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The present volume forms one of that series of publications, known as the "Account of the Operations 
of the Great 7Figmometrical Survey of India", of which the design is, as has already been stated in the 
second volume of the series, '< to give full reporta-historical and descriptive--of the nature and the general 
6tprocedure 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 facts of observation and the 
gcmethoda of reduction by which these facts have been combined together and duly harmonized; and, lastly 
rc to give the results which have been arrived at after the final reduction of the operations." 

The first volume of the series accordingly gives the details of the measurements of the aeveral base- 
lines on which the triangulation of India rests, together with a discussion of the instruments with which the 
measurements were made, and the theoretical probable errors of the results. Volume I1 describes the principal 
triangulation, the theodolites with which it was executed, the procedure adopted in observing the angles, and all 
necessary details of the operations carried on in the field; it further describes the processes by which prelimi- 
n a y  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 junction8 of the chains with each other and with the base-lines are 
eliminated, with the closest possible approach to mathematical rigour. I t  states briefly at page 28, and ex- 
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. It shows how the whole of the triangula- 
tion with the exception of two chains, viz., the Jodhpore and Eastern Sind Meridional Series, which were 
afterwards executed, 'contained in the first of these sections-known as the North-West Quadrilateral-was 
reduced simultaneously; and, together with Volumes I11 aud IV, it gives all the facts of angular observation 
appertaining to that Quadrilateral, full details of the preliminary and the h a 1  reductions of the angles 
and the several trigonometrical figures, and finally, the resulting values of the lengths and azimuths of the 
sides of the triangles and the latitudes and longitudes of the stations. The details of the reduction of the 
two chains afterwards added to this Quadrilateral are published in a supplementary Volume numbered IV A. 

Volume V deala with a subject of its own, the Indian Pendulum Operations, which being quite uncon- 
nected with the triangulation need not be here noticed. 
,; . 

Volume M treats entirely of the triangulation appertaining to the South-East Quadrilateral, tile 
second of the five great sections into which the principal triangdation of India has been divided for final 
reduction. I t  commences with a brief recapitulation of the formulae employed in the calcnlations, in order 
to obviate the neceseity for frequent reference to Vol. 11, and then gives h t ,  a complete exposition of 
the airnu1)Pneoae reduction of the six chains or series of triangles forming the South-Esst Quadrilateral; 



P R E F A C E .  

and afterwards, for each series, an introductory account of the operations, a descriptive list of the stations, 
an abstract of the observr;tione of esch angle, full details of the preliminary reductions of the angles-made to 
satiafy the geometrical congitions of the trigonometrical figures-the h a 1  values of the angles h e r  having 
been corrected to satisfy the conditions of tile Quadrilateral, and lastly, the resulting values of the length 
and azimuth of the sides, and of the latitudes and longitudes of the stations of the triangulation. 

I n  like manner Volumes VII and VIII treat of the triangulation appertaining to the North-East 
Quadrilateral, the third of the five great sections before alluded to, and contain full details of the observations, 
reductions and final resulte of the sixteen chains or series of triangles embraced within its limits. 

Volumes IX and X are devoted to the Electro-Telegraphic Longitude Operations which have been 
carried out by the Survey of India Department; but aa these operations are not yet complete, the time 
has not arrived for aolviug the equations of condition, presented by the several arcs of longitudm already 
meanured, and no combination of the results with thoee of the triangulation is at present possible; and 
therefore the subjects of Vols. IX and XI like that of Vol. V, may be considered aa distinct from that of the 
other volumea. 

Volume XI, is also a subject by itself, oiz., the Ahnomica1 Observations for Latitude which have 
been carried out by the Great Trigonometrical Survey at intervals from the commencement of the present 
century. 

Volumes XII and XI11 are devoted the Southern Trigon, the fonrth of the five g k t  sections into 
which the principal triangulation hos been divided for reduction, and contain details similar to thoee in Vols 
111, IV, VI, VII and VIII. 

Tile present volume, No. XIV, is devoted to the South-West Quadrilateral, the last of the five great 
sections above alluded to. With thin the reduction of the whole of the triangulation of India proper is 

. complete. 

In  order that the reader may obtain a clear conception of the triangulation of India os a whole, and the 
position of the Section now under consideration relatively to the other Sections, a Skeleton Chart of the 
Principal Triangulation of Iudia is given faciug thin page. Iu 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 800, where it terminates on the Dehra E n  Base-line at the foot of the Himayala Mountains, 
forms the back-boue of the triangulation, and is well known as the Great Meridional ~k of India, which 
wan commenced by Colonel Lambton in Southern India, a ~ ~ d  carried northwards to the Himalayas by Colonel 
Evereet; Colonel Lambton's portion baa been revised of late years, with all the refinement which the latest 
and beet instruments and the most approved procedure rendered possible. Of the remaining chains, some 
were accomplished in the earlier days of the Survey, when the instrumental equipment wse generally very 
inferior to what it 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 still imperfect; other 
chains were executed iu more modem times, with the best instruments and with the utmost possible refine- 
ment in every particular. The chains last executed are generally on a par with the Great Arc itself, while 
some are superior to it in accuracy. I t  so happened that lines of demarcation could be dram I~roadly 
between the several chains of triangles, in such a manner aa to divide them into separate gronpe, each p u p  
containing a large number of interdependent chaine; this circumstance was therefore availed of in designing 
the great sections into which the triangulation had to be divided for final reduction. The bounding chainr 
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 dl, of which four are 
quadrilateral figures, while the fifth-which lies to the south of the othera-in a trigon. The four Quadri- 
laterah meet at the point Kdihpur, (approximately in latitude 240 by longitude 780) which ran employed 
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by Colonel Ererest an the centn l  or reference station of the triangulation; they are therefore distinguished 
by the correrponding c a d i d  points-North-Ead, South-East, South-Weat, and North-West-with reference 
to the centrel h t b .  

It baa already been shown, in Section 7 of Chapter I, .Vol. 11, that the most accurate of dl the . 

Ehain. of triangles are those which enter the North-Weat and the South-East Quadrilaterals; the least 
mura te  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 waa ready to be put in practice, the 
Simultaneous Reductions were taken in haud in the following order,jE+rt the North-West Quadrilateral, 
t e d y  the South-Eset and thirdly the North-Eaat Quadrilateral; after which the two additional seriea 
of the North-West Quadrilateral were reduced, foacrthly the Southern Trigon and$fthly the South-West 
Quadrilateral. Volume XIV contains full details of the observations, reductions and final results of the 
whole of the triangulation which is contained within the limits of the- South-West Quadrilateral. 

Any description of the triangulation of this Survey and the operations connected therewith, from the 
observations of the anglee to the deduction of the most probable and therefore final results, ia naturally sub- 
divisible under six heads; $rat, the general priuciples in accordance with which the operations have been 
conducted ; u e d ,  the practical execution of the measurement of the angles ; third, the general principles 
followed in the combination and adjmtment of the individual angular measures, with a view to satisfying 
all the geometrical condition1 involved. as well aa 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 ; $fth, the Simultaneons Reduction of each of the group0 of chaina, or 
sections, into which the triangulation has been divided for convenience; and uixth, the presentation of 
the most probable valnes of the magnitudes of the angles, of the lengths and azimuths of the sidee of the 
triangles, and of the latitudes and longitudes of the stationa of the triangulation, which are the final resulto 
of the several reductions. The first and third of theae branches of the subject are of general application 
and they form the principal matter of Volume 11, which is introductory to all aubaeque~~t volumee relating, 
to the triangulation. The second, fourth and sixth branchee have special reference to individual seriea or 
chains of trianglee. The fifth has reference to each of the sections or aggregati~ns of chains grouped together 
for simultaueoua reduction. I n  the present volume it hos not been nemwary to touch otherwise than lightly 
on the first and third divisions of the subject; hut the remaining divisions, including the Simultaneour 
Beduction, are dwelt on at length, and full numerical details are given of dl the chains of trianglea. 

For their linear and geodetic elemente the whole of the above chaina of triangles are dependent on the 
dnrl elemente of the Kadchi Longitudinal and Bombay Longitudinal Series, aa derived from the North-Weat 
Quadrilateral and the Southern Trigon. 

The chains are :- 

The present volume is divided into two parts. Part I is devoted to the Simultaneous Reduction of the 
Quadrilateral. Part 11 ir devoted to the details of the six chains of triangles comprising the Quadrilateral. 

G. The Khtlnpieura Meridional Series. 
I. Tbe Abu Meridional Seriea. 
K. The Gwerat Longitudinal Seriea. 

Chapter I gives a general account d the several chains of triangles, indicates the dependency of the 
Quadrilateral on the North-West Quadrilateral and Southern Trigon for ib fixed data, and describes the 
rtractare of the principal stationr. 

H. The Singi Meridional Series. 
J. The Kattyrar Meridional Seriea. 
L. The Cutch Cosst Series. 
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Chapter I1 describes the procedure followed in the measurement of the horizontal angles, and the 
methods lrdppted in determining the weights of the angles which were respectively measured with the primarp 
and the modern theodolites; it quotes the mathematical formulae employed in the rduction.of the triangula- 
tion from Volume I1 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 i t  indicates the 
general principles of the Simultaneous Reduction of the Quadrilateral. 

Chapter I11 gives full details of the Simultaneous Reduction as follows :- 
First. Some preliminary remarks on the character of the triangulation. 

Second. A synopsis of the independent partial reductions antecedent to the Simultaneous Reduction. 

Third. A description of the Reduction Chart which is given at the endwf the volume, and a careful 
study of which is essential to a clear understanding of the several processes of calculation. 

Fourth. A general out-line of the formation of the several Linear and Geodetic Equations of condi- 
tion, M in number, which had to'be satisfied, in order to produce the requisite consistency in the triangulation 
per se, and between it and the fixed elements on which it depended. 

fifth. The method of constructing the coefficients of the Unknown Quantities in the equations of 
condition, showiug the general notation which was adopted for expresaing 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 uuknown quantities into each of the equations of condition. 

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

Simultaneous 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. 

Eleventh. The numerical values of the p and +s, the geodetic summations-exhibited in the table at  
page 36-which are required in forming the coefficients of the unknown quantities (the angular errors) in 
the geodetic equations of condition. 

Twelfth. The numerical values of the coe,fficients, 3 and c, of the unknown quantities in the several 
linear and geodetic eq.uations of condition. 

Thirteenth. The Weights of the Angles : the method of determining the value of the modulus which 
had to be app1ied.h each instance, in order to convert the preliminary weights of angles measured with 
different instruments 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 calculation 
of the several moduli, with remarke on the results; and finally, the values of the weights which were employed 
in the Simultaneouv Reduction. 

Fourteenth. The coefficients, 16 and &, of the Indeterminate Factors, in the equations in which the 
values of the Angular Errora are expressed in terms of those factors. 

Afteenth. The equations between the Indeterminate Factors, showing every significant coefficient 
and absolute term as i t  stood, firat on the formation of the equations, secondly with the application of certain 
equalizing factors and thirdly after the successive eliminations of individual factors in the process of aolution; 
finally, the numerical value. of the Factors are given. 
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SiPieenfh. The d u e s  of the Errors, x, y and z, of the anglea of each circuit triangle, readting 
6wm the Simultaneone Reduction and the.subsequent apportionments of residual error. 

.Seuedeenth. The h a 1  resalts of the Simultaneous Reduction. 

Chapter IV gives the Reduction of N o n - C i d t  T r i a n g l ~ ~ z . ,  the triangles excluded from the 
Simultaaeone Reduction-which WM needed for the final adjustment of their angles to satisfy the geometrical 
conditions of the polygonal figures to which they appertPia Thie ia followed by a Note on some of the detaila 
of the Simnlbeoua Reduction. 

This portion of the present volume gives full detaila of the six chains or series of triangles of which 
the Quadrilateral is composed. In  arrangiug these detaila for publication it haa been found convenient to 
give the whole for each series-from the observations of the principal angles to the determination of the 
final reaults, angular, linear and geodetic-in groups by themselves. This hacl been done, Arst, because 
the printing of that part of this volume which is allotted to these details haa extended over several years, 
proceeding pari pasad with the progress of the calculations and the acquisition of data for publication ; thus 
it waa commenced with the Namea and Descriptions of the Stations and the Details of the Observationa of 
the Augles, and then continued with the results of calculation. Secondly, because by taking up each Series 
by itself, much of the matter which was set up in type for this volume could be made available for the 
Synoptical Volumes-aa they are called-which are prepared to supply the data needed for the requirements 
of topographical surveyors operating in the districts passed over by the trian'gulation. The Synoptical 
Volumes contain full detail8 of the several Secondary and Tertiary Triangulations which have been executed 
pari pas& with the Principal Triangulation, for geographical and topographical purposes. The larger 
rolumes--or the Accounts of the Operations, kc. ,-are exclusively devoted to the details of the Principal 
Triangulation, excepting in so far that what has been done in the way of secondary and minor triangulation . 
in each seriea is described in the introduction to the series. I t  was obviously desirable that all matter which 
was 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 grouping was adopted. Thus in Part I1 of this 
volnme, the numberiug of the pages commences afresh for each series, following the order of succession, 
which haa already been indicated at page xi ; it is particulariaed for each series by the addition, as a subscript 
to the number of t$e page, of the letter-G to L--which 11as been adopted as a symbol to indicate the seriea. 

I t  is now deairable to give firat, a summary, and afterwards a general explanation, of the information 
and nnmerieaJ data for each series, the first Series in order-the Khinpiaura Meridional-may be taken aa 
typid. 

.... 1. Introduction ... ... ... ... ... ... page 1x1,~ 

... 2. Alphabetically arranged List of Station8 ... ... ..: ,, 1- 
Q. 

8. ~ h e r i c a l l ~  uranged List of Stations ... ... ... ..* I) 2-a 
... 4 Description d Stations ... ... ... ... Sr 8- 

(3. 

... 5. The Obsemtionr of the Angles, with the Weights of the Concluded Resdta JJ 9-(3a 

..... 6. Data for the Computation of the Theoretioal Errora of the Observed Anglea 

7. The mean Theoretioal Emon of certain group of tbe Observed &lea . . .  4LG. 
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8. Reduction of the Polygohal Figurer ... . , ... ... ....' page a,,. 
... 9. The Final Values of the Sides and Angles of the Triangles ... ,, 65,,, 

10. The Computed Latitudes and Longitudes of the Stations and the Azimuths at 
... each Station ... ... ... ... ... r, 60-,. 

11. The Trigonometrically Determined Differences of Height of the Stations and 
... the Absolute Height of each Station above the ~ e a n  Sea Level ,, 6 L G .  

12 Astronomical Observations of the Azimuth, and their Reduction ... 9, 72,, 

Plate. Diagrams of the several Polygonal Figures contaiued iu 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, aud indicates the work done by each of 
the Assistants. 

2 and 8. I t  has been found convenient to indicate the Principal Stations by a system of numerals, as 
well aa by their names. Consequently at  the commencement 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 namee, in the 
second nnmerically with the names opposite the numbers. Roman numerals have been adopted throughout 
for the nomenclature of the stations which is progressive in order from north to south in meridional chains, 
and from eaat to west in longitudiiial and coast chains, the first number of each Series being unity. 

4. The Descriptions of Stations are baaed generally on those made originally by the observers and 
. entered on the spot into the angle books, subject to such. modifications as are occasioually required to 

take cognizance of any alterations which have been subsequently effected. They give the names of the dis- 
tricts and the sub-divisions in which the stations are situated from the latest Annual Reports furnished by the 
Diutrict Officers to whose charge the stations were committed. For information sa to the general form and 
structure of the stations, reference should be made to Section 4 of Chapter I. 

5. I n  the pages which are allotted to the observations of the angle, 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 observatio~is at each etation. 

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

The Abstracts of Angles give the value of every measure of eaoh angle, for each circle setting, the 
values being arranged in vertical columns at the foot of which the mean is given for the zero. 

For an explanation of the principles by which the changes of zero have been governed, reference 
should be made to Section 1 of Chapter 11. 

The right-hand column of the Abstract of Angles contains the following additional information;-M, 
I 

the mean of the several groups of measures on each setting, w and -3 the weight and its reciprocal, of the 
w 

angle as deduced from differences between individual measures and between individual groups, and C, the 
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- concluded value of the angle as derived from the observations only. For fnllcr explanations reference mu@ 
. be made to Section 4 of Chapter VI I  of Volume 11, to the example at page 34!2 of the same volume, and to 

Section 2 of Chapter I1 of the present volume. 

6 and 7. The Abstrads of Angles are followed by lists of the Sums of Squares of Apparent Errors of 
Single Observations and Single Zeros, which furnish data for the investigation of the average e.m.8 (theoretical 
error of mean aquare) of observation in a single meaaure of an angle, arid the average e.rn.8. of graduatiou plus 
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 same observer, with the same instrument, and under similar condi- 
tions, and then for various combinations of tliese groups. With data thus obtained, from several series of 
triangles, for seven of the large theodolites which have been chiefly employed in the measurement of the 
principal angles, the i~ivestigatiou of the influences of Mixed Errors of Observation and Graduation was 
made which forms the subject of Section 3, Chapter VII, Volume 11. 

