7 - 3 0  
0 23-39 

+ 4 12'88 
3 23-87 
o 38-09 
o 26-81 

6 ""73 
0'7'41 

- o 41-77 
o 30.20 

6 5 ' 6 8  
o 11'06 

r 

180 r 
& 
0 I 

190 1 
& 

I0 I 

190 1 
ie 

1 0  I 

200 I 
& 

20 I 

200 I 
& 

20 1 

o r  w 

- 56 5 53-47 
5 41-43 
5 31'60 
5 37-50 

- 56 7 1-83 
644'26 

5 25-40 
5 25-40 

- 67 25 26'83 
25 36'77 
2432'80 
24 18'43 

- 56 7 21'00 
7 3-60 
5 23'73 
5 25-47 

- 67 25 33'60 
25 35-13 

~4 3;'67 
24 19-57 

m r  

12 53 
lo 14 

6 45 
8 30 

23 10 
20 31 

I 55 
4 I1 

4 21 
I 5% 

1; 58 
19 58 

24 2 
22 12 

3 30 
o 38 

4 19 
2 16 

17 30 
20 16 

I .  

+ o 32-22 
o 20.30 

0 8-79 
0 '3'95 

+ I qq-29 
J 21-70 

o 0.71 
0 3'38 

- o 3'67 
o 0-67 

r 9-66 
I 17'3a 

+ 1 52'12 
1 35'73 
0 2-38 
o 0'08 

- o 3-61 
o 1-00 

0 59'44 
I 19-68 



PRINCIPAL T R M G U U T I O h ' .  A2IMUTEA.L OBSERVATIONS. ?I-, 

C 
0-  

Feb. 11 

18 

,, 18 

,, 19 

20 

,, !XI 

,, 21 

,, 23 

O b ~ m e d  
Eari.ont.lw: 
Di" " ".dm 
~ e f . ~ ~ k - s t s r  

0 1  * 

- 56 5 59.50 
5 48.93 
540'47 
5 48-06 

- 67 25 20.77 
25 u.33 
25 2.0'67 
25 18'87 

- 56 7 9-13 
6 44-46 
5 22-17 

5 21-67 

-6725ag.50 
25 27-96 
a3 42'43 
23 24-20 

- 67a45a.80 
a+ 41'80 
21 12-77 
20 32'47 

- 56 8 49-16 
8 7-13 
5 18'63 
5 19-70, 

- 67 25 30'94 
2531'40 

- 672533'83 
25 26-84 
24 18-63 

8.-8 
2 . i ~  

2 1 ! o zgz 

m 8 

13 14 
1 1  26 

9 3 %  
11 a8 

8 35 
7 8 

7 36 
g IP 

23 16 
20 37 
0 17 
I 45 

1 5 0  
4 20 
23 52 
25 49 

13 X I  
1 5  28 
36 31 
38 56 

32 55 
zg 19 
I 21 

o 48 

z 26 
4 4 6  

5 2 7  
7 20 
19 26 

W. 

E. 

W. 

E. 

E. 

W. 

E. 

E. 

1 

e-, 
Y 

0 I 

2x0 r 
& 

30 1 

3x0 I 
dk 

30 I 

azo r 
& 

4O I 

220 I 
(8 

40 1 

230 I 
& 

5O I 

230 I 
& 

50 1 

180 I 
& 
0 1  

180 o 
& 
o o 

1AOP 

1 f m 

2 4 

m r 

23 2% 
21 19 
3 35 
1 45 

16 35 
143.5 
o 52 

0 33 

34 I 
31 33 
1 1  16 
9 4 

8 3 3  
6 43 
1 2 4 6  
14 34 

2 28 
4 59 
25 7 
27 7 

44 57 
41 55 
18 37 
15 6 

6 jj 
5 14 

IS 54 

426 
I 51 

BIGHT 

Raduotion in 
Arc lo Time of 

E ~ ~ n g & ~ o n  

I I 

+ I 45'95 
I 28-25 
0 2'49 
O O'59 

- o 53-03 
o 41 '01 
o 0.14 

0 0'15 

+ 3 45-00 
3 13-41 
o 24'62 
0 15'92 

- o14.10 
o 8'69 

031.57 
o q'rq 

- o 1-18 
o 4'82 
1 2-47 
a 21-84 

+ 6 33038  
5 41-86 
r 7-27 
044'28 

- o 9-31 
o 5.30 

0 49'4 

- 9  3-79 
o 0'67 

PA- LEn! 

Reduction in 
Am to Time of 

Elongatan 

1 1  

+ 0 3'3'95 
o 25-31 

Or7'53 
o 25'38 

- o 14-23 
0 9'83 
o 11'21 
o 16'38 

+ I 45'17 
I 22-49 
o 0.01 

o 0.59 

- o 0'65 
o 3-64 
1 50'69 
a 9'45 

- 033'67 
o 46'40 
4 19'70 
4 54'97 

+ 3 30.74 
2 4;'oo 
0 6-35 
o 0'12 

- o 1'14 
04'41 

- 0  5-74 
o 10.42 
1 13'3% 

R e d u c a d O b a u i o n  
Ref. Ma, k - 81u 

Elongation 

0 )  w 

- 56 5 18-75 
16-99 
17'88 
16'04 

- 67 25 38-66 
31.25 
29'84 
27-62 

- 56 5 21-47 
16' 19 
14-74 
1.5'35 

-672523-20 
25'89 
30'77 
31.31 

- 67 25 ~7.51 
16'22 
I7'I7 
15'41 

- 56 5 11-69 
9'67 
16'40 
10'88 

- 67 25 34-48 
25 ' 60 

26-66 

-672529.19 
25'33 

- I O h n e d  R e d u d  Oboemtio~l, Hw-t.l : 
Bnf. Mark- Star I),r. of &eadi,,gs I at Elongation %f. &k-ab 

. I  I 0 1  * 
- 56 5 25'55 - 56 7 4-10 

23 '61 6 45-24 
22'94 5 20'37 
21-68 5 16-63 

- 67 2.5 35-00 - 67 245.5'63 
33'16 2451'24 
31-88 25 29'70 

35 '25 25 27'47 

- 56 5 23'96 - 56 9 6'47 
21-97 8 29-60 
22-16 5 39'36 
21 '08 5 31'27 

-672530'15 - 6 7 2 5  g'ro 
31'60 25 17-20 
33' 12 
33'65 

2459'20 
3450'17 

- 672526'47 - 67 25 16-33 
28'20 25 11'40 
32'47 2314.70 
27-44 22 52-37 

- 56 5 18'5r - 56 r r  46-07 
ao. 13 10 51-53 
18-28 6 23-67 
19'58 55.5'16 

- 67 25 32'08 - 67 25 15'17 
35-81 25 20.30 

14 37-60 

-672539'57 -679525'40 
3 7-26 25 24-56 
3I.95 



BUDHON lK33RIDIONAL SEBIES. 

Abstract of Astronomical Azimuth observed at XL (Sirsa) 1%3. 

1. By Eastern Elongation of 29 Camelopardalis Hev. 

~ a ~ e  L B L 11 L a L B L R L a 
Zero lso" 00 190" 10" 200' 20' 2100 800 220' 40" 280' 600 

Date February 21 February 16 February 17 February 18 February 19 February 20 
n H H n I 11 I f  I1  I f  11 I 11 

32-08 24-48 30.50 37-59 37'21 40'27 35-00 28.66 30'15 23-20 26-47 17-51 
Observed differenw 35-81 25-60 37-44 31-66 36-13 43-53 33-16 33-25 31-60 95-89 18-30 16'2% 
of Circle-Beadinge, *qo'ro 26'66 35'46 29'43 3;'1r 34'68 31-88 39'84 33-12 30'77 32-47 17.17 

Ref. Id.- Star m37.79 *29';2 35-75 33'63 39'25 33-86 35-95 27'63 33-65 31'31: 27-44 15.41 
reduced to Elongation *3a-48 '25.76 

M e m  35'65 36'44 34'ig 33'08 37-43 39.09 33-82 29'59 33'13 17-79 28.65 16-58 

0 I 11 11 I f  I f  I1 I1  

Means of both faces - 67 zj 31.05 33'93 37'76 31-71 29 '96 23'61 : 
Be. of Star fr. S., by W. 185 40 3'89 5'63 5-28 4'93 4'59 4'23 
Be. of Ref. M. ,, 118 14 31-84 31-70 27-52 33-12 34'63 41 '62 

2. By Western Elongation of 29 Camelopardalia Hev. 

Data February 12 Februnry 15 February 16 February 17 February 18 February 20 
II H n I n I! 11 II 11 II 11 

21-25 19-71 17-54 17-60 28'88 25'63 23-55 18-75 23'96 21-47 18-59 12-69 
Observed difference 21.10 19-43 22-56 12-96 27-87 21.00 23-62 16-99 21'97 16-19 20.13 9-67 
of Circle-Readinge, 23-81 13-51 24-69 13'11 21'35 24-34 22'94 17'88 22-16 14-74 18-38 16'40 

Ref. ?kf -Star 23-55 10'79 22'0s 8-73 25-39 14'0% 21-68 16-04 21-08 15-35 19-58 ro.88 
reduced to Elongation '5 ''5 18-84 

6-69 20.33 

I Meane of both faces - 56 5 19'0~ '7 '05 23 '28 20'56 19'62 15'77 
Az. of Star fr. S., by W. 1;4 19 53-16 54-19 54'54 54'89 55 ' 24 55 '94 
Az. of Ref. M. ,, 118 14 34-14 37-14 31-26 34'33 35 '62 40'17 

8 I ... ... ... by Eastern Elongation 
... ... 

'180 14 33-59 
... Astronomical Azimuth of Referring by Western ,, Y S  35'44 

Mean ... ... ... 3, 34-52 
Angle Referring Mark and XLIII (Milik) aee page 2geJ. ... ... ...+ 31 40 42.24 
Astronomical Azimuth of Milik by observation ... ... ... ... ... 149 55 16-76 
Geodetical Azimuth of ,, by calculation from that adopted (Tot .  11, page 141) at 

... ... Kalianpur, eee page 64 -, ante ... ... ... -.- I49 55 30'99 
... ... ... - Astronomical - Geodetical Azimuth at XL (Sirsa) ... ... - 4-23 

Nom.-Where obrerPationr oocurred on the m e  pair of zero8 on different nightr t h q  am r e d u d  in thb abatrsot to one date--the m& oonvePisnt-by 
- dowing for W ' r  change of p b .  The date H, dopted rppeua at the herd of the column, md the reduced obwnrtion ir yreoeded by m uterirk. 

May 1878. 
J. B. N. HENNESSEY, 

ln charge of Computing Ofice. 



BUDHON MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. 

DETERMINATION OF THE JIIFFERENCES I N  LATITUDE AND LONGITUDE BETWEEN T H E  TWO 

PRINCIPAL STATIONS ON RAEPUR HILL, LAT. N. 26" 8', LONG. E. 78" '7'. 

As the summit of the conical peak of RsRpur waa found occupied by a Hindu Temple when the advance party of the 
Great Arc Series visited the hill in 1833, the station then selected was necessarily placed on the side of the cone, and by preference 
West of tlie Temple since some of the Great Arc Series stations lay in that direction : the point chosen is numbered XV and is de- 
scribed a t  page 5-A Volume I V  of the "Accouut of the Operatioxls of the Great Trigonometrical Survey of IndiaJJ. Subsequently, 
i t  was necessary to select another station on the same kill to suit the Rudhon ~eridional 'series which passes East of RBepur, so that 
the point now chosen was necessarily placed 011 the East face of the cone ; this station is numbered XI11 and is described at page 6-= 
of this volume. Thus principal stations XV and XI11 stand on opposite sides of the Temple, which obstructs the view between 
them ; they are equidistant from the Temple a i ~ d  are about 41 feet apart. 

Stations XV and XI11 were however not connected with one another until November 1877, when Mr. W. J. Cornelius, 
Assistant Surveyor, was instr~icted to make the necessary measurements, with the view of estaldishing, in station XIII,  an addi- 
tionalJixedpoint on which to fit the Budhon Ptleridional Series. The adjustments of this series which followed, will be found 
explained 111 Part I of Volunie V I I ;  it is o111y necessary here to describe Mr. CoriieliusJ operations and to state their results. 

Mr. Cornelius found the structure aud mark of XV in good order. But at  station XI11 the isolated circular pillar 
had been wilfully destroyed, and this 
had been done so effectually that 
even the lower markstone could not 
be found : the circular pillar had 
however been origi~ially enclosed, as 
usual, within a platform, so that on 
removing the former there remailled 
in the latter a corresponding circular 
cavity, from which the positioii of 
the original mark was determined 
with ample accuracy for the object 
now in view and certainly within a 
foot of the truth. Station XI11 
being thus sufficiently found, three 
ailxiliary stations a, b and t were 
cl~osen; of these t waa on the 

h Temple* : the connection between 
XV and XIII,  thus made, is shown iu the marginal diagram. 

As the distances involved were only a few feet, suficient accuracy waa ~eclired by using a Prismatic Compass and Me~suring 
Tape. Both back nud forward maguetic bearings were taken on all the lines : tile forward azimuths given in the following table 
were found, by tlrking the mean on each line of the forwnrd bearing increased by 180' and the back bearing, and correcting the mean 
for Magnetic Variation?. The dista~~ces were meas~ircd with the Tape. The bearing of the line t to XI11 could not be determined 

l'hie poult ~r identical with the mtation of the Qaalior and Central India Topographid Murvoy. t Vurktion 1S-t lo 13'. 



BUDHON MERIDIONAL SERIES. 

Principal Triangulation. Statwrae on Rhpur  Hill. 

with accuracy, because the dome of the Temple roee between the two to an inconveuient height. 

Adopting the combinatione indicated in the following table, the 4 routes between XV and XI11 were plotted on a scale of 
1 inch = 2 feet, with XV for origin and ita meridian and perpendicular as co-ordinatee, and the resulting co-ordinates of X l I I  
given hereafter were measured off with a pair of compasses. 

No. 

1 

2 

3 

4 

The equivalents of these resulte are, 

At 

-- 

XV 

a 

XV 

b 

BY 
Combining 

Nos. 

l a n d 2  ... ... 
3 a u d 4  ... ... 
B,6 and 7 ... ... 
5, 8 aud 9 ... ... 

... Means 

Latitude, South g ft. 9.8 in. = - oq.ro . . . . .  
Longitude, East 39 ft. 7.8 in. = + o -44 

(a) 

which are the required differences in Latitude and Longitude between XV and XIIT. 

of I 0 

Co-ordinates of XI11 
referred to XV 

Now since XV haa already been fixed by the simultaneous reduction of tlie North-West Quadrilateral, we have only to 
take the Latitude and Longitude of XV thus determined and apply to them the differences (a), iu order to find the corre8ponding 
values of XIII, as follows, 

Latitude N. Longitude E. 

Distance No. 

ft. in. I 27 o 5 

23 9 6 

27 2 7 

24 4 .5  8 

9 

5 

Distance 

ft. in. 

20 8 

1 3 1 0  

23 9 

16 6 

24 4 .5  

AZIMUTH 

of I o 

a 

XI11 

b 

XI11 

South or y 

ft. in. 

9 9 

ro 0 .8  

9 6  

9 11.5 

g 9.8  

Of XV, see Vol. IV Great Arc Meridional Series Page 26-. ... ... 26' 8' lqU'39 78' 7' 1 5 ~ ~ 7 1  

At 

-- 
XV 

t 

a 

t 

b 

t 

a 

XI11 

b 

XI11 

250 43 

322 5 

318 5 

24348 

East or x 

ft. in. 

39 4 '5  

39 9 .8  

3 9 6  

39 11 

39 7 - A  
* 

... (a) from above ... ... ... ... ... ... - o - 1 0  + 0 '44 

281 5 

zoo58 

322 5 

8 50 

243 48 

- - 
... ... Corresponding values of XI11 ... ... ... 26 8 1 4 - 2 9  78 7 1 6 - 1 5  

These are the values of XIII to which the Budhon Meridiotial Series has been made to conform at tl~is point. 

J. 6. N. HENNESSEY, 

In charge of Computing Ogica. 
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RANGIR MERIDIONAL S E R I E S .  





RANGIR MERIDXONAL SERIES-(LONG. 79" 30'). 

INTRODUCTION. 

The Rang;ir Series is the second in order, reckoning eastwards from the Great Arc, 
of the meridional cliains of triangles which are included in tlre North-East Quadrilateral. 
It is aligned, as closely as the nature of the country would allow, on the meridian of Ran- 
gir, viz., 7990. It emanates from the side Tinsd-Rangi r  of tlre Calcutta Longitudinal 
Series, and extends over a meridional distance of about Go, up to the North-East Longitu- 
dinal Series. It was constructed throughout as a chain of single triangles, but with the 
introduction of a trigon around the station of Muhammadabad (XXII). For the b t  hun- 
dred miles of its length, it crosses the low hills which, generally epeaking, may be said to 
form the northern outliers of the Great Vindhya range; and in this part of its course, it 
traverses portions of the modern districts of Saugor, Damoh, Jhdnsi and Hamirpur and of 
the Native States which are affiliated with the Bundelkhand Agency. It then enters the 
great plains of the Gangetic valley, and after crossing portions of the modern districts of 
JBlaun, Ettiwah, Farrukhabad, SMhjahAnpur, Budaun and Bareilly, terminates in the forests 
of the Tar& at the foot of the Himalayan mountains. 

The execution of the Series was originally entrusted to Lieutenant A. 8. Waugh of 
the Bengal Engineers-afterwards Surveyor General-Lieutenant T. Renny of the same 
Corps being chosen at the same time to conduct the adjoining chain of triangles to the east, 
viz., the Amua Series. Both these officers had recently been appointed to tlie Great Trigono- 
metrical Survey, on the recommendation of Major Everest, the Surveyor General, with a 
view to the early commencement of tliese chains of triangles. But as they had had no 
previous experience of principal trigonometricd operations which were desig.ned to sub- 
serve the requirements of Geodesy as well as Geography, Major Everest recommended that 
they should be primarily employed as assistants in the operations which were then being 
carried out on the Great Arc, in order to gain a practical knowledge of duties such as those 
which they were eventually intended to undertake, observing that "although both these 
"gentlemen are highly talented as far as theory goes, they cannot be expected to conduct 
cL duties of this sort intuitively ". 

At the time when their appointments to tlie Great Trigonometricnl Survey were sanc- 
tioned by the Government they mere both in Calcutta; and as in nrarclring from Calcutta 
to the scene of their operations, in Central In&, they would have to pass through or near 



IV-x. 
RARGIR MERIDIONAL SERIES. 

certain localities of which tt as little was known as of the heart of Africa ", Major Everest 
proposed that they s l i o u l d  carry a rapid route-survey (supplemented by suitable descriptive 
notes) through the tracts in question. He drew up instluctions for their guidance, which 
are giaen below in extenso*, as they are interesting for the evidence they afford of the ne- 
cessity m l l i c h  existed in those days for combining surveys of the roughest description, which 
were wanted to satisfy immediate geograpl~ical requirements, with operations of extreme 
precisiou, wllicll were intended to form a permanent basis for all future survey operations. 

Even the primary operation of selecting suitable sites for tlle stations of the prin- 
cipal triangulation was made to subserve the geogrqphical requirements of the moment; 
it fulpished approximate values of the positions of the stations themselves and of the hill 

*Extract of Ifistructions communicated to Lieutenant8 Waugh and Renny, by tha Survqor General in Nove& 1832. 

The first obvious blank in all our mapa in the m m  of mountain land on which Rotaagurh is situated. 
The range called " Kula Phar" to the eadt of this which bounda the valley of the Soane may be ge~~ernlly laid down. 
But as to the route over tlre mountain a t  the back of Rotasgurh, thia gap in our knowledge may well be filled up more particularly. 

I took a mute of the tract between Rotssgurh and Punnoogunge near Bi,ieyg~~rh in 1817, which is perhaps ae accurate ae route aurregs 
in general. It was plotted very carefully by me from nly field book and I lent it to Oolonel Blwker for the purpoee of facilitating the ope- 
rations of my own pemple under Mr. Olliver in 1826. In that plan there is a road from Weenee branching off to Chunar left iuaompleted, 
the last place on i t  being Roghtwlah. There is also a mad from nhobeeo branching off to Chaenpoor from the mad between Bijeygurh and 
Sl~eergnrh, the most advanced place on it being Peeprall. If thew two roads could be explored they would oonnect the detail8 of my sketch 
with the general map, and the detaila would be filled up more ealiefsotorily #till if direct roads can be found leading from Sheergurl~ to 
Hotaagurh, from Bijeygurh to Chunar, and from Bijeygurh to Batssgruh along the face of the  mountain^. 

I l a v e  it to your judgment to examine or not any portion of my route again. You may perhaps lay down the hills more accurately, 
which is an object, and aa it waa a very hasty performanoe, you may if you h d  any errom correct them, but I think you will 5nd it as good 
rrs route surveys usually are. 

Rough plarrs of Bijeygurh and Sheergurh will be of use ae well M plans of any other hill forte on that rnnge. Historical facts 
con~~ected with Sl~eergurh may be instructive. The tract to t,be southward of Sonegam or Sonyrh  leading to 0111urkurltuk in absolutely 
laws inwgnila and i t  in oue of the most intete8ting parta of India both geologioally and geographically. The route I wish to be explored 
ie that leading to Omurkuntuk from Rajgurh on the Soane, but you may be compelled to adopt some other route and I ln~ist rely on your 
prudence to take that whioli will afford tlre most information. Rajgurlr appears to lie in Latitude 24' 36' and Longitude 82' 6: Omur- 
kuutuk in Latitude 22'' 40' and Longitude 81' 48'. Whatever mute you take however, you must crooa the southern hce of the Kimoor 
range respecting which any part,iculara you win give will be interesting. 

Your Latitudes a r ~ d  Longitudes will all be referred Lhe neareat principal etatiom of the Longitudinal Series of the Great Trigono. 
metrical Bnrvey, whenever you oan manage to discover them. 

Having explored the route to Omurkuntuk, you will p r o d  if possible along the northern bank of the Nerbrtddah to Jubbulpore 
and from thence to Seronj, where you will fall in with the party under Mr. Rossenrode, and I wish you lo take advantage of that opyor- 
tunity to acquis a practical noquai~~tance with the method of oonducting Trigonometrical operations in the fleld. 

I need not point o ~ ~ t  to gentlemen of your good sense and taleut how necessary i t  is to devote your aliole energy to thia object, and 
how manifest on advantage i t  is to you to enter on your wreer M geodesists with fill1 liberty to use the aplendid instrun~enta of my depart- 
ment and try your hand a t  any pnrtof the operations without npprehenaio~~ of doing miechief. A ooune of regular operations could not hold 
out thorn adrnntagea beca~irn business requiring the most ffirupulous attention to accurncy is then to be performed ; but in an approximate 
series, if you should make a wrong readi~~g, it is but putting the pen through it, nnd the work will still be nccurste enough for the object 
in view. I shall therefore trust to your own sense of propriety to lose no opportunity of qualifying yourselvecl to take cl~arge of a party on 
one of t l~e  independent meridians ; but when you can do oo without injury to this principal object, I wish you to furnieh M many data 
for the topogrnpl~y of the country within the Seriw M you osn collect. 

Dnta. 

Rarotncter to be obaewed every day three times if poesible at the same hour. 
l'wo Barometers to be observed simultaneously when the deptl~s of the beds of rivers or the heigl~ts of mountains are required. 
Anglea of elevationa of any high peak8 to be observed from two plrrces whose distance is knowri, M well as the horizontal angles, so 

that the distances and heiglrta of the main features of the country may be fixed. 
Courses of rivers.-Where they emerge from the mountains to the plnina. Their height at  flood. Their minimum if perennial. 

Their period of drought if dried up. Locality of their sourcm. Tlre strata they pass through, and the breadth of their beda. The depth 
of the channel an respecta the surrounding country. Whether the banks are steep or out into ravines or doping. 

Nature of the country p a w d  throogll.-If a volley, how bounded, by high hills or low ? The nature of those hills. Are they of pri- 
lllary or secondtlry formutiou 7 Do they contain miner of cod  or marble or asphaltum or r o o l d t ,  kc., or is there gold, lend, copper, drc. 



peaks, towns, villages or other prominent objects seen from them, by observations taken 
with small theodolitt* or sextants during the course of the general reconnaissanoe of the 
country. The preliminary triaugulation thus executed came to be called the Approximate 
Series, for it was intended to serve as a pie alEer until the principal observations with the 
great tlleodolites oould be oompleted. It was invariably pushed on aa rapidly as possible 
without regard to nicety, observations being taken sometimes from trees and lofty scaffolds 
in the plains, and sometimes to distant torches and blue-lights which could be seen with 
the aid of nocturnal refraction over intervening obstacles, before the (says' between the 
principal stations had been cleared for the find observations. 

Lieutenants Waugh and Renny started from Calcutta early in the field season of 
1832-33, with two assistants. After carrying out, as fully 

Babn ~ r .  w. Rsdhansth Martin, siLdhars 8rd C1wa sub-Amt. as wm possible, the instructions they had received for 
n 

making route-surveys and drawing up reports of the 
terera incogaita through which they had to pass, they reached the camp of the party which 
was then employed on the Great Arc, at  the prinoipal station of Mao, in the Qwalior ter- 
ritory, about 18 miles from the town of Sipri. They devoted the remainder of the field 
season to acquiring an insight into the nature of the operations of the principal triangula- 
tion and some plactical familiarity with the details. 

Tlle following recess was spent in Agra, where both officers were for some time oc- 
cupied in bringing up their maps, plans, and reports on the routs-surveys which they had 
recently accomplished, and afterwards in making preparations for commencing-in the next 
field season-the chains of triangles which had been respectively allotted to them. 

Lieutenant Renny's subsequent operations being described in the Introductory Ac- 
count of the Amua Series, we have here to deal only with those of Lieutenant Waugh, on 
the R a n  gir Series. 

The party which was intended to break ground on this Series was constituted as shewn 
BSIWOII 1833.~4. in the margin. It was furnished with an 18-inch the- 

P P B ~ O ~ E J L  odolite by Cary for the principal observations*, with two 
Lient. k 8. Waugh, B e n d  Engineem, tnd 7-inch instruments for the secondary work, and with 

Aarisknt. 
Mr. J. W. Armstrong, 3rd C I W ~  Sub-dssi8tant. such other equipment as was deemed necessary. It started 
,, W. R. Fomter, n S I  from Agra on the 30th of November 1833, and marching 

to be f o ~ ~ n d  in #em ? How f u  from water c a m . g s P  Mineral spr- hot or oold. The order of the rtmta &ern in the be& of riven nnd 
the bare eider of mountains. 

Manners and lanpnqe of the people.-Are they Hindoos or Mahomedans, or what is their religion P Am they obliging h&ile 
to atrangem P To what state of civilization have they attained? Their progrese in .grioulture, manuf~otureq bcc. The wmpona they ~MO. 

The l a l l g q e  they speak. Are they s truth-telling people or deceitful and prone to falrehood P If the inhabitrnb ue wild, are the 
oettlements formed by the nativea of Hindoorhn amongat them numerouaP 

Fertility of the country.-Are them means of imgation ? Does the oountr~ admit of luch being conatmeted, M building dyke4 P 
Number of o r o p  a year? Are the people generally wmfortrble or oppressed P Are they wandering tribee, or attached to their homen? 

11 the country open or covered with fomt  P What kinds of trees are found in the forests P Enumerate the different kindr of building 
wood to be met with. Am ebony and other kinds of wood 5 t  for abinet  work found them ? Of building materialo, what m-8 of water 
aarriage? Drawings of curio~is templea, and all objects tending to illustrate the manners, cuatomm, history, geology, and natural and arti. 
5eid featumr of the country will be acceptable. 

Knorn an C q ' s  18-inch L ; for m description of thb indrument w pago Q of the Apprndiw to Volume 11. 
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vid Qwalior, Datia, Jldnsi m d  Saugor, arrived a t  Ran@ about the 6th of January 1834. 
Here Lieutenant Waugh co~llmenced operations by taking a set of circumpolar star 

observations for determining a fundamental value of the azimuth, which was to be 
employed instead of the value that had been brought up througll the Longitudinal Series 
from Kalihnpur. He then proceeded to lay out the triangulation, eniploying the side 
Rmgir-Tikaria as his base, in conformity with the instructions he had received from Major 
Everest. But the ground immediately to the north of that side proved utterly impracticable 
for the extension of the triangulation therefrom ; for the side I\ as of considerable length- 
over 30 miles-and was confronted by a portion of the VindhyAchal range wlrich lrere deve- 
lopes itself into a mountainous table-land of considerable breadth, covered with high forest 
trees and dense underwood, and devoid of any commanding eminences. Thus the selection 
of symmetrically situated stations was a very difficult task to accomplish. 

Lieutenant Waugh reported that after "having traversed tlie wliole range and ob- 
" served from nearly .every high tree and rising ground", his endeavours had all been 
in vain to advance the Series in any other way than by constructing a tower station 36 
feet high at  Saipur on the hills to the north of Rangir to command the view. The 
tower was commenced, and it was being built of stones set in clay instead of mortar, 
and had attained a height of 10 feet, when the water supply failed ; the remaining 25 feet 
mas run up with dry stones, and it came tumbling down almost immediately after com- 
pletion. This disaster, combined with the circumstance that it would be necessary not 
merely to rebuild the tower at Saipur, but to construct a tower 60 feet high on tlre Sonha 
hills, at a considerable cost, if the originally intended side of origin was to be maintained, 
eventually induced Lieutenant Waugh to adopt the side Tinsmhl-Rangir as the origin of 
the Series. At first however he loyally endeavoured to carry out the instructions he had 
received, reporting progress constantly and soliciting further orders ; but the postal arrange- 
ments in those regions were so defective that he frequently did not receive answers to his 
letters to the Surveyor General in less than two months. A change of base involved tlie 
rejection of tlre work of several months which a young officer might well shrink from doing 
on his own responsibility; but immediate action was necessary, and Major Everest when all 
the facts were reported to him, at  once approved of the change, saying that it was quite 
sufficient " if one flank of the Series-it did not matter wliiclr-was kept close to the me- 
" ridian of the operations ", and giving as an illustration the Great Arc Series which " runs 
"as often on one side of the meridian as the other" and follonrs the principle of " not 
" fighting with a difficult tract when its flank can be turned ". As regards the two towers 
which were required for the triangulation from the original base, Major Everest wrote tlrat 
Ile preferred " vitiating the symmetry of the triangles to having towers of 60 feet in a hilly 

country to start with ; the notion is startling and must be abandoned ". 
Thns after five months of harassing anxiety and failure, during the best time of the 

gear for field operations, Lieutenant Waugh found lrimself compelled to commence work 
on a new base at tlle time wlien the field season nTas nearly ending. But he had resolved 
that, in spite of all the difficulties m~hich had beset tlre work at the very outset, the Rangir 
Series should not be found "to have fallen in arrears or have lagged behind its neigllbours ". 
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He remained in the field until the end of July, so as to avail himself of the clearing of the 
atmosphere which usually takes place when the rainy season commences ; and he succeeded 
in observing the angles of the principal triangles up to the side N4.gonhth-Phh, (VIII- 

IX) thereby completing the Series for a distance of 100 miles, and acliieving an admirable 
out-turn of work in an unusually short space of time. Even the operations in the f i s t  five 
months of the field season, though a failure as regards the advancement of the principal 
triangulation, were fruitful in results of much value for immediate geographical require- 
ments ; as a large area of country had been reconnoitered, and the positions of several towns 
and forts of importance, lying mostly in Native States as yet unsurveyed, had been fixed 
from various secondary stations at  which observations were taken with the small theodolites 
in the course of the search after suitable sites for the principal stations. 

The latter 40 miles of the season's work on the Rangir Series lay in the Hamirpur 
District, which was suffering so terribly at the time from famine that Mr. Pidcock, the 
Settlement Officer of the district, reported that tlie season was one of unparalleled distress 
to the people and loss to Government,-the miseries of famine, pestilence, and exile having 
denuded the district of nearly one-half of its population. 

I n  submitting from recess quarters the computations of the field season's operations, 
Lieutenant Waugh noticed with much regret the presence of tt-kngular ewers of over six 
seconds in the 6th and 6th principal triangles. He stated that he would have re-observed 
the angles had it not been for the impossibility of procuring further supplies of food for his 
people ; being diffident of his skill as an observer he said that tliough not consoious of any 
remissness in this particular portion of the work, he could not but suppose that the errors 
" arose chiefly from bad observations ". It is now however quite certain that the errors mere 
due not to the observer but to the instrument employed, which was soon found to be of 
inferior value and mas discarded. 

Lieutenant Waugh's out-turn of work during the year consistedof a set of circumpolar star 
observstiotls for azimuth ; 8 principal triangles ; 21 secondary triangles of the first class, and 
43 of the tliird class; the elevations of all the principal and of 2(i secondary stations, also a 
skeleton plan of the triangulation and a recollnaissance of the tract of country operated in. 
The latter included + part of Bundelkhand of which Lieutenant Waugh remarked that " it 
"was peculiarly favourable for secondary work; the detached granite ridges command 
" extensive views ; forts and temples perched on eminences abound ; indeed a complete map 
(' might be made by triangles of the lst, 2nd' and 3rd classes, and had it not been for the 
(' difficulties which beset my debdt, I should have formed such a map without at  all delaying 
" the Principal Series ". 

Tho chain of triangles had now been carried into the plains of the Gangetic valley, 
only one more hill remaining to offer its friendly assistance in presentirrg a suitable site for 
a station of observation. One-tlrird of the chain nras complete, all of which-with the excep- 
tion of the first triangle, measured in the course of tlie operations of the Calcutta Longitudinal 
Series-had been achieved bp Lieutenant Waugh in a siilgle year, under mair y and great 
difficulties as already set forth. Nevertheless the completion of the remaining two-thirds 
occupicd newly eight years to accou~ylish. The great retardation in the subsequent rate of 
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progress waa due to two causes. Br8t, at every station in advance-with the single exception 
of tlie hill of Gokulph6ra-towers had to be comtructed to furnish stations of observation, 
and on sites carefully selected so as to present the feweat possible obstacles on the lines be- 
tween the  station^ ; moreover all obstacles to mutual vision had to be removed before the final 
observations could be commenced. SecondZy, in order to construct a chain of triangles corm 
posed of as few links as possible, the sides of the triangles in the plains mere maintained 
tllroughout at  so great a length that the rays between the stations grazed the surface of the 
ground for a distance of several miles, thus making distinct mutual visibility impossible, except- 
ing under unusually favourable atmospheric conditions which were of very rare occurrence. 

The building of towers required the co-operation of the Department of Public Works ; 
the Surveyor General had therefore moved the Government to issue the necessary instructions 
to that Department. Although anticipating that some delay would occur before the arrange- 
ments for the construction of the towers could be matured and suitable designs prepared, he 
was nevertheless confident that the building of EsFtificial elevations of some sort or other 
would eventually be sanctioned. He accordingly issued instructions that field operations 
should be resumed during tlie ensuing field season, but that they were to be restricted to the 
selection of suitable sites for future tower stations. At the same time he pre.scribed a method 
of ray-tracing ', for site-selection, by carrying a traverse with a theodolite and perambulator 
over each ray, with a view to effecting a close examination of the ground in each instance, 
before the final adoption of the sites and the commencement of ray clearing. Pide Section 3 
of Chapter I1 of Vol. 11. 

I n  the following field season the party started h m  Cawnpore on the 10th of October. 

&won 1834-85. 
Lieutenant Waugh wrote a circular letter to the Civil 
Officers of the various districts through which his opera- 

P 1 B a o m  
Lieut. A. 8. Waugh, Bengal Engineem, 1st Ad. 

tions would have to pass, pointing out his dependence 
Mr. J. W. Amatmng, 211d C l w  S u b - M t a n b .  upon them for obtaining labour and supplies, and explain- ,, W. E. Bolster, Brd ,, IS ing the necessity for the removal of all obstructions on 
the lines between the principal stations ; he said that great a r e  would be exerciued both by 
himself and his assistants not to inflict more injury in tlie removal of obstacles than was ab- 
solutely necessary, and due recompense would be readily made for all property destroyed; 
also that as he had no leisure nor inclination for entering into disputes with the owners 
re,pding the cutting down of trees or removing of other obstacles, he trusted the Civil 
Officers would issue plain and positive orders for his support. This timely explanation of 
matters led to very happy results in the substantial assistance which was rendered to the 
surveyors throughout the field season. 

Writing from I(anwa (XII), where the ray-tracing was begun on the line to Gum 
(XI), Lieutenant Waugh reported that the country thereabouts abounded with mud forts 
situated on the high lanb. " Some of these ", he said, "are uninhabited, with defences 
" ruined, and presenting a rude mass with steep sloping sides ; they are solid, and a station 
" placed in the middle would be permanent even were the sides to crumble away to a slope 
" of 46" which is an event improbable, considering the tenacity of the material and its dis= 
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position in successive strata or layers, according to the usual habit of the natives in build- 
" ing earthwork". Other forts were partially tenanted, and had solid towers wliich could 
be used as stations. Again, eminences mere met with which were crowned with old and un- 
tenanted brick buildings, and occasionally with domed temples. I t  was expected that many 
of these structures might serve as basements for the stations of the priricipal triangulation, 
and thus obviate the construction of towers of the great height which would otherwise be 
necessary in order to secure mutual visibility over the plains. 

Having reconnoitred the country and given a good start to the operations, Lieutenant 
Wauglr was summoned by Major Everest, towards the end of November, to assist in the mea- 
surement of the Dehm Dfm Base-line, leaving the work on the Rangir Series under the 
supervision of Mr. Armstrong, the senior of liis two msistants. On the completion of 
the base-line he returned to the charge of the Series, joining Mr. Armstrong in camp on the 
20th May. 

The party kept the field till the end of June. By this time all the rays had been cleared 
up to the side Chandanpur-Potlrbi (xxr-XXIII), and stations had been selected up to the 
side Janjiri-Gajnera (xx~x-xxx), thus furnishing as the out-turn of tlie season's work a 
symmetrical series of 20 triangles, of the first 13 of which the rays were all cleared. I n  
reporting on the field season's operations, Lieutenant Warlgh stated tlrat " the chief portion 
"of this work having been done during my absence by Mr. J. W. Armstrong, any merit it 
" may possess, either quantitatively or qaalitatively, is entirely owing to his zeal and abiiities. 
" I have on former occasions borne testimony to the talents and good conduct of Mr. 
" Armstrong as well as Mr. Forster, and I may now add tlrat their efficiency keeps pace with 
" their experience. Their labours during the last season, in the novel and arduous under- 
" taking of carrying a series across the plains without any resource but what their judgment 
" might suggest, so greatly surpass my expectations that it becomes a pleasing duty to me to 
" bring them to the particular notice of the Superintendent". 

During the following recess season, Lieutenant Waugh supplied carefully prepared 
drawings and estimates of the masonry columns that would be required at the first ten ot' the 
tower stations in the plains. These were designed simply for the support of the large theodo- 
lites which would be employed in the measurement of the principal angles; they were further 
intended to mark the station permanently. The surrounding platform for the support of the 
observer, his attendants, and the observatory tent, ~ a a  to be constructed as a portable scaffold- 
ing, which would be removable at pleasure, in order to be employed alike at  all the stations ; 
bamboo ladders were to be erected for the use of tlie signallers whenever the scaffolding was not 
available. The early construction of tlie masonry pillars was very desirable ; therefore, in for- 
warding the designs for them to the Government, the Surveyor General pressed for an early 
decision, as otherwise the progress of the Series would be arrested. Thereupon the Military 
Board-to which the general construction of all public works was then entrusted-was 
directed to adopt the necessary measures for the construction of the required columns of ma- 
sonry, in communication with Lieutenant Wnugh. 

Tlle party had already (3rd October) taken the field wlien tlie orders of Government 
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were received. As the erection of the masonry columns would take some time, no h a 1  

ssusou 1836-36. observations were contemplated this season. The party 
Psasonnn~. was therefore to be occupied in clearing rays, selecting 

Lieut. A. 8. Waugh. B e n d  Endnoan, l e t  A d .  stations and ah0 in measuring the angks ~pproximate~ 
Mr. J. W. Armstron~, 1st Class Club-Assistant. 
,, W. R. Fomter, 2nd ,, )I ly-with small theodolites-for immediate geographical 

requirements. 
Early in this season the services of Lieutdnant Waugh were again drawn off to assist 

Major Everest, whose health was in such an unsatisfactory condition that his medical advisers 
strongly recommended him to abjure all further active field work and proceed to sea. The 
Surveyor General was most anxious to finis11 the operations on the northern section of the 
Great Arc; and at the same time lie wished to guard against any sudden emergency, by having 
with him an officer in whose hands he could confidently leave t l ~ e  conduct of those operations, 
the early completion of which was of great importance in the interests of geodesy. Accord- 
ingly, with the sanction of Government, he directed Lieutenant WaugZl (on 8th December) to 
repair with as little delay as possible to the Head Quarters of the Great Arc party which wae 
then at  Kalihna-the northern astronomical extremity of the Arc. Thus the management 
of the Rsngir Series was again left in the hands of Mr. Armskng, an offikr to whom it 
could be coufidently entrusted. 

The ray-clearing and approximate measurement of the angles was carried on without 
cessation, and under many mculties,  until the 22nd of June, when the rainy season set in 
with such violence as to prevent further operations in the field. Fourteen rays had been 
cleared and approximate angles measured between stations previously selected, thus bringing 
thia part of the operations up to the side Janjfri-Gajnera (xx~x-xxx). Five stations were 
selected further north, by which the Series was extended to the outer Himalayas. 

Meanwhile the Executive Engineer of the Cawnpore Division was proceeding with the 
construction of the ten masonry columns which were required to be erected at the principal 
stations, in accordance with the designs previously furnished by Lieutenant Waugh. At the 
station of Atsu (XVI), in the Ethwah District, the overseer was completely thwarted by the 
determined opposition of a ze~nindar, ZBlim Sing, the owner of a fort where a column mas to 
be erected, the site for which he had originally given over voluntarily for the purpose; but 
when the overseer appeared on the scene, just one year afterwards, ZAlim Sing put forward 
the most frivolous pretexts for holding back from his concession, and even went, the length 
of building around the very spot which had been cllosen. The overseer was compelled to 
suspend his operations, and a lengthened correspondence with the Civil Authorities ensued. 
Lieutenant Waugh pointed out that any change made in the site of the station would involve 
a loss to Qovernment of Ra. 1,700, which should be defrayed by the zernindar aa i t  would 
be due solely to a breach of faith-on his part. This argument produced more practical 
results than all former persuasion had done ; and it was h a l l y  settled that Mr. Armstrong 
should proceed to the spot, early in the following field season, and set the overseer to work, 
after personally arranging matters with ZgJim Sing. 

During the recess-which wras spent at Bareilly-Mr. Armstrong prepared designs and 
estimates for fourteen columns remaining to be erected, and of modifications to the column 
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at Risungarh (xx), which had been found to require an increase of 9 feet to its height, in 
order to be seen from the two forward stations. 

hlr. Armstrong marched, on the 26th September, from Bareilly to make the necessary 

Searor 1836-37. 
arrangements regarding the construction of the column at 

Y E B ~ ~ N ~ L .  Atsu (XVI). I t  was found that the zernindar still objected 
Mr. J. W. A-h.onp, class sub-dmistcmt. to give up the site which he had originally conceded; he 
,, J. Mulhem, 2nd Clnea ,, was probably more influenced by the idea of preserving his 

dignity than any other reason ; for he willingly gave another site, within a few feet of the first, 
but still at  rt sufficient distance to necessitate a partial reclearing of all the rays between 
Atsu and the surrounding principal stations, a work which occupied several days. 

Mf. Armstrong then proceeded southwards to examine the columns which had been 
built by the Department of Public Works, and clear the rays of whatever vegetation had 
spilxng up on them during the period of two years which had elapsed since they were first 
opened. He found the condition of some of the columns far from satisfmtory. At Husa- 
iu ra  (x~v)  so much deflection had taken place, owing to insufficient foundation and bad 
workmanship, that the column was in a dangerous condition and had to be rebuilt; arrange- 
ments for thia were immediately made, as the column would be soon wanted in the course 
of the measurement of the principal angles. The columns at  other stations had also become 
deflected to an extent which rendered it impossible to suspend a plumb-line from the centre 
of the summit, through the hollow core, over the centered markstone on the ground-level at  
the base ; but this defect was got over, partly by moving the markstone, and partly by add- 
ing a capital of larger diameter to the pillar, to increase its upper surface and thus permit of 
the theodolite being set up excentrically. Elsewhere the columns were found to be " oorrect 
and adapted for final work". 

Yr.  Armstrong then proceeded to Cawnpore to take over the portable scaffolding which 
was to be employed mound the columns at each station ; these had meanwhile been construoted 
by the Ordnance Department, from designs supplied by the Surveyor General. No description 
of the so-called portable scaffolding is now forthcoming; but some idea of its bulk may be formed 
from the circumstance that no less than 10 four-bullock carts were required for its transport. 

By the end of November everything was ready at the first ten tower stations for the 
measurement of the principal angles, and arrangements had been made for oonstructing 
columns at  fourteen stations in advance by the Bareilly Division of the Department of Public . 

Works. Mr. Armstrong therefore proceeded to Qoku lphh  (x) to resume the h d  observa- 
tions, taking with him an 18inch theodolite-Cary's L, described at page 69 of the Appendices 
to Vol. 11-to employ in the measurement of the principal angles. By the 10th April, the 
whole of the horizontal anglea had been measured at stations VIII to XVII inclusive. The 
messurement of the vertical-angles had however terminated at  stations IX and x, because 
satisfactory verticals could not be obtained ; consequently this part of the work was postponed 
until arrangements could be made for taking simultaneous reciprocal observations, with the 
assistance of a second observer and instrument. 

Observations were being taken at  Birolla, (xvm), and two-thirds had been completed, 
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when, on the night of the 10th April, the portable sca.ffolding was set on fire ; being very in- 
flammable it was completely destroyed in the course of a few minutes. When access to the 
summit of the station wm obtained next morning by ladders, the instrument appeared at first 
"to have escaped the effects of tlie flames "; but eventually it was found to be so damaged as 
to have become practically useless. The origin of the fire remained a mystery, but is believed 
to have been purely accidental. This catastrophe, llappeniilg in the month of April, neces- 
sarily put a stop to all further measurelnents of the principal angles during this field season. 

During the following recess Mr. Armstron g was furnisli ed with another 1 8-inch theo- 
dolite--Cary's M. O., described at page 68 of the Appendices to Vol. I1 ; he was also directed to 
proceed to Agra, to superintend the construction of another portable scaffolding, with such 
assistance as he might obtain from the Ordnance Magazine at  that place. 

Provided with a new scaffolding, Mr. Armstrong com~nenced the operations of the 

Bearm 1857-98. field season of 1837-38 by final observations a t  Bisungarh 

P E B B O ~ E L  (xx). Though detained there for sixteen days-from 24th 
Mr. J. W. Amstmng, lst Olasr 8ub.Amhnt.  October to 9th November-he was unable to complete the 
,, J. Mulheran, 2nd ,, IS horizontal angles, but succeeded in measuring the vertical 

angles simultaneously with Mr. Mulheran, wlio took the reciprocal angles a t  the surrounding 
stations. He then proceeded to KalsAn (XIX), wliel-e, though he again succeeded in executing 
his share of the reciprocal verticals, he was still unfortunate as regards the horizontal angles; 
the condition of the atmosphere was such as to prevent him from obtaining a sufficiently satis- 
factory view of the signals at the surrounding stations to enable him to measure the angles be- 
tween them with the requisite degree of precision. Attributing the state of the atmosphere to 
unprecedentedly high winds, with concomitant clouds of dust, which then prevailed in the imme- 
diate vicinity of the River Ganges, he thought it advisable to lose no more time in that neigh- 
bourhood, and, passing over three stations-XXI, XXIII and xx~v-he set up his theodolite at 
Guri (xxv). Here he was detained n whole month, the out-turn of which was only two 
principal horizontal angles and simultaneous verticals on two rays, besides a set of experi- 
mental observations to circumpolar stars for azimutl~. The next three weeks sufficed but to 
take the principal horizontal angles at Dlidka (xxv~)  and the verticals on the ray to Saipur 
(XXVII). It was now the 6th of Februa.ry, and during tlie next month all that he was 
able to finish was the measurement of the angles, horizontal and vertical, at  the stations of 
Saipur and h r a k  (XXVIII). I n  writing from the latter station on the 6th of March, Mr. 
Armstrong reported that owing to the reverses which he had experienced from the state of 
the atmosphere, he had " only completed two entire triangles on the south side of tlie Ganges 
and three triangles on the north side," besides of course the vertical observations whioh 
he liad advanced pari pam.2 with the horizontal measurements. It was his intention at the 
time to continue liis proglgess as far north as he could proceed in tlie month of March, and 
then to return and finish the work below. He made comparatively good progress during the 
remainder of the month, completing the horizontal and vertical angles up to and including 
the side Gajnera-Fateliganj (xxx-xxrr), as well rn a good nuinber of secondary angles. 
He then retraced his steps to Quri (xxv), where between the 16th and 19th April he ob- 
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served the principal angle between the side Potl~hri-Mau (XXIII-xxrv), the verticals on 
two rays, and some seuondary angles. He next moved on to Mau where he remained until 
the 8th of May by which time he was able to finish the three principal angles, the verticals along 
the ray to DMka, and the secondary angles to surrounding stations and points. But un- 
favourable weather again set in, and Mr. Armstrong moved into the station of Fatehgarh 
where he was to spend the recess ; there he employed himself on the computations, at  tlre 
same time holding himself in readiness to start for his next station Potl~hri ( x x ~ n )  whenever 
the weather dight  permit ; but dust storms continued to prevail persistently and with unusual 
frequency and violence; thus he was unfortunately unal~le to take the field again this season 
in order to bridge over the gap in the triangulation in the immediate vicinity of tlre Ganges. 

The pillars built by the Department Public Works this year in the Farrukhabad and 
the Bareilly districts, as far north as Fatehganj, were very favorably reported on by Mr. Arm- 
strong who found them in geneml well built, steady and symmetrical. 

The resumption of field operations in the season of 1838-39, was delayed, because the 

& ~ O U  1838-89. severity of the preceding rainy season had done considerable 

p~~eolplpm,. damage to the portable scaffolding. I t  had been left stand- 
~ r .  J. W. Armatrong, Irt clws s~b-~ssistant. ing at the station of Potlrtiri (xxrrr), until the montll of 
,, J. Mulheran, (I n August when Mr. Armstrong brought it in to Fatehgarli, 

for protection against further injury and for subsequent repairs; he experienced consider- 
able difllculty in so doing because of the state of the roads and the large number of 
carts required for its transport. The damage done to the scaffolding took some time to 
repair, which, with delays in obtaining carts, prevented Xr. A.rmstrong from taking the 
field earlier than 26th December 1838. By the 19th of the following montll, he had only 
succeeded in measuring three principal horizontal angles at the station of Pothslri and in 
taking verticals on the rays to Chandanpur (XXI) and Mau (xx~v). He then moved on 
to Chandanpur, and completed three angles at  this station and the verticals on the ray to 
Mau, by the 3rd of February. Here he received information of the fall of the pillar a t  
Bagwhra (VII of N.E.L.S.) ; he therefore moved the Executive Engineer of the Bareilly 
Divi~ion to have the pillar rebuilt with all possible despatch, as it wol~ld be required for use by 
the end of March. The station next visited was Bisungarh (xx) ; tlle horizontal angles were 
completed by the 11th of the same month, but no verticals could be obtained. For some 
~ne;~lsined-reason Mr. Armstrong was unable to go down southwards, and complete the 
angles which remained unmeasured at the stations of Birona (XVIII) and Kalsh  (XIX). This 
deficiency was not made good for another season. 

From Bisungarh Mr. Armstrong marched northwards to the station of Gajnera (xxx), 
where he arrived on the 12th of March; by the 18th he completed the horizontal anglo 
between Fatehgnnj ( x x x ~ )  and Attiria (XI of N.E.L.S.), and had taken verticals on the ray 
to the latter station. By the 23rd of March, the horizontal and vertical angles at Fatel~ganj 
were concluded, and the party was on its way to Attiria. Tho pillars at  this station and at  
Sisgarh (x of N.E.L.S) were found to be very much out of the perpendicular; the former 
moreover was in a somewhat dangerous condition, several cracks having taken place both 
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in the shaft and the basement. Though somewhat apprehensive that the pillar a t  A t a  
might fall down, Mr. Armstrong set up his large theodolite on it, rather than postpone the obser- 
vations until it could be rebuilt ; it was so much deflected however that the instrument oould 
not be plumbed over the mark-stone in the basement ; four small pillars were therefore built 
round the station, with a mark on each, and tllese marks formed a quadrilateral figure the diago- 
nals of which intersected in the normal of the point of observation. By the 16th of April, tlie 
liorizonhl and vertical angles at  this statdion and at  Sisgarh were disposed of ; and by the 3rd of 
May the ray from Beheri (IX of N.E.L.S.) to Bagw4ra (VII of N.E.L.S.)-left uncleared in 1836- 
had been cleared, and the horizontal angles at Beheri had been measured. The work at B a g w h  
was conoluded by the 19th idem, some delay having been occasioned by the neceseity for further 
clearing on the ray to Sisgarh*. The party then proceeded to recess quarters a t  BareiUy. 

At the commencement of the field s w o n  of 1839-40 Mr. Armstrong was required 

& r u ~ r  ~89-40. to proceed to the camp of the Great Arc party in the 
Pmeoxnrr, Meerut District, to receive instructions and excl~ange Iris 

Mr. 3. W. ~ - t r o ~ ~ ~ ,  ~lses s ~ b - ~ ~ i s t ~ ~ t .  large theodolite for Harris and Barrow's 16-inch theo- 
,, J. Mulhenm, 91 99 dolite--described at page 72 of the Appendices to VoL 

11-which had recently been employed with very satisfactory results on the Budhon Series. 
Returning to resume field operations, on the 11th November lie reached Fatel~garh, 

where he found his assistant, Mr. Mulheran, on whom he was dependent for the reciprocal 
observations, completely prostrated with a malarious fever. For this and other reasons the 
party was detained at Fatehgarh until the 6th of January. 

The progress made during the next two months was very small, comprising only 
the mwurement of the two northern horizontal angles at  Kaldn (xrx), and verticals on 
the rays Poth6ri4uri  (XXIII-xxv) and Seontslra-Birona (xvn-mn) .  By the 21st of 
April, Mr. Armstrong completed the horizontal angle that had remained unobserved at  
Birona as well as the simultaneous verticals on the fifteen r a p  that had hitherto existed 
as a gap between the side Phh-Gokulphtira (IX-x), and Seontha-Birona (XVII-XP~II). The 
party then returned to Fatehgarh. Here Mr. A.rmstlaong found instructions awaiting him 
from the Surveyor General, directing him to proceed to the Head Quarters a t  Dehra D b  
with the whole of the establishment and instruments under his charge, leaving the port- 
able scaffolding and other heavy ordnance stores in deposit a t  the Gun Cmiage Agenoy in 
Fatehgarh. 

On the 1st of the following October, Mr. Armstrong started from the Head Quarters 

Bearon 1840-41. 
to commence the field operations of 1840-41, and proceeding 

P ~ ~ s o a m  
wid Fatehgarh marched to Muhammadabad (XXII), where a 

Mr. J. W. Armstrong, 1st Clew Sub-Assidant. 
new station was to be established for azimuth observa- 

J. Mulhersn, tions, which had also to be connected with the surrounding ,, W. 0. Bosrenrode, 8rd'Clw :: stations. A tower 16  feet high was erected on the bastion 

Mr. Armstrong reported that when he waa observing at Sbgarh in April, the refraction ass so great as to enable him to me the 
heliotrope at Ilagwira over every obstruction. Unfortul~utely tkie warn not Lbe caae duriug the reciprocvt obeervationa 



of the fort at Muhammadabad, the construction of which was completed in time for the star 
observations to be commenced on the 26th December. The azimuth was determined by observa- 
tions to 6 Ursae Minoris at  both elongations. These observations, as well as the measure- 
ment of all the horizontal angles of the three triangles connecting XXII with the surrounding 
stations xx, XXI and xxnI, were completed by tlie 12th February. 

Mr. Armstrong was then transferred to Lieutenant Waugh's party, which was ope- 
rating near Hyderabad in the Nisam's dominions. Mr. C. Lane, 1st Class Sub-Assistant, wtm 
placed in charge of the Rangir party, which he assumed on the 1st of March. Mr. Mul- 
heran extended the Approximate Series in advance into the outer Himalayan Mountaim 
by four triangles, of which the northernmost station (K-hhkra) was fixed beyond the 30th 
parallel of latitude. But these triangles were subsequently incorporated into tlie North- 
East Longitudinal Series, at  the side of junction with which-Sisgarh-Ahlria-the Ran& 
Series is now considered to terminate. Anything that may have to be stated of the trian- 
gulation beyond, which was originally executed as a part of this series, will therefore appear 
in the Introduction to the North-East Longitudinal Series. 

The remaining operations in connection with the principal triangulation of the Ran& 
Series, as at  present constituted, were as follows. Pirst, in the field season of 1841-42 the 
vertical angles at and between stations xx and xxr to XXIII, which had not been previously 
observed were measured reciprocally by Mr. Lane and Mr. Rossenrode, observing sirnultane 
ously. ;Finally, in the season 1863-64, when Mr. Qeorge Shelverton reached Rangir, during 
the course of the revision of the Calcutta Longitudinal Series*-the station was found to 
have been so much injured that there mas every reason to believe that the markstone, which 
was forthcoming in the dkbris, must have been displaced. Happily the marks at the shtions 
of Tinsmhl and KusmAr-which, with Rangir, form the firat triangle of the chain-were 
uninjured. Mr. Shelverton therefore constructed a new station at Rangir-in the centre of 
the dbb& of the first station-and measured the three angles of the triangle RangilcTinsmSil- 
Kusm&r, and thus connected the fin,& Series with the revised Calcutta Longitudinal Series. 

The contrast between the rapid completion of the lower third part of this Series, which 
is situated in a hill country, with the slow execution of the upper t wo-thirds which is situ- 
ated in the plains, h s  already been noticed a t  pages VII and v rn  of this Introduction. 
The principal cause of the slow progress in the plains was that the sides of the triangles were 
made of a length which averaged from 15 to 19 miles, and occrtsionally exoeeded 22 miles. 
Sucli sides are mucll too long for satisfactory observations between towers of even the consi- 
derable height of those which were erected for tlie principal triangulation. Thus the measure- 
rnent of the horizontal angles proceeded very slowly ; that of the vertical angles had frequently 
to be performed so long after the time of minimum refraction that simultaneous reciprocal 

- ~ - 

Bee Vol. XI, pagea I D  a d  71 J dm VoL VI, page pn-B. 
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verticals were often essential to secure even moderate accuracy ; and this not only necessitated 
the employment of a second observer with a complete instrumental equipment, but greatly 
retarded the progress of the operations. The experience gained on the Rangir Series led to 
an immediate and very sensible reduction in the lengths of the sides of the triangles in the 
plains. h d  further experience showed the desirability of still further reductions in length, 
in order to obtain the great advantage of mutual visibility at. the time of minimum refraction, 
between tower stations of moderate height ; thus eventually an average of 11 miles-ranging 
from 9 to 13-has come to be recognized as the most suitable length for the sides of the 
principal triangles in the plains ; see Chapter I1 of Vol. 11. 

The triangulation of the m g i r  Series has been included in the Simultaneous M u c -  
tion of the North-East Quadrilateral. The errors actually dispersed on this Series between 
the origin, Tinsd-Rangir,  and the terminus, Sfsgrsrh-Attiria, are :- 

... ... Logarithm + o'ooo,0144,9 
I n  side 

giving a ratio of about 29 inches per mile. 

... ... 9, ... Latitude + o'"433 

... 9, Longitude ... ... + o -796 

... ... I1 ... Azimuth + I I  -597 

The dispersion of these errors by the Simultaneous Reduction of the North-East Quad- 
rilateral was effected by the method of least squares, as described in Part I of Vol. VII. 

The trigonometrical determinations of the heights of the stations of this Series above 
the m a n  sea level have been corrected by connecting the stations, wherever possible, with the 
lines of spirit levels which have been executed of late years in the course of operations in the 
Trigonometrical and Revenue branclies of the Survey Department. A list of the stations 
which have been so connected will be found on page 43-x. [of Vol. VII] ; a statement of 
the several sections into which the series is divided, as well as the method of adjustment 
employed is given in detail on page 38 of Part I of Vol. VII. It will here suffice to state that 
the spirit levels shew that occasional errors of a masnitude which reaches a maximum of 14.6 
feet between contiguous stations were made in the trigonometrical determinations ; and that 
the cumulative error in the entire Series, from origin to terminus, is about 62 feet. This 
large accumulation of error is unquestionably due to the great lengths of tlie sides of the tri- 
angles in the plains, which has already been shewn to have been a cause of great delay in the 
progress of the operations, and which frequently compelled the measurement of the vertical 
angles to be made at  other times than that of minimum refraction. An inspection of the 
values of the refraction-in seconds, and in decimals of the 'contained' aro-which are given at  
pages 38-9. to 43-9. [of Vol. VII] will show many instances of greatly abnormal variations 
of refraction, such as are fatal to accuracy in the resulting determinations of height. 
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The secondary triangulation accomplished in connection with this Series was mainly 
executed by the measurement-with the large theodolites--of the angles at  the principal 
stations, to the surrounding secondary stations and other prominent objects, and by the mea- 
surement-with smaller theodolites--of the angles at the secondary stations which were required 
for combination with the former, in order to complete the secondary and minor triangles. The 
whole is shown in the chart accompanying the Synoptical Volume for this Series, in which 
volume all the requisite numerical details of angles and side-lengths, and of latitudes, longi- 
tudes, azimuths and heights, are given, both for the secondary stations and for the ( intersected' 
but unvisited points. 

Most of the angles at  the secondary stations were measured by Mr. Mulheran, who 
was specially commended for the vigour with which he succeeded in laying down the very 
large number of points between the parallels of 25'9 and 27'4 in a single field season, 1836-37. 

Compiled, with Addenda by the Surveyor General, by 
C. WOOD, 

M U S S O O R E E :  
Surveyor 2nd Orade. 

Auguat 1881. 





R A N G I R  M E R I D I O N A L  SEBIES .  l-x. 

ALPHABETICAL LIST OF STATIONS. 

Atiria 
(of North-Eeet Longitudinal WB(J). 

Atsu 

Bhoraj . 
Birona 

Bisungarh 

Chandanpiir . 
Chandla 

DBlipQ 

Datiira 

Dhiika 

Fateganj 

Gajnera 

Gandaspiir . 
Gokalphha . . 
Gura 

Guri 

Husiipba 

Jmjfri . 

XVI. 

IV. 

svm. 
XX. 

XXI. 

III. 

XXVI. 

XYXI. 

XXX. 

XV. 

X. 

XI. 

XXV. 

m. 
XXIX. 

Kasrak 

Kusmiir 

Mamdibtid .. 

Nagodth 

Nipenia 

PhGa 

Rangir 
(of Calcutta Longitudinal Berim). 

Sisgarh . 
(of North-Eest Longitudinal Bmiw). 

Tinsma 
(of Calcutta Longitudinsl scrim). 

X M  
XII. 

XXVIII. 

I. 

XXII. 

VII. 

xxrv. 
m. 
xm 
IX. 

XXIII. 

X. 
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NUMERICAL LIST OF STATIONB. 

. . . Tinsmhl. 
(of Calcutta Longitudinal Series). 

. Rangir. 
(of Calcutta Longitudinal Series). 

. Kusmbr. 

. Chandla. 

Bhoraj. 

Datika. 

Thanela. 

. Manang. 

. . Nagoniith. 

.. . I .  Phha. 

, Gokdphka. 

Kanwa, 
I 

Nipenia. 

. . Atsu. 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXIII 

XXVI 

XXVII 

XXIX 

XXX 

XXXI 

X 

Seontilra. 

Birona. 

Kalsin. 

Bisungarh. 

M60. 

Guri. 

Dh6ka. 

Saipiir. 

Kasrak. 

Janjiri. 

Gajnera. 

Fateganj. . 
Sisgarh. 

(of North-&& Longitudinal Beriea). 

. AtGia. 
(of North-Eaet Longitudinal Series). 
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DESCRIPTION O F  PRINCIPAL STATIONS. 

Of the 31 Principal Stations composing this Series, the 10 southernmost are on llills, and are low solid 
platforms carrying a mark engraved either on the rock in situ" or (presumably) on a stone imbedded a t  about 
the level of the ground: above this mark one or more other mark-stones, with t l ~ e  usual engraved circle and 
dot, are inserted in the platform, t l ~ e  uppermost being flush with the structure. When t l ~ e  Series entered tile 
plains, artificial elevations had to be constructcd. Tliese special erections a t  the first 9 stations consisted of 
perforated columns of masonry of the following description ;-foundation a foot or two in depth and liaving 
a mark-stone sunk flush with its surfme; plilzth either 46 or 53 feet square and 33 feet high ; shaft composed 
of two or more cylinders with (1iarnetc.r~ varying from 4 or 6 feet a t  base to 3 feet a t  ~ u m m i t  ; surmounted in 
nclarly all instances with capitals 4 feet in diameter and about 3 feet in depth ; an aperture about a foot across 
paased vertically tliroug$~ the column to adrnit of plumbing over the mark-stone to which access was obtained 
by means of a vaulted passage in the plinth. For the remainder of the* Series the construction of these columns 
of masonry was sligl~tly mod~fied, and the structures, generally speaking, were built as follows;-foundation 
3 feet in depth ; plinth 9 feet square and 3 feet I~igli having a, mark-stone sunk flus11 with its surface ; bntte- 
meld cir,?ular, 7 feet in diameter and 6 feet Iiigh ; tthaft starting in a curve from the edge of the basement and 
subsequently continued in the form of a truncated cone with a diameter of 3 feet a t  summit; surmounted with 
a capital and having an aperture as before described. For the accommodation of the 05servatory tent, tempo- 
rary scaffolding platforms were erected around tlie columns : wlien the last 2 stations were subsequently visited 
in tlie course of the operations of the North-East Longitudinal Series, tlie columns were surrounded with a 
kacha tower about 14 feet in diameter a t  top. Exceptions to tlie general rules in point of construction of tlie 
towers will be found a t  the stationsof Bisungarh and Muhammadabad, in the descriptions of which such details 
as are forthcoming have been embodied. 

The following descriptions have been compiled from those given in the origi~lal MS. General Report and other original 
records of this Series, supplerne~~ted in respect to tile ~~eigl~boriitg villages by ir~for~~latiorl obtained from the Revenue and Topo- 
graphical Si~rvey maps of the cour~try traversed. The illformation as to the local sub-divisions in which the several stations occur 
has been derived where practicable from the latest Annual Reports received from the District oficere to whose charge the station8 
have beer1 committed. 

V1T.-(Of the Calcutta Zongitudinal Seriee). Tinsma Hill Station, lat. 24" 7', long. 79" 2'-observed 
at in 1826, 1833,1834 and 1 8 6 4 4 s  situated on the top of a very oonspicuous hill about three-quarters of a 
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. g: 

mile 8. by E. of the village of Tinsus from which it is approached : thrina, tal~sfl and pargana &da, district 
Saugor. 

The pillar is solid and has three marks, one engraved on. the rock in sitd and the others a t  3.5 and 8.5 feet above i t  
respectively. The station of 1826 was revisited in 1833 for the purpose of originating the Budhon Meridional Series, when its 
height was increased hy 8.5 feet. I t  was again visited in 1834 to originate the Raligir Meridional Series, hilt no further alteration 
in its co~istruction appears to have been made. On visiting i t  in 18M, the upper mark beit~g found displaced, a new mark was 
substituted in the nornlal of the lower mark. The distances and bearings of surrounding villages are :-Dalpatpur, from wl~iclr a 
road leads up to the station, 1.5 miles N.B.; Lamnau 1.3 miles towards ttie W.; and the deserted village of Tinsi 0-8 mile S.S.E. ~ 

X.-(Of the Calcutta ZongitudilurZ Series). Rangir katform Station, lat. 2C 0', long. 79" 28'-ob- 
served at in 1827, 1834 and 18%-is situated in a ploughed field about half a mile S.E. of the little village of 
Rangir : th4na Narsingllgarh, ta11si.l and district Damoh. ~ 

The pillar is solid and contains two mark*, the upper being 5 feet above tlie lower. The station of I827 was revisited 
in 1834 for the purpose of originating the Rangir Meridional Series, and was then raised 4 feet in Iieight. 0 1 1  again visiting i t  in  
1864 the statiou was found destroyed, and altho~iglt a mark-stone was discovered amongst the debris it was impossible to  say if tlris 
mark was in its origiual position. Tlie new statio~i esttrblislied in 1864 is identical in height with the old station and i t  also agrees 
as closely in position with the latter, as this point could be conjectured. The distalices aud beariugs of sur ro~~i~di r ig  places are:- 
Narsinghgarh town 24 miles W. by S.; Murhiya village 1.4 miles S.E.; and the town of Sitauagar 3.1 miles N.N.E. 

I. Kusm4r Hill Station, lat. 29" 16', long. 79" 23'-observed at in 1826, 1834 and 18644s  situated 
on a.low range of hills which extend from Panna towards Saugor, and is named after the village of Kusmfir 
whichlies at the foot of the hill at a disbnce of about a mile N. by W. of the station : pargana Baxw41io of 
the Panna state. 

The station consists of a platform enclosing a central solid pillar of masonry 7.2 feet high which has a mark-stone a t  
its upper surface, another at 2.9 feet below tllis, and a third at the level of the ground. The station of 1826 was revisited in 18M 
in the course of the operatiorla of t l ~ e  Raugir Meridional Series, aud again iii 1864 in the prosecutio~~ of the Calcutta Longitudinal 
Series, but no alteration i ~ i  its co~~str l~ct ion appears to have bee11 made on either of the two latter occasions. The distances and 
benr i~~gs  of surrounding places are:-Hirapur iron 111ine about 11 miles towards the N.W.; Baxwtiho town 3 miles W.; Machandri 
village 1.4 miles N.; and Semra village 1.5 miles S.S.W. 

11. DBllpur (DdZiprEr) Hill Station, lat. 24" 27', long. 79" 12'-observed at in 18344s  situated on ~ 
the northern face of the Vindhybchal range and is named after the small hill fort of DAlipur wl~icl~ stands at 
the base : pargana BijBwar of tlie ,BijBwar state. 

The  tati ion consists of a platform enclosing a central solid pillar of masonry which has a mark-stone a t  its upper surface. 
!I%e distances and bearings of snrrouuding places are:-Hirapur iron mine 6-6 miles S.E. by S.; Patera.village 0.6 mile W. by S.; 
aud Siugl~yur village 2.7 luiles X.N.E. 

111. Chandla Hill Station, lat. 24" 37', long. 79°30'--obserred at in 1834-is situated on a hill so 
called, on the northern face of tlie VindhyBclial.range : pargalla BijBwar of the Bijhmrar state. 

The station consists of a platform enclosing a ceutral solid pillar of niasonry wl~ich has a mark-stone a t  its upper snrfnce. 
The distances and bearings of surrounding places are :-Bij&w~r town 23 miles E.N.E. ; Gulga~ij town on high r o d  from Saugor 
t o  Cawnpore 8 miles N.W. by N. ; and the villages of Audi4ro and Pokhrelo at 3 miles and 2.6 miles to the S.S.W. aud W. 
respectively. 

IV. Bhoraj Hill Station, lat. 24" 50', long. 79" 6'-observed at in 18344s  situated on a lofty range, 
on which stands a temple dedicated to the Hindu goddesq Bhaw4ni : pargana Baldeogarh of the Orchha or 
Tehri state. 

The station consists of a platform enclosing a centrnl solid pillar of masonry which has a mark-stone a t  its upper 
surface and a mark engraved on the rock in  sitd. The distat~cea and bearirigs of surrounding villages are :-Serkunpnr about 0-7 
mile N. by E. ; Dauhit-Singh-ka-pura 0.6 mile S.W. ; and Khena 1.5 miles E. 

V. Dati4ra Hill Stpation, 1at. 26" t3', long. 79" 26'--observed at in 1834-is situated on the highest 
oint of a cluster of l~ills, along whose western base the D l l d n  river winds: th4na A j h ,  talisil and par- 

Kaowbri, district Harnlrpur. 
The etati011 coi~sists of a platform enclosiug a central solid pillar of masonry which lias a mark-stone at ita upper 

surface and a mark ellgraved on the rock in  sild. The distances arid 'bearings of surrouridiiig villages hre :-Narwara 0.5 mile 
N. by W. ; Purainia 1.6 miles S.E. by S. ; Daurea 1'7 miles E. by S. ; and the town of Qerauli 2.1 milea S.W. by S. 
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VI. Thanela Hill Station, lat. 24" 68', long. 79" 47'-observed at in 1834-is sit,uated on a detached 
hill, at the foot of which lies the village of Sela : pargana Chhatarpur of the Chattarpur state. 

The station conaists of a platform enclosing a celitral solid pillar of masonry ml~ich hag a mark-stone at its upper 
surface. T l ~ e  distalices aud bearings of surroundirig village8 are :-Mau 0.9 mile N.W. ; Naddia 3.1 miles E. by S. ; and Kotah 
1.6 miles S.S.E. 

VII. Manang Hill Station, lat. 26" 17', long. 79" 46'-observed at  in 1834-is ~ituated on tlie sum- 
mit of n liill so called, at tlie foot of which-and due south of tlie station-lies t l ~ e  village of Salat Malat : 
jagfr Garhauli \vhicll adjoins thdna Kulpali4r, tahsil and pargana PanwAli of tlie Han-ii~.pnr district. 

The station consists of a circular paka platform, 16 feet in diameter, eirclosi~ig a central solid pillar of masonry whicl~ 
has a mark-stone at its upper surface arid a mark erigraved 011 tlre rock in sitd. The distances arid bearings of surrouiidirig villages 
are :-Narari 1.8 iniles S.E. by E. ; Larpur 1.3 miles N.W. by N. ; GamQpur 1.5 miles W. ; Supa 2.9 rniles N.E. ; and a Revenue 
Survey Beiicli-Mark fixed on a rock 1.04 chaius 5. by W. 

VIII .  N&gon&th (Nagondth) Hill Strltion, lat. 25" 27', long. 79" 23'-obgerved at in 183% and 1836- 
is named after the Hindu deity Ndgonfitli wl~ose temple stands on the same hill along the eastern side of which 
tlie river Dliash winds : pargana Garot ha, district Jliknsi. 

The station consists of a platform enclosing a central solid pillar of masonry which has a mark-stone at its upper surfice. 
The distances aud bearings of adjacetit villages are :-Gura 1.1 miles S.W. by 5.; a ~ i d  Karora about 1.2 miles N.W. 

IX. PMra Hill Stat,ion, lat. 26" 41r, long.,7g0 43'-observed at  in 1834 and 1836-is situated on a, 
hill, on which at tlie distance of a few yards S.S.E. of the station a temple-dedicated to the Hindu deity Mahti. 
deo-is erected ; it is narned after the village of PIi4ra or Palira wliicl~ lies at the foot of the hill and is due 
east of the station : th&na Jariya, tahsil and pargana U t h ,  district Hamirpur. 

The station consists of a platform enclosing a central solid pillar of masonry which has a mark-atone at its upper sur- 
face. Tlie distances and beariligs of surroundiug villages are :-Urnaria 2 miles W. by N. ; Jarmauli 1.6 miles N.N.W. ; Turnw 
2 miles E.S.E. ; and Chilli 1.4 miles S.W. 

X. Gokulpl14ra (Ookalphdra) Hill Station, lat. 26" 46', long. 79" 20'-observed at  in 1836-is situ- 
ated on tlie highest of several eminences clustered in tliis vicinitx, and is named after the small village of 
Goklilphbrn wllich lies at  the western foot of the hill: in the Gursarai s h t e  within pmgana Garotha of the 
JhAnsi district. 

The station consists of a platform enclosing a'central solid pillar of masonry 12 feet high : i t  has a mark-stone at its 
upper surface aiid 3 m.wk engrave? 011 the rock in eitd. The distalices and beariugs of sorrouiidit~g villages are :-Uogul 0.6 mile 
N. by W. ; Do~iri 2-6 miles W. by S.; Dlianora 2.1 miles S.S.E. ; arid Dhanori 2 miles E. by S. 

XI. Gura Tower stntian, lat. 25" 68', long. 79" 36'--observed at in 1837-is situated on a slight 
eminence and is llained after the ruined village of Gum : th&na Orai, tall~il Ktilpi, district JBlaun. 

Tlie statiori consists of a perforated masonry col~lmii 54 feet square to a l~eiglit of 34 feet, and circnlar therenfter-the 
diameter a t  top of shaft heil~g 3 feet-siirmo~inted by a capital of 4 feet diameter: tlle siimniit of tlie columii is 33.3 feet above 
the mark-stone imbedded at the level of tlie groul~d and illto wl~icli a braas plug with tlre mark eugraved tl~crcoii has Lee11 cuu1.1- 
tersunk. The distancei aiid bearings of surrouiidiilg villages are :-Kurmir 1.8 miles N.N.W. ; Burdar 1 mile E. by N. ; Kurwi 
Buzurg 1.6 miles S.S.W.; aud Phani Buzurg 3.5 milea W. 

XII. Kanwa Tower Station, lat. 26" 4, long. 79" 19'-observed at in 1837-is ~ituated on the terreplein 
and close to the N.W. tower of t l ~ e  fort of Knnwa distaut about 8 miles S.W. by 8. of the town and station of 
JBlaun : tMna, tahsil, pargana and district Jrilaun. 

. 

The station consists of a perforated nrasonry column 44 feet square to a height of 34 feet, and circular thereafter-the 
diameter a t  top of shaft being 3 feet-nllrmo~~lrted I)y a capital of 4 feet diameter : the snmmit of the col~nun is 28.8 feet 
above the mark-stone imbedded a t  the level of tlie groiind. The distances and beariugs of eurroundiiig villages are:-Lachura 
1.5 miles N.W.; Purwlri 1-4 miles N.X.; Duliora 2.8 rniles S.E.; slid Bhair 2 miles W.S.W. 

XIII .  Nipania (Nipenda) Tower Station, lat. 26" 14') long. 79" 38'-9bservcd at  in 1837-is situated 
on the riglit bank of tlie Jumna, and stands on the lands of the village of Pal Sarania at a distance of 14 miles 
N. by W. of the village of Nipanin : thCin% Nip~nia, talisil Khlpi, district Jabun. 