8. 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 
principles and the procedure of tliese reductiong will be found iu Chapter VIII  of Volume 11, and the 
formula are given in Sections of Chapter 11 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 arratigement. Diagrams of the figures are given in the plates appertaining to the Seriee. 
'khe small numerals within each of the observed angles correspond to the subscripts to the geueral symbol, x, 
which is employed to indicate the error of any augle, the numerical subscript denoting the angle. Thus on 
referring to the diagram of Figure No. 4!, and to the reduction of that figure on page 48--* of Part I1 of ' 

this Volume, x, is the error of angle 3 at Station XI11 between Statiotis XI1 and XIV. The tabular 
statements of the reductions give, 3rd the observed angles and reciprocals.of their weights; wcordly the 
equations by the solution of which the geometrical conditions of the figure are satisfied,-see equations page 
17 of Part I of this Volume; thirdly the equations between the 'indeterminate factors',-fourthly the values 
of the indeterminate factors; fifthly the values of the angular errors,-and sixthly the summation of the 
product of the Aquare of each error by its weight-the value of which summation 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. In  the group 
of equations between the indeterminate factors, the coefficient of the pth factor in the 9th line is the 
eame 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 lust term in the laet line, the coefficients which are symme- 
trically dispsed on opposite sides of this line will be identical with each other. Consequently only 
the coefficients on,and above the diagonal have been given; the absence of those below ia indicated by * 
asterisks. 

9. Tabular statement of the Triangles. The two first columns of this table give tlie number adopted 
for each triangle to designate ite place in the Quadrilateral; this number is entered in the first column, if the 
triangle appertains to the chains of ningle triangles forming the several circuits whose closing errors are 
eliminated by the Simultaneous Reduction ; it is entered in the second column for the non-circuit tria~iglea 
exterior to the said chains. The trianglea which enter the circuits are shown in the Reduction Chart at the 
end of this volume in h lines, with distillguishing numbens written in the centre; those which do not 
enter the circuits are shown in dotted lines, and their numbers are indicated by numerals of a smaller size than 
the former, commencing witli 173, 172 being the number of the last of the circuit triangles., The columns in 
the table which coutaili the corrections to the observed angles give, f i t  tlie correction for the error of the angle, 
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with reference merely to the triangle or polygonal figure to which it belongs, as obtained from the primarg 
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 errora, should it 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. 

10. The Table of the Latitudes and Longitudes of the Stations and the Azimuths and Lengths of the 
Sides. The principles 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 IX of Volume 11, and the 
formulae are quoted in Section 5 of Chapter I1 of the present volume. All azimuths are referred to the 
south point and are measured right round the horizon, by the west. 

11. The Determinations of the Differences of Height of the several stations have been deduced from 
the measurements of the vertical angles, aa explained in Section 6 of Chapter 11. I t  has not been considered 
necessary to give the individual measurea of these angles, as 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 summfts and the absolute heights 
above mean-sea level, are given. Several of the absolute determinations have been derived from the 
Spirit-levelling Operatione of this Survey. The errors generated trigonometrically between any two 
obligatory stations fixed by the spirit-levelling, have been duly dispersed by simple proportion over the 
intermediate trigonometrical values. 

I t  may be here stated that all trigonometrically determined heighta invariably refer to the upper 
surfaces of the central masonry pillars at the principal stations. Spirit-levelled values sometimes refer to the 
upper surface and sometimes to the basement of the pillar, whichever the levelling-staff wae aet upon; a 
description of the exact point referred to is given in each illstance. 

12. Finally come the details and reductions of the Astronomical Observations which have been taken, 
at certain stations in each Serim, for the determination of the Azimuth of one of the surrounding stations, or 
of a referring mark, the angle between which and a contiguous station has been measured. The observations 
and the method of reducing them are fully described in Chapter XI1 of Volume 11. For reasons which 
are explained in the first sectiou of that chapter, the results have not been used in the general reduction. At 
the end of the details of the determination of each azimuth, the difference betwee11 the observed value and 
the value obtained by calculation through the triangulation from the fundamental azimuth is given. These 
difEereuces may be of much value in future investigations of the figure of the earth and of the influence of 
local attraction. 

Full details regarding the Unit of the Linear Measures, the Baae-lines, the initial Elementa of Latitude 
Longitude and Azimuth, and the Elements of the Figure of the Earth which have been adopted in the calcula- 
tions, wi l l  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-foot 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-aw given at 
pwe 20 of thin volume. 
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(3). The Longitudes depend on an astronomically determined value of the Longitude of the Madras 
Observatory, East of the Royal Observatory at Greenwich, which was deduced about the year 1815. The 
Longitude of the Madras Observatory has 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 etations of the triangulation in India, and with the following preliminary results :- 

h m  s 
Longitude of Mokattam 2 5 6.320 East of Greenwich Supplied by Sir Q. Airy, £rom observations taken 
Increase for Suer 0 5 6.917 ,) ) in connection with Transit of Venus in 1874 

,, Aden o 49 42.6 36 ,J By the operations of thia Survey; see tho ,, Bombay 15119.983 ,t 

Madras Annual Report for 1876-77. 
JB 0 29 43'540 JJ 

Longitude of Madraa 5 zo 59.416 ,J 

This value of the Longitude of the Madras Observatory is equivalent to 80' 14' 51"; and as the originally - 

adopted value, on which the longitudes of the whole of the stations of tliis Survey are based, is 80' 17' 21"- 
see page 185 of Volume II-the following precept may be accepted with considerable confidence :- 

Al l  the Longitudes require a oonstant oorreotion, probably of - 2' 30". 

The Orthography of proper names and of Indian words is based on the official lists for Bombay, 
tbe NiamJs domiriions and the Central India Agency, published under the orders of the Government of 'India. 
I t  may here be mentioued that as two lists were published, wiz., in 1875 and 1879, of names in the Bombay 
Preaidencg and Sind, and the printing of the volume was begun prior to the year 1879, that the major 
portion of the orthography is based on the earlier of these two lists. As a general rule the pronunciations 
of the vowels are as follows :-a has a sound as in woman, rural; d as in tartan; i as in bit; i as in rayine; 
u as in bull ; zi as in rural ; o as in note ; e as a in say; au as ou in cloud ; ai as i in ride. Fiual vowels and 
those in well-known terminals are unaccented. When the popular spelling of a name has been accepted by 
Government, its correct orthography is given in parenthesie where the name occurs for the first time. 

The Simultaneous Reduction of the South-West Quadrilateral was carried out in the same manner a8 

previous reductions. The Introductions to the several series are due to Captain S. Q. Burrard, E.E. The 
members of the office who took a share in the work are Mr. Wood and Mr. Peychera-the latter officer, be- 
sides compiling all the description8 of stations, and performing other duties, had the general supervision of 
the proofs of the tabular and other professional matter of this volume as it passed through the press, i t  
being due to his care and accuracy that there are so few errata-while the actual calculations were made by 
Babus Cally Mohun Ohose, Senior Computer, Kally Coomar Chatterji, Amba Prasad, Shoshee Bhooshan 
Shome, Shiv Nath Saha, Mizaji Lal, Tarapodo Mukerji, Umbica Churn Shome, Madho Narain and others. 
The binding was done in Caloutta and i the only part of the volume which was not executed in the office 
at Dehra. 

W. H. COLE, M.A., 

Offg. Deputy Xurvqw General, 

I n  charge l'Figonometrical Surveyr. 



ERRATA ET ADDENDA. 

116 line 4 from bottom fw 3rd place read 2nd place 

13, col. 3 of 1st  angle at VII . H. ,, C 64O 5' 37'Y'44 

42, line 8 from bottom 
H. 3, XXVIII 

55, col. 10 of 3rd triangle from top, ,, 7, 4 and 6 " last placea of log. feet 

a, C 6 4 O  58' 37-44 

,, XXXVIII 

I, 8, 5 and 7 

65, col. 8 of 3rd triangle hmbottom m i t  - 5% 
H. 

VI, last line 
I. fw 714 ,, 721 

VII, lines 30 to 32 from top omit in April, however, . . . work of the Abu Series. 
I. 

VIII, in last col. of table for 2'3 read - 2.3 
I. 

10, line 2 from top j, 1852 , 1851 
I. 

15, in a m  copies, in foot note 1 ,, to reduce position r. ,, to reduce to position 

line 2 from top after compound inaert figure 

4, to description of station XI11 add There is a rejected station of this name on a hill to the west. 
K. 

6, line 3 horn bottom for indicated read is indicated 
K. 

9, line 7 from top 
L. 

,, 10 feet ,, 10.13 feet 



VOCABULARY OF CERTAIN NATIVE WORDS MADE USE OF IN THIS VOLUME. 

OBTHO~B~PW 
BMPLOTZD. 

Bandar ... ... 
... ... 

Bhil 
Bhir ... ... 
Brahmin ... ... ... Chanki ... 
Chota ... 
D& ChaG ... 
Dakshin ... ... 
DargBh ... ..a 

Dharmshaa ... 
Fakir ... 
Gaekwar 
Ghst ... ... 
Mahsdev ... ... 
M6ta ... ... 
Nizam ... 
pIVe8L' ... 
Pargana ... ... 
Pate1 ... ... 
aSj  ... ... 
M j a  ... ... 
Ran ... ... 
%a ... ... 
Rbo ... 
mza ... ... 
Siva ... ... 
Tahsil ... ... 
::$a] . . . . . .  
T4luka 
Tappa ... ... 
T h h  ... ... 
Tindal ... ... 
VBdi ... ... 
Wiloda ... ... 
ZiUa ... 1.. 

... Bandar ... A harbour. 

Bh1 ... ... A tribe of aborigines inhabiting parts of Central India. 

sin ... 
Bdhman .... 
Chanki ... 
Chhota ... 
Dtik changi 
Dakshin ... 
Dar* ... 
D h h a a  
Fakir ... 
GiGkwk ... 

... Ghkt ... Mahaev 
Mati ... 
Nidm 
pares&' 
Pargana ... 
Pate1 ... 
M j  ... 
M j S  ... 
Ran ... 
B$nS ... 
u o  ... 
Rauzah ... 
Shiva ... 
Tahsil ... - 

I.. 

Paetuw land. 
The highest of the four caatea of Hindus. 
A small police station. 
Small. 
A posting atage. 
South, southern country. 
A Muhammadan shrine. 
A rest-house. 
A Muhammadsn mint or holy person. 

A title epecially applied to the ruler of Baroda. 
A hill pass. 
One of the three principal Hirdu deities, same aa Shiva. 
A Hindu goddeea, meaning mother. 
A title specially applied to the ruler of Hyderabad, Deccan. 
A Hindu god. 
A sub-division of a district. 
Headman of a dlaga 
Kingdom. 
A king or ruler. 
A salt marsh. 
A title specially applied to the chief of Oodeypore. 
A chief. 

A mausoleum. 
One of the three principal Hindu deities, same as M W e v .  
Portion of a district subject to a revenue collector. 

J 
TappS ... ... A posting stage. 
T M  ... ... A small police sub-division. 
Tindal ... ... An overseer. 
V6di ... ... A garden. 

... Viloda ... A Hindu deity. 
I;illa ... ... A didrid. 
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CHAPTER I. 

ACCOUNT OF THE TRIBNGULATION OF THE SOUTH-WEST QUADRILATERAL. 

- 

The Several C h a h  of Triangles which are cmtahed I% the South- West Quudrilateral. 

The South-West Quadrilateral is the fifth and last in order of the great sections into 
which the Principal Triangulation of India was divided for final reduction, consecutively, 
for reasons which are set forth in Section 7 of Chapter I of Volume I1 of the Accozlnt of 
the Operatiom of the Great Trigonmtrical  Survey of India. I t  f d s  between the 
North-West Quadrilateral and Southern Trigon--of these f d  details, from the measure- 
ment of the angles to the determination of the final results, will be found, the former in 
Volumes 11, I11 and IV and IVA and the latter. in Volumes XI1 and XIII-it depends on 
these for the whole of its fixed data. It embraces the triangulation between the parallels 
of 18" and 25" and between the meridian of 78" and the Arabian Sea, and comprises the 
following Series :- 

The Khhnpisu~a, Meridional, hereafter symbolized by G, 
The Singi Meridional, 39 yy H[, 

The Abu Meridional, y9 39 1, 
The Kattywar Meridional, ,, 3y J, 
The 8uzerat L o n g t u r n ,  3t 39 H, 
The Cutch Coast ¶, y 9  L- 

The triangulations contained in the above Series had to be brought into harmony 
with each other, with the KaAchi Longitudinal Series of the North-West Quadrilateral and 
the Bombay Longitudinal Series of the Southern Trigon. 



It is necessary to repeat in this place, what has already been set forth in Vol. 11, 
that the general character of the triangulation has governed the order in which the several 
sections have been finally reduced ; thus the execution of the North-West and South-East 
Quadrilaterals was so much superior to that of both the North-East and South-West sec- 
tions, that there was no alternative but to commence the final reductions with the two 
former, in order to make the earlier and least accurate triangulations rest on the modem 
which were more highly finished and exact. For similar reasons, it was decided that the 
reduction of the Southern Trigon, of which the triangulation had been completed by the 
time the third section had been finally reduced, should be undertaken before that of the 
South-West Quadrilateral. 

The Observers m d  Instre~ments employed on the several Series of Triangles confaitzed 
h the swth- r e s t  Quadrilateral. 

The principal triangulation of the South-West Quadrilateral was executed entirely by 
three Officers, Lieut. H. Rivers, Lieut. D. J. Nasmyth and Lieut. C. T. Haig, all of the Bombay 
Engineers, who took it up in succession. It was commenced by Lieut. Rivers, in 1842, 
with the execution of the large compound figure at the southern end of the Singi Series. 
He next, in 1846, took up the triangulation of the Khhnpisura Series, from the south and 
carried it to the north of the pamllel of 24J", the northern extension being afterwards absorbed 
into the Kartichi Longitudinal Series and the GturhAgarh Meridional Series. The instrument 
that he had employed up to this time was Dollond's 16-inch theodolite*; but it gave such 
unsatisfactory results that it became necessary to provide him with another, and Troughton 
and Simms' 18-inch Theodolite No. 2 was sent to him. With this, in 1850, he commenced 
the Abu Meridional Series from the K d c h i  Longitudinal Series and carried it down to the 
parallel of 23" and then triangulated westwards along that parallel to the meridian of 71°, 
down which meridian he carried, with Nmmyth's assistasce, a chain ta the south waat of 
Kattywar. 

I n  1853 Rivers retired from the Survey and Nasmyth, who succeeded to the charge of 
the party, having completed the southern section of the Kattywar Meridional Series in 1865, 
f is t  commenced the Cutch Coast Series on which he was employed till December, he then ex- 
tended the Kattywar Meridionid Series northward towards the KmAchi Longitudinal Series. 

I n  1868-59 he extended the Guzerat L o n g i t u W  Series for a, distance of 64 miles 
eastwards from the sides Palri-Wastd and Wastd-MirzBpur. Here it was taken up .by 
Haig in 1860 who carried it to the Singi Meridian, then worked south on the Singi Meridi- 
onal Series till he connected with the side TarbhBn-Dophi of Rivers' work : the next season he 

For the JLhq and description of thb inrtrament om Appendix 2 of Vol. I1 of the Acuonnt of tha Opsrcrtiou ef the &ad 
lkigororwtrwal~sj of hdiu, peg9 73. 
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closed the Guzerat Longitudinal Series on the Khhpisura Meridional Series and also finished 
the northernmost section of the Singi Series. Troughton and Simms' 18-inch Theodolite No. 2 
continued to be used throughout the triangulation. 

The series are here arranged in the chronological order of their commencement. The 
lengths recorded are of the chains as they now stand. 

The Singi Meridional Series. 

!l%h chain of triangles extending along the meridian of 734' unites the Bombay 
Longitudinal and the K d c h i  Longitudinal Series. It was commenced undez the name of 
the North Konkan Coast Series by Lieut. H. Rivers, of the Bombay Engineers, in the field 
season of 1842-43, on the side Karanja-Singi of the Bombay Longitudinal Series, and carried 
north as a chain of single triangles as far as P h e r a .  Attempts were made during the next 
field season to extend the approximate work, but they were frustrated, first by the extreme 
unhealthiness of the country and afterwards by the density of the atmosphere from smoke 
and dust. I n  184446 Rivers made another attempt to extend the series but was driven 
back by sickness. After completing his observations at Parnera commenced the season before 
and remeasuring some of llis former angles he proceeded to widen the chain by executing a 
series of triangles along the eastern flank commencing from the side Singi-Pher of the 
Bombay Longitudinal Series. He carried this chain as far as Pilwa-Sfiler by the end of the 
season and also observed at Tarbh4n but did not complete the angles. During 1846, while 
engaged on the Khtinpisura, Series, he managed to visit Dop4ri and thus completed the large 
compound figure, 150 miles in length, which lies between the Bombay Longitudinal Series 
and the side Tarbh4n-DopBri. I n  the final reduction of the triangulation the ray Karanja- 
KAmandrug was thrown out, and the Singi Series therefore originates, as it now stands, from 
the side Singi-Pher. The instrument employed by Lieut. Rivers was Dollond's 15-inch 
Theodolite. . 

.The work on the series was now dropped for several years owing to the extreme 
-healthiness of the tract of country to tile north. I n  1860-61 Lieut. C. T. Haig of the 
Bombay Engineers, when engaged on the Guzerat Longitudinal Series, carried it westwards 
to the meridian of Singi and then completed the meridional chain southwards as far as the 
side where Rivers' triangulation had terminated. The remaining portion of the series was 
executed by Haig during the next season, and it closed on the side LakarwBs-T&na of the 
Kadchi Longitudinal Series. The chain is 390 miles long and has four azimuths of verifi- 
cation. The instrument used by Haig was Troughton and Simms' 18-inch Theodolite No. 2. 

- .  The Khanpisura Meridional Series. 
The KMnpisura Meridional Series, also connecting the Bombay Longitudinal and 

Kadchi Longitudinal Series, was commenced by Lieut. H. Rivers in season 1846-46, and 
was advanced during that season as far as the side 88tmhla,-'sir&a and during the next aeason 
to HarnBsa-Inddwan. During the next two seasons he carried the chain beyond the parallel 
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of 24", the Karhchi Longitudinal Series not having then been executed. I n  1850 the latter 
series was brought up from the east to the KMnpisura meridian and a junction effected by 
Captain A. Strange of the Madras Cavalry. The chain now consists of a series of quadri- 
laterals and polygons except at  one part where there are only two single triangles. I n  
1862-63 Captain C. T. Haig strengthened this weak link by adding the station of &hnal  and 
the two triangles connecting it with the series. The series is 360 miles long and has two 
azimuths of verification. The instrument employed by Rivers was Dollond's 16-inch Theo- 
dolite and by Haig Barrow's 24-inch Theodolite No. 2. 

The Abu Meridional Series. 

The Abu Meridional Series was commenced by Lieut. H. Rivers from the side Jedj-  
Mhrd of the -chi Longitudinal Series during the field season of 1850-51, and was carried 
down the meridian of 72f0, during that and the following season, to the parallel of 23" where 
it closes on the side Sanoda-Mirztipur of the Guzerat Longitudinal Series. The chain con- 
sists of three hexagons and a single triangle, and extends a direct distance of 95 miles. 
It was executed with Troughton and Simms' 18-inch Theodolite No. 2. No azimuths of veri- 
fication were observed on the series itself. 

The Gwerat Longitudinal Series. 

This series was commenced at the southern extremity of the Abu Meridional Series 
by Lieut. H. Rivers during field season 1851-52, and was carried westwards by him during 
the next season along the parallel of 23" up to the meridian of 71°, where it unites with the 
Kattywar Meridional Series, a direct distance of nearly 100 miles. This portion of the chain 
consisted of single triangles. I n  1858-59, Captain D. J. Nasmyth of the Bombay Engineers 
took up the triangulation on the sides Pglri-Wastrd and Wastrd-MirzBpur and having first, 
by the addition of the station Jhinjhar, constructed a pentagon round WastrB1 ; he then carried 
the series eastwards a distance of about 54 miles. I n  1860-61 Captain C. T. Haig of the 
Bombay Engineers extended the chain further eastward to the Singi Series. The next season 
Haig completed the Guzerat Longitudinal Series, closing it on the Khhpisura Meridional 
Series at the side Indhwan-Karsod. The total length of the series is about 260 miles. The 
instrument employed throughout was Troughton and SimmA' 18-inch Theodolite No. 2. Two. 
azimuths of vedlcation were observed. 

The Kattywar Meridional Series. 

This series was originated by Lieut. H. Rivers from the western extremity of the 
Guzerat Longitudinal Series during the field season of 1852-53, and carried southwards by 
him, assisted by Lieut. Nasmyth, along the .meridian of 71" to the extreme south of the 
Kattywar peninsula, terminating at the Ishnd of Diu. The series was afterwards extended 
northwards by Lieut. Nasmyth to the Karachi Longitudinal Series principally during the 
seasons 1856-67. The length of the series is about 276 miles and it has two azimuths of 
verification. The instrument employed was 'Ihughton and Simms' l&inch Theodolite No. 2. 
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The Cutoh Coast Series. 
I The Cutch Coast Series emanates from the Katwar Me~diond Series and trends 

first in a south-westerly and afterwards in a north-westerly direction till it meets the Kadchi 
Longitudinal Series. It was commenced by Lieut. Nrrsmyth in seasan 1866-66, and the por- 
tion of the chain which lies between the meridians of 69" and 70" was executed by him. He 
then had to return to the Kattywar Meridional Series which was in course of triangulation. 
I n  1866-67 he connected his former trianguZation with the Kattywar Meridional Series and 
extended the chain westward to about longitude 68" 30'. The next season he commenced 
work from the Karhchi Longitudinal Series and worked south-westwards until he completed 
the connection with his former season's work. The length of the chain is about 236 miles 
and it has one azimuth of verification. The instrument employed was Troughton and Simms' 
18-inch Theodolite No. 2. 

2lie Dependency of the South- Weat Quadrilateral on the North- West Qzurdrilateral 
and Swthern Trigon for the Pixed Data. 

The South-West Quadrilateral lies between two chains of triangles which, having, 
entered previous reductions, had been finally adjusted, a&., the Kanichi Longitudinal Series, 
or Series 18, of the North-West Quadrilateral and tlie Bombay Longitudinal Series, or 
Series ]8 of the Southern Trigon. These chains form the northern and the southern boun- 
daries of the South-West Quadrilateral, and furnish the whole of the fixed data on which @ 

this Quadrilateral rests. From the Kadchi Longitudinal Series depend four meridional chains 
and one coast series; two of the former unite with the Bombay LongitucZinal Series and 
all are tied together by the Cutch Coast Series and a longitudinal chain called the Guzerat 
Longitudinal Series. The southern portion of the Kattywar Meridional Series forms a pendant 
which does not enter the simultaneous reduction, because no circuit being 'wmplete no equa- 
tions could be formed. 

It will be seen that the South-West Quadrilateral owing to its situation between two 
other large sections of the triangulation of India which had already been reduced, and with 
which it has to be brought into accord, is very much constrained by them. There might 
have been rewon to regret this had the triangulation been of a superior character; but the 
whole of the Khhpisura and part of the sin& Series were executed with Dollond's 16-inch 
Theodolite, an instrument very inferior to those employed on the North-West Quadrilateral 
and on almost the whole of the Southern Trigon. And the remainder of the triangulation 
was executed with Troughton and Sirnms' 18-inch Theodolite No. 2, an instrument very 
much superior to Dollond's 16-inch, but also much inferior to the 24-inch and 36-inch theo- 
dolites elsewhere employed. 
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The Comtruction of the Principal Stations. 

The earliest constructions were on the southern portion of the Singi and on the 
KMnpism Meridional Series. They were built under the direction of Lieut. H. Rivers 
before he had had the opportunity of learning anything about the forms of stations found 
most suitable in the Great Trigonometrical Survey. Lieut. Rivers' stations were situated 
on hills and high ground and in general consisted 'of solid masonry pillars, containing one 
or more marks sunk in the ground with their upper surfaces flush with the ground level. 
Above these pillars, solid structures of loose stone masonry were erected from 1 to 141 feet 
in height with a mark laid loosely in the surface. On the completion of the KhBnpisum 
Series Lieut. Rivers was in the neighbourhood of the party under Captain Renny employed 
on the Kadchi Longitudinal Series, and by order of the Surveyor General the two parties 
were united for a time in order that Lieut. Rivers might learn the procedure of the G. T. 
Survey. When Lieut. Rivers commenced the Abu Meridional Series he adopted new forms 
of stations; those on hills consisted of solid, circular, isolated pillars of masonry, from 3 to 
10 feet in height, having marks at  the ground level and one or more other marks h the 
normal of the former. Around the pillars and level with their surfaces, platforms of loose 
stone masonry or sundried bricks were constructed for the observatory tent. Stations in 
the plains were solid structures either circular or square of sundried bricks and mud and 
faced with kiln burnt bricks, 18 to 32 feet high, having central solid pillars of masonry 
with marks at top and bottom and intemediaely. The stations of the Guzerat Longitudinal 
Series between the Abu and Kattywar Meridional Series were of similar construction, as 
also those of the Kattywar Meridional Series itself and a portion of the Cutch Coast Series. 
Afterwards perforated pillars were employed both for hill and plain stations, with apertures 
through the surrounding construction to admit of access to the lower mark. 



CHAPTER 11. 

!lWX MEASUREMENT OF THE ANGLES AND THE GENERAL PRINCIPLES FOLLOWED IN THE 
REDUCTION OF THE TRIANGULATION OF THE SOUTH-WEST QUADRILATERAL. 

The Heawrement of the Horizontal Bngtes and their Record. 

In Chapter IV of Vol. I1 full particulars have been given of the methods, which have 
been in practice since the year 1823, of observing both the horizontal and the vertical angles. 
It will not be necessary here therefore to do more than briefly indicate what was done, in 
order that the reader may be enabled to understand the details of the observations. 

The method of observing horizontal 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 centered over the station mark, either one of the 
surrounding stations, or a referring mark specially set up for the purpose, was adopted aa 
what is called the zero-station, or the station for which the readings of the instrument are 
obligatory. With the telescope directed to this station the index was made to read 0" O', and 
the  instruinent having been re-examined for centering and levelled, the remaining stations 
were 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 would then read 180" 0'. With this zero-reading another 
set of ohservations, similar to the last, was taken. .A  single measure on each of the two 
zero-settings constitute a pair of collimated ohservations, the face of the vertical circle 
being to the left of the observer at one setting and to his right at the other. The instru- 
ment was next shifted in, azimuth, so as to bring the index to another arbitrary reading 
while the telescope pointed to the zero-station, and ohservations were again taken on F. L., 
face left, and F. R., face right; and so on. These arbitrary shifts were usually through arcs 
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of 9" or 10" for 'theodolites with 3 microscopes and '7" 12' for 6 microscope theodolites. 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 which might be prejudicial in a long chain of triangles, 
Colonel Waugh, the Surveyor General, decided that half the arc between the microscopes 
should be added to each shift. 

With the exception of the southern portion of the Singi Meridional Series and the 
whole of the Khbpisura Meridional Series, which were executed with Dollond's 16-inch 
Theodolite, all the triangulation of the South-West Quadrilateral was carried out with 
Troughton and Simrnsy 18-inch Theodolite No. 2. Both instruments possessed only 3 
microscopes. 

The system of zeros adopted on the southern portion of the Singi Meridional Series was 

o0 zoo 40° 
- -, and - 180'' zoo 2z0° ' 

or some modification of this system ; by which it is meant that the zero settings were not 
always the same, but the shifts were invariably through 20".* Five angles were, however, 
observed on six pairs of zeros with shifts of 10". 

On the Khhpisura Meridional Series the system was principally 

or some modification of this as before. At 1 station, however, three pairs of zeros were 
employed as on the southern portion of the Singi Series and at  9 stations four pairs with 
shifts of 15". 

On the Abu Meridional, Kattywar Meridional, Cutch Coast, on the western and cen- 
tral sections of the Guzerat Longitudinal Series and on a portion of the northern section of 
the Singi Series the following method of changing zero, which had been devised by Lieu- 
tenant Rivers, was employed :- 

Rivers claimed the advantage for his system that " it brought the zero of the micro- 
" meter over every 10 minutes of the degree and so shifted the reading as to cancel error of 
"run." Each change of zero was in fact made to fuE l  the following conditions. (1). I n  the 
degrees each zero was 10 degrees in excess of the preceding one. (2). At each zero a different 

* In the printed abstract of angles of this and the other sen- the most left-band station observed to hss been made to appear as 
the 'zero station' although it wes not actually so employed during the observations. Thin wae done for the d e  of convenience in 
printing and in no way affects the results. 
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10 minute division in the degree was intersected. (3). At efbch zero, in order to bring a 
Merent part of the micrometer thread into play, a different number of odd minutea was read, 
the zero of the microscope being in two cases to the right and two to the left of the inter- 
sected division, so that error of run might be cancelled. 

I n  conformity with Colonel Waugh's rule of 1860 that half the distance between the 
microscopes should be added to each change of zero, the following modification of Rivers's 
system was adopted on the eastern section of the Guzerat Longitudinal and on the northern 
portion of the Singi Meridional Series, 

o0 I' 70' I I' 140' 22' iloO 28' 280' 29' 350' 50' -- 
180' I' * 250° 11" 320' 22' a 30' 28' ' IQOO 29 , and 

170' 50' ' 

The minimum number of rounds of observation on each zero wm two. When larger 
differences shewed themselves in successive measures of an angle than it was considered the 
instrument ought to give, more observations were taken. For full particulars of each in- 
strument and any modifications it may have undergone, see Appendix No. 2 of Volume 11. 

The several measures of each angle, with the name of the observer rand instrument 
employed and the date of the observations, are given for each series included in the Quadri- 
lateral. Against each single measure is a letter in italics shewing whether the'aipal observed 
to was I, a lamp, or R, a heliotrope ; sometimes a, direct measurement of an angle was not 
obtained owing to the temporary invisibility of one of the signals, but the value of the 
angle was deduced from the measure of the double angle given by the omission of the signal 
in the round, and from a direct measure of the other angle; in this case the measure is 
preceded by the letter d .  

Below the individual measurea are their means from which M, the general mean, is 
obtained. The several measures and zero meana are then treated as described in the follow- 
ing Section and give 0, the Concluded Angle, together with w, its weight relative to other 

I 
angles measured under similar c i rcu~~~tances,  and 2 the reciprocal of the weight. 

The Abstracts of the Observed Angles of each series in the Quadrilateral will be found . 
respectively at  pages 9-*., 9-=., 7-xa 9 -Jm, 9_, and of the different series in 

Part I1 of this volume. 

The Deductwa of an Angle from its several Measuree, and ik Weight. 

It has been stated that the number of measures of an angle on the same zero is not 
always constant, but is occasionally increased when considered necessary as already stated. 



Of old the custom was to take the arithmetical mean of a l l  the zero-means as the most 
probable value of the angle resulting from the several measures; but, for reasons which 
are explained in Chapter VII of Vol. 11, this practice has been departed from, and the fol- 
lowing procedure has been followed in deducing the value and the weight of each angle in 
the present volume. 

Let d', d", d"', &c., be the merences between the successive single measures and the 
mean of the measures on the zero to which they respectively belong, a,, n,, la,, h., the 
number of measures on each zero, the sum of all which is N, and Dl, D,, D,, &c., the 
dgehraical excess of the successive zero means, Z in number, over the arithmetical mean, H, 
of all the zeros. 

Now put 

and let 

then the resulting angle 0, usually called the ' Cof~cluded Angle ', , 

Here o and g are taken as preliminary apptoximations* to the theoretical error of 
mean aquare 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 weights, 
w,, w,, . . . . , of the successive zero-means are ascertained, whereby these means are readily, 
combined to give the value of the conciudod Angle, as in the last equation. 

Let w be the weight of the angle thus deduced ; then we may put, 

and if the preliminary values cif 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 shown in Vol. I1 that there is reason to doubt whether the values 

Strictly speaking the denominator in the expression which gives the value of o would bo N-2; but a larger denominator, ss N o r  
N- I ,  is preferable in the present instance, because o ia combined with g which, strictly speak in^, would represent the total error and not 
that of graduation only, if emh measure were absolutely independent of all the others, which it is not. Thus, though the denominator 
N- I waa originally employed by an oversight, it hss been retained as more appropriate than N - Z  under existing circurustonces. 
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of the e.na.8. thus obtained immediately from the observations are true for angles measured 
with different i n s t k e n t s ,  or even for angles with the same instrument but under different 
circumstances. These values are therefore regarded as preliminary, applicable only in any 
combination of anglee measured with the same instrument and under si&lar circumstances, 
but requiring to be multiplied by factors of the nature of moduli, before they can be 
employed in a combination of angles measured with different instnunents or under different 
circumstances. The value of the modzllzcs for each group of angles measured under common 
conditions is 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 geometri- 
cal errors of single triangles, or of the most probable values of the errors of the angles of 
polygonal figures, which appertain to the group, or may be legitimately combined together 
for the purpose in question. This is done in the following manner :- 

Let el, e, and e3 be the average e. m. 8. of a group of angles-observed with the same 
instrument and under the same circumstances-deduced as follows, el from the preliminary 
weights, e, from the triangular errors and e, from the most probable errors of the angles of 
polygonal figures ; then we have 

Xmt, for the average e. m. 8. of rt angles of which the preliminary weights are 
wl, WD . Wn, 

n 
Secondly, for the avemge e. rn. 8. of n angles of - triangles. 

3 

98 
sum of squares of - triangular errors. 

e:= 3 .  
12 

Thirdly, for the e.rn.8. of a hypothetical angle, whose weight, w, is equal to the mean of 
the weights q, w,, w3, . . . of the t angles of a polygonal figure in which there are m geome- 
trical equations of conditioe. 

where x,, x2, . . . are the most probable values of the errors of the observed angles. But 
since the polygonal figures, which are coihonly employed in the operations of this Survey, 
con& 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 s  w) 
e t  = sum of m 



for all the figures available. In this expression 

and is the quantity which is made a minimum in the reduction of each figure. I ts  numerical 
value may be readily computed; see Vol. 11, pages 106 and 198, also the end of the next 
section of this chapter. 