The station consist8 of a perforated masonry colurnll 54 f x f ,  square to a height of 34 feet, aud circul'ar tlrcreafter-the 
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diameter a t  top of shaft being 8 feet: the summit of the column is 39 feet shove the mark-stone imbedded at the level of the 
ground. The distances and bearings of surrounding villages are :-Simra Sheikhpur 1 mile E.S.E.; Sikuuui 1.9 miles S.; a ~ ~ d  
Sunni Ser 1.5 miles W. by N. 

XIV. Husapura (Hwdpziva) Tower Station, lat. 26" 22', long. 79" 21'--observed at  in 1837-is situ- 
ated in an open field due 5. of the village of Husapura, and distai~t about 2 4 miles from the riglit bank of the 
Jumna : t h h a  Gohan, tahsfl Mhdhogarh, district J4laun. 

The station corrsists of a perforated masonry columi~ 54 feet square to a height of 34 feet, and circular thereafter-the 
diameter a t  top of shaft being 3 feet: the sr~mmit of the column is 33.8 feet al~ove tlre mark-stone imbedded at the level of the 
ground. The distances and bearings of surrounding villages are :-PBnipur 0.6 mile S.W.; Magtoa 1-1 miles due W.; ShaikLpur 
Ahir 0'5 mile E.; and Nimgaon 1.3 miles S.E. by E. 

XV. Qandaspur (Granbhpzir) Tower Station, lat. 26" 28', long. 79" 38'-observed at  in 1837-is situ- 
ated on a low mound which stands-on the west side of the village of Gandasplrr, and is distant about three- 
quarters of a mile from the right bank of t l ~ e  Sengar nadi: th6na and pargana Dempur, district Cawnpore. 

The station consists of a perforated masonry coturnxi 41) feet square to a height of 34 feet, and circular thereafter-the 
dinmeter at top of shaft being 3 feet-surmounted by a capital of 4 feet diameter : the summit of the column is 28 feet above the 
mark-stoire imbedded a t  the level of the groued. Tlie distances and beari~lgs of neighboriug villages are :-Napallapur 1.3 milea 
E.; and Mnl~binghpur 0.8 mile S.E. 

XVI. Atsn Tower Station, lat. 26" 36', long. 79" 24'--0hscrved at  in 1837-is sit,uat,rd on tlie elevated 
platform which surrounds the exterior of the N.E. tower of the fort of Atsu or Arsu : t&luka Bliareh, tllhna 
Ajitmal, tahsil and pargana Auraiya, district Etdwah. 

The station consists of a perforated masonry column 44 feet square at base to a height of 34 feet, and circular there- 
after-the d i~meter  at top of shaft beirig 3 f eeGsurmou~~ted  by acapital of 4 feet diameter: the summit of the column is 26.7 feet 
above the mark-stone imbedded a t  the level of the platform. The distalices slid beari~igs of surroul~dirig villages are:- 
Mahiuddin 0.6 mile S.; Durliaspur 1.6 miles W. ; Alamgirpur 0-9 mile N.N.W. ; and Raslilpur 1 mile N.E. by N. 

XVII. Beont&ra Tower Station, lat. 26" 42', long. 79".3St-observed a t  in 1837-is sitr~ated on the  
webtern solid tower of a small brick fort which is built on an extensive elevated mound (about 50 feet in height) 
down the eastern slope of which lies the village of Seontitra, the western declivity being washed by the ltind 
or Aripd nadi : t b h a  Bela, tahsil and pargana Uidlifina, district Et&wah. 

The station consists of a perforated masonry column 4& feet sqllare at base to a height of 34 feet, and circular there- 
after-the diameter at top of shaft being 4 feet-surmouilted by a capital of 4 feet diameter: the sunlrnit of the column is 16-8 
feet above the mark-stone imbedded at the level of the tower. The disttlilces and heariags of snrroulldiiig villagee are :-Dunwa- 
mau 1 mile W.N.W.; Rlirnpur 1.1 rniles N.E.; Baryriraimeu 0.9 mile E.S.E.; and Ekgllera 1.5 miles W.S.W. 

XVIII. Birona Tower Station, lat. 26" lil', long. 79" 25'-observed at  in 1837 and 1840-is situated 
on the terreplein between tlre ol~ter ant1 inner malls of the fort in the villsge of Birona Kalhn : thhna Kudarkot, 
tcthsil and pargana Bidhlina, district EtAwah. 

The station consists of a perforated masoiiry column 44 feet sqnare to a heiglrt of 34 feet, and circular thereafter-the 
diameter at top of shaft being 3 feet: the sumniit of tlie coiumn is 23.2 feet above the mnl-k-ato~~e imbcdtled at the level of the 
groulid. The distances and bearings of surroundi~rg villages are :-Sl~aikl~pur 1.6 miles N.W. ; Morcha 1.3 miles N. by E. ; Balper 
2.4 miles S.E.; and Ujuhruh 1.6 miles S.S.W. 

XIX. Kalshn Tower Station, lat. 26" 67', long. 79" 41'--observed at  in 1837 and 1840-is situated on 
the S.W. corner of an elevated mouild in the village of Kaldn  : pargana Tirwa, district Farrukhabad. 

The station co~rsists of a perforated masonry column 44 feet square at base to a height of 31) feet, and circular thercafter 
-the diameter at top of shaft being 3 feet-surmourlted l)y a capital of 4 feet di:rrneter: the summit of the co111mlr is 23.1 feet 
above the mark-stoiie inibeddrd at the level of tlle ground. The distances and bearings of sr~rroundilrg villages are :-Mirpura 
1.6 miles W. ; Bngulhai 2.1 miles N.N.E. ; Muukapur 2.7 miles E. ; a l ~ d  KBmpur 1.3 miles S. 

XX. ~ i s u n  Tower Station, lat. 27" 7'-, long. 79" 27'--observed at  in 1839 and 1841-is situated on 
a narrow mound to t l ~ e  muth of the bdrddari (summer-house) and outside the fort of Bisungarh or Binsia: 
pargana Chhibramau, district Farrukhabad. 

The station consists of a perforated masonry column 64 feet square to a height of 1 foot, and circular thereafter-the 
diameter a t  top of aliaft being 3 feet-eurmounted by a capital of 4 feet diameter: the summit of the column is 24 feet above the 



DESCRIPTION OF PRINCIPAL STATIONS. 

mark-stone which is imbedded a t  1 foot above the level of the ground. The distances and bearings of surrounding villages are :- 
t3urdama.i 0.9 mile N. by E. ; Astutabad 1.2 miles E. ; and Shaikhpur 2.3 miles S.E. 

XXI. Chandanpur (Chandanp&r) Tower Station, lat. 27" 1 4 ,  long. 79" 41'-observed a t  in 1839 and 
1842-is situated in an open field, and stands on the northern bank of a snlall tank ?t a dist,ance cjf about 
350 yards S.W. of the village of Chandanpur : parganu Bliojpur, district Farrukhabad. 

Tlie station consists of a perforated masonry column 9 feet square to a height of 2 feet, and circular therenfter-the 
diameter at top of shaft being 3 feet-s~irnio~iuted by a capital of 4 feet diameter: tlie summit of the columr~ is 38 feet nbove the 
mark-stone which is imbedded at 2 feet above the level of the grouud. Tlie Ganges flows a1)out 1 mile N.E. of the statiori, alid 
the high road from Farr~ikhabad to Cav/~~lmre 1)nsses within a mile to tire west of i t ;  the distances aiid beari~rgs of surrounding 
villages arei-R8jipur 0.6 mile W.; SingirBmpur 0.9 mile N.E. ; and hfukranduagar 0.8 mile S. b l  E. 

XXII. Muhammadabad (Mamddhdd) Tower St,ation, lat. 27" 18', long. 79" 28'-observed at  in 1841- 
is situated on the east bastion of the fort of Muhammadabad, and is d i s t a ~ ~ t  about 400 yards W.S.W. of the 
town of that name : t11Ana and pnrgana Muhammadabad, district Farrukhabad. 

The station consists of a tower of burnt bricks and mud cement 24 feet square at base and 18 feet sqilare at top, 
enclosing a ceiltral isolated pier of nlauonry 34 fe'et in diameter a id  16.7 feet high-with a foundation of 4ifeet- which is marked 
in the usual manner. Tlre Iligh road from Agra to Fatehgarh passes about 600 yards E. of the station; a~itl the distances and 
bearings of neighboring villages are:-Nandu Takipur 0.7 mile S.W.; and Kabirpur tile same distauce N.W. by N. 

XXIII. Pothdri Tower Stat,ion, lat. 27" 23', long. 79" 27'-observed at  in 1838, 1839'and 1841-is 
situated on an elevated mound in the village of PothAri : pargana Muhammadabad, district Farrukhabad. 

Tlie station consists of a perforated masonry columri 9 feet square to a height of 2 f6et, and circular thweafter-the 
diameter at top of sliaft being 3 feet-surmoutlted I)y a capital of 4 feet diameter: the summit of tlie coluturi is 37.6 feet above 
the mark-stone which is itiibedded at 2 feet above the level of the ground. The distances arid bearitlgs of surrounding villages 
are :-Karanpur 0.6 mile E. by N.; Chandtokh 1.4 miles S.E.; Buruh 2 miles S.W.; and Pithua 2.1 miles W. by S. 

XXIV. Mau (Xi) Tower Station, lat. 27" 30', long. 79°43'-obs~rved at  in 1838-is situated on a 
high mound in the village of Mau which lies on the left bank of the Rhnganga: pargana Imratpur, district 
Farrukhabad. 

The station consists of a perforated masonry column 9 feet square to a heigllt of 2 feet, and circrilar thereafter-the 
diameter at top of shaft being 3 feet-surmoiinted by a capital of 4 feet diameter: the summit of tlie colnmn is 38.2 feet above 
tile mark-stone which is imbedded at 2 feet above the level of the gl-o~tlrd. l'lie distalices a i ~ d  bearings of eurrouudiug villages 
are:-Aiaulaganj 0.7 mile N.W.; Shil~jalitiupur 1.1 miles E.; and Aligarh 0'9 mile S.S.W. 

XXV. Guri Tower Station, lat. 27" 40', long. 79" 29'-observed at  in 1837 and 1838-ie s k a t e d  on a 
small mound in the village of Guri distant about 2 miles N. of the Ganges : pargana Meherabad, district ShBh- 
jal~dnpur. 

The station consists of a perforated masonry column 9 feet square to a heigllt of 2 feet, and circular thereafter-the 
diameter at top of shaft being 3 feet-surmounted l)y a capital of 4 feet diameter: the summit of the column is 37.9 feet above 
tlre mark-stone whicli is imbedded.at 2 feet above tile level of tile groni~d. The distauces and bearings of surrouuding villages 
are:- Usmtiiipur 0.4 mile S.W.; Lakhanpur 0.4 mile N. by E.; and Pitampur 1.7 miles S.E. by S. 

XXVI. Dh&ka Tower Station, lat. 27" 45', long. 79" 43'--observed at in 1838-is situated on a low 
sandy elevation in an open field to the west of the village of Dh6ba: pargana Meherabad, district ShAIrjahBn- 
Fur. 

The station consists of a perforated masonry 'column 9 feet square to a height of 2 feet, and circular thereafter-the 
diameter at top of shaft being 3 feet-surmouuted by a capital of 4 feet diameter: the summit of the column is 37.7 feet above 
the mark-stone which is imbedded at 2 feet above tlie level of tile ground. The distatlces and bearings of surroundillg places 
are :-Jalhlabad town 2.2 miles S.S.W.; Malupur 0.9 mile W. ; Juguah 0.9 mile N.E. by N. ; and Gularia 0.8 mile S.S.B. 

XXVII. Saipur (Saipzir) Tower Station, lat. 27" 6G', long. '79" 2'7'-observed at  in 1838- is situated 
an an elevated mound said to be the site of the ancient village of Saipur : t h h a  and pargana, Hazratpur, tahsil 
DBtaganj, district Budaun. 

The station consists of a perforated masonry column 9 feet square to  a height of 2 feet, and circular thereafter-the 
diameter at top of shaft being 3 feet-anrrnou~ited by a capital of 4 feet diameter : tlre summit of the column is 38 feet above 
the mark-stone which ie imbedded at 2 feet above the level of the grouud. The distances and bearings of surrounding villages 



me:-Chungosi 0.9 mile N.W.; Chithri 0.8 mile S.E.; Sikutia about 1 mile S.W.; and Garhia 1.6 miles E. 

XXVIII. Kaarak Tower Station, lnt. 28" 3', long. 79" 42'-observed at in 1838- is situated on the 
crest of an elevated mound 600 yards south of the village of Kasrak: pmhl.gana Mirtinpur Katra, district ShSh- 
jahhpur.  

The station consists of a perforated masonry column 9 feet square to a height of 2 feet, and circular thereafter-the 
diameter at top of sl~lift being 3 feet-surmounted by a capital of 4 feet diameter: the summit of the column is 38 feet above t l ~ e  
mat-k-stone wl~icli is imbedded at 2 feet above the level of the ground. The high road from Farrukhabad to Bareilly passes about 
half a mile west of the statio~i ; and the distances and bearings of surrounding places are :-the town of Mirsinpur Katra 1.6 miles 
S.; Kusak village 1.2 miles N. by W.; and Sahupur 0.5 mile N.E. 

XXIX. .Janjiri Tower Station, lat. 28" ll', long. 79" 27'-observed a t  in 1 8 3 8 4 s  situated on a mound 
in the village of Janjiri, and is distant 2 miles from the right bank of the Umganga : pargana Ballia, district 
Bareilly. 

The station consists of a perforated masonry colnmn 9 feet square to a height of 2 feet, and eircular thereafter-the 
diameter at top of shaft being 3 feet-surmou~ited by u capital of 4 feet diameter : the summit of the e o l u m ~ ~  is 37.8 feet above 
tlie mark-stone wliich is imljedded at 2 feet above the level of tlre grouud. T t ~ e  distances a~ id  bearings of surrounding villages 
are :-Kiratpur 0.6 mile W. by N.; Turkuni 1.2 miles N.E.; and Himpatpur BeLsiripur 0.8 mile E. 

X X X .  Gajnera Tover Station, lat. 28" 20', long. 79" 41'-observed at in 1838 and 1839- is situated 
on a mound about 350 yards soutll of tl16 village of Gajnera the eastern extremity of which is washed by the 
Kailb nadi : pargsnsa Faridpur, district Bareilly. 

T l ~ e  station consists of a perforated masonry column 9 feet square to a height of 2 feet, and circular thereafter-the 
diameter at top of shaft b e i ~ ~ g  3 feet-surmounted I)y a capital of 4 feet diameter : the snmmit of the col~imr~ is 38 feet above t h e  
mark-stone wlrich is imbedded at 2 feet above the level of the ground. The distances and bearings of surrounding places are :-the 
town of Bl~uta  2.2 miles W.; Suraur village 1.4 miles N.N.E.; and Khurduha 0.8 mile S.E. 

XXXI. Fatehganj (Faleganj) Tower Station, lat. 28" 27', long. .79" 21'-obsemed at in 1838 and 
1839-is situated on a mound distant about 600 yards S.E. of the town of Fatebganj on the high road from 
Bareilly to Moractal~nd; tliis locality is memora1)le in the apnals of Rohillthand as the scene of the Iast struggle made 
(ill 'Li94) by the Pat h6ns under their leader Naju Kh8n ampinst the power of the British : pargana Karor, district 
Bareill y. 

The station consists of a perforated masonry column 9 feet square t0.a height of 2 feet, and circular thereafter-the 
diameter at top of shaft beitrg 3 feet-surmounted by a capital of 4 feet diameter : the summit of the colum~l is 37.9 feet above 
tlte mark-stoue which is imbedded at 2 feet above the'level of the ground. I n  a large enclosure about 200 yards E. of the station 
are the tom1)s of the Patl1611s wl~o fell in the strnggle, and a cenotaph erected on the spot by order of Government commemorates 
their l~eroism ; the m a ~ ~ s o l e ~ ~ m  of their brave leader stands at abont 40 yards from the station: the distances and beariugs of sur- 
rouliding villages are :-UnBsi 0-9 mile W.; Ballia 2.5 miles E.; tind Rukumpur 1.3 miles S.E. 

X.-(Of the North-Emt Longitudinal Series). Sisgarh Tower Station, lat. 28" 44', long. 7g0 21'-ob- 
served at in 1839 and 1861-is situated on a platform in the centre of the fort Gl~ich stands on a mound raised 
considerably above the general level of the surrounding country, and immediately south of the large village of 
Sisgarh : pargana Sirs&w&n, district Bareilly. . 

The station consists of a tower of unburnt bricks and mud cement, 14 feet in diameter at top, enclosing a central per- 
forated pillar of nlasorirp wliose summit is 38.0 feet above the mark-stone which * is 2 feet higher tlran the level of the ground. 
'rile station of 1839 was a colnm~i standiug 38.8 feet above the mark-stone and similar in cor~striiction to t l ~ e  stations which 
precede; it was found, when revisited in the course of the operations of the North-East Longitudinal Series, to be ao deflected as to 
necessitate the dismantli~~g of a considerable portion of it ; it was then rebuilt to its present height and e~~closed in a kacha tower-the 
upper 5 feet of it being isolated therefrom : at the same time a seco~id mark 1.8 inches N.W. by W. of the former one was cut on 
the origillal mark-stone. The road from Bareilly to Almora passes by the stetion; and the distances and bearings of surroundiug 
villages are :-Gl~uliimga~ij 1.4 miles W.; Tigri 1.4 miles E.N.E.; and Girdhlrpur 0% mile S. 

XI. - (Of  the North-East Longitudinal Set%). Ataria Tower Station, lat. 28" 38', long. 79" 38'- 
observed at in  1839, 1843 and 1861-is situated on a mound near the east bank of the Baigul nadi, and distant 
about half a mile S.W. of the villape of AtBria : pargana Richha, district Bareilly. 

The station consists of a tower of unbnrnt bricks and mud cement, abont 14 feet in diameter at top, enclosing a central 

In the description of this station given in the North-Eaat Longitudinal aerier p. 7-1, the height of this mark-stone above ground level L stated st 0 feet u 
erroneously e~~tered in the field records of tlrat serier. 
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perforated pillar of masonry whose ~ u m m i t  is 87.8 feet above the mark-stone which* is 2 feet higher than the level of the ground. 
The station of 1839 was a calumn 37.3 feet above tlie mark-stone and similar in manner of construction to the stations which 
precede ; it was found greatly deflected when the observations on the Rangir Series came to  be made so that the mark-stone in the 
basement could not be plumbed from the summit of the tower; the point of observation was indicated by the intersection of the 
diagonals of a quadlilatel.al each angular point of which was denoted by a dot engraved on an iron bolt imbedded in an extemal 
mtLsoury pillar built in tlie aiijacent fields. When the station was revisited in 1843 in the course of the operations of the North 
Con~~ect ing Series, the pillar was found still further deflected, and no trace of the four external pillars was. forthcoming; the 
il~strument was accordingly plumbed over a mark engraved on a new mark-stone let into the basement. On again visiting the 
etation in 1851 in the course of the operations of the Nortli-East I~ongitudinal Series, it was found necessary to dismantle a consider- 
able portion of the pillar, which was then rebuilt to its present height and enclosed in a kacha tower : at the same time a second 
mark 3.5 inches W.N.W. of tlie mark of 1M3 was engraved 011 the mark-stone of that year. The distances and bearings of sur- 
rounding villagea are :-Intiyatpur 0.9 mile N.E. ; Sayyidpur 1.2 miles E. ; Uturia Mgrlhopur 0.5 mile S.S.W. ; and Jumuniln 
0.8 mile N.W. 

+ In the description of this station given in the North-Esst Longitudinal Beriel p. 7-1, the height of thir mark-&one above ground level L stated at O feet 
erroneously entered in the fleld records of that mriea 

July 1877. J. B. N. HENNESSEY, 

In charge of Computing O$CU. 



R A N G I R  M E R I D I O N A L  $ E R I E S .  

OBSERVED ANGLES. 

NOTE.-VlI and X appertain to the Calcutta Lollgitudinal Series. 

At VII (Tinsma) 

*June 1834 ; observed by Zieutenant 8. 8. Waugh with Cary's 18-inch Theodolite, 1;. 

+March 1864; observed by H r .  B. Shelverton with I'roughton and Sinzms' 36-inch Theodolite. 

Angle 
between 

U & I  

t I & x  

Circle readings, telescope being set on I1 

830' 160' 84P 160° 850° 170' 0° 180' lo0 1900 90" ZOO0 

General Means 
and Probabilitrw. 

rr rr I1 11 rr rr I1 11 I1 +I I1 44' 20' 35'"66 
26-83 43-66 29'66 40.66 32.11 38.00 36.50 39-11 33'33 38.33 27.83 41-83 prOb = 

9 I S 9 8 B 9 S 9 Q Q 9 

Circle readings, telesoope being set on 1 

I 
M - Mean of B m p  
w Relative Wriglit 
C - Concluded A q l e  

0' 2' 180' 2' 79' 13' %Yo 18' 158" 24' 838' 24' 2870 37' 61' 37' . 816' 98' 1S6O rL8' 
- 

rf I I  I I  rr II rr 11 I1 rr I1 

2 rg'go h 18-54 h 20'04 h 20.70 z 22.56 2 21.96 1 19-86 Z 18-96 h 22' 14 2 19-94 Y= 2oH'41 
2 21.60 h 1 7  94 h21.08 120.74 2 22'60 121.12 h20-44 h 18-52 h20.84 Z 21'06 
1 20'36 1 18.08 1121.08 120.88 E21.94 2 20.66 h20.28 h 17-86 hz1.06 2 19-80 ur = 

h 18.36 
5 '91 

I - - - 0 -17 
w 
C = 37' 36' zo9*4a 

zo.62 18'1g 20'73 20'77 22-31 s1.25 zoSrg 18.43 21-35 20.27 



OBSERVED ANGLES. 

NOTE.-VII m d  X appertain to  the Calcutta Lv~~gitudiual Seriee. 11.M. dellotes Heferring Mark. 

I 

At X (Rangfr) 

*'June 1834 ; observed by Lieutenant A. S. Waugh with Cary'8 18-inch Theodolite, L. 

t April  1864 ; observed by Mr. G.  Shelverton with Troughton and Sintm' 36-kch Theodolite. 

Angle 
between 

t 
VlI  & I 

1 & 1i.M. 

Circle readings, telescope being set on VII 

169O 20' 8490 20' 248' 31' 68' 31' 327O 43' 1470 43' 46' 55' 226a 55' 126O 7' 806' 7' 

I1 . I 1  I1 11 11 If I1 I1 11 11 

h 15-22 Z 14.58 1 17.20 1 16-44 h 17'10 1 18'02 h 19'.36 h16.78 h 15.36 2 1 7 - 0 2  

116.76 1 15'80 E 17-86 l16.88 h 16.68 h 16'98 h 18.34 h1j.30 h15.58 E 16'44 
h 17-32 1 15-42 1 16.98 1 17-94 h 16'60 h 16'56 h 1 7 '  ro h15.90 1 15'44 l 15-56 

16.43 15-27 17-35 r7-09 16-79 17-19 18-27 16-66 15-46 16.34 

Circle readillg~, telescope being set on I 

340" 16CP 351" 171' lo 181' 11' 191' 21' 201' 31' 211' 

44.50 37.16 ++.50 40.83 51-83 47.16 49;83 +id33 45i.33 53;33 38.f6 
9 9 2 9 9 S 

M - Mean of Groups 
w = Relative Weiglrt 
C = Concluded Angle 

df= 16'"69 

ur = I I  .oo 
I - r 0 '09 
10 . 0 = 54' 24' 1 6 ~ ~ 6 9  

General Mean 

I ~ O  33' 45".06 

At I (Kusmdr) 

$June 1834; obsemed by Lieutenant A. S .  V a u g h  with Ca?*y'e 18-inch Theodolite, L. 

§Apri l  1884 ; ohsewed by dfv. G .  Shelverfon with Troughtorl and Simm' 36-inch Theodolite. 

Angle 
between 

§ 
X & Y I I  

+ 
vll:t l1 

Circle readings, telescope being set on X 

272' 3' 92 2' 851' 13' l o  1' 70' 26' 250° 25' 149' 37' 329' 37' 228' 49' 48' 4W 

11 11 11 11 11 I1 I1 I1 11 11 

A 24.94 2 27'56 126.48 226.08 127-20 125.80 I? 25-44 1 27'80 125.42 126.;6 
h 2.5'58 127.06 126.60 1 25'32 I? 25-82 125'74 124'22 1 26-34 125.66 1 2-5-74 
16 25.18 126.;8 125.22 125'38 12+.;0 l26 '40  125.00 127.36 125.48 124'58 

25'23 27.13 26-10 25.59 25-91 35-98 24'89 27-23 25.52 25-69 

Circle rendings, telescope being set on TI1 

34@ 1690 8690 179' 9' 189" 19" 199" 29" 209' 89' 21P 
- 

M - M e n n  of Groups 
w = Helut~re We~glrt 
C = Co~rcluded A~igle 

.If = 25"'93 

I4  
I - =  0 .07  
to 

c " 87' 59' 25"93 

Qerieml Mrnns 
n11d Probab~lit~es 

i I 19;83 11i33 22-83 13.16 12.83 7;50 16;33 11i33 q ;88  I5;J3 16-00 14.16 
11 A I11 s 9 s 9 9 

49;16 49;16 49.16 52-16 55-16 53.83 53.33 47.8j  43-50 45-83 52.66 48.00 
9 9 'a 'a P 0 9 9 B S 

( 7 ' O  53' 49Il.99 
Prob = 0.97 

5 so 5 1' I 5'"3 8 
Prob. = 1-34 



la,, R A N G E  ~ I O N A L  BERIEB. 

NOTE.-PII appertains to the Calcutta Longitudinal Beries. 

At 11 (Dhlipur) 

- July 1834 ; observed by Lieutewnt A. 8. Waugh with Cay ' s  1 8 i m h  Theodolite, I;. 

Angle 
between 

IV&m 

111 & I 

I & VLI 

Circle readings, telesoope being set on IV 

63' 288' 63' 243' 78' 268' 88' 288' 93' 278' lOS' 283' 

11 11 II II 11 11 II 11 II 11 II I1  

41-55 36'55 41.16 .37'66 45'50 41-33 39i66 41b88 37'888 34;94 34;93 38;83 
8 8 4 8 9 4 

19.00 18g77 17;33 19;9a 8-33 14-33 14-83 20.88. 17.66 14-22 15;33 11;33 
8 9 9 9 8 s 8 

34.44 24-55 38.00 31-33 43-66 30.16 39-00 29-25 32'33 31-88 42-16 40.00 
8 8 s 4 9 s 9 4 9 3 s 9 

General Meam 
and Probabil~tla 

73' 16' 3g1''41 
prob. = 0.89 

80' 3 I' 16".0o 
Prob. = 1-62 

630 45' 34'''73 
Prob. = 1-61 

-At 111 (Chandb) 

Jw 1834; observed by 'Lieutenant A. S. Waugh tqith Cay's  1 8 - k h  Theodolite, I;. 

Angle 
between 

Circle readings, telescope being set on I 

190' 10' 200. ZO' %loa 80' 220" 4V 280' 60' 240' so° 

Cteneral Mean8 
and Probabilit~ea 

43' 37' 3z1'-18 
+ ,., 

62' 27' 43'"55 
Prob. = 1-35 

49' 15' 0'' .4~ 
Prob. = 1-21 

45O 37' 8".91 
Prob. = 1-31 

1 6 3 2 8  3 0 9 0 9 6 6  S 0 9 I 8 2,;s 39,. It 3 3  3 9 8 8  S 

I1 & IV 

IV & V  

v & \-I 

35'33 46'77 38'83 42'33 43067 Sop17 40'2a 47.83 39'" 47'83 40'33 50.00 
8 8 s s 8 s 8 s s s 

55;83 60;33 62083 63;16 57;66 60;33 53-55 55-35 68.33 61-33 60.33 66-00 
8 8 s s s s 

70.11 70.11 68.66 61-83 68-00 74-16 70.16 68-22 58-16 70.16 73-16 74-16 
8 8 9 9 S 3 3 8 3 3 9 3 

At IV (Bhoraj) 

July 1834 ; obsemed by Zhteruant A. S. Waugh with Cay's  1 8 i m h  Theodolite, L. 

General Moam 
and Probsbilibcm 

74' 1d a1"89 
h b .  = I.6i 

44' I 5' 40''-78 
prob. = 

Angle 
botween 

Circle readings, telescope being set on V 

eis0 as0 2%" 480 283' 6sa 6s' S ~ S O  780 P B ~ O  as0 

V & I I I  1 67:6 P 58'33 s 59'oo s 51'33 s ]aY66 s 59'~6 s 59'33 s 61'33 s 64'00 9 68'16 s 69'16 s 65'00 s 

111 dt II I 47.16 38.66 43-50 44-66 38.66 43.83 40.50 35-50 44.16 36;16 3 7 ; ~  39;50 
9 9 3 3 3 9 3 3 3 



OBsE3WED ANGLES. 13,, 

At V (Datihra) 

July 1834; observed by Zieutenant A. 8. Waugh with Cay's 18-inch Theodolite, 1;. 

Angle 
between 

Circle readings, telescope be in^ set on VIII 

eOgo Z6. 216. 860 826. 48. 236' 66O 846. 66. ZMP 7P 

General Mrana 
and Probabilitier 

" 
48'50 

9 4 

64O 59' 4g8"74 
prob. = I.58 

V I I L V I  

V I & I I I  
- 

26.55 a$-16 19-83 28'44 19-66 22-50 a3;33 19;83 19;$o 19'00 20.83 1 52O 50' 22"'17 
s s s a s s s 9 Prob. = 0.86 

62.66 47.92 57-50 57-16 55.66 51-16 60.11 56.33 57.46 42.66 58.00 54-00 
9 4 9 9 9 9 : 2 6 9 s 9 

III k I V  ( 51-50 58-50 51.33 53-00 49-22 64-33 57-88 60.00 52-75 61-50 52-50 57-58 
9 9 9 S 8 9 8 S 4 9 9 4 

59' I" 5 5 " ' 0 ~  
Prob. = 1-52 

56' 32' 55"-84 
Prob. = I '31 

At VI (Thanela) 

July 1834 ; obserued by Zietttenant A. 8. Waugh zoith Cary's 18-inch Theodolite, 1;. 

Angle 
between 

111 & v 

V & VII 

Circle readinge, teleecope being eet on IlI 

loo0 moo 1110 em0 izia S O A ~  i s i a  sioa 141. azia ine aslo 

General bfesnr 
and ProbabPtier 

At VII (Manang) 

JuZy 1834 ; observed by Zieutenant A. S. Waugh with Cary's 18-inch Tkodolite, 1;. 

rr rr rr tr rr rr I I  rr II 11 rr 

9;50 5;77 7855 69'33 7;55 7;75 4;33 8;58 6-88 5'50 7;16 9;75 
8 9 Yrob. = 0.43 

36-53 37'88 40.00 36'33 43-16 44'16 39'66 40'16 40-33 44-16 39'33 40-11 1 62' 30' 4ot1.16 
8 8 9 8 9 9 9 4 8 9 8 8 Prob. = 0.72  

General Meam 
and Probabilitier 

64' 39' o'"64 
Prob. = 0.51 

54" 52' 7"'50 
Prob. = 0'93 

Angle 
between 

VI & V 

V Jt VIII 

VIII d I X  / 20.66 15-33 13.16 25-16 24.33 2 2 - 0 0  28.00 17-83 as;++ 17.00 a1.00 26-00 59°42 '  23'''00 
s s P B s s s s s s 9 1 l'rclb.=o.93 - 

Circle readings, teleecope being eet on VI 

8%" 166" 8%' 166" 865" 176' 6" 186" 16' 196" 86' 2 a 0  

n n n I n n I I n n v 

61.66 59'33 59'50 58-16 60'50 61-50 61'33 61'83 59-88 58'50 60.50 6 5 ~  
9 9 9 9 9 9 9 9 8 9 9 

5;33 7'66 6'83 6-00 9;33 9;33 2-16 6'66 10.11 15.66 5;16 5'366 
s s s s s 8 s 



RANGIR MERIDIONA L SERIES. 1 "=. 

At TI11 (Nhgonbth) 

*July 1834; observed by Aieutenant A. S. Waugh with Cay'e  I&inch Theodolite, X. 

+December 1836 ; obeerved by X r .  J. W. Arnzstrong with Cary'e 38-inch Theodolite, Z. 

General Mean8 
and Probabilitiee 

Angle 
between 

Circle readingn, telescope being set on X 

00 1800 100 190" 20" 200" SO0 210" 4@ 2200 60" 230'' 

t n n II 4 N n ,I n 1 60" 8' 10''~yo 
15;75 2a75 15.66 6-92 15650 0.61 16-61 10.25 17817 

9 s 2 s s B Prob. = 1 -55 

62' 6' 28".19 
Prob. = 0.79 

60' 8' 8'f.83 
Prob. = 0.57 

IX & 

Circle readings, 'telescope being get on IX 

64" 234P 64' 244' 74O e54O 89P 263P OF 274O 1 2fM0 

27.66 25.16 33'00 24150 29-33 31-16 31.16 25-50 30.00 27883 28-50 a4;~o 
s 9 P 9 B a e a e 

II I 9;83 8.50 8-00 8;33 3-66 rl-oo 9;33 9;66 7;50 8.16 11-50 10.50 
s s 9 9 9 e 9 

At I X  (Plicha) 

SJuly 1834; obeerved by Lieutenant 8. S. Waugh with Cary'e 18-inch Theodolite, 1;. 

§December 1836, and Jmuary 1837 ; observed by N r .  J. T. Armstrong with Gary's 18-inch Theodolite, A. 

4 

Angle 
bet ween 

Circle readings, telescope being set on VII 

81" 261" 91' 271" lolo 281" 111" 291" 121" q01" Islo 811" 

Genernl Means 
and Pmbubil~t~es 

n I n I, n n !I 

58" I I' 13'"93 
13-66 13-16 17-00 12-50 16-50 11-83 14-16 ppob. =0.71 

9 9 2 9 9 9 2 9 9 3 9 

§ 

+II.;O 16' 
- 650 

5 
X c% XI 

+ 65' 25' 

- ;" 47' 

Circle readings, telescope being set on VIII 

245' 6 5 O  256' 75' 265' 8 7  275" 95' 285' 105' 295' 115' 

+74;56 73867 73858 72175 69-92 65'17 ,67'08 67'58 75'58 64'75 68-08 66.50 
0 0 3 0 9 4 9 2 

-3820 32;50 16.17 36-08 35-97 14-83 26.92 33-58 25-67 33-08 31-50 
3 P 6 9 9 9 9 S 2 9 

36-56 41'17 47-41 36'67 33'95 36'67 42-25 40'66 42-00 39'08 35-00 35-00 

+38'00 32-50 16-17 36'08 35'97 28-50 24'83 26-92 33'58 25'67 33'08 31-50 
S 4 S 9 6 2 # B 9 2 9 9 

-z3.00 i8.94 22.89 31.22 28.38 22.25 16.58 19-15 26.79 15-29 21-25 17;42 
2 8 8 S 4 P 4 9 4 4 P 

15-00 13-56 3-28 14'86 7-59 6.25 8'25 7-67 6-79 10.38 10.83 14-08 

49" 5 I' 38'"87 
Prob. = I -09 

57" 38' g"'88 
Prob. = 1 -06 





BANQlfl MERIDIONA L SERIES. 

At XI1 (Kanwa) 

January m d  February 1837 ; obsmed by Mr. J. T. A m t r o n g  with Cay'e 18-inch TheodoZite, J. 

Angle 
between 

XIV & xm 

+ 7 2 O  11' 
- 18' 31' 

Circle readings, teleecope being aet on XIV 

igO iw e90 m0 890 2190 @ 22s" 690 259" 890 m0 

4 n n n n 4 n n n 4 n n 

+33'67 36.00 44.83 #'oo 38.22 48-00 45-20 399'83 37633 40~83 37;67 #;50 
s s s .a 8 1 6 

-26.33 23-50 32-17 28;33 27;50 zf;50 25-67 28.00 25.00 25;50 26-50 31-33 
s 9 9 9 9 9 9 9 

7-34 rz'go 11-66 15-67 10'72 20'50 19'53 11'83 12-33 15-33 11-17 13-17 

(feneral M m u  
and Probabilitia 

53' 40' 1 3 ~ ~ 5 6  

Prob. = 1 '02 

51° 14' 26".90 

Prob. = 1 '51 

65' 14' 25"'22 

Prob. = o:gr - 

+6gm17 64.00 72-83 72-67 70'50 66'67 68-42 69-50 62-00 67.83 68-50 60'83 
1 9 9 9 9 9 

''I1 ' -33.67 36-00 44-83 44-00 38.22 48.00 45-20 39-83 37-33 40'83 37-67 &-so 
9 9 9 9 9 

+ 123' 25' - 72O 11' 
35-50 18-00 28-00 28-67 32.28 18-67 23'22 29-67 24.67 z7.00 30.83 16-33 

* 
+ 188" 40' 
- , 2 3 ~  26t 

+3j;io 25-00 32-00 34-00 36-50 36'00 37-00 35-83 28-50 31.58 33-83 zy.83 
9 9 9 9 9 9 9 D 9 3 9 

- I 4-00 12-83 12-67 10.50 6.67 8-42 g;50 Z;OO 7;83 8-50 0.83 
9 9 9 9 9 4 9 9 

26-33 21-oo 19-17 21-33 26-00 29'33 28'58 26-33 26-50 23'75 25'33 29'00 

At XI11 (Nipania) 

February 1837 ; observed by Mr. J. W. Arntstroltg with Cary's 18-inch Theodotite, I;. 

General Mesna 
and Probabilitim 

55' 46' 47"-82 
Prob. = 1 - 7 2  

57' 47' 39'/'5' 
Prob. = 1-91 

62033'50"'46 

Prob. = 2-09 I 

Angle 
betreen 

XI& XII 

$209' 40' 
-15.3" 54' 

3LI & XIV 

+1530 54' - 96" 7' 

Circle readings, teleecope being set on X I  

lW ma" lso" 8400 1700 8500 1800 00 1900 100 eOOO Zoo 

n n n w n n 14 n n I w n 

+ ~ o o o o  102'33 97-50 107.17 91-83 105-50 94'50 107.33 97-17 103'83 90'83 101'17 
s s s s 9 s s s s D s 

- 56-33 s 5123 56;33 J2;33 :5;58 53i.50 43;56 7 46;67 54;67 P i 3 3  $320 

43'67 53'00 41-17 54-84 36.25 52-00 50'94 57-16 50'50 49-16 40.50 47.67 

+5:33 56i.33 p i 3 3  55;58 53;50 43;56 5o;li 46;67 Mi67 5033 53-p 

-roe2a 650 14-67 14;17 17;50 4650 15;17 12-83 19;67 9633 15'17 11'50 
8 9 9 9 9 9 

46.11 45.83 41.66 38-16 38.08 49-00 28.39 37-31 27'00 15-34 35-16 42-00 

+70.22 6?50 7+;67 74;17 77;50 64;50 75-17 7=;83 79567 69p33 75;17 7';SO 
XIV & XT 9 

z5;~o 18.50 17-00 ~ 5 . 0 0  15;17 27-83 
s 9 9 9 

+ 960 6' - 33O 33' 54.52 41.50 52-00 50'34 55'33 37'50 49'67 54-33 62'67 44'33 60'00 43'67 



OBSERVED ANGLES. 1 7 7 .  

I 

At XIV (Husapura) 

Febmary a d  March 1837 ; obsemed by Xr. J. T. A m t r m g  with Cary's 18-inch Theodolite, L. 

Angle 
beheen 

XVI (B xv 

+ 4f0 17' + IO0 32' 

Circle readings, teleeoope being eet on XVI 

860' 170' 0' 180. 10' lW 800 8OOO 8V 410' W seO' 
- 

11 11 11 11 11 I1 I1 I1 I1 11 11 I1 

+z5'6] 30.83 59-92 23-50 ~ ( ' o o  28-15 36-17 2 7 ; ~  3J;OO 17;33 34;17 z6;17 
s s I 9 s 4 s 

+ 720 9-83 9-00 1o;j3 9;'; 1 1 x 7  8-67 4-67 10'67 15-50 13-83 11'17 
s s s s s s s s 

33-17 40'66 48-92 33'83 43-17 39'92 44'84 33'67 45'67 12-83 48-00 37'34 

Qeneml M e w  
and Probabilitied 

57" 49' 41"*00 

Prob. = I '53 

53" 7' 2 6 1 7  
Prob. = a -00 + roo0 24' 

- 47O 17' 29-50 a5.84 14-08 32-67 17-56 26'58 25-16 35'00 23-00 34'34 16-66 33'66 

xm&xII 

+ 168a 56' 
-,,,o 2 4 ~  

+ 5 9 ~  57-25 67-00 62-50 64-17 59-33 64'17 62-67 60.00 63;17 6320 74;50 
4 9 9 9 9 9 9 9 

-55;17 56;67 5 4 ~  56-17 51-56 55-33 61-33 62-00 58-00 61'67 50.83 59-83 
9 8 9 9 9 S 9 9 9 

.3'83 0'58 13-00 6-33 12'61 4-00 1-84 0.67 a'oo 1.50 12.67 14-67 

68" 32' 6"*22 

Prob. = r -50 

At XV (Oandaapur) 

March 1837 ; observed by Mr. J. T. Arrmtrong with Cay's  18-inch Theodolite, L. 

General Mmnr 
and Probabilitier 

64" 10' 42'"94 

Prob. = 1-25 

5 I" 16' 12'"31 
Prob. = I-25 . 

61" 21' 26"*04 
Prob. = r ' 25 

L 

b l e  
botween 

xm&x#Iv 

+ 1.55' 12' 

- 90° 54l 

STV & XVI  

+ 9c0 54' 
- 39O 38' 

XVI &4 XVLI 

+ 39038: + 21' 42 

Circle readings, telesoope being set on XI11 

205' 25' 215O 35' 245' 45' 285' 65' 245' 65' 265' 76' 

I1 11 11 I1 It I1 N 11 I1 11 11 11 

+92-33 96'33 89-17 94'00 97-00 90-00 89'67 92'33 98-00 96'83 91'50 98'33 
s s s s s s s s s s s 

-49;67 46'33 4820 53-20 56*;7 50*:3 52-20 44-23 54;17 4 9 p  5 . y  50'67 s 

42'66 50-oo 41.17 40.50 40.83 39-17 37-17 48'00 43'83 47'83 36-50 47'66 

+4gm67 46'33 48'00 53-50 56'17 50'83 52-50 44'33 54'17 49-00 55-00 50'67 
9 9 9 9 9 9 9 9 9 9 s 9 

-40.50 39-83 36-17 46-67 41'67 ?6'33 41-33 36-83 42-83 40p33 34p66 30;33 
3 s 9 9 9 9 9 9 9 

9-17 6-50 11-83 12-83 r4.50 14-50 10'17 7-50 11-34 8'67 20'34 20.34 

+40'50 39-83 36-17 43-67 41-67 36i.33 42;33 36h83 42h83 4Oh33 30b33 
9 9 9 9 9 

+46'67 45.17 53-50 50'00 41-17 48'83 50.67 45-50 43'50 51'00 44-67 49-25 
9 9 9 '2 4 9 9 9 9 4 9 4 

27.11 25-00 19-67 30.67 22-84 25-16 33-00 22.33 26.33 31.33 19-33 19-58 



18-x 
RANGIR MEBIDIONAL SERIES. 

At XVI (Atsu) 

March 1837 ; o b e m d  by H r .  J. ?V. A m t r o n g  witla Ca y ' 8  18-inch 2?hodotite, L. 

Q e n d  Meam 
and Probabilitier 

58" 5' 48"-10 

Prob. = I - ~ a  

S6" 'I' I 1'''4~ 

Prob. = I 14 

70" 5 4' I 0".44 

Prob. = 0'98 

Angle 
between 

X m I  db 
XVlI 

+ 2 O  53' 
+ 5 j ~  1 2 ~  

XB 

+ 1 I lo 23' - 55O 12' 

xv ' 'Iv 
+ 182' 17' 
- I  I lo 23' 

Circle r d n g s ,  telescope being set on XVIII 

S6T 1770 187' lY 197" S T  207" 87a 217. 410 827a 

II rr II rr II II II II 11 n n rr 

+33;67 3 5 ~  25'83 32'83 24-00 28'83 6 35;33 1 6 ; ~  33;33 9;83 34;17 
s 9 s s 9 

+ 13'.?3 14.83 19-67 19'17 16'00 13;33 24-00 20.67 22-67 12-67 22'67 18'17 
9 9 s 9 s 9 s 9 2 s 9 

47-00 49-83 45-50 52-00 40-00 42'16 50.17 51-00 48'67 46-00 Sa'So 52--34 

+33'67 26;83 27167 a7850 34;33 26'00 33-00 28-33 35-17 21-42 33-17 26-83 
9 9 9 9 2 4 2 2 

-13i.33 14883 19;67 19;17 16-00 13.33 24-00 20.67 1a.67 12.67 22-61 18-17 
s 9 9 s 9 9 2 9 - 

20.34 12-00 8-00 8.33 18-33 12-67 9-00 7-66 1a.50 8-75 10-50 8.66 

t39.00 41-33 36-53 41-00 44'50 36'00 41-50 37'17 42-17 36-17 40'17 43'33 
9 s 9 9 9 9 9 9 9 9 9 9 

-33867 26i83 27;67 17;50 34;33 16-00 33-00 2 8 . ~ 3  3j.17 21-42 33-17 26.83 
s 9 9 9 4 s s 

5-33 14-50 9-16 13-50 10.17 10'00 8-50 8'84 7'00 14'75 7-00  16-50 

At XVII ( S e o n h )  

March 1837 ; observed by Mr. J. W. Armatrong with Cary's 18-inch TheodoZite, L. 

General Mane 
aud Probabilicisr 

62" 27' 27"'24 

Prob. 3 I -28 

64" 27' I 4"'33 

Prob. = 0 '72  

650 1 7 ~ * 5 4  
Prob. = 0.91 

Angle Circle readings, telesoope being set on XV 
between T I o  lW 817" 147" 827O 167" 837" 167" 847" 177" 17" 

Xv & xvx 

Sa32O 57' 
,170~ 3 0 ~  

X V I  6% 

XVIII 

+ 170' 30' 
- I o 6 ~  3~ 

XTrII & 
XIX 

+106' a' 
, 4 0 ~ 4 6  

11 l r  II II 11 II rr II n g. I' 'I 

+54-00 57.00 56-50 55-17 58-00 58'67 52-00 53'33 49'67 63-08 47'67 54'50 
9 9 s 9 9 s 9 9 9 4 4 9 

-24.00 24833 a6;67 29-67 30'83 a7850 25;67 25833 a 9 y  31.33 30'83 27.50 
9 s 9 s 0 9 

30-00 3z.67 39-83 25-50 2 7 -  17 31-17 26'33 28.00 20.67 31'75 16.84 27-00  

+a+-00 a4;33 26;67 29'67 39-83 37;50 25;67 a5;33 29'00 31-33 30.83 27-50 
9 2 s 9 9 9 s 

--gig3 14;67 8-67 17.1; 14133 12;50 9.67 12-17  16;33 19-00 12.17 14817 
s s s 9 9 2 

14-17 9'66 18-00 12'50 16.50 r5'oo 16-00 13-16 12-67 12'33 18.66 13-33 

+%is3 74;67 68;67 7 7 2 7  74833 72;50 69-67 7a"f 75-33 79'00 72-17 74-17 
s 9 s 9 9 9 

- 5 4 ~  57;83 5627 56;83 53;33 59po  4 7 ; ~  55;oo 58.67 57.50 57.00 57-33 
9 9 9 9 

15-83 16-84 rz-oo 20'34 P I ' O O  13.50 22-67 17'17 17-66 21'50 IJ ' I ;  16-84 



OBSERVED mQLE3. 
19-x. 

r 

At XVIII  (Birona) 

*March and April 1837 ; observed by Mr. J. W. Armstrong with Cay's  18-inch Theodolite, L. 

+March 1840 ; observed by Mr. J. W. A m t r o n g  with Harrk and Barrow's 16-inch Theodolite. 

Angle 
between 

Circle readings, telescope being set on XX 

31" 211" a" 221" 61" ~ 1 "  61" 241" 71" 251" 81" 261" 

General Mennr 
and Probabilitier 

5 8" 33' 56"-44 
Prob. = 0.69 

57" 53' o"'3 1 

Prob. = 0.G 

57' 26' 56".91 

Prob. = 0.57 

" 

X I X  & X V I I  

+ ": - 8t0 27 

X ~ I  & XVI 

Circle readings, telescope being set on XIX 

879 267' 97' 277" 108' 2M0 117" 297' 127' 807' 137" 317'. 

+95' jo  98'11 99'50 97'50 96.50 93-67 96-33 98-83 96-67 88;83 97017 95;33 ' 
a a s 9 a s a a 9 

-35'33 40'33 36.00 37-00 30'50 35-00 36-92 4x233 34833 29900 37'67 36-83 
a P 2 9 a c c 9 s 

60.17 57-84 63-50 60-50 66-00 58-67 59-41 57-50 62.34 59-83 59.50 58-50 

Circle readings, telescope being set on X V I I  

136" 816" 146" 326" 165' 335' 165" 84k 176" 865' 186" 5' 

55175 55033 55d00 54p00 55933 57pOO 56417 59883 58g50 57883 60;83 57'33 a 

At XIX (KalsBn) 

$November 1837 ; observed by Mr. J. W. Armstrong with Coy's  1Sinch Theodolite, M.  0. 

Februa y 1840 ; observed by M1.. J. T. Arn~trong with Harris m d  Barrow's 16-inch Theodolite. 

Angle 
between 

$ 
X V I I & S V I I I  

+ 160 39' 
+ 4 0 ~  111 

5 
XV1u xx 

- 42' 21 9'" 6-75 14.16 7-16 12.70 11-16 11.94 8-17 12'83 6.33 8-58 7-50 

Circle readings, telescope being set on XVII 

843" 163" 563" 173" 8" 183' 13" 193' 250 209' 390 213" 

I I ,I I n 0 n I n I n I 

+ 3 ~ . 7 8  28-17 35-50 32-11 ~ 8 . ~ 6 ~  15-17 28-50 36.33 36;17 32;67 3220  35;50 
8 a a a .a s a a 

+10'78 12.67 8;33 11;33 10;33 17233 1325  8-00 4;63 2-67 4;63 3;58 
s a e c 

~ ' 5 6  40.84 43-83 43'50 39.00 42'50 41-75 ~ ' 3 3  40'80 35'34 36-63 39-08 

Circle readings, telescope being set on X F I I I  

42' 222' 62' 232' 62' 24%' 7 1  262" 82" 262" 92' 272' 

+75'00 75'33 74'66 76'66 70'16 77-16 73-16 71-50 72'83 72'66 72'83 72-16 
a a 3 a 6 a 9 e a a s s 

-66.00 68.58 60.50 69.50 57-46 66-00 61.22 63'33 60.00 66.33 64.25 64-66 
9 I 4 a 5 s s s I s 4 a 

General Means 
and Probabilities 

56' 50' 41"'01 

Prob. = 0.83 

59" 18' 9"'69 

Prob. = o m  75 



RANGIR MERYDIONAL SERIES. 

- 

I 

At XIX (Ka1sh)-(Cmtk2ced). 

Angle 
between 

f xx&m 

-101 40' 

Circle reading, telescope being set on XVIII 

4F B2ZO 62. 29eO 6 P  W 720 e62O 82' 262' 92" 272' 

11 I1 I1 I1 11 11 11 It 11 I1 11 11 

+3523 3823 37;16 36-66 34'33 38-50 33-83 3 6 ; ~ ~  401133 39p16 3520 35'966 . s 9 9 s 
14-66 16-66 10.16 17-16 13.r6 11'50 12-83 12'66 12'83 12'16 -15.00 15;33 

9 9 8 .a 9 s 9 9 9 9 

20.83 23-50 22-50 aoaoo 24-16 21.34 19-67 94.72 ' 2 7 ' 5 0  96-50 12-17 93-50 

Ctenelal Ye- 
and Probabilitm 

$4' 11' 23"'03 

Prob. = 0.68 

At XX (Bisungarh) 

* F e h a r y  1839 ; observed by Mr. J. W. Armstrmg with Cay ' s  18-inch Theodolite, M. 0. 

t Jalzuary 1841 ; observed by Mr. J. W. A m t r o n g  with Barria m d  Barrm'8 16-inch Theodolite. 

Angle 
botween 

t 
XXIII&XXZI 

+ 0°21' + 3' 2' 

t 
XXII XXI 

+ 60' 16' - 3o 2t 

XXI & XIX 

+ 87' 40' 
- 21' 46' 

9IX & XVIII 

+ 149' 48' 
- g70 4 r l  

Circle readings, telescope being set on XXUI 

O0 1800 10° 190° 200 BOO0 800 210' M0 $220' 600 4800 

11 ' I1 11 I1 11 11 I1 11 11 11 11 11 * 
+18-6; 20.17 19-00 2 ~ ~ 0 0  18-83 14;7 17-00  22.67 20;33 22-67 19'967 20.17 

9 9 .a 9 s s s s s 
+ 9'933 8-50 10.17 10.67 11-17 9-20 1323 8-20 8-83 11'67 11-67 10'17 

9 9 s 9 9 s s s 

28-00 28-67 29-17 30.67 30'00 23-67 30.83 31-17 29-16 34'34 31-34 30.34 

+75;50 73417 75i83 80617 74;33 74b17 ?oh67 jab67 78'917 72'33 76'17 76-83 
!I 3 9 

- 9;33 8.50 10.17 10-67 r r - r f  9450 13483 8-50 8-83 11-67 11-67 10.17 
9 3 a D 3 9 9 9 9 

66-17 64'67 65'66 69-50 63-16 64'67 56'84 70'1; 69'34 60'66 64-50 66'66 

Circle readings, telescope being set on XXI 

420 202" 88' a120 .baO 322" 620 232' 6'2' 24P 72' 29%' 

I1 11 N I1 11 11 I1 I1 11 11 11 11 

+ 7 0 a  17 82-33 76.33 72'00 78-83 80'50 69.50 74-50 74-67 75-50 75-00 76'917 
9 9 9 9 s 9 9 9 9 3 9 

-96.67 39-50 40.77 37-67 40.50 38-83 37-50 36483 45417 4 3 ; ~  3 8 ~  36;33 
9 3 9 9 3 9 9 

33'50 42-03 35-56 34'33 38-33 41.67 32'00 37-67 29-50 32'00 37-00 39-84 

+69'33 74;33 69;33 65;6; 76'33 72-66 67'17 68'00 64.67 68'17 67'83 63'8? 
4 a s s a s s s 9 

-10.17 22933 16933 12-00 18-83 zo.50 99.50 14;50 14;67 15;50 15;o 16-17 
9 9 9 9 3 

59'16 52'00 53-00 53-67 57'50 52-16 57-67 53-50 50.05 52'67 52'83 47-66 

Qeneral Meanr 
and Prohbilitia 

3' 23' 29'"78 

Prob. = 0.70 

57' 15' 5"'1f 

Prob. = I '05 

65' 54' 36"*19 

Prob. = I .  14 

62' 7' 53'"49 

Prob. = 0.90 

. 



OBSERVED BNGLES. 
21-K. 

At XXI (Chandanpur) 

*Jmzlary CMUE F e h a y  1839; observed by Mr. J. W. Armstrong with Cay'e 18-incis Theodolite, 111.0. I 
tFebma y 1841 ; obeerved by Mr.  J. W. Armtrong with Harris and Barrot.de 16-inch Theodolite. I 

Angle Circle readings, telescope being set on XIX- Gteneral Means 

0. 180' 100 1900 20' ZOO0 SO0 210" 40' zzo" 600 280" 
and Probabilititx 

11 11 11 I1 I1 11 11 11 I1 It I1 I 
I) 

XIX & 
XX 

t 
XXdXXII 

+ 1x0' 36' - 3 6 ~  

+56'67 58-50 62-33 62-00 60.17 57'00 62'83 61-33 57'83 62.17 58'00 57-83 
9 4 3 9 .  9 a 9 9 s 9 4 

+ 1.00 8-17 1-67 0.83 4;83 3;r7 6-00 4483 1;33 5483 0 8 3  0.20 
9 9 9 4 9 I 

t 
XXII & 
XXITI: 

+ 1260 8' 
-rroo 37l 

59O 54' 3"'03 
Prob. a x -13 

Circle readings, telescope being set on SX 

800' 120' 810" 130" 8 W  1400 830" 150" 3900 16U' 860" 170' 

+77;33 75'92 4 70'33 4 71;33 73;17 78;33 7 9 7  77;so 69;67 80;50 74;67 79;3 

- 1 4 ; ~ ~  16-83 9400 12-83 12-50 13;83 18-00 15.00 14b33 1q;17 1x;67 16.50 
9 s 9 9 4 4 

63-08 59-09 61-33 58-50 60'67 64-50 58-17 62-50 55-34 66-33 63-00 63'33 

I) 

XXIII & 
XXIV 

+ 182' 44' 
-1260 11' 

R. M. denotes Referring Mark. 

-- 

5 1 ~  I' 1'"32 

. Prob. = 0'67 

+57;83 57;17 48h67 53-00 56.67 58-00 61.83 59'83 59'44 62-17 53'33 58.83 
9 9 9 4 9 S 9 9 9 

15'92 10;33 1r;33 13;rl 18;33 16.17 17450 9-67 20.50 14'67 19-83 -17433 
9 9 9 9 8 

8 

40'50 41-25 38.34 41.67' 43.50 39-67 45-66 4a.33 49-77 41-67 38'66 39-00 

At XXII (Muhammadabad) 

J m u a  y 1841 ; obeerved by Mr. J. W. A m t r o t t g  with Harris and Barrow'e 16-inch Theodolite. 

rsO 3 I' 41".84 
Prob. = o-91 

Circle readings, telescope being set on XXIII 

1260 808" 1960 8180 146' 826" 1660 8360 166' 846' 1780 8680 

+ y 3 3  100;17 94p33 98;oo 99;42 97483 94483 94'17 89'50 95'50 89-11 97'33 
9 2 3 s 3 

- 43-67 4 4693 s 43d17 45i.50 46;67 43467 ++is3 44'933 4420 4';44 46h33 3823 

56.66 53'34. 51'16 52-50 52-75 54-16 50.00 49-84 45-50 53'06 42.78 58.50 

Angle 
between 

56" 33' 51"*69 

Prob. = I -no 

Circle readings, telescope being set on 8. M. 

0' 180" 10" 1W 20" 200" 80' 210" 4@ 220" 600 280" 
General Maun 



22-9. RANOIR MERIDTONA L SERIES. 

I At XXII (Muhammadabad)-( Continzced). I 
Angle 

between 

7'O 43' 54/"98 
Prob. = 0.71 

X X I  & XX 

Circle readings, telescope being get on R.M. 

0" 180" lo0 190' 20" 200" 80" 210" 400 220" 60' 230" 

+74;33 7 7 ; ~  16-33 75.22 83-17 17-67 76-00 7ii.50 79i67 77;83 83i.8 77i.50 
9 8 9 9 9 

-23.16 20.17 23'67 19-22 26.00 24;17 20;56 13.83. 23;33 22.66 23.00 25~83 
2 9 2 S 9 9 9 9 

IIg0 54' 1"'41 

Prob. = 0-Sg 

General Means 
and Probsbilitisr I 

At XXIII (Pothhi) 

168" 22' 3"'62 

Prob, = o. 77 
' 

xx a ~ ~ 1 1 1  

+ 185' 26' 
- I ~ O  5' 

I *Beeember 1838, and January 1839 ; observed hy b lr .  J. V. Arn~trong with Cary's 18-inch Tl~eodolite, X. 0. 
tJanuarj 1841 ; ohsewed by Nt*. J. W. Armstrong with Ha~v.is and Burrozo'e 16-itich Theodolite. I 

+83'16 80'17 83'67 79-22 86-00 84'if 80'56 83-83 83'33 ,82'66 83.00 85.83 
9 9 9 S 9 9 S 9 9 9 9 9 

19.66 19.66 18-00 no'oo 20.83 21.00 23.16 17633 17;89 
I5dI7 21i17 s 9 9 9 9 s 9 

61-83 65-00 62-50 59-56 66.34 66-17 60-56 63'00 62-33 59.50 65'67 67.94 

General hleanr 
and Probabilitiecl I Angle 

bet~een 
Circle readings, telescope beiug set on XXV 

854O 174" 4' 184O 14O 194' 24' Z W  34" 214O 44O 224O 

- - - 

63' 44' 52"'03 

Prob. = 0.90 

59' 36' 30"'17 

Prob. = 0.88 

xxv ctt XXIv 

+ 37' 
+ 53O 59' 

+ 
XXIV & XXI 

- - 

Circle readin~a, telescope being set on X X I  

86" 216" 46" 226' 680 236' 66' 246' 76' 256" 86" 4680 

I w f t  I I I n I II $1 N n 

+ 12.83 ;;33 16-50 1 2 ~ 5 0  11.17 9;67 10.83 12'17 12.67 11-83 15;83 11.a~ 
9 9 2 9 z 9 s 2 s 

+ 23.58 19.00 1i.00 16-50 21-22 2r.go 19;6; 14;67 1gi83 14;83 13;67 16;oo 
4 z 9 z s 2 

36-41 26.33 33-50 29.00 31.39 31-17 30.50 26-84 32-50 26.66 29.50 27-12 

+ 72.00 66.83 69'17 67.83 75.17 i2'JO 73;00 65-00 70.67 70.00 73-50 66-67 
9 2 2 2 9 s 9 9 9 9 9 

- 23.58 19.00 1i.00 16-50 ar.22 ~1.50 19;67 14667 19;83 14;83 
4 9 9 9 S 2 

13867 1 6 2 0  

t + 64.67 56.67 67;33 64-17 68.83 69'50 62-17 ,5g'50 61-50 64-00 64-00 65'83 
X x I  & X X I I  I 9 9 9 2 9 9 9 9 9 9 I+ 14.33 I7;33 12;67 11'00 15;33 12'17 12'50 10.83 IJi17 13133 13;83 13;67 

9 9 2 2 2 
4 4 O  3 4' ' 7"'5 3 

Prob. = I -03 





BANQIR MERIDIONA L 9ERIES. 

At XXV (Guri)-( Continued). 

Angle 
between 

XX\'I B 
XXIv 

+131° 10' - 7 2 ~  71 

t 
XXIV & 
-I1 

Circle readings, t e l m p e  being set on XXVII 

857' 177' 7' 1 8 7  1 7  197' 27' 207" 37' 217' 47' 22;' 

I I  r r  II r r  N r r  11 I I  I I  11 11 I I  

+97;00 107'33 96.44 111 - 0 0  97.17 103.67 102.33 101.83 99-17 98-17 97.83 101.33 
s s a P a a a a z a s 

-67.17 67-50 66.56 69.00 68.83 61-89 67.83 58-00 64-67 60.83 59.25 57-67 
a a s a a s a 4 a a 4 a 

29'83 39'83 29'88 42'00 28'34 41-78 34-50 43-83 34'50 37-34 38'58 43'66 

Circle readings, telescope being set on XXIV 

6' 186' 16' 196" 26O ?W 360 216' 46" 226" 66' 2360 

$25.50 25.11 a2.30 24-50 30.17 29617 20;17 24;17 28;33 22-33 18-67 23833 
9 s a a a 4 .  4 

-6.50 12-67 8-50 4-00 11-00 8;33 7;83 0 I 4.613 8.17 3-00 

Qe~~ernl Mer~na 
nnd Ywbubil~ties 

59' 3' 371.1'01 

Prob. = 1.54 

55' 54' 16".83 

! a 

a a a .a o a 

+ 61" 40' - 5~ 4c 13'00 1z.44 13-50 20.50 19'17 20.84 12-34 19-67 16-16 17.50 10'50 20'33 

Prob. = 1-03 

At XXVI (Dhaka) 

January and February 1838 ; observed by Mr.  J. W. Armstrong with Cary'e 1 8 - k h  T?~eodoZite, M. 0. 

Angle 
bctwwn 

XXIV & XXQ 

: ::: :$ 
XXV$ 
XXVIl 

+ 83O 5 4  - 28' 3.4' 

X X ~ I  
xxvllr 

1 5 0 5 2  - 83" 55 

Circle readings, telescope being set on XXIV 
321' 141' 881' 151' 841' 161' 851' 171' lo 181' 11' 191' . 

11 I1 I1 I1 11 I1 I1 11 11 11 I1 rr  

t39.67 31-00 41-17 36.00 35-17 36'00 38-17 35'00 36-67 32'83 41-00 39'67 
a 8 a 9 s B .a a a P a 

+zzm67 25-83 26-92 26'67 28-00 26.50 20-67 25;83 25p17 23683 22-17 25;83 
9 o s a a 2 a P 

61-34 56.83 67.39 62.67 63-17 62.50 58.84 60.83 61.8+ 56.66 63.17 65-50 

+68'33 66'50 69-17 66'67 70.00 63133 700x7 69;50 7123 65'533 65;33 67'83 
a 9 a a a s 

-22.67 25;83 26.22 26-67 28-00 26-50 20'67 25;83 z5;17 23;83 22-17 25683 
2 S 9 2 0 8 8 

45'66 40.6; 42-95 40.00 42-00 41-83 49'50 43-67 46-16 41.50 43-16 42.00 

+62;67 63;67 67;33 65;33 63-33 70'33 60;33 59;75 65300 61-67 56.50 62-58 
a S 9 . 4  4 

- 8  6-50 9;17 6-67 1o.00 8.33 10.17 9;50 1123 5 ~ 3 3  5;13 7;83 
s a 9 a a 

54-31 57.17 58-16 58.66 53.33 62.00 50.16 50.25 33-67 57-34 51-11 54.75 

Ger~eral Menns 
and Probabilities 

67' 19' 1".81 

Prob. = 0.88 

55' 20' 43'"26 

Prob. = 0.74 

51' 57' 55"'08 

Prob. = r .OI 



OBSERVED ANGLES. 

At XXVII (Saipur) 

February 1838 ; observed by Mr. J. T. A m t r o n g  with Cary's 18-itlch TheodoZite, M.0. 

Angle 
between 

XXTX 
XXV1'l 

+590 35: - o0 30 

XXVIII 
XXVl 

+ 126' 12' 

- 5 9 ~  36' 

YXVI I 
XYV 

+ 176' 9' 
-,,60 

Circle readings, telescope being set on XXIX 

lo 181° 11' 191' 21' 401' 31' 211° 41' 221' 61' 231° 

I1  11 I1 11 I1 11 I1 I1 11 I1 11 I1 

$80'00 83-17 78'33 77 '00  83'83 79-17 85'83 81-33 79-50 81'67 85-35 81-17 
9 e e e 9 e P 9 B s 8 

-30.00 33.67 29.67 32-33 30.67 33.33 30.67 32-61 ?$.I1 31-67 28-50 3z;50 
s e 9 2 9 9 e 2 s s e 

50.00 4y.50 48.66 44-67 53.16 45-84 55.16 48.66 44.39 49.00 56.83 48-6; 

+75;67 73/50 67-50 66.00 70.00 69.33 68'17 71-16 69-00 70'67 67'33 64-17 
e 2 2 e e B a s B 9 

-zomoo 23h17 r8i.33 17.00 23;83 r9;17 25-83 21;33 19i50 ar;67 2523  21-17 
2 9 2 4 

55.67 50'3.3 49-17 49'00 46-17 50.16 42-34 49'83 49-50 49-00 42.00 43-00 

+67;,33 67'67 62-50 68.83 67-50 71-83 60.00 68.50 66.83 61'67 62'50 64.50 
2 D a s a s e B 2 B s 

-r5;67 13;50 720 6.00 i0.00 9;33 8.1: 11-16 9 0  10.67 7;33 4;17 
2 e e a 2 9 

51-66 54.17 55'00 62-83 5;'50 62-50 51.83 57'34 57-83 51'00 5j.17 60.33 

General Blenns 
a ~ i d  Probabil~tles 

59" 5l 4gf1.55 
Prob. = 1 - 0 7  

66" 36' 48".01 

Prob. = I '  10 

49" 56' 56"'43 
Prob. = I ' r a 

At XXVIII (Kasrak) 

February and Xarch 1838 ; obserued by Mr. J. T. Armstrowg with cary's l&inch Theodolite, d1.0. 

Angle 
between 

XXrI& 
='I1 

+ r 84O 40' 
-12.3' 15' 

XXVII & 
=IX 

+ r 23' rgr 
- 62O 36' 

XXIX & 
XXX 

+ 6a0 36' 
- so 2l 

-- 

Cil cle readings, telescope being set on XXVI 

5' 196O 16' 205' 25' 215' 95O 225' Go 175O 365" 185' 

I1 I1 11 11 I1 11 11 11 11 11 11 I1 

+61-17 64-00 62-67 64.83 62.66 59-50 62'67 65'00 69'50 '69*50 72-00  60.67 
e e e 9 s 3 9 e e e s a 

-4ai17 45;83 45i17 54;.50 41i8.3 5I;Oo 55.83 s 50;50 55;08 53i.33 51;6i 

21-00 18-17 17-50 10'33 18'8.3 8-50 14-50 9-17 19-00 14-42 18'67 9'00 

+40 h ' 7  45:3 45;17 548.50 43893 5r;oo 48; 17 55;83 50p50 5 5 2 8  53833 51 ;67 

-34.67 40.17 40.67 45-00 35.00 39.33 35-83 46.83 35.83 40;33 44;50 40;67 
e s 9 2 2 2 s 9 9 

5-50 5'66 4-50 9-50 8-83 11-67 rz'.++ 9'00 14-67 14-75 8-83 x 1 . 0 0  

t 34 -67  9 40.17 s 40'67 s 45'00 a 35'00 a 39'33 9 35-83 P 46183 35;83 4023  +#;So 40;67 

-29.8.3 30;so 35;50 37;17 60;33 37;67 33;50 5927  32p7  33p7  33;83 3 4 p  
9 

4-84 9-67 5-17 7-83 4.67 1'66 2-33 7-66 3-16 6.66 10.67 6.67 

Genernl Means 
and Probabilities 

61" 25' 14'"92 

Proh. = I a 27 

60" 39' 9".69 

Prob. = 0.93 

57" 34' 5"'92 
Prob. = 0.77 





OBSERVED ANGLES. 

At XXXI (Fatehganj) 

*March alzd April 183@; m d  +March 1839; observed by Mr. J. W.  Armtrong with C a y ' s  18-inch Theodolite, M. 0. I 
Angle 

between 

t 
X & XI 

f 4Z d!: 

Circle readings, telescope being set on XXX 

252' 72' 262' 82' 272' 9Z0 282' 102' 292' 112' 302' 122' 

Circle readings, telescope being set on X 

853' 173" 3" 183" 13" 193" 23" 203' 83' 213" W 223" 

t 

+ 105' 21' - 46020~  

Genrrnl Means 
snd Probabilitier 

+22'75 31.33 33'50 35'50 29-17 31-50 30'83 33-00 29'83 32.50 33-84 34-00 
4 9 9 2 2 2 9 a 9 3 2 2 

+-22-50 26-50 22;33 24'00 2 2 - 1 7  23;50 19.67 24.50 19;50 17;33 18-83 17-00  
9 s a 2 s 9 I o 

45.25 57-83 55-83 59-50 51-34 55-00 50.50 57-50 49-33 49.83 52-67 51.00 

I At X (Sisgarh) 

53' '7' 52t''97 
Prob. = I 16 

+33'00 38-50 36-67 33.00 35'67 33'67 36'83 35'33 34-00 26;83 30i3.3 2620 
2 .a 2 2 s 2 e 9 4 

-2z.50 26.50 12;33 24m00 22-17  23;50 19;67 24.50 19;50 17;33 18-83 1i.00 
9 a 9 .  2 2 9 s 

10'50 12'00 14-34 9'00 13-50 10.17 17-16 10'83 14.50 9-50 "'50 9-00 

X X ~  & 
Xxlx 

+ 108' 7' 
- 57'43' 

I A p d  1839 ; observed by Mr. J W. Armstrong with ~ & ' 8  18-hch Theodolite, M. 0. 

59' I' 11"-83 
Prob. = 0'71 

'+ "5'17 117.67 118'83 111.33 119.67 122.33 114.50 115;33 114.50 115'50 122'00 120'.?3 
9 9 2 9 9 9 9 2 9 9 

- 5 0 7  5 6 y  59;17 5 3 2 0  56;33 5.<;00 60333 55;33 55;17 60;17 57;17 53;17 

65-00 61-67 59'66 58'33 63-34 67-33 54-17 60.00 59-33 55.33 64.83 67-16 

50' 25' 1'"35 

Prob. = I - rg 

Angle 
between 

At X I  (At&ria) 

March and April 1839 ; obseroed by Mr. J. W.  ~ r r n i r i , ~  with Cary's 18-inch Theodolite, M 0. 

X I  & X S X I  

+ 175; 38' 
-105 4 3 ~  

Circle readings, telescope being set on XI 

106" 2860 1160 2960 1260 3060 1360 8160 1480 826' 1560 8360 

General Means 
and Probabilitier 

+72'00 69'83 68'00 68'17 68'33 73-17 67-17 69-50 65'00 69'66 62'83 68'33 
s a z e s a a e z e 8 ' 

-45;17 M ~ O  42-33 41'17 41.00 46-33 42-83 41-83 44.67 37'33 40'8.3 40.17 
9 s e 2 s s P s s D 

26'83 25'83 25.67 27.00 27'33 26'84 24-34 27-67 20.33 32-33 22'00 28'16 

Angle 
between 

6g055'26'"19 

Prob. = 0.84 

XXX& 
XXX1 

+ 181' 43' 
-I18041r 

I I1 
I1 11 11 11 11 I1 I1 11 11 I 

Circle readings, telescope being set on XXX 

178' 868" 1880 8' 198" 18" 208" 28" 218" 880 228" 480 

t65 .17  65;17 68.67 67-17 62.67 64.33 68.67 69-17 60.67 63.33 64.83 70.00 1 
8 2 8 9 9 '3 9 9 9 2 a 1 63' 2' 57"'53 

- I 7i50 11;5o 7;56 2;17 10;33 9;83 8.89 8.83 12-50 
3 3 2 I 0  2 1';67 I Proh. = 1-01 

58-00 57.67 57-17 59.61 60'50 54.00 58'84 60.28 51-84 50.83 63-33 55-33 

General Means 
and Probebilitier 

~ o T E . - X  and X I  appertain to the North-East Longitudillal Series. 



28,, RANGIR MXRIDIONAL SERIES.. 

At XI (Attiria)--(Conthwd). 

J. B. N. HENNESSEY, 

m of cvuting o$iw. 

Angle 
between 

xXXT&X 

+ r 18" 40' - 6'" 5 4  

Circle readings, telescope being set on XXX 

1 7 s  ssaO 18a0 a0 1980 la0 ZOBO w eiaO s s  ma ~rs" 

NOTL-X and XI appertain to the North-East Longitudinal Beriee. 

Ir tt 11 I I  rr 11 11 rr 11 
If . 'I 

If 

+67'17 67-50 71-50 67-56 62-17 70'33 69-83 68'89 68'83 7 ~ 5 0  61.50 71-67 
s s s a s s I 8 I 9 s 

-%7;33 33;oo 32;33 a9;83 22-83 25;33 2~;33 31;50 24'67 2i.83 28.50 31'83 
s s s s s 

39'84 34'50 39-17 37'73 39'34 45-00 44'50 37'39 44'16 44'67 33-00 39'83 

Qeneml Afeanr 
alid Probabilitim 

56' 46' 39"*93 
Prob. = r I r 



RANGIR MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. ADDENDUN TO DESCRIPTION OF STATIONS. 

N o T E . - C O ~ M ~ ~ U ~ ~ ~  on modern alterations of district and other boundaries, the aitea occupied by the stations are in some 
instances now included in civil divisions of territory which differ from the district, pargana, or village, recorded in the descrip- 
tions of stations: a complete list of all the stationa of the Series including a suitably modified statement of the altered suh- 
divisions in question is accordingly given in the following table, and is derived chiefly from the annual reports, up to 1881, made 
by 'the Civil O5cials to whose care the stations have been committed. The statement also gives the present condition of certain of 
the stationa; where no entry regarding present condition is made against a station it is to be assumed that the station when last 
reported on by the district O5cial was in good order. 

The apelling of naines is in accordance with that given in the lists of more important places published -under the ordera of 
Government wherlever such names occur in the lists. 

NW.-SUiont VII* and X* appertain to the Calcutta Longitudinal Serier of the Sooth-Eut Quadrilrteml. P. stan& for pargann, Teh. for trh~il, and Thi 
for thins. 

Village in which 
the Station 

lies 

Tinsi 

Rangir 

KusmL 

DBlipur 

... 

Sarkanpur 

Narwara 

Sela 

Salat Malat of 
Garhauli Jggir 

Gura 

Phira 

Pargana, kc. 

Thd., Tah. and P. Banda 

Tah. Damoh 

P. Bakswdho 

P. Bijawar 

Ditto. 

P. Baldeogarh 

Thi. Ajndr, Tah. Kul- 
pahir, P. Panw&ri-Jait- 
Pur 

P. Chhatarpur 

Tah. and Thd. KulpahL, 
P. Panwdri- Jaitpur 

Tah. Garotha 

Thd. Jariya, Tah. and P. 
Rdth 

Remarks on the 
Construction and Condition 

of the Station 

... 

... 

... 

... 

... 

. . .  

. . .  

... . . .  

,.. ... 

... ... 

. . .  . . .  

District 

Saugor 

Damoh 

Bundelkhand 
Political Agency 

JJ 

JJ 

J )  

Hamirpur 

Bundelkhand 
Political Agency 

Hamirpur 

J h h s i  

Hamirpur 

No. 
of Station 

VI I* 

X* 

I 

I I 

1x1 

I V  

V 

V I  

V I I  

V I I I  

IX 

Local name 

, . .  

... 
, . .  

... 

... 

Bhojraj 

Chabdtara 

. . 
... 

ChabGtara' 

... 