Values of e,, e, and e, having thus been determined, corresponding values of the 
modulus P', taken either as 

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

Thus, putting wf for the final weight, and w for the average preliminary weight by 
e,, we have . 

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

The record of the measures of the angles is followed by a list of the u8ums of 
" Squares of Apparent Errors of Single Observations and of Apparent Errors of Single Zeros", 
which furnishes the requisite data for the investigation-by which it is followed--of the 
average 'error of mean square ' of observation only, in a single measure, and that of gradua- 
tion plus observation in the mean of the several measures on a single zero ; these are deter- 
mined 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 VI I  of Vol. 11, may be made. 

Preliminary Beduction of the Orozips of Anglee contained in Independent 
Et-igonometrical Figwee. 

So long as chains of triangles are treated as independent of one another, the angles na- 
turally separate themselves into as many groups as there are single triangles and combhutions 
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of triangles into single polygonal figures and networks. Each triangle is subject to the 
@metrical condition that the three angles are equal to 180" plue the spherical excess, and 
each group of triangles to additional geometrical conditions, such as that the angles at any 
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 this volume is 

r = ab sin C x - cosec I" * 
2re 

¶ 

in which E is the spherical excess in seconds, a, b and C two sides of the triangle and the in- 
cluded angle, and r the radius of curvature for the oblique section of which the azimuth is 

46O, that is, r = *, p being the radius of curvature to the meridian and v the normal on 
P + V  

the axis minor for the mean latitude of the triangle. , 

The geometrical conditions connecting groups of angles divide themselves under three 
. heads, t rkgulnr ,  celztral 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 the angles meeting at a 
point and completely surrounding it must equal 360°, or when an angle is measured as a whole 
and also in parts the whole should equal the parts, and the third springs from the condition 
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-hmd 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 fi,oure is given by 
the formula 

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

The formula is derived as follows :-A side having been taken as base, the minimum 
number of angles required to fix each new station is 2 ; but if all three angles of a triangle 
are observed they furnish a triangular equation. Suppose now that S stations are fixed, 
but that in the case of only P of these have the 3 angles been observed; then there are 
2 (8-2) + P angles giving P equations. Every new angle not fixing a fresh station gives 
an additional equation, either side or alzgzclar. Let there be N  angles in all; then there are 
N- 2 ( S -  2 )  - P additional equations : hence the total number of equations is N -  z L ( S -  2)- 

cosec I" * The factor -p- ha8 been tabulated for every degree from 0' to 400 in the Auxiliary Tables to facilitate the Calculaliona of 

tke Survey of India, 3rd Edition, 1881. 
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This may be extended :-For suppose a net of triangles rests on Q fixed stations 
and the positions of (S- Q) new stations are determined by observing the necessary angles 
and that in P instances all 3 angles are observed, then there are 2 (S-Q) + P angles 
cording P triangular equations. Every additional angle now affords a new equation ; hence 
if there are ,V angles in all, there are N-2 (8-Q)-P new equations. Therefore there 
are in all N- 2 (8- Q) equations of condition. 

1norder to express the equations, denote the observed angles by X,, X2, X,, . . . 
the corresponding angular error by x,, a,, x3, . . . and the absolute terms of the equations 
by e with subscripts denoting the equations to which they appertain. The triangular and 
central equations will then take the form 

Further, if a, = cot XI, a, = cot X2, &c., the side equations will be represented by 

- cosec I" sin X,. sin X, . . . 
a ,x , - a ,x2+a3x , -a4x4+  . . . - M log Kx,. sin X, . . . 

M being the modulus of common logarithms. A.n alternative form of this equation has 
been frequently used, which is as follows :- 

- ' sin XI. sin X3 . . . a, x, - a,x2 + a,x3 -a4x4 $. . - log. sin x,. sin X, . . ,. 

where a stands for the tabular difference (t.d.) of log. sin X for I". The latter form is deriv- 
able from the former, because M cot X sin I" = t.d. log. sin X for I". 

These geometrical conditions have to be satisfied in such a manner, that the angles 
shall receive the most probable of the several systems of correction which present 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 it requires that the 
following expression shall be made a minimum, 

in which u,, a,, . . . at are the reciprocals of the weights, w,, w ~ ,  . , . wt, of the observed angles. 

The following equations-taken from Section 5, Cha,pter VIII, Vol. 11-express first the 
geometrical conditions, secondly their relations with the indeterminate factors, L, Xh, . . . A,, 
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. 



cur .  11.1 !l!HE REDUCTION OF TB;ZBONOMEFKCCAL FIGURES. 1'1 

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

The equations between the indeterminate factors are 

[ w . ~ ] X , + [ a b . a ] A b +  . . .  + [ a n . u ] L = e d  
[ab. u] X, + [bb. u] Xb + . + [bn. U] L = eb 
. . . . . . . . . . . . . . . . . . .  

[an. u] X, + [bs. u] Ab + . . .  + [ m . ~ ]  X, = e, 

in which the brackets [ ] indioate summations, thus 

[aa. u] = a,%. rs, + aaa2. w2 + . + slat. at. 

The resulting values of the angular errors are 

x,=u,(a ,X,+b,Xb+ +NIL)  
~s=us (aeX ,+bzXb+  + % A n )  

. . . . . . . . . . . . . .  
s =.w (at X, + bt Ab + + nt L) 

and the value of the minimum, U, is 

In  the case of a single triangl-ne which does not enter with other triangles into 
the formation of a polygonal figure--there is only one geometricail equation of condition 
which is simply 

and there is only one indeterminate factor, A, which is 

and 
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Calczclatiolt of the Sides of the Triumgles. 

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 subtractien 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 angular 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 other side is the same by what- 
ever route it is calculated. 

Geodetic Blements of Stations' cvnd Sides. 

The length 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 the 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. 

Now-the origin of co-ordinates which has been adopted for the Indian triangulation 
is Kalihpur, Station I of the North-West Quadrilateral, the initial elements at which are 

0 I I/ 

Latitude North 24 7 1 1'26 
Longitude E. of Greenwich 77 41 44-75 
Azimuth of Station 29 (Sbrentfil) 190 27 5'10 

as explained in Chapter XI  of Vol. 11. 

But since the positions of all the stations of the North-West, North-East, South-East 
Quadrilaterals and the Southern Trigon 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 Kalihpur, whenever it happens to be convenient to do so. Thus, as some of 
the Series of the South-West Quadrilateral are based on sides of the Kadchi Longitudinal 
Series of the North-West Quadrilateral and the Bombay Longitudinal Series of the Southern 
Trigon, the elements of those aides have been adopted as the fixed elements of the 
South-West Quadrilateral. 
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The formulee which have been employed on the successive calculations of latitude, 
longitude and reverse azimuth are given below. 

If  A and B be two stations on the earth's surface, and the latitude and longitude of A, 
and the azimuth of B at A be X, 1; and A respectively, the distacnce between A and B being c, 
and if 

M denote the difference of latitude between A and B 

A& ,, 9, longitude 9 )  

B a, azimuth of A at B 

, M = B - ( s + 8 )  

e ,, the excentricity of the spheroid 

P ,, the radius of curvature to the meridian at h 

v ,, the n o d  to the meridian at X terminated by the minor axis, 

then 

3 c8 ez I-rpl- GO$ A sin zx coseo I" 

1.2.3 p.9 
sin8 A cos A (1+3 tanz h) cosec I"; 

I @ sin28 tan h cosec ' I+-- 1.2 1% wsX 

c' (I + 3 tanzX) ainzA cos A msec I ,, 
cos X 
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and 
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-C sin A tan A cosec I" I 
I +$-$-(I + 2tan9k + ' co82A ) sin z~ cosec 1' 

I -e2 
B = n + A +  

- ) tan A sin 2A coa A cosec I" 
2 

I+&$ sins A tan A ( I + Z  tan2*) aosec I". 

For the derivation of these formula, and also for the manner in which they have been 
arranged for calculation, see Chapter I X  of Volume 11, and the B ~ x i l i a r y  Tables to facilitate 
the Calmtations of the Survey of India, 3rd Edition, 1887. 

The values of the elements of the Figure of the Earth which have been employed in 
the calculations are those known as " Everest's Constants, 1st Set," and are :- 

Semi-axis major, a = 20,922,932 feet, Log = 7'320 6225 4, 

semi-aris minor, b = 20,853,375 feet, ,, = 7'319 1763 4, 

a - 6  
Ellipticity, c=-= 1 

a 300'80 ' 

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

Beductwn of t k  Vertical Angles f&r the Determhation of D i m e w e e  of Height 
and the Co-eflcients of Refraction. 

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

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 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 mbtended mgle, is + (D-D'), and the height of B above or below A is given by the 
expression 

H sin +(D - D') H = c  I + - -  ( r )  cos D 

according as the result is pZu8 or .miltus., If either of the angles is an elevation instead of a 
depression its value must be employed with the opposite sign to that here given. 

In order to use this fornula 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 instruments and 
signals. .This procedure is as follows :- 

, ib be the heights in feet of the theodolites at A and B respectively 

8a , 83 3, signals Y Y  9 9  

Ba , Db be the observed vertical angles, both assumed to be depressions, 

and we put 
8 = - 86 + ia - ib 

then 

This formula, though not absolutely rigorous, holds good for all cases that have hitherto 
occurred or are likely occur in this Survey. 

For r, the radius of curvature, the same formula is employed as in the calculation of 
spherical excess, see page 15, p and v being here taken for the mean latitude of the stations. 

I n  the preceding formulae 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 modern operations are generally measured between the hours of 1 and 3 P.M., when 
the amount of refraction is usually a minimum. 
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The heights on the whole of the KMnpisura Meridional Series and on the lower portion 
of the Singi Meridional Series as originally executed, were very deficient in observations on 
certain rays and of a generally weak character, hence it ultimately became necessary to revise 
them completely. This was done during the seama 1882.5. The heights on the Cutch ~ o & t  
LJeries westward of the meridian of 70' have also proved very unsatisfactory from another 
cause, aiz., the abnormal refraction along the coaat. This defect has now been overcome by 
carrying a line of levels, in season 1889-90, from the Bench-mark a t  Mundra along the 
Series to Tatta and connecting it with several of the Survey stations. 

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

in which expression 
- 8. + ib - 88 

P =  c sin I" 

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

d = + ( C - ( D a + D b ) + B I  . 
4 and 3 gives t'he terrestrial refraction in decimals of contained arc-or in other words the 

co-emient of refractiort--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 o f  vertical angles to secondary points, at which reciprocal 
observations have not been taken. 

The formula for calculating the ccmtailaed arc is 

The &l Value8 of Height. 

The h a 1  values of all the heights of the stations of this Quadrilateral have been 
obtained by comparing the values obtained from the reciprocal vertical angles with deter- 
minations by Spirit-Levelling Operations wherever available, with a direct determination of 
Sea Level or with heights already finally fixed, and then dispersing the differences which 
exhibited themselves in the intermediate sections. 

The mean sea level was determined in 1865 by Mr. J. DaCosta, by observations extend- 
ing through half a lunation, at  two points on the south coast of the Hg;thiswBu: peninsula, viz., 
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Miiini and Diu. The latter was connected with the Principal Triangulation and has been 
wed in obtaining finsl heights of Principal Stations ; the former has only been connected 
with the Secondary Triangulation. More extended observations were made during 1874 and 
1875 by Lieutenant A. W. Baird, R.E., at Okha, NavMr and Hanstal, of which the results 
at  Okha-where observations continued for la months-have alone been made use of in 
reducing the trigonometrical heights to mean sea level. 

The following lines of level have been executed within the area e m b r a d  in the South- 
West Quadrilateral. Two lines originate on either side of the Gulf of Cutch, one at Okha 
at the entrance on the south and the other at NavBnh a little way up the gulf on the north ; 
they pass round the gulf and meet near Whdia station of the Kattywar Meridional Series ; . 
from there the northern border of the Little Ran is followed to the eastern extremity and 
then to Viramgtim where it meets the B. B. and C. I. Railway which it follows vib Ahmed- 
abad, Baroda, Broach and Surat to Bombay Tidal Station. A loop line from Jodiya d Rhjkot 
and Wadhwhn connects the line on the south coast of the Gulf of Cutch with Viramghm. 
Several short bran<h lines were also executed and connections made with trigonometrical . 

stations. Another line commenoing from Bombay follows the G. I. P. Railway as far as 
NBndgaon, thence it proceeds to Mtilegaon and along the Bombay-Agra road vib Dhulia, 
Mhow and Indore to Dew&, thence vib Sehore to Bhopal and along the Gmalior road 
to the Sironj Base-line. From Nhdgaon a line is continued along the G. I. P. Railway 
to Shirsoli. Another line vid Ahmednagar connects Dhond Railway Station on the Poona 
Branch of the G. I. P. Railway with Manmtid on the main line of that railway. Short branch 
lines were also executed and connections made with trigonometrical stations. All the above 
lines have been connected with Principal Stations in the Series of the South-West Quadrilateral. 
Another line of levels originating from Mundra, near N a v W  on the Gulf of Cutch, was 
carried through the chain of triangles called the Cutch Coast Series towards Karhchi and 
co~ec t ed  with several stations of the Series : this line closed on Chilia Bench-mark of the 
line Manora Harbor to Kashmor executed about the year 1868. Furthermore, the heights 
of all the stations of the Karhchi Longitudinal &rim had been fixed in the course of the 
reduction of the North-West Quadrilateral and of the Bombay Longitudinal Series in that 
of the Southern Trigon. Thus sufficient data existed for the final reduction of the heights 
of the stations. A list of the stations at which the heights were determined by Spirit Level- 
ling is given below :- 

Spiri f Levelled Poin fs h fhe South- Tesd Qwadrikateral. 

Series Station 

XV or Singiirchori 
XVII ,, Thikri 
XXIII , Valvtidi [:::. , ,, Anakvpdi llhanviir 
XXIV iigargaon 

Of the Bombay Gngitudinal Seriee d the Soahern Trigon. 



Spirit Levelled Pokt8 im t k  South- West Quadrilateral-(Continued). 

Series Station 

XXIII or Sidpur 

Singi Meridional . . . XXXIII ,, P h e r a  
,, Ankai 

XXXVII ,, Sinnar , 

Kattywar Meridional ... ... 

Guzerat Longitudinal 

Cutch Coast 

7111 ,, Pata-i-Shhh 
X ,, Khhmir  
XI1 ,, Mon6ba 
XIV ,, Wrindia 
XVI ,, Mfilia 
XXV ,, Tarkia 

_XXVI J >  Kaksins 

I XVIII 

XXIV 

[:::I 

'I 
V I  
VIII  
XVI 
xxv 
XXVI 
XXVII 
XXVIII 
XXXI 
X XXVII 
XXXIX 
XLIII  

[XLIV 

,, Poera 
,, Jhinjhar 
,, Wastrtil 
,, Sola 
,, SAnand 
,, Khoraj 
,, Hasalpur 
,, Ingrori 

,, Bhachho 
,, Sakpur 
,, Charakra 
,, HBthria 
,, Lakhpat 
,, Sugandia 
,, Said Ali 
,, Guni 
J ,  Mod ,, Mugalbhin 
,, Gads ,, Vikia 
,, Dom6ni 

The usual method of dispersing discrepancies between spirit levelled and trigonometri- 
cal heights, is to divide them in proportion to the number of intermediate statiom and to 
correct each height according to its number of removes from the point determined by spirit 
levelling. For a time, the method of minimum squares* was applied ; but this is generally 
held to be too refined and laborious a process to be suitable for the purpose, and it was soon 

This method m y  be illustrated aa folloas :-Let A, B and C be stations a t  the vertices of a triangle, and let the ditFerences of 
height obtained by rertiml angular observations be A - B - c feet, B - C - a  feet, C - A - b  feet, then a + b  + c  should equal o ;  but in 
prsctice this is seldom or never the w e  : hence for each triangle in which the diiewnces of height of the a b t i o ~  have been observed we 
mhd have an equation 

a + b + c - e .  

When a group of triangles connect two apirit levelled poinb, there in also an equation formed b~ equating the differences of height, along 
any route connecting the sbtionm, to the difference M mhewn by spirit levelling. The wlution of thwe equation8 by minimum aqnsren ia 
performed in the usual manner and needs no illustration. 
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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 South-West Quadrilateral 
have been divided, for adjustment, into groups as shewn in the table which follows. In 
this table the errors dispersed in each group are exhibited; and where necessary a few 
explanatory remarks are added. 

Ot the K&hi Longitudinal Series of the North-West Qudribtelal. 
f Of the Bombay Longitudinal Berim of the Southern Trigon. 

3 e 
0 

Commenoing at Btations Method of Diapereion, 
and bmarke Ending at Stations 

1 

2 

3 , 

1 

2 

, 3  

4 

5 

6 

Erron, 
in feet 

KhhiSura  M e r i d h Z  Series. 

Simple proportion. 

Ditto. 

Ditto. 

- 2.5 & 
- 2'0 
+ 13-5 
+I4'3 8c 
+13-I 

- 5'9 

Blida* and BBl6gara* 

InMwan, Mograba and 
Thikri 

vdvBdi, ~ h a n v ~  and 
AnakvgAi 

Singhchori and T h i s  

Dhanvh, ValvBdi and 
Anakvadi 

Bgargaoni 

8hgi M e r i d h Z  Se&s. 

Tha* and Lakarwb* - 
, 

... . . . ... 

Bhor and Rencha 

Kadli and Sidpur 

Dophi, Pilwa and P6r- 
nera 

Bhorgarh, Gambigarh, 
Sinnar and Ankai 

JBthAbhor and Pat&ngri 

... ... . . . 

Sidpur 

P h e r a  

Ankai and Sinnar 

Plirnert and Singit 

+ 9.8 & + 10.0 

. . . 

+ 4'2 
- 0.4 
- 2.4 & 
- 4'3 
- 3.1 & 
- 5.8 

Simple proportion. The heights 
of Jhthrtibhor and Patiingri were de- 
termined in group 1 of the Guzerat 
Longitudinal Series. 

The heights of Kkarol, Wardhari, 
G h o r f i ,  Rencha and Bhor were 
determined in group 1 of the Gu- 
zerat Longitudinal Series. 

Simple proportion. 

Ditto. 

Ditto. 

Ditto. 



Of the Karichi Longitudinal Series of the North-Weat Quedrhtezsl. 
t Of tho W p l u m  Meridiold brier. 

5: 
0 

1 

1 

2 

3 

4 

1 

2 

3 

C o m m m ~ a t S &  Ending at Btntiom 

Abzc MmemdionuZ Seriee. 

Errors 
in feet 

Mbrd* and J d j *  

Method of Dirpenion, 
and Bemarb 

Mirz6pur and Sanoda of 
the Guzerat Longitu- 
dinal Series 

Kattyeoar iKeridiowl 8&8. 

- 0.3 & - 0.5 
Simple proportion. The heighta of 

Mirzipur and Sanoda were deter- 
mined in groups 2 and 8 of the 
Guzerat Longitudinal Series. 

Akoria,* Bhilgaon* and 
Jhund* 

D6jka and Pata-i-Sh6h 

KBkrajiandMdlia 

K a k h  and Tarkia 

- 2.4 

... 

+ I 7 & - 0.8 

- I 96 

Pata-i-Sh6h 

K b j i  

Tarkia and Kalrssa 

Din Level Datum Tower 

Simple proportion. 

The heighta in thia group were de- 
termined by taking the arithmetical 
means of two or more values in 
the following order :-Chitror from 
Pata-i-Shsh, Khhmh, MonBba and 
Whdia;  Kanduka from Dijka, 
Pata-i-SM, K h M r  and Chikor ; 
Ghgta  from Bela, D6jka and Kan- 
duka ; K a m h  from Khhnir ,  Mo- 
n4ba and K4kraji and Kikraji from 
Kesm4ra, Mon4ba and MMia. 

Simple proportion. 

Ditto. 

Ckzerat Lmgitudhal Serie8. 
K d t  andInMwant 

Jhiria and Poera 

Midpur,  W a s M  and 
Jhinjhar 

Poem 

J h i n j ' h a r a n d W d  

Ingrori 

+ 3'2 
+ 1'582 + 2.6 

... 

Simple proportion. 

Ditto. 

The heights in thia group wew de- 
termined by taking the arithmetical 
means of two or more values in the 
following order :-Sanoda from Mir- 
d p u r a n d w d ;  PBlrifromJhin- 
jhar, Wastdl, Sola and Shand;  
HBjipur from Sola, Sinand, and 
Khoraj; WBdrora from HBjipur, 
Khoraj and Haealpur; Thuleta from 
Khoraj, Hasalpur and Kdrig4ngar; 
Ktiriwgar from Hasalpur, Ingrori 
and Thuleta; and Por from Haaalpur, 
Kdrigsngar and Ingrori. 
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a 
i! 
0 

Erron 
in feet 

Method of Diapemion, 
and Bemarb 

4 

1 

2 

3 

4 

5 

6 

7 

8 

Commencing st Stations Ending st BWOM 

Grzlzerat Longitdiml S&8-(Continued). 

Simple proportion. The heights 
of SBpakra and Chalarwa were de- 
termined in group 3 of the Katty- 
war Meridional Series. 

- 3-0 & - 2.8 
Por and Ingrori SBpakrs and Chalarwa 

Cictch Coast Serieu. 

The heights in thb group were de- 
termined by taking the arithmetical 
meana of two or more values in the 
following order :-Nara from OBng- 
ta, Chihor, Whdia and B h a c b ;  
Kakarwa from Ghgta, Bhachb and 
Nara ; Ran from GBngta and Kakar- 
wa; RBhida from Bhachtlo, Kakarwa 
and Sakpur ; and K&ho from Bha- 
c f i ,  Sakpur and Charakra. 

Simple proportion. 

Ditto. 

The heights in thb group were de- 
termined by taking the arithmetical 
meana of two or more values in the 
following order :-Jamsnwsla from 
Snri Mnri and Bhbia; Pinjor Pir 
from Bhbia, Jamanwsls, Lakhpat, 
and Sugandia; Hakn from Said Ali, 
Guni and Mod; and Patha-ki-beri 
from Quni and Mod. 

Simple proportion.' 

Ditto. 

Ditto. 

Ditto. 

.. . 

. 

+ 1-9 

+ 2'4 

.. . 

+ 0.8 

- 1.8 

- 1.4 
- r 2 & - o. 2 

Qhgta, Chitror, Wbndia 
and Bhack  

, 

Rbhida, Sakpur and Cha- 
rakra 

Roha, Din& and HB- 
thria 

Snri Muri, Bhbia and 
Lakhpat 

Patha-ki-beri and 'Mod 

Patha-ki-beri, Jim and 
Mngalbhin 

Abanahsh snd Gad8 

Bibi Mariam and Do& 

Sakpur and Charskra 

Hhthria 

Lakhpat 

Patha-ki-beri 

Mngalbhin 

Gada 

Vikia 

N. End &d S. End of 
K h c h i  Base-line, N. 
W. Quadrilateral 



Abstracts of the calculations of the trigonometrical differences of height for the seve- 
ral Series embraced in the South-West Quadrilateral, and which also contain the W values 
of the heights adopted for the stations, will be found in the detstils of each Series. 

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 trigonometrical difference of height of each pair of stations as deduced from the observa- 
tions. These differences are followed by the several values of height of the deduced station 
above sea level as brought up by the triangulation, and the mean 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. 

It has occasionally happened that after observations have been taken by one observer 
at a tower station, a secdnd observer, coming to connect the station with new stations, has 
found it necessary to increase the height of the tower. In  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 instrumeat 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 Determinutiom of Aiimzcths by Astronomical Observations. 

I n  the course of the operations of this Survey it has been the custom to determine 
an azimuth at certain of the stations by astronomical observations taken at the time when 
the stations are visited in the execution of the triangulation. These independent observations 
of azimuth d l 1  be useful hereafter, in investigations of the Figure of the Earth and of local 
attraction. But for reasons which have already been explained at page 142 of Vol. 11, it 
would not, as a rule, be proper to employ them in the general reduction of the triangulation. 
It happens, however, that the observations have been reduced each year pari pas& with the 
preliminary reductions of the triangulation-figure by figure, or series by series-which pre- 
cede the final simultaneous reductions. The observations and their reductions are therefore 
given in the volumes which treat of the triangulation ; as they have more in common with it 
than with the astronomical observations for the determinations of latitude and differential 
longitudes. 



The observations for azimuth consist of measures of the angle between a circumpolar 
star, when near either elongation, and some station-either directly or through the medium 
of a referring mark-which are made in amordance with the system followed in observing the 
horizontal angles as regards the changes of zero, but with a larger number of repetitions on 
each zero, aa the observations are individually liable to greater error. 

The time of each intersection of the star being carefully noted, the difFerence, 68, of 
the momentary azimuth from the vdue at elongation, is subsequently calcubted and applied 
to the observed angle between the referring mark and the star. Thus a series of determina- 
tions of the angle between the referring mark and the star's position at elongation is obtained, 
from each of which and the known value of the star at elongation, a determination gf the 
azimuth of the referring mark may be deduced. 

The formula employed for the calculation has been 

2 sin2 + 6 P coseo I" tan A coas N.P.D. 
6A* = 

I - 2 sin2 N.P.D. sin2 + 6 P  & cot P. sin 6P 

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

At each station where the azimuth is observed, and a referring mark has been employed, 
the angle between the referring mark and one of the contiguous stations of the triangulation 
is also observed, just as any other horizontal angle : the several measures will generally be 
found in the Abstract of the Observed Angles at the observing station ; but when not the= 
given they follow the abstract of the azimuthal observations. 

Abstracts of the azimuthal observations will be found at the end of the details of each 
series, where are given, besides all necessary information regarding the observations them- 
selves, such details of the calculations as will enable them to be followed up to the final results, 
&., the difference between the Astronomical and Geodetical Azimuths. Sometimes the 
whole of the observations on a pair of zeros could not be completed on one night ; in such 
cases the remainder were taken on a subsequent night, and the change of the 'stm's place 
was duly allowed for in the reductions. 

The &at Reduction @,the Trianplatkm. PreZiminaq Sketch. 

The different processes employed in the reductions which have as yet been described, 
are applied to the single triangles, polygonal figures and net-works by which the chains are 

W e  XXV of the Aaxilirvy Tablee, 8nl w o n ,  1887; h been conatrunted to faoilitate the celculatiotr of thin fomulm. 
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built up. I t  has been the custom to make each field season's work, whenever possible,  close^ 
with a complete figure ; so that, during the succeeding recess, the preliminary reduction of 
the whole might be effected, and the resulting data rendered available for any immediate pur- 
poses for which they might be-required. The portions of the triangulation so treated fulfil 
all existing conditions until a chain oloses on a base-line, or two or more ohsdlls combine to- 
gether to form a circuit. Further conditions then present themselves which the triangulation 
has to satisfy as a whole, namely :- 

Pirst, in the case of a ohain closing on a measured base-line, tha 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 side 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 form of equations which result from the foregoing 
conditions, it may be as well to anticipate spoasible 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 me must now again 
revert to the observed angles, as the angles which have been corrected for figural conditions 
cannot be oonsidered 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 h l  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 car- 
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, me must treat the corrected angles in such a manner as to preserve all the con- 
ditions already satisfied. These are, however, so numerous and entangled as to make an exact 
solution of the problem impossible. Consequently al l  the central and side conditions of the 
different polygonal figures and net-works composing the ohains 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 -Ze triangles, and incrying 
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 eaoh triangle, and thus 
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enables all the triangnlar 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 number 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 extarnally 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 whioh have already been fixed. 

The &at Reduction of the Trhngulation. Pinvnation of the Cirmit Equaticme. 

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 Yand 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 
will satisfy the equations have to be found. These equations are respectively termed finear 
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. I n  
the reduction of this Quadrilated these equations were formed in the following manner :- 

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 m consecutively, 
we express the value of b logarithmically as follows :- 

log b = log a + log sin Yl - log sin Zl + log sin Y, - log sin 2, 

+ . . . + log sin Y, - log sin Z,. 

When this equation ie differentiated, if we write y for d P and z for'dZ, we shall have 
an expression for d log 6, the error in log b, in terms of the angnlm errors y and z. Now 

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

d log sin 2 = ( 



Thus if for brevity we denote t.d. log sin Y by /3 and t.d. log sin 5 by y, we have 

AEI in this equation d log b as well as /3 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 d log b, 
f i  and y become respectively the number of units in the 7th place of decimals. If we put B 
to represent the actual closing error in log b, and employ bracketa to denote summation, the 
last equation may be written 

D 

E = l;sy - yz]. 
I 

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

[By - ~ z ]  = log b computed - log b mewred ; 

and at junctions of chains we have 

the subscripts r and 1 referring to the right and left-hand chains of the circuit. 

The coefficients /3 and y are taken by inspection from any book of logarithms which, 
gives the logarithmio sines of angles for every eecond of arc.* 

The form of linear equation here given is the same as that employed for the South-. 
East Quadrilateral and the Southern Trigon, but differs from that employed in the reduction 
of the North-West Quadrilateral, in that @ there stands for cot Y and y for cot Za and E is the 

error in log b multiplied by cosec I~ 

Modulus* 

11. Geodetic E q w t h .  

The formulse which have been employed for calculating difFerences of latitude, longitude 
and reverse azimuths have already been quoted, see pages 19 and 20. In dealing with these 
we now codhe our attention to the h t  terns only. Expressing them logarithmically we have 

log M = - log p sin I" + log c + log cos A, 

l o g M  =.log(B - .rr- A) = -1ogvcotAsin1" +logc+logsinA; L . .  

* To rave time this is done in wume of the preliminary caldation of the tianglw, the tabular differenam being then noted on the 
triangle she&, from which they sre afteraerds taken when wanted. Provision is a h  mads in the triangle sheeta for sgsin employing 
the aame tabular differences, M faoton of the &id d o n o  of the angle#, in dculating the aomsponding cormtiom to thb logsrithmr 
of the Jdw of the trkngler. 



in which 4' and c are both functions of the observed angles. Differentiating, treating p, v 
and X BS constants, and expressing the differentials as tabular differences of logarithms 

t.dJog AA dAX = t.d.10g c dc + tadmlog cos A dAy 

t.d.10g AZ dhl; = t-dmlog c dc + t.d.10g sin A dBy 

t.d.log M (dB - dB) = t.d.logc dc + t.d.log sin A dA. 

Fmm these equations we have 

t.d.log c dc t.d.log cos d 
dAA = t.d!logAh + t.d.log Ah dB, 

t.d.log c do t.d.log sin A 
dAZ = t.d.log A& + t.d.log A& dB, 

t.d.log c dc t.d.log sin A 1 dAa 
dB = td log M + ( I  + t.d.log M 

The diagram in the margin, which is taken from 
page 112 of Vol. 11, represeats the eonmencement of a, 
chain of triangles in which station 1 is assumed to be the 
origin of geodetic co-ordinates, and 2, 3, . . . stations on 
the most direct route-indicated by the dotted line run- 

&/ C 

ning p d e l  to the sides on one flank of the chain-which connects I with any station in. 
advance. The side c is assumed to be a measured bme-line, and the astronomical azimuth of a 
referring mark at I to be the fundamental azimuth. The symbols'of the equations just given 
are made applicable by the employment of subscripts, as follows :- 

For the side I to 2; AXr,ALI,AAI,C1, B1,and B,, . . . . . . . . . . . . . . . . .  
3, f i  to + I ; AL, Azn,  Admy cn, An B n ,  

where n + I is the last flank station of the chain. 

Now if 6c, be the linear error generated between c and c,, 

&a s 9 9, CI a d ~ a ,  
and so on; and if 

8A, be the azimuthal error generated between the referring mark and c,, 

8Aa YS n CI and ca, 
and so an. Then 

t.d.log c,dc, = t.d.logc,Sc,, 
t.d.log oadca = t.d.1og c18cI + t.d.10g c, &,, 

' . . . . . . . . . . . * . . a  
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Returning to the expressions for dAh, dAL and dB, and treating the last first, because it is 
independent of the others, and omitting aU terms in which higher powers of sinr" occur or 

dc are latent, as in products of  sin^" by -, expressions for dBI, dB,, dB,, . . . may be obtained 
C 

in succession. That for the (n + 1)th station will be 
I 

dB. = '[ t.d.log AA ] t.d*log + [tnd.log I ' AA ] t.d.log c, &, 

This is the expression for the error in the azimuth at the (n+ r)th station of station n, 'due to 
the errors of the angles of the triangles which form the chain. 

The errors in latitude and longitude at the'same station, the (n + ~ ) t h ,  are the sums of 
the respective errors generated between the successive stations of the traverse. Calling these 
awns dAa+ I, and dL,+ ,, then 

Expressing dAX and dAL for each side in terms of 6c and 6 8  and substituting for the 
right-hand members of the last equations, we shall have . . .  " . . . .  . . . .  

* t.d.log cos A n t.d.log cos A t.d.log cos A, 
+, [ t.d.log Ah 1 +,[ t.d.log Ah 1 "' + ' + t.d.log Ah,, 68,, 

and 

t.d.log sin A a t.d.log sin A t.d.log sin A, 
+ I  [ t.d.log A L  1 +a [ t.d.log A L  1 68a + + . t.d.log A& 68,. 