Chabdtara 
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X 

XI  

XI1 

XI11 

XIV 

xv 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

No. 
of Station 

Jhhsi-Gursarai 
State 

,, 
9, 

1, 

Cawnpore 

Local name 

, J 

Farrukhabad 

9,  

J ,  

1, 

District 
Village in which 

the Station 
lies 

Tah. Garotha 

Th6. and Tah. Orai 

Thi. and Tah. JBlaun 

Thi. Damrh, Tah. Kilpi 

T116. Kutliaund, Tah. MA. 
dhogarh 

T114. and P. Derapur 

Tah. and P. Auraiya, 
Tkluka ULareh, 'l'hiL. 
A jitmal 

Th6. Sahail, Tah. and P. 
Bidl~dna 

Th4. Kudarkat, Tah. and 
P. Bidh6na 

Tali. alid P. Tirma 

Tah. and P. Chhibramau 

P. Bhojpur, Tah. Far- 
rukhabad 

P. Mullammadabad, Tah. 
Parrukhabad 

G o k u l p h h  

Gura Khurd 

Kanwa 

Nipania 

Husapura 

Gandaspur 

Atsu 

Seontira 

Barona Kalin 

Muhammadabad 
Khlis 

Remarks on the 
Construction and Condition 

of the Station 

In 1872, the District Officer reported 
the station as completely destroyed 
by the rains of 1871. I n  1873, a 
paka platform was built by the  
same Officer for the protection of 
the mark-stone. 

The mark-stone in the floor of the 
arched passage was found intact. 
The corners at the base of the pillar 
and the interior of the arched pass- 
age much injured by the digging 
out of bricks. 

The corners at the base of the pillar 
and the interior of the arched pass- 
age were found considerably i~ijured 
as at ( X V )  Gandaapur Station. 
The hollow in the passage was filled 
in with burnt bricks. 

The mark-stone in the floor of the 
arched passage was found all right, 
the corners of the pillar injured at  
the base. 

The mark-stone in the floor of the 
arched passage was found all right, 
the pillar above the arch cracked. 

The mark-stone in the floor of the 
arched passage was found perfect, 
as also the pillar. 

The mark-stone in the arched passage 
was found perfect, the arch crack- 
ed on one side by the digging out 
of bricks. 

The tower considerably dug into at 
the base, on the east face the exca- 
vation reaching the central pillar, 
the tower was repaired with burnt 
bricks. 

Nm.--8btiona XV to XXXT, a h  X and XI of the North-East Longitudinal Series, were visited in 1866 by Mr. W. Irey, Assistant Burvejor, espociallr 
deputed for the purpore. The perforated mamnry pillvs at theee abtiono sere found more or lesr dug into at their bason and bricks exLractcd from tl~u interior of tile 
uahed puueeB. and othe- injured b~ oracl. These pillars were protected by Mr. Ivoy am follows :-the arc11cd paanages were clo~wd, platforms of sun-dried brick6 
built uound the b.ser of the yillur to height of from 10 to 14 feet, and the opening8 a& their oummit. capped by conical moundr to w r y  off the rain fall ; .bar which 
a l l  thew rtationr were trawferred to the chsrge of the chief local Omcial. 

P. danda for pargum, Teh. for taheil, and Thi. for thins. 
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Village in which 
the Station 

lies 

Remarks, on the 
Construction and Condition 

of the Station 

XXIII  

XXIV 

xxv 

XXVI 

XXVII 

XXVIII  

XXIX 

XXX 

XXXI 

X 

XI 

Miniha or Gar- 
gaj 

Gundi 

Dh6ka 

Shhhpur 

Chanjiri 

Farrukhabad 

JJ 

Rudaun 

Sh4h jahiinpur 

Bareilly 

P. Muhammadabad, Tah. 
Farrukhabad 

P. Imratpur, Tah. Ali- 
garh 

I 
Tah. and P. Jaliilabad 

Ditto. 

Tllii. and P. Hazratpur, 
Tah. D6tagaaj 

Tah. Tilhar, P. Mir411- 
pur Ketra 

P. Faridpur 

P. Karor 

P. Sirstiwtin 

P. Richha 

Mau Rasdpur 

Gundi 

Dlr4ka 

Shfihpur 

Chanjiri 

Gajnera 

Fatehganj 

Sisgarh 

Ateria 

The mark-stone in the floor of the 
arched paasage was found perfect, 
the interior of the passage and its 
floor injured. 

The mark-stone in the floor of the 
arched passage was found dug out, 
the pillar much injured and dug 
into. 

The mark-stone in the floor of the 
Eassage was found perfect, the pillar 
iujured at the base on all sides, 
and its arch cracked on the east 
side. 

Ditto. 

The mark-stone in the floor of the 
arched passage was found cracked, 
its central iron pin extracted though 
the stone appeared to be firmly 
imbedded, the pillar was slightly 
injured at the base. 

The station was found completely 
destroyed down to the very foun- 
dation; below the debris tlie mark- 
stone was found lying loose, thia was 
embedded below the ground level 
and a conical pillar, 12 feet in 
height, built over i t  to  mark the 
site of the station. 

The mark-stone in the floor of the 
arched passage was found all right, 
the base of the pillar much injured 
by the digging out of bricks. 

Ditto. 

Nom.-Ststionr X and XI sppertaii~ to the North-East Lo~igitadinal Berieo. P. &and6 for psrganq Tah. for tahsil, and Tiui for thina. 

J. B. N. HENNESSEY, 

In charge of Cosyutitg Oflca. 





RANGIR MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. REDUCTION OF FIGURE8. 
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F i e  No. 8. 

I n  the tables of the equations between the f a a m  the co-ef8cients of the terms below the diagonal are omitted for oonkenoe, the W-~fs~knt d the pCb 
term in the 9th line being alwaya the anme u the co-efficient of the gth term in thepth line. 

Observed Angles 
- 

01 - 
$48 

No. Value 

$8 
0 , ,, 

1 7' 43 54'98 '50 

2 57 15 I 1-11 

3 5' 1 1-32 *45 

4 1'9 54 1.41 '98 

5 15 31 41-84 -82 

6 44 34 17'53 1.06 

7 168 22 3.62 -60 

8 8 14 27.04 *5r 

9 3 23 29'78 -48 

V~lues  of the Factore 

x, = + 0.14.4 

% = + 0.173 

X, = + 0.268 

X, = - 0.189 

X, = + 0.006 

October 1877. 
J.  B. N. HENNESSEY, 

In charge of Comwing O&. 

Equations to be eatisfied Factor 

XI +Xs + '8 = e , = + o . z o ,  X, 

x4 +x, +XI3 = % =  +OS3O, X p  

x7 + X ~  +x9 = Q =  + 0.341 X, 

11 +', +x7 = e, = + 0.01, X, 

- 8 1 s ~  - '64% + ~ . o r g x ,  1 = e, = + ''91, h 
-3 ' 599'6 + 1 6 . 8 7 4 ~ ~  -6.905 x, 

Equatione between the factors 

No. of 
e 

1 

2 

3 

4 

5 

Angular errors in seconds 

X, = - '02 x, = - '01 X , =  + '04 

x, = +' IS  X) = + ' I 2  x , =  + ' I 2  

x, = +'07 x 6 =  + '19 x , =  + - 1 8  

[wx9] = 0.18 

Value of 
e 

+ O m Z O  

+om3o 

+cS34 

+osol  

+1.91 

Co-e5cients of 

X, x, X, X4 x, 

+ 2-06 -kOm50 -0.345 

+2*86 +o-98 -1.875 

+I '59 +0°60 +4.578 

* + 2-08 

+ 173.461 



RANGIR MERIDIONAL SERIES. 

PRINCIPAL TRIANBULATION. TRIANGLES. 

Nme.-1. The raluea of the side are given in the lurnle line wit11 the oppoeib a~~gle .  
4. 8 t h ~  VII .ad X appertain to the Caloutta Longitudinal Seriea. 

No. or triangle 

Circ~~it  

I 

a 

3 

4 

5 

b 

hun- 
circuit 

Oorrected Plane 
AngL 

O I  n 

373619 '43  
54 14 15.62 
87 59 24-95 

180 o 0.00 - 
44 zo 35-26 
7 1  53 48'36 
6.3 45 36'38 

Etaion 

V I I  
x 
I 

- 
b 2 .- 
&: 
m 

I 

-90 
.90 
-90 

2 ' 7 0  

Correctione to Observed Angle 

Figure 

n 

- 1 8  
- '09 
- so7 

21 '850 
26.042 
18'216 

29'983 
2 imj60  
21'850 

27'224 
34'578 
29'983 

Distance 

VII '89 + '93 
I 
I1 '89 + I -oo  +1'54 

2-68 +2'30 180 o 0.00 

I -1 '83 5.j 51 12-69 5'0620943~3 
I1 + '81 80 31 15-94 5'1383004~4 
111 + '05 43 37 31'37- 4'983082517 

- '97 180 o 0.00 

I1 73 16 38.22 5'19951.53~0 
111 62 17 41-37 5'1660587,8 
I V  44 15 40.41 5.0620943~3 

3-83 180 o 0.00 

I11 49 14 58-45 ~'1.575789~1 
I V  74 12 4-19 5.2614378,1 
v 56 32 57.36 5'1995153~0 

5 -  18 t 6 - 0 3  180 o 0.00 

+ '49 
- '73 
+2'54 

115370'.38 
137499'28 
96179'50 

158312'55 
146574.62 
115370.38 

14.3740'43 
132.573'53 
1583 12-55 

- '34 

Circuit 

w 

+ '09 - '08 

Milea 

1j.542 
23'376 
a8-730 

18'216 
24.771 
23'376 

Log. feet 

4'9667210,r 
5'0914026,8 
5.1809675~5 

. 4.9830825~7 
5'1165854.2 
5*0914026,8 

Feet 

92623.47 
123424'88 
151693'69 

96179.50 
130793.29 
123424'88 

v 

Total 
--- 

m 

- ' 0 9  - I 

- -01 1 - '08 
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No. of 

Cimuit 

6 

7 

8 

9 

10 

I I 

11 

13 

14' 

'5 

16 

17 

triangle 

Non-' 
circuit 

Yilw 

25'565 
30'730 
34'578 

21'544 
25'095 
25'565 

26'225 
23.666 
25'095 

26'648 
27'276 
26'225 

24'592 
21'678 
26'648 

21.947 
20'249 
24.592 

19'338 
21.263 
21.947 

22.362 
18.237 
19'338 

19-3-58 
20'.32a 
22'362 

19.065 
17'184 
19'358 

17.078 
Ij.739 
19-06j 

16.904 
16'00.3 
17'0;8 

Dieknce 

Feet 

134981'01 
162252'09 
182573.53 

I 19034'39 
132500'03 
134981'01 

138470'40 
124956.00 
132500'03 

140698'83 
144019.79 
138470-40 

129844'76 
I 14462'24 
140698'83 

115878'71 
106913'04 
129844'76 

102105'83 
112268';8 
115878.71 

118073.79 
96289'96 

102105'83 

10221a'oa 
107352.72 
118073.79 

100664'84 
90730'58 

102212'02 

90170'39 
83102.08 

100664'84 

89250'71 
8.+49+'31 
90170-39 

Correctionr to Observed Angle 

Etation 
Log. feet 

0 I If 

111 5.1302726~4 
V 5.2101902,9 
PI 5-26143784 

5-01 

V + '43 52 50 21-48 5'0756724,3 
VI -10 62 31 38'94 5'1222159,9 
VII 1-13 + ' 07  64 38 59.58 j.1302;26~ 

3'37 + -40 180 o 0.00 

V 
TI1 
VIII 

VII 
FIII 
IX  

VIII 
IX 
X 

1.58 

1-19 
1.18 
1-18 

3 '55 

1.36 
1.36 
1-95 

4-07 

1-10 

1-10 

1 - 1 1  

3-31 

-3.10 180 o 0.00 

5.0640036,5 
5'0290306,8 
5'11342e),5 

5'0qo505,4 
5 o~oa~89,8  
5'06+0036,5 

5'0721535,1 
4'9835810,4 
5.0090505,4 

5.0095019,7 
5.0308130,o 
5'0721535,1 

5.0028778,3 
4.9577536,6 
5'0095019,7 

4'9550639,9 
q9195119,4 
5 0028;78,3 

4.9506117,o 
4~p68274,9 
49550639,9 

IX 57 38 8'55 
X 51 I I  50.56 
XI 71 10 0.89 - 

2 ' 7 7  

-1.71 
- -59 - ' 2% 

X 
XI 
XU 

64 59 46-91 
54 52 5-33 
60 8 7-73 

180 0 0.00 

59 42 20'81 
62 6 26-83 
58 11 12.84 

180 o o-oo 

60 8 1 2 - 1 5  

49 51 38'08 
f o  o 9'77 

180 o 0.00 

5.1413569~6 
5'0967j71,1 
5.122a159,9 

5'1482904,9 
5.158.+221,6 
5'1413569,6 

5'1134244,5 
5'0586622,1 
5.1482904,9 

+ .03 , -2-52 

- '46 - '37 - '83 - ' j 2  + '34 + -92 - - 2 7  - '24 

-1.05 

+2'351 - o o l  I+as.35 
+ I - 1 7  - '86 + '31 
+ ~ . I I  + '86 +2'97 

+5'63 

+ -10 

- -40 1 
+ ' Q O  

'82 - - '08 
8 1 - ::: 1 - 5 4  1 
'82 - -29 + '62 

TI 

6 
- '99 + '03 

72 58 44'57 
51 14 27-45 
55 46 47'98 

180 0 0.00 

53 40 13-44 
57 47 39'64 
68 32 6'92 

180 o 0.00 

62 33 50'16 
53 7 27-31 
64 18 42-32 

180 o 0.00 

57 49 39'67 
51 16 10.60 
70 54 9'73 

180 o 0.00 

- -65 
-1.46 
+ '33 

-1.78 

XI - 'I3 
XI1 +I'29 
XI11 + '90 

2 ' 2 2  +2.06 

XI1 + '68 
XI11 + '93 
XIV + 1.51 

2-41 +3'12 

XI11 
XIV 
XV + ' 2 3  

1 '95 +2-38 

53 8 37.10 
61 36 58.17 
65 14 24-73 

180 o 0.00 

XIV 
XV 
XVI 

xv 
XVL 
XVII 

5 6  - 1-00 1 + -23 1 I - ' 77  
-56 
'56 

I -68 

-- 

- -66 - '49 -1.15 
- I + '26 - 5 

-2.07 

-1'32 61 21 24'19 
- '52 ) 56 11 10'36 
-1.26 622725'4.5 



PRINCIPAL TRIANCIULATION. TRIANGLES. 

- 

No. of triangle Oorrections to Oboewed Angle 

Etation 
Circuit 

c~rcuit 

W 0 I 11 

XVI '5: +1'4z + '09 
XVII '57 + '59 - '16 
XVIII '57 + '36 + '07 

1 - 7 1  

XVII '59 +I'ZO - -07 
XVIII '59 + '69 + '17 
XIX -58 +I-01 - - 1 0  + '91 56 50 41'34 4'9537073~7 

Dttanoe 

Feet 

89889'18 
95532'27 
89250-71 

97524'15 
90938'85 
89889'18 

94127'99 
94860.20 
gi5af' 15 

88131'13 
99321.89 
94127'99 

78145'45 
72224'97 
88231 '13 

29809'89 
96528'90 
78155.45 

29809'89 
ror600~57 
72224'97 

93308"15 
100280'z7 
96528'90 

97193'31 
101688.51 
93308' 15 

84812.73 
90352'19 
97193.31 

106874'69 
91141.93 
84812'73 

95858.08 
r I rio4.95 
106874'69 

M ilea 

17'024 
18.093 
16.904 

18.470 
17.2~3 
17'024 

17'827 
17'966 
18'470 

16.710 
18'811 
17'827 

14.800 
13'679 
16.710 

5'646 
18.282 
14.800 

5'646 
19.243 
13'679 

17.672 
18'992 
18.282 

18.408 
19.259 
17'672 

16'063 
17'112 

18.408 

20'241 
17-26. 
16'063 

18'15.5 
21'156 
ao'241 

XVIII 
20 XIX 

2 1 

XX 

XIX ' 

XX 
XXI 

22 

23 

1'76 

'62 + '69 - '17 
'63 + '99 + '04 

+z-90 

+ '70 + '52 + 1-03 
+2'25 

- '09 
- '07 
- '30 
- -46 

XX -42 - -15 + '08 - '07 57 15 4'68 4'8929037,1 
X x I  - -16 51 x 0'74 4'8586873,9 
XXII + '03 71  43 54'58 4'9456218,4 

- -20 180 o 0.00 

XXI ' 17 15 31 41-51 4'4743603,'~ 
XXl I + '07 " 9  54 1'32 4'9846573,7 
XXIII '01 -20 44 34 17'17 4'8929037,1 

- '30 180 o 0.00 

XX + -02 - - 16 3 23 23-59 4'4743604~6 
- 1 1  16822 3-47 5'0068961,~ 

1'87 

'59 
'60 
'60 

"79 

180 o 0.00 

58 33 56'5% 
5918 9'59 

- 62 7 53'89 
180 o 0.00 

-54 11 22-33 
65 34 35'52 
59 54 2-13 

180 o 0.00 

-- 
-- 

- '07 - '20 
- - ~ 9  

-- 

24 

25 

26 

'7 

28 

4'9737187,7 
4'9ii0840,o 
4.9891121~7 

4'9456218~4 
4'9970491,3 
4'9737187,7 

- '02 
+ '13 - - 1 1  

'12 8 14 26.94 4'8586873,9 

' I 0  - ..34 180 o 0.00 

XXI -02 -2.60 56 33 48'46 4.9699195~9 
XXIII -1'33 63 44 50'06 5.0012~54,6 
XXIV - r '63 59 41 21 -48 4-98465;3,7 

-5.56 180 o 0-00 

XXIII 4'9876363,B 
XXIV 5.oo7-z7lB76 
XXV 4-9699195~9 

I '94 

XXIV 4'9284610,z 
XXV 4'9.5,59387J~ 
XXVI 4'9876363,S 

xxv '01 - -92 74 42 ~2.44 5.0288748~6 
X x v I  4.9597182~7 
XXV1.I 41'92846~012 

-1.88 180 o 0.00 

XX V I  
XX VII 

4.9816287,; 
5'0480;2+,7 

XXvIII +1.76 61 25 15-94 5'0288748~6 

2-22 $4.21 180 o 0.00 j 



3 L x  
U N Q I R  MERIDIONAL BERIES. 

Nm.--8totionr X and XI appertain to the North-E& Longitudinal kriw. 

Februa~~ 1878. 

1 

Comatione to Obaened Angle Dietaace 
Corrected Plane 

Non- Augle circuit cieuit TOU 

J. B. N. HENNESSEY, 

In charge of Computing Oflcu. 

XXVII '6% + I . I ~  + '11 4'976~173~9 
XSVlII '63 + '86 - -01 4'9833594,6 
XxJ.x '62 + I - 0 2  '10 4'9816187,i - 

94736.52 
96240'86 
95858'08 

94484'36 
I O I  I + ~ - O I  

94736.5~ 

115629.33 
10507.+-81 
94484.36 

109923.63 
111212-20 

115629'33 

93833'48 
,7905 '93 

109923'63 

30 

31 

3 a 

3 3 

17'94.3 
18'227 
18.155 

17'895 
19'156 
17'943 

21'899 
19-90, 
17.895 

20'819 
21'063 
21.899 

17-77' 
18.5, 
20.819 

XXVIII 57 34 5-22 4.9753599,s 
XXIX 5 004931.;..3 
XXX - - 1 2  - -08 4.9765173~9 

1.91 180 o 0.00 

S X I X  
XXX 
XXXI 

: 1 : 1 : 1 ; ::: 
5'0410910,3 
5.0461524,~ 
5'0630679,9 

4'9723578,3 
4'990808,8 
5.0410910,3 

70  35 32' I3 
58 59 27.31 
.so 0.56 

180 o 0.00 

'73 -08 + '02 

X x x  57 55 52.00 
XXXI 59 1 10.84 
XI -86 + '48 + '01 61 2 57' 16 

5'0630679~9 
50a14~86,o 
4.9753599,5 - '* 

XXXI 
XI  
X 

1.111 1 - .18 

2-57 

-68 
6 8  
'68 

2.04 

+ I ' Z I  

+ I I0 1 1 + '64 + '08 

+ 1.04 1 180 --- o 0.00 

4-1-03 + I 2 0  

+ '7% 

. +2.95 

53 17 53'32 
56 4 'fO.4.5 
69 55 26'23 

180 o 0.00 



RANGIR MERIDIONAL SERIES. 

PRINCIPAL TRIANGULATION. LATITUDES, LONGITUDES ARD AZIMUTHS. 

NOTE.-Stations VII* aiid X appertain to the Culcuth Lol~atujiuul Sorica of the South-Eaat Quadrilateral. 

Strtion A Station B 

&aier No. 

X 
I 
11 
I 
I1 

111 
111 
IV 
IV 
V 

VI 
V 
VI 
VII 
VIII 

Bide AB 

Name 

Tinsma1 

JJ 

3) 

Rangir 
Knamir 

JI 

DQlipur 
JJ 

C l ~ a ~ ~ d l a  

Jl 

JJ 

Bhoraj 
DatiPra 

JJ 

JJ 

Lntitude North 

O f .  

24 7 12.97 
JJ 

as 

24 o 20.37 

24 14 44-92 

11 

24 26 57-43 
JI 

243633'38 
JJ e 

2) 

24 50 28-71 
25 6 22-21 

>J 

JJ 

C$F 

I 

a 

9s 

3 
JJ 

JJ 

Arimuth at B 

O I  I 

1c6 r 22-39 
68 22 47-71 

23 57 39.96 
340 23 21-86 
320 12 2.69 

16 I 0  41-72 

59 48 13-95 
346 21 30-36 
302 5 48.68 
351 28 53'57 

37 15 29-07 
48 I 52.66 
1x2 25 36'20 

59 34 28-37 
354 24 54'47 

LOngitude 
of Gtreeliwich 

0 1 .  

79 2 12'45 
I> 

:J 

79 28 26.43 
79 22 51'13 

JI 

79 I I 45'87 
JJ 

792945'12 
JI 

13 

79 5 31-72 
79 24 52-04 

JJ 

JJ 

Azknuth at A 

O #  9 

285 50 40.61 
248 14 20.28 

203 53 44.13 
160 25 38.91 
140 16 36.97 

196 7 50'52 
239 40 45'88 
166 24 6-38 
122 I j  56-60 

171 30 56'77 

217 8 2-78 

227 53 42-76 
292 16 I'jO 

239 25 39-10 
174 25 50'97 

Serk No. 

VII* 
JP 

29 

X 
I 

JJ 

11 

IJ 

I11 

Jl 

JJ 

IV 
v 
I) 

JJ 

Log. Peet 

5.1809675~5 
5.0914026~8 

5' ~65854J2 
4m96672~0J~ 

4.9830825~7 

5'1383004~4 
5'0~~0943J3 
j.1660587~8 

5.1995153~0 
5'2614378,l 

5'2101902,g 

5.1575789~1 
5.1302726~4 
5.1222159~9 

5.096757111 





PRIKCIPAL TRIANGULATION. LATITUDES, LONGITUDES AND AZIMUTHS. 37,,. 
-- 

Nm.--Statiom X and XI appertain to the North-Esat Longitudi~~al Berics. 

April 1578. 
J. B. N. HENNESSEY, 

In charge of Computing O$ics. 

b 

Bbtion B 

Serier No. 

XXV 
XXV 
XXVI 
XXI'I 
XSVII 

XXVII 
XXVIII 
XXvIII 
X s I X  
XXIX 

XXS 
XXX 
XSXI 
XXXI 
XI 

X 
XI 
XI 

Latitude North 

O f *  

27 23 16'4.5 
27 30 4-20 

1 ,  

27 40 0.84 

11 

27 44 58-41 
I> 

27 54 59'2' 
l l  

28 3 22.65 

J I  

28 10 52'0' 
ll 

28 20 2-02 

:t 

28 27 28-69 

)) 

28 43 38-07 

28 38 9'53 

Btat,ion A 

Name 

Poth4ri 
Mau 

l S  

Guri 

J >  

Dh6ka 

ll 

Saipur 

I)  

Kasrak 

J; 

Jar~jiri 

II 

Gajnera 

II 

Fatehganj 

l l  

Siagarh 
AtBria 

Circuit 
No. 

rg 
ll 

14 
# P  

15 

l~ 

16 

8) 

17 

Bide AB 

~ ~ $ , " , " ~ ~ ~ ~  

o t a  

79 27 21 .qr 
7942 50.90 

> I  

79 28 43-22 
l 9 

79 43 25-73 
I ¶  

79 27 5'58 
J l  

7942 12-15 

19 

79 26 43'30 
S) 

79 40 j8-11 
>l 

79 21 5-87 
I> 

79 21 16.72 

79 37 42-26 

No. 

XXIII 
XXIV 

ll 

XXV 
I I  

XXVI 
s l 

XXVII 
9 9  

XXVIII 

S* 

XXIX 
I) 

XXX 
I) 

XXXI 
2 )  

X 
XI 

Azimuth at A 

0 1  II 

184 8 51'07 
128 21 42.98 

'81 59 3-90 
249 I I  32-04 
174 29 9-01 

124 39 5.26 
176 37 1-46 
237 54 38'35 
178 48 47-56 
118 40 51.25 

176 15 o m l o  

233 56 15'54 
163 20 42.67 
I 13 2 28-22 
17058 21.07 

180 33 5j.60 

233 51 49-60 
290 38 33-89 

Log. Feet 

5'0072718,6 

4-9876363,8 

4'9559387,' 
4'9284610,2 

4'9597182,7 

5.0288748,6 

5-0480724,7 
4'4816287,7 
4'9833594,6 
4'976j173,9 

5'0049315,3 
4'97j3599,5 
5'0214986,o 

5.0633679~9 
5-046rp4,z 

4'9908089,8 
j'O4lO9lO,3 

4'9723j78,3 

Azi~n~it l~  at B 

O f  v 

4 9 28.88 
308 15 ~ 0 . 5 1  

1 -59 20.04 
69 18 22-32 

354 28 23-48 

304 31 27.69 
356 36 27-03 
58 1 43-71 

358 48 37-09 
298 33 36.5j 

356 14 25.12 

54 3 0.17 
343 18 2-59 
292 53 I -30 
350 56 47-66 

o 34 0.80 

53 59 45-68 
I I O  46 26-81 



RANGIR MERlDlONAL SERIES, 

PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 

The following table gives, first, the usual data of the observed vertical angles and the heights of the eignal and inatmment 
&c., in pairs of horizontal lines, the first line of which gives the data for the 1st or the fixed station, and the second line the d a b  
for the 2ud or the deduced station. This is followed by the arc contained between the two stations, arid then by the terrestrial 
refraction, and the height of the 2nd station above or below the lst, lur computed from the vertical angles in the usual manner. 
Thie difference of height applied to the given height above mean sea level of the fixed station, gives that of the deduced station. 
Usually there are two or three independent values of the height of the deduced station; the details are so arranged as to show these 
consecutively aud their mean in the columns of '4Trigonometrical Results ". The mean results thus obtained are however liable to 
receive corrections for the errors generated in the trigonometrical operations, which are shown up by the spirit leveling operations, 
whenever a junction between the two has been effected. The spirit leveled determinations are always accepted as fiual, and the trigo- 
nometrical heights of etations lying between those fixed by the leveling operations are adjusted-usually by simple prbportion-to 
accord with the latter. In the table the spirit leveled values are printed thus, 1145 '63  kc., or, when not very exactly identified, 
thus, 11 46, to distinguish them from the adjusted trigollometrical values. The column in which the mean trigonornetrical heights 

are given is barred across where necessary, as after deduction of Stn. VII from Stn. VI, page 39-9, to indicate that one 

. set of adjustment ends and another begins. The trigonometrical heights always refer to the upper mark-stone, or to the upper 
aurface of the pillar on which the theodolite stood; wheu a spirit leveled height does not refer to either of these surfaces, it is given 

in combination with a correction, thus 601'22 and the aum of these two quantities, in this case 521.5, represents the value with (+  23.1 
which the corresponding trigonometrical mean height 493 .o is comparable. Descriptions follow these tables, exactly indicating the 
ponitiona of the levelii~g st& during the determinations of the spirit leveled heights. 

When the pillar of the station is perforated, the height given in the last column, is that between the npper surface of 
pillar and ground level mark-stoue in floor of passage; otherwise i t  is the approximate height of the structure, above the ground 
at the base of the station. 

The heights of the initial stations are taken from the Calcutta Longitudinal Series of the South-East Quadrilateral, 
page 179,, , Vol. VI, and are as followu :- 

VII  
X 2139'2 ) feet above Mean Sea Level at Karfichi. 118$2 

(1). Tlte meat1 of oblwrrations taken on 49111 June 1834 st 1s 80m and 28tl1 Muroll 1864 at W l m .  t Not forthcoming. 
(2). Do. Do. OJtk ,, et 14 0 and 8th April 1864 8 0. 

3 
P 
5 

I1 

1219 

grj 

1292 

950 

Terreatrid 
Xefrsction 

m 

(H 

S .- 
4 

po 

$ 
2 
2 

8 
8 

12 

4 

4 
4 

4 
4 

datronomical Dale 

76 

13 

82 

46 

5 
C 
R 
L 
d 
i4 
LI 
O 

5 
6 

- 

f-t 

7 

t 

station 

V I I  
I 

x 
I 

VII 
I1 

I 
I1 

(1) 
(2) 

1884 
Ap.11,13,14 

1, 

1834 
June  28 
July 2 

June 23 
July 2 

Height in feet of 2nd Station 
above Mean Sea Lerd 

Observed 
Vertid Angle 

0 I I1 

D o 18 4'4 
E o o 7.8 

E o 16 3'3 

D 031 3'3 

D o 23 45'2 

E 0 4 43'5 

D 0 14 53'9 
E o o 20.4 

Height in feet 

of 
Tinlea 

of obser- 
vation 

I .  m. 

3 32 
9 3 3 3  

13 30 
r o o  

14 o 
l o o  

'063 

'014 

'063 

'049 

3 

;i; 

1-86 
1-86 

2 '71  

2.8; 

1.00 
1.00 

1 - 0 0  

1-00 

Final 
Beault 

1815 

I599 

Trigonornetrid 
Resulta 

- 326'6 

+63.+'8  

-541 '7  

- 2 1 3 - 4  

Y 

& i ! g  a 

2 u 

----- 

5.20 
4'81 

5-25 
5'23 

5-17 
4'94 

4'39 
4'9+ 

By each 
deduction 

1812'6 

181g'o 

1597.5 

1602.4 

Me" 

1815'8 

'599'9 



PRINCIPAL TRI.ING.ULATION. HEIGHTS ABOVE ?dE.IN SEA LEVEt. 39-3. 

111 some instances, the dates and mean of times of obs&ations take11 ~t two different houri citller of the mme day or on different dsrs could not he etlten.11 
in their proper plarer in oolurni~s 1 and 2 from antlt of spnce, thin inform~itinn i s  no follows :-the cosr of ohservntion heitlq 1831. thrtm~liout. (3) 10' Om ar~d 15' 01* 
6th July ; (L)' Bb :)Om kt11 .JIII~, a t~d  12' 30- 4th .July ; ( 5 )  8b $0" 8th July, t~ncl 12h 30m 9th ~ u f y  ; (6) gh Om nnd 1 4  Om 1 lth di~ly ; (7) gh i l n  nlld 1-1' Om 11th 6111~ ; 
(S) ah Wn i11111 I A h  Om 16tI1 July;  (9) ah 30m 8th July, and 12' .SOm 4th July; (In) Rb 0'" and 14' Om 16th J u l j  ; (11) &Ih 30- 8111 Jl~ly, r111t1 l z h  30m 9111 Jl11y ; (12) &Ih 
P ltrirl I + b  Om 18th J u l ~  ; (13) Sh Om and 14' b m  16th July 1 (I4j 8h Om o~ld  14' (Im 18th July (16) ah P and l.lh Urn 16th July; (16) 8' P and lah  P 20th July; 
(17) 8b;10m slid 14b Om i ~ t h  July ; (18) 8' Om and 13h (P ZOtli July. 

t Sot fortlrconring. 

Z 
4 

6 
.- - 
8 
U 

- - -  

11 

1359 

rr4o 

r448 

1564 

1804 

1420 

1603 

1334 

1176 

1309 

1?35 

1368 

1423 

rggo 

Terrestrial 
Refract~on 

4 
% 
g 
A 

99 

64 

103 

1x2 

121 

117 

131 

9' 

78 

95 

88 

111 

98 

95 

87 

8 ." 
3 

b. m 
0 z 

=p .- g 3 ." 
m 
5 
a 
N 

- 17'4 

+ 196'; 

- 240'9 

- 435'4 

-6.17'9 

-203 '5  

- 691.3 

- 55'8 

+ 51'4 

- 7'3 

- 168'2 

- 159'3 

- 514'5 

- 3 5 1 ' 8  

- 299'0 

Btation 

I 
111 

I 1  
I11 

I1 
I V  

111 
1V 

I11 
V 

Iv 
v 
IT1 
V I  

V 
V I 

VI 
V I I  

V 
V I I  

V 
\*TI1 

T I 1  
V I I I  

V [I 
1Y 

V I I I  
I S  . 
VII I  

-- 

k c  
:* 
3;  .:.a 
25 
0 

'073 

'056 

'071 

'072 

'067 

'083 

'082 

'069 

'067 

'073 

'071 

-081 

'069 

'068 

'077  

Astronomiml 

June 25 
19 20 

July 2,8 
June 16 

July 3 

S P  6 

June 20 
July 6 

June 20 
July 8 

(3) 
(4) 

June ' 20 
July 11 

(5) 
@I 
(7) 
(8) 

(9) 
(10) 

(11) 
(la) 

(13) 
(14) 

(16j 

( 16) 

(17) 
(18) 
183G 

Dee. 26 

Obsewed 
Vertical Angle 

0 I I1 

u 0 10 6'3 
U o g 20 .0  

D o  241.2 
D o 14 23'8 

D o 16 5'2 

D o  4 46'9 

D02041'.5 

D o r 47'4 

1> o 25 16'4 
D o  052 '6  

D o 1450'2 
D o 5 6'0 

1 )  o 25 5.5'4 
E o 3 24'0 

I) o 11 6'6 
D o 8 14'5 

D O  7 7'8 
U o r o  5 - 4  

I.) o g 36'6 
D o g 11': 

D o 13 33'5 
D o 4 16'1 

D o r3 36'4 
D o 5 41.9 

D o 2 2 3 6 . 1  
E o I 5 j .2  

L) o 1841'5 
D o I 30.4 

D o 17 4'3 

Date 

Mean of 
'l'imea 

of obser- 
vation 

A. m. 
lo o 

g o 

10 30 

9 o 

10 o 
ro o 

g o 
ro o 

g o  
830  

g o 
9 0  

4 33 

c - 
3 .- 
9 
1 
% 

2 
5 
Z 

8 

4 

8 
6 

10 

4 

6 

4 

4 
4 

8 
6 

6 

4 

6 
6 

8 
8 

8 
8 

6 
6 

6 
6 

6 
8 

8 
8 

4 
S 

Height 

2 
L o 2  z 

4-57 
1-00 

1-00 

I -oo  

1-00 

1.00 

1 ' 0 ~ 1  

rVoo 

1.00 

1 - 0 0  

1-00 

1-00 

1-00 

1-30 

1.00 

2'43 

1-00 

r'oo 

r'oo 

2-43 

I ' O O  

3-43 

1.00 

1-00 

1-00 

1.00 

1-00 

1 -00  

1 '00 

99 23 

L 

s 
C - - 
is 
s" 

9 
2 
b 

feet 

t 

t 

t 

t 

3 

t 

1. 

1 2  E O  053.3 

in feet 

2 

.d 

D 
A 

4'39 
4'65 

4-94 
4'65 

4-94 
4-82 

4'65 
4-32 

4-65 
4-76 

4-82 

.+';6 

4'65 
5-15 

4.76 
5-15 

.j'15 
4-76 

4'76 
4'76 

4'76 
4.38 

4'7Q 
4-88 

4 ' j6  
4-97 

4'88 

4-97 

5'03 
4 28 

lfeight in feet of' 2nd Station 

+ 1.00 15-12 1 r r j r  

Level 

. 
t 

Final 
Reault 

-- 

rig6 

1358 

11.51 

1098 

1145'63 

987 

637 

699 

above Menn &a 

Trigonametrical 
~lest~ltd 

ded~tctiotl 

1798'4 

1796.6 

1359-o 

1362.1 

1149'6 

1157.1 

~~~~~a 

1097.5 

1152'8 

"46.0 

38a-8 

986.3 

631'1 

632'8 

68j.6 

>lean 

179i.5 

1360'6 

1153.3 

Iror 'q 

1149.4 

- 
984'6 

631.9 

691.3 





PRINCIPAL ~IANGULATION. HEIGHTS ABOVE MEAX SEA LEVEL. 41- x. ' 

Above the bution of the felt on whiah the tower stand& 

L. e 
& 
L. 

B 
ii; 
L. 
0 

% s 

feet 

23 .8 

38 

38 

17  

38 

38 

38 

Height in feet of 2nd Station A&onomical Date 

atation 
Time6 

of obser- 

Obrened 
V h d  Angle 

0 I 11 

D o a 38.4 
D o 3 0-3 

D o. r 34'1 
D o  0 2.5'4 

D o  I 47'5 
D o 2 2'2 

D o o 5.4 
D o 038.1 

I3I.4 
D O  o 10.3 

D O  3 21'9 
E o o 4'5 

D 0 1 16'5 

D o  2 41.7 

D o I 16'1 

D 0 5 59'9 

D o 3 18'7 
D 0 5 47'2 

D o  438'1 
D o 8 29.4 

D o  ~57.7 
D o  2 5.4 

D o  6 13.8 

D o 5 41.9 

D o 8 50.7 
D O  423.9 

D o  q 8.1 
D o  057.2 

D O  5 44.4 
D o  7 16-2 

D o  5 42.0 
D o 6 6'6 

D O  3 20.1 
D o 3 8.4 

Nor. 19 

n 19 

99 13 
d 13 

1) 9 
n 9 

I) 7 
n 7 

n 28 
n 28 

n 4 
n 4 

Octr. 80,31 
,, 30,31 
18:js 

Jan. 8,10 

,, 8,lO 
1M 

Jan. 16 

n 16 

S# 12 
n 12 

9 )  19 
n 19 
1839 

Jan 27 

n 27 
1838 

Dm. 27 

n 27 
1840 

Jan. 81 

II 81 
1887 

Dee. 29 

,, 29 
1838 

April 26 

n 26 

n 19 
3) 19 

Level 

Final 
&x.ult 

501'2223.1 
(+Z3'1 

51 8'88 
(+-a8 

508 

574 

565 

516 

533 

535 

above Mew 8ea 

Trigonornetrid 
Result.¶ 

Terrestrial Height in feet Refraction 8 .- 
C 

E m 

$ 

deduction 

493'0 

492'9 

541'4 

538.2 

508.9 

503'5 

569'5 

567'6 

561.0 

549.3 

569'4 

503'6 

513.7 

5'9'3 

526'6 

519'5 

525'2 

ration 

h. m. 
6 30 
630 

7 I 

7 1 

6 59 
659 

7 40 
i 40 

6 48 
6 43 

7 1 3  

7 13 

7 2 

7 2 

5 41 
5 41 

433 
432 

23 51 

23 51 

1 28 
1 28 

4 13 
4 13 

20 1 1 

20 I I 

8 3 
3 3 

3 45 
3 45 

1834 
18 34 

11 12 

11 12 

8 
8 

10 

10 

8 
8 

14 
14 

8 

10 

10 

14 
14 

18 
18 

12 

12 

" 

8 

14 
13 

10 

10 

12 

12 

12 

12 

12 

12 

lo 
ro 

8 
8 

493'0 

- 
534.8 

- 
505'7 

568'6 

559.9 

508~7 

522'9 

533'3 

XVII 
XIX 

XVlII 
XIX 

SVIII 
xx 
XIX 
XX 

XIX 
XxI 

XX 
XXI 

XX 
=In 
XXI 
XXIU 

XX 
XXII 

9x1 
XXII 

XXIII 
XXII 

XXI 
XXIV 

XXIII 
XXIV 

XXIII 
xxv 
XXIV 
xxv 
XXIV 
XXVI 

XXV 
XXm 

12-32 

5-58 

12'32 

5'33 

12'23 

5-33 

12.23 

6-03 

4.9' 
12-32 

5-33 
12'23 

r.54 
12'23 

11-89 

3-71 

5-13 
5-38 

S".? 
5-00 

5-11 

5-46 

2-00 

12-31 

z'oo 
11-89 

20-00 

16-50 

9-03 
2-00 

z'oo 

11-79 

4-38 
11-89 

4'96 
j'90 

4-96 
5-90 

4.92 
5-90 

4-92 

5-90 

5'g0 
4-96 

5-90 
4'92 

5-90 
5-06 

4-91 
5'89 

5-54 
5-43 

5"13 

5-43 

5-50 
5-43 

5-89 
4-93 

5-89 
4-96 

4-96 
5'89 

4-96 
5'44 

5-88 
4-91 

5-89 
4-96 

I1 

898 

963 

937 

930 

981 

871 

Ioo4 

953 

7x3 

772 

a94 

990 

922 

1004 

960 

892 

838 

172 

415 

346 

435 * 

433 

329 

380 

253 

84 

- 7  

27 

134 

60 

323 

89 

88 

217 

v 

'302 

'430 

'370 

'468 

,378 

'378 

-266 

'118 

-009 

'091 

-1.35 

'065 

'32% 

'093 

'099 

'259 

a 

+ 1'0 

20'2 

- 0'6 

+ 3'9 

- 15.4 
- 40'2 
+ 26'8 

+ 61'9 

+ 26'2 

+ 43.6 

+ 0.8 

- 3.1 

- 54'9 
- 49'3 
+ 17'9 

+ 10.8 

+ 2'3 
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42-B. RANGIR MERIDIONAL SERIES, 

111 some i~~stnnws, the data and mean of tinles of ohbervations tt~ken at two diferent hours either of the mine cl~y or on different day# cwulld not be entcrecl in 
their proper places it1 cull~mns I nnd 2 from w ~ n t  of spare, this informatio~l in as k,lloa.s :-(I) 4b 28- 11th J~llunrp, anti 8h 3" Ifit11 April 18.18; ( z )  4'' 2fXm 11th 
Januuv, and 8b 3' 16th April 1838; (3) l Y b  53' 28th Unrcli 1830 a l ~ d  3h 4Sm 8th April 1851 ; ( 4 )  13" 53- 28th March 1839 .ud Sb him 17tl1, 18Lh, Ylst, 5.kch 
1851. 

No~~.-Stetionn X and XI appertain to the North-East Longitudinal Series. 

Astronomical Data t 
& 
L 
0 

a 
i4 
b 

3 si - 

fd 

38 

I 

38 

I -  

QB 

38 

ITeigl~t in feet g 
0 .- -. 

Iieigl~t in feet of 2nd Station 
above hlmn Sea Level 

Terrc.slrlsl 
Hrfrx.t~on 

leSs 

(I) 
(2) 

Jan. 29 

91 29 

Feb. 26 

1) 26 

20 11 

20 91 

91 10 
9 1  16 

Mar. 2 

11 2 

91 5 
11 6 

11 8 
1s 8 

11 18 
19 18 

21 23 
11 23 
1839 

a .  12 
1s 12 

11 19 
91 19 

11 23 
11 23 

(3) 
(4) 

~ i n i l  
k u l t  

539 

608 

58+ 

631 

672'12 

592.2 

665.1 

65a.9 

674.8 

673 '0 

Trigononletrid 
RRsultu 
- 
np enI'll 

deduct ILIII 

5'8aa 

520.6 

606'2 

573'9 

556'5 

571'2 

613'0 

595'3 

577'8 

.- * 

M- Of 

Times 
ofobser- 

vat ion 

h, m. 

4 57 
4 57 

8 24 
8 a4 

7 46 
7 46 

9 7 
9 7 

7 43 
7 43 

73 3  
733 

7 53 
753 

r4 29 
14 29 

12 a0 

12 zo 

I 3 26 
13 a6 

10 8 
10 8 

4 41 
4 41 

Mean 

524'4 

590.0 

563'9 

608.1 

9 
cn 

%%+, 

?cis 
_i 5 .E 
- 4  

5 
m 
3 

C , 

+ 5m3 

- 1.7 

+ 83'9 

+ 49'5 

+ 32" 

- 18'8 

+ 33'0 

+ 31'4 

+ 13'9 

15'9 

+ 34'2 

+ 4%-g 

+ 64.8 

+ r5.9 

B.UiOn 

xxv 
XXVII 

XXVI 
XXVII 

SXVI 
XXVIII 

XXVII 
XXVIII 

SXVII 
XXIX 

XXVIM 
XXIX 

XXVIII 
xxx 
XXIX 
X n  

XSIX 
XXXI 

XXX 
YSXI 

Llx 
XI 

S X X I  
XI 

XXXI 
X 

XI  
X 

619'32 
659'1 [+37-8 

673'9 670 

r 

37'8 

33 

OLmervd 
V e f i i d  Angle 

0 I If 

I)0 4 3'9 
'D o 4 10-a 

1 
y 
d 

19g 

O, 5 35'9 
D o j 15.0 

H o a 46'6 
D o  238.2 

E o o 25'9 

D o a 49'; 

D o -  I 7-7 
D o 3 9.1 

D o  a 31.1 

D o 053.4 

D o  z 1.4 
D o 4 0.0 

E o o 4-5 
D O  156.2 

E o o 26'6 
D o o 13.4 

D 0 5 41'3 
D o 430'9 

D o  044.2 

D o a 34'7 

D o 4 12-I 
D o 636.2 

D o  430.7 
D o 8 41.9 

D o  4 3'6 

D 0 5 7'5 

L E 
o 4  

$ 2  
u :  G 4 ;= g 

D 

.220 

4 i? 
4: 
2 
% 

a 

5 
Ei 

l8 

IS 

191 

'498 

'4'7 

'357 

'383 

'312 

'434 

'499 

'22; 

'+04 

'196 

'087 

.198 

6 

10 

10 

8 
8 

10 

10 

8 
8 

8 
8 

12 

12 

lo 

ro 

8 
8 

6 
6 

10 

10 

14 
14 

'4 
20 

3-19 
10'96 

a'00 

8-90 

12-14 
5-08 

5.17 
12-23 

5'63 
12.23 

5.29 
12-1.1 

5'25 
ra.14 

5-00 
11.42 

5-08 
11.42 

5-39 
12'23 

4.88 
12-23 

4'63 
1z.04 

QO 

12-04 

~ ' ~ 5  
8-45 

4 u 
4 

--- 

Se67 
4'92 

w 

9oo 

5'U 1 1056 ( 2.2 
4-92 

4'9.3 
5'92 

j.88 

4'93 

5-88 

4-96 

5'92 
5-00 

5'92 
4'93 

5-92 
4-92 

5'92 
4-92 

5-89 
4'98 

5'89 
4-46 

5-92 
4.46 

5-92 
5'26 

5-37 
5-30 

1103 

947 

95' 

936 

999 

933 

1038 

1142 

1098 

Io86 

967 

917 

550 

395 

340 

358 

312 

405 

518 

259 

443 

a13 

84 



PRINCIPAL !l!RIANBlJLATION. HEIGHTS ABOVE MEAN SEA LEVEL. #,it, 

Descriptions of Spirit-leveled Pointe. 

The spirit-leveled heights given on pages 39,,, 41,, and 42-=. were determined by the opera,- 
tions either of tlie G. T. Survey or the Revenue Survey; these connections are hereafter indicated in the former 
case by the letters ((3. T. S.), and in the latter by (R. 5.) immediately following the name of each station; 
the surface on which the leveling staff stood is also described. 

VII or Ma~mng Hill Statiolt, (R. 8.) ; On the upper surface of the circular pakzt platform, 

XIX ,, Kale& Tower Station, (G. T. 5.) ; On the mark-stone imbedded at the level of the ground, 
over w hich the perforated masonry column has been 
built. 

XX ,, Bbngarir Tower Statiun$ 9s ; On the mark-stone imbedded at  1 foot above the level 
of the ground, over which the perforated masonry 
column has been built. 

XXXI ,, Fatehganj Tower Station, 9s ; On the mark-stone imbedded a t  2 feet above the level 
of the ground, over which the perforated masonry 
column hrts been built. 

XI ,, Atctrict Tower Station, ss ; On the mark-stone imbedded a t  2 feet above the level 
(of the ~ o r t h - ~ ~ s s t  Longitudinal series). of the ground, over which the perforated masonry 

-pillar has been built. 

Por fwther partialore o f  thtw ddionr, w p a g u  Lt to 10-g. 

J. B. N. HENNESSEY, 

ZR c&wgd of Computing 0 ~ 0 ~  



RANGIR MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. AZIMUTHAL OBSERVATIONS. 

At XXII (Mubarnmadabad) 

b n  J 

frat. N. 27' 18' 24".05 ; Long. E. 7 P  28' 6"-98=5 17 52.5 ; Height above Mean Sea Level, 565 feet. 
December 1840; observed by Mr. J. W. Armstrong with Harris and Barrow's 15-inch Theodolite. 

Star observed 8 Ureae Miuoris (West and Eaat). 
Mean Right Asce~~sion 18400 lgb ~3~ 56' 
Mean North Polar Distauce 1840.0 3 O  24' 3 1 * - 2 %  

Local Mean Times of Elollgatiou, Dec. 26 Western gb 56* 
Eastern 18 8 

Obwwed 
Bori : ' 

of 
hf. M a r k 4 b r  

o r e  

+ 13 o zq'oo 
031'00 

017'00 

o 15-67 

+ 5 no 4z.00 
20 37-33 
20 0'00 

20 5-00 

+ 12 59 57-00 
60 2'67 

60 36-67 
60 34'33 

+ 5 ao 8-67 
20 7-67 
20 2'67 

20 34-00 
20 36'00 

+ la 59 ~ + - o o  
60 1'67 

60 a8'co 
60 22-00 
60 18-00 

Redllred Obeerration 
Pof. Mark - 8 ~ u  * ElolllPtion 

o I am 

+ 13 o 29-00 
28.69 
29'68 

, 29'34 

+ 5 19 66'91 
55.86 
52 '3.5 
51-32 

55'55 
58'90 

+ 13 0 37.62 
39' I4 

35 'Oi 
34'67 

+ 5 19 65.29 
65-56 
58'60 
62'43 
63'26 

+ 13 o 38-57 
36-33 
31-;o 

36-39 
35-71 

C 
0 -  IACL 

3 

Dec. 26 

,, 26 

n 27 

I 

IACL 

." -3 a 
t S 

3 % 

m 8 :  

8 59 
7 a 

1 1  o 
12 45 

18 41 
16 50 

3 26 
5 35 

17 33 
15 57 
o 38 
2 7 

7 a 
5 37 
o 37 

13 59 
15 8 

1.5 51 
14 16 

2 21 

7 38 
1 1  a3 

W. 

E. 

W- 

BIOET 

Rednrtiot~ in 
Arc to Tirne of 

Eloll@ion 

t r 

+ o lo-la 
0 6 - 5 0  

015.84 
o a1 '29 

- o 15-72 
0~7'06 

o 1-56 
o 4-10 

+ 0 40'5.3 
o 33'46 
o 0.05 
0 0'59 

- 0' 6'48 
0 4-14 
o 0.05 

0 15-73 
o 30'15 

+ 0 33-03 
o 26-77 

o 0.72 
o 7-65 
o 16'98 

Redncsd ~ b " a t i &  
Bef. M a r k - S t u  
at Elongation 

0 s -  

+ 13 0 34.~2 
37'50 

33'84 
36'96 

+ 5 19 56-28 
60'17 

58-44 
60.90 

+ 13 0 37.53 
36' 13 

36-72 
31-92 

+ 5 19 62-19 
63' .5 3 
62' 62 

68'27 
65'85 

+ 13 o n;'o3 
28-44 
28-72 
29'65 
34'98 

0 I  

0' 1 
& 

180 r 

o I 
& 

180 I 

1 0  1 
& 

190 I 

,, 28 

\ 

2031-67 

'959'00 
20 7'67 
2014'00 

+ rz 60 28-33 
6029'67 
6031.67 

59 59'67 
5952'67 

o r  . 
+ ra 59 40-co 

59 50.67 
60 29'6; 

60 28'67 

+ 5 21 44-67 
2125.00 
19 56'33 
19 56.00 

20 18.00 
20 26-00 

+ 13 0.31'67 
035'35 

0 27'33 
o 24-00 

+ 5 20 38'67 

W. 

14 7 
'45 
6 19 
9 a 

8 50 
7 7 
029 
'6 45 
18 8 

ao I 
& 

no0 I 

o 26-11 

o 0'40 
o 5'24 
o 10.74 

+ o romzq 
o 6'66 
o 0.03 

0 36-72 
o 43-04 

I 
m 0  

19 18 
17 o 
o 18 

a 15 

2j a1 
26 ; 
5 3' 
3 35 

13 $ 
14 21 

6 44 
5 23 

7 4' 
9 r 

15 58 

I 11 

+ 0 49'00 
o 38-02 
o 0.01 

o 0'67 

- r 37-76 
I 29.14 
0 3-98 
o 1'68 

0 22-45 
o 27- 10 

+ 0 5-95 
o 3-81 

0 7'74 
o 10.67 

- o 33'38 



PRINCIPAL TRIANGULATION. AZIMDTHAL OBSERVATIONS. 4%. 

I 

Rednced Observation 
Mark-Ytar 

at Elonktion 

o I 11 

+ 5 19 67-73 
64-77 
65'68 
63 '65 
64 ' 65 

+ 13 o 39-79 
40'77 

39'69 
34-05 
36.12 

+ 5 19 54'34 
5.3'60 
58-08 
62'4 I 

64.54 

+ 13 o 42-0; 
40' 73 

39'45 
34'33 
30.40 

+ 5 19 64'60 
64.25 
6 - 6 3  

61-47 
63'33 

+ 13 o 38.64 
45 ' 5 2  

35-62 
34'53 
39-39 

+ 5 1 9 6 3 . 1 3  
62-95 
62.71 
62-71 
65'37 

Obaerred 
Horizontar A,,Ele : 
,)iff. Red,nga 
hf. Mark-*br 

0 1  rt 

+ 5 20 7-67 
20 7 -00  

20 3'33 
20 38'00 
20  43-00 

+ 1% 60 23-33 
6028'33 

60 33'00 
59 58-00 
5953.00 

+ 5 20 32'6; 
zo28.33 

20 2-67 
~ 0 9 . 0 0  
20 10'33 

+ 12 60 27-33 
6030'00 
60 35-67 
60 8-00 
5959'00 

+ 5 20 34-00 
2031'33 

w 7-67 
2012'33 
20 18-67 

+ 12 60 a;-00 

60 3 2 . ~ 3  
60 29'33 
59 58'6; 
595a'oo 

+ 5 ao 27-67 
30 24-00 

20 7-67 
ao 18'67 
2025.33 

C BlOHT 

Reduction in 
Arc tol'ime of 

Elongation 

I x 

- o 6-10 
0 2 '22  

o 0.00 

o 25-80 
o 34-40 

+ o 4-70 
o 2-57 
o 0.03 
o 36'66 
044.37 

- o 35'33 
oa8 .Q 

o 1 - 7 7  
o 7.58 
o 10.88 

+ o 5'88 
o 3-46 
o 0.03 

o 30.90 
037.30 

- o 37-61 
031.98 

o 0.31 
0 8 - 2 5  
o 14-33 

+ 0 0.06 

o onoo 
0 3'59 
o 34-61 
0 10'37 

- o 27'06 

o 2.28 

?ACE 

a- E f .5  - = .f :: 2 
2 ; 

m 8  

6 49 
4 7 
0 7 

14 I 
16 10 

5 59 
4 2 5  

o 27 
16 44 
1 8 2 5 .  

16 25 
1 4 5 ~  

3 40 
7 3 6  
9 6 

6 41 
5 8 
0 30 

15 22 

1653  

16 57 
1 5 3 8  

1 3 3  
7 6 j  

10 26 

o 41 
o g 
5 14 

16 15 
1; 34 

14 aa 
13 11 

4 10 
ro 43 
1 2 1 7  

?ACE 

.s E g 
E 3 

5 ; 1 
2 FiS 

m J 

16 38 
1.5 i 
a 13 
7 2 9  
8 ++ 

13 4 
1 1  44 

2 47 
6 36 
9 21  

6 23 
4 50 
1 23 

17 3 
1811  

14 16 
1 2  51 

z 26 
7 58 
9 ++ 

8 9 
6 48 
1 40 

16 17 
18 9 

6 3 
5 25 
7 1 7  

11 o 
12 4 

5 26 
4 1 6  
a 10 

2 0  19 
22 13 

4 

7 

D ~ c .  28 

,, 29 

,, 29 

80 

,, 30 

1) 81 

,, 81 

Reduced Obsewatioii 
Bef. Mark-Star 
at Elongution 

0 I 11 

+ 5 19 61'j7 
64-78 

63'33 
72-20  
68'60 

+ 13 o 28-03 
30'90 

33 '03 
34'66 
37'37 

+ 5 19 57'35 
59'41 
60- 90 
61-42 
39-45 

+ 13 o 33-31 
33-46 
35' 7 0  
38'93 
36-30 

+ 5 19 56'38 
59'35 

67-35 
64.08 
64-34 

+ 13 o 27'06 

32-33 
32'99 
33.28 
53'37 

+ 5 19 60.61 - 
61 - 2 2  

65'39 

LEIF 

Reduction in 
Arc Lo Time of 

ElorrgAn 

I II 

- o -36.25 
o 29-90 

o 0'65 
0 7'35 
o 10-02 

+ o 22-46 
o 18-10 

o 1 -02  

o 5-72 
o 11-45 

- o 5'33 
0 3-07 
o 0'25 
038'26 
043-46 

+ o zGm;.+ 
o 21-73 

o 0.78 
o 8.33 
o la-40 

- o 8-73 
o 6-07 
0 0'37 
o 34-86 
043.34 

'+ o 5-61 
* 3-65 

0 6 ' 9 5  
o 15-86 
0 19-06 

- o 3-87 
o 2.38 

o 0.62 
o 54-28 
1 4-96 

Observed 

E. 

W. 

E. 

W. 

E. 

W.,l 

o 15-10 
019.86 

6.3 ' i 7 
65.4; 

Honsu~~ts l  Angle: 

.t: o 
Y 03: 

o I 

20 2 

~i 
200 1 

30 1 
& 

210 I 

30 1 
& 

I)iK of 1k11dr11pr 
Bef. Mark-8tcu 

o I I I  

+ 5 20 44-00 
20 34-67 
20 6'33 
2o1r .00 
20 14'67 

+ 13 O 17-33 
o 22'6; 

0 38-67 
o 28-33 
o 24'67 

+ 5 19 59-67 
19 56-67 

028'67 
o 18'67 
0 20'33 

+ 5 20 ;'OO 

20 5'33 

20 3-33 
20 57.00 
21 10.33 

Fi. 

a30 I 

50 1 
& 

230 I 

210 1 

40 r . 
8.~ 

220 I 

40 I 
& 

230 I 

5; 1 

'9 58'33 
2040.67 
ao+8'00 

+ 13 o 15'33 
o 19-00 

o 38-67 
o 26'00 
0 18-00 

+ 5 20 13-33 
20 10.33 
20 1'00 

20 36-33 
20 +6'67 

+ 13 o 33-00 
0 4r.67 



&-z 
BANGIR MERIDIONAL SERIES. 

Abstract of Astronomical Azimuth observed at XXII (Mubammadalmd) 1M0. 

1. By Eastern Elongation of 8 Ursae Minoris. 

  ace L a L 12 L a L R L B L B 

Zen, 0" 1800 100 1900 20" 2000 80" 2100 40' 2200 60° 230' 

Date December 86 December 27 December 28 December 29 December 30 December 31 
11 I1 11 11 If I1 I1 11 11 11 11 I1 

66-91 56'28 63-29 62'19 67'75 61'57 54'34 57'35 64-60 56'38 63-13 60'61 
Observed difference 55-86 60.27 65'56 63-51 64-77 64'78 53-60 59'44 64-26 59'35 62'95 61-22 
of Circle-Readings, 52-35 58'44 58-60 62'62 65-68 63.33 58-08 60'90 60'63 67-35 61.71 65-39 

Ref. MY-Star 5.1'32 60'90 62-43 68'27 63'65 72.20 62-41 61-42 61-47 64'08 62.72 69-57 
reduced to Elongation 55 '55 63'26 65.95 64-65 68'60 64-34 59-43 63'33 64'34 65.37 65-47 

58-90 

H~SI~S 57-33 58.98 63-03 64-49 65'.30 66-10 58-59 59'71 6 ~ ~ 8 6  62-30 63'jO 63-15 

o I 11 rr I I  I I  11 I I  

Heans of both faces + 5 19 58' 15 6.3 ' 76 65-70 59' 1.5 62 -58 63-32 
Az. of Star fr. S., by W. 18.3 jo 16-63 16'97 '7'3' 17.~6 18' 10 18.4.) 
Az. of Ref. M. ,, 189 1 0  14-78 20 ' 7.3 23.01 16-91 20'68 21-76 

2. By Western Elongation of 8 Ursse Xinoris. 

Face L B L R L R 11 B L I& L R 

Zero 0" 180" 10' lW 200 S W '  SO0 210' 400 220" 600 2300 

Date December 26 December 87 December 28 December 29 December 30 December 31 
I I I u I I x e 11 11 I I  n 

19-00 34-19 37-63 37-53 38-57 27-03 39-79 18-03 42.07 35.21 38'64 27-06 
Observed difference 18'69 37-50 39-14 36-13 36-33 28-44 40'77 30'90 40'73 33-46 4.5'.52 32-33 
of Circle-&dings, 29'68 32.81 35-07 36-72 31-70 28'72 39-69 33-03 33'45 35.y 35-61 32.92 

Ref. M.-Star 29-39 36-96 34-67 34-93 36'39 29-65 34-05 34-66 31'33 38'90 34-53 33-18 
reduced to Elongrrtion 35-71 34-98 36-12 37-37 30'40 36-30 39'39 32-37 

Means 29-18 35'36 36-63 36'33 3-5-74 29-76 38-08 32'80 37-40 35-51 38-79 31-59 

0 1  * u u I m I1 

Mansofbothfaces + 13 032'27 36-48 33'75 35 '44 36.46 35-17 
Az. of Star fr. Y., by W. 176 9 43.48 43-14 42-80 42-35 42'02 41 '68 
A z .  of Itef. M. ,, 189 10 1j.75 19'62 '5 '55 '7'79 18-48 16.85 . 

0 f 

I by Eastern Elongation ... ... ... ... 189 10 1 4 6 ~  
Astronomical Azimuth of Referring Mark by Western ,, ... ... ... ... ss 17-34 

Mean . . . ... . . . ... ,, 18-49 : 

Angle Referring Mark and XXI (Chandanpor) see page 21-, ... ... .. . ... + 102 48 42-06 
Ast~*onomicrrl Azimuth of Chandanpur by observation ... ... . . . . . . ... ... 291 59 0'55 
Geodetical Azimuth of by calculation from that adopted (7oZ. 11, page 141) 

I 
9, 

at Kalitinpur, eee page 36-=. ante ... ... ... . . . ... ... ... zgr 58 52.88 
Astronomical - Geodetical Azimuth at XXII (Muhammadabad) . . . ... # . .  ... ... + 7'67 

J. 8. H. HEHNESSEY, 

In charge of Computing O w  
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AXUA MERIDIONAL SERIES-(LONG. 80" 32'). 

INTRODUCTION. 

Tlie Amua Series is the third in order, reckoning from west to east, of the meridional 
cliains of triangles included in tlie North-East Quadrilateral. It follows, as closely as the 
nature of the country traversed would admit of, tlie meridian of 80;" East Longitude. It was 
begun contemporaneously with the series immediately to the westward-the Rangir-and 
was executed througllout its length as a single chain of triangles. It emanates in the 
Native State of Nagode and the modern district of Jubbulpore, at tbe side Amua-Lakanpura 
of the Calcutta Longitudinal Series ; and for tho first If degrees of its length, it is carried 
across the hills which, generally speaking, may be said t o  form the outliers of the Great 
Vindhya Range-the southern watershed of the Gangetic plain. I n  this section, the Series 
traverses the Native States of Panna and Clltlatarpur at  the south-east extremity of 
Bundelkhand, the states reckoned under the political control of the Baghelkband Aga~cy,  
and the British district of Banda; and the triangulation fixes the important towns of 
Maihar and Punna, the capitals of the Native States respectively so named. It then de- 
scends into tho valley of the Jumna; and, passing through the Fatehpur and Cawnpore 
districts in the Dotlb, strikes the right bank of the Ganges in parallel 26t0 N. lat. : in 
this section, it fixes the position of the towns of Banda and Cawnpore. The Series, after 
crossing tlie Ganges, is carried tllrough the north-western portion of Oudh, traversing the 
modern districts of Unao, Lucknow, Hardoi, Sitapur and Kheri, and is now held to 
terminate at the side Kokra-Dahlelnagar (XXIII-xxv) of tlie North-East Longitudinal Series ; 
but it also furnished the two triangles north of this side whioh have been incorporated in the 
former series. It was brought to a close in the year 1838-39. Its direct length is 282 miles, 
covering 4 meridional degrees. 

The execution of this Series was entrusted to Lieutenant T. Renny of the Bengal 
Engineers, who had shortly before been appointed to the Great Trigonometrical Survey, on the 
recommendation of the Surveyor General, Major Everest, by a General Order in the Military 
Departmeut dated 23rd July 1832. Lieutenant Waugh, of the Bengal Engineers, was also 
appointed to the Department about the same time. Both officers were then in Calcutta; they 
were directed to proceed to Central India to acquire an insight into their new duties by sliming 
in the operations whiuh were then being carried out on the extensive chain of triangles 
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known as the Great Arc, under the immediate superintendence of Major Everest. But as in 
marching from Calcutta to Central India they would have to pass through a region of which 
it ltas been said that as little was tlien known "as of the heart of Africa", Major Everest 
instructed them to carry a route-survey tlirough this region and draw up a report of it for 
submission to the Qovernment. Extracts of his instructions-which are interesting for the 
evidence they furnish of the urgent demand then existing for every sort of information obtain- 
able for immediate geograpl~ical requirements-will be found at  pages m-= and v-, of 
the Introduction to the b g i r  Meridional Series. 

With two European Assistants ; a native establishment consisting of a nucleus of 34 
flagmen, 23 carriers for the large theodolite, 1 native doctor, 

8e~soron 1838-84 

P E B B O N ~ L  
and 2 harktileas (letter carriers), also 1 havildh, 1 nhib, and 

Lient. T. h a y ,  Bengal Engineem, 2nd Assistant. 12 barkandtizes for the protection of the instruments and 
Mr. R. C. T U I ~ O ~ ,  3rd C I ~  Sub-histent. Government property, and about 130 others for general 

9 ,  C .  l ane ,  8l-d ,, ,, employment; also with 50 head of baggage cattle, and an 
elephant for the office tent,-Lieutenant Renny started from Agm on the 30th November 
1833. He was furnished with an 18-inch tlieodolite* (No. 1) by Troughton and Simms for 
the principal observations, and such other instruments as were needed for the preliminary 
operations. The party marched to its ground via Owalior, Datia, Jlidnsi and Saugor in 
company with tlle party which was proceeding under Lieutenant Waugh to the Ran& 
Series. The co-operation of the Governor General's Agent in Bundelkhand as well as of 
the Political Agent for Baghelkhand having been secured, an escort of a duffadhr's party of 
horse and a ntiik's party of foot was obtained at  Saugor. The party reached its first station, 
Amua (xv~r, of the Calcutta Longitudinal Series), on tlie 13th January 1834. 

There Lieutenant Renriy commenced operations by taking a series of circumpolar star 
observations for azimuth ; his assistants were detached to select forward stations, and while 
he remained at Amua, he took observations to such hills in the distance as appeared to be 
suitable for eventual adoption as principal stations. The selection of stations in the direc- 
tion of tbe meridian of Amua proved however to be a very difficult matter, because of an 
elevated table land in front, which was covered with low forest and jungle and could only 
be crossed by having towers of considerable height built at the stations of the triangulation 
and clearing the rays between them, as in the plains. After carefully reconnoitering the 
ground, Lieutenant Renny decided on giving the Series a bend to the enst, avoiding the table 
land and entering a tract of country which presented fewer difficulties, and had the further 
advantage of enabling him to place his stations "in a cultivated tract rather than on jungly 
flats." Sending Mr. Tulloli t o  the Kaimfir range-where he fixed the station of Patra (II),- 
and Mr. Lane t~ the hill of DharkBna (IV), he himself returned to Lakanpura (xrx, of the 
Calcutta Longitudinal Series) and on 20th February began and completed the measurement 
of the angle between Amua and Mailiar (I). Lieutenall t Benny next explored tlie country to 
the north-east, and proceeded aid Dharkhna (rv) to the Vindhyitchal range, selecting Stirang (PI) 
and DItgri (v) stations near the northern confines of Bagllelkhand and bringing the Series 

For the history and description of this instrument, we psge 65 of Appendix No. 2 to Vol. 11. of the Acuount of t h  Operdiorw 
# t b  G ~ a t  Trigonomehiaa1 Suivey Of India. 
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back to its own meridian. Mr. Tulloh having succeeded in selecting a station in the plains, 
proceeded to select the stations of Kart&r (VII), Marpha (VIII), and Sihonda (IX) which are 
situated in the Banda district. Lieutenant ltenny now considered that his presence was no 
longer needed on the approximate series, and accordingly returned to resume the final observa- 
tions, selecting en route the station of Potenda (111). He began observations on the 19th March 
a t  Maihar (I) ; and proceeding thence in order to Amua, Lakanpura, Patra (II), Potenda (IIT), 

DharMna (IV), Shrang (vI), DAgri (v), Marpha (VIII), Kart& (VII), Sihonda (lx), and Pavia 
(x), he was able by 23rd June to complete the first ten triangles of the Series, thereby span- 
ning a naeridwnal distance of 100 miles and reaching the extremity of the hill tract through 
which the Series passes. 

Lieutenant Renny had hoped to have a large amount of secondary triangulation 
executed in connection with the principd operations by one of his assistants. The country 
passed through possesses many places of considerable interest, prominent among which 
are the celebrated forts of Ajaigarh and Kalinjar which date back for their origin to the 
Chandel rule nearly 1000 years ago, and the fancied impregnability of whose walls induced 
their defenders to defy to some purpose even the British arms in the early portion of the 
present century ; Nagode or Uncl~ehra, a d j a  of which subsequently proved his loyalty by 
spontaneous support in the critical times of the Indian Mutiny; Panna, a place of consider- 
able beauty and wealth ; Maihar, Kothi and Soh&wal, all the capitals of the Native States or 
jagdm named after them ; and Chitarkot, a notal)le place of pilgrimage and boasting a sanc- 
tity the date of whose origin is lost in tlie mytl~ical ages of Hindu legendary lore. But in 
these years the supply of instruments was very inadequate for the requirements of the Survey 
Department. Lieutenant Renny applied more than once to the Mathematical Instrument 
Office in Calcutta for a small tl~eodolite for the execution of the proposed secondary triangu- 
lation, but on each occasion his application could not be complied with; and late in the 
season, when the 7-inch theodolite which was employed in the preliminary site selection 
became available for the secondary triangulation, the hot winds were setting in and the at- 
mospl~eric conditions were such as to make observing impossible, otherwise than to luminous 
signals, which were only su5ciently numerous to be employed in the principal triangulation. , 

Thus the secondary determinations, this season, were almost wholly restricted to such as could 
be made from the principal stations. 

Towards the end of the season the appro~irnat~e series passed out of the hill tracts 
into the plains. The cutting of lines to clear the rays between the stations became neces- 
~a ry .  This at  first aroused much opposition on the part of the villagers, and retarded 
the progress of the operations uutil such time as the District Officers were able to interfere. 
Further inconvenience was caused by the people of the country in digging up and carrying 
away the mark-stones, about which they appear to have entertained superstitious misgivings. 

Lieutenant Rcnny continued his operations into the middle of June, when sickness 
broke out among the natives in his camp from constant exposure to the vicissitudes of the 
climate, the rainy season having now commenced. EarnestJy commending his last four 
stations to the care of the Collector of Banda, he turned his steps towards the recess quarters 
at  Cawnpore, which he reached on the 1st of July. 
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During the recess of 1834, Lieutenant Renny received full instructions from the Sur- 

Ssoson 1884-85. 
veyor General regarding a new system of selecting stations 

PERSONNEL. 
in the plains by, what was called, ray-tracing, which waa 

Lieul. T. Renny, Bengal Engineers, 1st Asaistsnt. 
to be adopted for laying out the triangulation in advance, 

Mr. H. C. ~ulloh, 3rd CIME SU~-AEE&WI~. and which consisted in running a traverse with a small 
,, 0. Lane, 8rd ,, ,, theodolite and perambulator in the required direction, and 

as nearly as possible in a straight line, as described at page 41 of Vol. 11. The operations of 
the ensuing field season were solely directed to the selection of stations, and no principal tri- 
angulation was attempted, as Lieutenant Renny's services were required elsewhere for the 
greater portion of the field season, in assisting at the measurement of the Dehra D6.n Base- 
Line. Leaving in the Ordnance depbt at Cawnpore his large theodolite and such of his equip- 
ment as was required for the principal observations, Lieutenant Renny took the field with his 
party on the 13th of October. Happily he had at last succeeded in obtaining a second small 
theodolite, now indispensably necessary for the ray-tracing and other preliminary operations. 
After fairly starting the work of the field season, he proceeded by dhk to Dehra D h ,  where he 
remained until the end of April, when the measurement of the base-line was completed; 
he then marched down country to rejoin his party, which he reached early in June, and 
found still at work on the Gangetic plains between Cawnpore and Lucknow. 

The operations had unfortunately been greatly retarded for want of suEcient authority 
from the Government to support the surveyors in the necessary operations of cutting down all 
trees and removing all obstacles on the lines between the principal stations. Hitherto the Dis- 
trict Officers had generally been ready to aid the surveyors by giving the requisite instructions 
to the local native officials to co-operate to such extent as might be necessary, and more parti- 
cularly to assist the surveyors in ascertaining the owners of the removed trees m d  other 
obstacles and in estimating the proper amount of compensation to be paid them. But the 
Collector of Cawnpore, considering that the aid required of him far exceeded his powers to 
grant, referred the matter to the Commissioner of the Division, by whom it wae forwarded 
for orders to the Secretary to Government in the Judicial Department. The reply was such 
as to paralyze, for a time, all vigorous prosecution of survey work. The Vice President in 
Council ruled that " The Officers in charge of the Trigonometrical Survey are not authorized 
"to remove trees or other property without the sanction of the owners previously obtained, 
"and it will rest with those officers to offer such remuneration as will induce the owners to 
" comply with their wishes." Now in order that'the principal triangulation might be advanced 
at a fairly rapid rate, it was necessary to lay out and complete at  least ten new triangles in the 
course of each field season; the sides of the triangles being of an average length of 14 miles, 
the clearing of at  least twenty perfectly straight 14-mile lines was essentially necessary, and 
it was generally desirable that this work should be completed during the f i s t  half of the field 
season, so as to allow of the final observations being taken during the remainder of the 
eeason. To have raised the tower stations sufllciently high to overlook all intermediate 
obstacles would-as previous experience had shown-have much retarded, and increased the 
cost of the operations. Thus line clearing was absolutely necessary; but obviously a 
number of perfectly straight lines-of an aggregate length of, say, 280 miles-could not be 
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cleared without cutting down a considerable number of trees, more or less valuable ; and if this 
might not be done without obtaining the sanction of the owners in every instance, the opera- 
tions would be liable to be so enormously retarded, that they would have to be abandoned. 
The Surveyor General pointed out these facts to the Government, and prayed for the imme- 
diate issue of such orders as would effectually remove the evil. I t  was then ruled that a the 
" Tehsdlddr or Peshkdr or other native officials of the district, should invariably accompany 
" the surveyors, on the grounds that their presence will no doubt, from their superior knowledge 
" of the inhabitants and of the value of the property, greatly facilitate and expedite agreements 
"for permission to remove such trees as may interrupt the operations of the survey." This 
arrangement had the desired effect, by investing the operations of the surveyors with SUE- 
cient authority to silence all further opposition. 

By the operations of the present season, the Series stood practically laid out to a 
little beyond the parallel of 27" in N. lat., having been carried through that portion of 
Oudh which lies south of the river Gumti. Some delay had occurred in obtaining the 
requisite authority to carry the operations into the Oudh territory; but the most serious 
obstacle to progress was the action of the Collector of Cawnpore as already described ; thus the 
out-turn of work was less than Lieutenant Renny had expected his two assistants to accomplish 
in his absence. Stations were selected over a direct meridional distance of 120 miles, involv- 
ing the execution of over 260 miles of ray-tracing by the route-survey method. 

Before the recess of 1836, Mr. Tulloh resigned his appointment in the Survey Depart- 

Sewor 1835-36. 
ment. No other assistant was available to take his place 

P ~ O N N X L .  until towards the close of the following field season. 
Lieut. T. Renny, Bengal Engineers, 1 s t  his tant .  Lieutenant Renny took the field earlier than usual in order 
A4.r. 0. Lane, 2nd Olaaa Sub-histant. to make up as well as he could both for the backwardness 
in the state of the ray-clearing and for the diminished strength of his party. He took 
care a150 to pave the way for an uninterrupted prosecution of the work in prospeot by 
sending copies of the recent orders of Government, on the subject of cutting trees, to the 
several Civil officials. His progress was accordingly uninterrupted; but the want of a 
second assistant was much felt, now that all opposition was at an end and the operations 
could be carried on with vigour. Lieutenant Renny brought severd old mud forts into 
use, by repairing and raising their bastions so as to convert them into principal stations, in 
doing which he was always careful to fix the lower centre mark in a solid portion of the 
original structure. Further, as regards the question of the advantages of lofty and ex- 
pensive towers without line cutting, relatively to low and cheap towers with line cutting- 
which was still a moot poin6Lieutenant Renny found that he could construct towers 
of earthwork and sundried bricks set in mud, 26 feet high, 16 feet square above and 
proportionately larger below, with mark-stones at  intervals from the basement to the upper 
surface, at a cost not exceeding Rs. 3 for each foot of height, that is to say for less than 
RS; 100 for the highest tower that it was found necessary to erect*. The average cost of 
clearing the lines between the stations was also found not to exceed Rs. 100, including the 

* For detaih regarding the oonrtruction of thew towem, lee note on page 18 of Part I of V o l u e  VU 
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payment of compensation to the owners of the trees felled on the lines*. Thus the cost of 
each new tower station and of clear-ing the two rays leading to it did not exceed Rs. 300; 
whereas a tower sufficiently high to overlook all obstacles on the lines must have been built 
of the best masonry, and would probably have cost not less than Rs. 2,000; and the time 
occupied in its construction would have much exceeded what was required for building 
the simpler structures designed by Lieutenant Renny, and for clearing the rays between 
them. 

Lieutenant RRnny cleared the rays up to the side Barauli-NimkBr (xxv-xxvr), and 
then proceeded with the selection of the stations remaining to complete the Seriea up to the 
northern confines of the Oudh territory. And as permission to enter Nepal was with- 
held by the Government of India, of whom it had been solicited, tlle selection of stations was 
brought to a close at  the side JUmubpur-Umnagar (XXII-rx~v) of the North-East Longi- 
tudinal Series. During the latter end of April, the party was strengthened by the arrival of 
Mr. C. Murphy, 2nd Class Sub-Assistant, transferred from the operations on the northern 
section of the Great Arc, too late however to be of much help during the present field season. 
Writing from Cawnpore on 3rd June, Lieutenant Renny reported that he llad conti~lued 
clearing the rays between the stations, as long as the atmosphere was suficiently clear to 
enable him to see the blue-lights which were burnt at  the forward stations, to indicate their 
position ; these blue-lights, when burnt on lofty poles, were usually visible over all interme- 
diate trees and obstacles at the back stations, more particularly if observed at  midnight, 
when very considerable refraction is generally prevalent ; their employment thus frequently 
enabled the required direction of a ray to be exactly determined, without any ohher procedure ; 
but as this method of operation was not always to be relied on, and depended for its 
success very much on the condition of the atmosphere, it was eventually superseded by ray- 
trace triangulations-described at  page 42 of Volume 11-which, though someti~nes more 
laborious, were always feasible and certain in their results. Lieutenant Benny's subsequent 
operations, after finding further ray-clearing impossible, are quoted as follows from 11is report 
to the Surveyor General. " I conducted a route-survey for the selection of points for prin- 
" cipal stations up to the Nepal Hills. At this period, being the middle of last month, fever 
"and other complaints prevalent in the TanG broke out in my camp, and before I had 
"returned to Sitapur both my Sub-Assistants were dangerously ill, and a great portion of my 
"establishment laid up. As the dimness of the atmosphere at  this season would have pre- 
" vented me doing any more work until the commencement of the rains, and to detain my 
" establishment in camp would only have been exposing them to relapses, I proceeded here 
"as soon as my party was sufficiently convalescent to travel, and am happy in being able to 
"state that my Sub-Assistants are now out of danger, and the Native establishment daily 
" acquiring strength." 

The operatione of the season enabled Lieutenant Renny to construct two general maps 
of tho country in which the operations had been carried on, compiled from information 
acquired in the course of the route-survey ray-traces between the principal stations. 

* Tile wmpen~t ion paid for trees felled on sixteen rays in the Oudh territory WM under Re. 70 per my on the average : the amount 
of thb award was fixed by an o5cisl of Hu Highneon the King of Oudh who had been speoidly deputed to accompany the party. 
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The party resumed field operations on the 1st October, Lieutenant Renny commencing 
operations by taking observations at tlie station of Jtijmau 

8caron 1836-87. 

P m o m L .  
( x v n ~ )  which was only 4 miles distant from his recess quar- 

Lieut. T. Ranny, Bengal Engineem, lat Assistant. ters at  Cawnpore, to the three stations, XVI, XVII and XIX, a t  
Mr. C. Murphy, 2nd Olase Sub-dsaiatant. 
,, C. Lane, 

mhich towers had already been built. He proceeded thence 
IS 91 

to M8wa (XVI), where he found it necessary to give an addi- 
tion of 6 feet to the height of the tower; observing there both by day and night*, he was 
able by the 17th of the month to complete all the observations, horizontal as well as vertical. 
The next points visited were the hill stations of Sihonda and Pavia (IX and x) which form the 
side of continuation of the triangulation completed in the first field season; the single angle 
remaining to be observed at  Sihonda (IX) was completed; at Pavia (x) tile angle between 
Sihonda (IX) and Paprendi (XI) was partially observed, the remaining angle being wholly 
unobserved because the signal at  the tower station at  Mbsapur (XII) was invisible. The 
observation of the principal angles was tben discontinued, as the sides of the triangles were 
of so great a length for operations in tlie plains that it appears to have been considered hopeless 
to attempt to measure them until the season of clear atmosphere which occurs during and 
shortly after the monsoons. 

Having deposited in store at  Cawnpore his large theodolite and such other portions of 
the materiel as he would not need, Lieutenant Renny devoted t l ~ e  remainder of the season to 
clearing rays, building new towers and raising tlie old ones wherever necessary. About 270 
miles of rays were cleared, carrying this portion of the work up to the extreme northern 
limit of the Series ; the heights of the towers at xxr, x x ~ v  and xxv were increased 15 feet, 
30 feet towers' were erected at ststions xxvr, XXVIII and XXIX, and one of 28-subsequently 
increased to %-feet a t  xxvrr. 

The services of Lieutenant Renny were lost to the party until the 1st of March 1838, 
being required at tlie measurement of the Sironj Base-Line. 

k o n  1837-88. 
P m o m a ~  Mr. Murphy accordingly took cliarge at the commence- 

Lieat. T. ment of the field season, under the general direction of 
Mr. C. Murphy, lat Claw Sub-Aenbtant. 
,, C. h e ,  l e t  , Lieutenant Renny, and proceeded on the 5th October to- 

89 

wards Pavia (x) distant about 70 miles from Cawnpore . . 

where the recess quarters were established. On his march thither, he ascertained illat 
the mark at  Jailtinabad station (xv), on the roof of a paka building, had been removed, and 
that the owners of the building would not allow it to be replaced. This difficulty was horn- 
ever got over with the assistance of the Magistrate of Fatelipur witliout retarding the pro- 
gress of the work. Mr. Murphy arrived at  Pavia (x) on tlie 14th October; and by the 20th 
he was able to complete all observations of horizoutal angles which he believed to be neces- 
sary ; the vertical angles were not observed as the signals were only visible during the night when 
refracted very considerably andvery irregularly, so that the observations would be worthless un- 
less reciprocated by others taken at  the same time at the station under observation. Tlle horizon- 
tal angles at Paprendi (XI) were then undertaken and completed; afterwards those at  K61dkllera 

* The night signale used were either vase-lighta or blue-lights, the ltrtter having supemded the fornler, to be in turn s u p e d e d  a 
tew years aftemrda by powerful lamps with parabolic reflectors. 
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(XIII) which were all but completed. Mr. Murphy next proceeded to Mlisapur (XII), where he 
completed all t11e horizontal angles in three days, and measured reciprocal verticals with Mr. 
Lane at Pavia(x), who employed a 7-inch theodolite ; these simulta~leous verticals were observed 
on the 4th November to blue-lights, burnt an hour after sunset. Mr. Murphy reached Jhfrabad 
(XIV) on the 7th November, and by the 11th the three horizontal angles as well as simultaneous 
verticals on the ray to Mhsapur (XII) (observed to heliotropes an hour before sumet) were 
measured. Tlie station of Jahbnabad (xv) was reached on t11e 17th: by the 20th the hori- 
zontal angles were all disposed of ; here simultaneous verticals were observed to lamps on the 
ray to Jhfrabad (xrv), but though the observations extended over an interval of nearly 24 
hours beginning at an hour after sunset, the results of the means of the measures differed so 
considerably inter se that they were rejected and reserved for future re-measurement. Mi .  
Murphy remained at J a l i h b a d  while Mr. Lane was marching to DewarsAn (XVII) for simul- 
taneous verticals; they were taken on the 24th a t  tlle time of minimum refraction. Mi .  
Lane proceeded the same day to JAjmau (XVIII), while Mr. Murphy advanced to D e w a r h  
(XVII), and succeeded on that and the following night in completing the two horizontal anglee 
at  this station as well as in taking simultaneous verticals on the ray to J4jmau (xv111) witah Mr. 
Lane. On the completion of the observations a t  Dewarsin (XVII) Mr. Murphy fell ill, and had 
to proceed to Cawnpore for three weeks, at the end of which he returned to find that the favor- 
able season for observing had ended. Crossing the Ganges into Oudh lie resumed work on 
the 21st December at  the station of Rau (xx), where he also took observations for fixing 
Christ's Cliurch Cawnpore, which was then being built. He waited there five days without 
being able to obtain complete measures of even a single horizontal angle, though he succeeded 
in taking simultaneous verticals with Mr. Lane on the ray to J4jmau (XVIII). He  then re- 
crossed the river and proceeded to N a m h  (XIX) on the right flank of the Series. The winter 
rains had now set in, and the conditions of the atmosphere became so unfavorable that though 
he remained at that station from the 4th to the 28th of January, and worked whenever pos- 
sible both by day and night, he could only obtain complete observations of two of the three 
horizontal angles ; sucll few measures as were taken of the third angle were rejected and re- 
observed later on in the season. Pushing on to Jhalotar (XXI) the horizontal angles occupied 
him from the 3rd to the 14th of February; and thence returning to Rau (xx)-the observa- 
tions at which had been left unfinished nearly two months before-he finisl~ed the work there 
by the 19th of February. He then proceeded to Etora (XXIII) where the horizontal observa- 
tions occupied him from tlie 24th February to the 3rd March ; after this he went to Bakseria 
(XXII) where by the 8th of the month he had completed the three horizontal angles ~ E I  well 
as simultaneous verticals with Mr. Lane on the ray to Rau (xx). At this time Lieutenant 
Renny returned from the Sironj Base-Line and resumed the direct charge of the operations, 
exnmini~lg the work performed by Mr. Murphy, affording him incidental aid in the measure- 
ment of the angles at Bakseria (XXII), and accompanying him to his next station Asu (XXIV) ; 
there the three horizontal angles as well as the simultaneous verticals on the ray to Bakseria 
(XXII) were measured between the 10th and 14th of March. 

A n  examination of Mr. MurpI1y's work brought to light the circumstance that certain 
of his angles were deficient in respect to the number of zeros on which the measurements 
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had been taken. Lieutenant Renny reported that otherwise his arrangements for conduct- 
ing the details of the work 110th expeditiously and economically appeared to have been very 
good. That no loss of time might be incurred in returning to observe such zeros of his 
angles as were defioient, Mr. Murphy volunteered to undertake the work during the ensuing 
rains, at a season of the year not usually devoted to field operations. M i .  Lane's share of 
the work was also favorably commented on by Lieutenant Renny. 

On leaving h u  (xx~v),  the party proceeded successively to Barauli (xxv) and Fateh- 
nagar (XXVII), and by the end of March the three horizontal angles a t  each of these stations 
were disposed of. 

Lieutenant Renny had meanwhile been apprized by the Surveyor General that his ser- 
vices would shortly be needed in carrying on the triangulation of the Great k c  to the south 
of Sironj ; he was directed to proceed to Head Quarters as soon as his presence could be dis- 
pensed with on the h u a  Series. He was anxious before leaving the party to establish some 
sort of check on the work that had been already executed ; and for this purpose he determined 
to measure an azimuth of verification at  the station of Nimkhr (xxv~). He arrived there 

, on the 2nd of April ; and by the 16th of the month he completed the azimuthal observations 
and the measurement of two of the three horizontal angles at that station. The reduction 
of the azimuthal observations, and various necessary arrangements for tho future conduct of 
the work, occupied Lieutenant Renny till the 1st of May, when he proceeded to Dehra D6n, 
marching via" Bareilly and HardwAr. 

Mr. Murphy, now again left to his own resources, resolved to finish at once the insuffi- 
aiently measured angles to the south in preference to continuing his progress northwards; 
for he considered that a severe rainy season might possibly set in, and, by forcing him into 
recess quarters, prevent him from bridging over the gap that then existed in the work. He 
accordingly retraced his steps to Namiina (XIX), where a few months previously he had spent 
several weeks without the weather admitting of his completirig tlie measures of more than 
two of the three angles ; the third angle was now measured in the course of two days. The 
party then moved southwards to Pavia (x), where all that remained to be done was the com- 
pletion of a single angle-between IX and XI-by measures on two zeros : this wm effected on 
the 14th June ; and by the 23rd of the same month, the deficiencies in the angles at  XI and XIII 

were also made good. Thus, the Series stood complete up to the side (xxv1)-(XXVII), with the 
exception of the angle at  x x v ~  (Nimkhr) between x x ~ v  and xxv. I n  addition to the tower- 
building already indicated, seven new tower stations, each 24 feet high, had been constructed 
at  the northern end of the Series, thereby completing this troublesome portion of the operations. 

During the field season of 1838-39 Lieutenant Renny merely exercised a general 
~sason  1838.89. supervision over the operations without taking any per- 

P.BBOWEL. soial share in them, as he was engaged on tlie measurement 
Lieut. T- Renny, Bengai E~lginwm*ld *miatant. of the principal angles of the section of the Great Arc, to Mr. 0. Murphy, 1st alase Sub-Aesistsnt. 
,, O. Lane, l e t  ,, IS the south of Sironj, between the parallels of 18" and ah0. 

The programme for this season's operations was as follows :-to measure the horizontal 
angles at nine principal stations to complete the Series ; to observe an azimuth at  a8mu&pur, 
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the most northerly station on the Amua meridian, which was subsequently allotted to the 
North-East Longitudinal Series ; and h t l y ,  to take simultaneous vertical angles over a distance 
of nearly 200 miles in the length of the Series, so as to form a continuous chain of relative 
heights of which only seven links stood supplied by the observations of the previous season. 
With favorable weather all this miglit be colupleted in one field season. 

Mr. Murphy moved into camp on the 16th October; and, having crossed tlie Ganges 
into Oudh, he proceeded to his first station, Nimkk (xxv~),  where the angle between xxiv 
and xxv was duly observed on the 21st idem. The party proceeded thence in succession to 
the several northern atations, the liorizontal angles at  which were all disposed of by the 9th 
of December. The prescribed azimuth was then undertaken by observations to 6 Ursae 
Minoris at  both elongations. By the end of the month the whole of the programme of work 
was completed, with the exception of the vertical observations. Mr. Lane had fallen ill at  
the commencement of the field soason, and been unable to render any assistance, in con- 
sequence of which Mr. Murphy liad engaged the temporary services of Mr. C. D. Campbell, 
a young candidate for employment in the Survey Department. A collision occurred between 
the men of the native establishment and a large body of armed men in Oud11-who \Ifere said 
to be desperate freebooters, and inhabited a small fort of tl~eir own in a jungle on the banks 
of the Gumti in the vicinity of the survey operations-which might have been attended with 
much loss of life had not Mr. Murphy been a t  hand to interpose and protect his people. 
But otherwise the operations in Oudh seem to have met with no opposit.ion. 

The vertical angles, whose measurement was tlie one thing remaining to complete the 
Series, were observed simultaneously at the opposite extremities of the rays, by Mr. Murphy 
a t  one end with Troughton and Simms' 18-inch theodolite No. 1-with which the whole of 
the horizontal angles of this Series were measured-and at the other end by either Mr. Lane 
or Mr. Campbell with a 7-inch tbeodolite. These operations were carried, under instruction, 
over the diagonal sides only of the Series, zigzagging from &nk to flank, so as to fix every 
station in turn, but without giving clleck determinations on the flank sides as well, as that 
would have doubled the amount of work to be performed. The field operations were concluded 
on the 2nd of April. The party then proceeded v i 4  Cawnpore to the Surveyor General's 
Head Quarters at  Dehra D6n. 

On the completion of the Simultaneous Reduction of the North-East Quadrilateral, it 
was found that the errors which had actually been dispersed over tlie Amua 8ei*ies, between 
its origin Amua-Lakanpura and terminus Dahlelnagar-Kokra, were as follows :- 

I n  Logarithm of the latter side + o.o00,0043,8 = 0.6 inches per mile nearly. 
,, Azi~nuth 9, - 1 ~ ~ 2 8 6  
,, Latitude of Dahlelnagar + o -077 
,, Longitude 9) - o ,173 

The trigonometrical heights were checked at several points in subsequent years by 
connection with the Spirit Leveling Operations in the llri~;onometrical and Revenue branches 
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of the Survey, see page 38 [of Vol. VII]. The sections into which the Series has thus 
been divided exhibit the following errors :-in the southern section ending at XVIII, the 
maximum discordance was found to be + 7 feet; in the next, ending at the side XXVIII-xxtx, 
it was - 14 feet; and in the last section, it was + 4 feet. The errors were dispersed in the 
manner indicated at pages 38 and 39 of Part I of Volume VII. 

It will be seen on reference to the chart of this Series that little secondary trikgula,- 
tion was done in connection with the principal operations, excepting what was accomplished 
from the hill stations at the southern end of the Series. More could not have been done in 
the plains excepting by carrying chains of minor triangles for which neither the requisite 
agency nor instrumental equipment were at  the time forthcoming. The positions of ShBhja- 
Mnpur and other secondary points, near the northern end of the Series, were fixed in the 
year 1849-60 by Mr. J. 0. N. James, in connection with the operations of the North-East 
Longitudinal Series ; it has been found convenient to exhibit the results with those of this 
Series; they will therefore be found in the Synoptical Volume for this Series. 

Compiled, with Addenda by the Surveyor General, by 

DEHBA D ~ N  : 

November 1881. I 
C. WOOD. 

Surceyor 2ncl Grade. 





A Y U A  M E B I D I O N A L  S E R I E S .  

ALPHABHTICAL LIST OF STATIONS. 

Amiia L 

(of C&qtta Lungitudid Series). 

Kokra . 
(of North-Eaet h n g i t d d  *)a XXIV. 

i . XYII. Lakanp6ra . b 

(of cnlrmtt. Longitudirul Ilsrier). 

Maihar b a 

Marfa b . 
XYV. 

XXYI. 

Dnl~lelnngnr . . . 
(of North-Euat Longihrdinrl hk!. 

XIL 

XIX. 

Nix&& . . 
Paprendi . a b 

. . XIV. 

Jariira a @ 

Jehinibrid . I I 
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NUMERICAL LIST OF STATIONS. 

XTII 

I 

I1 

I11 

IV 

V 

VI 

VII 

VIII 

.IX 

X 

XI 

xn 
xm 
XIV 

XV 

XVI 

* AmGa. 
(of Calcutta Longitudinal Series). 

Lakanpiira. 
(of Calmtta Longitudinal hrk). 

Patra. 

. Potenda. 

• Marfa. 

. . Seonda. 

. . . Pavia. 

. . Paprendi. 

. . Miisipiir. 

a Eniikhera. 

. Jafribid. 

. a Jehiniibid. 

. Miiwa. 

SVIII . Jtijdo. 

XIX . Namina. 

xx . *  mo. 
XXI Jalhotr. 

X U n  . . Bakseria 

Etora. 

ABu. 

XXV . Baraoli. 

XYVI '. . Nimkiir. 

XXVII . . Fatenagar. 

XXIX -. . Sirwaia. 

XXX -. Parser. 

XXILI . Kokra. 
(of North-Ed I m n g i w  Bsrisr). 

XXV . . Dahlelnagar. 
(of North-Ed Longrtudid Be&). 
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DESCRIPTION OF STATIONS. 

L--5200- 

X V n . - ( O f  Calcutta Longitudinal Series). Amiia Hill Station, lat. 24' 0'. long. 80" 32'. 
is situated in the Maihar district, and stands on the southernmost extremity of the Kaimiir 
range, immediately to the E. of the village of AmGa. The encamping ground of Siwaganj, on 
the high road from Mirzapore to Jubbulpore, is distant about 3 miles to the N. 

The station is marked by the centre of a circle engraved on a stone which is fixed on the surface of a plat- 
form, and placed perpendicularly over a similar stone at the base. The same poiht wns used on the or& as well os 
revised triangulation of the Calcutta Longitudinal Series. 

XIZL.-(Of Calcutta Longitudinal Series). Lakanpiira Hill Station, lat. 24" 3', long. 
80" 50', is situated in the Maihar district, and stands on a peak of a small range of hills, at a 
distance of about If miles to the N. of the small village of Lakna or LakanpGra. 

The station is mrked by the centre of a circle engraved on a stone which is fixed on the surface of a 
plafform, 2 feet 4) inches perpendicularly over the mark which wrrs urted on the original triangulation of the Calcutta 
Longitudinal Series. I t  waa found in good preservation when visited in April, 1865, in the course of the revision of the 
Calcutta Longitudinal Seriea. 

I. Maihar Hill Station, lat. 24" 17'. long. 80" 46', is situated in the Maihar district, and 
stands on the eastern extremity of the Birapihir, at a distance of about 1+ miles to the N.Mr. 
of the town of Maihar. 

The station is marked by the centre of a circle engraved on a atone which is fixed in the middle of a 
platform about 2 feet high. 

11. Patra Hill Station, lat. 24" 17', long. 81" 11', is situated in the Rewah district, and 
stands on the Kaimiir range, about 2 miles E. of the small village of Patra, and lb miles S.E. 
of Amarpatan. 

The station in marked by the oentre of a oircle engraved on a atone which in tixed in the middle of 
platform, 2 feet perpendioulerly above a similar mark engraved on the m k  in rihr. 
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111. Potenda Platform Station, lat. 24" 37', long. 81" O', is situated in the Rewah district, 
and stands on an open plain, about 4 of a mile from the village of Potenda, and 6 miles E. of 
Mldhogarh. 

The station ia marked by the centre of a circle e n p v e d  on a stone which is fixed in the middle of a plat- 
form, 2 feet perpendicularly above a similar mark engraved on the rock in du. 

IV. Dharkhna Hill Station, lat. 24" 25', long. 80" 36', is situated in the Xagode district, 
and stands on a detached hill of that name, about 3 miles S. of tho small village of Clliinba, 
and 8 miles from the station of Nagode. 

The station is marked by the centre of a circle engraved on a stono which is fixcd in the middlc of a plat- 
form, 14 feet perpendicularly above a similar mark englaved on the rock in situ. 

V. DH'gri Hill Station, lnt. 94" 51', long. 80" J4', is situated in the Nagode district, and 
stands on the south fiace of the Bindr;;cllnl range, distant about 8 miles to the X. of Koti, and 
immediately above the small village of DJgri. 

The stntion i~ marked by the centre of a circle engra~ed on a stone which ia 6xcd in the middle of a plat. 
form, about 64 feet perpendicularly above a similar stone well imbedded in the ground 

VI. SSrang Hill Station, Iat. 2T 4G', long. 80" 24', is sit~lated in the Pannn district, and 
stands on a peak of that name in the Bindriichal range, distant about 3 miles S.\V. of Ethwirii, 
and 11 miles E. of Panna. 

The-station ia denoted by the centre of a circle engraved on a stone which is fixed in tho middle of a plat- 
form, about 3 feet perpendicularly above a similar stone flush with the natural surface of the bmrud. 

VII. Kart i r  Hill Station, 1st. 25" 2', long. 80" 33'. is situated in the Banda district, and 
stands on a three-peaked isolated hill, close to the 11igh road fimoln llanda to S'Tpr. 

The station is denoted by a dot e n p o d  in the centre of R hole 14 inches dccp cut in tho middle of a 
large bosdder about 9 feet square. 

VIII. Marfa Hill Station, lat. 25" i', long. S0" 44', is situated in p:Irpnnn Badaosa of 
the Banda district, and stands on an isol:rted~l~ill of that n:tme, 011 t l ~ e  north face of' tlre Bindrii- 
chal range, at a distance of about 10 miles to the I V .  of Cl~itarkoti, n place of Hindoo pilgrimage. 
The hill was formerly fortified, and pretty consiclerabl~ inl~iibitcd, judging f i a o r n  the sc\-era1 largo 
tanks and ruins of buildings which are to be fieell. 

The station is on the ruins of an old building, and is denoted by the centre of n circle e n p ~ e d  on a stone 
which is bed in the middle of a platform, about 5 feet perpendicularly above a similar u r k  nt the lcvcl of thc gr1)aud. 

IX. Seonda Hill Station, ]at. 25" IS', long. SO" 24', is situated in pargnnn Feondn of the 
Banda dietrict, and stands on the eastern extremity of an isolated wedge-shnpcd hill immediately 
above the village of that name. 

The rrtation is denoted by the centre of a circle engraved on a long stone aunk to uithin 3 inches of tbe 
ortace of a alightly elevated platform. 

X. Pavia Hill Station, lat. 25' 17: long. 8(r 45: is situated in p ~ ~ p a S c o n d a  of the 
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Banda district, and stands on a low hill immediately S. of the village of that name. A platform 
in front of a small temple was used for the station. 

The station is denoted by the centre of a cimle engraved on a atone which waa fixed in the middle of the 
platform and about 64 feet perpendicularly above a similar stone imbedded below. The station eubaequently required 
an additional elevation, and an earthen platform 11 feet in height was erected. 

. Paprendi Tower Station, lat. 25" 38', long. 80" 27', is situated in pargana Pailaini 
of the Banda district, and stands on the centre tower on the east face of the mud fort of 
Paprendi. 

The tower waa first repaired, and heightened about 10 feet. This station ie full 60 f&t above t.he level 
of the surrounding country. 

XII. Mirsiipiir Tower Station, lat. 25" 47', long. 80" 41'. is situated in pargana GhkipGr 
of the F'atepiir district, and stands on a mound, elevated about 20 feet a b ~ v e  the level of the 
m o u n d i n g  country, and lying to the south of the small village of hlwph. 

An d e n  platmrm 23 feet high haa been conetructed at  this atstion. 

XIII. Kiidkhera Tower Station, lat. 25" 51', long. 80" 28', is situated in pargana 
Pa i lb i  of the Banda district, and stands on a solid building in the S.E. corner of a fort attached 
to the village of Khnahera. 

The building was repaired, and heightened about 12 feet, giving it an elevation of full 40 feet above t b  
level of the eurrounding oountry. 

XIV. JafrLbid Tower Station, l a t  26" l', long. 80" 38', is situated in pargana Bindki and 
district FatepGr, and stands on the N.E. tower of the mud fort adjoining the village of Jafrtibrid. 

The tower was repaired, and heightened 17 feet, and the station is full 40 feet above the level of the sur- 
rounding country. 

XV. Jehhnibhd Tower Station, lat. 26" 6', long. 80" 24', is situated in pargana Kora 
and district F'atepQ, and stands on the eastern of two small buildings raised abvut 9 feet above 
the roof of a house within a garden, at the S.E. extremity of the town of Jehiniibid. 

The etation is full 40 feet above the level of the surrounding countq-. 

XVI. MBwa Tower Station, lat. 26" 16', long. 80" 34'. is situated in pargana Sarh 
Salempiir of the Cawnpore district, and stands on a mound, about 20 feet in height, situated to 
the N. of the village of Miwa. 

An earthen platform 24 feet h h  has been constructed at  thie station. 

XVII. Dewarsh Tower Station, lat. 26" 16', long. 80" 21', is situated in pargana Sarh 
SalempGr of the Cawnpore district, and stands on the N.W. tower of the inner line of the mud 
fort attached to the village of Dewarsh. 

The tower has an elevation of upwards of 25 feet above the surrounding country, and the station i raised 
an additional 7 feet. 

XVIII. JiijmLo Tower Station, l a t  26" 26', long. W 27', is situated in pargana JijmBo 
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of the Cawnpore district, and stands on the eastern extremity of the high ground overlooking 
the Ganges, where formerly stood the fort attached to the village of .Jc,jluio. 

The station is on an earthen platform raised about 8 feet in height. 

XTY. NamGna Tower Station, lat. 26" 2St, long. 80" 39', is situated in the Harha dis- 
trict, and stands on a mound, 25 feet high, distant about ) of a mile to the S. of the village of 
Namina. 

The station is on a earthen platform 18 feet in height. 

XX. Riio Tower Station, lat. 26" 39', long. 80" 30', is situated in the RasGliibLd district, 
and stands on a mound, 25 feet high, distant i of a mile X.W. of the village of U o .  

The station is on an earthen platform 16+ feet in height. 
* 

XST. J i~ l l~o t r  Tower Station, lat. 26" 42', long. 89" 41', is situated in the Rashlibid 
district, and st,ands on the S.W. tower lif the fort attached t.o the village of Jalhotr. 

The tower is about 20 feet high, and an additional elevation of 15 feet was obtained by the erection of an 
earthen platform. 

XXII. Bakseria Tower Station, lat. 26" 51', long. 80" 32', is situated in the Lass$p& 
district, and stands on the ruins of an old fort t of a mile S. of the small village of Bakseria 

An earthen platform 16. feet in height haa been erected, which gives an elevation of about 40 feet above 
the surrounding country. 

XXIIL Etora Tower Station, lat. 26" 54', long. 80" 42'. is situated in the Sandaila dis- 
trict, and stands on a mound, about 15 feet in height, distant ) of a mile W. of the village of 
Etora 

An earthen platform 18 feet high has been constructed. 

XXIV. Asu Tower Station, lat. 27" 5', long. 80" 31', is eituated in the Sandaila district, 
and stands on a mound, 25 feet in height, close to the village of Asu, and distant 2 miles N. of 
the town of Sandaila. 

A platform 30 feet iugh has been constructed. 

XXV. Baraoli ton re^. Station, lat. 27" 8', long. 80" 43', is situated in the Sandaila district, 
and stands on a mound, 20 feet in height, adjoining the village of Baraoli. 

A platform of sun-dried brick8 and mud cement 30 feet high has been erected. 

XXPI. Pu'irnkrir Tower Station, lat. 27" 21', long. 80" 32', is situated in the Khairibid 
district, and stands on a mound, 15 feet high, distant t of a mile N.W. of the town of Nimkir, 
and 4 a xllile N. of the GGmti river. 

A platform of pska bricks and mud cement 30 feet high has been erected. 

XXVII. Fatenagar Tower Station, lat. 27" 24', long. 80" 43', is situated in the KhairBbhd 



district, and stands on an open plain 34 miles S.E. of the large town of blacherhata, and f of 
a mile S.E. of the village of Bulandpfir. # 

A platform of sun-dried bricks and mud cement 35 feet high has been erected. 

XYVIII. Dariiwal Tower ~tat idn,  lat. 27' 34', long. 80' 31', is situated in the Khairti- 
b;id district, and stands on a mound, about 20 feet high, distant & of a mile N.E. of the village 
of Dariwal. 

A tower of sun-dried bricks and mud cement 30 feet high has bean erected. 
b 

XSIX. Sirwaia Tower Station, lat. 27' 38: long. 80' 41', is situated in the Khair6brid 
district, and stands on the highest point of a mound on which, to the N.E. of the station, ex- 
tends the village of Sirwaia. 

A tower of sun-dried bricks and mud cement 30 feet high has bean erected. 

XXY. Parser Tower Station, lat. 27' 46', long. 80' 32', is situated in the Mahamdi 
district, and stands on a low mound, close to a large tank, distant about 4 a mile to the S.W. of 
the village of Parser. 

A tower of sun-dried bricks and mud cement 24 feet high has been e r d  here. 

XSXI. BulandpGr Tower Station, lat. 27' 51t, long. 80" 43', is situated in the KhairiibJd 
district, and stands within a small dilapidated mud fort, lying to the S. of the village of 
Bulmdpiir. 

A tower of sun-dried bricks and mud cement 24 feet high haa been erected here. 

SYYII. J d r a  Tower Station, lat. 28" V, long. 80" 31t, is situated in the Mahamdi 
district, and stands within a small dilapidated mud fort, to the west of, and hard by, the village 
of Jarbra. 

A tower of sun-dried bricks end mud cement 28 feet high has been erected here. 

XXIII.-(Of the North-East Longitudinal Series). Kokra Tower Station, lat. 28" 12'. 
long. 80" 31', is situated in tehsil Haidariibtid of the Mahamdi district, and stands on flat ground 
on the verge of an extensive jungle. The village of Kokra is distant about 1+ miles to the S.W. 

The station was constructed in 1833 for the triangulation of the AmGs Meridiond Series, aa a tower of 
aundried bricks and mud cement, 25 feet in height, with two mark-stones, one 2 feet below the level of the ground, the 
other a t  the surface of the tower. The upper mark wae found wanting, and the tower in a dilapidated condition when 
the station was visited in 1843, in the course of the triangulation of the Pilibhit Terai Series. The old structure am 
then dismantled to the level of the lower mark, and a new tower 26 feet high constructed, with an isolated central paks 
pillar which contained mark-stones at  distances of 2, 6, 12, 18, 24, 27, and 28 feet, respectively, above the lowest mark- 
ntone. When the station was subsequently visited in 1850, in the course of the North-East Longitudinal Serieg the 
upper portion of the pillar and tower were found to have been destroyed. The structure wae again dismantled to within 
10 feet of the surface of the ground, and a mark-stone having been found there, it waa used aa a centre over which a 
new pillar, with an earthen tower around it, was constructed to the height of 26 feet above.the level of the ground, 
which b e d  a mark-atone at ita surface placed in the normal of the lower mark. 
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XXV.-(Of tire Nwth-&st Longitudinal &a). Dahlelnagar Tower Station, lat. 28" 4', 
lone. 80" 41', is situated in tehsil Aliganj of the Mahamdi district, and occupies the highest part 
of the mound on which the village of Dahlelnagar stands. 

A tower of sun-dried brioks and mud oement, 28 feet high, was erected here. It waa found in good pre- 
servation when the etation wae visited in 1850, in the wurae of the trisngulation of the North-hat Longitudinal Scrim. 
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PRINCIPAL TRIANGULATION. ADDENDUM TO' DESCRIPTION OF STATIONS. 

NOTE.-Consequent on modern alterations of district and other boundaries, the sites occupied by the stations are in some 
instances now included in civil divisions of territory which differ from the district, pargana, or village, recorded in the preceding 
descriptions of stations : a complete list of all the stations of the Series including a suitably modified statemeut of the altered sub- 
divisions in question is accordingly given in the following table, and is derived chiefly from the annual reports, up to 1881, made 
by the Civil Officials to whose care the stations have been committed. The statement also gives additional information as to position, 
construction, and present condition of certain of the stations ; where no entry regarding present condition is made against a 
station it is to be assumed that the station when l&t reported on by the district Official was in good order. 

The spelling of names is in accordance with that given in the list ,  of more important places published under the orders of 
Government whenever such names occur in the lists. 

No. 
of Station Local name District Pargana, &c. 

Remarks on the 
Construction and Condition 

of the Station 

Village in which 
the Station 

lies 

XVII 

XIX 

I 

I1 

I11 

IV 

v 
V I  

V I I  

V I I I  

Villages 
surrounding the 

Station 

Amua 

Lakhanpura 

Maihar 

Patra 

Poteuda 

Dhark4na 

D k r i  

S6rang P a h k  

Khairar 

Marpha 

Baghelkhand 
Agency 

Jubbulpore 

Baghelkhand 
Ageucy 

J J  

,J 

Bundelkhand 
Political Agency 

B h d a  

Maihar State 

Th4. Bijerkho 
garh, Tah. 
Murw6ra 

Maihar State 

T41. Amarpii- 
tat], Rewah 
State 

Tril. Mhdhogarh 
ltewah State 

Nagode State 

Kothi State 

P. Panna 

P. Badausa 

Amua 

Lakhanpu ra 

Maihar 

... 

PotelIda 

Chutiaha 

D4gri 

Ahargawa 

Khairar 

Kiilhiian 

... 

. . .  

... 

... 

... 

. . .  

... 

... 

milet 
N.N.E. f 

E. 5h 

... 

Reported in 1874. "The stones 
of this station thrown away. 
A new platform was made 
on the same spot." 

. . .  ... 

... ... 

... ... 

Reported in 1867. ' m e  plat- 
form fell dowu last year." 

- - -  - -- 

NO~. -S ta t ion~  XVII and XIX spperhin to the Calcutta Longitudinal Beriel. P. lrtanb for pugan., Tab, for M, Th6. for thina, snd T U  for Uluk~. 



AMUA MERIDIONAL SERIE3. 

IX 

X 

XI . 

XI1 

Sihonda 

Pauia 

Piprenda 

M6sapur 

XI11 

XIV 

XV 

District 

KBntikhera 

JBf rabad 

Jahtinabad 

XVI 

XVII 

XVIII 

XIX 

B h d a  

JJ 

JJ 

Fatehpur 

138nda 

Fateh pnr 

JJ 

Caw~lpore 

JJ 

J, 

Unao 

Mahowa 

Deor Sandtih 

Jtijmau 

Newarna 

Pargana, kc. 

P. Sihonda Gir 
wan 

Tah. Ghfizipur, 
P. Mutatlr 

Tah. and P. Pai 
lirni 

Tnh. Kali411pnr 
P. Iiutia Gu- 
nir 

Tah. and P. 
Kora 

P. Salimpur 

Ditto. 

Tah. Unao, P. 
Harha, Thl. 
Achalgan j 

Village in which 
the Station 

lies 

Silionda Girwan 

Pauia 

Piprenda 

Aliisapur alias 
Deogaon 

Mahowa 

Deor SandBh 

Jtijmau 

Newarna 

Villages 
surrounding the 

Station 

mile: 
Sihonda Girwan 

s. 1g 
Bahldarpur 

W. S. w. 3 
GobincTpur 

N. W. 29 

Mutaur N. by R. 1) 
Simhi E. S. E. 2 
Paigamharpur 

N. W. by N. 21 

Karauli 
N. E. by E. 14 

Rkmpur 
W. by S. 3 

1 Bindki 
N. N. W. 2 

Kadjua 
N. W. by W. 5 

Kora N. 4 
Shbhjahknpur 

W.N.W.  1 
Sakrnbad 

E. by N. 2 

Sirsol W. 1 
Kharauli 

N .N .E .  l a  
Domanpur 

I!. S. E. 2 

SBrh S .E.  3 
Simra E. by N. I f  
SultAnpur 

N. W.by W. 1 

Campore Rail- 
way Station 

W. by N. 41 
Pokarpur W. 14  

Newarna Rtim- 
sahai N. by E. 4 

Pareri KalAn E. 3 
KorBri Kalkn 

W. by N. 4 

Remarks on the 
Constructiou and Col~di t ion  

of the Station 

Portions of tlie tower washed 
down by the rain in 1867, 
and the upper mark-stone re- 
ported as lost in 1870. 

The pillar tumbled down dur- 
ing the heavy rnillsof 1872-73 
as reported in 1874. 

Portions of the tower washed 
dowu by the rail1 i n  1867, 
and the upper mark-stone re- 
ported as lost in 1870. 

A part of the tower fallen 
down, and no mark-stone 
found, as reported in 1872. 

Reported in 1872. "The pil- 
lttr requires to be rebuilt.'' 

Ditto. 

. . ... 

Reported in 1873. '' Only the 
foundation caists. " 

NOTE.-P, otanda for parganr, Tab, for tcrhsil and Thb. for tkiua. 



PRINCIPAL TRIANCIULATION. ADDENDUM TO DESCRIPTION OF STATIONS. ll*-z. 

NOT%-P. s L u &  for pwgnn0, Td. for tal~sil, TkB. for t h i ~ w  and TLI. for tauks. 

IVO* 
of Station 

XX 

XXI 

XXII 

XXIII  

XYlV 

XXV 

XXVI 

XXVII 

XXVIII 

XXIX 

XXX 

XXXI 

Villages 
surrounding the 

Station 

milee 
Makhi N. E. 14 
T h h a  S. 23 

. . . . . . 

Haidarabad 
S. by E. 2& 

Ajgain N. E. 3 

Bakhtitirnagar ' 

E. by S. 33 
M irzaga~ij 

E. N.E. 34 
Bi4rigaon 

w. s. w. 34 

Sandila E. by S. 24 

Barwan N. E. 24 
Atrauli N.by W. 23 

Aurangabad 
E. by 9. 4 

Benigan j 
S. W. by S. 44 

Kurauna 
S. W. by W. 4 

Bihat E. by S. 1 
Pistiwan 

W. N. W. 54 

Town of Sitapur 
S. E. by S. 4 

Baragaon 
S. S. E. 2 

Mitauli N.N.W. 34 

Basarah N. W. 1 3  
Oel E. by S. 5 

Remarks on the 
Conetr~lction and Condition 

of the Station 

Reported in 1873. '( Only the 
foundation exists." 

Reported ill 1870. Demolish- 
ed with the fort (on which 
it stood) after the Indian 
Riutiny, and there is no trace 
of it." 

Reported in 1 873. There is 
nothing remaining of i t  
except a few marks of its 
former existeuce." 

Platform washed away by rain 
as reported in 1875. 

Reportcd in 1874 as being 21 
feet high. 

Reported in 1874 as being 22 
feet high. 

. . .  ... 

. . . , . .  

, . .  

. . . 

... 

. . . ... 

Pargana, &c. 

Tah., P. and 
Thi. Unao 

, . .  

, 

Tah. Mohfin, P. 
Asiwati, ThB. 
Achalganj, 
TB1. Tikar 

Tah., P. and 
Tl~ri. Maliha- 
had, TBI. Sai- 
lamau 

Tah., P. and 
ThB. Sandila 

Tah. Sandila, P. 
BBlamau, T116. 
Kachhona 

Tah., P. and 
ThB. Misrikh, 
Tkl. Aurang- 
abad 

Tah. Misrikh, 
P. Machhreh- 
ta, TA1. Raria- 
mau, ThR. Si- 
tapur 

Tah. Misrikh, 
Tl14. Maholi, 
TBl. Dundfi- 
wal 

Tah., P. and 
ThR. Sitapur, 
Tirl. Halna- 
Pur 

Tah. Misrikh, 
P. and Thii. 
Maholi, Td.  
Baragaon 

Tah. and Tl14. 
Lalrhim pur, P. 
Basaral~, Tkl. 
Raja Oel 

Local name 

Rau Kirna 

. . . 

Garhi Baksar 

E tora 

Asu Sarai 

Barauli 

. . . 

. . . 

. . .  

... . 

... 

Bhulanpur 

Village in which 
the Station 

lies 

Rau 

. . . 

Chak Bireshar 
I 

Etora 

Asu Sarai 

Barauli 

Nimkfir 

Bulandapur 

Dundiiwal 

Sahrohi 

Parsera 

. . . 

District 

Unao 

. . . 

Unao 

Lucknow 

Hardoi 

JJ 

Sitapur 

,, 

,I 

J, 

J J  

Kheri 



AMUA MERIDIONAL SERIES. 

No. 
of Station 

XXXII 

xxIn 

Local name 

Jaraura 

District 
Villages 

surrounding the 
Station 

K heri 

Remarks on the 
Construction and Condition 

of the Station 
Pargana, &c. 

Tah. Muham- 
di, P. Haidar- 
abad, T&l. 114- 
hibaksh Kh&n, 
Th6. Gola 

milea 
Alipur S. by W. 24 
Haidarabad 

N. w. Sit 

Village in which 
the Station 

lies 

The station fallen down as 
reported in 1877. 

Kokra Tah. Muhamdi, 
P. Haidar- 1 abad 

BhGrpur S. W. 14 
Aliganj N. W. 4 
Kh4npur 

E.N. E. 1 

Kheri The central pillarasconstructed 
abont the year 1838, was en- 
closed iu a tower of sun-dried 
bricks and mud cement. It 
was found in good preserva- 
tion when visited in 1850 in  
the course of the operatioris 
of the North-East Longitu- 
dinal Series. Pillar partIy 
fallen down as reported in 
1871. 

sun-dried bricks and m u d  
cement, 25 feet in height, with two mark-stones, one 2 feet below the level of the ground, the other at the surface of 
the tower. The upper mark-stone was found wanting, and the tower in a dilapidated condition when visited in 1843, 
in the course of the operations of the Pilibhit T d i  Series. The old structure waa then dismantled to the level 
of the lower mark, and a new tower 26 feet high constructed, with an isolated central paka pillar which contained 
mark-stones at distances of 2, 6, 12, 18, 24, 27, arid 28 feet, respectively, above the lowest mark-stone. When the  
station was subsequently visited in 1850, in the course of the North-East Longitudinal Series, the upper portion of 
the pillar and tower were found to have been destroyed. The structure was again dismantled to within 10 feet of t he  
surface of the ground, and a mark-stone having been fourld there, i t  was used as a centre over which a new pillar, 
with an earthen tower aror~nd it, was constructed to the height of 26 feet above the level of the ground, which carried a 
mark-stone at its surface placed in the normal of the lower mark. Pillar partly fallen down as reported in 1871. 

... 

Nm--8tat iom XXlII and XXV appertain to the North-Ewt Longitudinal Series. P. atands for pargana, Tah. for tahsil, T111. for thlna, and Tbl. for tduka 

I 

Tah. Lakliim- 
pur, P. Ali- 
gall j 

J. 6.  N. HENNESSEY, 

I n  charge of Computing Osee. 

Gauri E. by S. 2& 
Hardua W. 2 
Kllamaria S. 14 

. . . 

The station was constructed in 
1833 for the Amua Meridio- 
nal Series as a tower of 



A M U A  M E B I D I O N A L  S E R I E E :  

OBSERVED ANQLES. 

Nm.-XVII and XIX appertain to Calcutta Longitudinal Seriee, 

At XVII 

Harch 1834, obsemed by Lkut .  T .  Benny with an 18-inch Theodolite by Troughton and Simms. 

Angle 
between 

I & 
XIX 

Meam of Circle-readings, telescope being set on I 
Probabilitiw and 
General Mesru. 

38. 21S0 48" 228' MI0 SSSO 68' 248' 78' 26Sa 

I t  I1 I1 I1 I1 I1 It I t  11 

39'000 s 38;833 36'f57 39';oo 3 r ' p o  37.233 35'!33 3 8 ' p 7  35'!33 

dt XIX 

Febricary m d  March 1834, obserued by Ijieoltemt T .  Xenny with an 1 8 - k h  Theodolite 
by Troughton and Sintm. 

Angle 
between 

XVII 
& I 

Means of Circle-reading, telescope being set on XVII 

O0 180° 10' 190' 20' ZOOa SOa 210' 40' 220' 60. 290. 

I1 11 I1 I1 11 I1 I1 I1 11 ' I t  11 

43'833 50'833 4 4 2 0 0  55;833 47':67 5om!33 54'000 5 5 ' r o  58'!33 55'233 54:33 50'!33 s s s 

Probabilitiem a d  
Qened Mar# 

Probability= 1.289 

34, 
I 



lo-&. AMEA MEBIDIONAL SERIES. 

NOTE.-XVII and XIX appertain to Calcutta Longitudiaal Seriee, 

d t  XIX-(Continued.) 

Febrmay and illarch 1834, observed by Lieutenant T. Renrty with an 18-inch Theodolite 
by Troughton and Sirnms. 

Angle 
between 

I 11 

Means of Circle-readings, telescope being set on XVII  I 
Probabilities and 
General Means. 

O0 180' 10' 190' 20' 200. SO0 ZIOO 40' 220' 60' 230' 

II II II II II II II II II II II " Probability = I -5 73 

61.833 46'500 59.000 50.167 58'333 58'333 48.500 50'667 47'500 51.000 44-33; 55.500 
a s a a a s s s s s s 9 67' 44' 52"'6;9 

dl I 

Xmch 1834, observed by Lieut. T. Benny with an 18-inch Trlleodolite by Troughtm and Simms. 

Probabilities and 
General Mema. 

Probability = 1.843 

72' 14' 26"'903 

Probability =2'016 

59' .3s1 12@.583 

Angle 
between 

';I& 

Means of Circle-readings, telescope being set on I V  

00 180" lo0 190' 20' 200' 80' 210' 40' 220' 60' ZSO0 

II II I I I II II II II II II " 
20.833 25.000 i d . 5 0 0  331833 1;..933 34.833 21.333 32.000 30.500 31.833 24.667 33.16; 

s s L 9 s 9 s s 1 s s S r 

81'500 66'667 8.+'ooo 59.000 77.833 67'333 71'500 68.833 73'833 67'.50.) 
s 9 s s 9 s 9 a s 

Probability= 1.099 6..500 ICOOO 13.667 11-167 11-66) 13.667 8.500 11-16] 11.313 &:33 1- 
9 s a s s s s s a 76' 16' 12".056 

'Ix X v I I  ' / 42.133 37':67 42'rO 34'.jOO 35'.!33 34':67 41'!33 40.667 46.323 44':33 47'yO U'JOO 
Probability= 1.248 

5 1 I 2' 4oW*806 

At I1 

April 1834, observed by Liezlt. 2'. Zertny with an l&inch Theodolite by Troughton and Simm. 

Probnbilities and 
General Means. 

Probability= I -205 

35' 58' 55Il.486 

Angle 
between 

' 

Means of Circle-readings, telescope being set on XIX 

O0 180' 10' 190° 20' ZOO* ZIOO SO0 60' 230' 40' ZZOO 

I II 

50'500 s 5~fboo s *8"833 9 591:ooo s 511'167 s 58:67 9 S9'i33 53'loo 5i'i33 6:1i67 56.;67 57';67 



OBSERVED ANGLES. 11-1, 

Bt 11-(Continued.) 

April 1834, observed by Liezct. T. Renny with an 18-inch 5eodoli te  by Trsughton and Simm.  

Angle 
between 

I ' 
111 

Means of Circlsreadinga, telescope being eet on XIX 

O0 180° 10' 190' 20' 200' 210' 80' 50' 230' 40' 320° 

4 4 a 4 )I 4 4 a a 4 4 a 

12.167 19,333 18.333 18.333 18.500 22.167 17.167 17'000 24.000 13.000 23.833 3.333 
3 3 9 9 h 9 3 9 3 9 9 s 

Prohbilities and 
CSenaral Yeane. 

Probability= 1.579 
61' 58' I 7"'26$ 

dt I11 

April 1834, observed by Lieut. T .  Renny with an 1 8 - k h  Theodolite by Trozcghton cvnd Simm.  

Pmbabiities and 
General Meane. 

Probability= I -076 
580 26' 39".551 - 

!?!!&ty!!4 
35 55 25 292 

Probability= 1 '443 - 
67" 18' 38"'222 

Angle 
between 

I:& 

Means of Circle-readiga, tele~cope being set on I1 

0° 1800 lo0 190' 20' ZOO0 80' 210" 40' ZZO' 60'' 380' 

I 4 II 4 11 4 4 a 4 I a a 

37."' 3 33.833 34.667 40.667 35.267 43.:33 37.t67 43.$67 37.f33 41..;33 43.F) 44.joo 
S 9 9 

I 11.;67 26833 25-ooo 26.500 25.667 19.167 27.667 20'667 2ga,?33 14.667 a7.jro 19.~33 
B 9 9 3 3 9 3 9 9 9 9 

1 4 6 . ~ 0  38.500 44.833 38.500 36.000 39.167 33.833 40.330 2S.000 42..333 31.667 39..500 
s s 3 8 s s s 9 s s 9 

At I V  

April 1834, observed by Lieat. T. Renny with an 18-inch Theodolite by Troughton cvnd Simms. 

Probabilities and 
Qenanl M w .  

Angle 
between 

Means of Circle-readings, telescope being set on VI 
- 

o0 180° 100 1900 200 ZOO0 800 ZIOO 40° 2 w  m0 %lo0 

'ki t  
& 

I11 

I1 I t  I t  11 11 I1 I t  11 I t  I1 

18.500 18.000 14.500 23.667 14.000 22.000 13.667 15.667 2ol(oo 25.167 17. 00 15.667 Probability = 1. I 62 
]I s s s s s 9 s s s " 9 1 5oV 0' 2oV.736 

10.000 18.000 18.167 aos.500 10.167 12.333 18'333 14.000 27'167 14.333 17.833 4.833 
9 9 9 9 9 9 s 9 9 9 9 3 

Probability= r .82 r 
48' 11' I ;"'972 



* 

At IV-(Continued.) 

April 1834, obserued by L h t .  T. Renny with an 18-inch Theodolite by Troughton a d  Simms. 

Means of Circle-readings, telescope being set on VI 
Angle 

between 
0° 180° lom 190° 20- Zoo0 80° 210" 40. 2Z0° 60° ZsOO 

If If If If If A If If If If If If 

111 & I 20'333 16' oo 14'167 14'66; 9'833 10.333 7'833 15'667 6'167 I 1.667 7'167 15'333 
S  4 S  S  S  S  S  9  9  S 9  9  

Probabilities and 
Qeneral Meam. 

Probability = x -1  95 
,-, I I $0' 12*'472 

At V 

Nay 1834, obserued by Liezlt. T. Renny with an l&inch Theodolite by Troughton and Simma. 

Angle ' 
between 

'I1 
IV 

Means of Circle-reedings, telescope being set on I11 
- 

0' 180' 10' 190. 200 ZOOO 80' 210° 40° 220" 60' 2S0° 

I ,  ,# ,, If ,, I# I ,  ,, I ,  I f f  If 

5.000 I 1.000 9.500 x2.000 9'3.93 11.833 11.833 16.000 14. oo 17.833 16.333 21.000 
s 9  L s s s s s d s  s 9  

Probabilities and 
General Means. 

Probabili - 4 7 . " 2 5 3 -  
6 4 2 9 1 3 5 1 4  

Probability=1.$84 
55°17'45"'153- 

Probability= 1.980 
44O 9' 43"'070 

Probability=1-635 
2 3 T 2 F  

45'167 47'ooo 43'167 54'833 37'667 52.000 36'500 47'667 39'333 45'667 42.000 v I 9  S  S 9  S  9  f 9  S 9  

VI & 
VII  

VII  & 
VII I  

43.667 47'667 43-333 52.16; 31.000 44.333 41.833 53.000 34.167 51.167 37'667 36.833 
S S  S  S 9  S  S 9  9  9  9  

19.333 13'5oo 21.333 20'333 27.167 23.333 23'167 15.667 32.333 11.833 ~ 6 ' ~ ~ ~  18,167 
s s s s s s s s s s s a 

At VI 

April and Hay 1834, observed by Liezctelzant T. Renny with an 18-inch 5eodotite by 
Troughton and Simm. 

Probabilities and 
General Mews. 

Probability= 1.60 I 

77O3" 4".833- - 

Angle 
between 

'$ ' 

Means of Circle-readings, telescope being aet on VII  

Om 180' 10' lm 20' ZOO0 80' 210' 40' 220' 60' S O 0  

u H I#  I )  #I c n rl I#  #t I* I, 

62.:33 58.;33 58-16? 68. 00 54.333 65.667 63.167 66.333 72.667 73.000 69.333 65.667 
s 4 9  s s 9  9  9  9  9 



OBSERVED ANGLES. 13-L. 

A t  VI-(Continued.) 

April and May 1834, obsemed by Lieutenant T .  Renny with an 18-inch Theodolite by 
Troughton and Simm. 

Angle 
between 

\$ 

Means of Circle-readings, telescope being set on V I I  

0' 180' 10' 190' 20' ZOOa 30' 210a 40' 220' 60' 230° 

, ,I ,I It I# . I? I w I#  I ,  I t  " 

70.333 61.. 00 68.000 60.833 69.000 63.000 63.000 63.167 55.333 5.+.:33 55.133 6 6 . ~ 0  
s i n  s  s  s  s  s  s  

Probabilities snd 
General Meanr. 

Probability= 1.473 

74' 42' z'I.528 

dt VII 

Jw 1834, obsemed by Lieut. I! Renny with an 18-inch Theodolite by Troughton and Simm. 

Angle 
between 

V1ll & 
V 

Meam of Circle-readings, telescope being set on I X  

0' 180' 10' 190' 20' ZOOa 80' 210a 40' 2%' 60' S O a  

. 
#I I. I# I, I ,  I ,  I ,  I #  ,, H 11 " 

14.~33 13.667 22.667 31.667 10.167 37.667 25.667 19.667 36.167 33. 00 32.833 31.833 
s  s  s  s  a s s  s s 4 9 s  

54.t67 59-16; 57.833 52.667 63.833 44.2?2 6.3.000 G-167 50,167 40.667 51.833 45.000 
s s  s  a s a 9 2 e s s  

Probabilities and 
General Means. 

Probability= r '589 

6g0 48' 29".236 

Probability= 2.1 og 

43O 32' 5 ~ ~ ~ ~ 4 3 5  

Ft 1 21-;67 IO.$OO 13.833 24.167 ).bl3 22.000 guooo 2.+.ioo IO..~OO rz.000 16.167 15.667 Probability = 1-65 r 
a s  s  s  9 s  2 s  9 58' 19' 16".5;0 

b 

At VIII 

Jwne 1834, observed by Lieat. T .  Benny with an 18-inch Theodolite by Trouglzton and Simms. 

Angle 
between 

TI: 
1 30.;67 3 2 * ~ 0  26..500 io.too 38: 00 2.+'657 j ja /oo 18.000 3 ~ 6 6 7  15ooo 16.000 29.000 Probability= I '9.59 

3 1 s  s 2 e s s s 460 31' 27"'417 

Means of Circle-readings, telescope being set on V 

0' 180' 10' 190' 20' 200' 30' 210'' Ma 280' 60" 230' 

11 If I1 11 I1 11 It 11 I1 I1 I1 " 
43'833 49'3.33 49'333 56.667 33.667 54.yO 5 O . Y  51'.;33 54'.200 60':67 51.000 51.233 

2 s  9 2 0 

Probnbilities and 
General Means. 

Probnbility= 1.928 

730 201 10w.764 



I G L ,  AMUA MERIDIONAL SERIES. 

A t  VIII--(Continued.) 

Jw 1834, observed by Lieut. T .  Remny with an 18-inch Theodolite by 5 o u g h t m  m d  Simnzs. 

Probabilities and 
Ueneral Means. 

Probability= 1.1 $7 

6 g  3 2 t  4g.lg4 

Angle 
between 

Means of Cirole-readings, telescope being set on V 

o0 1800 loo i90° 20° eooo 30° 210" 40 22o" 60 230" 

11 11 f I  I1 I1 I' If I1 I1 I1 11 

39':Oo 43.16: a 41.333 a 47.833 B 31:33 45':33 36~:~0 46.~13 38.p833 14.f67 44.f67 43'f(33 

At I X  

June 1834, and November 1836, observed by Lieut. T. Renny with an 18-inch Theodolite 
by Troughton and Simms. 

Probabilities and 
General Meana. 

Probability = I - I 54 

58O 5 i f  55*'972 

Probability = 1.1 86 

54' 58' 30"'93 r 

Probability= i .73o 

63' 10' I zw'oz 8 

Anglo 
between 

XI a 
x 

Means of Circle-readings, telescope being set ou X I  

O0 180' 10' 190' 20' ZOO0 SO0 210' 40' 220' 60' 230' 

11 11 I' 11 11 I1 I1 I1 11 11 I1 " 

50.167 54.333 52-91 7 60.583 50.000 61.833 5a'Foo 60.283 54-16? 57-41 ; 5gm;67 57'p~oo 
a a P 2 s s B e 9 

a 30.667 28 833 26 500 28.500 24'333 31'000 28.667 39.167 29.333 37.157 32'667 34.333 
Y I I I  ( 9 2 9 B 2 9 2 P a 9 a 

Vg& 71~;oo 75-50. 81-333 70.167 ;6.167 69.167 j9.000 58.000 7i.167 67.f(33 69*:61 69,233 
a a z a 2 a a s 

At x 

June 1834, observed by Liezbt. l'. Zenny with an 18-inch Theodolite by Troughton and Simms. 

Probabilities and 
G e l l e d  Means. 

Angle 
between 

Means of Circle-readings, telescope being set on V I I I  

O0 180° lo0 190° 20' 200" SO0 210' 40' 220. 60' 230' 

V I I I  & 
1Y 

1 

11 I1 11 
I 

" I1 I1 11 11 11 !I f' 
I' Probability = 1.391 

4~:67 44':67 43.233 47'!33 39'!33 51':67 17'.500 s 53'667 2 47'000 2 53.500 2 50'167 a 51.000 9 60' 28' 47'f.695p 



2 

dt X--(Continued.) 

October 1837, and June 1838, obsemed by Mr.  C. M u ~ p h y  with an 18-inch Theodolite by 
Troughton and Simms. 

Probabilities and 
General Meme. 

Probability=z.oz 7 

53' 53' 38'"146 

Probability = I .83 ; 

4-1° 37' 49'1'655 

Angle 
between 

Means of Circlereadings, telescope being set on I X  

65" 245' 75' 255' 86' 266' 96' 276' 106' 286' 116' 296' 

I1 11 I1 11 I1 I1 I1 11 11 I1 11 11 

48.167 39.417 40.667 36.167 47.000 29.250 47.667 ~5.917 31.500 36.667 33.500 41833 
9 s s s a a 9 a s s b 

$; 1 39'.;33 61a$33 43':67 48'?17 4o':Oo .56':11 46.150 53'8p33 47.j83 54'!33 522 17 52.~83 

At X I  

October 1837, and Jwne 1838, observed by Mr. C. Murphy with an 18-inch Tlieodolite by 
Troughton and Simnu. 

Angle 
between 

"d:," 

Means of Circle-readings, tele~cope being set on XI11 

O0 180' 10' 190' 20' ZOO' 30' 210' 40' 220. 60' 230" 

n Q n Q Q w n II II n Q II 

34.233 45':33 34'!59 5 0 ~ 8 3  31':67 41.017 31.f67 49'!33 38':67 43.i7.5 37':67 4J';OO 

Probabilities and 
General Means. 

Probability = 1.693 
50' 18' 40".383 

$ 1  Probability = 2.357 X: " 1 3)':67 37'000 J O ' l l 7  24.917 11.833 29.917 53-33) 19.583 33.650 28--92 33.667 29. 00 
e 9 9 s 9 9 9 9 4 s  64' 531 331r'oz3 

" '5 
+ 6om;22 56.08 3 66'333 5 7.944 63,667 66.083 62.667 59'9 I 7 64'2 78 60 .~08  62.000 65,083 
-3 3.667 37.000 30.417 z - + 9 g ~ ]  41.833 29.91; 53,333 19.583 33.651 28.792 33.667 29.500 Probability = 2'409 

- 64"53' . + 1 3 2 ~  71 27.055 19'083 35'916 33'027 21'833 36'167 9'333 40'333 30'628 31'208 28'333 35.583 67' 14 1 9 " . 0 ~ ~  

At XI1  

Novr. 1837, observed by Mr.  C. Murphy with an 18-inch Theodolite by Troughton and Simm8. 

Angle 
between 

X BG XI 

Means of Circle-readings, telescope being eet on X 

O0 180' 10' 190° 20' 200" 80' 210' 40' 220' M)' 230' 

11 II II n N II n II II Q n w 

35'139 43'083 35'833 44'167 29.50~ 49'083 36'833 40'833 39.917 41.167 47'083 36.083 s 9 a 2 a a s a 9 9 s 

Probnbilitios and 
General Jleana. 

Probability= I 35 .; 2 
- - 

70' 28' 3gU'893 



At XII-(Continued.) 

Novr. 1837, obsemed by Mr.  0. Murphy with an 18-imh Theodolite by Boughton and Simrna. 

Angle 
between 

X I  & 
~111 

Means of Circle-readings, telescope being set on X I 
Probabilities and 
General hleanr. 

0" 180' 10' 190' 20' 200' 30° 210° 400 220' 60' 230' 

I1 11 I1 11 11 I1 If 11 11 I1 I1 " Probability= I '301 
58';83 5o':f33 60.817 49'.:33 60'217 46'!17 54';50 55';33 51';50 57'9'7 49'217 55';33 

57' 22' 54*.146 

xg:v 1 48.~83 $4.250 41.417 55.833 36.91; 51.000 4 4  50 51.500 16.750 $0. 83 51. 83 48.417 
a  s a a  s d b  9  5 4 9  

Probability= r '485 

57' 41' 4fq.465 

At XI11 

October 1837, and J m e  1838, obsemed by Zr. C. 2liurphy with an 18-inch Theodolite by 
Trough ton and Simms. 

Angle 
between 

xv '4, 
XIV 

3Ienna of Circle-readings, telescope being set on XV 

0" 180' 10' 190' PO' 200' 30' 210' 40' 220' 60' 230' 

I# f l  I1 I f  11 11 I1 I1 If It 11 I' 

17'!33 30';333 17'194 30';09 16i333 31233 aO*333 22.650 23.217 25.000 29.083 23'833 
3 a  9  a 

Probabilitiea and 
General Meanr 

Probability- 1'4 79 

56' 50' 23'"995 

6 1.8.3.3 66.556 63.001 73.2 I 7 57.38.3 7 I. $00 66-41; 66.000 63. I 7 58.333 6 ~ 9 1 7  
a 3 a  9 A 9 3 8 %  a 

Probability= I .3 I 7 

68' 11' 4"'796 

/Probability = 1.38; 
xyI:ls 1 23.217 30.585 ~ . J ' J I .+  7,9667 16.66; 30.167 z;..f,oo 25.417 j2'.'?73 2.3'233 32-66] 20.167 

9 s .S z 9 a a P a  8 9  ( 72' 18' 26".32a 

A t  XIV 

Nmr.  1837, obserced by ZI*. C. 2Llulplr.y zoitla ali 18-inch Theodolite by Troughton and Simm. 

Probr~bilities and 
Uerleral Means. 

Probability = 1.567 

5+' 6' 5'" 78; 

Probability = 1 . ~ 4 8  

69' I '  4 ~ r f ' ~ 9 i  

Angle 
between 

XTI tts 

X I ~ I  

Means of Cirrleredings, telescope being set on XI1  

68' 238' 67' Pli' 7;' 257' 8 i 0  267' 97' 277' 107' 287' 

I1 I1 11 If I1 I1 If 11 I1 11 I1 " 
61.250 61.667 67'.583 71'167 53'.333 6i'i17 69'917 73.833 67'695 64'583 69'91 j 6rcR3 

s P 4  9  D 3 2 s 9  2 S 

38.833 38.667 46.583 27.667 45.000 41-91; 41.583 42.583 4oe.500 40. I 43.91; XV 9  9  I 9  9  8 9  ¶ 8 8 9  



OBSERVED ANGLES. 17-L. 

Bt XIV-(Continued.) 

Nmember 1837, obsemed by Mr.  C. Murphy with an 18-inch Theodolite by Troughton m d  Sincm. 

Angle 
between 

XV & 
xv1 

Means of Circle-readings, telescope being set on XI1  
1 

Probbilitier a d  
h e r d  Means 

68' 238' 67' 247' 77' 257' 87' 2.67' 97' 277O 10iO 287' 

11 '1 , 11 I1 11 I1 I' 11 11 11 I1 " Probability = I p7o 
41.583 46.150 4O'fI7 51;661 1 v O O  59h556 54;583 57'250 52;833 62p00 49;133 53.278 

5a0 37' 5 ~"'354 

At XV 

November 1837, eked by X r .  C. Murphy with an 18-inch Theodolite by Troughtola m d  S i m m .  

Probabilitier and 
General Mew. 

Probability= 1.039 

5g0 or n8"-708 

Probability = I -680 

7a0 29' ~"356 

Angle 
between 

XV1 
XU7 

Heans of Circle-readings, telescope being set on XVII  
' 

121' 801' 181° 311' 141' 321' 161' 331' 161' 841' 171' 851' 

I I I I 11 I 11 I " 
a7:333 s 31'083 s z5:s56 I 32(667 8 8 s  2: I 7 33\67 P 33.000 s d s  26: 83 25.333 32'16~ 28. 78 

65. 83 54.833 70.833 51.750 63.250 57.150 63.167 59.200 59.306 71.833 56.667 62.305 d 9  8  9  9  s 9  8  9  s s 

Probability= 2-50 I 5rs.:33 65';72 38.444 70.667 52.417 63.417 48.083 56.000 63.861 51'277 59'2.50 47.917 
9  9  S 8  9  9  S 8  9  t 54' 7' 55'"928 

At XVI 

October 1836, observed by L h t .  T. Benny with ata 18-inch Theodolite by Troughtola and S i m m .  

Probabilities and 
General M e w .  

Probability= 1.900 

54O 53' 8"'771 

Probability = I -50 r 

48' 41' 7.337 

Angle 
between 

XIV & 
xv 

GI: 

Means of Circle-readinge, telescope being aet on XIV 

o 1 8 ~  10. 190. w BOO' 80' B I O ~  MP eaoo 600 SO. 

I I  11 11 II 11 II 11 I I  I I  II " 
62.i50 77.9'7 s 65'333 s 73.083 s 54'{89 73'!33 65.483 74-26] 67'.r0 76.1133 69'283 63'/78 

63.y7 62,322 67-pr- 6 ,000 71..ro 65..583 69.. oo 67.917 80.000 58.667 68.042 62.833 
s ' 9 9  9 5 9  s s 4 4 



I S - Z .  AMUA ME~;WIOXAL S ~ I E S .  

1 
1 

6 
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t 

At XVI-(Continued.) 

October 1836, observed by k t e r t a n t  T .  Zenny with an 18-imh Theodolite by Troughtm 
m d  Simms. 

Angle 
between 

XVTI c& 
XVIII 

XVII1 b- 
XIX 

I 

Meane of Circlereadinga, telescope being eet on XIV 

00 180" 10" 190" 20° ZOOo so0 2100 40. ma KP ma 

11 I1 I1 I1 If I1 I1 11 11 I1 I1 I1 

3 9 y 7  32' 83 33'600 29.083 26667 36.500 25'667 29'833 11'583 35'9'7 25'9'7 35'.!33 3 6 4 9 a 9 9 9 a 9 

28.250 30.667 30.750 30.708 38.313 31'000 ( I m 2 i 0  3 0 . p  38.833 27.833 41.778 30.167 
a s 4 4 a s a s s s s 

Probabilities and 
General M w .  

,fiob~biliQ=1'461 
51' 36' 3311'.pa 

A2 XVII 

Nmember 1837, observed byillr. C. 111urpBy with an 18-inch l'heodolit eby Troughton and Simme. 

Anglo 
between 

XVIII xVI & 

XV1' 

Yeam of Circle-readings, telescope being set on XVIII 

0' 180' 10' 190' No 200' 800 210. 40' 2W)a SO' 2800 

I I, ,I f I  f I I .  I t  I f  

6 i3 )  I~'-:~cJ 7 '~67  17.667 5.778 23-66] 9.000 19.667 6.167 18:oo 16'083 5..183 
a a s s s a a s a 

Probabilitiss and 
General Me=. 

d2=* Probabili 

XV I s 9 2 8  s a a a s a a 9 1 7a0~823"-7az 

dl XVIII 

Nmember 1837, obserued by&. 0. Xurphy with an 18-inch Theodolite by Troughton m d  Simm. 

16-41? 26'750 28' 83 19.667 28.000 14.417 20.083 18.167 31'000 14.417 13.750 23,417 EbabiliQ=r.gqr 

Robebilitiw lrnd 
General Mecu18. 

Pmbabili = 1-33 7 
6 7 ~  4:1'.g3g31 ' 

Angle 
between 

%;: 

Meane of Circle-readings, telescope being eet on XX 

Oo 1 W  10' 1W)O 20° 200' SO0 ZIOO 40' 2W M)O e900 

I N f t  w IP t o  N a ~t II m n 

35.4'0 48.150 s 39':50 47'!33 ~4'\33 1 6 . ~ 7  36'<33 45'{50 42'!'7 39.2'7 44'!33 41eV3 





m--z. AMUA MERIDIONAL SEIRES. 

. 

A t  XX--(Continued.) 

December 1837, and February 1838, obaemed by Hr. C. Murphy with an l & i n ~ h  Theodolite 
by Troughton and S+. 

4 a ‘3 P s P a S  s 

Probebilitiecl end 
Ganeral M e w .  

Probability = 1.389 

68' 29' 16~~394 

Angle 
between 

' 
XIX ' 

-3@-26.;;;38- 

Meana of Circle-readiugs, telescope being set on XXII 

116* 2%' 126" 806' 186' 816' 146' 888 166' 836' 166' 846 

11 If I' I1 11 I1 I1 It 11 . It 11 " 
17.833 ~ o . o Q  25.083 15.000 8.417 20.833 18.333 17-66? 18.167 15.7;8ao."8 9.250 

s s s s s s s s s s s 3 

XIX b 
XVIII 

XXII & 
XXIII 

39. 50 43.833 17-28; 39.~50 43.417 34.000 38.833 39.505 37.167 31.389 34.306 40.667 Probabilitg=1'34a ts 3 3 3 s s s s 17 56' 3 7 ' ~  I 6 

19.000 32.833 14' 17 26.333 4,083 %+'i50 17'000 23'667 aoS5a8 16'250 21.583 20' aa P r o b a b i l i ~ = 1 ' 9 ~ ~  
4 s B s s 3 3 s s 3 

At xxr 
February 1838, observed by MT. C. Murphy with an 18-inch Theodolite by Troughton 

and S i m n ~ .  

' i 46'7'208'139 

At S X I I  

March 1838, obeerved by Mr. C. Murphy with an 18-inch Theodolite by Doughton 
and Simm8. 

Probabilities m d  
General M e a ~ .  

ProbaKlity = I .830 

66' 57' 23"'1g9 

Probability=1~7a6 

Angle 
between 

XE' 

Probabilika and 
Ge~~errl M e u u  

Probability= 1,770 

710 59' 3 rL759 - 

Angle 
between 

~~~~ 

Means of Circle-readings, teleecope being eet on XIX 

leao 8oso isso 8is0 lao 3230 15s0 ass0 i6a0 8 a 0  173' S63' 

11 . f l  

1 1 . i ~ ~  s a71i83 s 1~*':8~ s ag1:50 s I ~ Z ~ O  s 27.333 s 22.083 s z9.Z00 s a9* ' :~  s a5.'i78 28*I:5o 9 20i33 

Means of Circle-readings, teleacope being set on XXIV 

108' W 118' 298' 128' 808' lSEO 818' I&' 3 w  168' 338' 

11 I1 It I1 w It I1 It # I) II " 
25.667 3 ~ 9 1 1  24.083 41.000 25.833 41.417 23.833 34.91 7 27.056 37.417 35.389 31. 83 

s s s s s 4 s s 8 s 

33.500 17.833 36'250 22'583 27.333 29.750 19' 22 25'583 19'000 a 6 p a  



OBSERVED ANGLES. 21-L. 

At XXII--(Continued.) 

March 1838, observed by Mr. 0. Mzcrphy with an 18-inch Thoclolite by Troughton and Simma. 

Angle 
between 

XXIII  
dtXXI 

Means of Circle-readings, telescope being set on XXIV 
I 

Probabilities and 
aeneral M w .  

108' 28S0 118' 298" 128" 808" 138" 818" 148" 828" 168" 838" 

l t  11 11 11 11 r r  11 11 11 11 I1 
It Probability = 1.872 

69.667 55-16? 80.250 62. 50 68'333 54'333 64.833 63.417 63' 17  66'278 63.417 69.000 
9  9  S d 8  9  9  9 2 8  9  9  70' 46' 5'"114 

58.528 71.250 65.000 78.100 73.08.3 72.083 77,323 7aB:89 7 5 ~ 5 0  68.j33 
B s 8  a s a 

Probability = 1.578 
49' 29' 11"'567 

At X X I I I  

liebrmry a ~ d  dlarch 1838, observed by Xr. 0. Mzcrphy with an 18-inch Theodolite by 
Troughtm and Simme. 

Angle 
between 

Means of Circle-readings, telescope being set on X X I  

111O W0 121° 8M0 131" 817" 147" 827" 167" 337O 167" 84r 
a 

II " 
28:66? 8  40':22 8 25.750 s 34.Ik6) 9 8 3  31' 17 42'583 26:;00 P 36\33 s 34:b83 s 34'417 s 40'000 9  31.250 9  

Probabilities and 
General M e u .  

Probability= I '494 

63' 6'33'"907 

51.000 64.. 83 0*:33 57.233 51.;83 55.70 55.150 48.667 59.;83 
8  P i 5  9  

Probability = I '992 

67' 18' 57w.o~2 

x$i~al q 5 0  5 2 ~ 1 7  37.861 54.583 45-qo  51- 50 4941 7 61-306 J I - O ~ S  57.000 55.833 45.250 
!a ?4 % a g 8  8 Sl !a 

A t  XXIV 

March 1838, observed by Hr. 0. Hsrp hy with an 1 S k h  5eodol i te  by Troughtm and Simm. 

Probabilitier and 
General M e w .  

Probability= 1'567 

70' 9' 3311'3 1 0  

angle 
.,between 

XXVI & 
xxv 

Meam of Circlereadings, telescope being aet on XXVI 

110" W0 120" 80O0 190" 810' 140° 820' 160' 830a 160" 840' 

11 11 11 11 11 11 lr I t  I1 (1 rr " 
'6' 00 40' 00 27'000 37'000 26'833 41'083 26'250 34'083 32'944 37'1r1 38'917 31'500 

$ 9  9  9  9  9  9  3  8  9 9  



22-&. AMUA MERIDIONAL SERIES. 

J 

A t  XXIV--(Continued.) 

March 1838, observed by Mr. 0. Mzcq~hy with m 18-inch Theodolite by Troughton and Simw. 

Probabilities and 
General Meaur. 

Probability = 2.002 
- 

65' 42' 9O.472 

Angle 
between 

Means of Circle-readings, telescope beiig eet on XXVI 

110" esOO 120' 800' 1 W  8lo° 140' 82@ lS0" 880' 160" 840° 

11 I1 If 11 I1 If If n If I1 11 11 

18.333 1.167 21.083 5 -  17  10.083 1.167 8.611 0.167 8 17  10,333 6.500 11..38g 
s  s  s ? s  a I a f s  b 

XXII I  
~ ~ X X I I  

27.723 35.083 27.333 33250 23.083 35.667 29'.306 36. 17 24'667 38667 27'000 
8 s  a I a  s B 4  s  a  

At XXV 

March 1838, observed by Mr. 0.1112crphy with an 18-.inch Theodolite by T r w g h t o ~  and Simme. 

Probabilities and 
Qeueral Meam. 

probability= 1.836 

67' zof58"297 

P r~bab i l i t y= r .~ ;~  
70' 2' z1*s9 

Probability=o.905 
3 7" 59' 2 7"'148 

Angle 
between 

XXTII 
1 x 1 ~  

XXIV & 
XYVI 

Means of Circle-readings, teleecope being eet on XXI I I  

llSO 298' 1%' 808' 188O 818' 143' 823' 168' 833' 168' 8480 

I1 11 11 11 11 If If 11 11 11 I1 If 

53:67 59'8'7 48;l17 63'833 53'000 65'417 47'833 62'900 54'583 61'417 67' 00 61'58.3 
s s s  4 6 4 

29'083 19.333 34,333 19' 50 28'000 15'417 23.083 23'667 22.833 27' 50 I ~ J O O O  27'417 
s  s  a d s  a  s s  s d s  s  

21'667 30.583 25'.500 30' 17 29,083 28'8.33 26. 17 24'000 27'750 24'.583 
s  P n ? s  s t 4  s  s  

At XXVI 

April and October 1838, obeerved byLie4ltenant T. R e m y  a d  Hr.  0. M q h y  with 
18-inch Theodolite by Troughton m d  Simms. 

Angle 
between 

XXVIII  11 11 n * It I' Probability= I -260 
13'563 1%-333 12' 00 21.833 20.083 21.500 

XXVII s  a  1 5 s  4 75' 18' 17"'958 

Mean8 of Circlsreadinge, telescope being eet on XXVIII  

105' 285' llSO 295O 126' 806" 135" 816' 1%" 3%" 166' 836O 

Probsbilita and 
Geuernl Meens. 