&a. IL] THE FINAJi REDUCTION OF THE TIEIBNGULA!l!ION. 35 

In these expressiom for the emrs  in latitude, longitude and azimuth st the (d + ~ ) t h  
. . .  . . .  station we have now to substitute for t.d.log c 1 h I ,  t.d.log cl&,i, and for 6Aa, SA3, in 

tern of the errors of the angles in moh triangle. Turning to the diagram it will be seen eat 

. . . . . . . .  
and writing 

a for t.d.log sin X, 
/3 ,, t.d.log sin Y, 
y ,, t.d.log sin 2, 

it can be easily demonstrated that 
t.d.log cl = Bl y1 - yi 21 + B 2  Y Z  - y9 2s + $3 - YS 23s 

Ehimting x from these equations by help of the trianglar equation 

and substituting in the expressions from dZ,,+ I and dB,, while making use of the 
following symbola 

B for the left-hand member, 

p1 ,, the co-efficient of t.d.log c1 8 ~ 1 ,  

pa 9s 9, t.d.10g cz &%, 

we shall have the following general expression for an error either in latitude, longitude or 
azimuth 

E =  $1 8a.1 + PI (131 ~1 - YI 21 + B 2  Y, - YS 2,) 

+ ((pa - P I )  % + k B S I  Y s +  ((pa - P I )  Qs - P1Ys + 411 2s 



The general forme for the coefficients of y and are :- 
Brat.-If the 9th triangle have no side in the line of traverse, but only an angle at - - 

the station m, 
' b m B p  - 4s) Y, + (- ~ L , Y P  - 

Secondly .-If the qth triangle b v e  a side in the traverse between the sta,tio118 n and 

Exceptions will appear to present themselves at the commencement and end of chains owing 
to the non-existence of some of the coefficients. In all instances, however, it will be found 
that 4, enters the coefficients of all the errors of the angles at station m, and r, enters the . 

coefficients of the errors of the other angles of the same triangles, with aplus sign if looking 
from station m the angle is the left-hand one of the triangle and a m h w  sign if the right-hand. 

The substitutions for p and 4 to render the general equation applicable to either 
latitude, longitude or azimuth are given in the following table. 

Table of Substitutha for p and 4. 

For 3 

9, P 

3, 4 

Pl 

3s CCs 

. . 
a,. PI, 

3s +l 

4% 
. . 
99 4, 

Latitude. 

dL+I 

1 

+ t.d. log A& 

I t.d.log cos A 
+a[ t.d.LogAX 1 

t.d.log cos A, 
+ t.d.log~A,, 

Longitude. 

dl;, + 1 

I 

+ t.d.log AL, 

+: C t.d.log sin A 
t.d.10g AL 1 

t.d.log sin A 
t.d.log A L  1 

t.d.log sin A, 
+ t.d.log U, 

Azimuth. 

, dB, 

1 +*[ t.d.log sin A 
I t.d.log aa I 

t.d.log sin A 
1 +.[-- a t.d.10g AA 1 

t.d. log sin 8, 
' + t.d.log Us 
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Thus the geodetic errors met with at the close of any circuit of triangles, or at the 
junctions of separate chains of triangles, may be readily expressed in terms of the symbolic 
errors of the included angles : and the absolute terms of the equations will be the differences 
of the values in latitude, longitude and azimuth which are calculhd from the origin of the 
circuit through the two branches up to this junction. 

It is easy to shew that the coefficients of the unknown quantities in the typical equa- 
tion on page 36 are identical with the corresponding coefficients of equation ( I  z I)  page 176 of 
Vol. 11. I n  the former, however, the errors of the base-line and initial azimuth are omitted, 
as they do not enter the actual equations for solution and are only required for investigations 
of theoretical error. 

111. Calculation of the ~bsolute' Terms of the Geodetic Equaliona. 

I t  has now been demonstrated how the geodetic errors met with at the close of any 
circuit of triangles, or at  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. Tile circuit is divided 
into two branches-right-hand and left-hand-and the values of latitude, longitude and azib 
muth are calculated from a common station and side of origin to a closing station and side by 
each branch ; and, if the subscripts r and I denote the values obtained by the right and left- 

, hand branches, 
A 
E = A, - A,, 

L E =  L, - Lr, - 

d E = B, - Bl. 

The Fittat? Reduction of the Trirtlzgulation. Solution of the Equatiorccl between the 
Indeterminate Factors. 

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

I B , Y ~  + lC1 Z1 + + I%yt + ,Cl?t = IB, 

a b l y 1  + r C 1 ~ 1  + + a b t y t  + i c t z i  = zE, 
. . . . . . . . . . . . . . .  

n ' l ~ 1  + n C l ~ 1  + . + "Q/t + n C t ~ t  = n E ;  
in which equations the left-hand 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 
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 ' axe ,A, 2A, +, kc., and the 
equations between them are*. 

in which 

?C 8 = - (zb - 21 c), and Qt = - (zc - b). 
3 3 

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

- A + z s p  + . + ,'4B,nA, Y P - 1  P I  

q,= 1 Qt P I  . . +.&p,,A, 

xp = - (YP + zP)' 
* I n  Lheae equatiot~s, although the corresponding coefficients on opposite sides of the diagonal appear to differ, t,heir values are in  

reality identical in each term of thc summation. Both forms have always been made use of as a check on the cslculationa except in the 
F e  of the N o r t h - h t  Quadrilateral ; the diagonal coe5cient.a were obtained also by the formula 
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CHAPTER 111. 

THE DETAILS OF THE SIMULTBNEOUS REDUCTION. 

Preliminary. 

The triangulation of the South-West Quadrilateral does not stand on a par with 
the greater part of the rest of the triangulation of India inasmuch as it was executed 
with less refined instruments. It was commenced with Dollond's 16-inch theodolite, an 
instrument designed by Captain Kater and constructed to the order of Lieut. R. Shortrede, 
from whom it was purchased for &vernment by Colonel Evereat in 1837. With this in- 
strument a portion ofithe Singi Meridional Series and the whole. of the KMnpisura Meridional 
Series were executed. It was towards the completion of the latter series that the then 
Surveyor General, Colonel Waugw had his attention drawn to the discordances in the read- 
ings of the microscopes after successive intersections of the same object, and he learnt then 
that the instrument had for some time past been giving wild readings and was'thoroughly 
out of repair. He therefore replaced it by one of the two 18-inch theodolites by Troughton 
and Simms, which had been constructed in' 1829-30 and formed part of the equipment im- 
ported by Colonel Everest in 1830. With this instrument all the rest of the triangulation 
was executed. The fact of the triangulation having been performed with instruments not of 
the highest class, has no influence on the &st of the triangulation of India; for the South- 
West &&lateral lies between two series appertaining to sections of the triangulation 
which were previously reduced to final terms. With these series tlie South-West, Quad- 
rilateral has been brought into accordance, and they furnish the whole of the fixed data 
on which it is based. The triangulation forms 6 circuits giving 24 equations in latitude 
longitude, azimuth and side. The triangulation in Kattywar forms no circuit and therefore 
does not enter the Simultaneous Reduction, but is treated as, a pendent to the main trian- 
gulation. 



Synopsis of Independertt B g ~ r a l  Reductions Antecedent to Me Fiilta2 
Simultaneous Redzccth.  

The South-West Quadrilateral is made up of the following single triangles, quad- 
rilaterals, polygons of one or more centres and compound figures ; and the angular errors 
have been obtained by the method of Least Squares :- 

The figural conditions and reductions-excluding those of the 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, trianguZar, central and side, 
furnished by the whole of the figures, they amount collectively to 280 triangular, 32 central 
and 57 side equations, or 369t equations in all. 

Sl t sxse  

... Khhpisura Meridional ... 

... ... Singi 9s 

... ... Abu 9 9  

... ... Katty war 9y  

... Quzerat Longitudinal ... 

... Cutch Coast ... 

There are certain peculiarities in some of the figural reductions which m y  be 
here noticed :-Fig. No. 10 of the Singi Meridional Series and No. 26 of the Guzerat Longi- 
tudinal each have one angle at the central station unobserved and consequently central 
equations are wanting. Fig. No. 14 of the Singi Meridional Series originally possessed 

Single 
Triangles 

... 
I 8 

I 

7 

31 

... 

5 7 

- 
*.The side equations in the 5gursl reductions are expressed in different. forms in daerent portions of the triangulation. In  the 

form first ado ted the coe5cients of the unknown quantities are the cotangents of the angles, in the other they are the tabular differences 
of the logaritgmic sines of the mglea. The latter have been made use of for figures Xos. 7, 21, 23 to 41 and 46 to 53. 

t This number include8 two equations in figuw 18 derived from its connection with the Karbhi Longitudinal Series to which i t  is 
united by Luo sidcrs. 
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another triangle formed by tlie ray Ktimandrug-Karanja. Had this ray been retained there 
would have been three additional equations of' condition, one triangular, one central, and the 
other a side equation, forcing the figure to maintain the ratio of the sides Karanja-Singi to 
Singi-PBrner ; while the central equation would have maintained the angle Karanja-Singi- 
P h e r  at  the value derived from the Bombay Longitudinal Series. Had the triangulation 
of the latter Series in this neighbourhood been very superior to that of the Singi Series, i t  
would doubtless have been right to have maintained the connection ; but this portion of the 
Bombay Longitudinal Series was executed with the same instrument, Dollond's 15-inch 
theodolite, as was employed on the triangulation of Fig. 14, and was in no way superior; 
hence the ray. in question was discarded and the figure was left unhampered. I n  the case 
of Fig. No. 18 of the Kattywar Meridional Series, which depends on two sides of triangles 
of the Kadchi Longitudinal Series, the treatment was exactly the reverse, for the Karhchi 
Series triangulation is in every way far superior to that of the Kattywar Meridional Series. 
I t  will be seen on reference to the reduction chart that Figures 20 and 29 have a common 
station GBngta which causes them, together with the intermediate Figures, 21, 22 and 28, to 
form one figure, and they might all have h e n  reduced simultaneously. The reduction would, 
however, have been very laborious and it was decided to reduce them separately, Fig. 29 being 
reduced last under conditions which maintained the position of GBngta as previously found. 

Description of the Reduction Chart. 

Tlie Reduction Chart at the end of this volume exhibits the whole of the Principal 
Triangulation of the South-West Quadrilateral, as it was originally executed. 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 tlie angles 
are introduced. The fixed data for the final reduction are afforded by the Kai6chi Longi- 
tudinal and the Bombay Longitudinal Series. These two fundamental series are fully exhibited, 
and are distinguished by the sides of the triangles being sliewn by thicker lines than those 
of all the other triangles : the sides on which the several series of the South-West Quadri- 
lateral abut, and of which the-elements enter the calculations as fixed quantities, are defined 
by double lines terminated by black circles with white centres. 

Of the several series which enter the reduction, the circuit triangles-the 6 ro r i  of 
whose angles are the unknown quantities in the reduction, and are all investigated simul- . 
taneously-are indicated by continuous lines. The nolz-circuit triangles are the portions of 
the original polygonal figures and net-works which are excluded from the simultaneous 
reduction, and their sides are indicated by broken lines. 

The six chains G to 1, form six so-called circuits, the term hitherto used being re- 
tained for convenience, though in no case is a complete circuit formed. For example 
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Circuit I is constituted by Series G: alone, which originates from a fixed side to the north and 
closes on a fixed side to the south. Circuit 111 is similarly constituted by Series H. Cir- 
cuit I1  is formed by the northern portions of Series G: and H in combination with a por.tion 
of Series K ; it originates from a fixed side of the Kadchi Longitudinal Series and closes 
on another fixed side of the same series. This circuit might equally well have been made 
to originate from a fixed side of the Bombay Longitudinal Series and to close on another 
side of the same series, but it would then have contained several more triangles and entailed 
a good deal more labour in the subsequent calculations. Circuits IT, P and 71 resemble 
Circuit 11. 

Where, in the formation of circuits, the chains have to be divided into sections, they 
are denoted thus :- 

G- by G1 and G3, 
H 11 Hi 1, Hj[2, 

J 3, d l  9 1  J z s  

K ,, K1, Kz and K,, 
the sections being numbered from north to south or from east to west. 

Thus the Circuits are composed as follows :- 

Circuit I of G1 and G,, 

9, III ,, Hl and He, 
)I I T  ,, H1, K2 and I, 

3, 7 1, I1 K,, dl and J, 
,, PI ,, Jl and ]C. 

Along the flank, on the right-hand side, looking south or west, of every chain of 
triangles, a dotted line runs parallel to the sides of the triangles ; this is the line of traverse. 

The line of traverse for each circuit is usually divided into two parts, known as the 
right-hand and left-hand branches ; but Circuits I, 111 and PI have each only one branch, 
which originates from and closes on sides already fixed in length and position. The sides 
which form the origins of the right and left-hand branches of the circuits and on which they 
close are shewn by double lines. 

The 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 Boman character, are pro- 
gressive in order from north to south in meridional and from east to west in longitudinal series. 
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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 
assigned to them. These numbers indicate the stations of which the geodetic elements have 
been calculated in ascertaining the circuit errors; they are the traverse numbers and com- 
mence from the initial station of Circuit I, viz., B4lAgara of the KarBchi Longitudinal 
Series, which is numbered I , and terminate at Vikia, 80, near the north-western extremity 
of the Cutch Coast Series. 

The circuit triangles are numbered from 1 to 172 ; commencing from tlie initial side of 
Circuit I, Bgl&gar+BGda of the Karachi Longitudinal Series, they follow the same course as 
the traverse, and terminate at the north-western extremity of the Cutch Coast 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 throughout the Simul- 
taneous Reduction; x is tlie symbol of the errors of the flank angles ; but as x has been 
eliminated throughout by the substitution for it of - (y + z), it is not indicated on the Chart. 
The addition of the number of ahy triangle, as a subscript to either of these symbols, parti- 
cularizes the angle in each instance. The numbering of the ' non-circuit triangles ' is carried 
on in continuation of that of the circuit triangles ; here smaller numerals are used on the 
Chart for distinction. The numbering comrnenqes with 173 and terminates with 280. 

Polygonal figures and net-worlts occur in all the series and are distinguished by num- 
bers carried consecutively through the several chains in the order in which they are lettered. 
It is to be remarked that the term 'figure' is only applied in the Chart 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 claim to be called a figure: hence the term 'figural errors' when 
made use of elsewhere in this 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 which traverse the South-West 
Quadrilateral, and the connections which have been effected with many of the principal sta- 
tions, are also shewn on the Chart. The lines of levels have already been indicated in 
Section 7 of Chapter 11. 

General Outline of the Fomnation of the Linear and Geodetic Equatiolts of Cor&ditwn, and a 
Statement of the Entire Number of Equations presented by the l'riangulatwtc. 

The triangulation having been first made consistent so far as all figural conditions were 
concerned, the linear calculations were commenced at  the side ~ ~ l & a r a - ~ l i d a ' o f  the Kar4chi 
Longitudinal Series, and carried down Series G: until they closed on the side Bgargaon- 
Chincholi of the Bombay Longitudinal Series. They were taken up again at  the side Karsod- 
Indniwan on the western flank of Series G , and carried westward dong Series K to the side 
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Pathngri-Blior of Series H. The calculations were commenced again at LakarwBs-TBna of 
the Kar6chi Longitudinal Series, and carried down Series lH[, to close on the side Singi-PBrer 
oE'the Bombay Longitudinal Series; and then again taken up from the side JBthrkbhor- 
Ktigarol on the west flank of Series H and carried along Series X( westward to the side 
MirzBpur-WastrAl of the same series. A commencement was again made from the Kadchi 
Longitudinal Series on the side JerAj-316rd and the calculations were carried down Series 1 
and westward along Series K, and then north-westward along Series J to the side MonBba- 
WBndia. They were once more commenced from the side Bhilgaon-Akoria of the Kadchi 
Longitudinal Series and carried down Series J, and then westward and north-westward along 
Series 1, to close again on the side Khothol-Stihiji of the Kar5tchi Longitudinal Series. 

The calculations of the geodetic latitudes, longitudes and azimuths were carried in all 
cases along the right-hand flanks of tlie chains of circuit triangles, commencing and termi- 
nating with the linear calculations. The order in which the calculations have been made for 
the simultaneous' 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 calculations 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 geodetic 
values at the stations and sides of junction, first where these have fixed values m in the 
case of Circuits I and III  and next as exhibited by the calculations through the right and 
left-hand chains of each circuit. 

We may employ the formuln: in pages 15 and 16 to ascertain the number of equations 
of condition, here called circuit equations, to which the triangulation should still be subjected 
to make it consistent. The 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. The general formula is however 
equally applicable to both simple figures and to larger sections of the triaugulation forming 
circuits. 

The data are as follows:-N (the number of angles) = 813, S (the number of stations) 
= 225, and Q (the number of stations of which the positions stand previously fixed by 
former reductions) = 15, or 

N - 2 ( S -  Q)=393. 

Now of these 393 equations i t  has been shewn that 369 have already been employed. There- 
fore there remain 24 equations of condition to which the triangulation has not been subjected. 

Let the symbols G, H, 1, . . . ]G, 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, page 32, and of the 
geodetic equations, page 35, which express the errors of' the several angles. Let the 
 subscript,^ be c and B for the linear and azimuthal errors, X and I;, for the errors in latitude 
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and longitude, placed, on the left-hand side of the governing symbol. Blso let E with a 
numerical subscript on the left-hand side, corresponding to the number of the equation, be 
employed to represent the absolute ternis, as in the equations, page 37. 

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

Cirmit I. Circuit 11. 

Circuit III. I Circuit IT. 
P 

c H l  + c H 2 .  = 9 E* 9 cX - c H 1  - c K e .  . . .  - I32i'; 
- . . . . .  