OBSERVED AJSGLES. 23-L. 

I 

At XXVI--(Continued.) 

Apm'l and October 1838, observed by Lieutenant T. Beltny m d  Mr. 0. Marphy with an 
18-inch Theodolite by Troughton and Simms. 

between 

XXV1l 
&XXV 

X X v  
XXIV 

Means of Circlereadingri, telescope being set on XXVIII  
- 
105' 286' 115' 295' 126' 805' 135' 916" 146' 926' 165" 835' 

Probabilities and 
General M e e m  

dt XXVII 

Harch 1838, observed by Zieut. T. B e m y  with an 18-inch Tkodolite by 5021ghtm and Sinma. 

11 11 11 II I! tt rr rr r t  rr 

Probability= I .602 
56.083 4g083 59'333 47'000 59'::7 43'j83 U':S0 44'50O 48'p17 51':33 

T T ~ ~ - ~ ~ * . ~ ~ -  g s s s 

Probabiitiw and 
General Meana. 

Probabilit I '533 
75. 13. LMK 

Probability= r.503 
58°38'30"'970 

Probability= I '62 I 

39' 34' 1.~785 

Angle 
between 

XsV1 & 
XXVlII  

4gs/5o 52.750 69.500 63,750 71.250 69. 17 63-16? 69.200 63.000 
9 L 9 9. 8 s 9 

Meam of Circle-readinge, tele~cope being set on XXV 

105' 2%' 115' 296' 125' 805' 185' 816' 1%' 826" 165" 885' 

W R W I I # N I R W # II 

4i.083 @;67 39.400 43.;83 34.283 4 4 y  39.j83 51-:.33 3 5 . i ~  5 0 . y  47.483 48.;50 
4 

37'000 32.417 37.889 29'229 38.333 22'667 35-16? 12'750 30'250 26'833 17.833 31.2j8 
s s 8 a s s s 2 9 2 s s 

Pr0babi1i9=9'164 
59' 48' a"'167 

: ~ ~ ~ ~ l  50133 556.50 54);861 62.278 59.250 66.222 61.333 67.083 64.000 11.611 60.~50 66. 44 
a s s s s s a s % 

dt XXVIII  

October 1838, okerved by Nr. C. M w h y  with an 1Sinch Theodolite by Troughton and Simm. 

Probabilitim and 
< ) e n d  Meanr. 

- 
Probability=o.~bo 

59' 40' 13*'500 

- 

Angle 
between 

X X X &  
XXIX 

Me- of Circle-readings, teleacope being aet on XXX 

l2Oa W 180' 8100 1400 8 9  160' 890. l6V 840' 170' 850' 

R N N R w * R N R R I # 

16.167 12- 50 13.917 11' 17 16.083 10.167 10.750 16.ooo 13'5oo 13' 50 14'150 12'250 
S jl S ? S S S S * d B  9 



24-z. AMUA MERIDIONAL SERIES. 

At XXVIII-(Continued.) 

October 1838, obeerved by Mr. 0. Murphy edth an 18-inch Theodolite by Doughton and S h m .  

Probnbilitiea and 
General Means. 

Probability =o.g3g 
~ 8 0 ~ 2 ~ - 8 2 0  

fiobabZty=o.743 
46' 3' x1~"750 

Angle 
between 

%%'v",f 
XXV1l 
&XXVI 

Means of Circle-roadings, telescope being set on XXX 

120' 900' 130' 810' 140' 320' 160' 8900 160' 840' 170' 350' 

I1 I1 11 I1 I1 I1 I1 I1 11 11 I1 11 

z8pr7 27.000 26.000 17. 17 27.500 23.500 21. 83 28.250 27.667 28.167 19.250 24.083 
s s S B S  9 3 s  s s P P 

7.833 xz'ooo 14.667 7.000 13-41 7 13.750 14'083 14.3 33 12.583 9.167 ro.aso 12-41 7 
s s s s s s 4  9  s s P 9 

dt XXlX 

October 1838, obemed by Xr. 0. Murphy with an 18-inch Theodolite by Troughton and Simm. 

Angle 
between 

XXVTT& 
Y X V I I ~  

SXV1ll 
& Xxx 

5%;; 

Means of Circle-readings, telescope being set on XXVII  

108' 288' 118' 398' 128' S08' 188' 818' 148' 328' 158' 838' 

ID I #  If If If N If I ,  If I 11 N 

3 6 - 9 3  29'917 28.500 3rma50 31.083 26500  28.750 24'667 27'833 29'833 31.167 32.000 
s s s s s b 4  !a 9 4 . s  s 

45.Z~o 46.083 44.833 51-41; 44-81] 48.i17 49;833 51':67 51.833 50.117 51.$67 50.:33 
s s 

Probabilities and 
General Meam. 

Probability=o.835 
7 1 ~  401 29~.840 

Ebability=o'i68 
7.+' 27' .+8".gaz 

A t  XXX 

October and Niember 1838, observed by Mr. 0. Z w p h y  with an l&inch Theodolite by 
Troughton and Sirnms. 

35-53  34.:50 35.117 28.233 35.j33 a7.;ioo 35750 q t 3 3  fim?17 26.917 34/50 17.~17 P r ~ l a b i 1 i t ~ = 1 . ~ 8 ~  
47' 55l 3 l"'219 

Angle 
between 

, " ~ ~ ~ ~  
L 

Meane of Circle-readings, telescope being set on XXXII  

113' 293' 123' 802' 132' 812' 142' 322' 162' 832' 162' 342' 

.# H If I#  If #I If U I f  #I U I I  

32.417 35.167 31.750 26.750 33.083 30.417 26.150 25.417 28.417 29.333 32.417 34.167 
s s s s s s s 4  s S  s s 

Probabilities and 
General Melu~r. 

Probability= 0.892 
7 8 0  2~ 30rr.465 



OBSERVED ANGILES. 26-L. 

NOTE.-SXIII and XXV appertain to North-Eat Longituhal Series. 

k 

dt X XX--(Continued.) 

October and Nmember 1838, observed by Mr.  0. Murphy with an 18-inch' Theodolite by 
Troughton m d  Simma. 

Angle 
between 

X~~~~ 

Means of Circlereadings, telescope being set on XXXII 

iisO 293' is0 8020 1320 81%- 1420 8220 1520 8320 1620 342' 

11 11 I1 11 I1 11 11 I1 I1 11 If 11 

19.000 21.750 17.083 18.167 16667 17.833 21.917 19-000 21.150 11.667 10- 56 16.417 
s s s 3 8 9 3 4 3 9 5 3 

Probabilitiea and 
Qenernl Meanr. 

I?rob'kbility=0.6~ I 
77 41 19~~.359 

Probability =os9zi3 

r 

XXVIII s 9 9 3 

dt XXXI 

Novr. 1838, observed by Mr. C. M ~ r p h y  with an 18-inch Theodolite by Doughton and S i m m .  

Angle 
between 

XXIX 
& XXX 

XXX & 
XXxII 

XXX1l 
&xxv 

Means of Circle-readingq telescope being set' on XXIX 

125' 806' 136' 815' 1%' 826' 155' 836' 166' 846' 175' 365' 

I I n I I I I I II I a I 

II' 83 ro'ooo 8.167 9.000 12.417 6-16? 9'250 8.000 2.167 I 1'667 10-ooo ro.ooo 5 S 3 3 3 9  3 3 9  9 S  9 

57-66? 59.167 66.278 66.917 58.003 62.333 68- 83 63.500 67.750 64.750 67.417 66.833 
S  8 8 3 3 S i S  3 9 3 9 ,  

Probabilitier and 
General Meanr. 

Probabilit~=o.768 
5.5' 0' g"'035 

Robsbility = r'og r - 
6i051' +"'100 

dt XXXII 

Novr. 1838, obaerved by Mr.  0. Murphy with an 18-inch Theodolite by Troughton and Simms. 

41.750 39'110 30.222 34.083 36.917 37.750 35.000 36.000 29.667 33.167 Probability = r 'o I 5 
3 S 3 3 3 9 S  3 9  3 4.c0 st .3+"'g63 

Angle 
between 

XXIII 
& xXV 

Meene of Circle-readinge, telescope being set on XXIII 

11P 295' 126' 805' 136' 815' 1%' 825' 166' 835' 166' 845' 

I I I I I I I a I a w w 

31' 83 37- 50 35- 00 3 4 ~ 8 3  36' 00 33.333 30' 8- i -000 36.417 33.000 31.833 32.083 5 1 d s 95 s P 5 a  a s s a 

Probabilities and 
Gtened xeum. 

Probability=oeg3 
65O 10' 33".a2z 



26-z. U U A  MERIDIONAL SERIES. 

NOTE.-XXIII and XXV appertain to North-Eaet Longitudinal Series. 

A t  XXXII--(Continued.) 

_Vow. 1838, observed by Mr. 0. Murphy with an 18-inch Theodolite by 'Troughton m d  Simms- 

Probabilities and 
General Meour. 

Probability =o'851 
7 -,I- 

4 22 59.993 

E0babi1it3'=1'321 
440 6' =5'.9.+j 

Angle 
between 

XXV& 
XXXI 

xXX1 
&XXX 

~ & n s  of Circle-readings, telescope being set on X X I I I  

115' 295' 125' 305' 135" 815" 145' 826' 165' 835' 165' 845' 

If II II II II II II II II 11 11 " 
64'500 61'833 61.,583 64'833 5g';so 61.750 $7'417 57'250 58- 83 55'4x7 56'583 58' 17 

s s s s e s 9 d s 2 
31.833 21.417 32.250 29.417 28.750 20.417 31.667 24.750 24.083 26.167 21' 50 18.833 

s s s s s s s s s 9 9 

At XXV 

Nmr.  1838, observed by Mr. C. bZicrphy with an 18-inch Theodolite by Trmghton m d  Simms. 

Probabilitiea m d  
General Yeaak 

Probability=0.7~2 
74.i-22360- 

Probability =o.872 
-62xr17;G9- 

Angle 
between 

XXXI'Q 
Y X x I I  

XXX1l 
& X X m  

Means of Circle-readings, telescope being set on X X X I  

109' 289' 119' 299' 129" 809' 139' 819' 149' 829' 169' 839' 

11 I1 I f  I1 11 I f  11 I1 11 11 " 
22' 17 26'j83 20'333 22.083 23'833 25.167 22,333 24'000 24'667 29'583 25.583 28 833 B s s s s s 9 9 s s P s 

17.083 I;..<oo 17.000 19.217 a ~ . s o o  14.833 15.583 15.250 12. 17 13.667 22.750 1 7 -  50 
9 9 9 9 9 9 9 2 s  S  

At X X I I I  

NOVT. 1838, observed by Nr. C. Murphy with an 18-inch Theodolite by Troughton and Simms. 

Angle 
between 

X X V &  
I [ ~ ~ I I  

Means of Circle-readings, telescope being set on XXV 

128. 808" 138. 318' 148" 828' 168- 838. 168. 848. 178' 858' 

" I f  I1 I f  I 11 I f  If  I f  # N I f  

8.250 3'500 lo'ooo 14.250 16.500 8.500 12-583 14.250 10-250 I C ~ ~ O  5.917 4.2 50 s P 9 9 s 9 s 9 4  9 9 9' 

Probnbilitim and 
General Mema 

Probability = I .  I 57 -- 
490 54, 10.,.250 



AMUA MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. TRIANGLES. 

No. of triangle I + z $ Corrections to Observed Angle ." Distance 
2 Corrected Plane 
s Angle 
m Figure Circuit 2:b Total Log. feet Feet Miles 

-- 
ll n I I I o r  'I 

' 7 1  -1.56 - -11 -1.67 42 12 34'93 4'9-+53592,1 88177.80 16.700 
'71 -3.24 + ' 20  -3'04 86 34 48.11 5'1173153~8 131013-31 24'813 
'71 -3.05 1 - -09 1 -3'14 51 12 36'96 5'oog8;7g14 102300.55 19.375 

2'1.3 -7'85 180 o 0.00 

'94 +1'26 + '08 +x's4 67 44 53-04 5'1427169,3 138904.71 26.308 
9 4  + 6 2  1 - '2, 1 + 3.5 6 16 1 5'16.3i36~,3 IG792'96 27.612 
'93 + '74 + '19 .+ '93 35 53 55'49 4'9453592,~ 88177'80 16'700 

2-81 +aa62  180 o 0.00 

1-36 -2.80 - 3 5  1 -3'15 59 35 8-07 .5'1479144,2 140.577'06 26.624 
1-36 - 1 ' 7 1  + '20 -1'51 61 58 14-39 5'1580292,6 143889'56 27'252 
1'36 - '80 + -15 - '65 58 26 37.54 5.1427169,3 138904'71 26'308 -- - 
4-08 -5'31 180 0 0.00 

72 14 24-75 5'1590215,9 144218.70 27'314 
35 5s 24'25 4'9486462,9 88847.71 16'827 

- -06 7 1  50 11.00 5.1580292,6 143889'56 27'252 

2'88 , -1'78 180 o 0.00 

-1.77 67 18 35.20 5-1685976,5 147434'00 27'923 
48 1 2  1 3 5 8  0 6 0 1  11913.5.61 22.564 

--r 'oq 642911 .22  5'1590215,9 144218'70 27'314 

Nome.-1. The rnluea of the side are give11 in the same line with tho oppo~ite  angle. 
a. Btationa XVII and XIX appertain to the Cdoutta Longitudinal aerier. 



Milem 

22'178 
13'799 
27'923 

18.156 
25'445 
22-178 

23'686 
18.298 
25'+t5 

24'804 
13' 178 
23'686 

25-737 
l3'.?42 
24'804 

1.7'890 
22'549 
25-737 

17'807 
22'952 
23'890 

14.383 
15.743 
17'807 

15.01 r 
16.484 
14'383 

1.5-506 
17'296 
15.011 

1.;'065 
18.077 
15'506 

13.556 
11-877 

Dimhnce 

Feet 

117099'68 
125658'47 
'47434'00 

95865'28 
134349.49 
11 5099'68 

125063'78 
96612'73 
134349.49 

13096+'80 
101259.03 
125063.78 

135892-21 
I Z ~ ~ + ~ O I  

130964'80 

1261.38'44 
1rp60-64 
13589z'ar 

94021'1a 
121186.72 
126138'44 

75943.63 
83123.87 
94021.12 

79255'75 
87036.91 
75943.63 

81874'18 
91.322'63 
79255'75 

79545'64 
95+.+8'87 
81874.18 

7~575.38 
62712.95 
79545.64!15.065 

No. of trhgle  Corrections to Obwwed Angle 

Btatbn Corrected Plane 
Angle 

~ imui t  zot ~og. feet 

0 I It 

IV 5.0685557~3 
5O V ~ ' O Y ~ I Y I B , I  

VI 5"685976,.5 

3-36 

V 44 9 41-85 4.9816613~7 
5' VI 77 31 3-11 5.1282360~4 

V n  -86 - - '11 - 
-- 

58 19 15-04 j.0685557~ 

2-59 -1.88 180 o 0.00 

V - '26 63 6 19-87 5.0971315~1 
5% VII - '97 43 32 50'56 4'985034.3,f 

VIII -91 - '52 + '24 - '28 73 23 49'57 5'1282360,4 

1.02 + I  '35 1 180 o 0.00 

53 

54 

55 

$6 

5 7 

58 

59 

60 

61 

1 

1-73 -1.51 180 o 0.00 

VII 
VIII 
IX 

VIII 
IX 
x 

'94 
-93 
'94 

2-81 

1.5 
1 5  
1-15 

3'45 

IX 58 51 54.81 5'1008-+74,5 
X 53 53 37-23 5'0757683~5 
XI 67 14 27-96 - ~.1331g+5,6 

X + '08 44 37 48-90 4.97.332544 
XI - 1 9  64 53 31-98 5.0834550~3 
X u  + -08 73 28 39-12 5.1008,7+,5 

1-54 -0.03 180 o 0.00 

XI '47 + '26 + -21 50 18 40'12 4'8804913,f 
XI1 f '22 57 22 53'89 4'9I972.5710 
XI11 -48 + '17 + '15 72 18 25'99 4.973225414 

XI1 
XI11 
XIV 

XI11 
XIV 
XV 

XIV 
XV 
X V l  

-1.58 - '35 
-2.41 1 + '27 1 1 -1 '93 

-2'15 

-1'88 + '08 -1.80 

-5-88 

69 48 26.37 
46 31 14-34 
6.3 40 9'29 

180 o 0.00 

64 32 41 '82 
5 8 0 
60 28 47-71 

180 o 0.00 

+ '75 + + 7 9  - : 1 
+1'09 + '07 

1-43 

-# 
-44 
'44 

1-31 

'43 
4 8  
-48 

1-44 

'49 

'49 '49 

1.47 

5'1 17 1.545~9 
5'00j4337r7 
5'09;13rg,1 

5133194.5~6 
5.090ii64~ 
5'11715.~5~9 

+ '78 
+ -69 
+I-16 

+2'6,3 

XV 59 0 28'68 
XVI '34 + '59 48 41 7'49 
XVlI 721823.83 

+0'58 180 o 0.00 

4+35476.36,6 
4'7973.57~~6 
49006163~8 

+ -78 + 6 1  + -87 

- 

+ -76 57 42 48.79 + 6 4  1 68 1 1  5'OC 
+ '86 54 6 6'21 

+1'26 1 180 o 0.00 

- -02 - 
+ 03 1 - -01 

4.8990307,6 
4'939;0.?4,5 
4.8804913,; 

4.9131469~3 
4.9605784~3 
4.8990307~6 

4'9006163~8 
4.9707707~8 
4.9131469,3 

56 50 23-65 
69 139'85) 
54 7 56-46 
180 o 0.00 

523750'95 
72 29 0'74 
54 53 8'31 

180 o 0.00 

+ '29 -16 + '13 
+ -28 1 1 .OI 1 1 + -27 + '84 + '17  or 

I + I ' ~ I  

- .or + -10 
-00 1 - -13 1 
0 0  + -0.3 

+ '09 - 3 
+ '0.3 

-0.01 



PRINCIPAL TRIANBULATIOX. !L'RIANGLES =g-z. 
Y 

No. of 

Cirouit 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

7% 

73 

hiangle 

Non- 
circuit 

--. 

M ilm 

13'258 
13.214 
13'556 

12-32? 
14'890 
13.214 

15.365 
14-961 
12'327 

I I - ; I ~  

15.534 
15'365 

13.813 
14' 166 
11.715 

"'164 
14'624 
13.813 

16'284 
15'798 
11.164 

12'894 
16'082 
16.284 

18'947 
18'933 
12.894 

12'06r 
18.007 
18'947 

16'20-+ 
14.305 
12'061 

, 

Log. feet 

4-84.51256,~ 
4'8436724,i 
4'8547636,6 

4.8134820,~ 
4'8955420,2 
4.8+36724,1 

4-9091738,1 
4'8976001~3 
4.8134820,~ 

4'7913808,2 
4.91392~9~3 
4'9091738,r 

4'8629282,9 
4'8738;94,7 
4'7913808,a 

4'7704534.7 
4'8876870~1 
4'8629281,9 

4 9 3 4 9  
4'921245.5~5 
4'7704534,; 

4'83.?0122,4 
4'9289772,2 
4'9343982,o 

5'0001741,5 
4'9998468,2 
4'83301aa,.+ 

4.8040218~4 
4.978086582 
5'000174I,5 

4'9,?22.C.53,1 
8 8 6 8  
4.8040218,4 

3 3 Comctiona to Observed Angle 
L O Station CorreotadPlme 

Angle 

0 I I1 

. XVI + '85 592131'50 
XVII +1'37 59 2 13.78 
XVIII . '34 + '74 + '03 , 61 56 14-72 , 

1-02 +2'99 180 o 0.00 

XVI - '29 1 51 36 32'79 

Dinta~lce 

Fee4 

70004.44 
69770.60 
715~5'38 

65085'17 
7862 1-62 
69770'60 

81128.57 
78995.10 
65085'17 

61855'86 
82021 '91 
81128.57 

72933'71 
74796' 18 
61855'86 

58945'89 
77zra.39 
72933'71 

85980'16 
8341.5'26 
58945'89 

68078'85 
84913.59 
85980.16 

~00040'IO 
99964'73 
68078.85 

63682.76 
95079'4% 
100040'IO 

85556'96 
75530.38 
63682'76 

XVIII 
XIX 

XVIII 
X IX 
XS 

XIX 
XY 
X u  

xx 
XXI 
XXII 

XXI 
XXl I 
X X m  , 

XXII 
XXIII 
=I v 

XXIII 
XXIV 
XXV 

XXIV 
XXV 
XXVI 

XXV 
XXVI 
XXvlI 

XX VI 
XXVII 
XXvlII 

10.373 
15.910 
16'204 

- 1 5  7 1  13 40'34 
'34 2 9 -  - '26 1 57 9 46-87 

57410'12 
8400.3'65 
85556'96 

XSVII 
XXVIII 
XXIX 

I'Q2 

-38 
:/8 
'37 

1-13 

-3; 

'37 '37 

1 - 1 1  

39 34 3-64 4'758989'97 
68 45 26.3 r 4'9z.p9Sa,2 

'37 + '61 714030'0.5 4'9322553~1 

I '09 

- -76 + '02 
- 2 - q  1 - '07 1 
- . ;6 + '05 

63 41 23-19 
66 49 25'52 
49 29 11.29 

180 o 0.00 

46 7 20.44 
fo 46 5-65 
63 6 33'91 

180 o 0.00 

7 1  $9 31.90 
671856'98 
40 41 31'12 

180 o o'oo 

46 56 50.78 
65 42 10.51 
672058'71 

180 o 0.00 

70 9 33'39 
70 a 23'85 
59 48 2-76 

180 o 0.00 
P 

37 59 26-64 
66 46 50.46 
751342'90 

180 o 0.00 

75 18 17.78 
58 38 30.72 
46 11.50 

-0.70 

- '74 
-2.12 
- '71 
-3'57 

- -04 
+ -c8 - -10 

-0.06 

- -02 
'02 

- - - 

'33 - -06 
'33 - '08 -21 

I 180 0 0.00 

67 44 40.81 
6% 18 42-75 

. 47 56 36-44 

180 o 0.00 

44 33 zr '17 
68 29 16*,1o 
66 57 22-73 

180 o 0.00 

- -0% 
+ '10 - m08 

+ '05 
-0.22 

+ 6 2  
+ '87 
+ -32 
+1.81 

+ :SI + 34 + '37 
+1.22 

+ -91 
+ I '46 
+ '84 
+3-21 

+ '59 + -2% 
+ r '09 

+ 1.90 
- -15 
- '03 
- '20 
-0'38 

+ '19 + 1 2  

+ -12 

'99 
P 

3 2  
'33 + '67 + '20 
'32 + '42 
'97 

'3; 
'37 
'37 

1.11 

+ -41 
+ '53 + '28 + '09 

' 12 

1-27 

-51 + '45 
1-52 

' 10 

'47 - 
'47 

I '40 

-37 

-- 
+ -16 + '03 

- 3 7  + -2% 1 - - 1 0  ( 
'37 + '55 + '07 



AMUA MERIDIONAL SERIES. 

Nm.-Stations XXXII and XXV appertain to the North-Emt Longitudinal Series. 

J. 6. N. HENNESSEY, 

In charge of Conquting O$Cca. 

No. of triangle 

climuit 

74 , 

75 

7 6 

7 7 

7 8 

Btatian 

XXVIII 
XYIX 
XXX 

cfzzi, - 

a t  
. P 6 0  n 

l l  

'30 
'30 
'30 

Oorrectiona to Obaerved Angle 
Corrected Plane 

Angle 

+0'45 180 o 0.00 

XXIX 

-- 

' I 
+ ' 72  47 55 31 '62 

XXX + '33 77 4 !9'3.5 
XXxI '33 + '37 + '32 5.F 0 9'0.3 

1'00 +1'37 180 0 0.00 

Dislnnce 

XXX 
XXXI 
XXXII 

XXXI 
XXXII 

I I '849 
15'558 
13'076 

15.789 
15.768 
11.849 

11.815 
15.086 
15'76p 

14.018 
13.989 
11.815 

I 

4'7963020,o 
4'9145877,o 
4'8391158,7 

.4'9209843,9 
4.9203988,2 
4.;963020,0 

4.7950568~1 
4'9011955.8 
49209843~ 

4.8693168,3 
q.8684~y3,0 
47950568,~ 

xigun, 

r r  

+ '08 
+ '15 + ' 22  

Log. feat Feat 1 I e a  
-- I 

62560'76 
82146'25 
69041'39 

8336.5'11 
83252'79 
62560'76 

62381'64 
79651.80 
83365'11 

74014'51 
73861.69 
62381'64 

'38 . + '48 + '10 + 5 8  1 64 23 0 1 9  
XXV + 3 8  / - 0 5  1 + 3 3  70 41 24.60 

- -  

XXXII 65 33'O5 
XXV 
XXIII - 

99 

circuit 

11 

+ -0% - '05 
+ '03 

( Total circuit 

68 a 3OW29 
67 51 3'77 
44 6 25-94 

180 o 0.00 71 
::: 1 ::: 1 

'37 + ' 27  + '09 

1-11 

I1 

13.076 
14-596 

,10'873 

4'8391158,7 
4.886871 1,4 
4.7589891,i 

+ 'I9 
f '04 
f '36 

+0'59 

+ '10 59 40 13'30 + ' 10 74 27 48'7% 
+ '25 4.5 5 1  57.98 

69042'39 
77067'47 
57410.22 

-k '63 44 55 35'21 '38 + *68 - -05 



AMUA MERlDlONAL SERIES. 

PRIKCIPAL TRIANGULATION. LATITUDES, LONGITUDES AND AZIMUTHS. 

Nora.--Stationr XVII curd XIX spprerin to the Cdoutta Longitudinal brier of the Youth-Ed Qu.drilubrsl. 

Station B 

Scrim No. 

XIX 
I 
I 
I I  
I1 

III 
IV . 

111 
IV 
IT 

V 
VI 
VI 
VII 
TI11 

Stntion A Bide AB 

Azimuth at A 

0 1 11 

260 4 20.44 
217 31 44-80 
166 46 31 -88 

234 31 25-86 
270 28 50'21 

210 53 40.78 

138 39 I 5-07 
152 37 23-34 

66 54 37'4j 
'34 '3 '3'g0 

198 32 26-07 
148 32 6.85 

73 53 41-81 
118 3 24'52 
l a x  9 45.3O 

Circuit 
No. 

23 
J J 

24 

2j 

IJ 

26 

39 

IJ 

IJeriea No. I Name 

XVII Am6a 
J J  JJ 

XIX Lakan p6ra 

J J  JJ 

I Maihar 

J J  JJ 

JJ J J  

11 Patra 
111 Potenda 

JJ JJ 

IV D harkha 

JJ JJ 

V DBgri 

JJ JJ 

>J I# 

Latitude North 

0 I /I 

23 59 56'24 
19 

24 2 49-92 
JJ 

2417 0.34 

JJ 

JI 

24 1646'74 

24 37 23-04 
JJ 

24 28 0.81 

JJ 

24 51 5'38 
J> 

JJ 

Log. Peet 

5.0098779~4 

5'1173153,8 
4.945359211 

5' 1637365~3 
5*1427169,3 

5-1580292,6 

4~9486462~9 
5'1479r44~2 

5'1590215,9 
5'07~04'5J7 

5.1685976~5 
5.0991918~1 

5'068j5,57,3 
5*1282360,4 

4'g85~343J7 

Longitude of East 

O I  R 

80 31 44-44 
JI 

80 49 51 '67 
JJ 

804613:62 

JJ 

>J 

81 11 14'97 

80 59 34-36 
13 

80 35 38:29 
IJ 

80 44 7-31 
JJ 

JJ . 

Arimuth s t  B 

0 I I 

80 I I 43-06 

37 57 40'29 
346 45 2-62 

54 40 11.17 

90 39 7-59 

30 59 12'24 
318 34 52.86 

332 3% 33'34 
246 44 40.90 

'3I4 f5 45-97 

1.8 35 58-44 
328 27 10'43 

2j3 45 9.66 
a97 54 20'97 

I 9 54'3' 



a-Z; AMUA MERIDIONBL SERIES. 

hllvitude of ~reenwicll EaBt 

0 ,  R 

80 23 46.62 
80 22 38-18 

IJ 

8 0 4  28-64 

II 

8024 5'73 
)J 

804639.44 
I) 

80 26 45-41 

>I 

804047'38 
IJ 

80 27 58.79 
II 

80 38 3-87 

I> 

802418.54 

JJ 

80 33 47-94 

JI 

JJ 

802041.64 
8027 9-98 

I# 

80 38 49'28 

JJ 

802937.44 
I) 

80 40 30.88 

JI 

80 31 55.84 
I# 

80 41 5-44 
JI 

Btation A 

Ei t  1 ""0. 1 Name 1 Latitude North 

h t i o n  6 

'.&.No. 

VII 
VIII 
IX 
IX 
X 

x 
XI 
XI 
XI1 
XII 

XI11 
XI11 
XIV 
XIV 
XV 

XV 

XVI 
XVII 
XVII 

XVIII 
XIX 
XVIII 
XIX 
XX 

XX 
XXI 
XXI 
XXII 
XXII 

XXIII 
XXIII 
"IV 
XXIV . 

XXV .. 

Bide AB TF Azimuth at A 

0 I I/ 

24 45 42-20 
25 I 29-85 

II 

25 7 2-29 
II 

2518 9-78 

IJ 

252717.39 
>J 

2j 37 40.2; 

JI 

254634.62 
2) 

25 jl 2O.gj 
JJ 

26 043.97 
IJ 

26 6 3.35 
># 

26 16 0-74 

J# 

J# 

261552.89 
262j51.52 

## 

26 28 10.63 

18 

263842.61 

3) 

26 41 37-85 

II 

26 50 52.91 

I# 

26 54 17.85 
#J  

SBrang 
Karth 

JJ 

Mar fa 

IJ 

Seonda 

JJ 

Pavia 

IJ 

Paprelldi 

JJ 

M6s4p6r 

JJ 

KBnClkhera 

JI 

JafrBb4d 

JJ 

Jehiinlbild 

JJ 

M6wa 

JI 

JJ 

Dewareh 
JBjmPo 

JJ 

Namina 

JJ 

RBo 

JJ 

Jalhotr 

19 

Bakseria 

JJ 

Etora 

JJ 

0 1 1 

356 13 36-87 
74 30 a.79 
4 33 39-42 

300 53 zg-lg 
5 35 48-89 

66 437'75 
7 4 10'33 

299 49 41-27 
344 33 33-61 
55 2 13-58 

4 37 59.7' 
292 19 j3-24 

3.50 6 45'77 
44 12 51-42 
347 16 27-20 

293 8 30-26 

345 5O 31.4~ 
404340.28 
341 37 24-30 
269 19 0.13 

328 43 23-31 
20 25 6-92 

30 19 38.37 
77 3454'13 
9 q6 7.32 

321 49 30.51 
6 27 44-26 

73 25 7-36 
9 39 52-81 

320 10 41- 19 

6 22 36.61 
69 29 10.84 

357 24 44.0~ 
316 43 12-59 

3.45 27'32 

27 
II 

28 

2) 

29 
JI 

30 
IJ 

31 

II 

I# 

32 
II 

33 

I# 

34 
>I 

0 1 11 

176 14 5-68 

254 21 29-50 

184 33 2']9 
121 2 10.06 

'85 34 53'03 

2455457'57 
187 3 1-67 
Irg 58 16-07 
164 36 5-81 

234 56 8'44 

184 37 27.85 
112 25 7-95 
170 7 57-18 
224 8 27-80 
167 18 3-67 

,113 rq 32.79 
165 52 24'23 
220 39 29-03 
161 39 0.01 

89 24 48.1 I 

148 46 19-95 
200 22 53-08 
210 16 46-01 

257 29 42-63 
rag 45 "44 

141 53 37-26 
186 26 58-80 

253 20 14-04 
189 38 50.52 
rqo 14 33-21 

186 21 j3.97 

249 24 35-21 
'77 25 2'94 
136 48 8.19 

183 44 59-39 

VI 
VII 
JJ 

VIII 
II 

IX 
JI 

X 
J) 

XI 

)J 

XI1 
J; 
XI11 

JJ 

XIV 
JJ 

XV 
JI 

XVI 

I# 

JJ 

XVII 
XVIII 

I3 

XIX 
JJ 

XX 
18 

XXI 

IJ 

XXII 
JJ 

XXIII 
IS 

4.9816613~7 

j.0971315~1 
5'O05433717 
5'117154j,g 
5'0907764ro 

5'1331945~6 
5'0757682~5 
5'1008474~5 

j.0834550,3 
4'9732254,4 

4'919725710 
4*8804913,7 

4'9397034~5 
4.8990307,6 
4.9605784~3 

4.9131469~3 

4.9797707,~ 
4-9006163~8 

4'7973572,6 
4.85476~6~6 

4'8436724,l 
4.8955420,~ 
4.8451256~5 
4.8134820,~ 

4'8976001>3 

4-gogr738,r 
4*9139299,3 
4.7913808~2 
4'8738794,7 
4.862928~~9 

4.8876870,' 

4'7704534~7 
4'9'12455>5 
4'9343982,o 
4.928977212 



PRINCIPAL TBIANGULATION. LATITUDES, LONGITUDES mD A ZIMUTHfl. 33-z.. 

NOTE.- Stationr XXIII* sud XXV* appertain to the North-Eaet Longitudinal Serier. 

June 1678. 
J. 6. N. HENNESSEY, 

In charge of C m p t i n g  Vcc. 

C 

' 

Circuit 
No. 

35 
JJ 

36 
JJ 

37 
JI 

38 

JJ 

39 

Station 6 

Eerie8 No. 

XXV 
XXVI 
m V I  
XXVII 
XXVII 

XXVIII 
XXVIII 
X X I x  
XXIX 
XXX 

XXX 
XXXI 
SXXI  
XXXII 
XXXII 

xxv* 
XXIII* 
XXV* 
XSV* 

Station A 

Name 

Asu 

IJ 

Baraoli 

: J 

NirnkBr 

IJ 

Fatenagar 

JI 

Darawal 

JJ 

Sirwaia 

II 

Parser 

JI 

Bulandpiir 

JJ 

Jarlira 

JJ 

Kokra 
Dahlelnagar 

Seriea No. 

XXIV 
JJ 

xxv 
>J 

XXVI 

:J 

XXVII 
IJ 

XXVIII 

J) 

XXIX 
>> 

XXX 
> J  

XXXI 

I 9 

XXXII 
JJ 

XXIII* 
XXV* 

A~imuth at A 

P 

0 I I/ 

251 I 1.66 
180 51 27-76 
141 8 50.82 

179 8 17'92 
254 16 41.16 

178 58 23.01 
133 o 25' I I 
172 34 29'11 

244 9 37'54 
184 29 23-94 

1 3 ~  41 s2'7' 

186 37 24-73 
241 33 37-16 

173 31 6-50 
129 29 27-37 

174 25 2.96 
179 5" 17-20 

245 0 50.58 

30956 5.64 

Letitude North 

O I Y  

27 4 38-20 

JJ 

27 8 17.01 

J: 

27 21 8-09 

JI 

27 23 58-52 
JJ 

27 33 35-96 
I: 

'7 37 43-43 
J: 

27 46 16-81 

IJ 

27 51 11-46 

IJ 

275955.94 
IJ 

2812 7-34 
28 4 16-46 

Side A 6  

Log. Feet 

4'8330122,4 
4~9998468~2 
5'0001741,5 
4'9780865,t 
4'8040218,4 

4-8781a16~8 

4.932~553~1 
4.924292~2 
4'7589891~7 
4.8868711~4 

4'839'158J7 
4*9145877,0 
4-7963020~0 
4.9203988~2 

4'9209843~9 

4'9011955,8 
4.8684193,o 

4'795056%~ 
4.8693168~3 

LOngit.ude Bast 
of 

0 ' I/ 

80 31 14'26 

JJ 

80 43 6.92 

$3 

80 31 30'85 

JI 

80 42 51-05 

JJ 

80 31 15'81 

13 

40 50.34 
JJ 

80 32 22-98 

IJ 

8042 35.92 

1: 

803038.13 

I: 

803035-80 
80 41 9-41 

Azimuth at 6 

O I I  

71 6 26.46 

o 51 35-35 
321 3 32-09 
359 8 10.65 
74 21 j4.02 

358 58 16-08 

31 2 55 4'21 

352 33 33'34 
64 I4 3'76 

4 2955'13' 

318 37 ~ ~ " 5  
6 38 13-87 
61 38 23-13 

353 32 17-46 
309 23 51.15 

354 24 22-40 
35950 16-10 

65 5 47'39 
130 1 4-54 



AMUA MERIDIONAL SERIES. 

PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 

The following table gives, first, the usual data of the observed vertical angles and the heights of the signal and instn~ment, 
kc., in pairs of horizontal liues, the first line of wl~iclr gives tlle data for the 1st or the fixed station, and tire second line tlle data 
for the second or the deduced station. This is followed by tile arc contained between tlre two stat io~~s,  and then by the terrestrii~l 
refraction, and the lleigllt of the 2ud station above or below the first, as computed from the vertical allgles in tlre usual matiller. 
This difference of height applied to the given height above meall sea level of the fixed station, gives that of the deduced station. 
Usually there are two or three iudependent values of the height of the deduced station; the details are so r~rranged as to 
ahow these consecutively and their mean in the columns of uTrigonometrical Results". The meail results tlrus ohtailled are 
however liable to receive corrections for the errors generated ill the trigonometrical operatiol~s, which are sl~own up by tile 
spirit leveling operations, wlleuever a junctioti betweeu t l ~ e  two has been effected. The spirit leveled detern~i~rat io~~a are always 
accepted as final, aud the trigonometrical heights of s t a t i o~~s  lyiug betweerl tllose fixed 11y the level i~~g operations are adjust- 
ed-usually by simple proportion-to accord wit11 the latter. In  tlre table the spirit leveled values are printed tlrus, 429'42 kc., 
or, wheu not very exactly identified, t1111s 429, to disti~~guislr them from the adjusted trigo~rometrical values. The columll in 
which the mean trigol~ometrical heights are given is barred across where necessary, as after deduction of Stn. XI11 tiom Stn. XI1 
page 36-r to iudicate that olle set of adjustmerlt ends and al~otller begins. The trigouometricnl he~gllts always refer to the upper 

A. 

mark-stone, or to the upper surface of the pillar on which the theodolite stood ; when a spirit leveled heigllt does uot refer to 

either of these surfaces, i t  is given in combination with a correction, thus { + 429'42 ,6. and the sum of these two quantities, in this case . " 
445.9, rcprese~~ts the vnlue with whiclr the correspo~ldi~~g trigo~lometrical .mean height 440.3 is comparable. Descriptions follow 
these tables, exactly iudicatillg the positions of the leveliug staff during the determinations of the spirit leveled heights. 

W l ~ e r ~  the pillar of the station ia perforated, the height given in the laat columa, is that between the upper surfnce of 
pillar and ground level mark-stone iu floor of pasaage; otherwise i t  is the approximate height of the structure, above the grouud 
a t  the base of the station. 

Tile heights of the initial stations are taken from the Calcutta Longitudinal Seriea of the South-East Quadrilateral, 
page 179, Vol. TI, and are as follows :- 

B' 
XVII 
XIX ~ ~ ~ ~ : ~ )  feet above Mean Sea Level at Kar8chi. 

Obwrred 

Vertical Angle 

0 1  * 
ID o 12 47.2 

D 0 5 54'9 

E o r 19.6 
D o 14 17.1 

E o o 45'6 
D o 21 27'9 

D o  3 1'6 
D o 16 21.7 

Station 

XVII 
I 

XIX 
I 

XIX 
I1 

I 
I1 

Astronomical Date 

1884 

March 27 

1, 21 

,, 80 
,, 20 

,, 80 
April 2 

March 21 
April 2 

o ... 
4 

E 
5 
% 

#. 
a 

% 
2 

4 
4 

4 

4 

4 

4 

4 

Mean of 

Times 
of obser- 

 ratio^^ 

h. m. 
9 45 
9 45 

8 30 
8 3 0  

8 15 
8 1 5  

g 15 
g 15 

Height in feet 

z 
4 

#. : 
8 
t - - 
L. 
O 

3 
J - 

fed 

a 

a 

8 .- 
4 

C 
d 

0 s * 
,-Q 

< I &  .- 
g.5 

m.2 
S 
m 

(N 

- 131-0 

+ 200'2 

+ 471.3 

+ 269.4 

Tervest rinl 
Hefrsctio~l 

3 
6 
8 

0.50 
0'50 

0.30 
0'50 

0.50 
0'50 

0-50 

i 
Height in feet of 2nd 8htio1r 

above Menu Sea Level 

4 

$ 
a " 

93 

57 

I05 

1x1 

k g  
0-1 
.d 

.g,g 
8e 
F\z 

'072 

'065 

'073 

-081 

2 

Final 
Besdt 

1983 

2249 

Trigot~ometrical 
Res~llts B 

By enah 
deduct1011 

1982'3 

1980.3 

2251'4 

2250.7 

u 

4-75 
4'75 

4-75 
4'75 

4';5 
4-75 

'Ii5 
4 75 

1981'3 

2251'0 

------ 
n 

1295 

871 

14.0 

1j7z 



PRINCIPAL TRIANGDLATTON. HXIGHTS ABOVE MEbN SEA LEVEL. 35,,: 



36-,. 
AMUA MERIDIONAL SERIE9. 

Above the euuunit  of the building on which the astion ie built. t Above the tower of the fort on which the mktion b built. f Not forthcomiug. 

t 
R 
8 

4 
el 
C 

%i .- 
5 

f@ 

23 

17t 

$ 

f+  

34 

8 

18 

6. 

Z 
4 " .s 
2 
S 

v 

1197 

gag 

750 

860 

78.3 

609 

620 

786 

707 

6ga 

689 

643 

780 

801 

611 

739 

8 .- 
m 
f 

I. 
0 D, 
, - o  
519 
'z 
m.3 

9 
m 
'a 
N 

- 84'6 

- 11'4 

+ 7.7 

+ 15.1 

- 2'0 

+ "'7 

+ 4.6 

+ 4'2 

+ 2'9 

+ 24'3 

+ 20'6 

- 15.1 

- 22'1 

- 

Terrestrial 
Refraction 

a 

325 

122 

59 

90 

a86 

268 

13 

2% 

- 26 

62 

24 

77 

250 

a61 

96 

180 

L E  
04 

, - * 
;= 5 v 

'271 

'131 

-079 

'104 

'365 

'332 

-022 

'028 

'036 

'090 

'035 

,120 

'320 

-326 

'157 

-244 

Btrtion 

XI1 

XI 
XI1 

XI1 
XI11 

XIV 

XI11 
XlV 

XIV 
XV 

XV 
XVII 

XV 
XVI 

X v l I  
XvI 

XVII 
XI'III 

XVI 
XVIII 

XVIII 
XIX 

XVIII 
XX 

XIX 
XX 

Xx 
XXI 

XX 
XXII 

XXI 
XXII 

5'7 

- 8'8 

- 14.3 

12.9 

Astronom~csl 

laa7 

NOV. 

91 4 
1839 

March 26 

11 26 

19 28 
I) 28 
1837 

xovr. 10 

11 10 
1839 

March 29 

I) 29 

19 30 
11 30 
1837 

Novr. 24 

)I 2h 
1839 

March 31 

11 31 

April 1 

)I 

1837 
Novr. 25 

11 25 
1839 

-4pril 2 

91 2 

Feb. 9 

19 9 
1837 

Dec. a1 

11 21 
1839 

Peb. 6 

11 6 

1) a 
11 

1838 
March 6 

91 6 
1839 

Feb. 2 

1; 2 

Obserred 
Vertical Angle 

0 r I t  

D O  7 5.6 
D o  2 18.2 

1) o 6 15.9 
D o  5 26-9 

D o 5 6.0 
D o 5 46'9 

D o 5 12'7 
D o 6 26.0 

D o I 59-4 
D o I 49-5 

D o  I 52'6 
D O  2 53.; 

D o  453'J 
D o 5 24.3 

D o 6 1o.g 
D o 632-6 

D o 6 22'0 
D o 6 39.4 

D o 3 42'5 
D o 6 7'6 

Do 4 30'9 
D o 6 33.6 

D o 5 5.4 
D o 3 29.1 

D o 3 30.0 

Data 

Mean of 
Times 

otobaer- 
vaLion 

h. m. 
4 6 8 X  

6 8 

5 33 
5 34 

5 3 
j 3 

4 28 
4 31 

7 17 
7 1 1  

7 19 
7 17 

3 10 
,3 10 

4 40 
4 40 

3 37 
3 39 

4 0 

4 o 

3 32 
31 

4 17 
4 17 

6 

5 55 

6 14 
6 17 

4 53 
4 5 4  

5 18 
5 18 

6 56 
6 56 

Station 
Level 

Final 
lLesult 

406 

415'62 
{+12 

423 

435 

439 

440 

461'67 

449 

l429.42 

Heiglrt in feet of 2nd 
above Mean Sea 

- 

o .- * 
m * L 

z 
% 

2 
2 
R 

4 
2 

6 
8 

g 
8 

8 
8 

12 

12 

12 

12 

I 2  

12 

8 
12 

12 

13 

10 

8 

8 
8 

8 
8 

8 

Height in feet 

Trigonornetrid 
nesults 

Ry each 
deduct~un 

391.3 

426'3 

416.5 

421'1 

426'0 

435'3 

439.9 

439-5 

442'8 

464.2 

461.7 

446.6 

439'6 D O  I 35'1 

D 0 2 42'2 
D o a 14.4 

D o  4 12.2 
l) o 3 14.0 

D o 4 0.0 
D o a 40.9 

D o o 23-7 
E o o 49'; 

2 
r & 2  

;ij 

0'00 

0.00 

0.71 
0.71 

0'79 
0.79 

0'79 
0.80 

1-50 
1-50 

2-57 
1.50 

0'83 
1'03 

408.8 

416.5 

423.6 

435'3 

439.9 

441'1 

463'0 

446.6 

440.3 
440'9 

431'5 

426.0 

418'6 

e 

3 
Y - 
u 

--- 

4'j5 
4'86 

4'38 
4.88 

4'88 

4'50 

4-23 
4-86 

4-67 
4'88 

4'88 

4.67 

4'84 I 

431'5 

422.2 

440 

430 

1st 

15 

4-86 

4-50 
4'88 

4-50 
4'88 

4'79 
4'86 

4-88 

4-67 

0'75 
0'75 

0'75 
0'7.5 

0.73 
0.73 

0.75 
0'75 

0.75 
0.58 

1 0.00 
8 

8 

g 

8 

g 

3 
4 

12 

8 

4'75 
4-80 

4'67 
4'88 

4-28 
4-86 

4'67 
4-88 

4-88 

4-50 

4.63 
0'00 

1.25 
1-25 

0.58 

0-75 

0'75 
0'94 

1-25 
1-25 



PRINCIPAL TRIANGIUL ATION. HEIGBTEI ABOVE MEAN SEA LEVEL. 87-, 

I n  tlreae illstances the chronometer error was not recorded, a ~ ~ d  hence the time6 here given have no referenoe necemariiy to the time of day, but are mere 
chronomotcr renditigs. 

30~8.-Station8 tXXIII lrnd fXXV appertain to the North-Ewt Longitudinal Series. 

Astronomical 

Jan. 24 

St 24 
1838 

March 11 

99 11 
1839 

Jan. 23 

99 23 

99 22 
99 22 

99 21 
Y Y  21 

99 17 
P9 17 

99 16 
16 9 9  

99 10 
99 10 

9s 9 
99 9 

99 8 
99 8 

99 7 
99 7 

99 6 
6 n 

99 5 
99 5 

ststion 

XXII 
XXIII  

XXII 
XXIV 

lgXIII 
XXIV 

XXIV 
XXV 

XXV 
XXVI 

XXVI 
XXVII 

XXVII 
XXVIII 

XXVIII 
XXIX 

XXIX 
XXX 

XXX 
XXXI 

XXXI 
XXXII 

XXXII 
tXXV 

tXXV 
tXXII I  

])ate 

Mean of 

Tin~es 
ofobaer- 
ration 

h. m. 
4 42 
4 40 

7 ; 
7 2 

4 40 
4 44 

4 32 
4 32 

7 31 
7 26 

*5 4 
*5 3 

"5 33 
*.s 30 

*4 27  

*4 ag 

*4 35 
*4 jo 

*3 48 
*3 52 

4 40 

4 36 

6 8 

6 7 

6 o 
6 2 

I 

Height 

M 
i5 

0'58 

0-75 

3.1; 

0.33 

0.75 
0'58 

0'58 

0.73 

1-25 
1'25 

0'67 

0.75 

0 7  
0.67 

0.67 

0.75 

0'75 
0'58 

0'75 

0.50 
0 . 5 ~  

1.25 
1'25 

L 

g 
i3 
L 

z 
h 
O 

3 
6i 

fmt 

18 

30 

30 

30 

35 

3o 

3o 

24 

14 

28 

28 

26 

3 
'2 

a 
8 

------ 
If 

582 

824 

849 

672 

988 

629 

845 

567 

682 

618 

823 

616 

El 

i m 
C 
0 r 
61, 
.; g 
m f  m 
a 
g 

- 7'3 

+ 53'5 

+ 46'9 

- 16.6 

+ 21.3 

- 7 . 4  

+ 33.5 

- 1.6 

+ 7 .1  

- 2.9 

+ 32-7 

- 22'5 

+ 5'9 

Observed 
Vertical Angle 

0 I It 

D o 2 58.1 
D o a 7'5 

E o  rg r . 9  
L) o 2 53.3 

D o a 50.8 
D o 6 3 j - 6  

D o  5 37'5 
D o 3 57.4 

D o  I 29.6 
D o  a 57.2 

D o 5 28.1 

D o 3 35'6 

D O  3 55.8 
D o 6 36.6 

D o 4 38.4 
D o 4 27 - j  

D O  452'0 

D o  5 33'7 

D o  516'9 

D o 4 59-4 

D o r 35.4 
D o 4 15-y 

D o  128.1 

E o 0 59.3 

D o  047.9 
D o  1 I+'r 

in feet 

Y 

? i f  
t ; 
H 

4'67 
4'88 

4'46 
4-86 

4-88 

4'58 

4.58 
4.88 

4'88 

4'67 

4'67 
4'88 

4'88 

4-54 

4'54 
4-88 

4'88 

4-50 

4'50 
4'88 

4'88 

4-42 

4-50 
4'88 I 

r 
6 .- 

C1 

!i 
2 
% 

8. 

2 
B z 

8 
6 

8 
10 

8 
8 

8 
r x  

12 

8 

8 
8 

J O  

8 

8 
10 

10 

8 

10 

lo 
8 

8 
8 

8 
8 

0'25 
1-23 

4 

fj 
c " 

153 

38% 

151 

61 

368 

56 

1x6 

25 

40 

I 

246 

305 

Height in feet of 2nd Station 
above Mean Sea Level 

Terwstrisl 
Refraction 

C Z  
0 4  

5 

..I q 
Q~ 

'262 

'464 

-178 

' o g ~  

'372 

'089 

-137 

'044 

'059 

.ozz 

'299 

'495 

314 '429 

3 
Find 
h d t  

429 

480 

464 

486 

469 

473'28 

47 '61 
( + ) O  

484'70 
f +,+ 

504 

536 

5" 

519 

'Rigonornetrid 
h u l k  

4'88 

3-41 

each 
deduction 

414'9 

475'7 

461'8 

452'2 

731 

Mean 

414'9 

468'8 

452'2 

473'5 1 473'5 

456'1 

489.6 

5 7  

508.8 

505.8 

538'5 

516'0 

521'9 

456'1 

489.6 

501.7 

508.8 

505.8 

538'5 

516'0 

521'9 
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38-, AMUA MERIDIONAL SERIEB. 

Descriptions of Spirit-leveled Point8. 

The spirit-leveled heights given on pages 36- L. to 37-,, were determined by the operations either 
of the Q. T. Survey or the Revenue Survey; these con&ctions are hereafter indicated in the former case by 
the letters (Q. T. S.), and in the latter by (R. 8.) immediately following the name of each station ; the surface 
on which the levelling staff stood is also described. 

XI or Paprendi Tower Station, @. 5.); On a mark-stone found at 13 feet above the tower 
of the fort, I~eigl~t = 437.39 feet. From this value, 
3 feet (the approximate quantity 1)y which the up- 
per mark used in the triang~lat~ion is below the 
mark-stone connected with by spirit-levelii~g) being 
subtracted, the height of the upper mark-stone of 
the triangulation is found to be 424 feet. 

XI11 ,, Khdkhem Tower S t a t h ,  ,, ; On the lower mark-stone imbedded at  summit of the 
building on wllicll the tower is rai'sed, height=k16.62 
feet. To this value, 12 feet (the upproximate height 
to which the tower was origillally carried up) being 
added, the height of the upper mark-stone of t h e  
triangulation is found to be 428 feet. 

XVIII ,, J d j h  Taber S t a t h ,  ((3. T. 8.) ; On the mark-stone let into the upper surface of the 
platform. 

XX ,, Bh Tower Station, (R. 8.) ; On the mark-stone imbedded at the level of the ground, 
over which the platform has been built. 

XXVIII ,, Dardwal Tower Station, (0. T. 8.) ; ) 

XXIX ,, S h a h  Tower Stat&, On tlle mark-stone imbedded at the level of the ground, 
38 I over which the tower baa beon built. 

XXX ,, Paraw Tower Station, 9, 
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At XXVI (Nimkk) 

h a C  8 

Lat. N. 27' 21' 8".09; Long. E. SO0 31' 3U".86 = 5 22 6.1 ; Height above Mean Sen Level, 4 6  feet. 
April 1838; observed by Lieuteuant T. Re~iny with Trougi~ton aud Simms' 18-i~rclr Theodolite No. 1. 

Star observed a Ursse Minotis (West and East). 
Mean Right Asce~lsion 1838.0 lh 388 
Mean North Polnr Distalice 1838.0 lo 33' 1 6 ~ ~ 7 2  

Local Mean Times of Elongation, April 2 Western 6h 1 6 ~  Easteru 18 zo 

Obscwed 
Aorizolltd : 
I)iE of Hudillp 
lyf. IIark41U 

0 1  * 
- o 31 11'50 

31 10'83 
31 54'83 
32 16-89 

- 4 o 39'83 
0 45'50 
047.17 
04.3'83 

- o 31 15-83 
31 ro'g3 
31 lo'oo 
31 12.6; 

- o 31 13'33 
31 8'67 
31 ro'oo 
31 13-17 

YACE LEYl' 

Redltction in 
tO Time of 

Elollption 

- 

t lr 

+ 012'95 
o 20.j4 
1 53'09 
2 6-44 

- I 3'60 
o 52'93 
o 0.61 
o o'oz 

+ o 0'03 
0 0'44 
o 27-08 
033 '61 

+ o 17.81 
o 19-85 
o 0'26 

o 0'03 

.5 E! 5 
8 3 3 

2 n 1  

1 4 4 3  
18 -32 
13 34 
46 5 

32 39 
a9 46 

g 11 

o 36 

o 40 
2 43 

ar 17 
23 43 

21 32 
18 12 

a 6 

0 4 3  

S 
.- 

Observed h 2 ; 
Horizo"ul ; B 0 

FACE 

c g ." 
: 2 a 

2 4 

111 8 

I 29 
5 32 

29 10 

34 40 

16 53 
14 41 
10 41 
1% 46 

11 1 7  

8 32 
10 6 
12 22 

10 47 
8 2 2  

8 37 
11 I 

Reduced O b u n ~ t i o n  
Baf Muk-SU.  
at ~ l o ~ l p ~ i o ~ ~  

o f  v 

- 03065.72 
6; . 79 
71-58 
71'06 

- 4 o gg.10 
60'43 
61 -61 
65.02 

- o 30 70.47 
66-73 
64'25 
67 '39 

- o 30 68-19 
69-98 
66-91 

68'80 

BIGHT 

Reduction in 
Arc to Tins of 

E1011gution 

I Y 

+ o 0.13 
o 1-83 
o 50'80 
I 11'68 

- o 17-04 
0 12-go 

o 6-85 
o 9-76 

+ o 7-63 
o 4'36 
o 6-10 
o 9.16 

+ o 6-97 
0 4 - 1 9  
o 4.45 
0 7'26 

'i 
Y 

4 

Apr. 2 

m 2 

,, 8 

, 4 

* 

hduced  Obmat ion  
Raf. Mnrk-Star 
at IClo~lgath~ 

o f *  

- 030  71-37 
69'00 
64'03 
65-15 

- 4 o 56'87 
58'40 
54"'= 
53 '59 

- o 30 68-20 
65'97 

63'51 
63-90 

- 0 30 66-36 
64 ' 48 

65 '55 
65'9' 

R 

- 

W. 

E. 

W. 

W. 

~2 .- 
3% 

o I 

103 28 
4% 

283 a8 

103 28 
& 

283 a8 

113 28 
& 

293 38 

123 28 
& 

303 28 

or 
rark.L-aup 

o r  II 

- 031  18-67 
31 28-33 
33 4-67 
33 17.50 

- 3 59 55-50 
60 7'50 
61 1-00 

61 5.00 

- o 31 IO'jo 
31 7-17 
31 31'33 
31 41 00 

- o 31 36.00 
31 29'83 
31 7-17 
31 8-83 
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n 9.' 
O h w e d  .s E g 

4 - 

hpr. 6 

,, 6 

,, 6 

,, 6 

,, 7 

,, 7 

,, 8 

9, 9 

Beduced Obmrvdion 
Ref. Mark-Star 
at Elongation 

P 

o t r  

- o 30 63-77 
63 '93 
64-21 
64.3: 

7 4 o 59-16 
5.3 '68 

5 1 - 2 2  

53 '54 

- o 30 61-95 
59'5O 

61 ' 2.; 
59'83 

- 4 056.01 
56-34 

55-47 
56-66 

- 0 30 63-01 
62-18 

61 -go 
61 ' 99 

- 4 0 56-71 
56-06 

54-81 
53'38 

- 4 056.18 
55'98 

57'30 

- 4 057.84 
57-33 

j6.78 
58.64 

* 

MUHT 

Beduction in 
Arc to l'ilt~e of 

Elongtion 

I w 

t o 2'56 
o 1-24 

o 9'12 
o 12'37 

- o 9-16 
o 6-85 

0 2-05 
o 3-87 

+ o 15-72 
o 1 2 ' 0 0  

o 1-29 
0 3'2.5 

- o 19-18 
o 13-84 

o 1-14 
0 1-99 

+ o rz.99 
o 9'82 

0 2'43 
o 4-51 

- o 2.88 
0 1'7.3 

o 9'64 
0 12-71 

- o 3'68 
0 3-15 
0 17-30 

- o 7-67 
O 5.83 
o 1'14 
o 2.28 

Observed 
HoFizo.trl Ando  : 

of Hedings 
Bet. hlark - Star 

0 1  

- o 31 6'33 
31 5-17 

31 1.3'33 
31 16-62 

- 4 0 44'CO 
046.83 

052 ' 1 j  
o 49-67 

- o 31 17'67 
31 11.50 

31 1 ' 1 7  

31 4-50 

- 4 o 36'8.3 
o 42.50 

054.33 
0 54'67 

- o 31 16'00 
31 12 '00 

31 4'5.3 
31 6-50 

- 4 o 53-83 
0 51-33 

045.r7 
0 40.67 

- 4 052.50 
053'8.3 
040'00 

- 4 O S O ' I i  

O .5"5O 

O.57'50 

.- 

W. 

E. 

W. 

E. 

W. 

E. 

E. 

E. 

I A C l i  

c g c  
" 0 

z 2 2 
t , M 
2 E $ 
3 g 

m #  

6 32 
4 33 

rz 21 

14 2 j  

12 22 
10 42 

5 51 
8 z 

16 12 

14 9 
4 38 
7 22 

17 54 
15 12 

4 2 1  
5 46 

14 43 
12 48 

6 22 

8 41 

6 56 
5 22 

12 41 
74 31 

7 51 
5 5 9  

16 59 

11 19 
9 s2 
4 2 1  

V 

o I 

133 zg 
& 

313 28 

133 29 
& 

313 28 

153 29 
k 

333 29 

113 28 
& 

293 28 

143 29 
& 

323 29 

123 29 
& 

303 28 

143 29 
& 

323 29 

153 29 
A 

333 29 

o r  r r  

- o 31 20'83 
31 18-83 

31 8'8.3 
31 10.00 

- 4 o 31'.50 
0 3j.83 
0 59'67 
059'00 

- o 31 9'33 
31 6'83 

31 19'17 
31 28'33 

- 4 o 59-50 
I 0.83 

o 50'00 
047.17 

- o 31 7-50 
31 6'33 

31 31-33 
31 35'83 

- 4 o 40'67 
o 46.50 

0 57'83 
0 54-83 

- 4 o 37'67 
o 38-83 

0 56'.jo 
0 54-50 

- 4 039.50 
040.17 
0 .~8'00 
0 58'83 

m a  

14 54 
12 rz 

a 13 
3 52 

21 a 
19 4 
3 56 
2 1 0  

5 38 
3 ++ 

16 6 
18 31 

4 39 
2 52 

12 38 
$4 40 

5 9 
3 3 

19 31 
21 23 

16 20 

14 25 

2 30 
4 22 

17 56 
15 32 

I 32 
3 33 

19 8 
1745  
3 30 
1 55 

I w 

+ o 1.3.31 
o 8'33 
o 0.29 
o 0'89 

- o 26'44 
o 21-73 
0 0'93 
o 0-28 

+ o 1.90 
o 0'84 

o 15'52 
o 20'49 

- o 1'30 
0 0'49 

o 9-56 
o 12-88 

+ o 1-58 
0 0.56 

0 23-89 
0 27 '34 

- o 15-60 
o 12-44 

0 0'37 
0 1-14 

- o 19.23 
0 14.45 
0 0'14 
0 0.76 

- 021.91 
018.34 
0 0.74 
o 0 .22  

o r *  

- o 30 67-52 
69.90 

68.54 
69.11 

- 4 o 57'94 
57'56 
60'60 
59-28 

- o 30 67'43 
65 '99 
63 '65 
67-84 

- 4 o 60'80 
61 '32 

59.56 
60'05 

- 030 65-92 
6.5'77 
68-44 
68-49 

- 4 o 56.2; 
58'94 
58'20 
55 '97 

- 4 o 56-90 
53'28 

56'64 
55 '26 

- 4 061.41 
59'01 
9 - 7 4  
59'05 



PRINCIPAL TRIARGULATIOR. AJTMUTHAL OBSERVATIONS. 

Abstract of Astronomical Azimuth observed at XXVI (Nimktir) 1838. 

1. By Eastern Elongation of a Ursae Minoris. 
, 

i 

Fsce L B L  8 L B L B L B L  R 

Zero 108' 288' 11r 293' 1280 808' 183' 81F 148' 323' 153' 383' 

Date April 2 April 6 April 7 April 5 April 8 April 9 

I f  I1 I1 11 I1 11 11 I1 11 n II I I  

Observed difference 59.10 56'87 60.80 56.01 56-27 56-71 57'94 53-16 56.90 56-18 61-41 57-84 
of Circle-Rt-aclings, 60'43 58-40 61.32 56-31 58-94 56-06 57-56 53-68 53-28 55-98 59-01 57-33 
Ref. M.-Star 61-61 54-02 59'56 55'47 58-20 54.81 60'60 54-22 56-64 57.30 58-74 58.64 

reduced to Elongation 65'02 53'59 60'05 56-66 5.5'97 53-38 59-28 53-54 55-26 59'05 56'i8 

Mealts 61-54 55'72 60'43 56-12 57-35 55-24 58-85 33-65 55'sa 56'49 59-55 57-65 

0 I I1 l l  I1 I1 ff 11 

Bfeans of both faces - 4 o 58-63 58.28 56-29 56-25 56-01 58-60 
Az. of Star fr. Y., by W. 181 44 54-86 56' I4 56'44 55-87 56-77 57.11 
Az. of hf. M. ,, 177 43 56-23 57-86 60' 15 59'69 60'76 58.51 

2. By Western Elongation of a Ursae Minoris. 

d .I 

Face L  B L B L  B L  B L B L H 

Zero 103' 283' 118' 293' 123' 803' 138 813' 143' 823" 158' 883' 

Date April 2 April 8 April 4 April 5 A p d  7 April 6 

I1 I1 I1 11 I1 11 11 11 11 11 I1 11 

Observed difference 65-72 71.37 70.47 68-20 68'19 66.36 67.52 63-77 65'32 63-01 67.43 61-95 
of Circle-Rendinge, 67'79 69-00 66'7.3 65'97 69'98 64'48 69.~0 63-93 65.j7 62-18 65-99 59-50 

Hef. M.-Star 71'58 64-03 64.25 63'90 66.91 65'55 68-54 64'21 68.44 61-90 6-3-65 59-88 
reduced to Elongetion 71-06 65-15 67-39 63'51 68-80 65-91 69'" 64'30 68'49 61-99 67.84 61'25 

Meane 69-04 67'39 67'21 65-40 68'47 65.58 68-77 64'05 67-16 62.27 66'23 60'65 

0 I I1 I1 11 I1 I1 I1 

Means of both facee -- o 30 68-22 66'30 67 '0% 66'41 64'71 63 '44 
Ae. of Star fr. S., by W. 178 1.j 5.~1 4'97 , 4'63 4.30 3'73 3 '97 
Az. of Ref. M. ,, 177 4.3 57-09 58-67 57-61 57-89 59'02 60'53 
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AMUA MERTDIONAL BERTIES. 

At XXVI ( N u ) - ( C o n t i n u e d ) .  

... ... ... ... 

1 
by Eastern Elon gation 177 43 58-86 

Astronomical Azimuth of Referring Mark by Western ,, ... ... ... . . 9, 58-47 
Mean ... ... ... ... 3,  58'67 

Angle Referring Mark and XXVIII (Dartiwal) eee below ... ... ... ... ... + I 1428.99 
... ... ... Astronomical Azimuth of Dar&wd by observation ... ... ... 178 58 27.66 

Geodetical Azimuth of ,, by calculation from that adopted (702. 11, page 141) at 
... KalSnpur, eee page 33,, ante ... ... ... ... ... ... 178 58 23-01 

... ... Astronomical- Geodetical Azimuth at XXVI (NimMr) ... ... ... + 4'65 

At XXVI (Nimkh) 

April 1838 ; obeemed by Z h t e m m t  T. Renny with Trotbghton and Simm' 18-inch Theodolite 1Vo. 1. 

July 1878. 

Angle 
between 

B.M. & 
XXvIII 

J. B. N. HENNESSEY, 

In charge of Computing O@e. 

Meana of Circle-readings, telescope being set on B. M. 

mow IWW maom' i iaOw 8 0 8 0 ~  imOw siaOm' 1 s t ~ ~  sww irsozs' awmt 1 s t ~ ~ ~  

n v I n H w v I ,I I I n 

28.42 30'17 28'50 30'58 29'00 30'58 29.50 17-83 27-58 29-30 27-42  28-75 
9 9 9 9 9 9 9 I 9 9 9 9 

7 

O e n d  M a n  

I' 14' 28'"99 
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ALPHABETICAL LIST ' OF PROPER NAMES. 

The major portion of the text of this Series having been printed prior to 1871, the spelling of 
Indian proper names occurring therein was necessarily in accordance with the rules introduced by Colonel Everest 
for use in the Survey Department. Subsequently the Government issued a modification of these rules, but as 
it was not desirable to introduce a change of system in the middle of the publication, Colonel Everest's method 
was adopted throughout the Series, excepting in the Addendum, beginning with page 9*-,, which, being printed 

only recently, is in accordance with the Government method. Now that the publication of the Series is finished, 
i t  appears desirable to give the proper names in question by both systems of spelling; this is accordingly done in 
the following table, where the first column of each pair states the spelling adopted and the second column gives 
the corrected orthography as required by Government rules. Where the methods are identical the second 
column is left blank. 

J. B. N. HENNESSEY, 

In charge of Computing 01pics. 

OBTHOQEAPBY 

By old or Survey By new or Government 
ru~w 1 rdea 

Aligan j 
Amarpa tan 
AmGa 
Asu 
Badaosa 
Bakseria 
Banda 
Baraoli 
Bindki 
Bindrhchal 
BfraphhBr 
Bulandpiir 
Cawnpore 
Chitarko ti 
Ch6nba 
D4gri 
Dahlelnagar 
Darkwal 
D e w a h  
DharkBna 
Ethw4ii 
Etora 
Fatenagar 
Fateplir 
Clan ges 

OBTHOORAPEY 

By old or Survey By new or Government 
~ t e s  1 n_ 

Aligan j 
AmarpBtan 
Amua 

Badausa 

B4nda 
Barauli 

VindhyBchal 
Birapah4x 
Bulandpur - 

Chitarkot 

E t h w b  

Fatehna gar 
Fatehpur 

OBTHOOBAPHY 

By old or Survey By new or Government 
rules 1 YIW 

Ghhzipiir 
Giimti 
HaidarhbBd 
Harha 
Jafrkb4d 
JAjm4o 
Jalhotr 
Jariira 
Jeh4dbBd 
Jubbulpore 
Kaimiir 
W k h e r a  
Karthr 
KhaidbAd 
Kokra 
Kora 
Koti 
LakanpGra 
Lakna 
Lassipiir 
Macherhata 
Mhdhogarh 
Mahamdi 
Maihar 
Marfa 

M4wa 
Mirzapore 
MlisBpGr 
Nagode 
Namhna 
NimkSr 
Pa i lh i  
Panna 
Paprendi 
Parser 
Patra 
Pavia 
Pilibhit 
Potenda 
Rho 
RasGBbhd. 
Rewah 
Shgar 
Sandaila 
S4rang 
Sarh Salemptir 
Seonda 
Sirwaia 
Siwaganj 
Terai 

Gh4dpur 
Gumti 
Haidarabad 

J4f rabad 
JSjmau 
Jhalotar 

Jahhabad 

Khairabad 

Kothi 
Lakhanpura 

Lassipur 
Machhrehta 

Muhamdi 

Marpha 

Mirzapur 
M6sapur 

Rau 
Rastilabad 

Saugor 
Sandlla 

S4rh Salimpur 
Sihonda 

Siwhgan j 
Tar&i 
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KARARA MERIDIONAL SERIES. 

INTRODUCTION. 

The Karhra Series is the fourth in order-reckoning eastwards from the Northern 
Section of the Great Arc--of the Meridional chains of triangles included in tlie North-East 
Quadrilateral. I t  emanates at  the side Kar&ra-Marwh of the Calcutta Longitudinal Series- 
in Baghelkhand, south of the river Son, (Some)-and follows the meridian of KarQra, 81" 18', 
as closely as the nature of the country permitted. It spans a meridional distance of about 
250 miles, and though commenced in the field season of 1837-38 was not brought to a close 
until 1844-46. 

For the first 110 miles of its length, the Series is carried as a doul~le chain of triangles 
traversing portions of the Districts of Allahabad, Banda and Fatehpur, and of tlie Native 
States of Rewah, SoUwal and Panna. The first 90 miles are situated on the Kaimfir range 
and the high land wlriclr, generally speaking, forms the southern waterslred of the Gangetic 
plain between the meridia~is of 81" and 82" : the remaining 20 miles cross the lower end of tlie 
Doab between the Jumna and the Ganges. The Series is thereafter continued as a chain 
formed for the most part of single triangles, through portions of the Districts of Rae Brrreli, 
Bara Banki, Sitapur and Partabgarlr, in the Province of Oudlr, and it terminates at the side 
KIiBnpur-M4si of the North-East Longitudinal Series, in the plains at  the feet of the Hima- 
layan Mountains. 

I n  January 1838 Lieutenant Jones of the Bengal Engineers, who was then employed 

Sewon 1857-38. 
on the measurement of the Sironj Base-Line, was directed 

PPBBONNPL. by the Surveyor General to organize a small native estabi 
Lieat. W. Joner, Bengd Engineers, ist bsst. lisllment and make all other necessary preparations wit11 a 
Mr. J. Soullg, end C l w  Sub-h is tan t .  view to commencing the Karhra Series before the close of 
the current field season. Owing to the paucity of officers available only one assistant could 
be attached to the party. 

The party arrived at Kadra on the 1st of March, when Lieutenant Jones and Mr. 
Scully immediately commenced selecting stations for the required triangulation. I n  those 
early days of the survey the opinion was generally held that the links composing a chain of 
principal triangles should be tlre fewest possible, and therefore that tlie sides of the triangles 
should not be less than 20 miles in length. This restriction, coupled with the prescribed 
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IV-3i. 

co~lditions for securing symmetry, hampered Lieutenant Jones greatly and materially re- 
tarded his progress. Tllus, writing to the Surveyor General on the 18th May, he reports that 

both the result of a minute examination of the ground as far as 60 miles to the north of 
" Kanira and the repcated failures I have met with in my attempts to procure good and 
" symmetrical triangles compel me to state that I do not expect to succeed in producing such 

work as I could wish, and as I feel that you will expect from me". Of one side Kaimlir- 
Jaliahar, the shortness of which-seventeen miles-seems to have been a source of con- 
siderable concern to him, he says " it was not adopted until I had used every endeavour 
" during six weeks to get a better one,-until I llad myself visited every part of the range 
" that appeared to offer the remotest chance of success, and cleared much of the heavy jungle 
"which considerably increases the difficulty of finding two points on this range mutually 
" visible and yet sufficiently distant". Eventually tl~ese difficulties led him to recommend the 
extension of the " work to the northward by a double series or succession of polygons using 
short sides" ; this was assented to by the Surveyor General as being "very feasible and 
propery'. Five principal stations had been selected by the commencement of June, when the 
rainy season comnlenced and sickness broke out in the camp. Lieutenant Jones thereupon 
proceeded to recess qunrters at Allahabad. 

Lieutenant Jones marched out of Allahbad on tlie 1st October ; but before he had 

Seoron 1838-39. 
fairly resumed work, the whole camp was seized with 

PKRBONNEL. jungle fever which compelled him to return to Allahabad. 
Lient. W. Jones, Bengal Engineers, I B ~  A W ~ .  Mr. s c ~ l l y  fell a victim to the disease, and died on the 
Mr. J. Scully, l e t  Class Sub-As8istant. 18tll November : Lieutenant Jones himself and tlie entire 
native establishment were reduced to such a state of prostration as to leave the Surveyor 
General no alternative but to suspend the operations, and direct Lieutenant Jones to proceed 
when sdEciently recovered to join him at K a l i h ,  where 11e might be suitably employed in 
learning the use of the Great Astronomical Circles which mere employed on tbe Great Arc in 
obtaining determinations of latitude for geodetic requirements ; one of these instruments was 
then being employed there, simaltaneously with another a t  GliBnpur, in determining the 
differential latitude, or arc of amplitude between the two stations. 

At the commencement of the field season of 1839-40 Lieutenant Jones again pro- 
ceeded to resume the Kadra Series, with the aid of two assistants, Messrs. C. Lane aud 
J. W. Rossenrode; but on the third march from the Head Quarters in Dehra D6n he was 
taken so seriously ill with jungle fever, that be had to abandon the undertaking, take sick 
leave, and eventually resign his appointment in the Survey Department. 

Duriug the recess of 1841 Captain R. Shortrede--of the Bombay Army-was appointed 

Season 1841-42. 
to conduct tlie Series, and to organize an establishment 

P E B S O N ~ ~ L .  for the resumption of the work from the point where it 
Ca hi11 R. Shortrede, 2nd Bombay European had been left 5y Lieutenant Jones three years previously. 

flegilnent. 1st Assistant. 
Babu Knmdial ~ e ,  3rd Clnsr Sub-Asaista~~t. The party left the Head Quarters in Dehra Dfin early 
UT. D. Kirwan, do. do. in October; but,, owing to various delays and mishaps, 

it did not reach the first station of operation, Jalihdhar, until the 8th of February, when 
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the most favorable season of tlie year for observing had already gone by, and the oppor- 
tunity was thus lost for pushing the work across a malarious tract of country in which an 
outbreak of sickness might at any time compel the party to leave the field. The remainder of 
the month was spent in clearing hill summits of forest. The next month was for the most 
part spent at the station of Marwh, where Captain Shortrede hoped to commence the obser- 
vations of the principal angles ; but the haziness of the atmospliere rendered all the signals- 
both lamps and heliotropes-to be wholly invisible. Captain Shortrede therefore moved on to 
Karhra, where the atmosphere proved to be even worse than at Marwh, so that no ter- 
restrial angles could be observed. "On some days", wrote Captain Shortrede, "I  could 
scarcely see the hill a t  about two miles distance on which I had the referring-mark". On one 
day the Marmbs heliotrope was seen, but it was flaring and unsteady to such a degree that 
not a single satisfactory measure of the angle between it and the referring-mark could be got. 
A complete set of angles between a referring-mark and a circutnpolar star was however mea- 
sured here, in order to  obtain a direct astronomical determination of tlie azimutli at  KarAra, to 
be employed as the fundamental azimuth of tlie ~kries  in lieu of the value of azimuth which 
had been brought up from Sironj tl~rough tlie Calcutta Longitudinal Series. It consisted of 
two measures of the angle between tile mark and tlie star on each of 12 'zeros', or settings of 
the horizontal circle of tlie principal theodolite, Troughton and Simms' 18-inch No. l.* Com- 
plete sets of observations were talcen at  both elongations of the star, and very satisfactorily; 
but they form the sum total of the work of final observing which was accomplished during 
this season. Tliey were concluded on tlie 8th of April, when Captain Shortrede proceeded to 
recess quarters at  Allaliabad, reporting tliat in the existing state of the weatlier and with n 
sick list continually increasing (lie had already lost 7 men of his establishment, and had 20 
otliers sick in hospital) lie felt that it would 1)e an unwarrantable exposure of human life to 
remain longer in the field, and that it was his duty to move for the recess season into Allah- 
bad, where tlie sick miglit have a better cl~ance of recovery. 

I n  the following field season the party, strengthened by Mr. J. W. Armstrong-who 
had acquired considerable experience in the principal tri- 

Searon 1842-43. 

PEBSONNEL. angulation, having been employed for some time on the 
Captain R. 8hortrede, Olld Bombag E,,ropem Rangfr Series-left Allallabad on tlie 15th of November 

R a g ~ m e ~ ~ t ,  IsL Assistant. 
Mr. J. W. Arnlst~.ong, 1st  cl-a sub-~ssistant. 1842, and made such good progress that by the end of the 
Babu Rumdial De, 3rd do. 
Mr. D. Kirwan, do. do. 

field season all the stations south of the Jumna had been 
selected, and the principal observations had been completed 

for a distance of about 65 miles from the side of origin. 
But the general design of tlie triangulation as laid out by Captain Shortrede differed 

materially from what had originally been intended by Colonel Everest, in that it consisted of 
a continuous net-work of triangles in which mutual observations were taken between all 
stations-however far apart-that happened to be mutually visible, instead of forming a suc- 
cession of simple polygonal figures in which tlie mutual observations were restricted to the 

For a description of this instrument lee pagee 61 to 64 of the Appendices to Vul. 11, and for an account of its peculiarities see pnge 
96, and Appendix No. 4 of the eame volume. 
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stations lying contiguous to each other. Theoretically of course the net-work is the best, 
as it ties the triangulation together more thoroughly; but practically it is far the most trouble- 
some and tedious, to execute originally, and to treat eventually in the course of the general 
reduction of the triangulation; it is moreover very variable in its influence, tending to strengthen 
some portions of the net-work much more than otlier portions. For these reasons it had been 
deliberately rejected by Colonel Everest in favour of the simpler system of successive inde- 
pendent geometrical figures, which had been introduced on all the other chains of triangles 
executed up to that time, and has since been uniformly adopted. 

On the termination of the field season the party retired to recess quarters a t  Allahabad 
where i t  arrived on the 2nd of June. 

Field operations were resumed on the 1st November, Captain Shortrede having mean- 

Bearon 184344. 
wliile suggested that the triangulation should be extended 

PEESORR~L over the plains to the north as a chain of single triangles, 
Captain B. 8hortmde, Znd Bombay European thus departing not only from his original net-work which 

Hegirnent, 1st Asaiatant. 
Mr. J. W. lst Sub-Amietant. had become quite impracticable, but from the simple 
,, D. Kirwan, 2nd ,I )I 

Babu Barndial De, 3rd ,, polygonal form which might have been adopted. Captain 
,I 

Waugh, who had then succeeded Colonel Everest as Sur- 
veyor General, directed that the polygonal system sllould be adhered to as far as practicable ; 
but that if much progress had already been made in laying out the Series as a chain of single 
triangles, it would not be right to incur the expense and delay which the abandonment of 
work-already performed wodd occasion ; otherwise, as tliere was-no special difficulty in carry- - - 

ing the polygonal system over the country in which the operations wire being coniucted, he 
particularly wished that that system should not be departed from. 

The selection of stations for a principal triangulation over a perfectly level plain- 
more particularly when richly cultivated and covered with towns, villages and trees-is, 
however, an undertaking which requires considerable practical experience, so that surveyors 
who have been operating for years with great success in a hilly cointry, may find themselves 
completely baffled and unable to advance, when they enter on an extensive plain covered with 
obstacles to distant vision and wholly devoid of commanding eminences. Thus in the early 
days of this Survey some years elapsed before the most appropriate method of operating in 
such plains was fully elaborated, as will be seen on reference to Section 3 of Chapter I1 of 
Volume I1 which gives a historical sketch of the successive methods adopted for the selection - 

of stations. Captain Shortrede and his assistants had not as yet become sufficiently acquaint- 
ed with the proper methods of procedure, and thus the selection of stations and the clearing 
of the lines between them proceeded very slowly ; thus, during this season only five new sta- 
tions were selected and prepared, by the construction of a tower* at  each, as points of obser- 
vation, and of these stations two were afterwards rejected ; the measurement of the principal- 
angles was correspondingly retarded, observations being taken at  three stations only, viz., 
Ulapur, Bagtila and Pabliosa. 

* NO=.-The ayerage hcight of theso five towem WM 32 feet; the average time occupied in their wnatruction war a month and 
twenty dayn j and their average cost M0 Rupees. 
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Captain Waugh, having called for copies of the angle books containing the observatione 

of the last two seasons, found that Captain Shortrede had departed from tlie system of observ- 
ing mhich had been introduced by Colonel Everest and was then generally practised in this 
Survey,* and of which it was a leading feature that two or more observations of every angle 
should be made at each zero-setting of tlie azimuthal circle, and the mean taken, the whole 
being recorded separately from the ;bservations at  the other zero-settings. Captain Shortrede 
took only one observation of an angle at each zero-setting, and he combined tlle pairs of single 
observations which mere taken at  180" apart-with reversed faces-into one, as if both had been 
taken on a single zero. By this means his observations escaped criticism, as they were. never 
repeated on the same divisions of the circle, and they became to all appearances much more 
accordant, having been combined together in a may that-as i t  so happened+-concealed a large 
portion of the instrumental error, wliich was obviously objectionable. 

Captain Waugh moreover found that the reduction of the net-work of triangulation, 
which has already been mentioned, would require the simultaneous sol~ition of about 200 
equations of condition, the labour of which would be quite out of proportion to the value of 
the results; he therefore directed the exclusion of certain stations and the omission of all 
observations which were redundant, thereby reducing the principal triangulation of the Series 
to the form in which it now appears ; all redundant stations were treated as secondaries. 

In  order to expedite the completion of the Series, Capt.ain Waugh deputed a second 
party, under Captain J. S. DuYVernet, to operate at  the 

Season 1844-45. 

PEEBONNEL. northern end during the field season of 1844-46, comrnenc- 
R. Shortrede, Znd Bombay Euro. ing a t  a side of 'the North Connecting Series'-now known 

pesn Regiment, 1st Assistant. 
Mr. J. W. Armstrong, 3rd Principal Sub- 

as the North-East Longitudinal Series-which had been 
h i s t a n t .  established during the previous field season, in close proxi- Mr. D. Kirwan, 2nd Class Sub-Assintant. 

,, J. B. N. Henneseey, Srd CIW 9 ~ b -  mity to the Karhra meridian. He also directed the aban- 
Aeaistant. donment of polygonal figures and the adoption of single 

Caphin J.s. Du'Vernetl'2ndMadmEuro- triangles, in both sections of tohe Series, " whereby the pean Regiment, 1st Assistant. 
Mr. J. M i l l h e m ,  1st Cl- Sub-histant. operations will be greatly accelerated, a1 tl~ough this object 
,, W. Qlynn, 2ud ,, " will be only obtained at the sacrifice of some degree of - 

precision" ; he enjoined however that the single triangles were to be laid out " with every 
attention to symmetry and elegance". 

The direct distance between tlle parallel up to which the triangulation had been 
completed, and the side of tlle ' North Connecting Series' on w11icl1 i t  was intended to close, 
was about 160 miles. I n  this dist,arlce about 26 miles had been already prepared in the - -  - 
southern section by the construction of tower stations, and opening the lines between - 
them, during the previous field season. I n  the northern section llowever no preparations 
had been made ; nevertlieless Captain Du'Vernet succecded in carrying his triangulation 
down to the side Sora-Janai, thus completing a chain of 16 triangles mhich extended over a 

- - -  

For full particulars of thin system see Section 2 of Chapter 11, Volume 11, and for r brief outline see Section 1 of Chaptar LI of 
Volume VII. 

t For sn explanntion of tllk see pnge 96 nnd Appendix 4 of Volume 11. 
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direct distance of about 90 miles in a single field season, and executing much more than half 
the amount of work which remained to be accomplished. 

I n  the southern section matters did not at  first progress equally satisfactorily. When 
the better part of the field season was over, Captain Shortrede's services were placed at  the 
disposal of the Bombay Government for other duties, and the charge of the party was made 
over to Mr. J. W. Armstrong. He set to work with great vigour to complete this section 
by carrying it up to the side to which the northern section was being brought down by 
Captain Du'Vernet; and by dint of great perseverance, and continuing to operate in the 
field until the middle of July, long after the hot weather had set in, he succeeded not only 
in accomplishing the task which he had undertaken, but in revising some angles of, which the 
previous measures were discordant and unsatisfactory, and in improving a group of single . 
unsymmetrical triangles by converting it into a tetragon. He also observed an azimuth of 
verification a t  Pabhosa. 

The 18-inch Tlleodolite by Troughton and Simms which had hitherto been used by 
Captain Shortrede, was replaced at  the commencelnellt of this season by an 18-inch Theodo- 
lite by Cary, which had originally been obtained from t l ~ e  Madras Observatory and is de- 
scribed at page 68 of the Appendices to Volume 11. But tllis instrument being also deemed 
unsatisfactol.y was replaced, in the month of April, by Harris and Barrow's 16-inch . 
Theodolite, which had given very satisfactory results in Mr. Armstrong's hands on the Rangir 
Series, and is described a t  page 72 of the Appendices to Volume 11. 

The measurement of the principal augles in the northern section was executed by 
Captain Du'Vernet, with Saiyad Biir Mohsin's 18-inch Thcodolite, described at  page 67 of 
the Appendices to Volume 11. 

By the completion of the Kargra Series the circuit of triangles which is formed by 
the Northcrn Section of the Great Arc and the Kariira Series, and the sections of tlie two 
longitudinal chains at tlieir extremities by which the two meridional chains are connected 
together, was also completed. Tile values of the closing errors as derived from the calcula- 
tions of that time-which however were only approximate and preliminary to the final 
reductions-were small in latitude and longitude, but so large in side and azimuth that 
Captain Waugh proceeded in person to the station of Sora, at the side of junction between 
the two sections of the series, and determined an azimuth of verification there, by astrono- 
mical observations with the theodolite used by Captain Du'Vernet. The results led him to 
the conclusion that the soutllern portion of the Karhra Series was the more defective of the 
two. Still however he was of opinion that the closing errors were " evidently of an accu- 
"mulative character, arising in fact from a want of minute precision in the instrumental 
" means employed, aud therefore only to be remedied by a revision of the work with superior 
66means". The errors however were insignificant from a geographical point of view, and 
-\vould exercise no effect on the Indian Atlas ; they were also too minute to influence local 
topographical and revenue survey operations. Thus the Surveyor General, though distressed 
by their magnitude, concliided that he mould not be "justified in recommending a revision 
"of the work, because an urgent necessity exists for extending the trigonometlical opera- 
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" tions over other parts of the country remaining to be triangulated ". 
On the completion of the Simultaneous Reduction of the North-East Quadrilateral, it 

was found that the errors which had actually been dispersed over the Karhra Series, between 
the origin Karkra-Marwh and terminus Khhpur-Mbi,  were as follows :- 

... ... Logarithm + o.o00,0508,7 
I n  side 

giving a ratio of about 7if inches per mile. 

Latitude ... ,, ... ... +0".826 

,, Longitude ... ... ... + o ,047 

... ,, Azimuth ... ... - 7 '833 

The trigonometrical determinations of the heights of the stations of this Series above 
the mean sea level, have been corrected by connecting the stations, wherever possible, with 
the lines of spirit levels which have been executed of late years in the course of operations 
in  the Trigonometrical and the Revenue branches of the Survey Department. A list of the 
stations which have been so connected will be found on page 66-M; a statement of the 
several sections into which the Series is divided, as well as the method of adjustment em- 
ployed is detailed on page 39 of Eart I of Volume VII. I t  mill here suffice to state that the 
spirit levels show thnt occasional errors of a magnitude which reaches a maximum of 7-7 feet 
have been made in the trigonometrical determinations of differences of level between conti- 
guous stations; but in the long run these errors hare a tendency to cancel each other, the 
total error generated between the sides of origin and terminus being less than the maximum 
single error. 

Secondal=y Trialzgutat ion. 

I n  the southern portion of the Series the principal stations are all situated on hills, 
and here therefore the secondary triangulation consists of the measurement of angles a t  
those stations to fix all the most prominent and important points visible from them, such as 
the temples in R,ewah. The angles mere measured with the 18-inch theodolite which was 
employed for the principal triangulation. Usually two angles only of each triangle were 
measured, the point itself being unvisited ; but in a few instances the points are stations of 
the net-work of triangulation which was primarily designed by Captain Shortrede and after- 
wards converted into a chain of simple consecutive figures by the elimination of superfluous 
stations ; in these instances the third angle also was measured with the 18-inch theodolite. 

On entering the plains i t  became necessary to fix points in and around tlie important 
city of Allallabad, lying about 20 miles to the east of the Series. Observations were taken 
from the stations of BagAla (XII) and Singraur (XV), with the 18-inch theodolite, which 
fixed a station in the Fort and the steeple of the Church, and thus furnished a base mound 
which a minor triangulation was executed-probably with a 12-inch theodolite-by Mr. 
Mulheran when residing in Allahabad during the recess of 1845. I n  the following field sea- 
son a chain of secondary triangles was carried up the Ganges from Mirzapore to Allahabad- 
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as a part of the operations of the Gurwhi  Series-and extended to Singraur (XV), by Mr. 
Glynn; a branch chain was carried by Mr. Mulheran from Allahabad to Bag4la (XII), 
passing through and connecting with his triangulation of the preceding year; both chains 
were executed with 12-inch theodolites. These triangulations have been adjusted to fit be- 
tween the finally determined position-values of tlie principal stations of the two series on 
which they rest; the portion including and lying to the west of Allahabad is now published 
as appertaining to the Kar&ra Series, while that to the east has been do t t ed  to the Gurwhni 
Series. 

A few secondary points were fixed in the vicinity of the side Karra (XVI) to Parifion 
(XVIII) by a ray-trace triangulation executed by M i .  Mulheran in 1845. I n  the same year 
a point in the town of Rae Bareli, and a few other secondary points, were fixed by ray-trace 
triangulations depending on the sides Sora (XXIV) to Janai (XXV), T h h  (XXXVII) to 
Imlia (XXXVI), aud the terminal side K h h p u r  to MAsi, in connection with Captain 
Du'Vernet's operations. 

I n  1846 Mr. Qlynn was deputed by Captain DuYVernet to carry a series of triangles 
mith a 12-inch theodolite, from the side Pesar (XXX) to Utihmau (XXXII) up to the city 
of Lucknow, in order to fix points of importance in and around tliat city. It was supple- 
mented and extended a few months subsequently by Mr. Mulheran. The stations of the trian- 
gulation not having been permanently marked are not now forthooming ; consequently the 
usual data of the triangles are not given, but merely the latitudes and longitudes of the 
domes, buildings and other permanent marks of whicli the positions were determined*. 

I n  season 1862-53 a chain of secondary triangles was carried up the Gogra River, in 
connection wit11 tlie operations of the Hurilhong Meridional Series; it crosses the terminal 
side of the Karhra Series, and connects with the station of Mhsi, at  the eastern extremity of 
that side. The details appertaining to  stations No. 164 to 217 of this river triangulation are 
now published as a portion of the Kartira Series. The angles were measured mith a 12-inch 
theoclolite by Mr. Belletty. This triangulation has been adjusted to fit exactly between the 
finally determiried position-values of the station Mhsi and the station Orejhkr, the latter 
being No. XXIV of the GurwBni Series. 

C. WOOD, 

M U Y S O O R E E :  

M a y  1881. 
Surceyor 2nd Qrailc. 

+ 011e of tllese was the site of the tnu~s i t  telescope in the Boyal Observatory, the astronomically determined position of which-ar 
deduced by Lieut-Colonel Wilcox-waa ne followa :- 

Latitude 26' 61' 17".& by oblewations with the mural circle in 1842. 
Longitude 80 68 11 '4, by obeer~alions on moon culmi~lnting etan in 1841. 

26' 61' 12''.9 The corresponding trigonometricnlly deduced values are 

Thus the artronornical detcrrn~innt,ion of latitude exceeds the trigonometrical by 4".9, which shows that-assuming both to be 
exact-t11e proximate local attractions to tile aoutl~ nre more i118ue11tinl on tho direction of the plumb line in Lucknoa than the nttraotion 
of the diatnnt U~mttlavnn ruuges to the north. The astronomical determination of longitude differs from the trigonometricsl by less that1 14"; 
the latter rests on an satronolnic~l deter~llination at  blndrns which waa made within few yemm of the one at ~ucknow-& Chapter X I  
of Vol. 11-sod is now known to be about, 2' 80" in excers of the true longitude from Greenwich ; thus it seems probable that the satro- 
uomical lo~~git~udes of Madrue ancl Lurk~low were both affected in a nearly equal clegrcc by the errors of the then existillg Lunar Tables. 
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ALPHABETICAL LIST OF STATIONS. 

Amoli 

Asr afp fir 

Bagirla 

. XYXIII. 

. XXXVIII. 

xn. 
Basantplir XXIX. 

Burwa V. 

Dadar III. 

Doiiri VII. 

Horesa 

Imlia 

XIX. 

. XXXVI. 

Jaliidhar II. 

Janai 

Kachk 

XXV. 

Ix. 

Kariira . X X ~ .  
(of Calcutte Longitudinal Soriea). 

Karra XVI. 

Khdnpiir . . XXYTV. 
(of North-East Longitudinal Series). 

Marwiis 
(of Calcutta Longitudid Seriw). 

Mhao 

Munai 

Nagdilpiir . . 
Nku 

Pabhosa 

Parewa 

Pariioii 

Pesar 

Ragaopiir . 
Silaon 

Samnadio . 
Singraor 

Sirmaol 

Sora 

XXIT. 
I Taoli , 

Kotar Kaimiiri . 
LLiliipIir 

VI. 

XXVI. 

XVII. Majilgioii 

MLi  . XXXV. 

X. 

XXIII. 

XIV. 

IT. 

XIII. 

XXVIII. 

xvm. 
X x x .  

XXXV. 

XX. 

Xxm. 
XV. 

m. 
XXIV. 

XXI. 

XXVI. 

XXXVII. 

XXVII. 

XXXI. 

2LxxIL 

Turkani . 
UtidJntio a a 

(of North-East Longitudinal Beriw). 



I 

CC 

III 

Iv 

v 
VI 

VII 

VIII 

Ix 

X 

XI 

XI1 

XIII 

Xrv 

XV 

XVI 

XVII 

xvm 
XM 

K A R A R A  P E R I D I O N A L  S E R I E B .  

NUMERICAL LIST OP STATIONS. 

. Karira. 
(of Cdontta Longitudinal Berim). 

. Marwiis. 
(of Odcutta Longitudinal Boriea). 

. Jaliidhar. 

Didar. 

. Burwa. 

. Kotar Kaimiiri. 

Doiiri. 

Sirmaol. 

. . Kachir. 

Mhao. 

LiilApiir. 

BagQla. 

. . Pabhosa. 

. Nagdilpiir. 

a . Singraor. 

. a Karra. 

. Majilgsoii. 

PariAoii. 

a Horesa. 

XXI , . 
XXII 

Tlingan. 

Khka. 

XXrV Sora. 

XXV Janai. 

am Taoli. 

XXVII Tikiri. 

X X V m  . Parewa. 

XXIX . Basantphr. 

Pesar. 

Turkani. 

UtiMo. 

XXXIV . Sarnnadio. 

XXXV Ragaopiir. 

X X X V ~  . . . Asrafpiir. 

XXXIV . . Khsnpiir. 
(of North-Eaat Longitudinal Berim). 

XXXV Miisi. 
(of North-Ed Longitudinal lerien). 
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DESCRIPTION OF PRINCIPAL STATIONS. 

Of tlie 38 Principal Stations composing tliis Series, the 13 southernmost, as also the 2 initial stations, . 
are on liills, and consist generally of low solid plat,forms, each carrying a mark at its upper surface and l~aving 
rt correspol~ding mark belo\\? ; in a few instances tlie station is denoted by a pile of stones, on which the usual 
lllark of a circle and clot is fixed, or in the absence of any platform this mark i; engraved on the rock in aitzt 
When t l ~ e  Series entered OIL the plains, suitable artificial elevations had to be constructed, as usual, €0 admit of 
overlooking tlie curvature of the globe. At the first 10 statio'ns, each of these structures consids of a basement 
28 to 32 feet in diametcr and 3 to 6 feet high, with a mark-stone fixedin its upper surface ; tliis surface carries a 
masonry.pillar, wliicli in some instances is solid and includes at  least one mark-stone and in others is perforated 
tliroo~hout its lengtli : the pillar is either square or circular n t  base and 7 to 8 feet in width, teiminating at  top 
i l l  a alrcle 4 feet in diameter; it is enclosed in a tower of unburnt bricks varying in diameter from 20 to 27 
feet at base and fro111 16 to 21 feet at top: the tower is commonly faced witli burnt brick as a proteetion against 
i n .  At each. of the remaining 15 stations of tlie Series as well as at the 2 terminal stations, tlie internal 
masonry pillar is wit,llout exceptior~ of t l ~ e  solid kind, mliile tlie external diameter of the tower varies from 17 
t o  22  feet at  base and froin 11 to 14 feet a t  top : the structure at  one of these ternliual stations, biz. Mftsi, 
untlerment considerable alteration when revisited ip course of the operations of the North-Eat Longitudinal 
0eries. 

The following descriptions have been compiled from those given in the original MS. General Report and other original 
records of this Series, supplemetited ill respect to the neighboring villages by ir~forniation ol)taiued from the Reve~iue and Topo- 
gral)l~ical Survey maps of the coui~trp traversed. The i~~forilration as to the local snb-divisions in which the several statio~is occur 
has lieen derived from the latest An~iual Heyorts received from the District o5cers to whose charge the statious have been 
committed. 

XXII1.-(Of the Calcutta ZongitudinaZ Series). Kadra  nil1 Station, lat. 24' 6', long. 81' 18'-• 
observed at  in 1827,1842 and 1865-is situated on the highest point of a small range of hills running north-east 
and south-west, and is distant about 3 miles E.N.E. of the village of KarEL1.a; pargana Mhdhogclrh of tho 
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Tlle pillar is solid and contains two marks, the upper 8.0 feet above the lower, wl~ic l~  is engrare~l or) tlie'rock in sitd, 
having been placed tlrere in 1827. Tlie statioil was revisited i l l  1842 for the purpose of origii~iltilrg ~ I I U  Ka161.a Aleridional Sei.ies, 
hut no alteration in its constrnction appears to have been made. 00 agaiii viuitilrg it ill 18fj5, the iipller niark was fo~ilitl displaced, 
and a uew pillar carrying a ainrk-stoue at sunimit~iii the normal of the old loweb illark was tl1e11 built to tlre sxrrle Ilcigl~t as l~e- 
fore. The: distaaces and beariugs of surrou~iding villages are:-Dal 1.6 miles W. by N. ; Harai 1.8 miles E. by S. ; clnd'J1er 1.4 
miles S.W. 

XXV1.-(Of the Calctctta Zongitudinal Series). &Iarrn&s Hill Station, lat. 24" 5', long. 81" 49'- 
observed at in 1827, 1828, 1812 and 1866-is situated on a raiige of liills running east a ~ i d  west 'about 2 miles 
S.S.W. of the town of 3larmbs ; pal-gana Mam-4s of tlie Rewall territories. 

- Tlie pillar is solid and contain's two marks, 'the upper 3.6 feet above the loner wliiclr is eiigrnred 011 the rock ira sitd, 
having bee11 placed there in 1827. Tlle station was revisited ill 1842 for the purpose of 01-iginntit~g the Karkra Mel-idi~lr:tl Eeriea, 
hut no alteratio~i appears to lrave been niade in its coirstrt~ctio~i. 011 agai11 visiting it it1 18G5, t11e ill)l)er miu.k-atoiie a:ts t'oii~td 
i~ndisturl)ed, ancl a new pillar was tlieri 1)uilt to the same lleigllt es before. The distal~ces beari~igs of neigl~boring v i l l i l ~ ~ s  . 
are :-Amarlia 0.9 mile N. W. by N. ; and Sondia 2.2 miles N.E. by E. . 

I. Kaimfir Hill Station, ]atr. 24" 1 7 ,  long. 81" 12'--01)served at in 1B43-is s i tuatd on tlie flat top of 
a hill so called, and is distant about half a mile S.W. of a tank; pargana Gurha of tlie Rewah territories.. 

The station consists of api le  of stones 6 feet liiglr, nnd is mzrrked as usual wit11 a ciicle unct dot. Tlie distaiices 
and bearings of surrouildil~g ~~illnges are.:-Bagdhari 1.8 miles S.W. by S. ; Cl~anin 2.2 miles N.W. ; Bliiturri 2.2 miles E.S.E. ; 
and the liamlet of Hastliar 0.9 mile E. by N. 

11. JaliAdhar (JalMdhar) Hill Station, lat. 24" 22', long. 81" 27'-observed at  in 1843- is situated 
on the summit of a long hill so called nrhicll is the highest in that part of the range ; pargana GurLil of the 
Kewah territories. 

No description of tlie construction of the station is fo~tllcoming in the original records, 11nt i t  map be assumed t l~a t  i t  is 
marked by a structure sommvllat similar either to that at Kirirndr or at Diitlar. The distances aud beariligs of surrouilding vil- 
lages are :-Katra 2.7 miles W.H.W.; Mau 2.2 miles S.E.; and Birpur 1.9 ririles S. bp E. 

111. D4dar Hill Station, lat. 24' 36', long. 82" 16'--observed at  in 1843--is situated on tlie summit  
of a small detached hill about 1 9  miles 8, by W. of tlle village of Didar ; pargana Ee\\.ah of the 1Lcwall 
territories. 

The station consists of a platform which has ahark-stone at its upper surface. Tlre distances and bearings of sur- 
rounding villitges nre :-Bankunia 0.2 mile E.S.E.; Sakarwar 1.4 miles W.; Alur6rpur or Marlia 1.5 miles N.W.; aiid Uailjira 
about 14 milee E.N.E. 

IV. N6ru Hill Station, lat. 241" 30','long. 81" 0'-01)s~rved at in 181.3-is situated at the north-eastern 
extremity of a large flat-topped hill called NSr~lgarh on wllich tliere are some ttl~iks alld st.vc~l-al sprillgs of 
water, and  hose summit is cncloscd by a stone \\.all from 6 to 7 feet in lleigllt and 4 feet in thickness : in t he  
SohB\vill state. 

No description of the construction of tlie station is fortl~coming in tlle original records, but i t  may be assumed tliat 
i t  is marked by a structure somewlrat similai* either to that at Kainirir or at DMiir. 'l'tle r\iatauces arld beariilgs of surroundi~rg 
villages are :-Gurhuru 1.1 miles E. ; Richari 1.6 miles N.; Klriti~a 2.8 miles S.W.; and Beliurra 2.2 niiles S.S.N. 

V. Burwa Hill Station, lat. 2-1P 33', long. 81' 31'-observed at  in 1843-is situated on a dehclled 
hill about l~alf a mile E. of Burwa: pargana ltnipur of the Rewall territories. 

T l ~ e  station consists of a pile of stoiles-the remains of a sm:ill Hiridu temple-and is marked as usual with a circle 
and dot. Tile distarices a~id  I)eari~igu of snrro~~niling \fillages are ;-Burwli 0.8 mile S.S.llr. ; 13arl1ki 1.1 miles N. ; Gurgnon 2.2 
miles E.; aiid the tow11 of Rrripur 2.6 miles N.W. 

VI. Kotar Kaimbri Ifill Station, Int. 2 Lo 43: long. 81' 3'-ol)serred at in 1843-is situated on a 
block named Dongi a t  the western and Iiiglic*st part of tlit: hill (.all4 KaimB~i, and is distant some\vllnt more 
than 2 miles N.E. of the luge village of Kotar; the block itself is held in much veneration in the neigl~bor- 
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hood, for tradition afirms that i t  is the spot from wllicll the fat(11er of Rtimcllandra shot an arrow across a 
distance of 15 or 16 miles. Pargana Siiilurria of the lie\\-ah tertitorics. 

Tile starion is mnrkrd OII R Inrge block of laterite I~eing tlle soutllern nnd lower of two blocks rlriclr project connpi- 
n~orlsly. Tlre distrr~rtes i l l ~ i l  1)ea~ilrgs of' ~ ~ I I - ~ O U I I ~ ~ I I ~  places a1.e :-Kotar Kaimilri hill fort 0.8 mile E. by N.; Bllamaull 1 mile N.; 
Urn1.i 1 mile W.j aud Abair 1.4 nliles S.S.E. 

. VII. Donri (Doriri) Hill Station, lat.. 24' 5 4 ,  long. 81" 14t'-observed a t  in 1843-is situated on t l ~ e  
summit of a 11ill 1.3 inil(*s i\'.l\:k. of Uollri village, and stands on the Loundary between the newah and Pnnna 
territories ; pargana Simurriq 'of the llewall territories. 

The stntiorl consists of a sqitqre 11latfo1.m allout 1 foot Iligh, and is rnnrked as usunl with a circle and dot. The dis- 
tances and bearings of surroundil~g villages art: :-Kataik 2.5 miles S.W. ; Riainaira 2.3 lllileu N. by \V. ; 1r11d Barua 1 mile N.N.E. 

TIIT. Sirmaul (Sirnznot) Ilill Station, lat.. 84" 53', long. 81" 26'-observcd a t  in 18-43-is situated on 
the Ilighest ptil-t of. the hill, and is distant about 3 t  miles N. by E. of the village of Sirmaul : pargana Sirmaul 
of the l l e w a l ~  tc$rrit,ol*ies. 

Tlle station consists of a sqr1al.e platform al)ont 2 feet lligll nlriclr has a mark-stone nt its upper surface. T l ~ e  distances 
and benri~rps of surroul~di~lg villages are:-Itma 1.2 miles W.N.W.; Patlrera 2.1 miles N. by E.; Luk 2.6 miles N.E.; and 
Bitgl~a 2 milcs S. 

IX. Kacl~fir Hill Station, lat,. 24" 6 i f ,  long. 81" 6'-bbserved a t  in 1843-is situated on the 11igl:llest ' 
pa14 of a hill so c:~llcd, alltl is  distant  lout 3 milos from Amila the rclsitlence of the Raja of Cha~~las l .  A 
strenil1 in a rockx cl(1ll is allout a niilt: to the S.E., a l ~ d  a t  2 or 3 nliles distalice there is a waterfall nllich was 
forlnerly used as a place of Hii~du pilgri'rl~age : in the l'anna state. 

Tl~e.stntioll collsists of n Rqunre 1,latfom about I foot Iligll, a l ~ d  is marked as usual with a circle and dot. Tlie dis- 
tances a r~d  beru.il~gs of neigllborilrg villages are :-Anlama 3.4 miles 8. by W.; Chutairi 3.5 miles S.W. ; aud Kulkaria 4.1 
m i i e ~  S.E. 

. X. Ifnu (Xh t ro )  Hill StratZion, lilt. 25' l', long. 81" 18'-01)servcd a t  in 18 E3-is situated on the Irigll- 
est pnrt of the nortll-c~nstt~r~i knob of n hill, ur~d is dib;taut about 2 rniles N.E. of Mau village: tal~sil Mau, par- 
g:ma ChlliOii, clistr1ct Uanda. 

Tlie stntiou corlsists of a squire platform, and is rnarkrd as usr~al wit11 a circle and dot. T& distances and Lcariugs of 
surrouudil~g villirges ure :-Gurtlivi 1 .4 u~iles N.W. by N. ; and Uba 2.6 nrilcs S.E. 

XI. LBlapur (LCibdpzir) Hill Station, lat. 25" 14', long. 81" #-observed a t  in 1 8 4 4 4 s  sitilated on 
the top of V:~ln~ik's ~llail$ (a lo\v tei~ll,lc) on an isolatod llill, a l ~ d  is iIanied nftm the village of LAlapur 1~11i~ll lies 
close to its liortl~-eastc~ll foot : tabsil liarwi, pargam. Tr?rl~a\va~~, district Banda. 

Tlre stntioll mark is e~~grnretl  nt 3 i~lclles to the \vest of tlre ir~tcrscction of lilies joillir~g tire corners of tlre w~lls-16 
irlcl~es 11ig11-of tile terrace the il~tellral t l i~~lc~lsio~ls  of \vl~iclr :ire 8 fect 1))- 7 feet. Tlle tlistal~ces nlrtl bearings of slirrol~l~(lil~g vil- 
I i ~ g e ~  at1.e :-B:~gr.nlli (oil tile left 11ill1k of t l ~ e  Ollur~ utidi) ~real.ly 0.5 mile W. ; Ajaura 0.4 mile N. by E. ; Kairi Kutunsua 1 mile 
E. by N.  ; rind Urwara 1 mile S.S.W. 

XII .  Bagbla Hill Station, lnt. 25" 14', long. 81" 39'-ol)served ~t in lS44-is sit,u:~tc.d on tlle lliglicst 
pnrt of n hill, and is named : ~ f  t , c b ~  t l ~ e  village of UagBla which lies a t  three quarters of a mile to the N.X. : t h h a ,  
talisil ant1 pargalla Biirt111, district Allal~abad. 

The statioti is mnrkcd or1 tlre rock in siti2. Tllc distances and bearilrgs of sitrroundirrg villages are : -Ul~t~~r i  1.1 miles 
E.S.E. ; Lollrlll Knlilxi 1.4 nliles E.K.E. ; Ilurgarl~ 2.3 tililes W. ; ulld ljuisar a i d  Slrit~rcijpnr 1.2 aud 2.3 miles, renl)ectivcly, S. by E. 

XI I I .  Pa1)hosn ITill Station, lat.. 25" 21'. long. 8.1" 32'-observed nt in 18-&A- is situated on the rr~ins 
of an old lc~mple at  the llighcst. part of n I~ill, t*lc~v:~tctl n l ) o ~ ~ t  300 fevt above the lcvcl of tlre Jumnn (\vl~icll 
flows a t  f 11lile to t l ~ e  ~011th) and rolnarltnblc f r o ~ n  the circuinsta~~oc: of its being t l ~ e  only lrill in tlls Do:ll); i t  
is 11an1ed after the villago of Pi~bllosa \vlriol~ is tlista~lt O-4 iuilc E.S.E. : thrina Ytlchchhiu Stlrirtl, talisil &Ian- 
jlianpur, pargana Atliarban, district Allilbubad. . 
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T l ~ e   tati ion is m ~ r k e d  on a long hlock of stone imhedded in the mound. Tlle distnncea aud bearings of aurrounaing 
villages are :-Barehri 1 mile W.; Amiud 1.6 miles N. by E. ; aud Singwal 2.3 miles E. by N. 

XIV. Nagdilpur (Nagdikzir) Tower Station, lat. 26" 34', long. 81" 12'-ol~served a t  in 1846 -is 
situated close to tlie west of the small village of Nagclilpur : tahsil Khakl~reru, pargana Ekdala, district Fatellpur. 

The station consists of a tower of nnburnt bricks 33 feet high-wit11 dinmeters at top and bottom, respectively, of 17 
and 23 feet-e~lclosi~lg 8 central hollow pillar of masonry 7 feet in diameter at bottd~n and 4 feet at top; tile whole s t a ~ l d i ~ ~ g  on a 
b~semeut  31 feet in diameter and 6 feet I1ig11, having tlie ce~ltral portio~l (diameter 8 feet.) of .masoary and cerryit~g n mark-sto~ie 
at its upper surface. The distances axid bearings of: eurrouudiug villages are :-Kahra 0.4 mile W. by S.; Batanpur 0.6 mile 
N.W.; alld Birsinghyur 1 mile E.S.E. 

XV. Singraur (Shgraor) Tower Station, lat. 25" 3bf, long. 81" 41'-observed a t  in 1844-stands on 
the left bank of the Ganges, and is distant 0.6 mile S.S.W. of the village of Singraur : thhna and purgaiis 
Nawtibganj, talisil Soraon, district Allalisbad. 

The   tat ion con*ists of a tower of unhnrnt bricks 32 feet high-with diameters at top and bottom, respectively, of 16 
and 23 feet-enclosi~lg a central lrollow core of masonry 7 feet 'in diameter at bottom and 4 feet at top; the wllole sta~lding OII a 
basement 32 f8et in diameter and 6 feet Iligl~, having the central portio~l (diameter 8 feet) of xnasoilry and cnr~-yil~g a mark-stone 
a t  its upper surface. The distalrces and h~arings of si~rroundiug villages are :-Jhauynrwa 0.9 mile S.W.; Patua 1-2 miles N. W. ; 
Manshabad 1.7 luilea E. by N.; and Bdmuagar 1.3 miles S.E. 

XVI. Karra Tower Station, lat. 25" 42', long. 81" 25'-observed a t  ill 1844 nnd 1815-is situated on 
the highest part of tlie old fort of Karra not far from tlie right b a ~ ~ k  of tlie Ganges which is depressed about 
135 feet below it : tahsil Sir&thu, th6na'and pargana Karla, district Allallabnd. 

The station consists of a tower of burnt 1)ricks 27 feet high-with diameters at top and bottom, respectively, of 21 and 
27 feet--enclosing a central hollow ~)iilar of masonry 7 feet i l l  diameter at bottom and 4 feet s t  top; tile whole stairdi~lg OII a base- 
ment 28 feet in diameter and 4 4  feet high, which carries a mark-stoi~e at its npper surface. The dista~lees aud k a r i l ~ g s  of cur- 
rouuding villages are :-Karra 0.3 mile N.E.; Kamhlpur 0.9 mile N.W.; Sulthup~lr 0.7 mile S.M7.; aud Akbarpur 1.5 miles E.S.E. 

XVII.  Majilgaon (Majikgdoii) Tower Station, lat. 25" 45', long. 81" 13'-observed at  in 1845-is 
situated on a mound adjoining the western side of the village of Majilgaon and distant about half a mile N. of 
the Grand Trunk Road : tahsil Khiga, pargana Hatligaon, district Fatelipur. 

The station consists of a tower of unhiirnt bricks 25 feet high-wit11 diameters at top m d  bottom, respectively, of 16  
and 20 feet, and faced wit11 I~urnt  brick-e~~cloai~lg e ceutral solid pillrlr of masoilry 8 feet square at base and 4 feet dillmeter at 
toy; the gllole standi~lg on a basemeilt 29 feet in dianieter and 3 feet high, having a t  its upper sn~.f;~ce a mark-stone in the normal 
of which other mark-stones have been fixed ill the solid pillar at cfistallces from it of 5, 10,  15, 20 a ~ ~ d  25 feet. Tlle divtallces alld 
hearings of surroul~ding viltages are :-Battiogau 1.9 piles W. by S.; BLidwiin 1 mile N. by W.; Kurllaha 1.1 miles E.S.E.; aud 
Puraiu 2.1 miles S. by E. 

XVIII. Pnriion (Poridon') Tower Stat'ion, lat,. 25" 50', long. 81" 26'-observed a t  in 1845-is situated 
on a mound adjoining the village of Pariion : th4na and tal~sil Kunda, pargana M.6nikpur, district Partabgarl~. 

The station consists of a tower of unbl~rnt bricks 23 feet high-wit11 diameters at top and bottom, respectively, of 16 and 
20 feet, and faced wit11 b u r ~ ~ t  brick-enclosi~lg a c e ~ ~ t r a l  solid pillar of masonry 8 feet sqnnre at hase a~rd 4 feet diameter at top; 
the wliole standii~g oa a baseme~lt 29 feet ill diameter and 3 feet .high, having at its ripper surface a mark-stone in the normal of 
whicll other mark-stones have heen fixed in the solid pillar at tlista~lces from it of 5, 10, 1.5, 20 and 25 feet. T l ~ e  dis ta~~ces ailti 
bearings of surroundi~lg villages are :- Murussapur 1.2 miles S.S. W.; Gauri 0.8 mile N.W.; Kiraudi I mile N. by E.; aud Sayyid 
Y asimpur 1-41 miles S.E. 

XIX. Horesa Tower Station, lat. 26' 55', long. 81° 1'7'-observed a t  in 1846-is situated on a mound 
adjoining the western side of tile villqge of Horesn, and is distant about 13 miles E. of the left bank of the 
Ganges : th8na Jagatpur Thnghan, bhsi1,'pargana and district Salon. 

The station consists of a tower of unbnrnt b r i c k ~ 2 5  feet lligh-with diameters at top and bottom, respeetivelp, of 16 
and 20 feet, and faced with burnt brick-er~closi~lg a central hollow pillar of masonry 8 feet sqnare at base and 4 feet diameter a t  
top ; the whole stailding on a basement 29 feet ill diameter and 3 feet high, having at its upper surface a mark-stone to wlliclr 
access was had by means of a small arched passage.' The distailces and bearings of surroauding villages are :-Madkipar 0.3 mile 
S.W. by 5. ; Puchkura 1.1 miles N.N.E. ; aud Gangauli 0.6 mile S.E. by S, 
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XS; Salon (Sdlaon) Tower Station, lat. 26" 2', long. 81" 30'-observed at  in 1845-is situated near a 
temple standing on the highest part of the mound on which the town of Salon is built : th&na, tahsil, pargana 
and district Salon. 

  he station consists of a tower of unburnt bricks 25 feet high-with diameters at top and bottom, respectively, of 16 
and 20 feet, and faced with burnt brick--enclosing a central solid pillar of masonry 8 feet square at base and 4 feet diameter 
a t  top; the whole standing on a basement 29 feet in diameter and 3 feet high, havi-ug at its upper surface a mark-stone in the 
normal of which a second mark-stone has been fixed on the summit of the solid pillar. The distances and bearings of surrouud- 

- ing villages are :-Saindhia 1 mile S.W.; Nkjapur 1.1 miles N.W. by W.; Sanda Saidun 1.3 miles- N.E.; and Aunasudra 1.1 
miles E. 

XXI. TBnghan (Tdngan) Tower Station, lat. 26" 3', long. 81" 19'-observed a t  in 1846-is situated 
on a mound adjoining the village of. Thghan : th&na Jagatpur Thnghan, tahsil lalganj, pargana Dalmau, dis- 
trict Rae Bareli. 

The station consists of a tower of unburnt bricks 25 feet 'high-with diameters a t  top and bottom, respectively, of I S  
and 20 feet, and faced with burnt brick--enclosing a c:e~~tral solid pillar of masonry 8 feet square at base and 4 feet diameter a t  
top; the whole standing on a basement 29 feet in diameter and 3 feet high, having at its upper surface a mark-stone in the normal 
of which other mark-stones have been fixed in the solid pillar at distances from i t  of 5, 10, 15,20 arid 25 feet. The distances and 
bearings of surrounding villages are :-Jingna 0.8 mile S.W.; Jagatpur 0.4 mile N.W.; Pura Bijai Kalbn 0.8 mile E.; aud 
Bairihar 0.8 mile S.S.E. 

XXII. Kh4,ra Tower Station, lat. 26" 8', long. 81" 13'-observed at  in 1846-is situated on a, mound 
about 360 yards N.N.W. of the large village of Khha or Bela K h h :  t h h a  Jagatpur T&nghan, tahsil, pargana 
and district Rae Bareli. 

The station consists of a tower of unburnt bricks 25 feet high-with diameters'at top and bottom, respectively, of 16 
and 20. feet, and faced with burnt brick-enclosing a ce~ltral solid pillar of masonry 8 feet square at base and 4 feet diameter a t  
top; the whole standing on a basement 29 feet in diameter and 3 feet high, having at its upper surface a mark-stone in the normal 
of which another mark-stoue has been fixed in the summit of the solid pillar, others being fixed intermediately. The distances 
and bearings of sarroundiug villages are :-Jalklpur 0.4 mile N.W. ; Habib-ka-purwa 1 mile N.E. by E. ; and Geura Umarni 
0.9 mile S.W. 

XXIII. Munai Tower Station, lat. 26" ll', long. 81" 23'-observed at  in 1846-is situated on a small 
mound about 300 yards 5. by W. of the village of Munai :. th&na Mau, tahsil, pargana and district Rae Bareli. 

The station consists of a tower of unburnt bricke 25 feet high-with diameters a t  top and bottom, respectively, of 18 
'and 20'feet, and faced with burnt brick-enclosing a central solid pillar of masonry 8 feet square a t  base and 4 feet diameter a t  
top; the whole standing on a basement 29 feet in diameter and 3 feet high, having at its upper surface a mark-stone in the 
normal of which other mark-stones have been fixed in the solid pillar at distances from i t  of 5, 10, 15, 20 and 25 feet. The 
distances and bearings of surrounding villages are :-Goyindwkra 0.6 mile W. by S.; Nathuapur 1 mile E.N.E.; Banihapurse 
1.2 miles S.E. ; and Sehi-ka-purwa 0.7 mile S.S.W. 

XXIV. Sora Tower Station, lat. 26" 17', long. 81" 16'-observed at  in 1846-is situated on an elevated 
mound distant about 600 yards S.S.W. of the village of Sora : thhna, tahsil, pargana and district Rae-Bareli. 

The station consists of a tower of unburnt bricks 24 feet high-with diameters a t  top and bottom, respectively, of 14 
and 19 feet-enclosing a central solid pillar of masonry having a mark-stone at its base, and others at 8, 16 and 2-41 feet respec- 
tively above it. The distances and bearings of surrounding villages are :-Tandu 0.5 mile S.E. ; Majhgawan Rho 1.3 miles W. 
by N. ; Katkau-ka-purwa 0.8 mile N. ; aud Suranwbu 1.4 miles E. by S. 

XXV. Jan& Tower Station, lat. 26" 22', long. 81" 24'-observed at  in 1846-is situated on a mound 
distant 600 yards N.W. by N. of the village of Janai : th4na and tahsil Digbijaiganj, pargana Simrauta, district 
Rae Bareli. 

The station consists of a tower of unburnt bricks 24 feet high-with diameters a t  top and bottom, respectively, of 14 
and 20 feet-enclosing a central solid pillar of masonry having a mark-stone at its base, and others at 8, 14, 20 and % feet res- 

ectively above it. The distances and bearings of surrounding villages are :-Chandapur '1.5 milea W.; Domapur 0.3 mile N. ; 
Raharhjpur 1.4 miles E. by S. ; and Balipur 1.1 miles S.S. W. . 

XXVI. Tauli (Taoli) Tower Station, lat. 26" 27', long. 81" 16'-observed at in 1846-is situated oq 
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high ground dis ta~t  about half a mile N.W. of the village of Trtuli: th4m and tahsfl Digbijaiganj, pargana In- I 
hauna, district Rae Bareli. I t 

The station consists of a tower of unburnt bricks 30 feet high-with diameters at top and bottom, respeqtively, of 14 1 
and 19 feeGenclosing a central solid pillar of masonry having a mark-stone at its base, and others at 9, 17, 24 and 80 feet 
respectively above it. The distances and bearings of surrounding villages are :-Pahnaaa 1.3 miles W.S.W.; Unchauri 0.6 mile 
N. by W. ; Pur&uaganj 1.1 miles E. ; and Ghorauna 1'2 miles S. 

XXVII. Tikiri Tower Station, lat. 26" 33', long. 81" 26'--observed at in 1846-is situated about 350 
yards S.S.E. of the ruined village of Tikiri : t h h a  Mohanganj, hhsil Digbijaiganj, pargana Inhauna, district 
Rae Bareli. 

The station consists of a tower of unburnt bricks 80 feet high-with diameters at  top and bottom, respectively, of 18 
and 20 feet-enclosing a central solid pillar of masoiiry having a mark-stone at its base, and others at 8, 14, 20, 26 and 80 feet 
respectively above it. The distances and bearings of surrounding villages are :-Umpur 1.8 miles W.; Sewapur 1.2 miler N.; 
Jaitpur 1.4 miles E.; aud Kadupur 0.8 mile S.S.E. 

XXVIII. Parewa Tower Station, lat. 26" 38', long. 81" 15'-observed at in 1845-is situated on low 
ground and is distant nearly 1 mile E. of the village of Parewrr,: district Bara Banki. 

The station consists of a tower of unburnt bricks 30 feet high-with diameters at top and bottom, respectively, of 14 
and 1 9  feet-enclosing a central solid pillar of masonry having a mark-stone at its base, and others at 10, 20 and 80 feet  
respectively above it. The distances and bearings of surrounding villages are :-Dahirapur 0.2 mile N.W.; Khaira Kunku 1.2 
miles E. by 5.; Sonbaba 0-8 mile S.S.E.; and Khajuria 0.6 mile S.W. 

XXIX. Basantpur (Bmnntpdr) Tower Station, lat. 26" 43', long. 81" 26'-observed at in 1846-is 
situated on slightly elevated ground within a couple of hundred yards S.S.W. of the village of Basantpur : t b a  
Zaidpur, tahsil Haidargarh, pargana Siddhaur, district Bara Banki. 

The station consists of a tower of unburnt bricks 24 feet high-with diameters at top and bottom, aeapectively, of 14 
and 19 feet-enclosing a central solid pillar of masonry having a mark-stone at its base, and others at 8, 14, 20 and 24 feet  
respectively above it. The distances and hearings of sulsrounding villages are :-Dandiya 0.8 mile W. ; Simrawan 0.7 mile N.E. 
by N. ; Dih Rimpur- 0.7 mile E.S.E. ; and Janipur 1 mile S.S.W. 

XXX. Pesar Tower Station, lat. 26" 49', long. 81" 15'-observed at in 1845-is situated on elevated 
ground adjoining the village of Pesar, and is distant a few yards from the left bank of the Reth river: t h h a  
and tal~sil Nawabganj, pargana Satrikh, district Bara Banki. 

The station consists of a tower of unburnt bricks 25 feet high-with diameters at top and hottom, respectively, of 14 
and 19 feet-euclosing n celitral solid pillar of masonry having a mark-stone at its base, and others at 8, 16 and 25 feet respec- 
tively above it. The distance8 and hearings of surrou~iding villages are :-Nagraura 1 mile W. ; Gaiaspur 0.5 mile N.N.E. ; Sarai 
Paraauda 0.8 mile S.E. ; and Tehri 0.9 mile S.W. by S. 

- XXXI. Turkani Tower Station, lat. 26" 65', long. 81" 26'-observed at in 1845-ia situated on high 
ground immediately west of the village of Turkani, and is distant 0.4 mile from the left bank of the KalyBni 
river: th4na Nawabganj, tahsil R&m Sasehi Ghat, pargana Daryabad, district Bara Banki. 

The station consists of a tower of unburnt hricks !24 feet high-with diameters at  top and bottom, respectively, of 14 
and 20 feeGelrclosing a ceutral solid pillar of masonry lravilig a mark-stone at its base, and others at 8, 16, 20 and 24 feet 
respectively above it. The distances and bearings of surrounding villages are :-Khidrapur 0.7 mile S.E. ; Safdarganj 1.6 miles 
W. ; and Auliapur 1 mile N. 

XXXII. Utihmau ( UtMrnh) Tower Station, lat. 27" 0', long. 81" 16'-observed at in 1846-is situated 
on the ruins of the village of TTtiAmau, and is considerably elevated above the level of the surrounding plain : 
th4na and tahsil Namabganj, pargana Dewa, district Bara Banki. 

The station con~ists of a tower of unburnt bricks % feet high-with diameters at top and bottom, respectively, of 14  
arid 19  feetenclosing a central solid pillar of masonry having a mark-stone at its base, and others at 8 and 24 feet respectively 
above it. The distances and bearings of surrounding villages are :-Shaikl~pur 0.6 mile W. ; Jiwanpur 0.6 mile N. ; Ugeli 0.7 
mile E. ; and Kumurkha 0.5 mile S.E. 
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XXXIII. Amoli Tower Station, lat. 2'7" 6', long. 81" 24-observed at in 1846-is situated in low. 
ground, and is distant 0.7 mile S.W. of the village of Amoli Kalhn : thhna and pargana Rgmnagar, tahsil 
Patehpur, district Barn Banki. 

The station consists of a tower of unburnt bricks 30 feet high-with diameters at top and bottom, respectively, of 14 
and 20 feet--enclosing a central solid pillar of masonry having a mark-stone at its brtse, and others at 8, 14, 20, 26 and 80 feet 
respectively above it. The distances and bearings of. surrounding villages are :-Khilaua 0.6 mile W. ; Manaura 1.3 miles N. 
by W. ; Biknapur 0.9 mile E.S.E. ; and Thal Khurd 0.5 mile 8. 

XKXIV. Samnadio (Sammdh) Tower Station, Iat. 27" 10', long. 81" 14'-observed at in 1845- 
is situated on ground slightly elevated above the level of the surrounding country, and is at a short 
distance 8.S.E. from the village of Samnadio or Samnadih: t h h ,  tahsil and pargana Patebpur, district 
Bara Banki. 

The station consists of a tower of nnburnt bricks 24 feet high-with diameters at top and bottom, respectively, of 14 
and 19 feet--enclosing a central solid pillar of masonry having a mark-stone at base, and others at  8 and 24 feet respectively 
above it. The distances and bearings of surrounding villages are :-Kiratpu 0.2 mile S.W. ; Raa6lpur 0.7 mile N.; Dasrnthpur 
0.7 mile S.E. ; and the town of Fatehpur 0.9 mile E. by N. 

XXXV. Ragaupur (RagqziP.) Tower Station, 1st. 27" 18', long. 81" 23'-observed at in 1 8 4 6 4 s  
situated in the low-lying lands between the Chztuka and Sarju rivers, and is distant about half a mile S.W. of 
the village of Ragaupur : t h b a  and tahsil BAri, pargana Kundri, district Sitapur. 

The station consists of a tower of unburnt bricks 30 feet high-with diameters at top and bottom, respectively, of 12 
and 22 feet-enclosing a central solid pillar of masonry having a mark-stone at base, and others at 8, 24 and 30 feet respectively 
above it. The distances and hearings of surrounding villages are :-Uchlapur 0.8 mile W. ; Burwi Burwa 0.4 mile N. ; Majh- 
gawin 0-7 mile E. ; aud Yura Shiughul4m Singh 0.2 mile S.E. by S. 

XXXVI. Imlia (Imlia) Tower Station, lat. 27" 19', long. 81" 10'--observed at in 1846-ie situated at 
the S.W. angle of an old fort in the village of Imlia : tahsil Bhri, t h h a  and pargsne Mahmudabad, district 
Sitapur. 

The station consists of a tower of unburnt bricks 24 feet high-with diameters at top and bottom, respectively, of 14 
and 20 feet-enclosing a central solid pillar of masonry having a mark-stone at hase, and others at 8 aud 24 feet respectively above 
it. The distances and bearings of surrounding villages are :-Iniyatpu 0.7 mile W. ; Gobindpur 0.6 mile N. ; Khw4bipur 0.3 
mile E.N.E. ; and the town of Mahmudabad 2 miles S. by W. 

XXXVII. Thhna Tower Station, lat. 27" 28', long. 81' 17'-observed at in 1845-is situated on the 
S.W. bastion of the fort in the village of TMna, and is distant nearly a mile from the right bank of the Gogm 
river; t h h a  Thhagwn, tahsil Biswh, pargana Kundri, district Sitapur. 

The station consists of a tower of unburnt bricks 24 feet, high-with diameters at top and bottom, respectively, of 12 
and 20 feet-enclosing a central solid pillar of masonry having a mark-stone at base, and otliers at 8 aud 24 feet respectively 
above it. The distances and bearings of surrounding village8 are :-Chainpur 1.6 miles S.W. by S. ; Wain 1.1 miles N. by W.; 
Thaua  1.4 miles N.E. by E. ; and Dewaria 1.8 miles S.E. 

XXXVIII. Ashrafpur (AwafPzir) Tower Station, lat. 27" 29', long. 81" 4'--observed at in 1846-is 
situated on high ground adjoining the southern side of the village of Ashrafpur : thhna, tahsil and pargana 
BiswBn, district Sitapur. 

The station consists of a tower of unburnt bricks 24 feet high-with diameters at top and bottom, respectively, of 14 
and 20 feet-enclosing a central solid pillar of masonry having a mark-stone at base, and others at 8 and 24 feet respectively 
above it. The distances and bearings of surrounding villages are :-Pura Ashrafpur 0'4 mile W. ; Ukbapur K h u d  1.8 miles. 
E.N.E. ; and Ramanbhari 0.2 mile S.E. 

XXX1V.-(Of the North-Emt Longitzldiraal Series). Khdnpur (E7uhpdr) Tower Station, lat. 27" 39', 
long. 81" 12'-observed at in 1844, 1846 and 1860-is situated in the centre on an old fortress within the vil- 
lage of Khdnpur, and its site is elevated about 40 feet above the level of the surrounding country : thhna, 
Thbnagaon, tahsil Biswh, pargana Kundri, district Sihpur. 

The station consists of an earthen tower 12 feet high-with diameters at top and bottom, respectively, of 13 and 17 
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feet-enclosing a celitral solid pillar of masonry hiving mark-stones at  6 and 12  feet respectively above the base. The station of 
1- was revisited in 18-45 at the couclusiou of the Kar&ra Meridional Series, and was then appareutly found in good preserv* 
tion. I t  was again visited in 1850 iu the course of the operations of the North-East Longitudinal Series ; the mark-stone and 
pillar having been found intact, i t  was ollly necessary to repair the earthen tower. The distances and bearings of surrounding 
villages are :-Bidaura 1.4 miles S.W. ; MBupur 0.9 mile N.W.; Kunkari 1.5 miles E.; and Maururia K a l h  0-9 mile 
8. by W. 

XXXV.-(Of tibe North-Eat Zolzgitzldhat Serks). M h i  Tower Station, lat. 27" 38', long. 81" 26'- 
observed at in 1844, 18k6 and 1849-is situated in an old fort that stands in the centre of the village of &hi, 
and its site ie elevated about 8 feet above the level 'of the annual inundation : thhna and tahsil KurBsar, par- 
gana, Pakhrpur, district Bahraich. 

The station consists of an earthen tower % feet high-with diameters at top and bottom, rppectively, of 18 and 40 
feet-enclosing a central solid pillar of masonry having mark-stones at 3, 8 aud 24 feet respectively above the base: The station 
of 1844-which had the surrounding tower with diameters at  top and bottom, respectively, of 11 and 18 feet-was revisited in 1845 
a t  the conclusion of the Kar4ra Meridional Series, aud was then apparertly found in good preservation. I t  was again visited in 
1849 in the course of the operations of the North-East Longitudinal Series ; the mark-stone at summit and the upper 4 or 5 feet 
of the central pillar which were then found removed were replaced and the surrouuding tower exteuded to its present dimensiona, 
The distances and bearings of surrounding villages are:-Shukulwa 0.9 mile S.W. by S.; Nasirpur 1.1 miles N.W.; Mansa, 
mroaa the Sarju river, 1 mile E. by N. ; and Bishanpur 0.9 mile S.S.E. 

Nm.-In a few inatancel, the names of principd stations, occumng in the foregoing descriptions, are given by two methoda of spelling, distinguished from onq 
mother by the urn of Roman and Italic type ; an in XV. Bingraur (Singraor) : the latter spelling is taken from the Alphabetical and Numerical lists, which p&S 
the derotiptiona and which were~r in ted  in 1869 : the spelling in Roman type, ia in aomrdapce with the method sothorhed by Lhe Government and illuatmted in list. 
of Indian proper names publish in 1874 and mhse uently. I t  will be seen that the two methoda diaer but slightly ; notwithstanding, where differences exist, both 
rendering are given, u, u to remove all -ble &u%t u to the identity of a ohtion. l'he mothod of m pel ling authorized b the Qovernmcnt, in her& exclunivQ 
cdopted m the publication of thh Berim 

J. B. N. HENNESSEY, 
July 1877. 

In charge of Computing O f l a .  
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PRINCIPAL TRIANGULATION. ADDENDUM TO DESCRIPTION OF STATIONS. 

NOTE.--Consequent on modern alterations of district and other boundaries, the sites occupied by the stations are in some 
instances now included in civil divisions of territory which differ from the district, pargana, or village, recorded in the preceding 
descriptions of stations : a complete list of all the stations of the Series including a suitably modified statement of the altered sub- 
divisions in question is mcordingly given in the following table, and is derived chiefly from the annual reports, up to 1881, made 
by the Civil Officials to whose care the stations have been committed. The statement also gives present condition of certain of the 
stations ; where no entry regarding present condition is made against a station it ia to be assumed that the station when last 
reported on by the district Oficial was in good order. 

The spelling of names is in accordance with that given in the lists of more important places published under the orders of 
Govemment whenever such names occur in the lists. - 

Rm.--8tatiom XXIII and XXVI appertain to the Wcutta Longitndind Seriw of the 80~1th-Erut Quadrilateral. P. &aa& for porgeno. 

No. 
of Station 

XXIII 

@ XXVI 

I 

I1 

I11 

IV 

V 

VI 

VII 

VIII 

IX 

X 

Local name 

... 

... 
. . a  

... 

... 

... 

... 
Kotar 

... 
Sirmaur 

... 
Garda-ka-PahL 

District 

Baghelkhand 
Agency 

>I 

II 

11 

19 

11 

1) 

11 

11 

1) 

... 

B&nda 

Pargana, kc .  

P. MBdhogarh 

RlarwEis, Rewah State 

P. Gurha, Rewah State 

Ditto. 

Rewah State 

Sohtiwal State 

P. Raepur 

P. Semaria 

Ditto. 

P. Sirmaur 

... ... 

P. Chhibu 

Village i n  which 
the Statiou 

lies 

Devardah 

Mal.wiis 

Satar 

Tikar 

Bankari 

Durjanpur 

Rnepur 

Kotar 

Donri 

Sirmaur 

... 
Sesa Sub Karra 

Remarks on the 
Condition of the Station 

... ... 

... ... 
The platform partly washed down, 

and 3 feet high, as reported in 
1873. 

... ... 

. . .  ... 

... ... 

... ... 

... . . .  

... ... 

... ... 
No report received. 

... ... 
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OBSERVED ANGLES. 

NoTE.-XXIII and XXVI appertain to Calcutta Longitudinal series. 

At XXIII 

Jmzcary 1843, ob8emed by Captairt R. Shortrede with an 18-inch m o d o l i t e  by 
Troughton and S*. 

Probabilities md 
General Me-. 

Probability = 0.7.  

49" 8' 28"'ga 

Probability = 0.5 

65' 38' 4 1 ~ ~ 7  r 

Angle 
between 

I & 11 

I1 & 
XXVI 

Means of Circle-readings, telesoope being set on I 

847' 362' 857" 2' 7' 12' 110 22' 27' 82' 87' 42' 

t I  I1 I1 I t  11 11 I! I1 I1 I1 I1 I f  

29'55 24.02 28.12 28.31 31.76 26'30 29.47 28-35 28.88 33.88 29-54 28.85 
s s s s s s s s s s s s 

40.50 44.53 41.50 45.59 41.63 39.91 41-38 42.95 4'*67 39*37 4028. 41;41 s s s s s s s s 

At XXVI 

January 1843, observed by Captak R. Shortrede with an 18-inch Theodolite by 
I'roughton and Simm8. 

Angle 
between 

XXIII & 
11 

Means of Circle-readings, telescope being set on I 

6' 10' 16" 20" 26' 80' 85' 40' 46' 60' 66' 

" I1 I1 I1 I1 I1 I1 11 I t  11 I t  rr 

63'82 67-40 68'32 68'42 69'38 68.08 68'13 68'07 70'70 70.77 68.18 65'95 
s s s s s s s s s s s s 

Pmbabilitiea and 
General Mema. 

Probability = 0.5 

40' 57' 8"10 
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NOTE.-XXIII and XXVI appertain to Calcutta Longitudinal Seriee. 

1 

.- 
A t  XXVI-(Continued). 

January 1883, obseroed by Captab R. Shortrede with an 18-inch 2bodolite by 
Icroughton and Shm. 

Probabilities and 
Qenelal M e w .  

Probability = 0.6 

20' a' ~ Z * - I Z  

Probability = 

Angle 
between 

XX1*l 
I 

I Il 

+'0° J6' 
-20° 2' 

Means of Circlereadinge, tsleacope being set on I 

0° 6" 100 lSO 20' 26' 900 86' 40' 41i0 ma 66. 

I * * a * * # v # * 
59-87 14.1a 39.98 42.03 37;68 4q23 44;41 w;72 4% 1% 44,63 4223 43;35 

3 3 3 3 

+63-81 67-40 68.31 68.41 69.38 68.08 68'13 68-07 7w70 70'77 68-18 65-95 
-39'87 44'1% 39 98 41-03 37'68 40'13 44'42 42'72 44'12 44'63 42'23 43'3 j 

~3 .95  13.18 18-94 16.39 31.70 17.85 13.71 25-35 26.58 a6-14 15.95 21-60 

At1 

F e b ~  y and March 1883, obsmed by Captoin 8. Shortre& with m 18-inch Theodolite 
by Troughton and Simm. 

Probabilities and 
General Means. 

ProbabiliQ = 0.8 

48' 42' 38'"43 

Probability = 0.8 
60' 2 7 '  4.+"-29 

Probability = 1.0 

40~51'  41".26 

Probability = 0.7 
45' 10' 4"'88 

Angle 
between 

1v &I11 

I11 & 11 

11' 
XXVI 

X X V 1 &  

Means of Circle-readings, telescope being set on 1V 

53' Ma 63' 68' 73' 18' &to 88' 93' 98' 10SO 108' 

I * a v I I * u * 
33;48 35;19 3 9 8  39'57 4 39;47 34;52 36;55 4453 41;45 4501 41;83 

43.08 46.78 47-30 45-46 44.17 48-28 45.88 44.53 43-18 40'78 43-62 38'37 s s s s s s D s s s s s 

49i72 43;s' 39;23 37i7.1 39;58 3727 36;77 4122 3924 42-05 45.46 42.40 
3 3 3 

4.18 5-55 9.87 6.02 5-42 5-47 8.35 2.35 1-90 3-01 125 1;03 
3 3 3 3 3 ¶ 3 s s 3 



OIISERVED ANGLEB. 

NOTE.-XXIII and XXVI appertain to Calcutta Longitudinal Seriea. 

'i 

At I1 

February 1843, obeerued by Captain R. Shortrede with an 18-inch Theodolite by 
Troughton and Simnts. 

Angle 
between 

XXIII  

Means of Circle-readings, telescope being set on I 
Probabilities and 
General Means. 

0" 6' 10' 15* 20" 25" 80' 85" 40" 45" 

u a a a a I n w I a I a 

525 5;60 9:3 6.26 4.33 10.15 15-76 16.90 13-45 12-12 11.72 11.63 
9 a 8 a a 9 a a a 

Probability = 1.2 

73' 24' 10"'23 

Probability = 0.8 

44O 49' 48"'29 

Probability = 0.5 

73O 9' 4n'32 

1320 3%' 12",69 

Probability- 0.9 

59' 23' 8'a7 

51-43 48.77 48 .~2  52'80 50.15 45.12 45.13 45'22 46-13 46.28 48.52 I a a 9 9 9 9 9 a 9 9 9 

1 & 111 63.83 64.60 66.68 66.72 63' a 61.15 64.00 64-92 67.58 64-05 62-70 61.67 
9 9 9 s B s  9 9 9 9 9 a 

dt 111 

April 1843, obeemed by Captain R. Shrtrede with an 18-inch Theodolite by 
Troughtorn and Simms. 

Angle 
between 

VIII  & V 

v &11 

I1 & I 

1 & V 1 15*05 13;87 8-15 10.61 8-32 8.37 13.80 17-50 18.10 13.55 14-17 10.52 
9 S a 9 a 9 9 9 a 9 

I I Ib  

+':;0.3:: 

Meam of Circle-readings, telescope being set on V I I I  

0' 6' 10' 15" 20' 25" 80' 35' 40' 46' 50' 65' 

u a u u I w u u u a a 

60.77 69-50 67-40 63.00 61-61 60.75 61.18 60.02 59-40 59'70 58'47 61.43 
9 9 9 9 9 9 9 9  9 9 9 9 

13.96 15.37 10.63 11.80 10'16 11.73 12-25 18.13 11.63 11.28 14.81 1 7 . 7 3 .  
9 9 9 9 9 9 9 9 9 9 9 9 

9'55 12'33 13'49 19.02 17-60 17'65 20.25 15.48 21.10 21'18 15'37 16.55 a 9 s a P a a a s s a s 

+15'05 13.87 8.25 10'61 8.52 8-37 1.3'80 17-50 18.10 13.55 14-11 loya 
-63'83 64'60 66.68 66.72 63'92 61.15 64.00 64.92 67'58 64.05 62-70 61.67 

11.22 9-17 1-51 3-89 4.60 7.22 9.80 12-58 10.51 9.50 11-17 8 '8j 

Probabilities and 
General Means. 

Probability = 0.9 

69' 9 7' 1 Y'94 

Probability = 0.7 

40' 29' 13*'54 

Probability = 1.0 

46' 23' 16".63 
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H. 

A t  111-(Continued). 

April 1843, observed by Captairt R. S k t r e d e  with an 18-inch 2kodolite by 
Troughton and Simm. 

Probabilities and 
Qeneral M e a ~ .  

Probabilitg = 0.8 

560 5' 501"59 
Probability = 0.5 

59' 4'3411'86 

Probability = 0.6 

53O 50' 4"'88 

Probability a 0.8 

34O 29' 57"'57 

Angle 
between 

I 6  IV 

IV & VI 

V I ~ V I I  

KI: 

Means of Circle-readinge, teleecope being set on V I I I  

O0 6- lo0 16' 200 %' 80" 86' 40' 4" 60' 66' 

R a I a I I # U # R V I 

55i.50 54'0.5 4 5;38 5;75 5Oi43 47i92 19;99 46;69 46;64 51;43 49i.35 

36'07 37'20 33;53 32i48 3 ~ 6 %  32i40 36i4.5 3316 3728 3f76 35i39 3 ~ 8 2  
s s 

6-85 2.87 4 4  4 9  1.98 2;93 3;87 8.07 5.65 6.63 5-60 7'75 
4 a a a s 9 4 a 

5,. 52-03 59.46 57-41 60.27 61-12 58-08 54-95 58.25 59.83 58.93 53-18 
4 4 s 9 s s 9 9 4 a 4 

At IV 

April 1843, observed by Captain R. Shortrede with an 18-inch Theodolite by 
Troughton and Simms. 

Probabilities and 
Qeneral Means. 

Probability P 1.3 

53O 2' 201'.9 3 

Probability - 1.5 

75O 1 1' 34'"43 

- -- 

Angle 
between 

VI & 111 

111 6t I 

Means of Circle-readings, telescope being set on VI 

O0 So 10' 16' 20' 26' 80' 96' 40' 46' SO0 66' 

I U N R I 11 I N R U I U 

23'95 22.75 25-03 23.65 22.08 25.83 26'67 19'55 19'40 12.80 14.50 14.91 
s 9 s a s s s s s s s s 

32-78 33'93 31-56 3327 31;43 33i39 2.523 33i80 +ti15 43i8o 39;62 
a 4 9 

a t v  

Februa?y 1843, observed by Captain R. Shortrede with an 18-inch Theodolite by 
Troughton and Simms. 

Angle 
between 

11 h 111 

Means of Circle-readings, telescope being set on VIII 

O0 k 10' 16' ZS' 80' 86' U)O 46' 60' 66- 

Probabilities and 
Qenerd Mecma 

N N a u a N N u I 

3580 37;33 36;" 35;85 39;"5 39;SS 37;97 34;16 33;69 332% 3821 43:s 
80" 7' 37'"18 
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At V-(Continued). 

Barch 1848, observed by Captain R. Shortrede with an 18-inch Theodolite by 
Troughton and Simms. 

Probabilities and 
Qenoral Means. 

Probability = 1.0 

65' 26' 4om.36 

Angle 
between 

. IIT & 
VlII  

,Means of Circle-readings, telescope being set on VIII 

0' ' 6 '  10' 16' 20' 26' SO0 36' 40' 45' 60' 65' 

11 tt II II 11 11 n II tt 11 II 11 

35'18 36.10 38-58 39.88 37.90 37.68 39-40 14-37 4.5'03 46'20 42.02 42.00 
s a a s a 9 a s e s s s 

dt v: 
April 1843, observed by Captain R. Shortrede with an 18-inch Theodolite by 

Troughton and Simm. ' 

Angle 
between 

I X  & V I I  

Mans of Circle-redinga, telescope being set on IX 

27' 82' 87' $2. 47' 62' 67O 62' 67' 72' 71' 82' 

I1 11 11 I1 I1 I1 I 1  I1 Jt m I1 H 

36-20 36.68 37.65 44'85 38'67 39'66 38.10 33;9o 35p5 38;'s 37;95 39;45 
9 9 9 9 9 9 9 

Probabilities and 
&neA Means. 

Probabilitp = 0.8 

33O 39' 38"'03 

67.23 66-50 66.12 60'89 71.86 62.54 64.77 71'53 73.75 58.13 65-07 64-63 VII & 111 I 9 a 9 a s s a s 0 3 a 
Probability = 1.3 

80' I' 6".09 

Probability = 1.3 a Iv 1 6590 69;60 73-47 15-46 66-35 68.38 66.80 65.10 57-37 67.03 68-40 7 0 . i ~  
s s s s a s a s a s ( a? 53. 7a..59 

At VII 

April 1843, obsemed by Captair, R. Shortrede with an 18- i ' l~~h Theodolite by 
Dotcghton rvnd Simma. 

Probabilities and 
hneral  Meana 

Probability = 0.8 

63' 21' 37Il.63 

Probability = 0'8 

82" 50' 1o"-18 

a l e  
between 

XdVIII  

VIII & 111 

I Probability = 0.9 
'111 vl / 4417 5420 6075 i f 9 8  5525 ,53;87 5x161 5564 i f 4 3  5723 5 i 2 B  55*5' 46' 8' 5.+"'32 

Means of Circle-readings, telescope being set on X 

0' 6' 10' 1F 200 26' 80' 86' 400 46' 60' 66' 

11 It 11 11 It I1 It It It R It " 

3 y 7  37;63 39;42 34;48 36p7 3552 38;47 3427 4124 40;53 4587 39;40 

12p1 8.71 4'15 11'77 5'96 7-66 ,13'25 10'11 12.26 11-38 12-40 rz'a8 
s a s s s P s a 9 s s 
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At  VII-(Continued). 

April 1848, observed by Captain R. Shortrede with am 18-inch Theodolite by 
Troughton m d  Si-. 

A q l e  
between 

VI & I X  

Means of Circle-readings, talescope being set on X 
- 

0' 6' 10' 16' 200 26' 80' 85' 40' 46' 60 66' 

tt It It It It It tt 11 I1 11 It 

39'98 36:s 31-65 38-49 19'54 33'57 27'60 45-41 32-40 25.75 34-65 15.15 
3 a 3 3 3 3 3 3 3 3 3 

Probabilities and 
General Merne. . 

Probability r I .7 

66O 43#33*.35- 

I X  & X 48.97 43.10 44-03 40.18 51.88 48.38 49.b7 35.9; 39.85 41;9a 38;80 47;65 I s  3 3 3 3 3 S 3 

Probability = 1.4 

loo0 55' 44#'52 

d t  V I I I  

March 1843, observed by Captain R. Shortrede with an 18-Ach Theodolite by 
5?roughtolz and Simms. 

angle  
between 

V & 111 

111 & VII  

VII  & X 

Meane of Circle-readings, telescope being set on XI1 

0' 6' 10' 1 20' 25' 80' 86' 400 46' 60' 66' 

I v v v v v a w v w v I' 

23-23 24'10 26'34 21.87 31.42 24.50 24.89 17-94 19-99 18.80 18-18 14-17 
a 3 3 3 3 3 s 3 3 3 3 3 

53'34 53-18 53-60 59'36 49.52 51-82 53'45 52'88 55'73 52'35 54.30 51'25 s s s s s s s s s s s s 

Probabilitien and 
& n d  Merne. 

Probability = 1.1 

44O 56' azm'g5 

Probability = 0-7 

6a0 39' 53*'15 

x & XI1 1 3;52 4;03 0.50 173 2-65 8.85 7-52 6.88 8.08 1;55 8;33 8;93 
s s s s s s 

Probability a 0.6 
13'01 14-79 15-08 1-0 17.43 r5.00 15.oG 18.62 13-53 19.83 16-51 13'55 

s a s "9 s s s s s a s s k-- 4z0 I 7' I 5'"46 

Probability = 0.9 

;a0 57' 5'"ax 

dt I X  

May 1843, obeerved by Captain R. Shortrede with c ~ z  1 8 - k h  5eodoZite by 
Troughton and Sinvms. 

Probabilities and 
General Meatla. 

A q l e  
between 

Means of Circle-readings, telescope being set on X 

O0 6 10' 16' 200 26' 80' 86' 40' 46' 60' 6Ba 

& x 
# I a # v a I a I a I " Probability = 0.4 

44;78 4327 4593 43;63 4 4 V  42;90 4328 4 ~ 8 8  44;13 4525 46;80 43;31 
620 I, 41f,.II i 



OBSERVED ANGLES. 

dt IX-(Continued). 

Z a y  1848, observed by C q t a h  R. Shortrede with an 18-inch Theodolite by 
Troughton and Simm. 

Pmbbbilitiea and 
h e r d  Meuu. 

Probability n 0.7 

38' 40' 51"-55 

Probability = 0.6 

79' 36' 44'"4 I 

-19 
between . 

X & OIL 

VII & VI 

Means of Circle-readings, telescope being set on Y 

O0 6 10° lSO 200 2S0 W0 85- 40' 46' 60' 65' 

I1 I1 11 N 11 tI I1 11 I I  11 II 11 

52.8; 54-12 52'71 52-30 50.07 50.60 52-07 54-38 51'48 53'08 45'55 49-38 
s s s s s s 9 s 9 s s 9 

45.63 44-38 41-76 4q15 42p7 44;98 4423 44;95 48p4 44'54 46.18 46.07 
s a 9 9 9 

dt X 

May 1843, ob8med by Captain R. Shortrede with aa 18-iwh Theodolite by 
5oughton and S h w .  

Probabilities and 
Qened Mepnr 

Probability = I .o 

4@ 21' 50"'43 

Angle 
between 

XI11 & 
XI1 

Means of Circle-readings, telescope being set on XI11 

O0 6' 10. 1S0 20. 26' SO0 86' 40' 4' 60' 66- 

If 11 I1 I1 11 I1 N I1 11 II II 11 

48.80 55-63 55-93 54i57 49;45 47;53 49;53 53p7 4928 46;96 4923 4583 
# 9 9 

Probability = 0.9 
XII&VIII 38.48 34.05 31.65 32'16 36-02 36'15 35.89 31-18 36.05 39.09 40.43 41-50 I s  4 9 9 9 9 9 9 9 

s s k-- 81' 36' 36"-06 

Probability = 0.9 

,40 5f1.76 

Probability = 0.8 

qoO 23' 2aP*74 

Probability = 0.9 

75' 18' 5W.02 

Probability a 0.6 

41' 58' 6".98 

vIII&vII 1o'aa 4-57 327 6'72 5.10 7-11 10.56 8'03 1-15 1 . 9  1;59 3;39 
9 s 4 9 9 9 9 9 9 

VII & IX 17-15 25.18 24-50 14.85 27.83 aa.95 20'79 ax'og 20'98 23.48 23.07 21-06 
I S  9 9 9 4 s 9 s 9 9 9 

IX & XI 

XI &XI11 

60'63 57-34 57'48 51-57 54.00 54'60 56-93 59-68 60'57 60.87 60'30 61-05 
9 9 s s s P s s s s s a 

7 3-03 7'37 10.03 7.60 rr.50 6-30 6-95 5-67 8.10 5'38 7'17 
9 a s s s s a s a a 9 9 

a 
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At XI 

Feby. 1844, obsemed by Capt. R. Shortrede with cvn 18-inch Theodolite by Boughton & Simms. 