- A H H [ ~ + A H % .  . . . . .  - I o E ;  A X  - h H l  - . . - 14E; - 

I ; X I ~ + L H ~ .  m e . . .  =HE;  L H ' . . - - IsE; 

A H 1  + . i H 2 .  . . . . .  = I2E. AX ,- A H 1  - . . . .  = 1 6 3 .  

Circuit 7. Circuit 71: 

J 1 - c X - c K s -  oJz  . = r 7 E ;  c J l + c L .  . . . . . .  - z l E ;  
- 

P m t w a  of the Coe$icierYk .of the Unknoum Quantities. 

On page 37 the equations of condition are represented by a form of which the follow- 
'ing may be taken as a general illustration 
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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 b and c being the coefficients of y 
and z respectively. 

For the Linear Equations we shall have generally, see page 32, 

bp = & pp = & t.d. log sin Y,  for I"; 

Cp = =F yp = tad. log sin Zp ,, 
For the Geodetic Equations we shall have, see page 3b, 

the former being applicable to any, thepth triangle, when it haa only the angle X in the 
.traverse at the station I, and the latter when it has the side opposite ,X in the traverse and 
lying between the stations I and I + I, the lower s i p s  being employed in left-hand branches 
of circuits and the upper signs in all other cases. 

Excqtiolzs to the U e w a l  E x p r e e h  for B and t .  

C i m i t  I. Equations I to 4. 

Equation I has no exceptional coefficients. 

I n  Equations 2,3 and 4 

with the exception of c,, in Equation 4, in Azimuth, which needs the addition of unity to 
carry the calculations as far ae the side Agargaon-Mathuri, and the same equation has two 
extra coefficients 

bm = - I and cso = - I, 
to carry the calculations to the cloeing side dgargaon-~hincholi. 

Circuit II. Equations 5 to 8. 

In Equation 5 
i'll = + all; e l ,  = + (a11 + Yll) ; 

a,= -a , ;  ts6 = - ( ~ 5 5  + ~ss). 
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In Equ8Hons 6,7 and 8 

except that in Equation 8, in Azimuth, C, needs the addition of - 1, and there are additional 
coefficients in t h  equation which do not ocour in the other two 

Ckma't III. Equations g to I a. 

Equation g has no exceptional ooefioients. 

In Equations 10, I I and 1% 

except that in Equation 12, in Azimuth, t ,  needs the addition of unity, and this equation 
has also additional coefficients 

$ 6 =  - 1; tT6 = - 1. 
CCwit 17. Equatiom 13 to 16: 

In Equation I 3 

a,=+,; t w  = + (a, + Y K ~  ) ; 

=loo = - a,,; tloo = - boo + Yloo). 

In Equations 14, 15 and I 6 

except that in Equation 16, in Azimuth, t ,  needs the addition of - I, and this equation has 
also additional mfficiente 



C i ~ w i t  7. ' Equations 17 to 20. 

In Equations I 8, - I  g and 20 

except that in Equation 20, in Azimuth, cl, needs the addition of - I, and this equation has 
also additional coefficients 

Circuit PI. Equations 21 to 24. 

Equation 2 I has no exceptional coefficients. 

In Equations 22, 23 and 24 

except that in Equation 24, in Azimuth, C171 needs the addition of unity, and this equation 
has also additional coefficients 

S y q t i c a l  Exhibition of the aeveral E p z l a t k  of Co~zdition. 

For the sake of brevity let us put ,k, for ,bP y, + ,c, zp, 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 L and c in any, the mth, equation of condition. Then in forming the equations 
it will be necessary to substitute for m the number of the equation, and forp the number of the 
triangle. It will now be convenient to arrange the ks in numerical order between the initial 
and the terminal sides or stations of the chains 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 I to represent the sum of the terms rnk for a series of trianglea of which 
P 

the first term is ,k, and the last term is ,k, : when the triangles enter as usual in a numerically 
increasing order p will be < p ; when they enter in a numerically decreasing order, as some- 
times though very rarely happens, p will be > q. 
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The equations will then be expressed as follows :-- 

~ b i t  I. Circuit I I .  

( 6 ). Latitude. 

(4). Azimuth. , k r  . . = ,E. ( 8 ) .  ~ z i m u t h .  s k y +  s k y +  sk[= 
1 41 

Circuit I I I .  Circuit 17. 

100 64 86 
( 9 ). Linear. ,k 7 . . = 9E. 

41 
(13). L k a r .  J7+ ,,k I + ,,k I = ,,E. 

41 76 

74 
(I I). Longitzcde. Irk I . . = 113. 

41 
(15). Longitude. I& 87 r + ,,k 41 r+ ,,k r= 6 lsE. , 

(1%). Azimuth. lak . . = 12iY. 
41 (16). Azimuth. ,6kr+ 16k I& [= 16E. 

Circocit 7. . Circuit PI. 

195 124 172 
(17). ~ & a r .  1 7 k 1 + 1 7 k 1 = 1 7 E .  (21). Linear. k . . . . . = a1E.  

1 5  87 1% 

134 1% 
(I 8). Zatitude. ,sk L+ , ~ k  I = ,sE. .(22). Latitude. a2k1[ . . . . . = .a. 

1 87 1 6  

1 1  
(19). Lonpitade. ,,kz+ ,$r= 19E, (23). Longitude. a3k 1 . . . . . = 

87 1% 

136 . 124 172 
(20). Azimuth. ,a I + ,,k l = ,,Em (24). Azimuth. 2,k 1 . . . . =aqE* 

126 87 126 



INTRODUCTORY. 

The Numericul Palues of the Fixed Data on which the Sit~zultaneozcs Reduction of the 
South- Teat  Quadrilateral is bused. 

It has been stated in Section 3 of Chapter I, that the South-West Quadrilateral rests on 
two chains of triangles, which having been already finally adjusted, furnish the whole of the 
data on which the Quadrilateral is based. The two series are the KarAcG and Bombay 
Longitudinal Series, the former, Series 18 of the North-West Quadrilateral and tl~e'latter, 
Series 18 of the Southern Trigon. The fixed data have been taken from Volumes I11 and 
XI1  of the Account of the Operations of the Great Trigonornetrical Survey of India con- 
taining the details of the North-West Quadrilateral and Southern Trigon ; but for the geodetic 
elements a third place of decimals of seconds has been obtained by reference to the manuscript 
calculations of those sections. The data are as follows :- 

Volume 111, pages 46-: to 61,. :- 

Khanpisura Meridional Series. 

Station of origin Bhligara or XXIV ; side of origin Biligara or XXIV to Biida or 1x1. 
At Biilhgara 

Latitude North ... ... ... 24' 10' 2 1 ~ ~ ~ 9 0 4 ,  
Longitude East of Gxeenwich ... ... 75 o 15.836, 

... Azimuth of Bfida ... ... 248 10 32 -619, 
... ... Distance ,, Log Feet 4 -  7960898,~. - 

Singi Meridional Series. 

Station of origin Lakarwhs ~ ~ ' X X X I I  ; side of origin Lakarwtis or XXXII to T h s  
or XXIX. 

At Lakarwh 
... Latitude North ... ... 24' 31' 47'"9g1, 
... Longitude East of Greenwich ... 73 52 10 '410, 
... ... Azimuth of T h a  ... 240 10 36 ,368, 

... ... - .-. . Distance , 9 Log Feet 5.1383141,5. , 

, - Abn Meridional Series. 
Station of origin Jer6j or XLII I  ; side of origin Jeraj or XLII I  to Mird or XL. 

8 

At Jer&j 
'Latitade Nbrth ... ... . . . .  24' 24' 5gf"768, 
Longitude East of Greenwich ... ... 72 32 29 -857, 

... ... ... . Azimuth of Mhrd 271 50 2.185, 
Distance la ... ... Log Foet 5 I 803796,s. 
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Kattywarr Meridiond Series. 

Station of origin Bhilgaon or LXIV; side of origin Bhilgaon or LXIV to Akoria 
or LXI. 

At Bhilgaon 
Latitude North ... ... ... 2 41' 34"' 187, 
Longitude East of Qreenwich ... ... 71 7 1 0  ,998, 

... Azimuth of Akoria ... ... 274 27 27 '598, 
... ... Distance ,, Log Feet 4- 81 60424,8. 

Cutch Coast Series. . 
Closing station of Circuit PI, K h t h o l  or CIV ; closing side K4rothol or CIV to S4hiji 

or CVII. 
kt ~ o t h o l  

... ... Latitude North ... 24" 53' 46".692, 

... Longitude East of Qreenwich * n o  67 55 59 '651, 

... ... Azimuth of S&hiji . 80 16 1 5  -052, 

... ... Distance 19 Log Feet 4.9930496,'- 

Volume XII, pages 66-B. and 57, :- 

Khanpiaura Meridional Series. 

Closing station of Circuit I, Hgargson or XXIV; closing side dgargson or XXIV 
to Chincholi or XXIII. 

~t Bgargaon 
... Latitude North ... ... 19' 10' 401"523, 

Longitude East of Greenwich ... ..- . 74 54 32 '9799 
Azimuth of Cbcholi  ... ... 303 32 19 '3569 
Distance 3 9  ... ... Log Feet 5 z222227,3. 

Singi Meridionrtl Series. 

Closing station of Circuit 111, Singi or XXX ; closing Bide Singi or XXX to P h e r  
or XXVI. 

At Singi 
Latitude North ... ... ... 18" 56' 45"-894, 
Longitude East of Greenwich ... ... 73 42 10'304, 
Azimuth of P h e r  ... ... ... 262 5 23'758, 
Distance 2J  ... ... Log Feet 5'4I43939~59 



INTRODCCTORY. 

The Sides and Angles of the Circuit T~iangles .  

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 
.Kar&chi Longitudinal Series, are exhibited in the following table. The given angles are the 
corrected plane angles, odtained 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 h a 1  
data of the Sides and Angles of the Triangles, wl~ich are given for each Series in this 
volume. The final data will be found to contain three columns of angular corrections, 
mhich are respectively headed by the words 'Figure', 'Circuit' and 'N~n-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 spherical excess, to the observed 
angles, in order to obtain the 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 corrected 
plane angle gives the finally corrected plane angle. 

I n  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 vlaues 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 numbem. The latter are distinguished in respect to the Series to which 
they appertain by their Serial letters, as K for the Guzerat Longitudinal Series, &c. 

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

- - - - - - - - - - 

* In oalculnting t h a e  valuer 7-place LogcuiLhm Tables were employed, tho 8th place hem akewn being obtained by interpolation. 
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These 8tationa appert8in to the K u U  Longitudinal £brim of the North-West Quadrilatersl. 

, 

I 

i 

i 
1 

a 

4 

5 

6 

7 

8 

9 

10 

11 

' 1 2  

14 

corrected Plane 
Angle 

0 I * 

61 49 1 9 - 3 9  
38 j1 2 '53 
79 19 38'08 

85 13 40.22 
34 30 59.67 
6 0  15 20.11 

50 26 42-67 
41 55 22.14 
87 37 55'19 

77 18 57'94 
36 45 12.24 
65 55 49.82 

60  31 43-22 
47 53 53-18 
71 34 23-60 

76 8 3 2 . 9 2  
61 15 37 '27 
42 35 49'81 

38 51 17-92 
40 19 17.38 

100 49 24-70  

58 39 52.69 
57 45 22'92 
63  34 44 '39 

6 0 4 4 5 2 . 2 3  
61 0 1 2 . 6 4  
58 14 55.13 

60 41 43'79 
65 50 51-16  
53 27 25'05 

43 16 33-66 
54 10 1.72 
82 33 24-62 

104 36 39-96 
435231 .54  
31 30 48-50  

5 0 5 6 3 1 . 6 0  
53 39 21.24 
75 24 7 -16  

50 46 59-23  
73 16 30'35 
55 56 30'42 

i 

' ; d ~  
'E: 

-k m 

n 

1 '99  
1.99 
I -99  

1 -85  
1 - 8 5  
1-85  

1 - 9 3  
1 .93  
1 - 9 3  

1 - 4 3  
1 - 4 2  
1 - 4 3  

1 - 7 3  
1 - 7 3  
1 '74 

2 '70 
2.70 
2 - 7 0  

1 - 8 2  
1 - 8 2  
1 ' 8 3  

1 - 4 5  
I .45 
1 - 4 6  

1 - 4 7  
1.47 
1.47 

1 - 7 1  
1 - 7 1  
"71 

1.14 
1 - 1 4  
1 .14  

1 - 2 5  
1 - 2 5  
I '24 

2 - 1 5  
2 '  15 
2 '16 

1 -92  
1.92 
1-92 

b g a r i t h m  of 
side-length in 

Feet 

5'2784898,6 
5'1307454.1 
5'3256962,6 

sa3383383,o 
5 0931572~1 
5 2784898,6 

5'2257725,Z 
5.1635695~2 
5'3383383,o 

5'2545474,s 
5 0422486,s 
5'225772512 . 

5'2172251,9 
5'1477822,7 
5'2545474,s 

5'3739113,9 
5'3296467,3 
5'2172251,9 

5'1792177,6 
5.1926621,2 
5'37391 13,9 

5'1586565~6 
5.1543896,~ 
5.1792177,6 

5'1698183,7 
51708980~9 
5'1586565,6 

5 2054131,4 
5'225~951,3 
5 1698183,7 . 

5 0451041,7 
5.1179633~3 
j'1054131,4 

5'3125753~9 
51676438,6 
5'04j1041,7 

5 '2~6973j ,3  
5 2 3 2 8 7 7 ~ ~ 7  
5'3125753,9 

5.1878634~9 
5'2799256,~ 
5'2169735~3 

Angle 

0 1  4 

8 0 1 7 4 4 ' 8 8  
70 28 25'23 
29 I 3  49 '89 

39 23 52'13 
50 50 6 - 7 3  
8 9 4 6  1 - 1 4  

64 39 57-17 
68 13 50'03 
47 6 12-80 

72 37 31 '24 
58 53 11.51 
48 29 17-15 

77 26 24.81 
5 0 2 8  44-71 
52 4 50.48 

46 17 19.23 
51 45 3 ' 9 3  
81 57 36.84 

61 51 12 '34 
29 24 46-76 
88 44 0.90 

48 53 17-45  
53 57 36-93  
77 9 5.62 

82 4 29-36 
43 34 58.26 
54 20 32.38 

56 8 23-56 
8 4 3 2 5 0 . 3 6  
39 '8 46.08 

57 2 0 . 7 9  
66 42 58-93  
5615  0.28 

66 o 1'52 
70 2 23'49 
43 57 34 '99 

67 9 3 7 ' 7 4  
4732  1 - 4 6  
65 18 20.80 

65 59 27-52 
6 7 5 6  18 '13 
46 414 '35  

m 1 
9 XYIV, 
# XXI 8 

a G I1 

XSZ+ 
2 ,  G I I .  

I 

I 
2, I1 

I11 

I1 
H 111 

VI 

111 
, VI 

V 

V I  
, V 

VII 

V 
5, VII 

VIII 

VII 
9s VlII 

IS 

VIII 
,, IX 

X 

X 
, IX 

XI1 

IX 
,, XII 

XI11 

XI1 
w XI11 

XIV 

XTII 
,, XIV 

XXI 

XVI 
m XIV 

XVIII 

1 

2 

2 

2 

2 

3 

3 

3 

4 

4 

4 

5 

5 

6 

6 

6 

6 

6 

7 

7 

8 

t 
3 
'E: 

g 
* 

'59 
'59 
'58 

'61 
'62 
-62 

-58  
'58 
-58  

-84  
'84 
'84 

1 ' 20  

1'19 
1 - 1 9  

1.10 

1-10 
1.10 

'44 
-44  
-45 

'49 
'50 
'50 

'40 
'40 
-40  

-92 
'92 
-92 

1 - 1 2  
1 - 1 3  
1 .12  

1 - 5 3  
1 .53  
1.52 

1 -60  
1 '59  
I .60 

2.58 
2'59 
2.58 

Btation Numbern 

Berial 

G XIV 
XVIII 
XVII 

XVII 
XVIII 
XIX 

XVIII 
XIX 
XX 

XX 
XIX 
XXII 

XIX 
XXII 
XXI 

XXLI 
XSI  
XXIII 

S X I  
XYIII 
XXlV 

XXIV 
XXIII 
XXVI 

XXIII 
XXVI 
XXVII 

XXVI 
XXVJI 
XXVIlI 

XX BII 
SXV11I 
XXX 

XXVIII 
XXX 
XXXI 

XXX 
XXXI 
XXXIV 

XXXI 
XXXIV 
XXXIII 

Logarithm of 
side-length in 

Feet 

~ ' I O I I Z I ~ , ~  
5'0816j70,o 
4 7960898,2 

4.9036948,~ 
4'9906136,3 
5 I O I I Z I ~ , ~  

4'9949224,9 
5~067045,5 
4'9036948,~ 

5'1002639,s 
5 0530936~7 
4'9949224,9 

5'1927354,9 
5 0905299,9 
5 100~639,5 

5'0560617,o 
5~920766,2 
5 1927354,9 

5.0015101,7 
' 4  7473388,1, 

5'0560617,o 

4 8895642,3 
4.9202612,~ 
~ ' O Q I ~ I O I , ~  

4'9755652,7 
4.8182061,3 
4 ' 8 8 9 5 6 4 ~ ~ 3  

5'0930693,4 
5'1718122,3 
4'975565297 

5'0969789,S 
5.1363297~9 
50930693,4 

5.2162556,: 
5'2286197,9 
5'096978998 

5'2224471,4 
5 1 2 5 7 7 1 7 ~  
5'2162556,7 

5'3256962,6 
5'331973396 
5'2224471,4 

n 
5 
$ 
? .- 
& 

16 

16 

1'7 

18 

19 

20 

21 

22 

23 

24 

25 

26 

97 

2s 

i 
!6 
fi 

8 

8 

8 

9 

9 

10 

10 

10 

1 1  

1 1  

1 1 

1 1  

I 2 

1 2  

12 

13 

13 

13 

14 

14 

1: 
4 
3 
mR 

y 
x 
a 

,, 

,, 

,, 

,, 

., 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 



* Thme s t s t i o u  appertain to the Bombay Longitudinal Series of the Southern Tri on. 
t r  ,, h d c h i  Lungitudind Beries of the North-West &adrilated. 