Angle 
between 

- 

XIV & 
~111 

Means of Circle-readings, telescope being set on XIV 

0' 6' 10' 15' 20' 25' 30' 85' 40' 45' 60' 65' 

II n ,I I II ,I u I I  I# c " 
7-62 14-58 13-38 11'ro 6.50 3'07 11-50 12.88 8-85 3-40 3'45 14.2; 
9 s D 9 a a a s a a 2 P 

Probabilities and 
General Means. ' 

Probability = 1.2 
, 

50' 30' 9*.20 

XIII & x 19.81 20'05 21-89 22.77 21-63 19-85 l9.80 23-15 23'23 27.63 30'50 25'93 I s  3 a a a s a 2 
a a 9 

X 6 1X 1 26i92 23i17 19-65 21.57 24-47 23.88 22.68 18.6) 16.15 I T ~ O  rii35 1q93 
s 9 D 9 a a s 

Probability = 0.9 

86' 59' 23".02 

Probability = 0.9 

42' 39' a 1'"06 

At XI1 

* M w c k  and t October 1844, obeerved by Captain R. Shortrede with an 18-i.nc?& Theodolite by 
Troughton a;nd Simms. 

Probabilities and 
General Means. 

Probability = 0.8 

25' 26' 2on.22 

Probability = 1.0 

590 2' 9*'14 

Angle 
between 

VI1l & 
x 

x 8 XIII 

Meana of Circle-readings, telescope being set on VIII 
- 

18' 28' 28' 38' 88' 43' 48' 63' 68' 63' 68a 13' 

n n u n n n n n u II 11 11 

2o'ja 14.52 25.95 22.73 22.60 18.13 19-93 19-35 20.63 52'09 19.56 16-70 
a a s a 9 s a 2 9 a a s 

4-28 10.25 2.05 9.28 4-81 10.62 10.13 14.15 Irm;o 10.81 10. 2 10.64 
s D a 2 I a a 9 a a 2 2  

t 
":;& 

Means of Circle-readings, telescope being set on XI11 I 

0' 180' 10' 190' 20' 200' 80' 210° 40' 220' 60' 230' 

11 I1 11 11 11 11 I1 11 I f  n u u 

57i40 5725 54i97 5122 55;42 53;17 48;33 4923 60i63 51;si 

At XI11 

March and April  1844, observed by Captain 22. Shortrede with an 18-inch Theodolite by 
17roughton and Simms. 

Probability = J *z 

70° 46' 53"'93 

Probabilities and 
Gene* Means. 1 

Probability 3 r.0 

74O 36' 7*'47 

Angle 
between 

'I1& 
X 

Xeans of Circle-readings, telescope being set on XI1 

0' 6' 10. 16' 200 26' 80' 35' 40' 45' 60' 66' 

u u u I u u 8 u w u u 

11'35 12-48 14.17 7.59 7-18 3-13 6.80 4.95 4.90 7.17 3-15 6.20 
s s s 9 a 9 s a 9 s 9 



OCSEllVED ANGLES. 19,  
dl. 

. 

A t  XIII-(Continued.) 

dlarclr and April  1844, observed 6y Captain B. Shortrede with an 18-inch Theodolite 6y 
Troughton and Sirnnm. 

Angle 
between 

8 8 X I  

Means of Circle-readings, telescope being set on XI1 

0" 6" 10' 15. 20. 25" SOa 35' 40' 45' 60" 66' 

Probabilities and 
General Mesne. 

XI & X I V  I 11.70 10.53 11.03 8.09 11.12 g.@ 9-71 11.68 6.07 5;69 8;45 ;73 
a a a 9 a 9  e 9 a 

& / 5023 49.70 19;18 43487 4717 43:8 45165 4728 4327 44; 7 4822 44;s 
XIV 9 

I 1  1 41-71 4 4 ' 7 ~ 5 i 3 8  JOiIl 38;30 3ii12 3923 3972 3527 35i43 38i12 38i60 
XVI 2 9  

59-72 35.77 35'43 38.52 38.60 
47'68 43'97 44'17 48.22 44.08 

52.04 51.80 5 '26 50.30 54.jr 

':\" ( 5478 52:8 5322 53;?8 5671 56;70 5427 51;53 5525 58;i9 57;98 5 . 5 7  

XV$YII  23.50 22.60 20.70 26.50 24.99 26.18 25.20 28.75 28.68 25.78 23'50 25.68 I 9  9 B s  s a 9 a s  9 I 

If I1 I1 II II II It II II II 11 " Probability = 0.9 
26'98 26.69 22.98 28.19 28.87 30.67 29.08 31.05 31.00 31-31 36.62 32-15 

s  a a a 2 a 9 9 9 a z s  1 5 1' 2' 2g1''63 
Probability = 0.6 

-860GrT.36 

21 r0 57' 46*.*7 

~ 5 3 ~ 4 1 '  39".61 

p robability = c.6 

41~4.3' 53"14 

Probability = 0.6 -- - - 
44" .? 1' .j.5".22 

Probability = 0.7 
61' 46' 25'"1 7 

At XIV 

*July 1845, observed 6y Mr.  J. W. Armstrong with a 15-inch Theodolite 6y Rarris.  
+February 1845, ob8ewed 6y Captain R. Shortrede with an 18-inch Theodolite 6y Cay. 

Angle 
between 

*XVII & 
XVI 

t X V I  & 
XI11 

t X I I I &  
XI  

Means of Circle-readings, telescope being set on:XVIL 

0" 180° lo0 190' 20' 200" SO0 210" 40" ZZO" 60" 230" 

Probabilities and 
Geneml Meane. 

I1 11 11 I1 If 11 11 I1 I' I1 
Probability = 1.3 

39;8a 4926 38'73 48-85 37-70 43.80 39'57 4801 45.63 51-65 46'18 42'45 
a a s 2 9 9  a 9 2  9  49O 48' 44"36 

52.88 4839 41'47 51-33 4.1'20 43'87 482% 47:3 44;o 45;67 52;30 452.3 
9  2  9  2  9 9  

4\72 43;61 5325 45;95 47h75 468'43 43;33 47670 41;57 48;90 41.25 43;55 

Probability = 1.0 

89' 24' 47*'1'2 

Probability = 0.9 

43' 10' 46".3 r 
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dl. 

? 

At XV 

December 1844, observed by Captain R. Shortrede with an 18-inch Theodolite by C a y .  

Probabilities and 
General Means. 

Probability c: 0.9 

47" 25' 47'"96 

Probability - 1'6 

62" 26' 3"'05 

telescope being set on XI1 
Angle 

between 
8S0 263' 98. 213' 10aO 283' 113' 293' 

XI1 & 
XI11 

XI11 & 
XVI 

tt tt 11 ti tt tt  tt ti 11 tt it II 

50.77 42-22 52'25 47-81 49'63 49 ' ;~  42.12 45-60 49.90 46.18 50'23 49'70 
9 9 9 9 9 a s s s 9 s a 

53'25 73-05 61.23 60.77 58.08 69.80 67.72 66.52 56.92 66'27 60.12 62.~0 
s a s 9 a 9 a 9 9 9 9 9 

At XVI 

*December 1844, obsemed by Captain R. Shortrede with an 18-inch Theodolite by C a y .  
+July 1845, observed by H r .  L W. Armtrong with a 16-inch Theodolite by Harris. 

Angle 
between 

XV & 
XIXI 

*XI11 & 
XIV 

t X I V &  
XVII 

t X V I 1  ' 
XVIII 

Means of Circle-readings, telescope being set on YV 

O0 180' lo0 190' 20' ZOO0 80° 210' 40° 220' 60' 230' 

R R It R I 81 u II II R R I 

1-00 15.58 4.90 1.90 13-13 9.88 2'83 10.85 4-08 6,77 7;9; 
s 9 a 9 9 a a s s 

20.65 12.55 19.57 16.02 18.28 16.43 10.58 19.75 20.88 1+-9o 21-98 1;;70 
9 4 9 9 9 9 9 9 9 9 9 

63.42 71'41 54-10 58-17 58.57 59-33 58.98 60.19 61'11 56.05 62.85 51-23 s 9 s 9 P a s s s s s a 

69'06 58.15 68-32 63-21 68'95 61'62 73.56 6770 67-77 69'08 64-18 69-97 
9 9 9 9 9 9 9 9 9 9 9 9 

Probabilities and 
General M e w .  

Probability = 1.3 

73" 2' 7'"16 

Probability = 1.0 

48" 5 1' I j"'59 

Probability = 1.4 

5 lo 20' 59'"63 

Probability = 1.2 

; 2" 3 7' 6".85 

At XVII 

July 1845, observed by Mr. J .  tP. Armtrong with a 16-inch Theodolite by Harris. 

4 3 1 0  
Means of Circle-readings, telescope being set on XIX 1 0° 180' 0 lWO No W M0 210° 40° 2 W  aOO 

Probabilities and 
General Means. 

X I X &  
XVlII  

4 U R R R II R R W W R ' 1 Probability 3 I'O 
10.50 18.97 8.00 15'05 10.83 14-08 10.55 16.52 12'18 19'10 16.37 14-17 

s 9 s s 9 s .  a a s e s a 45" I 7' 13'"86 



OBSERVED ANGLES. 

3 

A t  XVII-(Continued.) 

Jaly 1846, obserued by Mr.  J. W .  Armstrong with a 16-inch Theodolite by Harris. 

Probabilities and 
Qeneral Meanr. 

Probability = 0.8 

42' 52' 5aM'o3 

Probability = 0.4 

78' 50' 15"*82 

Angle 
between 

XVIII  & 
X T I  

Means of Circle-readings, telescope being set on XIX 

0' 180' 10' lWO 20' BOOa SO0 210' PO. 220' 60' DOa 

I1 I1 11 11 11 11 11 11 I t  11 I1 ' I  

53;88 S5;13 54i33 52;33 54i93 54;52 5 3 P  4922 51i67 17P5 47ii7 4925 

XIV 
15'67 r;.Ia 15.55 18-45 16.22 14.63 14'35 16'48 14-28 18-38 16-23 14'53 

IV1 I 9 9 P a 9 P P P B 9 9 

Ai? XVIII  

Narch m d  April  1846, observed by Mr.  J. W. A m t r o n g  wit?& a 16-inch Theodolite by Harrk. 
- 

Angle 
between 

xvr & 
XVII 

Means of Circle-readings, telescope being set on XVI 

Oa 180° loa 190' 20' BOOa 800 810' 40' 2 W  60' 230' 

It I t  11 If I1 11 11 I1 11 11 I t  " 
63-13 65-23 58.52 59-18 62.28 60.70 59-85 59-08 57'28 60.78 61-50 62'50 

s a a 9 s P s s s a s s 

Probabilities and 
General Mems. 

ProbabiliQ = 0.6 

64' 30' 0 ~ ~ 8 6  

Probability = 1.1 

63' 16' 47"'97 

Probability = 0.5 

72' 58' 36".3 I 

Xz:kL 
X I S  XX 

r s ;~8  50;13 52-28 5426 44;73 1 5 ~ 6  4 ~ 1 3  5221 4 p 1  5173 4 4 ; ~  42p7 
B 

34-01 35-67 3688 35-49 36-15 37'41 37'23 33;48 33;62 3;;47 39p10 38'85 
a 9 s s a a s a 

Ai? XIX 

Apri l  1846, observed by Mr.  J. W.  Armtrong with a 16-inch Theodolite by Harrie. 

Probabilities m d  
Qeneral Meme. 

Probability = 0.7 
a9' 36' 1gm'7r 

Probability = 0.9 

4 7 O  45' 5f11'72 

angle 
between 

XXII  a 
X X I  

I XXI &XX 

Means of Circle-readings, telescope being set on X X I I  

0' 180° 100 190' 20' 200' 80' %LO0 40' 220' 60' 830° 

t l  I f  11 I t  I1 I1 I1 I t  I1 t l  I1 I1 

21-98 23-33 20.75 17'20 17-85 1i.18 17-83 17.58 21'78 20'13 18.48 r9'4a 
P s s 2 a s a a a s P e 

55;47 5428 5390 56;32 55i73 59625 5Tl8 56i82 51;80 63:5 55b85 61h0.5 
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dt XIX--(Continued.) 

April  1846, observed by Mr.  J. W .  Armstrong with a 16-inch Theodolite by ITarris. 

Probabilities and 
Qenersl Means. 

Probability = 1.0 

67' 41' 7'"49 

Probability = 0.6 

7 1 ' 25' .5s1'*.5 7 

Angle 
between 

XX ' 
XVIII  

X v I I 1  & 
X Vl I 

Means of Circle-rendinga, telescope being set on Y XI1 

0' 180' 10' 190" 20' ZOOo 80" 210" 40" 220' 60' 280' 

I' 'I 11 I' I1 'I 'I 11 I' 11 I' 'I 

6.75 3.68 2'62 4.95 6.45 5.63 13.03 9.88 1a.00 2.83 12-19 9.83 
2 9 P 9 D 9 9 B 9 P 9 P 

5428 51p5 58;' 55.18 58.45 55-03 58.82 54.97 5z.20 54-31 54.62 53.15 a 9 a a a a a 9 9 

At X X  

Apri l  and May 1845, observed by Mr. J. W. Armstrong with a 15-inch Theodolite 6y .Harris. 

Angle 
between 

X:Ii& 

Means of Circle-readings, telescope being set on XVII I  

0' 180' 10' 190' 20' 200' 80' 210' 40" 220" 60' 290' 

11 11 I' 11 I' 1' I' I' I' 1' 11 I' 

17-18 20.43 18.78 20.14 2j.10 25.37 16-80 21.10 17.35 17-80 14.73 22.90 
a 9 9 9 9 a 4 s 9 a 9 a 

Probabilities and 
General Meane. 

Probability = 0.9 

39' 20' 1 9 ~ ~ 8 1  

Xi&& / ?;go $65 6.73 10.33 8.22 8.67 C lo  2.40 I 1-55 3-61 9.08 4.28 
a 9 P s 9 4 a a a a 

dc 22.20 21'30 24'13 17.62 26.05 20.40 21'2.3 22'75 21-45 2 j .70  21.02. 25'15 
XXIII / 9 9 a a 9 a 4 9 9 a 9 a 

Probability = 0.8 

36' 16' 6"97 

Probability = 0.7 

49' 54' ~2.~42 

At XXI 

May 1845, obserued by B r .  J. W. A m t r o n g  with a 15-inch Theodolite 6y Harris. 

Probabilities and 
General Mennr. 

Probability = 0.8 

I 18' 42.' 6'"63 

Probability = 1.2 

72' 35' 3 7Il.62 

Angle 
between 

Means of Circle-readings, telescope being set on XIX 

0" 180° 10' 190' 20" ZOO' SO0 210' 40' 220' 60" 230' 

" 
o 4 4 9 2:18 9 5y95 a 3 ' 0  a 3>8 9 8'54 9 Id:r5 9 gy+S 9 9 11-43 9 

- 
40.17 44.62 34-11 38.08 35.06 38.01 3 ~ 8 8  39;55 40;93 3 3 ; ~ ~  40;75 29;10 

a 9 a a 9 2 
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A t  XXI-(Continued). 

May 1845, observed by H r .  J.  W. Brmtrotzg with a 16-inch Theodolite by Harris. 

Angle 
between 

XXIII Bb 
xx 

Means of Circle-readings, telescope being set on XIX 

0' 180' 10' 190' 20' 200' SO0 210" 40' 220' 60' 230' 

11 I1 I1 11 11 11 I1 11 I1 11 I1 " 

16.75 1omra 12-53 17-98 21'80 21.38 18.10 23'17 12-55 1030 18.91 
a a 9 a P 9 9 9 a D 9 

Probabilities and 
General Means. 

Probability = I .I 
72' 44' 18"'51 

6 1 . 1 ~  57.98 58.63 56.61 55-15 48'75 5637 5 7 ~  5425 60;55 
9 a a 9 9 a 4 

Probability = 0.9 

95O 57' 57"23 

At X X I I  

May 1845, obsemed by Mr .  J. W. Armstrong with a 15-inch Theodolite by Harris. 

Probabilitien and 
Qeneral Means. 

Probability = 1.2 

610 33, 15..z2 

Angle 
between 

z F  

Means of Circle-readings, telescope being set on XXIV 

0" 180' lo0 190' 20' 200' 80' 210' 40" 220' 60' 230' 

4 'I I 'I v v n 4 v 'I 'I " 
11-71 17-20 8.45 17.62, 9-30 18.10 8.62 17.13 10.00 10.58 16-61 17.11 

s 9 P 9 9 9 a 9 s s 9 s 

X:li:l ( 64;.+z 64:8.67.60 61.27 69-75 6 - 6 0  68.83 61-90 57.30 60. 2 -57.73 60.93 
a a a 9 s s 9 2 9  9 

1 3.25 3820 36-41 9 5526 3$85 35i63 35i31 35;73 4O;iS 3621 3525 3 9 3  

dt X X I I I  

May 1845, ohemed b Mr. J. 7. A m t r o n g  with a 1 6 - h h  5eodo l i t e  by H a h .  

Ppvbabiities and 
General M w .  

Probability = 0'7 

57O 21' 1 8 ~ ~ 5 3  

Probability = 1.0 

46' 2 I' 22'''07 

Angle 
between 

Means of Circle-readings, telescope being set on XX 

o0 i80° lo0 i90e w zoo0 so0 2100 40' 220. so0 asoo 

" I fl, as>J 6 8 ,,b3 s s 9 18b5 c I;g1 s 8 8 8 s 17-42 s 

' 16.18 17-55 22-60 31'59 '24'25 23-88 34'01 29'30 24-30 1955 1913 23-34 =XI1 1 9 S 9 9 9 9 9 4 9 9 9 9 
- 
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At XXIII-(Continued.) 

May 1845, observed by Hr.  J. W. Amnstrolzg with a 15-inch Theodolite by Harris. 

Angle 
between 

X2ii," 
XXIV 

xxv 

Means of Circle-readings, telescope being set on XX 

oo is00 lo0 is00 zoo ama so0 3100 a0 2x10 taO so0 

I1 It I1 It I t  I f  I1 It 11 I t  II rr 

11.67 18.05 10.67 15.15 13-39 g p  9.22 13;.+3 a 1 3  6 6.23 
s s s s s s s 9  

32'36 39.45 28.60 32'23 26. 5 32-33 27.88 37'87 29-99 34'98 35-03 30.73 
9  9  9  9 2 9  9  9  9  9  9  

Probabilities and 
General M m  

Probability = 0.9 

60' 27' I 1 ~ ~ 5 5  

Probability = 1.1 

53' 0' 32"'37 

At XXIV 

*May 1845, obseroed by Captain J. S. Du' Yernet with an 18-inch meodolite 
by Syud Meer Mohsin. 

+May 1845, observed by Mr. J. W. Amtrorcg with a 16-inch (rheodolite by H a r d .  

Angle 
between 

XXVI & 
XXV 

Means of Circle-readinge, telescope being set on XXV 

830' 160' 3M0 160' 360' 170' O0 180' loo 190' 20' 200' 

I1 I' I1 I1 I1 I' 81 II I r  11 II 11 

57-33 55.34 51.00 55.17 56+39 53-84 60'89 61-39 59.94 69.84 63.34 62'67 
9  2 9 9  S 9  s s s s s 4 

Probabilitias and 
Qeneral Means. 

Probability = 1.4 

57' 2159'"22 

1 18: 

lg: 20' " " 210' 40' 2" 50' 2W 
-- 

tXXV & 35'70 48.09 36.03 44-17 41'39 45'16 42.07 42-88 44'27 44'07 42'47 37.30 XXIII  4 s s s s  s  s 9  

33.00 28'17 18'93 30.70 31'42 28.84 28.08 29.85 29'83 29'34 
XXII 4 9  9  9  9  9  9  9  9  9  

Probability = 1.1 

71' 7' 41"-97 
Probability = 0.7 

58' or 301"66 

At xxv 
May 1845, ob8med by Mr. J. W. A m t r o n g  with a 15-inch (rheodolite by Harris. 

Probabilities and 
Oeneral M e w .  

Probability = 1.1 

55" 5 1' 45"'94 

Angle 
between 

XXIII  & 
XXIV 

Means of Circle-readings, telescope being set on XXIII 

O0 180° 10' 190' 20° 200. SO0 210' 40' 220' SO0 250' 

II 11 Ir II II II II 11 w n If " 
44.18 50.65 41.20 8 .63 40.47 49-72 41-63 52.05 45.02 44.68 44.22 47i83 

9  2 9  4 2 9  9 9 9  8 9  



OBSERVED ANGLES. 

dl XXV-(Continued.) 

April 1846, observed by Captain J. S. Du' Vernet with an 18-inch Theodolite by 
Syud Meer Mohain. 

Angle 
between 

Xxlv A 
XXVI 

Xeans of Circle-readings, telescope being set on XXVII 

0' 180' 10' 190' 20' 200' 80' 210" 80' 220' 60' 230' 

n a n 1 I, n Q II I# , I# 

59.26 50.42 59.34 57.33 56-67 57-43 59.00 51.00 61.00 57'25 53'00 52'00 
a e e a e e 9 9 a B e s 

Probabilities and 
Geueral Means. 

Probability = I .o 
. 

64O 2' 56**1+ 

%",\:: 1 46.34 51i67 4$67 53i34 45i7.5 .52;17 41-15 s .'i0'00 a 47'09 B 58.84 9 55.50 a 58.67 9 
Probability = I .6 

6r0 16' 5on.27 

At XXVI 

April 1845, obsemed by Captain J. S. Det' Pernet with an 18-inch Theodolite by 
Syud Meer X o k .  

Neans of Circle-readings, telescope being set on XX VIII 
Angle - 1 303" 123' 313' /.I W llo 333. 1 W  343' lU0 353' 173' 

between x $ ~ v ~ I ' l  T3 9 a a !I 13: g: !+ g!7 I{: !g 5'67 11'84 7'42 

XXVI1 2k 40.17 35-42 56-92 38.17 37'59 27-09 35'25 36'51 30'84 35.84 26.84 31.41 
XXV e a e 

60-58 58.17 57.08 66.58 62-81 65'67 69.92 64.93 76.00 70.59 
a e a a a s s e a a 

Probabilities and 
General Means. 

Probability 61' 33' 8".90 = 0.8 - 
Probability = 1.2 

6.5O 38' 34"'34 
Probability = 1.5 

58' 54' 4'"g I 

At XXVII 

April 1845, obserued by Captain J. S. Du' Pernet with an I & k h  Theodolite by 
Syzcd Meer Mob. 

Probabilities and 
Goneral M e w .  

Probability rn 1.3 

53' 4' 3br.67 

Angle 
between 

$%-: 
i 

Meana of Circlereadings, telescope being set on XXIX 

0' 180' 10' 190' 800 ZOO' 80° 210' PO. 220' 60' 830' 

n W w I * a v n * 
l o p 9  44i.58 37;83 38:50 34i33 40i.50 29175 41:25 3Ol67 38;84 33i.59 3OiO9 



26-at KBRARA MERIDIORAL SERIES. 

- 

d t X XVII-(Continued). 

April 1346, observed by Captain J. S. Du' Pernet with cvn 18-inch Theodolite by 
Syud Meer Mohsirt. 

Probabilities and 
General Means. 

Probability = 1.0 

40, 51..5+ 

1 ~ 1 '  25' 21"'o4 

Piobability s. I.3 

59' 44' 2g1"53 

Angle 
between 

XXvl  
XXVII I  

XXVI & 
XXIX 

XXVIII  dr 
XXIX 

- 
+ 12r025' - 61'40' 

Xeans of Circle-readings, telescope being set on XXIX 

0' 180' 10' 190' 20' 200' 30' 210' 40' 220' 60' 230' 

II n ,I II N )I N II II II II rr 

48.61 45-09 52-50 49-67 $COO 53-15 56.04 50.75 54-00 46.67 50.66 56.75 
s a s s s a 4 a a s a P 

14.84 13-59 16'55 19.92 22'42 19.50 19.00 23.33 32'00 24'17 18-34 28.66 
9 2' s s a a a a s P a a 

+14-84 13.59 16.75 19'92 22-42 19-50 19.00 23.33 32-00 24.17 18.34 28.66 
-48'61 45.09 52'50 49'67 54'00 53.75 56'04 50'j-j 54.00 46'67 50'66 56'75 

* 
26.23 28.50 24.25 30'25 28.42 25.75 22.96 32.58 38.00 37.50 27-68 31-91 

At XXVIII  

April 1846, observed by Captairt J. S. Du' Pernet with cvn 18-inch Theodolite by 
Syud Meer M0hsi.n. 

Angle 
between 

X X x  & 
XXIX 

Means of Circle-readings, teleecope being set on X X x  

819O 139' 329' 149' 839' 159' 349' 169' 359' 179' 9' 189' 

#I , I, II I# ,, ,/ ,I # I  II II 

29'2.5 29.67 24'50 33'00 21.3.) 36.67 25.25 29-50 33.09 25.00 33.67 29'71 a 4 s s 2 9 a 2 9 s 9 4 

Probabilities and 
General Means. 

Probability = 1.1 

Jg; 29.,.47 

X X I x  & 1 22'25 21-17 1y.p 16.67 24-92 16.08 23-92 14.59 14.75 12.00 13.25 19-33 
XXVII s a 4 a a a a a' e a 9 s 

XXVII &I 5 1 9  58i.50 57p8 59;75 51-17 65-33 62.17 65.33 70.42 71.17 69.42 57.76 
XXVI s P a a a s a s 

Probability = 1.2 1 60' 4' 18'"20 

Probability = I .8 
56" 46' 1'"87 

Ai XXIX 

April 1845, observed by Captain J. S. Du' Pernet with an 18-inch Theodolite by 
Syud Meer Mob. 

Angle 
between 

XXVII & 
XXVllI  

Means of Circle-readinge, telescope being aet on XXX 

00 180' 10' 190' 20' 200' SOo 210' a0 220' boo 230' 

n I, II 4 II 11 C It r t  I# 11 

21'04 8'3% 18-59 9'75 21-50 16.75 a1.33 13-08 23.08 11-25 15-15 12.67 
D s s a 4 a a s s s s s 

Probabilities and 
General Means. 

Probability = 1.4 

6oo , ,, 16,,.05 . 



013SEltVED ANGLES. 27-, 

dt XXIS-(Continued). 

Apt?. 1845, observed by Capt. J. S. Du' Pernet with am 18-inch Theodolite by Syud Xeer Mohsin. 

Probabilities and 
Qeneral Means. 

Probability = 1.1 

60° 33' 2gW'g1 

Probability = 1-1 

61' 27' 2".89 

Angle 
between 

XXvlllb 
xxx 

. Means of Circle-rending, telescope being set on X X B  

O* l W  10' 190- 20- eOOO 3 P  210' 40° 220' 60' 230e 

II rr II rr rr 11 II 11 11 II II tr 

14.75 29.75 2475 28.34 30.50 33-08 26.75 3 . 5 ~  31.25 36i.34 25;17 33;~s 
s s s s s s s s 

XXX & 64'42 59-59 68-50 60'33 63'92 63.33 70.00 57-50 63-42 57-84 61.26 6461 
XXY I As s s 9 S 4 9' 9 s s s 

At XXX 

Apt?. 1846, obsemed by C q t .  J. S. Du' V e m t  with an 18-inch Theodolite by Syud Xeer Xorrrsin. 

Probabilities and 
Qeneral Meanr. 

Probability 1.2 

57O 44159W.72 

Probability = r '4 

6%' 45' 2"'55 

Probability = 0-8 

60°25' 3"08 

Angle 
between 

x ~ ~ ~ ~ k  

XXXI & 
XXIX 

Means of Circle-readings, telescope being set on XXXII 

76' 866- 86' 266' 86' 276' 108' e86. 116' 2%' 1%' 3as° 

n II 11 11 II II 11 II 11 n II II 

55.00 56.09 57.75 61-43 50.62 61.71 51-83 65-54 6 ~ 5 5  61-42 62.50 61.22 
9 9 S 9 9 9 9 4 4 9 4 

67-91 64;84 62;5r 51;34 68;67 58-15 65.34 63.08 60.54 68.59 56.45 62.54 
s s s s s s s s 

XXIX & 60'17 60-75 63.08 57-30 63'59 61'50 62-67 65-09 67'63 62'97 66.25 65-94 
XXVIII I s  9 s s s s s s 4 s s 

At XXXI 

Apl. 1846, ob8emed by Capt. J. S. Du' ~ e m t  withan 18-inch Theodolite $ Spd Beer Hoiohdn. 

Angle 
between 

'$[:XIL 

Meam of Circle-reading, teleacope being set on XXXII 

Oa noo lo0 190. 800 000' 800 a100 000 2w M)O 280' 

II rr II II II 11 II II 11 II rr II 

56.27 5527 60;16 53;17 5:59 5 i 6 7  5 i 3 5  4f74 41;99 19i67 59i50 

Probabilities and 
General Moana 

Probability n 1.1 

55O 47' 53"'08 



KABARA MERIDIONAL SERIES. 

A t  XXXI--(Continued). 

ApZ.1846, observed by Capt. J. S. Du' Pernet with an 18-inch Theodolite by Syud Meer Mohsirc. 

Probabilities and 
Qenernl Meana. 

Probability = 1.3 

6oo 3711.55 

Angle 
between 

XXX L 
XXXII 

Neans of Circle-readings, teleacope being set on XXXII 

0' 180' 10' 190' 20' 200' 30' 210' 40' 220' 50' 230' 

11 11 I f  I t  11 rr 11 r r  11 I I  I I  " 
39% 37'50 35-60 40'67 35'99 40'33 35i.59 4320 26i33 4q17 3.3;76 4Ii34 

9 9 9 9 9 s 

XXXII  & 
XXXIII  I Probability = 1.4 

19.00 20.34 22'34 17'25 27-20 26-20 31.00 22.84 31'84 24-58 31'33 20'92 
s 9 9 s a a s a s s s s 54' 22' 24"'57 

A t  XXXII  

Apt?. 1845, observed by Capt. J. S. Du' Pernet with an 18-inch Theodolite by Syud Xeer Mobin. 

Anglo 
between 

~~~\~~ 

X$gk\lb 
XXX' & 
XXX 

Neans of Circle-readings, telescope being set on XXXIII  

0' 180' 10' 190' !20° ZOO0 80' 210' 40' 220' 60' 290' 

q 11 w 11 11 I I  11 I I  II 11 • 

43.01 43.92 38.34 51.50 48.00 45.75 42.51 46.00 39.37 46. I 40.17 42-50 
9 9 D 9 9 9 9 9 s B s  a 

M a n s  of Circle-readings, telescope being set on XXYIV 

256' 76' 265' 85' 275' 95' 286' 106' 296' 116' 306' 126' 

I I  II I I  rr  11 II 11 I I  II I I  11 w 

33-84 45.26 37-08 41.93 42-17 5.5'80 41.58 48.34 47.58 41.25 48i45 43;'30 
9 s 9 9 s S 9 9 9 s 

37.84 31.75 35.67 31-00 31.17 20.55 25-41 21.68 19-42 32-50 I 7-98 27.62 
s s s s a s a s s s s s 

Probabilities and 
Qeneral Means. 

Probability a 1.1 

5 8 ~  44~.00 

Probability = 1.6 

630 331 13w.96 

Probability = 1.8 

61' 26' a7"'7a 

8 6  XXXIII  

Apt?. 18416, obsmed by Capt. J .  S. Dzl' Perlzet with a% 18-inch Theodolite by Syud illeer Mohia. 

Angle 
betwsen 

, 

Meane of Circle-readings, telescope being set on XXXI 

801' 121' 811' 131' 821' 141' 331' 161' 841' 161' 861' 171- 

II 11 11 rr fr 11 11 11 II II r " 
4723 51;15 4174 50*67 44;5o 4925 43:z 5828 53.59 4 49-00 s 58.09 s 4Be67 4 

Pmbsbilities and 
Q e n d  Means. 

Probability = 1'5 

6a0 3' 49*'75 



OBSERVED ANGLES. 29, 
hf. 

At XXXIII-(Continued). 

8 ~ 1 . 1 8 4 6 ,  observed by Capt. J. 8 .  Du' Permt with an 18-inch Theodolite by Syud Neer Illohon. 

Probabilitier and 
General Meanr. 

Probability = 1.3 

62' 6' 4'"96 

Angle 
between 

~~~~ 

Means of Circle-readings, telescope being set on XXXI 

801' 121' 811' 131' 821' 141' 331' 151' 841' 161' 361' 171' 

11 11 " 
67'4r 4 6 4 i 1  a 6 c ~ i 7  a 6z1;3 4 71:~ 9 65.84 a 70.50 a 57'1iz 4 64:s 4 60'67 4 58mi9 4 67.34 4 

52.92 57-84 53.40 55.00 47.75 54.17 45.00 58.84 58.17 56.00 61-66 56.92 = '" 
XSXV 9 s 4 4 B s 4 a a s 4 60° 4' 55"'3 I 

At xxx1v 
Apt. 1845, observed by Capt. J. S. Du' Pernet with an 18-inch Theodolite by Syud Neer Xohein. 
- 

Angle 
between 

X ~ ~ ~ ~ &  

XXV ' 
X X X I l I  

Xeans of Circle-readings, telescope being set on XXXVI 

67' 287' 67' 247' 77' 257' 87' 267' 97' 277' 107' 287' 

II I 11 rt 11 II II II I I  " rr rr 

17.78 20:84 19.25 21.79 15.00 20.67 12.84 19.00 24-18 29.59 233.0 22-28 
s B 9 4 a 4 9 3 s a s 8 

Probabilities and 
Qeneral Mean#. 

Probability = 1.2 

67' 49' ao"'57 

19.33 13.26 15.17 10.17 18' 8 15'50 19.44 20.08 13'42 9'09 2.83 = ''5 
4 4 a a 6 s  s a a s 1 5g0 33' 1.3".86 

At xxxv 
Xar.  1846, observed by Capt. J. S. Du' P e m t  withan l&inch Theodolite by SyudXeer Jlohsilt. 

20'00 16.92 22.42 22.88 25.25 14'25 27'17 17.00 17-05 13-75 17.50 
!d !d 4 P a 4 a s s a s 

Probabilities and 
&nerd Meana. 

Probability = I .3 

49O 49' 48*'41 

Angle 
between 

I1 I It I 4 " w 
Probability = 1.3 'z:: q3 .31  30.38 26.46 16-17 20.83 21.58 18.75 17-50 23.42 18-25 23.13 15.99 I s s Q " "  4 3 9 a !4 .s 4 a !4 " " I  !3 So0 53# 2211-~5 

Means of Circle-readinge, telescope being set on XXXIII  

60 1860 16' 196' 26' 206' 86' 216' 46' 226' 660 296' 

Means of Circle-rendings, telescope being set on XXXIV 

8M)O 170' 0' 180' 10' 190' 20' zoo° 80' 210' 40' 220° 



KARARA MERIDIONAL SERIES. 

A t  XXXV-(Continued). 

March 184t6, observed by Captab J. 8. Dzl' Pemet with an l&hch Zkodolite by 
Syzld Beer M o k .  

Anglo 
between 

t 

XYXVII  

Meana of Circle-readings, telescope being set on XXXII I  
Probabilities and 
Q e n e d  Meum. 

6° 186" 16" 106. 26' 20g. 86' 216' 46. e260 66' 

rr rr rr rr II t t  11 rt 11 II II rr 

42.1? 43.17 49.22 44i.50 5+;17 43;59 55';33 46;7 49;39 499;7 s 4 4 

A t  XXXVI 

March 1846, observed by Captain J .  S. DW' Perrcet with an l&inch Zkodolite by 
Syud Meer Mohsh. 

Probability = 1.1 

55O 3 7l4 7"'86 

Angle 
between 

:XXvlll 
XXXVII  

XXXV1l 
& X X X V  

XXXV 
XXXIV 

Meana of Circle-readings, telescope being set on XXY V I I I  

0. 180" 10" 1900 20. 20" 80' 210" 40' 220' fW 2S0° 

n w * n w n * w w w n # 

71.29 58-17 64.08 58.79 5 ~ 3 3  55-50 60.28 54-58 50.83 51.33 33.0~ 50-00 
9 4 1 s a P s 4 s P 4 s 

20.96 ag.ga 24-09 27.25 28.67 28.50 a5.0g 35-33 31..+* 35.67 31-58 33-42 
9 s 1 1 s 4 4 s 1 s P 9 

16.15 10.58 17'.33 1amgz ag.00 15-34 24-75 10'00 18.67 11-50 19.00 18.59 
s s s s s 9 s 9 P a s 4 

Probabilities and 
General Meanr. 

Probability = 1.7 

62' 10' 56Il.85 

Probability = 1.3 

62' 58' a9"'24 

Probability = 1.3 
61" I 7' 16"'49 

At XXXVII  

X w c h  1846, observed by Captain J. S. &' remet  with tm 184mh Theodolite by 
Syud Meer Mohsin. 

Angle 
between 

X x X V L  XXXVI 

Meane of Circle-readings, telescope being set on XXXVII I  

OQ 180" lo0 190° w eOOO w no° 40° zzo° w* ssO0 

Probsbilitia and 
Q e n e d  Me- 

w u w u n u n n u u 

37-34 9 32'4% s '46i59 39;67 4'25 36;67 44i76 2928 4 9 ~ 8  3i;gz '1624 4524 



OBSERVED ANGLES. I 31L, 

NoTE.-XXXIV and XXXV appertain to North-East Longitudinul Beriee. 

4 

At XXXVII-(Continued). 

March 1845, observed by Captain J. S. Du' Ternet with an 18-inch Theodolite by 
Syud Meer Mohsin. 

Pmbabiiitien and 
Gellerd Meme.. 

Probability = I .a 

60' 29' 23*'59 

Probability = 0.8 

60' 53' 5aW.85 

Probability = 1.1 

60' 5 I' 46".81 

A n ~ l e  
between 

$:$;:; 

XXXVIII 
kXXXIV 

XXXIV& 
XXXV 

Means of Circle-readings, telescope being set on XXXVIII 

0° 180' lo0 190' 20' 200' 30' 210' 40' 220° 60' 230° 

n x x I I  ,I t, x n PI ,I ,, ' 

16.92 29-17 1 2 0 az.59 16-17 1)'55 26.08 o 29.34 17-83 24.00 
9 a g  s 9 s s a a s s s 

54'67 52-55 51-86 47.24 53-08 49'00 53-56 52.08 51.59 54-75 58.75 52.00 
s s P s !a s s s a a s 

40.50 44-92 43-42 53'59 47.67 44.16 41-42 51.68 48'90 49.84 49.17 46.42 
s s a 9 s a s a 9 a 9 

A XXXVIII  

Febmcary 1845, observed by Captain J. S. Du' Pernet with an 1 8 - h h  Theodolite by 
Syud Meer Hohaila. 

Angle 
between 

%ydyl[f 

XXXVII 
S X X X V I  

Means of Circle-readings, telescope being set on XXXVII 

O0 180' 10' 190' 20' ZOO0 30' 210" 40' 220' 60' 230° 

w n w u n a x a n rr 11 " 
332% 35*84 33po 38i92 29:0 35;84 25;s 4125 3 Y 4  35i75 3324 36;'s 

46-25 40'50 40.25 39-09 43'08 39'75 46'67 34'83 39'92 33'58 40';5 362.1 s a a 9 a s s 4 8 s 

Probabilities and 
General Means. 

Probiibility = 1.2 

59' 3 I '  34"'28 

Probability = 1.1 

57' 19' 40"08 



Born.-XXXIV and XXXV appertain to North-Eaet Longitudinal Series. 

dt XXXIV 

Febrzuury 1845, observed by Captain J. S. Du' Pernet with an 18-hch 5eodoZite by 
Syud Meer Mohein. 

ant310 
between 

$$$;; 
XXXvlldr 
XXXVIl l  

Means of Circle-readings, telescope being eet on XXXVII 

0' 180' 10' 10O0 40' ZOOo 80. 210. e00 220" ao" Z3Oe 

11 II 11 11 11 11 N 11 11 11 II II 

13-50 ,959 19-67 13.58 19.42 23. 1 16.59 24.92 21.17 15-34 15.17 11.17 
s s P 9  s ? 3 a  4 s 4 9  

38.83 31-67 38'58 32'50 35.09 32.00 35-00 28.50 34-50 29-34 33-33 28.1; 
9  9  3 9  9  9  9  9  9  9 9 

Frobabilitim and 
General Merna 

Probability r. 1.1 

63' 22' 1of1~43 

Probability = 1.0 

59O 34l 3311'13 

dt XXXV 

dlaGrcli 18416, observed by Captain J. S. Du' Verwt  with an 18-inch Theodolite by 
Syud Meer Illohah. 

Pmbabilitiea and 
General M e a ~ ,  

Probability = I '5 

55O 45' 52"1 I - 

an& 
between 

XXXVL1 
& x x x I v  

Means of Circle-readinge, telescope being aet on XXXVII 

0' 180' 10' 190' 200 2 W  80° 210' 40' 2200 SO* ZSO. 

It If 11 11 It 11 11 11 I1 n ll R 

63'17 55'67 59'76 49.00 49-42 50.33 52.89 48'42 48.94 44'34 56.73 46.62 
9  9  9  !a 9  9  8 4 4 4 4 4 



KARARA MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION, REDUCTION OF FIGUUS, 



KARARA MERIDIONAL BEBIEB. 

Figure No. 9. 

* I n  the tablea of the equstiona between the fnctora the co-e5cients of t h ~  terms below the diagonal u e  omitted for convenience, the oo-e5ment of tbe p t i  
term in the 4th line being dwayr the mame u the co-eaoient of the 9th term in the pth line. 

Observed Angles 

" 

lip No. Value .e .q 

diPg 

o f *  

I 7 3 2 4 1 0 . 2 3  1-44 

2 20 54 25'99 '49 

3 20 2 42-12 -36 

4 6 5 3 8 4 1 . 7 1  '25 

5 49 8 28.92 -49 

6 45 10 4-88 -49 

7 40 51 41'26 I-oo 

8 4 4 4 9 4 8 . 2 9  '64 

Valuee of the Factors 

% = - 3'O93 

& = - 3.281 

X, = + 3.808 

X4 = + 1'794 

Equations to be eatisfied Factor 

+ *s +Xs +X4 = q =  -4.27, k 1 

+x4 +XI  + X 6  = 0, = -5.42, Xp 

+XS +XS = % = +2-76, 

- '84x1 + ' ~ I x ,  + ' 4 6 ~ ~  
- e4 = -4.389, X, + -ggx6 - 1 . 1 5 6 ~ ~  - - 5 4 ~ ~  l -- 

Equations between the factors 

No. of 
e 

I 

2 

3 

4 

Angular errors in seconde 

X~ = -1'14 X6 = - 1 - 2 0  

xS = +0'35 x6 = - 0'74 

xS = -2'29 + = + 1-73 

x4 = -1'19 X, = + 1-82 

[wxs] = 33-62 

Value of 
e 

-4'27 

-5'42 

+2*76 

-4'389 

Co-efficient8 of 

x, x, x, X4 

+2'54 +0.61 +"93 -0.982 

+1'59 +oS938 

* -2.711 

t 3 -330  



PRINCIPAL TRIANGULATION. REDUCTIOX OF FGIURES. 35- x 
F i r e  No. 10. 

- 
Observed Anglee 

A 

No. Value 
1:s .$%? 
AB,: 

Y 

0 f ,I 

37 41 58 6-98 
38 51 2 29-63 -81 

-36 

39 36 59 23'O2 -81 
40 75 18 58.02 -81 
41 42 39 21.06 -81 
42 62 I 44-11 -16 
43 61 46 25-17 '49 
44 70 46 53-93 1-44 
4 j  47 26 47-96 . '81 
46 44 31 55-22 -36 
47 62 26 3.05 2-56 
48 73 2 7.16 1-69 
49 4 43 53-14 36 
50 48 51 17'52 1.00 

51 8y 24 47-12 1-00 

52 86 19 9-36 -36 
53 43 10 46-31 -81 
54 50 30 9-20 1-44 

n 
h 

4 .2 
No. Value 13; -Jg; 

Y 

0 8 # 

I 46 23 16.63 1.00 

2 60 27 44'29 "54 
3 73 9 4'32 ' 25 
4 40 29 13-54 '49 
5 5 9 2 3  8.37 . .81 
6 80 7 37-18 '64 
7 69 37 I.94 -81 
8 65 26 40-36 1.00 

9 44 56 22-95 1 - 2 1  

10 34 29 57'57 ' 64 
'1 62 39 53-15 '49 
13 82 50 10.18 '64 
13 53 50 4-88 '36 

-81 I4 46 8 54-32 
15 80 I 6-09 1.69 
16 59 4 34'86 ' 25 
17 67 53 7'59 1.69 
18 53 2 20'93 1.69 

Equations to be satisfied Factor 

x1 . +xs +Xs . . . . . . . . = el = + 3-10, 
. . .  X4 + X s  +Xs . . . . . . = e, = - 2.44,  

XI +xs + X Q  . . . . . . = e, = + 2.77, 
2 

. . . . . . . . = e 4  = -  
S 

x10 + X l l  + x19 0.83, 
= e6 = 

a4 

XIS + '14 + X16 . . . . . . . . + 3-67, 
X l a  + '17 + xis . . . . . . . . = e6 = + 1.92, 
x19 + x, + xs1 . . . . . . . . = e7 = + 1.35, 

hh: 
. . . . . . . . = e g  = -  1 .84, 

x, 
X99 +xM +% . . . . . . . . = e p = -  

h, 
X ~ 6  + x%O + %I I ' 74, . . . . . . . . = el, = - 5-14, 

x, 
X% + x, +X30 40 
Xsl + Xss + xs . . . . . . . . = ell = - 0.62, - All  
X34 + Xss 3- x~ . . . . . . . . - el, = + 3'99, XIS 
X87 + X s e  + XSQ . . . . . . . . = els = - 2.32, XIS 
XU) 3 - X a  +X+s . . . . . . . . = el, = + 1.50, - a1 b 
X Y + X, + X 4 s  . . . . . . . . - el, = + 4-04, - %6 

x4.6 + x41 +xaa . . . . . . . . - el, = + 2-57, AM 
XU + X, + '61 . . . . . . . . = e17 - - - 4-11, A17 
'69 + xss + X M  . . . . . . . . = eI8 = + 2-98, a10 

XI +x4 + X 7  . + xlo + ~ 1 3  + Xis +x19 = el@ = + 0.01, - '19 

XIS + '1s + X m  + Xns + Xpa . . . . - e , =  0.00, 

+ x u  .. = esl = - 0.01, 
x, 

X94 + X ~  + '31 + X34 +%I - - em = - 0.01, 
41 

xu + x ~  +% + x u  + x18 +xSs .. 
' 3 0 ~ ~  - ' 5 7 ~ ~  + ' 1 7 ~ ~  - '59x6 + I . O O ~ X ~  - -46x8 + "3Xlg) 

x, 
- - e = = -  

'52x11 + .18x16 - .96x14 + '75x18 - '41x171 + . ; 8 8 ~ ~ ~  -.26xm 7.291, b, 
'52Xi~ -"45Sxio + '73Xis - 18x16 + .28x, . . - - epr = 

- 1 ~ 0 9 9 ~ ~  +la249xn - 1 ' 1 7 5 ~ ~  + 1 ' 5 0 2 ~ ~  - ' 1 8 ~ ~  + 3.187, & 
1 - 0 9 9 ~ ~  - -soxm - '19xu - 1 ' 2 4 9 ~ ~  +2.102x, - - 3 1 ~ ~ )  ., - + - 2 8 ~ ~  - .60x8, + .o5xS9 - - 8 1 ~ ~  + '53x49 - 1 ' 0 8 5 ~ ~ ~  -e9 ,=-4 .788 ,  X, 

-60% - -95x,,, +1'112x, - 'o5xs9 + -92x, - - + '31xu, - ' 5 2 ~ ~ ~  + 'OIX,, - - 8 7 ~ ~  + -82x, - 1 . 0 6 6 ~ ~  - eS = + 2.817, & 

n 
C5 

No. Value 

V 

0 1 u  

I9 56 5 50'59 -64 
20 7 j  11 34.43 2'25 
21 48 42 38-43 '64 
22 63 21 37.63 '64 
23 42 1 7  15-46 .36 
24 74 21 5'74 -81 
25 I00 55 44-52 1-96 
26 40 23 22-74 ' 64 
27 38 40 51'55 '49 
28 66 43 33'35 2-89 
29 79 36 44'42 *36 
30 33 39 38'03 '64 
31 81 36 36-06 -81 

-81 32 72 57 5'21 
33 25 26 2 0 . 2 2  '64 
34 46 21 5b-43 1-00 

35 59 2 '  9-14 1'00 

36 74 36 7-47 1-00 



KII1ARA MEBJDIONAL SERIES. 

Figure No. 10-(Continued). 
- - - - 

Equations between the factors 

Co-efficient8 of 

\ % % A4 hs La % x, x, A10 All x, %s 

i-1.89 
-t1'94 

+3.02 
+r*;7 + 2-86 

+3'63 
+3'53 

+1.81 
4-3'09 

+3'89 
+za26 

+3'00 
+1*98 

No. of Value of 

e I ,  

5- 
s 
. - 
a G - 
52 
I 
L. " 
0 - 
v 

s. 
$ 
al 

I 
2 

3 
4 
5 
6 
7 
8 
9 

1 0  

1 1  

12 

13 
14 
'5 
16 
17 
18 
I9 
20 
21 

22 

23 
24 
25 
26 

+ ~ - I o  
-2'4.4 
$2.77 
-0.83 
+3'67 
+layz 
+ "35 
-1.84 
-1.74 
-5'14 
-0.62 
+3'99 
-2'32 
$1'50 
+4'04 
1-2'57 
-4-1 I 

+an98 
+o.or 
0'00 

-0'01 

-0'01 

-7'291 
+3'187 
-4.788 
+2'817 

No. of 
e 

I 
2 

3 
4 
5 

Co-efficieuts of 

Xl* X16 X1, A17 X18 Xl, - x, &a1 x, x, x, x, x, 

+I'OC -0' 290 
+0'49 -0.369 
+om81 + 0.752 
+o-64 +om64 -0.172 -0.676 
+oS36 +om81 -0.473 -0.041 

4- 2-74 +0'49 +O.Zql 
+4.61 +oa36 -0.807 + 2-36 i 0.36 -0.860 

+2-61 +o-36 +om3x7 
+4'J9 -0-668 

3-6'94 -0.694 -0-692 
+4'43 -0'525 -0'550 

i 3'38 -0-376 
t 4-784 -0.187 

+5*336 -~*rgg 
+6.306 -0.362 

+6.072 

1 ;; 
a 18 

g 6  +0.25 +O'575 
7 1  +oS64 -0-022 
8 +om64 +om81 -0.169 +0.076 

o 
-s 

9 
1 0  

1 1  

12 

13 
14 

19 
20 
21 
22 

23 
24 
2.5 
2 6 

+1'96 +0.64 -0-140 -0.984 
+2'89 +0°897 

+o-81 +1*0g4 
+l.OO + I o 0 O  -0'320 -0'350 
+oS36 +o.81 -0.616 +om360 

+I-78 +o-81 -0.794 



PRINCIPAL TRIANGULATION. BEDUCTI0.N OF FIGURES. 

Figure .No. 10-(~ontinued). 

A10 = - 2'577 

All = - 0'07 I 

X19 = + 1'251 

= - 1'417 

4 4  = + 0.278 

A,, = + 1.508 

X,, = + 0.650 

A ,  = - 1.553 

X18 = + 1.148 

I 
Values. of the Factors 

Angular errors in seco~~da 

xu = + '47 

Xlb = + '09 

X17 = + 2-47 

xIB = - -64 

Xl9 = '00 

X$,, = + 1-95 

x,, = - .60 

Xss = + '14 

xP = - 1 -14  

xOC = - '84 

t,, = - -36 

xPd = - 1.31 

xg7 = - '07 

xm = - 3-10 

Values of tile Factors 

Xm = - 96 

xgO = - 1-08 

'51 = + '33 

XIS E + '14 

x,, t - 1.09 

xt4 = + 1-39 

Xss = + "93 

x, = + -67 

- 
I 8 7  - - "9 

XM = - '93 

XS9 = - 1 - 2 0  

xu) = + .61 

X41 = + ' 9 2  

X,,, = - '03 

Values of die Factors 



KARARA MEBIDIONAL SERIES. 

l l g w e  No. 11. 

J. 6. N. HENNESSEY, 

In ahargs of Computing O$cu. 

Observed Angles 

" 
IF 

122  No. Value 

it! 
o l r  

1 95 57 57'23 '81 

2 47 45 56-73 *a1 

3 36 16 6.97 -64 

4 72 44 18-51 1.21 

5 49 54 92-42 '49 

6 57 21 18-53 '49 

7 72 35 37'62 1'44 

8 46 21 22-07 1-00 

9 61 3 3'79 1-44 - 

10 118 4% 6-63 '64 

11 31 4' 35'29 '49 

12 29 36 19'71 '49 

Values of the Factors 

X, = -I- 0.271 

b = - 0'314 

A, = + 0'932 

X, = + 0'909 

k, = - 0'432 

b = + 0-209 

> 

Equations to be satisfied Factor 

XI + xs + *a - - el = + 0.29, x, 
=4 +'L +'8 - % = - 1'23, ' %  - 
X7 +X, + X e  = e, = + 2.96, % 

X l o  + xll + X1s - e4 = + 1.21, x4 
- 

11 + x4 +x7 +=lo = e, = - 0.01, x, 
I .  36x, -*gxx, + - 6 4 x ,  - * 8 4 x ,  

= e, = + 1-35, A6 

+ ' 554 --g5xs +1.76x, - 1 . 6 2 ~ ~ ~  

Equations between the factors 

Co-efficieuts of 

% % % x4 S A6 

+2-26 +om81 + 0'133 

+2*19 + l - z r  - 0.098 

+3-88 +1'4.4 - 0.158 

+1*62 +om64 + 0'068 * 
+4'IO 

+ 6.543 

No. of Value of L e 

Angular errors in seco~ida 

x1 = - ' '3 x6 = - '24 x) = - L J ' ~ I  

xp = + 006 X~ = - '09 110 = '30 

x, = + -36 x, = +  -72 xll = + -28 

x4 = - '90 x8 = + -73 x,, = + -63 

[wxq =4-61 

I 

o 

3 

4 

5 

6 

+ 0.29 

- 1-23 

+ 2-96 

+ 1.21 

- 0.01 

+ r B 3 5  



KARARA MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. TRIANGLES. 

Nm%e.-1. T l ~ e  val~trs of the aide are given in the anlne lino wit11 tho opposite nnple. 
2. Stations XXLII end XXVI appertain to the Cdoutta Longitudinal Jer~cs. 

No. of triangle 

Btation 

XXIII 
=TI 
I1 

XXII. 
I1 
I 

XXIII 
XXVI 
I 

I 
I I 
111 

II 
I I1 
V 

circuit 

93 

94 

95 

96 

c:::it 

580 

Corrections to Observed Angle Distance 

Log. feet 

d 0 I  I 1  

5'2716206,1 
5~0684231~9 
5'2336163~3 

4-32 

+ '96 49 8 29-30 4'948.3767,a 
-2.10 44 49 45.61 4.91 7854j,2 

+ '52 - '47 86 I 45.09 5'0686231,g -- 

I 180 o 0.00 

Feet 

162787'34 
117117.87 
171244'38 

88791'60 
82766'48 
117117'87 

~~~~~~~73 
82766'48 
1712.1.4'35 

10669;'74 
I177i2.79 
88792'60 

93205.69 
70.318'12 
106697.74 

Wile8 

30'831 
22.181 
32'433 

16.817 
15'676 
22.181 

41.520 
15'675 
32'433 

20.208 
22'2.30 

16'817 

77'653 
13..318 
20'208 

114 47 12-57 
20 2 42.82 
45 10 4'61 

180 0 0.00 

60 27 41.51 
73 9 2-57 
46 23 1.5-92 

1-02 

Isor 
1.02 

5'3408875,8 
4'917854.5,~ 
5 2336163~3 

5'02815.~1.9 
.5'0695674,2 
4.9483 767,~ 

+ '5; - '58 
t 'or 

+2'3g 
+2'29 
+ '74 

4 g6944~493 
4.8470672~2 
5.0281551,g 

+2'96 
+1'71 

+ -75 
3-05 

'71 -1.64 

+5'42 

-2.07 
-1'03 

'00 

2-14 

'51 

I 

'51 

1 '53 

+ '42 
+ '93 1 ' i z  1 
+reog + '17 

-3.10 1 180 o 0.00 

- '35 
+1-53 
+1.26 

+2'4.4 

59 23 f '51 
40 29 14-36 
80 7 37.93 
180 0 0'00 



No. of 

Circuit 
-- 

97 

g8 

99 

100 

101 

10% 

103 

104 

triangle 

:gt 

P 

581 

58% 

583 

584 

Correctionm to Oboerved Angle Distanw 

Btation Corrected Plane - Angle 
rn Figure Cirouit $zit I Total Log. feet Milea 

I 4 4 0 1  * 
111 '83 - '79 + '31 
v -8,? -2.16 - '95 
V I I I  '82 + -18 + '64 

2.48 -2'77 180 o 0.00 

I11 

+ '83 180 o 0.00 

+ '49 34 29 57'49 4.8357661~7 68511'93 12'976 
V I I I  - '08 62 39 52.49 5'0312218,9 107453'83 20'3.51 
vK.I + '42 82 50 10'02 5.0792422,5 1~0016'86 22'730 

1-73 

V I I  
V I I I  
X 

-23 
'23 
-23 

"59 

V'fI'f 
X 
XI1 

X 
X I 1  
XI11 

X I 1  
XI11 
xv 

- -14 - -2.3 
+ I I /  1 - 2 9  1 + '84 + '$52 

+ 1-84 / 180 o 0.00 

63 2 1  37'03 
+a 17  16.08 
74 21 6'89 

- '37 + '85 
+ r m 3 6  

4'80,34,?00,j 
q.6800900,2 
4'8357661~ 

5'1~08909,o 
5'1657351,7 
q'8034300J7 

5'026,?430,7 
5'0999923.9 
5'1508909,o 

5'1341806,5 
5'1041030,~ 
5'0263430~7 

72 57 3'20 
81 56 34-62 
25 26 22-18 

180 o 0-00 

46 21 47'52 
59 2 6-20 
74 36 6'28 

180 0 0'00 

70 46 50'34 
61 46 23'53 
47 26 46-13 

3 '02 -4'04 

XITI + '10 
X v  - I  -68 

XVI - 
'99- 

-2'57 

XI11 - '03 
XVI  +2-24 
XIV  + 1-90 

+ I  

I - '44 + '16 
111 - 6 - '16 
Iv - 1'9.5 + '60 -1'3.5 

2 - 1 0  - r -3.5 

ITI '49 - '09 - -25 - '34 
I V  - -41 + -23 
V I  -- '49 -2.47 + -66 1 - 8 1  

I -46 - I  -92 

I11 - '83 -1.05 
V I  + '24 - -23 
V I I  -- + '59 -2'39 

1-62 1 -3'67 

V I  3 '  1 + l o 8  1 1 - 16: + 4 3  
V I I  '31 +3'1o +3  ' T O  

Ix .,?z + -96 + '65 +1'6r 

.94 1 ( + 5 . 1 4  

I .  
- '73 + 2-66 

2 - 1 1  + '62 

- 1-90 
-1'92 
- ' I ;  

3 '05 -3'99 

4'9994105.3 
5.101 1697,8 
5'1341806~5 

' 4'9244:02,9 
4.9780165~9 
5-10~6g7,8 

4'9600983,.? 
5.00.33056,5 
5-06g5674,a 

4.9266980,1 
4.8958579,6 
4'9600983,3 

4.9448882,~ 
5.0312218,8 
4'8958579,6 

4'6957877.1 
4.91520.55~ 
4.9+48882,2 

63596'04 
47372.94 
68511'93 

180 0 0'00 

44 31 54'37 
62 26 0'4% 
73 2 5-21 

180 0 0.00 

41 43 52'48 
4 8 5 1  19.1.3 
89 24 48-39 

180 0 0.00 

48 42 37'89 
56 5 49'73 
7 j  11 32-38 

180 o o'oo 

59 4.34'03 
5.1 a 20'68 
67 53 5-29 

180 o omoo 

53 50 .3 -29  
80 r 5'32 
46 8 j1.39 

180 o 0.00 

33 39 38.15 
66 43 36.14 
79 36 45-71 

180 0 0.00 

1.01 

"I 
I -oo  

12'04.5 
9'067 

12'976 

14r.543-81 
146465'44 
63596'04 

106253'46 
125890.34 
141543'81 

136201'11 
127087.57 
106253.46 

16.808 
27'740 
12.045 

2 0 -  124 
23.843 
26.808 

25.796 
24'070 
zo'rzq 

99864'36 
126232.09 
136201'11 

84029'21 
95064.11 

12623~-09 

91221'74 
100764'05 
1'7372.79 

8.1469'12 
78678'85 
91221'74 

88082'21 
1oi45.3'83 
78678.85 

496.34'97 
82263'20 
88081'21 

-~ - 

-1'98 - -60 
- 5 6  1 - -07 1 
-1.50 + '67 

18'914 
23.908 
25'796 

1.5'915 
18'00.5 
23'908 

17 .277  
19'084 
22'230 

15.998 
14'901 
17'277 

16.682 
20'3.51 
14.901 

9.401 
1.5 '-580 
16'682 

-2.58 -- '63 
- '8.3 



PRINCIPAL TRIANGULATION. TRIANGLES. 41-~. 

Corrected Pla~ie 
Angle 

0 1  n 

roo 55 43-57 - 38 40 51 '98 
40 23 24'45 

Corrections to Observed Angle 

I1 

-19 + '36 
'18 + '0: 

-18 + I ' 3 I  

Btation 

VII 

No. of 

Cimait 

triangle 

Non- 
cimuit 

Mil- 

14.244 
9'067 
9'401 

Distance 

586 

18'566 
20.335 
14'a4+ 

15'966 
23'843 
18'566 

18'005 
l3'28.5 
15966 

12-392 
12.669 
1.5'915 

Log. feat 

4.8762714,5 
4~6800900,3 
4.69jj877,1 

+9913511,6 
.j.030880.?,1 
4'8762714,j 

4'9258.368,6 
5 0999923,8 
+p913511,6 

4.9780165~8 
jo8p;oi8,i 
4-9.258368,6 

.+.815;81o,1 
4.825,3621,1 
4.92+4302,9 

Ix 
X 
XI  

X 

'55 1 I + 1-74 1 180 o 0.00 

1.3'10.z 9'34.3 

12'392 

9'83.3 
12.346 
13'103 

14'817 
I4'.735 
9'823 

11'030 
8'813 

14'817 

10 '021  

12 0.509 
[1'030 

10.92; 
8.28; 

1 0 . 0 2 1  

8.287 
14'713 
8.813 

105 

106 

107 

108 

109 

I 10 

I I I 

I Feet 

75209'28 
47872'94 
49634'97 

98028'24 
107369'3.1 
75209'28 

8+3orm8o 
125890'34 
98028'24 

95064' 10 

122942.73 
8430180 

65430.61 
66890'14 
84029.21 

'56 
5 7  
-56 

+ '03 -1.66 -1-63 62 I 41-92 
- '61 / 1 0 7  - '54 1 75 18 5 6 . ~ 1  
- '92 + 1-59 + '67 42 39 a1.17 

588 
XI 
XI11 
XIV 

XIV 49 48 44-38 
XVI 51 20 59-97 
XVII '34 78 -~ 50 15'65 

6 9 1 h 1 0  49.329'49 
65430.61 

.518(5.3.49 
6.5187'86 
6y182.10 

7823 1-54  
75639'08 
51863.49 

582.38'18 
46531'46 
78231'5+ 

52909';8 
660.+8'90 
58238.18 

571596.12 
4.37.54'97 
52909.78 

4.37.54.97 
77686.79 
465'91.46 

589 

1-69 I I - rS5o  ( 180 o 0.00 

6 5  1 + S I P  1 1 :$ 1 - '07 1 41 58 6-26 
'65 + I - 2 0  + '84 86 59 23-21 
'65 + ' g 3  -- + '62 +1'55 51 230 '53  

1 '95 I / f2 .32 1 180 o 0.00 

XVI 

-63 -2.09 

1-03 1 I + 1 . 2 1  1 180 o 0.00 

'24 

- -28 -2.37 50 30 6.20 - 5 3  - 8 1  1 86 19 7-92 

X VII 
XVIII 

XVII 
XVIII 
XIX 

::: 1 1 + 8 1  + 2 0  , 4 10 4 8  

1.89 I ( -2.y3 180 o 0.00 

-24 ~ + -26 - '06 + '20  42 37 52 51'99 7 4  1 4.839993;,6 4'6y31066,2 
-24 + I + ' 21  + '35 64 30 0'97 I 4'815;810,1 

- 7 2  I 1 + -98 / 180 o 0.00 1 
'25 +1-3o - -39 + '91 45 1 7  14'52 
'25 +1'58 + '15 -t 1-73 6.3 16 49'45 

. 2 5  I + .+ ;  + 2 4  I + 7 1  1 71 25 56'0.3 

'75 1 1 +3.35 1 180 o 9.00 

I 

4.;348617,3 
4814166;,4 
4.839993i,6 

4.89,3.'3818,8 
4.8;90332,5 
4'714851 j,,? 

4.76520;8,6 
4.66;746;.0 
4.8933818,8 

4.7295360,3 
4 8 1986,5.;,7 
47652078,6 

4.76rr465.8 
4.64102;4.0 
4.7235360,3 

4.,1023.2 
+890,34;2,3 
+66;;+6;.0 

. 

XVIII 72 58 35'50 
XIX 67 41 5 ' i I  

xx 

STX 
XX 
XXI 

XX 
XXT 
XXIII 

XXI 
XXTII 
XXII 

XTx 
XXI 
XXII 

39 l o  18-79 

-88 

..I 

- 2 1  

- 2 1  

I -2.73 1 180 o 0.00 

- -06 - 2 1  I 1 - '28 1 - '36 + '18 - -18 
+ -13 + '04 + '17 

'63 1 1 - -29 1 180 o 0.00 

49 54 22-19 
72 4+ I Y '  1 2  
5 7  21  18'69 

. 6 ~  1 ] + 1 ' 2 , 3  1 180 0 0.00 

47 45 56'23 
3 6 1 6  6'58 
95.5757'19 

- - 7 2  

- . 7 3  I 

- '18 - '90 7 2  .?5 36-54 
+ * 0 8 !  + '10 1 - 6 5 1  '462l21 '2 .5  

-1.41 61 3 2.21 

.52 1 1 -2'96 / 180 o 0.00 

m . 3  - 9 + ' 2 0  - '10 

'14 - '28 '1.3 - '1.7 

9 3 8 . 6 1  
11s 42 (i.39 
.?I 41 .1.5'00 

'42 I 1 - 1 . 2 1  I I S O  o.oo 



- 

KARARA. MERIDIONILL SERIES. 

s 

No. of triangle Correction# to O b w d  Angle 

cxmdt 

It I t  0 I I1 

111 

113 

114 

" 5  

116 

"7 

118 

1 I9 

110 

111 

11% 

I 13 

Milw 

11'327 
11'209 
10'927 

10'930 
12.949 
11.327 

10.7rz 
11.478 
10'930 

11'750 
12'206 
xo'fia 

1a-33% 
11.367 
11'750 

11'296 
12,337 
12.351 

1a.123 
11-311 
11.196 

12'875 
13.031 
1a-1a3 

12'398 
12.798 
11.875 

11.406 
1a.565 
11'398 

11~262 
11'693 
11'406 

12'774 
13'858 

Log. feet 
P 

4'7767393,r 
4.7721819,3 
qa7611465,8 

$761a665,9 
4'8348710,8 
4'7767393,r 

4.7524861,~ 
4.7824918~2 
4'7612665~9 

4.7926891,~ 
48ogara6,1 
4'7524861,~ 

8 1 4 3 6 3 9  
q.8148905,~ 
4'7926892,1 

4.8124048~5 
48x38550~9 
4'81436369 

4'806a3&~,:, 
48130083,8 
4.81240485 

4'8313946,6 
+8376114,7 
4'806a389,a 

4'8159681,5 
8 6 0  
4.8323946,6 

4.;797748,5 
4'8217993~8 
4.81596815 

4'7i42597,I 
4.79055743 
qS7797748,5 

q.8289774,8 
4.86431915 

11~a6a 

Dirtcmm 

Feet 

59805'25 
59180-95 
57696.11 

5771a-06 
68370'87 
59805.25 

56556'96 
60601.68 
57711'06 

62041'49 
64448'47 
56556'96 

65117.43 
65296'59 
6004a-49 

64923'93 
65141.10 
6 5 ~ 7 . 4 3  

64008'69 
65014.a2 
64913'93 

6798a'ra 
68803'65 
6.+008'69 

65458'81 
67570'97 
67982.11 

60124.73 
66343'65 
65458'81 

59464'77 
61738'69 
60114'73 

67449'30 
73167'66 

XXII 
XXIII 
XXIV 

59464.77 

XXIII 
XXIV 
XXV 

XXIV 
XXV 
XXVI 

XXXV 4.7 742597,~ 
'89 180 o o'oo 

'71 1 1 +3-28 ( 180 o 0.00 

7 1 6  1 - *5r]T 53 o 31-77 
'16 + -17 - -28 - '11 71 7 41'60 

61 16 49'47 
653833'52 
53 437'01 

'80 0 0.00 

6133  8-06 
61 40 51-16 
56 46 0.;8 

180 o 0.00 - 
59 er 27-48 
60 4 15-97 
60 rr 16'55 

180 o o'oo 

XXV - '55 
XXVI 
XXVII 

XXVI 
XXVII 
XXVIII 

XXVII 
XXVIII 
XXIX 

-26 + '16 + '79 + -95 55 5' 46-63 - 
-77 1 1 + -49 1 180 o 0.00 

XXVIII 
XXIX 
XXX 

XXIX 
XXX 
2LxXI 

XXX 
XXXI 
xxxr1 

XXXI 
XXXII 
XXXIII 

XXXII 
XXXIII 
XXXIV 

XXXIII 
XXXIV 

-a5 ' I3 - '57 - 
f '59 

57 158'55 
64 a 56-30 
58 54 5.15 

180 o o.oo 

-23 
a 3  
'23 

'69 

'75 

2 8  
-28 
-- -18 

'84 

+ '16 - '60 
+ . r 8 / + - - 3 ~ I  1 - '44 

+ -39 + '18 + '29 + '47 

1 + -42 

1 - '53 

: 1 -18 
-29 

- 1-54 59 I 17-65 - 2 5  33 2 

-- + -181 60 25 1'98 

6 180 o o'oo 

- :;I; :::I - 
- 8 + '17 

: ; d 1 - ' 9 6 1 - ' ; 8 1  - '82 - - I - I Z  

'29 - I * I I  + I '  o 

-86 

- '63 - -64 

+ '35 + '16 + r '88 

+a-39 

-2.19 - 3 4  
-1'55 

-4.08 

- '56 - ro - -81 

--I..+? 

11-74 
-1'94 
+ -7y 
-2.89 

- -98 

'85 

-30 
-31 
-30 

'9' 

::: 
-31 

'9' 

- 
61 27 1-94 
62 45 1-40 
55 47 54-66 

180 o 0.00 

57 ++ 57-23 
60 48 36-91 
61 26 25'86 

180 o 0.00 

54 2% 24-81 
63 33 43'35 
62 3 51-84 

180 o 0.00 - 
58 ao 41'58 
62 6 4'43 
59 33 12.99 

180 o 0.00 

+ '51 - '33 
$2'37 

'83 +z'55 

- '34 

- 8  
- 8  - '62 

-1.08 

::: 
-25 

'74 

+ '52 

- '69 1 + -40 - 9 1  + -29 

+ '66 - 
+ 1 * 0 7 1  - + '66 + 1 - 2 2  

I I :  
-2.08 + '53 



PRINCIPAL TRIANGULATION. TRIANGLES. 

X0~~--8tationa XXXW* a d  XXF9* appertain to the North-IEut Longitudkul Bsrier 

J .  8. N. H E N N E S S E Y ,  

m q~args of c w i v  0 8 ~ 6 .  

, Corrected Plane 
Angle 

0 1  * 
67 49 2 0 ' 7 0  

50 53 22.59 
61 17 16'71 

180 o 0.00 

55 37 48-60 
62 58 29'18 
612342.22 

180 o o-oo 

62 10 56'86 
60 29 23.75 
57 19 39-39 

No. of t r h g l e  

Ron. 

134 

Btation 

XXXIV 
XSXV 
XXXVI 

a % 
Correotionr to Obwrved At~gle 

m 

127 

I a8 

125 

I a6 

Dirtunce 

* 
-30 
-ag 
-29 

-88 

Log. feet 

4'8525749,9 
4'7757791~3 
48289774,8 

4'8257794.7 
48580927.3 
4'8525749,g 

4.8472529~ 

13.501 
13'317 
13.324 

14'069 
14.399 
13'317 

4.8529845 J 
4-8470310,a 
4'8472529,7 

48709064,5 
4.8809710,4 
4'8470310,a 

1- 180 o 0.00 

F& 

71215.57 
59673'17 
67449.30 

66954'46 
72259'14 
jr1arg.57 

70348.19 

+1'o7 + '28 
t 1 . 9 5  

+3'30 

+ '34 
+ -48 

* 
+ -50 
+ '58 

XXXV 
XXXVI 
XXXVII 

71282.76 
70.312'25 
70348'19 

7 . + 2 8 ~ - ~ 1  
76027'55 
jo31a-25 

XXXVII 
X x X v I I I  
XXXTVm 

XXXVII 
XXXIV. 
XXXVm 

M iler 

13.488 
11'302 
12.774 

12'681 
13'685 
13'488 

13.324 
4~8402391.2 I 692~1.20 
4.8~57794~7 66954'46 

* n 

- -07 
'+ '15 

XXXVI 
XXXVII 13.110 

12.681 

e 

+ '43 
+ '73 + -59 - -08 

XXXVIII 

60 53 53-13 

1-03 

+ '51 

+ ra67  

3 2  1 - 4 7  

2 
'33 
'3% 

60.5I46'80 - '31 63 2% 19'75 
+ 1 ' 7 1  55 45 53'45 + + I .  *:" 6 I-- 180 o 0.00 

+ 'a3 + '11 + -12 + '36 . 

- '09 - ' 77  + '86 

'37 
'37 
'37 

1.11 

+ '45 
+ -46 + '8.5 



KARARA MERlDlONAL SERIES. 

PRINCIPAL TRIANGtULATION. LATITUDES, LONGITUDES AND AZIMUTHS. 

Nor~.-8t.tionr XXIII md XXVI appert.in to tho Cslcutts Longituctilrd brier of the 8outL-Last Quadrustend. 

Station B 

Serier No. 

- 

XXVI 
I 
I1 
I 
I1 

I1 
I11 
IV 
I11 
V 

IV 
V 
VI 
VII 
VIII 

I 

Station A Side AB 

Azimuth at A 

0 I 11 

269 18 36-73 

154 31 23'14 

203 39 53'02 
109 33 54'59 
130 " 19.78 
248 2659'84 
187 59 17-62 

139 16 39-03 
141 42 11-15 

201 5 19.17 

64 6 21.19 
281 7 59.06 
123 10 55-71 

1 o 59-54 
211 30 57-60 

Latitude North 

0 1 11 

24 4 42-01 

81 

JJ 

24 459'33 
JJ 

2417 2-15 

JJ 

99 

24 22 24-55 
JJ 

24 36 13-68 

JJ 

a> 

JJ 

JJ 

Name 

Kar4ra 

JJ 

JJ 

Marwh 

JJ 

Kaimdr 

JJ 

JJ 

Jali4dhar 

JJ 

DBdar 

JJ 

98 

$1 

$8 

aimnit 
No. 

47 
JJ 

48 
JJ 

I 

Longitude of Green,,ich East 

0 I I1 

81 18 14-47 

JJ 

JJ 

8149 2-46 

JJ 

811149.65 

JJ 

JJ 

81 26 42-96 

JJ 

81 1446.40 

JJ 

t >  

JJ 

JJ 

~erier  NO. 

X X I ~  
I¶ 

JJ 

XXvI 
JJ 

I 

JJ 

I1 
JJ 

I11 
JJ 

Ja 

I) 

JJ 

Log. Feet 

5.2336163~3 
4.9178545,2 
5*0686231,9 

5'3408875,8 
5-zr16206,r 

4.9483767,~ 
sm0695674,2 
5*0033056,5 
5.0281551~9 
4.8470672~2 

4.9500983~3 

4'9694424,3 
4'8958579J6 
5.0312218~9 

5'0792422~5 

Azimuth at B 

0 I 11 

89 31 10.76 

334 28 45'51 
23 43 21-67 
289 18 39-88 
310 19 10.08 

68 33 7.86 
8 o 30.76 

31.9 1 1  45-12 

321 37 14-13 
21 7 12-66 

244 o 12-04 
ror 14 51-10 

303 5 j7.67 
357 o 34'10 
31 35 42.81 



PRINCIPAL !I!RIANGULATION. LATITUDES, LONGITUDES AND AZIMTJTHS. 
"a. 

P 

F$2,","$zt 

0 I /1 

80 j9 57-90 
81 31 17-03 
81 2 52- 16 

~9 

81 13 45' 65 

91 

11 

81 26 7-78 

9) 

81 5 18-46 

JJ  

81 18 12-26 

99 

$9 

81 8 23'73 

99 

81 39 13-31 
JJ 

81 2135.58 

II 

99 

81 11 53-53 
99 

81 41 10.61 

81 24 38-96 

$9 

81 1317'73 
9) 

81 2443'49 
~9 

81 17 17-41 

99 

99 

81 29 44-13 
99 

Station B 

Series No. 

- 

VI 
VIII 
VII 
IX 
VIII 

Ix 
X 
X 
XI1 
X 

XI 
XI 
XI1 
XI11 
XI11 

XIV 
XI11 
xv 
XIV 
xv 

XVI 
XVI 
XVII 
XVI 
XVII 

XVIII 
XVIII 
SIX 
XIX 
XX 

XX 
XXI 
XXII 
XXI 
XXIII 

Latitude North 

0 ' 11 

24 29 38-28 

24 33 14-48 
24 43 19' 82 

99 

24 53 56.77 

99 

JJ 

2453 6.86 

~9 

24 56 43-77 

99 

25 o 44.01 

99 

JJ 

25 '4 13-95 

JJ 

25 14 9'15 
j9 

2521 17-32 

99 

9) 

25 34 16-82 

I9 

25 35 3.56 
25 41 56.64 

99 

254515'01 
9) 

Zj 50 5-26 

93 

25 55 23.20 
19 

99 

26 I 43-97 
9) 

Station A 

Name 

NBrn 
Burwa 
Kotar Kaimlri 

99 

Donri 

>I 

99 

Sirmaul 

J$ 

Kachlr 

99 

Mau 
$9 

99 

LBlapur 

$9 

Bag4a 
99 

Pabhosa 

II 

IJ 

Nagdilpur 

98 

Singraur 
Karra 

99 

Majilgaon 

9J 

Pariion 

99 

Horesa 

JI 

99 

Salon 

99 

-- --- 

Azimuth at B 

O l  U 

10 59 3-45 
346 39 19-04 
43 9 26-03 
9 26 14-79 

94 15 35-88 

289 49 28-76 

30 50 38-73 
316 29 31-61 
29 35 28-82 

;I 14 5-36 

9 8 12-68 

326 28 50-95 

55 1 51 -90 
8 32 34-27 

59 35 5'45 

9 o 50.26 

293 56 26-97 
4 51 40.60 

325 50 3-75 
52 18 27-73 

7 39 26.14 

56 30 45-90 
6 37 6.48 

294 37 19-97 
287 46 50.49 

o 28 55.46 

6458 56-67 

19 38 27.9j 
308 12 31-67 

21 16 33-64 

60 36 52-72 
12 46 18-61 

343 7 22-08 
276 48 21 -21 
326 27-18 

Circait 
No. 

49 

50 
18 

51 
99 

52 
53 

9) 

54 
81 

55 
99 

a 

Azimuth at A 

0 1 11 

190 57 50.88 
166 41 28-35 

223 4 51' 81 

189 2.5 13-35 
274 10 23.50 

'09 53 2.48 
210 48 46.24 

136 32 52'19 
209 29 56.09 
251 8 36.60 

189 654.12 

146 33 0.84 
234 52 56.28 

lag Q r  7-75 
239 29 27-09 

188 59 20.26 

"4 3 58.92 
184 50 50.27 

14j 54 14.00 
232 10 2-43 

187 38 7-II 

236 25 14-73 
186 36 30'01 

114 44 29-10 
107 51 46-21 

180 28 53-49 

244 53 58.26 

199 36 43.49 
128 15 46-57 
201 14 22.17 

240 31 25-67 

192 45 29-23 
163 9 10.48 

96 52 59-51 
146 47 21 '93 

No. 

IV 
V 
VI 
99 

VII 

99 

99 

VIII 
99 

IX 

93 

X 
99 

JJ 

XI 

9) 

XI1 
99 

XI11 
9) 

99 

XIV 
$9 

XV 
XVI 

JJ 

XVII 
1) 

XVIII 
9) 

XIX 
91 

JJ 

xx 
89 

Side AB 

Log. Feet 

4.9266980~1 

5.0923326,3 
4- 9448882,~ 

4'9152055,i 
4' 8357661,7 

4'69578779~ 
4.6800900,~ 

4'8034300,7 

5'1657351,7 
4-8762714,s 

5.0308803~1 

4.9913511,6 
5- 1508gog,o 

5'0999923>9 
4'9258368,6 

5'0897028,~ 

5'0263430,i 
5.1041030,9 

4'9780165,9 
5.134~806~5 

5'1011697,8 

4-9244302,y 
4.8253621~1 

4'9994105,3 
4-81578r0,i 

4'6931066,2 

4*8399937,6 
4'8141667,4 
4*7148617,3 

4.8790332~5 

4.8933818~8 
4.667746~~0 

4.8903472,3 
4.7652078~6 
4-8198655~7 



Norn-Stationa SXXZV* and XXXV* appertain to the North-East Longitudiuel Series. 

56 

JJ 

57 
n 

58 
JJ 

59 
JJ 

60 

JJ 

61 

JJ 

6% 

JJ 

63 
JJ 

JJ 

Station B 

Bsriea W. 

=I 
XXIII 
XXIII 
X ~ V  
XXIV 

XXV 
XXV 
XXVI 
XXVI 
XXVII 

XXVII 
XXVIII 
XXVIII 
XXIx 
XXIX 

XXX 
XXX 
XXXI 
XXXI 
XXXII 

XXXII 
XXXIII 
XXXIII 
XXXIV 
XXXIV 

XXXV 
XXXV 
XXXV1 
X n V I  
XXXVII 

XXXVII 
XXXVIII 
XXXVIII 
XXXIV* 
XXXV* 

Azimuth at A 

O l  U 

131 28 25-14 
204 4 I.86 

250 22 44.56 
188 50 27-94 
130 9 20.16 

183 9 j2.18 

239 42 58-77 
182 39 59-99 
123 49 58-32 
185 6 48-04 

238 7 34-62 
176 34 26-28 

119 52 4 - 9 2  
I79 37 'a*68 

239 43 19'74 

180 42 21'81 
120 21 57-04 
181 49 0.28 
237 32 19-82 

179 47 22.29 

118 2; 43-33 
172 48 8.41 

234 47 11.25 
I 76 26 28'43 

116 57 23-44 

177 2 17-65 
226 47 37.49 
Isa 58 16'49 

97 45 9.68 
153 22 58-61 

21440 41.27 
152 29 44-08 

95 13 19-90 
156 7 13-38 
216 59 0'55 

k r i w  Roo. 

XXI 
JJ 

XXII 
JS 

XXIII 

J) 

XXIV 
99 

XXV 
JI 

XXVI 
99 

XXVII 
J l  

XXVIII 

$9 

XXIX 
J) 

XXX 
JJ 

XXSI 
93 

XXXII 
~9 

XXXIII 

JJ  

XXXIV 
>I 

XXXV 
JJ 

XXXVI 
99 

XXXVlI 
JI 

JJ 

Side AB 

Log. Feet 

4-6qlozjr4,o 
4'7235360~3 
4.7611465~8 
4.7721813~3 
4'7767393,1 

4'8348710,8 
4.7612665~9 
4'7824918,2 
4'7524861~1 
4.8092126~1 

4'7926892,1 
4'8148905,1 
4.8143636~9 
4'8138550,9 
4'8124048~5 

4'8130083,8 
4.8062389~2 

4.8376114,7 
4.83~3946~6 
4'8297601,2 

4'8159681,5 
4.8217993~8 
4.779~748~5 
4'7905j74,3 
4m:74z597,~ 

4'8643191,s 
4~8289774~8 
4.775779'23 
4'852574919 
4.85889~7~3 

4~8257794~7 
4.8402391,~ 
4.847~529~7 
4'8470310~2 
4'8809710,q 

Station A 

Azimuth at B 

0 1  U 

311 25 46-94 
a4 5 46'10 

70 27 7-52 
8 51 12-08 

310 50 40-63 

3 55 14.90 
59 47 1-79 

2 40 13-77 
303 46 8.39 

5 7 16-22 

58 I I  53-48 
356 34 7-06 
299 48 6-00 

359 37 1°'54 
59 48 27.38 

o 42 a5.79 
300 17 22.53 

I 49 11-16 

57 37 6.12 
359 47 21.05 

298 2054.88 

352 47 26-64 
54 51 18-76 

356 26 9.11 

a96 52 55.87 

357 I 58.50 
46 51 46-80 

338 56 2f'79 
277 39 10.79 
333 20 13'27 

3 4 4 3  55.83 
332 27 0-67 
275 7 20.96 
336 446.98 
37 2 55.85 

Latitude North 2@&",":2 
J-O I I 

0 1  U 

81 19 10.10 

9) 

81 13 10.35 

83 

81 23 6-97 

)> 

81 14 50'30 

JJ 

81 23 58.30 

JJ 

81 15 21-33 

JJ 

81 25 1.56 

JJ 

81 14 38-32 

JJ  

81 2456.79 
JJ 

81 14 47.16 

JJ 

812520.89 

JJ 

81 14 44'42 
JJ 

81 2348.91 

JJ 

81 14 1.98 

JJ 

81 23 7'00 

JJ 

81 l o  4-55 

JJ 

81 17 7.53 
JJ  

JI 

TBnghan 

)I 

Khtira 
JJ 

Nunai 

9) 

Sora 

39 

Janai 

JI 

Tanli 

JJ 

Tikiri 

99 

Parewa 

JJ 

Baaantpur 

JJ 

Pesar 

JJ 

Turkani 

JJ 

Utiiman 

~9 

Amoli 

JJ 

Samnadio 

JJ 

Ragaupur 

JJ 

Imlia 

)J 

Thina (Thsnagaon) 

JJ 

JI 

O l  U 

26 2 52.72 

IJ 

26 7 39-62 

93 

26 10 51-18 

JJ 

26 17 18.83 

JJ 

26 2% 6-80 

JI 

26 27 18.43 

JJ 

26 32 42-59 
JJ  

26 38 4-00 

93 

264327'75 
JJ 

26 48 47-87 
JJ 

265448.85 
JJ 

26 59 57.08 
JJ 

27 540.72 

JJ 

27 10 7-34 
J 3  

27 I7 44'37 
JJ 

271918.90 

JJ 

27 28 2 4 . 0 ~  

JJ 

JJ 



PRINCIPAL TRIANGULATION. LATITUDES, LONGITUDES AJTD AZIMUTHS. 47-x 

NOTP.--Stations XXXTV* and XXXV* appertail~ to the North-East Longitudi~~nl Serieu. 

October 1678. 

\ 

J. B. N. HENNESSEY, 

In clrarge of Comnpating. O$iee. 

Gtstion B 

Berim No. 

XYXIV* 
XXXVY 

Ststion A I Bide AB 

Longitude Eaat at A 1 Latitude of Greenwich. 1 Log. Feet 

4'8529845,3 

4'87090645 

- 
Aaimuth at B 

0 I I 

35 39 20-40 
92 48 49.67 

64 

XSXVIII 
XXXIV* 
XXXV* 

O l V  

215 35 46.83 

0 I 11 

81 4 9-54 Ashrafpur 
0 1 1  

27 29 26.81' 
81 1150.98 27.2 42 26-85 
81 2j 36-15 I Khinpur 

MBei 
27 39 0.60 

27 38 25.17 



KARARA MERIDIONAL SERIES. 

PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 

The following table gives, first, the usual data of the observed vertical angles and the heights of the signal and instrument, 
&c., in pairs of horizontal lines, the first line of which gives the data for the 1st or the fixed station, and the second line the data 
for the 2nd or the deduced station. This is followed by the arc contained between the two stations, and then by the terrestrial 
refraction, and the height of the 2nd station above or below the lst, as computed from the vertical anglea in the usual manner. 
This difference of height applied to the given height above meal1 sea level of the fixed station, gives that of the deduced station. 
Usually there are two or three independent values of the height of tlie deduced station; the details are RO arranged as t o  
show these consecutively arid their mean in the columns of "Trigonometrical Results". The mean results thus obtained are 
however liable to receive corrections for the errors generated in the trigonometrical operations, which are shown up by the 
epirit leveling operations, whenever a junction between the two has been effected. The spirit leveled determinations are always 
accepted as final, and the trigonometrical heights of stations lying between those fixed by the leveling operations are adjusted- 
usually by simple proportion-to accord with the latter. In  the table the spirit leveled values are printed thus, 382.80, &c., to 
distinguish them from the adjusted trigonometrical values. The column in which the mean trigonometrical heights are given is  
barred across where necessary, aa after deduction of Stn. XVIfrom Stn. SV, page 51,M., to indicate that one set of adjustment ends 
and another begins. The trigonometrical heights always refer to the upper mark-stone, or to the upper surface of the pillar on  
which the theodolite stood; when a spirit leveled height does not refer to either of these surfaces, it is given in combination with 

382'80 
a correction, thus { + %, and the sum of these two quantities, in this case 409.8, represents the value with which the corres- . . 
ponding trigonometrical mean height 399.7 is comparable. Descriptions follow these tables, exactly indicating the positions of 
the leveling staff during the determinations of the spirit leveled heights. 

When the pillar of the station is perforated, the height given in the last column, is that between the upper surface of 
pillar and ground level mark-stone in floor of passage; otherwise i t  ia the approximate height of the structure, above the ground 
a t  the base of the station. 

The heights of the initial stations are taken from the Calcutta Longitudinal Series of the South-Emt Quadria- 
teralj Page 179-B., Vol. VI, and are aa follows :- 

XXII I  ... 
XXVI ... "' 1966'2) feet above Mean Sea Level a t  Kadchi, . . . 1776.3 

h n o m i c a l  Date 

Station 

XXIII 

XXVI 

Jan. 80 
Feb. 

Jan. !24 
Feb. 

Mean of 
Timer 

of obwr- 
vation 

h. m. 
3 9 

9 3 3 1  

2 53 
9 3 6 1  

Height in feet Teneatrid 
Refraction 

.S 
1 

8 E 
Observed $ 

C 

Final O 

a By ench 
& deduotion If- 

0 1  * 
Eo 6 23'0 
D o 18 21.6 

D o  8'6 
Do 23 14.9 

4 

4 

4 

4'10 

4-10 

*'I0 

4-60 

----- 

4-80 

4'40 

4"0 
4-40 

w 

818 

2166 

51 

141 

-062 

-065 

+ 298'1 

+ 482.0 

2264.3 

2258.3 2262.3 2263 

fast 

6 



PRINCIPAL TRIANGULATION. HEIGHTS ABOVE HEAN SEA. LEVEL. 4 9 7 .  

t Not forthcombg. 

I 

b. 

2 
R 
b 
3 - 
rl 
pI 
C 

5 
g 

feet 

t 

t 

t 

t 

t 

I 

2 

8 .- 
3 
m 

u 
0 % 
a d  

c l d  
-G 8.9 
B1 

J 
m 
% 
N 

+ 86.1 

+ 214'3 

+ 399.6 

- 86'1 

1 7  

-1091'0 

- 290'3 

+ 886'3 

- 879.6 

+ 212'8 

+ 350'8 

- 534'3 

+ 317.1 

- 26'5 

+ 25.2 

- 185'1 

- 300'0 

Height in feet of 2nd Btution 
above Mean Sea Level 

Terrestrial 
Refraction 

4 a 
c 
+I 

54 

73 

IOI 

54 

68 

61 

57 

5; 

40 

50 

37 

45 

59 

46 

43 

64 

37 

1 
Final 
~ e r u l t  

2178 

1088 

I974 

:goo 

1440 

1415 

1115 

Rasultd 

deduction 
BY enoh 

2264'3 

2180.5 

2175.9 

2175'2 

1 ~ 8 5 . ~  

1086.2 

Igi2'O 

1972'0 

1297.6 

1298.5 

1436'5 

1437'7 

1412.8 

1410.6 

1110'9 

1112'9 

1x11'7 

Etation 

I1 
0 1  

XXIII 
I1 

XXFI 
I1 

0 1  
11 

I 
111 

I1 
111 

I 
1v 
111 
IV 

I1 
V 

111 
v 
II1 
VI 

Iv 
VI 

I11 
VII 

VI 
VII 

111 
VIII 

v 
VIII 

VII 
VIII 

W E  
0 4  
-"a 
;.$ .- 
0 4  
Q G  
U 

'062 

'063 

'063 

-062 

*059 

'058 

'057 

-063 

-057 

-055 

'047 

'054 

-056 

'053 

'036 

'05% 

'054 

datronomical 

Feb. 21 
JJ 

Jan. 30 
Feb. 21 

Jan. 24 
Feb. 21 

J t  

JP 21 

,, 9,Mar.30 
Apr. 4 

Feb. 21 
Apr. 4 

Feb. 
~ p r .  li,18 

9 )  4 
,, 11,la 

Feb. 22 
f i r .  25 

Apr. 4 
. 25 

Apr. 4 

IJ  22 

,, 11,13 
22 ,J 

9, 4 
&Y 1 

Apr. 22 
May 1 

Apr. 4, 

Msr. 16 

J P  25 
$9 16 

May 1 
Mar. 16 

Trigonometricnl 

M- 

2Ii7.2 

1085.7 

'972'0 

1298'0 

1437.1 

14x1'7 

1111'8 

Obaened 
Vertical Angle 

o I II 

D o 3 6'0 
D 0 945'0 

D o a 9'6 
D o 14 44'6 

D o 3 17.2 
D o  20 9-5 

D o 945.0 
D o  3 6'0 

D o  4'59'7 
E 0 25 55'5 

D o 42 55.1 
E 0 27 21'6 

D o  17 17.0 
E o 2 29.9 

E o 2647'1 
D 0 39 59.9 

D 048 10.9 
E 03749.0 

E o 058.2 
D o  1442.2 

E? 923'4 
D o  21 10.4 

D o  28 3.1 

E o 15 30'7 

33'4 
D o  18 20.3 

D o 7 32'7 
D o  5 31.1 

D o  8 28-9 

Do 954'3 

D o  14 18.5 
D o 4 0'9 

Do 20 8.4 
E o 956'8 

Date 

lfeen of 
Time8 

of obser- 
ration 

I 

h. m. 
3 11 

9 3  

3 10 
3 10 

a 56 
3 7 

9 ;  
3 X I  

3 35 
3 34 

3 17 

3 31 

9 2 5 . 5  
q 3 

3 37 
3 55 

3 2 

3 56 

3 29 
4 12 

3 39 
3 24 

3 53 
3 25 

3 42 
4 11  

3 21 
q 13 

3 a8 
4 10 

3 55 
4 8 

$ g 
4 15 

8 ." d 
L: 

$ 
2 
L 

2 
B 
2 

4 
4 

4 
4 

4 
4 

4 
4 

4 

4 
4 

4 
4 

4 
4 

4 
2 

4 
2 

4 
4 

4 
4 

4 

4 
4 

4 
4 

a 

4 

4 
4 

2 
4 

1 .+ 

5 
8 

N 

877 

1157 

1608 

877 

1116 

1054 

996 

go1 

695 

921 

777 

834 

1062 

870 

1186 

Izza 

67; 

Height 

M 
S 

4'10 
4'20 

4-20 
4'10 

4-20 
4'60 

4-20 
4'1o 

4'60 
4-10 

4-60 
4-10 

3-60 
4'10 

3'60 
4-60 

3-70 
4'10 

3'70 
4.60 

3-20 

4'Go 

3'23 

3'60 

3'60 

4.60 

3-60 
3-20 

3.60 
4-60 

3-60 

3-70 

3-60 
3'60 

in feet 

a 

[ 
Ti 
u 

4-80 

4-40 

4'80 
4-80 

4.70 
4-80 

4-40 
4-80 

4'4' 
4'9C 

4-80 

4'90 

4-40 
5-60 

4-90 
5-60 

4'80 
5-20 

4'90 
5-20 

4'90 
4-20 

5-60 
4'20 

4'90 
4-80 

4-20 
4-80 

4-90 
5-20 

5-20 
5-20 

4-80 
5-20 



=o-if. KARARA M.ERIDI0NA.L SERIES. 

t Not forthcoming. (1) The mean of oboervations taken on 16th March 1844 and Z l a t  Ootootober 1846. 

I 

. - 

* 

Oboewed 
Vertical Angle 

o 1 n  

D 0 5 2.1 
D O  7 15.8 

D o  o 13'9 

D o  7 39-0 

D o 6 4'8 
Do 119-3 

3 0 9 28'5 
D o 19 2.4 

D 9 34.3 
D o  I 42'8 

D 0 30 6.2 
E o 14 25-0 

D o 28 24'9 
E 0 14 3'9 

D O  2% 13'2 
E o I 7'6 

D o 28 43'5 
E 0 8 26.4 

D,o 31 36'0 
E 0 13 16-1 

D o 14 56'3 
E O  24.3.9 

D o  g a9-6 

D o 5 50.5 

D o  18 27'5 
E o I 40.3 

D o  12 54'5 
D o  I 4.4 

D o  15 24.3 

D o 54'5 

D o 15 '0.9 
D o 5 26.6 

D o 13 50.7 
D o  5 8-7 

station 

VI 
IX . 

VII 
IS 

VII 
X 

VIII 
X 

IX 

IX 
XI 

.x 
XI 

VIII 
XI1 

X 
XI1 

x 
XI11 

XI 
XI11 

XI1 
XI11 

XI 
XIV 

XI11 
XIV 

XI1 
XV 

XI11 
S V  

XI11 
XVI 

g 
4 
t 

po 
% 

5 
! 
2 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

4 
q 

8 
8 

4 
4 

8 

4 

4 
4 

4 
4 

2 

4 

dstronomical 

184,s 

Apr. 22 

May 8,9 

1 II 

PI 8,s 

18 1 
IS 26 

Mar. 16 
May 26 

PI 8,9 
1, 

n 
1844 

8,9 
Feb. 29 

1848 
26 

May leu 
Feb. 29 

184a 
Mar. 16 

1844 
I1 16 
1843 

Mny I844 
26 

16 Mar. 
1843 

=y ,844 
26 

1 Apr. 

Feb. 29 
1 Apr. 

(1) 
1814 

II 1,27 

Feb. 
184s 

29 

n 26 
184-4 

Apr. 1,27 
Feb. 26 

1845 
Oct. 

I844 
81 

6 Dm. 

Apr. 27 
Dec. 6 

Apr. 27 
Dec. 12 

Date 

of 
Tinier 

of obmr- 
vation 

h. 9% 
3 17 
4 6 

4 18 
4 4 

4 7 
2 57 

4 16 
256 

4 2 

2 6 3 1 X  

4 21 
3 23 

3 3 
3 22 

4 3 
2 58 

a 5 2  

3 0 

2 .;o 

4 20 

3 21 
4 24 

3 28 
3 49 

3 20 
3 1 7  

q 6 
3 16 

3 55 
2 28 

3 21 

a 33 

2 59 
2 36 

Z 
4 

% 
d 

11 

813 

490 

473 

628 

743 

1061 

968 

I447 

1398 

1244 

833 

1050 

xars 

939 

1256 

'346 

1247 

Height 

3 
.% 
m 

5-10 
3-10 

5-10 
3'60 

4-10 
3'60 

4-10 
3-60 

4-10 
4-60 

4-00 
4-00 

4-00 

4'00 

4-60 

4-50 

4'60 
4-00 

4'00 
4.00 

4-00 ' 
4-00 

4-00 
4-00 

4-50 
4-00 

4-50 
4-00 

9-00 
4-00 

9-00 
4-00 

4-50 
4-00 

in feet 

a * a 
A 

---- 

4-20 
5-20 

4-80 
5-20 

4-80 
5.20 

5.20 
5-20 

5-20 

5-20 

5'20 
5.20 

5-20 
5-20 

5-20 
5-20 

5'20 
5.20 

5-20 
5-20 

5-20 
5-20 

5-20 

5-20 

5'20 
5'ao 

5-20 
5-20 

5-20 
5-20 

5-20 

5-20 

5'ao 
5-20 

g' ." 
3 m 

L, 

0 0 

s&,* 
- 8 g . g  

m 3 
a 
~l 

+ 15-a 

+ 52'6 

- 33'6 

+ 263.5 

- 85'7 

- 695.3 

- 605.7 

- 497'4 

- 765.5 

- 821'6 

- 216'7 

- j6.5 

- 360'2 

- 163'9 

-233'5 

- '95.4 

- 160.0 

Ternatrial 
Refraction 

Q 

i 
A 

39 

fi 

19 

32 

35 

62 

56 

92 

92 

74 

53 

67 

105 

5% 

76 

52 

55 

- 1 
& 
8 
3 .  z 
L. O 

3 
8 

fLst 

I 

+ 

t 

0 

0 

33 

3% 

"5 
3'73 .s.z 
2' 

U 

'048 

'023 

'041 

'050 

'048 

'059 

'058 

'063 

'066 

'060 

'064 

'064 

'087 

'056 

'061 

'039 

'OM 

Height in feet of 2nd Station 
Level 

F ind 
~ e s u l t  

'467 

1381 

775 

617 

565 

404 

379 

above Mean Seu 

Beaultd 

deduction By each 

1462'3 

1464'3 

1578.1 

'375'3 

'377'6 

768'0 

771.3 

614'~ 

611*5 

555'4 

553'0 

556'4 

409'5 

39' '0 

379'4 

359'5 

394-9 

Trigonometrical 

M a n  

1463'3 

1377'0 

769'7 

612'9 

554.9 

400'2 

369'5 



PRINCIPAL TRIANGULATION. EEIBHTS ABOVE MEAN SEA LEVEL. 
bl-M. 

Astronomical 

. 18* 

Feb. 25 
1844 

Dea. 12 

99 6 
I9 12 
1845 

Feb. 25 
Mar. 11 

99 16 
99 11 

99 16 
Apr. 1 

Mar. 19 

as 24 

$9 11 
Apr. 24 

9$ 1 
24 99 

91 1 
9) 80 

99 21 
80 9s 

99 24 
May 8 

Apr. 80 
May 8 

Apr. 26 
May 6 

I) 8 
4 99 

99 11 
4 99 

I) 2 5  
lo 9s 

" - 8 
10 99 

station 

XIV 
XVI 

XV 
XVI 

XIV 
XVII 

XVI 
XVII 

XVI 
XVIII 

XVII 
XVIII 

XVII 
XIX 

XVIII 
XIX 

XVIII 
xx 
XIX 

XIX 
XXI 

XX 
XXI 

XIX 
XXII 

XXI 
XXII 

XI111 
XXII 

xx 
XXIII 

XXI 
XXIII 

Date 

Mean of 
Timea 

ofobser- 
vstion 

h. m. 
3 15 
2 39 

2 37 
z 33 

3 14 
4 o 

4 57 
3 57 

4 58 
4 18 

10 19 

9 53 

3 55 
3 55 

4 zo 
3 57 

4 22  

5 33 

5 15 
5 51 

4 o 
5 o 

5 42 
5 6 

5 2 2  

5 2 

5 2 

4 58 

4 33 
4 56 

3 
4 2 0  

5 4 
4 21 

Observed 
Vertical Angle 

0 1  1 

D O  6 10.7 
D o  6 48.1 

D o  6 38'7 
D o  8 2 0 ' 4  

D o  5 26.6 
D o  4 50.1 

D 0 5 9'5 
D o  4 16'7 

D o 5 5 '3 
D o  2 23'4 

E o o 33'6 
D o  3 2.6 

D o  5 1 2 . 0  

D o  5 14 .2  

D o  3 37'6 
D o  4 45'8 

D o  5 2 '3  
D o  6 49'3 

D 0 5 17.2 
D o  6 29.1 

D o  ~ 3 1 . 0  
D 0 4 39'9 

D o 4 37'8 
D o 4 21'7 

D o  4 54'4 
D o  6 8.7 

D 0 3 44'5 
D o  a 50.8 

D O  3 52'3 
D 0 4 49'2 

D 0 5 45'8 
D o  4 31'6 

D O  5 0 ' 9  
D o  3 8.6 

a 
0 .- 
Y 

t 
2 
.;1 

P" 
!l 
2 

4 
4 

4 
4 

4 
6 

4 
6 

4 
4 

8 
4 

6 
4 

4 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
4 

4 
4 

4 

4 

4 
4 

4 
4 

3 
'2 

u" 

II 

830 . 

987 

661 

646 

487 

683 

644 

512 

748 

773 

460 

575 

767 

432 

570 

652 

523 

Height 

a 
tz 

4-50 
4-50 

4'50 
9-00 

4-00  

4-50 

4-50 
4-50 

4 - 0 0  

4-50 

4 - 0 0  

4-50 

4-50 
4-50 

4.50 
4-00 

4 ' 0 0  

4'00 

4 '00  

7-50 

4-50 
7-50 

4 ' 5 0  
4.00 

10'5o 
10-50 

4'50 
4-50 

4'50 
4-50 

4-50 
4-50 

4-50 
4.50 

in feet 

- 
t! 

* a $ -  - 
a u 

5-20 
5-20 

5'20 
5'20 

5-20 
5-20 

5-20 
5-20 

5-20 
5-20 

5-20 
5'20 

5-20 
5.20 

5.20 
5-20 

5-20 
5-20 

5'20 
5.20 

5.20 
5.20 

5.20 
5'20 

5-20 
5-20 

5-20 
5-20 

5-20 
5'20 

5',20 
5-20 

5'20 
5-20 

B .- 
3 

w 
m 

0 ' 
2% 

% I &  
.-c O, 0.g 
W =  
m 2 
a 
01 

+ 7.6 

+ 26-9 

- 5'7 

- 8 

- 19'1 

+ 3 6 ' 5  

+ 0'3 

+ 8.3 

+ 19.6 

+ 15'4 

+ 16.0 

- 2'5 

+ I C ' O  

- 5'7 

-k 8 ' 0  

I 

- 14.4 

$J 

27 

41 

25 

42 

23 

270 

11 

8 

11 

32 

11 

2' 

38 

22  

27 

zo 

19 

8. 

z 
8. - r= 
pI 
C 
O 

5 
6 

feet 

27 

25 

25 

425 .8  

25 

25 

25'5 

Terrestrinl 
Refraction 

C 2 0 4  

' 2  
6.5 
' 8 9  

H , ~ J  

*o33 

'041 

'038 

'065 

'048 

'395 

'017 

,016 

'029 

'041 

,024 

'037 

'050 

'050 

'047 

'030 

'037 

Height in feet of 2nd Station 
Level 

~ i n a l  
h d t  

382'80 
{+27 

395'53 

389 

367' 
{+z5-% 

410'15 

409 

405 

397'56 

above Mean Sen 

Trigonometrical 
Results 

deduction By F~ 

407.8 

396'4 

394'5 

391.3 

390'7 

$432'0 

395.8 

399'0 

410'3 

412'8 

409.6 

407'7 

407'6 

402'9 

404'2 

398.3 

394'2 

1 Mean 

399.7 

392.9 

390'7 

397.4 

411.5 

408.6 

404'9 

396.6 



KARARA MERIDIONAL SERIES. 

L 

B 
PC 
a., 

5 
6 

feet 

24 

24 

3O 

30 

25 

24 

30 

24 

.- 
4 

h 
m' 

0 % -  
C( 

.zo ,g  
a 
m 
a 
OY 

- 8.0 

+ 2'4 

+ 12.6 

+ 20'4 

+ 4.3 

+ 1'3 

- 3'5 

- 0'2 

- 3.7 

+ 16.9 

- 0-7 

- 5'4 

- 3.2 

+ 11.1 

- 11.1 

- 19.0 

- 8.8 

Height in feet of 2nd Station 
Z 
4 

3 
1 5  8 

rr  

570 

585 

591 

675 

570 

599 

559 

645 

642 

671 

637 

613 

644 

643 

643 

641 

632 

Level 

Final 
&esult 

409 

417 

{ 4f2'88 

405'62 

382'36 
{+25 

{+24 390 22 

408 

394 

above Mean Sea 

Trigono~l~etrical 
Kesulte 

Ob~emed 
Verticsl Angle 

0 I I f  

D 0 4 49'2 
D O  3 52'3 

D'o 4 10'2 
D o  4 27-0 

D o  4 0.3 
D o 5 27.2 

D 0 4 19'1 
D o  6 22.3 

D 0 4 7.3 
D o  4 36.8 

D o  4 10.0 
D o  4 9.1 

D o  4 21'9 
D o  3 50'0 

D o 4 50-0 

0 4 44.9 

D o  3s8'5 
D o  3 7'2 

D o  o 29.2 
D o  r 56.4 

D O  4 15.1 
D o  4 11.6 

D o  4 40.9 
D 0 4 2.1 

453.' 
D 0 4 34'7 

D o  4 18.2 

D o  5 27'7 

D o  5 27'7 
D o  4 18.2 

D o  5 18.0 

D 0 3 15.9 

D o  4 20'4 
D o  2 5 5  

station 

XXII 
XXIII 

XXII 
XXIV 

XXIII 
XXIV 

XXIII 
XXV 

XXIV 
XXV 

XSIV 
XXVI 

XXV 
XXVI 

XXVI 
XXVIII 

XXVIII 
xxx 
XXX 
XXXI 

XXV 
XXVII 

XXVI 
XXVlI 

XXV1ll 
XXVII 

XXJX 
XXVII 

XXTII 
XXIX 

XXVIII 
XXIx  

xxx 
XXIX 

By each 
deduction 

397'3 

407'4 

410'2 

418.0 

413.1 

410.1 

412'0 

412.7 

409.0 

425.9 

416'3 

407'5 

402'4 

404'3 

397'6 

386.6 

399'1 

Astronomical Date 

I &an of 
T i e s  
f obser- 

Terrestrial 

i 
8 
"-- 

27 

36 

14 

19 

22 

49 

35 

32 

116 

255 

63 

41 

23 

26 

26 

59 

84 

I Mean 

408'8 

415'5 

41 1 ' 1 

412.7 

409.0 

425.9 

407'6 

394'3 

May 4 
11 91 

9, 4 
JS 12 

,, 11,19 
8 9  12 

99 19 
81 17 

19 2,12 
Apr.28,May 17 

May 2 
Apr. 26 

,, 28 
)I 26 

JI 26 
1; 21 

#) 21 
10 ,Y 

I) 11 
12 9 

88 28 
99  24 

IJ 26 
91 24 

19 * 21 
1y 25 

9 )  14 
Jp  25 

9) 25 
)) 14 

,) 20 
1) 14 

J, 10 
,, 14 

2 
0 .- 
Y 

E 
4 
s. 
$ 

R 

4 
4 

4 
4 

8 

4 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

4 

4 

4 

4 

4 
4 

4 
4 

4 
4 

4 

4 

4 
4 

Refraction 

4 
2- 

s.3 
: C 
t22 

'047 

.062 

'024 

-028 

.039 

'082 

'062 

'049 

.380 

'099 

'066 

.035 

'041 

'041 

-092 

'132 

vation 

h.  m. 
4 56 
4 33 

4 55 
3 51 

f 4 
3 43 

4 35 
4 35 

4 6 
4 28 

5 9 
5 17 

5 o 

4 57 

4 38 
4 37 

5 5 4  
5 54 

7 30 
7 7 

5 14 
5 20 

5 3 
5 7 

4 4 4  
4 58 

4 30 
4 43 

4 43 
4 30 

5 I 

5 2 

5 40 
5 38 

Height 

a 
% 
;ii 

4-50 
4-50 

4-50 
4-50 

4-50 
4.50 

4'50 
4.50 

5'38 
5-71 

4-25 
7'17 

4-33 
6-00 

6'08 

7'33 

5'0° 

7'42 

5'58 
10'75 

6.33 
6.08 

6.42 

7'33 

1°'75 
10'25 

6-17 
6'50 

6-50 
6-17 

6'75 
7'25 

5'75 
5'08 

in feet 

.S 

1 
H 

5-20 

5.20 

5 - 2 0  

5'20 

5-20 

5-20 

5'20 

5'20 

1-39 
5-39 

5.58 
5'58 

5-58 
5'58 

5-58 
5'58 

5-58 
5'58 

5-58 
5'58 

5-58 
5'58 

5.58 
5'58 

5's8 
5'58 

5-58 
5'58 

5-58 
5.58 

5'58 
5's8 

5-58 
558 



PRINCIPAL TI1IANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 63-, 

(1). Not forthwming, but it would appear from the evidence at hand to have bew t&n about 1 o'clock. t Above the bsstiun of the fort on wkich tho strtion 
i~ built. 

Xfa--Station XXXIV. sppwkh to the North-Emt Longitudinal 8eriea 

c 

k 
0 

8 
b. 

- - 2 
6 
C - 
2 
k 

feet 

24 

30 

24 

30 

24 

24-t 

24 

12 

e 
4 

1 
3 
3 

- -  
?I 

680 

667 

647 

655 

595 

6,, 

587 

7'3 

666 

S89 

7'3 

714 

661 

684 

695 

695 

704 

8 .- 
Y 

E 
$ 
2 

3 
2 
2 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

6 

12 

4 
4 

6 

4 

6 
4 

4 
4 

6 
4 

4 
4 

6 
4 

4 
4 

.- E! 
3 
a 

C 4.7 

02.a 
;:la 
.,M 1 .I 
m 
3 
m 

z 
01 

- 20.4 

+ 23.0 

4- 13'7 

+ 7.0 

- 9.g 

+ ~ - 8  

+ 1°'7 

- 35'7 

- 37'4 

+ 18'5 

+ 61'8 

+ 28.5 

- 26'5 

- 1.9 

+ 30'5 

+ 21.6 

- 11'5 

Terrestrial 
Refraction Height 

C a p 2  kz 

5'5O 
6-08 

"'75 
10'67 

Smrn 
5'75 

5'83 
j-58 

5'83 
5-42 

5-33 
7'25 

5'33 
6-58 

5-67 
6.08 

10.67 

7-83 

5-25 

3-17 
6-B3 

7'00 
4-00 

2-50 
2-50 

2-17 
1-25 

1'63 
1-25 

3-92 
1-33 

1-75 
2'25 

Height in feet of 2nd Etation 

4 

in feet 

3 
H 

5's8 
5-58 

5's8 
5-58 

5's8 
5-58 

5's8 
5-58 

5'58 
5'58 

5'S8 
5-58 

5-58 
5m58 

5'58 
5-83 

5'58 
5-83 

5-58 
5-82 

5-83 
5-82 

5-83 
5'58 

5-82 

5'58 

5'82 
5-60 

5-58 
5-60 

5'58 
5-35 

5'60 

5'35 

htronomical 

Apr. 9 

n 14 

19 12 
v9 8 

99 9 
19 8 

n 9 
19 5 

9s 8 
5 91 

I# 8 
n 4 

11 6 
4 99 

11 6 
k h .  28 

Apr. 4 
, 28 

Apr. 2 
Mar. 16 

11 21 
99 16 

91 2(1 
8 9) 

~9 16 
8 I1 

1) 16 
Feb. 20 

Mar. 8 
Feb. 20 

Mar. 8 
Feb. 241 

IS 2 0  
19 24 

XXXI 
XXTX 

xxx 
-11 

-1 
XXXII 

XXXI 
XSXIlI 

XxxII 
SXXTII 

XXxII 
XXXIV 

XSXIII 
=IT 

XXXIII 
m v  
XXXIV 
XXXV 

XXXIV 
XXXVI 

XXXV 
XXxVI 

XXXV 
XXXVII 

SXXVI 
XXXVII 

XXXVI 
SSXVIII 

XXXVII 
XXXVIII 

XXXVII 
XXXTV* 

XXXVIII 
XXXIV* 

CI 0 :  * 

Data 

Timer 
Of 

ofobwr- 
vation 

A. m. 
5 15 
5 10 

5 15 

5 23 

4 41 
4 38 

5 6 
5 10 

4 58 
5 4 

4 29 
4 25 

4 27 
4 12 

4 32 
355 

5 34 
5 10 

4 6 
4 10 

4 o 
4 o 

3 30 
3 3 0  

3 45 
3 o 

3 37 
3 3 0  

(1) 
3 4 5  

3 45 
3 30 

4 o 

3 30 

h r e l  

Fillal 
%dt 

--- 

404'66 
it24 

420 

431 

389 

451 

421 

450 

439 

above Meen Ben 

Obrerved 
~ e r t i d  b e  

o e  n 

D o  5 49'' 
D o  345.0 

58'4 
D o  519.0 

D o  4 24.9 
D 0 5 48.9 

D o  4 3'-5 
D o 5 14'7 

D o  441.9 
D o  335'5 

4 58.2 
D o 5 10.2 

D o  4 20'6 
D o  30.6 

D o  7 4.3 
D o  42a6 

D o 5 28.3 
D o  I 49.1 

D o  3 24.0 
D 

D o  2 16.5 
D o  8 4.0 

D o  a 59-7 
D o  550.1 

D o  6 29.6 

D o  3 45'5 

D o  5 16.8 

D o  5 7-7 

D o  334.2 
D O  634.4 

D o  4 zag 
D O  6 16'6 

D o  543'9 
D 0 4 35'3 

Trigonornetrid 

BY each 
deduction 

393.8 

427'9 

421.2 

418-8 

431a5 

43O.7 

384'3 

393'7 

44gm6 

450'~ 

417'5 

423'7 

448.3 

451'1 

442.2 

438'2 

Rewltd 

Yean 

429'4 

420'0 

431.1 

389'0 

# 

450.2 

420'6 

449'7 

440'2 

3 P 

52 

69 

17 

35 

49 

- 2 

- 3 

37 

104 

l8 

44 

93 

33 

42 

55 

46 

53 

.-.a 

-077 

-104 

'026 

-053 

.og2a 

- 0 ~ 3  

"5' 

'156 

'04~ 

'a62 

'130 

'050 

-061 

'080 

.066 

'075 



- XARARA MERIDIONAL' SERIES. 
6 L i .  

Nw.-Strtio~ XXXIV* md XXXV* appertain to the North-Emt Longitudbd Beriel. 

station 

XXXm 
XXXV* 

XXXIV* 
n y *  

. 
Artronomid Dab 

lW 

bh 
N 4 
1850 

Jm. 2091 
1849 

Dec.Z6,27,es,sO 

\ 

:: ' Height in feet Terreatrial E 

i! .- Refraction .S 
3 

Mean of 
T i e r  

of obser- 
vation 

h. m. 
4 
3 45 

3 3 
3 2 1 

Height in fwt of 2nd Station 

E 
v 

n a la 

above Yean Sea Level g 

o r *  

D o  5 1 3 . ~  
D o  5 18.4 

D o  616.2 
D o 5 0' 7 

%gonometrical 
Reaulta 

4 
4 

8 
16 

. 
Find 

Benult 

425'89 

BY each 
deduction 

4to.7 

426'5 

pI .. 
0 

2 .$ 
6 

m 

24 

Mean 

423'6 

4'5' 
a . 9 2  

5-60 

5 ' 30 

----- 

5'S8 
5-60 

5-08 

5 '07 

# 

734 

65 

28 

s086 

,037 

OY 

+ o.I 

- 13'7 



PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 5 L d .  

Descriptions of Spillit-leveled Points. 

The spirit-leveled heights given on pages 51,, to 54,,, were determined by the operations either of 
t11e G. T. Survey or the Revenue Survey ; these eonneetions arepilereafter indicated in the former case by the 
letters (G. T. S.), and in the latter by (R. 5.) immediately following t l ~ e  name of each station; the surface on 
which the leveling staff stood is also described. 

XVI  or Karra Tower Station, (G. T. '8.) ; On the mark-stone let into the upper surface of the 
basement on which the tower has been built. 

XVII ,, dlajilgaon Tower Station, ,, ; On the mark-stone let into the upper surface of 
the pillar. 

XIX Horesa Tower Station, (R. 8.) .; ' On tlie mark-stone let into tlie upper surface of 
the basement on which the tower lias been built. 

XX ,, Salon Tower Station, ' 9 8 ; On the mark-stone let into the upper surface of 
the pillw. 

XXII I  ,, dlunai Tower Station, s t  ; On the upper surface of the pillar. 

XXVI ,, Tauli Tower Statiort, 98 ; . On the mark-stone at 24 feet above the ground, 
i. e. at 6 feet below the one at the original upper 
surface of the pillar. 

XXVIII ,, Parewa Tower Station, 91 ; On the mark-stone let into the upper surface of 
the pillar. 

XXX ,, Pesar Tower Station, (G. T. 8.) ; ) 
X x x I  ,, Tarkarci Tower Station, 88 On the mark-stone let into the base of the tower. 

XXXII ,, ~ t i d k z ~  Tower Station, 98 

XXXV ,, M& Tower Station, (R. 8.) ; On the upper surface of the pillar. 
(Of the North-Jbt Longitudianl Serieo). 

J. 8. N. HENNESSEY, 

l i t  charge of Computing O$ce. 



KARARA MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. AZINUTHAL OBSERVATIONS. 

h9Jl  8 

Lat. N. 25' 21' 17".82; Long. E. 81" 21' 85".58 = 5 25 26.4; Height above Mean Sea Level, 565 feet. 
June and July 1845 ; observed by Mr. J. W. Armstrong with Harris and Barrow's 15-inch Theodolite. 

Star observed a Ursae Minoris (East). 
Mean Right Ascension 1846 - 0  Ih  m -8 

Mean North Polar Distance 1846.0 ,o 3?' 3:~l.41 

Local Mean l'ime of Elongation, June 12 Eastern 1 3 ~  43m 

. ... 
S 0 -  

- Reduced Obssrmtion 
BBf.Aft~k-8t.t. 
at Elongation 

0 I I1 

+ 01521-24 
23-57 
32-73 
25'55 

+ o 15 32-82 
37-07 
35 '20 
33'89 

+ o 15 35-66 
37'48 
33'55 
37-16 

+ o 15 27-75 
34'05 
30'74 
33 '70 

+ o 15 42-52 
41 '03 

40'17 
+a '66 

+a 

4 

June12 

,, 13 

,, 16 

8, 18 

I, 28 

Redlrced O h m a t i o n  
Re, ,,-, 
st 

o r tr 

+ 01545'55 
43'39 
48 '07 
S0'07 

+ 0 15 M'j7 
44' 83 
41.80 
41 ' 14 

+ 0 15 39'33 
38-87 

41.42 
44'90 

+ 0 15 42-88 
42'5' 
45'86 
++'87 

+ 0 15 41'24 
40.21 

33 '65 
36-88 

BIGHT 

Reduction in  
h o t o l ' i m e o f  

Elongation 

I v 

- 0  0.50 
o 0.03 
o 2-10  

0 3 - 6 8  

- o 4-45 
o 2-50 

0 0'93 
o 2-51 

- o 3-84 
o 2-09 
o 0'12 

o 1.04 

- o 3-22 
0 2 ' 7 1  

o 0'06 
o 0.50 

- o 3-15 
0 1'77 
0 0'00 

0 50'94 

Observed 
Horhontal : 

])if. of Besdiugr 
Bef.M"k-star 

o r  rr 

+ o1521'7.+ 
15 23'60 

15 14-83 
1529.23 

+ 0 15 37-27 
15 39'57 
1536'13 
15 36-40 

+ o 15 39-50 
15 39-37 
1.5 33'67 
15 38'20 

+ 0 15 32-97 
1536'76 
15 30'80 
15 34.20 

+ o 15 45.67 
1542'80 

1.5 40.17 
16 33 '60 

Observed 
~ o r i z o ~ ~ o u l  Angle: 
Dill. of &dillgo 
&f. Mark-Star 

o r r r  

+ 015.55'46 
15 50.30 
16 2-33 
16 8-76 

+ o 16 1-53 
15 57'73 
15 51-60 
1.5 53'8; 

+ 0 15 58.77 
15 54-40 
15 49-03 
1j56.13 

+ o 16 2-43 
15 58'24 
1549.17 
15 50'80 

+ o 16 1-67 
15 55'16 
16 56'66 
1; 7'33 

PAOE 

.E E g 
Q 2 

 to^ 
g 

ggfi 

m a  

257  
o 42 
6 3 
8 o 

8 47 
6 35 
4 2 

6 36 

8 10 

6 r 

I 25 
4 15 

9 31 
6 5 1  
o 59 
2 57 

7 24 
5 3 3  
o 2 

29 44 

E. 

E. 

E. 

E. 

E- 

FACE 

.5 0 t 
2 e 
; g 
& g fi 

m a  

13 8 
10 58 

15 51 
18 I 

17 10 

14 58 
13 3 
14 52 

18 23 
16 25 
r r  30 
1358 

18 27 

16 33 

7 3 5  
10 g 

18 5r 
16 8 

37 58 
39 38 

o r 

0 2 

& 
180 2 

10 2 
& 

190 I 

20 2 

& 
200 2 

30 3 
(e 

210 3 

40 4 
& 

220 3 

LEFI! 

Reduction in ,,,. 
Elongation 

1 rr 

- 0  9-91 
o 6-91 
o 14-46 
o 18-69 

- o 16'96 
0 12-go 

o 9-80 
o 1z0;3 

- o 19-44 
0 15'5.3 
o 7-61 
011'23 

- o 19-55 
o 15-73 
0 3-31 
o 5-93 

- 0 20'43 
o 14'9.5 
I 23'01 
130'45 



PRINCIPAL TRIANGULATION. AZIMUTHAL OBSERVATIONS. 67-, 

Abstract of Astronomical Azimuth observed at XI11 (Pabhosa) 1846. 

By Emtern Elongation of a Ursae Minoris. 

h 

I Face L El L El L El L B L B L B 

PACX LX#T 

I Zero 0° 1800 lo0 1900 20' 200' 30' 210' 400 220' 600 230' 

PACE BIGHT 

I Date June la June 18 June 16 June 18 June 28 July 5 

Observed .EI 8 

of Readings t ' $ 
&f. yuk-Star 

45'55 S'"4 44'57 32.82 39'33 
43'39 23'57 44'83 37'07 38.8; 

Observed difference 48'07 22-73 41'80 35-20 41-42 
of Circle-Readings, 50'07 25'55 41.14 33-89 44-90 

Ref. M.-9tnr , *41'97 
reduced to Elongation +40a61 

+42 88 
*qa-80 

Obaerved 
Horizont.l : 
DiE of Readi,,ga 
Bsf. &fwk-[)w 

o r  m 

+ o 15 50'80 
15 51'40 
15 45-20 
15 46-17 
16 12-13 
16 15.17 

+ o 15 41-67 
15 43 '50 
15 40'03 
lj42.77 

Reduction in 
k c  to T i e  of 

I * 
- o 24.81 

o 20.38 

0 2'45 
0.4'73 
o 15.48 
0 18'35 

- o 15'80 
o 11'42 

o 8-15 
0 11-77 

July 6 

,, 6 

I Mana of both faces + o 15 35-02 38-91 39'97 37-80 39-80 
Az. of Btar fr. B., by W. 181 40 50'86 , 50.92 51-08 51'14 51.19 50'81 

39'85 

Az. of Ref. M. ,, 181 56 25'88 29'84 31-05 28-94 30'99 30'66 

Bedudion in 
Aro to Time of 

Elongation 

I 'I 

- o 9-39 
o 6'29 
o 0'40 
o 0.01 

o 31.67 
034'69 

- o 3-47 
o 1'02 

0 0'52 
0 1'84 

2 8 8 
g M 

m a  

12 47 
lo 28 
2 38 
o 19 
23 27 
24 37 

7 46 
4 '3 
3 1 

540 

Redoced Obvmtiou 
Bat Mark- Star 
at E1Onkti'n 

0 1  I 

+ o 15 36.09 
39'88 

35 ' 28 
35'27 
34-62 
38'82 

+ o 15 42-30 
40 ' 94 
43'21 
43'I3 

0 # l r  

Astronomid Azimuth of Referring Mark by Eastern Elongation .,, ... ... ... 181 56 29-56 

... ... h g l e  Referring Mask and XVI (Kana) see following page ... ...+ 5 41 34'28 

Astronomical Azimuth of Karra by observation ... ... . . ... ... 187 38 3-84 

Geodetial Azimuth of ,, by calculation h m  that adopted (Pol. 11, page 141) at 
... Kalihpur, see page 45,x. ante *.a ... ... ... ... 18738 7"' 

... Astronomical - Geodetical Azimuth at XI11 (Pabhosa) ... ... ... ... - 3'27 

ReducedObmation 
Ref. Mark-Stat 
at Elongation 

0 1  'I 

+ o 15 q1'4r 
4.5'" 
4.4'80 
46'16 

40'46 
40'28 

+ o 15 41-20 
42 '18 

39'5' 
4O.93 

E. 

E. 

Born.--Where observatiom occntted on the same pair of zeros on different nights the are reduced in this abstract to one date-the most wnvenient-by 
allowing for star's change of place. The date so adopted appears at the head of the column, ani the reduced obwrvstion is prectuld by an &or& 

o I 

50 3 
& 

230 3 

20 2 

& 
200 2 

o r  n 

+ o 16 0.90 
16 0'26 

15 37'73 
1.540'00 
15 50.10 
1.5 57-17 

+ o 15 58'10 
15 52'36 
1551'36 
15 51.90 

20 47 
18 50 

6 32 
9 4 
16 24 
1 7  51 

16 35 
14 6 

1154 
I4 18 



KARARA MERlDIONAL SERIES. 

At XI11 

Jw 1846 ; obsersed by MT. J. W. Brmstroltg with Harrie and B m o w ' s  16-inch Theodolite. 
- 

At XXIV (Sora) 

h m  8 

Lat. N. 26O 17' 18".83; Long. E. 81' 14' 50".30 = 5 26 59.4; Height above Mean Sea Level, 409 feet. 
October 1846 ; observed by Captain A. 5. Waugh with Syud Meer plohain's l s iuch  Theodolite. 

- 
Ctanercrl M e u ~  

~ ~ 4 ~ ' 3 4 " ' 2 8  

Angle 
between 

9 

& 
XVI 

Star observed a Ursm Minoris (East and West). 
Mean Right Ascension 1845'0 
Mean North Polar Dista~ice 1895.0 

lh 3; 3J1 
1' 31 I :41 

Local Mean Times of Elongation, Oct. S Eastern 6h a0m 
Western 1 8  1% 

Meam of Circle-readings, bleecope being eet on a. M. 

, V1' 1W1' ](PI' 19Cfl WS' zo(P8' 8004' 81008' @4' ezo"$ w1' 89001' 

a a v m v w a a v w I Y 

33-00 36-03 33.11 31-98 36-30 32-61 36-15 37-70 33;75 33;95 31;58 34;05 
t t t t f f s s 

O k n e d  
Hori.o,,W ble : 
D8. of 

Muk-Btar 

o r  rr 

+ i 5 12'10 
5 9 - 9 0  
5 21-13 
5 24-70 

+ 4 27 35-87 
27 31-50 

+ r 5 49.24 
5 36'77 
5 16-17 
5 20.97 

+ 4 26 49'03 
26 59-70 

+ I 5 23'40 
5 17-40 
5 10.17 

5 6-70 

rr 

4 

Od. 8 

,, 8 

,, 4 

#I 4 

#P 6 

R e d u d  Oboervation 
Ref. Mnrk- Star 
.t Elongation 

o r  a 

+ i 4 56-30 
54-62 
61-41 
60'33 

+ 4 27 37.08 
33'83 

+ I 5 6'54 
5-36 
5-70 
2'80 

+ 4 27 34'79 
33.10 
35'54 
3 3 '07 

+ r 5 8'36 
7'47 
12'56 
10.92 

PACE 

.E 6 g 
3 w 

9 n C  

1 44 
5 1 0  
13 54 
16 46 

3 53 
10 o 

26 45 
23 17 
13 48 
17 o 

29 15 
26 14 

15 13 
12 41 
2 15 
0 4 7  

PA01 LEPT 

R.ed~~ction in 
Arc to Time of 

Elonption 

I II 

- o 9'76 
0 5-21 
o 41-29 
0 53'07 

+ o 59-88 
0 47-33 

- o 8-13 
0 3-61 
o 0.06 
0 1-30 

+ o 15-89 
o 10'26 
0 1 - 0 1  

0 3-04 

- 042.00 
0 33'36 
o 10'70 
o 15-64 

Obwned 
Horizond An&: 
Diff. of Rssdingr 
Ref. lluk-8W 

o r  

+ I 5 6-06 
4 59'83 
5 42-70 
5 53-40 

+ 4 26 37-20 
16 46-50 

+ i 5 14-67 
5 8-97 
5 5'76 
5 4-10 

+ 4 27 18' o 
27 22. % 4 
27 34'53 
17 30'03 

+ r 5 50.36 
5 40.83 
5 23'26 
5 26-56 

-- 

E. 

W. 

E. 

W. 

E. 

.? EI g 
ZP" & = 
+ 4 

? I 8 8  

13 o 
9 30 
26 44 
30 18 

32 12 
28 37 

11 52 

7 55 
I I 

4 45 

16 35 
13 20 

4 11 
7 15 

27 o 
24 4 
13 36 
16 27 

BIORT, 

Beduotion in 
Am to Time of 

Elongation 

I 

- o 0.43 
0 1 - 5 4  
o 11-17 
o 16-24 

+ o 0'87 
o 5'78 

- o 41'24 
0 31'24 
o II'OI 
o 16-69 

+ 0 49-41 
0 39-79 

- o 13'37 
0 9'29 
o 0'29 
00'03 

o I 

o 8 
& 

180 8 

o 8 
& 

180 8 

10 10 
& 

190 9 

10 g 
& 

Igo I 0  

m 11 
& 

200 10 

Beduced Ohmation 
Bef. Mark-Star 

mt Elongstion 

9 1  r 

+ I 5 11'67 
8-36 

+ 4 27 36-74 
37-28 

+ I 5 8-00 
5-53 
5-16 
4-28 

+ 4 27 38'45 
39-49 

+ I 5 10'03 
8-11 
9'88 
6-67 



PRINCIPAL TRIANGULATION. BZIMUTHAL OBSERVATIONS. 69-, 

Q. PACE &BPI! t FAOE BIQET 

Obwmed 

Oct. 6 

,, 6 

,, 6 

,, 'I 

PI 1 

,, 8 

I, 8 

n 9 

n 9 

,, 10 

" 10 

W. 

E. 

W. 

%. 

W. 

E. 

W. 

E. 

W. 

E. 

W. 

V 

0 I 

20 10 
& 

100 I 0  

30 5 
& 

210 5 

30 5 
& 

210 5 

40 11 
& 

220 11 

40 11 
& 

220 I 1  

50 7 
& 

230 7 

50 7 
& 

230 7 

o 8 
& 

180 8 

o 8 
& 

180 8 

10 g 
& 

'90 9 

IO& 

'90 9 

0 I  I1 

+ 4 27 27-33 
27 31-50 
27 35'27 
2728'56 

+ I 5 7-23 
5 3-13 
5 8-50 
5 9-70 

f 4 27 12.04 
27 18'00 

27 23-63 
27 21*1o 

+ I 5 41-37 
5 26'53 
5 25'40 
5 31-46 

+ 4 27 33-50 
27 35'33 
27 31'66 
27 29'93 

f I 5 34-30 
5 23-33 
5 28'93 
5 28-90 

+ 4 27 29-70 
27 26-70 
27 23'44 
27 20'00 

+ I 4 59-83 
5 4'30 
5 21-03 
5 27.10 

+ 4 27 ~9.70 
27 29-60 

17 ~3.24 
17 21-40 

.t I 5 37'40 
5 25'03 
543'14 
552'ao 

+ 27 31*40 
27 34'54 
27 30'86 
27 25'37 

m r 

9 I3 
6 24 
6 37 
9 5 6  

4 44 
1 37 
7 51 
10 42 

18 16 
I4 44 

9 19 
12 19 

23 o 
19 4 
17 20 
19 57 

6 47 
a 6 

7 36 
10 10 

21 56 
18 47 
19 12 
21 30 

I 2 

I 41 
9 16 

1 1  41 

o 10 

3 33 

:: . 
4 50 
I 40 
8 2a 

1 1  3 

zo az 
16 38 

2329 
2640 

4 5 
1 18 

7 5 
10 8 

I * 
t o 4'90 

o 2'37 
0 2'52 
0 5'70 

- o 1-29 
O O'I5 

3-56 
o 6-62 

+ 0 19'29 
o 12'54 
0 5-00 
o 8-75 

- 0 30'51 
0 20'96 

0 17'37 
0 22-99 

+ o 2'66 
0 0'25 

0 3'33 
0 5'97 

- 0 27-75 
0 20'34 
0 21-32 
0 26-71 

+ o 0'06 
o 0'16 
0 4'95 
o 7-88 

- o 0.00 
0 0'73 
0 13'43 
0 19.68 

+ o 1-35 
o 0'16 
o 4-04 
0 7-05 

- o 23-91 
o 15-97 
031'88 
041'07 

+ o 0'96 
o 0.10 
o 2-89 
0 5'93 

O I *  

+ 4 27 32-23 
33'87 
37'79 
34-26 

+ I 5 5-94 
2.98 

4-94 
3'08 

+ 4 27 31'33 
30' 54 
28-63 
29-85 

+ 1 5 10.86 
5'57 
8-03 
9'47 

+ 4 27 36.16 
35'58 
34'99 
35-90 

+ r 5 6.55 
2-99 
7-61 
2-19 

+ 427 29'76 
26-86 
28-39 
27'88 

+ I 4 59-83 
63'57 
67-60 
69-42 

+ 4 27 31.05 
19-76 
27-28 
18-45 

+ I 5 13-49 
9-06 
11-26 
11-13 

+ 4 27 32-36 
34'64 
33'75 
31'30 

* r  * 
f 4 27 6-53 

27 15-36 
27 7-83 

+ I 5 36-63 
5 18.03 

5 38'23 
5 47'46 

+ 4 27 31-46 
27 33.80 

+ 1 5 9'70 
5 6'27 
5 6-83 
5 9-53 

i- 4 27 9-07 
27 15-40 
27 8-40 
17 0.57 

+ I 5 11'03 
5 8.47 
5 5-17 
5 8'70 

+ 4 27 12'20 
27 17-14 
27 1-83 
26 48-20 

+ 1 5 16-94 
5 19-33 
6 4-07 
6 14.87 

+ 4 27 10.90 
27 22-63 
27 6-40 
a6 54-20 

+ 1 5 13-90 
5 10.63 

5 14-96 
5 20'07 

+ 4 27 16'86 
27 20.87 
2656.27 
26 46.36 

m a  
21 50 
18 27 

23 14 

21 19 
14 10 
22 31 
25 13 

5 58 
3 15 

8 12 
5 14 
4 35 
7 39 

18 22 
I5 24 
19 18 
23 13 

8 13 
5 27 
6 31 
8 59 

14 56 
1 1  29 
21 39 
24 56 

16 31 
I3 I3 
30 49 
32 5 5  

18 29 
14 19 
21 55 
25 55 

6 33 
j 40 
9 19 
12 14 

17 14 
13 54 
25 7 
27 51 

I I 

+ 027'57 
0'19'67 
0 31-10 

- 026.20 
0 11'58 
0 29-31 
0 36'77 

+ 0 2-05 
0 0'61 

- o 3'88 
o 1-58 
0 1'21 

O 3'38 

+ 0 19-49 
o 13-71 
0 21.49 
o 31'06 

- 0 3-90 
o 1-71 
0 2-45 
o 4.66 

+ 0 12-88 
o 7-63 
o 27'04 
o 35.82 

- o 15-73 
o 10'09 

0 54-85 
I 2-61 

+ o 19-75 
o 11'83 
o 27'71 
o 38-70 

- o 2-48 
o 0'77 
o 5-20 
o 8.64 

+ 0 17.15 
o 11-17 

036'37 
o 44.66 

0 1  1 

+ 4 27 34-10 
35 '03 
38'93 

+ 1 5 10.43 
6-45 
8-92 
10'69 

+ 4 17 33-51 
34-41 

t t 5 5-82 
4-69 
5-62 
4-15 

+ 4 27 28-56 
29. ~a 

19-89 
31 '63 

+ 1 5 7-13 
6-76 
1-72 
4-04 

+ 427 25'08 
14-77 

. 38-87 
14 '02 

+ I 5 11'21 
9-24 
9-22 
la-26 

+ 4 17 30.65 
34'46 
34-11 
32'90 

1 5 11'42 
9'86 

9'76 
11'43 

+ 4 27 34-01 
32 '04 
32'64 
31 '02 



6%. KARARA KERIDIONAL SERIES. 

Abstract of Astronomical Azimuth observed at XXIV (Sora) 1845. 

1. By Eastern Elongation of a Ursre Minoris. 

Face L B L B L B L B L B L B 

gero 00 180' 10" 190' 20' 200' 800 210" 40' 220' M)O 2 W  

Date October 9 October 10 October 11 October 12 October 7 October 8 

I# 11 11 II 11 II 11 11 11 11 II n 

*58'87 '74.24 '69.11 *70'57 '70.87 *7aS54 *68-45 *72.94 70.86 65-81 66'55 67-13 
9 7 '  19 '70.93 '67.93 *68'1o '69'98 *70-62 *65'49 *68'96 65'57 64'69 62'99 66'76 

Obeerved difference *63*98 *;2'53 '68.27 '67.73 *75'07 *72.39 '67.45 *71'43 68-03 65-61 67'61 61-73 
of Circle-Readings, *62.90 'j1.03 '65.37 e66.85 *73'43 '69'18 '65.59 '73'20 69-47 64-15 62-19 64'04 

Ref. M.-Star 59-83 71.21 73'49 71-42 65'35 67'34 64'66 76-27 
reduced to Elongation 63'57 69'24 69.06 69'86 62-66 67'78 67-17 78-01 

67'60 69'22 71.26 69'76 73.88 69'97 60.79 70.84 
67'42 72.26 71-13 71'43 70'44 71-42 59-89 70-83 

Meane 62'67 71-33 69'45 69'47 70.21 70.16 64'94 72.81 68-48 65-07 64'84 65-16 

0 I 11 11 11 I1 11 N 

Meane of both facea + I 4 67-00 69'46 70.18 68.88 66.78 65-00 
h . o f  Starfr.Y.,byW. 181 41 10.68 10.23 9-04 9'45 11 '57 11.13 
Az. of Ref. M. ,, 182 46 17'68 19-69 20-02 18-33 18-35 16-13 

4 
3 

1 

Od. 11 

11 

,, El 

)I 12 

NOTI.-Where observatio~is occurred on the same pair of zeros on different nighb they are reduced in this abstract to one data-the most convenient-by 
allowing for du'r o w e  of p k .  The date ro adopted sppeam & the head of the column, and the redwed observation is preceded by an aateribL, 

- - - 
- 

B 
H 

E. 

W. 

E. 

W. 

Obmwed 
HOrimw A.gb : 
Diff. of Readings 
M M m k - h  

o r  n 

.+ I 5 29-87 
5 19-10 

5 58-31 
6 3-54 

+ 4 27 17'47 
27 23-46 
2655'23 
26 47'97 

+ I 5 ~ 9 ' 8 0  
5 23.56 
5 18-27 
5 21-43 

+ 4 27 28.60 
27 29-80 
27 25-16 
27 18-46 

)1 
0- 9: 

s j a  
'2 

gr 
g4 

0 I 

20 10 

& 
200 I0 

20 10 

& 
200 I0 

30 4 
& 

210 4 

30 4 
& 

210 4 

Obeerved 
H~~~~~~~ Angle. 

of 
&I. ~ ~ k -  

o r  n 

+ I 5 7 - 7 0  
5 7-87 
5 ao.10 
5 30.60 

+ 4 27 29-10 

27 29.37 
27 20.47 
2715'20 

+ I 518'50 
5 18'67 
5 '2.40 
5 14'50 

+ 4 27 15-74 
27 20'03 
27 1-40 
26 47'63 

Reduced Obwvation 
Bsf. Mvk-Star 
It 

0 1  n 

+ I 5 3-35 
2'06 

13-88 
10.44 

+ 4 27 33'34 
34' 25 
35-22 
37-75 

+ I 464'66 
67-17 
60' 79 
59'89 

+ 4 27 29'38 
29.82 
30' 16 
27 '67 

PACB 

2 8.: 
E $ 
i g g  

9 m a  

20 37 
16 53 

27 44 
30 53 

16 34 
13 4O 
2621 
29 24 

2053 
16 51 

17 23 
19 45 

3 40 
0 39 
g 19 

12 38 

FACIE 

.5 S 5 
7 2 3 

j 2 p 

m 8  

2 30 
I 17  I 

1.3 14 
18 13 

2 40 
o 36 

I I  31 
1431 

6 13 
3 2% 

5 12 

7 58 

17 21 

13 59 
23 15 
28 5 

LBRT 

Eeduction in 
Arc to Time of 

E1On@ion 

I I 

- 0 24-52 
o 16'44 

0 44'46 
0 55'10 

+ o 15-87 
0 10'79 

039'99 
0 49'78 

- oa5-14 
o 16'35 
o 17-48 
0 22.54 

+ 0 0'78 
0 0 '02 

o 5'00 
o 9'21 

BIQIIT 

Reduction in 
bo to Time of 

Elongation 

I * 
- o 0'36 

o 0.09 
o 10.13 
o 19-18 

+ o 0.41 
o 0'02 

o 7'65 
012'16 

- o 2-23 
o 0'66 
o 1-56 
0 3'67 

+ o 17-40 
0 11-29 
o 31-14 
0 45.M 

R e d u d  Oboenation 
h f .  Yuk-S& 
at Elongation 

0 1 I1 

+ I 5 5-34 
7-78 
9'97 

11.42 

+ 4 27 29.51 
29-39 
28' 12 

~7 '36 

+ I 516-27 
18-01 
10.84 
10.83 

+ 4 zf 33-14 
3 1-32 
32-54 
33'07 



PRINCIPAL TRIABiGULATION. AZIMUTHAL OB8ERVATION8. 

Abstract of Astronomical Azimuth observed at XXIV (Sora) 1845-(Contit~ued). 

2. By Western Elongation of a Ursae Minoris. 

FW L a L 11 L a L a L a L a 
Zero 0" 180° 10" 190'' 2Q0 200' 800 210' 40' 220" 500 2300 

Date October 9 October 10 October 11 October 12 October 7 October 8 
I1 I f  11 If  I f  I1 # I  11 I1  I1  a a 

*34-52 *34-18 '32-aa *35'88 e29.78 '31.65 '28.76 *30a94 36-16 28-36 29-76 25-08 
*31'27 *3$'72 *30'j3 '36'92 *31'4a 8.32.58 *27'97 '31.84 35-58 29-12 a6.86 24.77 

Observed difference 31-05 30'65 *31'97 34-01 '35.34 '36.48 '26.06 33'14 34-99 29.89 28-39 18'87 
of Circle-Headings, 29-76 34'46 *30'50 32-04 *31'81 29'51 *2;'28 31-32 35-90 31-63 27-88 24.0~ 

Raf. M. -8tar a7.28 34'11 32-36 32'64 33-34 29'39 29-38 32'54 
reduoed to Elongation 28'45 3a.90 34'64 31.01 34'a5 28-12 29'82 33'07 

33'75 35.22 21-36 30'16 
31-30 37'75 27-67 

Means 30.39 33-50 32.28 33-75 33-61 30'73 18-39 32-14 3j.66 29-80 28-20 25.69 

0 I I1 I1 If  I1  If w 

Meana of both faces + q 27 3 r -9; 33 '02 32-17 30'27 32' 7.3 26-95 
Az. of Star fr. S., by W. 178 18 49-54 49'99 50.32 50'77 48.6.5 49 ' 10 
Be. of Raf. M. ,, 18% 46 21-49 23-01 2% ' 49 21 '04 21-38 16-05 

* 

... ... ... I by Eastern Elongation ... 
... Astronomical Azimuth of Referring Mark by Western ,, ... ... ... 

Mean ... ... ... ... 
... ... ... Angle Referring Mark and XXV (Janai) see below ... ... 

Astronomical Azimuth of Janai by observation ... ... ... ... ... ... 
Geodetical Azimuth of ,, by calculation from that adopted (701. 11, page 141) at 

... ... Kalihnpur, eee page 46-, m t e  ... ... ... ... ... 
Astronomical-Geodetical Azimuth at XXIV (5ora) ... ... ... ... ... 

Xmm-Where obeew&tionr oocurred on the mnme pair of saroa on different nights they are reduced in this abetmot to one date-the mart convenient-b 
allowing for rtu'r chrnge of p h  The date m adopted appean at the head of the wluurn, and the reduoed obaerntioa ir preoeded by on luteiink. 

At XXIV 

October 1846 ; observed by Captak A. 8. Wmgh with Syud Meer Hloirsilo'e 18-inch meodotfte. 

J. 6. N. HLNNESSEY, 

I n  chatge qf C m .  Ofice. 

Angle 
behreen 

'* *. it 
XXV 

* 

Maus of Circle-readings, telescope being set on 8. M. 

vw 1 8 0 0 ~  iooict 1 9 0 0 1 ~  w i Q  m 1 V  8oOV ~ i o o Y  40011' $40011' W7' W 7 '  

11 11 11 If  I1  11 11 I f  I1  I f  I f  I1  

5r;24 39-20 ~;.+g 3g;40 43;13 41;59 51;48 43;96 42;OO 35;75 45;'5 46;07 
s 

7 

& n d  Mean 

56056' 433"'63 















List of PubZished W o r b  of the @reat TrigonometricaE Szwvey of Irvldicc. 

An Account of the Measurement of an Arc of the meridian between the parallels of 18" 3' 
and 24" 7', being a continuation of the Grand Meridional Arc of India as 
detailed by the late Lieutenant-Colonel Lambton in the Volumcs of the 
Asiatic Society of Calcutta. By Captain George Everest, of the Bengal Artillery, 
F.R.S., kc. London, 1830. 

An Account of the Measurement of two Sections of the Meridional Arc of India, bounded by 
the parallels of 18" 3' 5"; 24" 7' 11" ; and 29" 30' 18". By Lieutenant-Colonel 
Everest, F.R.S., kc., late Surveyor General of India, and his Assistants. London, 1M7. 

Account of the Operations of the Great Trigonornetrid Survey of India. 

Volume I. The Standards of Measure and the Base-Lines, a180 an Introductory Account 
of the early Operations of the Survey, during the period of 1800-1830. 
By Colonel J. T. Walker, R.E., F.R.S., &c., kc., Superintendent of the Survey. 
Dehra D6n, 1870. 

Do. 11. History and General Description of tlie Principal Triangulation and of its 
Reduction. By Colonel J. T. Walker, C.B., R.E., F.R.S., kc., kc., Surveyor General 
of India and Superintendent of the Survey, and his Assiatantu. Dehra Dhn, 1879. 

Do. 111. The Principal Trian,plation, the Base-Line Figures, the Kar&chi Longitu- 
dinal, N.W. Himalaya, and Great Indus Series of the North-West Qua- 
drilateral. By Colonel J. T. Walker, R.E., F.R.S., kc., &c., Superintendent of the 
Survey, and his Assistants. Dehra Diin, 18'79. 

Do. IV. The Principal Triangulation, the Great Arc (Section 24"-30°), R a h h ,  Gurhdgarh 
and Jogi-Th Meridional Series, and the Sutlej Series of the North-West 
Quadrilateral. By Colonel J. T. Walker, R.E., F.R.S., &c., kc., Superintendent 
of the Survey, and hia Assistants. Dehra Dhn, 1879. 

Do. ' V. Details of the Pendulum Operations by Captains J. P. Basevi,.R.E., and 
W. J. Heaviside, R.E., and of their Reduction. Prepared under the directions 
of Major-General J. T. Walker, C.B., R.E., F.R.S., kc., kc., Surveyor General of 
India and Superintendent of the 'higonometrical Survey. Dehra D6n and Calcutta, 
18'79. 

Do. VI. The Principal Triangulation of the South-East Quadrilateral including the 
Great kc-Section 18" to 24", the East Coaat Series, the Calcutta and the 
Bider Longitudinal Series, the Jabalpur and the B U p u r  Meridional Series, 
and the details of their Simultaneous Reduction. Prepared under the direc- 
tions of Major-General J. T. Walker, C.B., R.E., F.R.S., kc., kc., Surveyor General 
of India and Superintendent of the Trigmometrical Survey. Dehrs D h ,  1880. 



List of Publhhed Work8 of the Great Trigonometrical Survey of India-(Conti7tued). 

Synopses of the Results of tlie Great Trigonometrical Survey of India, comprising 
Descriptions, Co-ordinates, &c., of the Principal and Secondary Eltations and other Fixed 
Points, of the Several Series of Triangles, as follows ;- 

Volume I. The Great Indus Series, or Series D of the North-West Quadrilateral. By 
Colonel J. T. Walker, R.E., F.R.S., kc., kc., Superintendent of the Survey, and hia 
Assistants. Dehra DGn, 1874. 

Do. 11. The Great Arc-Section 24' to 30°, or Series A of the North-West Quadrilateral. 
, By Colonel J. T. Walker, R.E., F.R.S., tc.,  kc., Superintendent of the Survey, and his 

Assistants. Dehra Dlin, 1874. 
Do. 111. The Karachi Longitudinal Series, or Series B of the North-West Quadrilateral. 

By Colonel J. T. Walker, R.E., F.R.S., kc., tc.,  Superintendent of the Survey, and hie 
Assistants. Dehra Dlin, 1874. 

Do. IV. The Gurhhgarh Meridional Series, or Series F of the North-West Quadrilateral. 
By Colonel J. T. Walker, R.E., F.R.S., kc., kc., Superintendent of the Survey, and his 
Assistants. Dehra Dlin, 1875. 

Do. V. The Rahdn Meridional Series, or Series E of the North-West Quadrilateral. 
By Colonel J. T. Walker, R.E., F.R.S., kc., kc., Superintendent of the Survey, and his 
Assistants. Dehra D h ,  1876. 

Do. VI. The Jogi-Tila Meridional Series, or Series U, and the Sutlej Series, or Series H of 
the North-West Quadrilateral. By Colonel J. T. Walker, R.E., F.R.S., kc., kc., 
Superintendent of the Survey, and his Assistants. Dehra Dhn, 1875. 

Do. VII. The North-West Himalaya Series, or Series C of the North-West Quadrilateral, 
and the Triangulation of the Kashmir Survey. By Major-General J. T. Walker, 
C.B., R.E., F.R.S., kc., kc., Surveyor General of India and Superintendent of the Survey, 
and his Assistants. Dehrtl DGn, 1879. 

Do. VIII.  The Great Arc-Section 18" to 24", or Series A of the South-East Quadrilateral. 
By Colonel J. T. Walker, C.B., E.E., F.R.S., kc., kc., Superintendent of the Survey, 
and his Assistants. Dehra Dlin, 1878. 

Do. IX. The Jabalpur Meridional Series, or Series E of the South-East Quadrilateral. 
By Colonel J. T. Walker, C.B., R.E., F.R.S., kc., kc., Surveyor General of India and 
Superintendent of the Survey, and his Assistants. Dehra D h ,  1878. 

Do. X. The Bider Longitudinal Series, or Series D of the South-East Quadrilateral. 
By Major-General J. T. Walker, C.B., R.E., F.R.S., tc . ,  bc., Surveyor General of 
India and Superintendent of the Survey, and his Assistants. Dehra D h ,  1880. 

Do. XI. The BUapur Meridional Series, or Series F of the South-East Quadrilateral. 
By Major-General J. T. Walker, C.B., R.E., F.R.S., bc., kc., Surveyor General of 
India and Superintendent of the Survey, and hie Assistants. Dehra D h ,  1880. 

Do. XII.  The Calcutta Longitudinal Series, or Series B of the South-East Quadrilateral. 
By Major-General J. T. Walker, C.B., R.E., F.R.S., tc., kc., Surveyor General of 
India and Superintendent of the Survey, and his Assistants. Dehra D6n, 1880. 

Do. XIII. The East Coast Series, or Series C of the South-East Quadrilateral. By Major- 
General J. T. Walker, C.B., R.E., F.R.S., kc., kc., Surveyor General of India and 
Superintendent of the Survey, and his Assistants. Dehra Dhn, 1880. 
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