~ o g r i t h m  of 
aide-length in 

Feet 

5.1657338,~ 
5'2401535,2 
5'1383141~5 

5.1436250~9 
5'091504716 
5.1657338,~ 

5'169273999 
5'0567476,1 
5'1436250,9 

5'078768~12 
5'1382694,9 
5'1692739,g 

4 ' 9 6 ~ 7 3 6 , o  
5'0308797,~ 
5'078768912 

4'877158915 
4'9102185~0 
4.9611736~0 

4.9838115~1 
4'92849464 
4'8771589,5 

5.0427796,~ 
4'900551714 
4'3838115,1 

5'0250443,s 
4'9120032,6 
5'0427796,~ 

4.9902801~5 
4 ' 9 3 7 ~ 4 4 3 ~ 6  
5'0250443~5 

4 . 9 4 ~ 4 6 7 8 ~ 8  
5 '02131~3~6 
4.9902801~5 

5.0847370~6 
5'0295225,7 
4-94246748 

4-9717119,6 
4'9157040~1 
5'0847370,6 

4'905402015 
4*7126610,0 
4'971711916 

Corrected Plane 
Angle 

0 1  * 

54 37 35 '04 
75 25 1 7 - 9 1  
4957  7 '05  

61 23 18.57 
51 7 5 9 ' 4 7  
67 28 41.96 

70 33 45'32 
46 41 55'99 
62 44 18.69 

4 9 3 3 5 5 ' 0 5  
60  47 53-88  
69 38 I 1 -07  

47 3 3 1 ' 9 5  
591540 .52  
73 40 47'53 

51 18 54'05 
57 23 15-03 
71 17 50.92 

73 40 50.62 
57 39 54.06 
48 39 15'32 

77 4 3.41 
44 37 25 '38 
58 18 31-31 

64  58 36'36 
44 18 17-94  
70 43 5 .70  

60  3 53.16 
50 4 57'00 
69 51 9.84 

51 I 15-34  
6 8 4 6 1 0 . 7 0  
60  12 33 '96 

76 34 5 - 2 5  
58 55 43 '49 
44 30 x I 26 

50 20 26-48 
42 35 12'29 
87  4 21-23 

59 3 3'77 
33 23 1 -96  
87 33  54-27  

5 
E! 

.j 

29 

30 

31 

32 

33 

35 

36 

37 

38 

39 

40 

Consotad he 
Angle 

0 1  11 

82 51 22-90  
51 33 54'88 
45 34 42.22 

50 49 41-29 
33 29 3 ' 2 7  
95 41 1 j '44 

56 39 45'34 
39 39 56-92 
83 40 17-74  

77 9 5 -42  
51 36 29.03 
51 14 25.55 

40 39 20.61 
82 27 20 '15 
56 53 19.24 

44 19 27'02 
43 36 2 -55  
92 4 30 '43  

53 48 39.13 
64 34 20.82 
61 37 0 '05  

92 6 3 '64 
56 18 57'61 
31 34 58'75 

6 4 5 4  6 . 8 9  
43 49 50'87 
71 16 2 -24  

56 6 42.57 
44 53 29-76 
78 59 47'67 

76 11 52'94 
47 13 48' 51 
56 34 18.55 

38 I j8 .16 
61 18 57-26 
80 39 4.58 

!! 

'5 
% 
m 

il 

1 - 5 4  
1 - 5 4  
1 '53 

1 - 2 5  
. 1 ' 2 5  

I .26 

1 '18  
1 - 1 8  
I * 18 

1 - 2 2  

I ' 2 2  
I ' 2 2  

';4 
-74  
'75 

'45 
'46 
-46  

-49  
'48 
'48 

'59 
'59 
'59 

'64 
'64 
'65 

'63  
.62 
'63 

'63 
- 6 3  
- 6 3  

'72 
'72 
'72 

'61 
-60  
'61 

'33 
'32 
'33 

0 

)M 
m " 
y 
x 
z 

,, 

I, 

,, 

-11 

,, 

,, 

,, 

,I 

1, 

,, 

,, 

Bt&n Numbem 

1 8  Serial 

G XXXIV 
XXXIII 
XXlV* 

G XXXIII 
sxLva 
XXIII* 

G IX 
XI11 

K I 

G XI11 
Ic 1 

I1 

I 
I1 
I11 

11 
111 

. IT 

111 
I V 
VII 

IV 
VII 
VI 

TI 1 
V1 
VIII 

VI 
VIII 
IX 

TI11 
IX 

H XlII 

K IX 
H XI11 

XYII 

1 

E 
."a 
m 

v 

2 - 0 4  
2 - 0 4  
2 - 0 4  

1-56  
1 '55  
1 56 

'79 
'79 
'80 

1 - 0 3  
1 - 0 2  
1.02 

1 - 2 6  
1 - 2 6  
1.26 

'48 
'47 
'48 

'40 
'40 
'40 

'65 
'65 
.64 

-98  
-98 
-98  

-81 
'80 
'81 

'83  
'82 
-83 

'71 
'72 
'72 

64 

1 4  

5 
6 

15 

6 
1s 

1s 

16 

16 

i a 

I 7 

17 

17 

1s 

is 

1 8  

~ o g a r i t m  of 
side-length in 

Feet 

5'3306540,o 
5 . 2 ~ 7 9 7 5 6 ~ 3  
5'1878634,9 

5'2222417,1 
5.074506295 
5'3306540,o 

5'0609040~5 
4'9440'4917 
5'1363297,9 

5'1579'9498 
j.0631266,6 
5.0609040~5 

5'0487999,o 
5 . ~ 3 1 1 0 1 3 ~ 9  
5.15791948 

4'8933862,4 
4.887700011 
5'0487999~0 

4 * 8 5 5 9 2 ~ , 8  
4'9047584~0 
4'8933862,4 

5'1365191~9 
5'0569915~0 
4.8559211,8 

5.1170851,~ 
5.-596013 
5'1365191~9 

5'0442882,4 
4'9738053,4 
5'11708j1,1 

5'1100974,8 
4'9885694,9 
5'0442882,4 

4'9055646,8 
5-0590424~4 
5'1 100974,8 

j 

'G 

'E: : 
B W  

41 

42 

43 

a 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

~1 

;7 u O 

5 

Y 
s 
z 

,I  

,, 

I, 

,, 

,, 

I, 

7, 

,I 

I, 

,, 

,, 

1 ,  

Station Numbem 

Serial 

XXIXt 
XXX1J.t 

H I  

XXXIIt 
H 1 

I1 

I 
11 
I11 

I1 
111 
IV 

Iv 
111 
V 

111 
F 
VI 

VI 
' V 

VII 

V 
VII 
VIII 

VII 
VIII 
IX 

TI11 
IX 
X 

IX 
X 
XI 

X . 
XI 
XI1 

XI 
XI1 
XI11 

XI1 
XI11 
XIV 

5 z 
ir 

19 

19 

2  0  

2 0  

2 0  

2  1 

21 

2  2  

2 2  

2  2  

2  2  

2 3  

2 3  

2 3  

2 4  

2 4  

2 4  

2  s 

2 5  

2 5  

2  6 



SIDE8 AND ANGLES OF THE CIRCUIT !L'RIBNGI.LES. 66 

* There stntio~~ sppertsin to the Bombay Longit- kuk of the buthem Rigon. 

/ 

' 

Corrected Phne 
Angle 

0 I 11 

78 2 9 -47  
50 59 36.70 
50 58 13'83 

441025'76 
43 15 44.65 
92 33 49'59 

95 42 4'78 
41 54 1 '64  
42 23 53'58 

56 43 46. 34 
55 34 14'65 
67 41 59.01 

60 53 1 I ' 1 I 

404350 '95  
78 22 57'94 

55 636 .64  
88 48 21-59 
36 5 1.77 

84 4 53-81  
33 I 25.41 
62 53 40'77 

81 I I  20.85 
51 36 25'68 
47 12 13.47 

69 37 54'58 
38 58 12.08 
712353.34 

58 29 8 - 4 6  
305137 '95  
90 39 13.59 

8338  4 '43 
49 9 35.70 
47 12 19-87 

62 21 0 -48  
53 24 25'71 
64 14 33-81 

8256  8-06  
3759 13.25 
59 4 38-69 

65 

68 

~orrected Plane 
Angle 

0 I 11 

64 54 33'27 
45 36 18-93 
69 29 7-80  

66 35 43'17 
64 28 19' 7 
48 55 56. 8 6 

59 28 42-40  
66 40 12.20 

5351 5-40 

98 52 40'78 
34 9 45-14 
46 57 34.08 

33 44 38'24 
54 I 2-82 
92 14 18-94 

80  2 9 -09  
58 38 32-71 
41 19 18-20 

66 44 32'94 
36 48 16-39 
76 27 10'67 

IOO 43 59.29 
47 51 59'49 
31 24 I - a 2  

53 za 47-70 
64 29 32.52 
62 7 39'78 

43 843.17 
54 20 25.08 
8a 30 51 -75 

39 33 za.51 
57 46 33-27 
82 40 4 -  2 2  

58 34 13'75 
6846  1 -79  
52 39 44-46 

i 

'C 
m 11 
I1 

-50  
'50 
'50 

'39 
-38 
'39 

'39 
'38 
'39 

'64 
'64 
-64 

'41 
'40 
'41 

-78 
-78 
'77 

-66 
'65 
'66 

1.43 
I 
1.42 

I -52 
I '52 
1'53 

1.05 
1 -04  
1'05 

1 -79  
1 -78  
I .78 

2-52 
2'52 
2-52 

2 - 2 0  
2 - 2 0  
2 - ao  

kp f i t hm of 
side-length in 

Feet 

5 '005~427~8 
4-9055434,3 
4'9054020,5 

4'8491092,4 
4.8418842,4 
~ '0055427~8 

5'0181156,5 
4'8449407,s 
4'8491092,4 

4'9741295,2 
4.9682380,5 
5'0181156,5 

4'9244594,7 
4'7977031~2 
4'9741295,Z 

5.0683157,4 
5'1542733,4 
4'9244594,7 

5'1165215,4 
4'8552281,4 
5'0683157,4 

5*2458036,6 
5'1-151481~6 
5.1165215~4 

5'2410660,3 
5-0676971,3 
5.2458036~6 

5'1717936,3 
4'9511695,6 
5.2410660,3 

5'3035329,8 
5'18so492,5 
5'1717936,3 

5.2963160,o 
5.2536373,~ 
5'3035329,8 

5~3595888,B 
5'1521143,s 
5'2963160,o 

Station Numbers 

Berial 

H XIII 
XIV 
XVII 

XIV 
XVII 
XVIII 

XVII 
XV1I.I 
XIX 

XVIII 
XIX 
XX 

XIX 
XX 
=I . 
XX 
XXI 
XSIII 

XXI 
XSIII 
XXII 

XXII 
XXIII 
XXlv 

XXIII 
XSIV 
XZCV 

XXIV 
XXV 
XXVI 

XXV 
XXVI 
XSVIII 

XXVI 
XXVIII 
XXIX 

SXFIII 
XXIX 
XXX 

9 
s 
5 

,, 

3, 

56 5 21.00 

47 14 39'3' 
76 39 59-69 

Btation N n m h  

Serial 

H XXIS 
XXXI 
XXXII 

XXXI 
XXXII 
XXXIV 

XXxII 
XXXIV 
XXXV 

XXXIV 
XXXV 
XXXlX 

XXXV 
' SXXIX 

XXXVIII 

XXXIX 
XXXVIII 
XXX* 

H XXXVIII 
XXX* 
XXVI* 

H XI1 
XIV 
XV 

XIV 
XV 
XVI 

XV 
XVI 

K X 

H XVI 
K X 
XI 

X 
. XI 
XI1 

i 
1 

2 6  

2 6  

27 

27 

2 7  

2  8  

2 8  

2 8  

2 9  

2 9  

2 9  

2  9  

3 0  

3 0  

3 0  

3  1 

3  1 

3 1  

3 2  

* .  

625114'82 
64 58 53-73  
52 9 51-45 

0 
8 
.;B 
'I 
11 m 

I 

2.08 
2.07 
2'08 

3-10 
3-10 
3 '09 

4-08 
4-08 
4.08 

3-60 
3'60 
3 - 6 0  

3 '90 
3-90 
3.90 

3-41  
3'41 
3 -41  

3'37 
3'37 
3 '38 

'30 
'29 
-29 

-61 
'62 
'61 

'34 
'35 
'35 

'16 
-16 
16 

''a 
'12 

'12 

2'59 
2-59  
2-59  

5*2904854,3 
5.2373027~2 
5 .3~95888~8 

* 

$ 
3 

.B w 

69 

70 

71 

72 

78 

4 

75 

76 

77 

78 

79 

80 

3 3  

3 3  

3 4 

3  4 

3 4  

35 

a s  

3 6  

2 5 
2 6  
3 6  

2 6  
3 6  

3 6  

37 

37 

3 7  

3  8  

XXX 
XX1X 
XXXI 

S, 

1 

53 , 

b * r i b h  of 
~ide-length in 

Feet 

5'2758931~6 
5'1729635~4 
5'2904854,3 

5-3612700,8 
5'3539466,o 
5'2758931~6 

5.389356~~6 
5*4170884,6 
5'361a700,8 

5'5ao2811,7 
5'274898493 
5'3893565,6 

5'2652831,3 
5.4286664,9 
5'5202811,7 

5-4389~00~8 
5'3769762,o 
5'2652831,3 

5'41439669 
5 -2~86944~3  
5 - 4 3 8 9 ~ ~ ~ 8  

4-9881459,r 
4'8659713~6 
4-7126610,o 

4'9462013,7 
4-9971582,~ 
4.9881459~1 

4'7848800,3 
4 .8~97384~6 
4'9462013~7 

4'5914731,4 
4'7158003,' 
4'7848800,3 

4'6231577,8 
4'6615351,3 
4'5924731,4 

L. 

B 
.C) 

9' 
& 

y 
x 
P 

,, 

,, 

,, 

,, 

,, 

,, 

. ,, 

,, 

,, 

,, 

,, 

XI 
XI1 
XIII 

3 2  

3  3  

BO 

a 

60 

a t m  

@ 

'14 
'15 
-14 

81 3 8  

, 

9, 

,, 

,, 

,, 

8 ,  

S, 

4.6749712~6 
4-6828661,9 
46231577~8 

d 

,, 



66 ' INTRODUCTORY. [CHAP. III. 

* Thw rtations eppertaiu to the Ksrbhi Longitudinal Seriee of the North-Wsst QuadrilateraL 

-- 

Logarithm of 
ride-length in 

Beet 

4'8995099~7 
4'785542011 
4.857339924 

4 . 8 5 8 5 ~ 5 ~ 1  
4.7708652~8 
4'8995099~7 

4 .8465554~ 
4'7549524,5 
4'858j905,1 

4'7491345,7 
4'8149574,o 
4'8465554,o 

4'7312439~5 
4.6666023~6 
4'7491315,7 

4'7629968,~ 
4'7492162,o 
4'7312439,s 

4.7816519,1 
4'9193553,3 
4.7629968,~ 

4.8365013~3 
4'7682446,5 
4'7816519,1 

1 

4'7936629,o 
4'7928673,6 
4'8365013,3' 

4'7823167,8 
4'7021107,5 
4'7936629~0 

4*8386437,5 
4'6757885,3 
4.7823167,s 

4'7518267,3 
4.8092727,9 
4'8386437,s 

4'7563931~5 
4 7 5 ~ 5 8 7 ~ 4  : 
4'7518267,3 : 

4'7209171,8 
4'7424391,3 
4'7563931,5 

1 
8 

54 

5 
j - 

82 

83 

f+& 

85 

86 

87 

88 

89 

90 

91 

92 

93 

w .  
a 

3 
to E 

y 
0 

5 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

1, 

,, 

,, 

,, 

,I 

Station Numbers 

8erisl 

R XI1 
XI11 
XI V 

XI11 
XIV 
xv 

XIV 
XV 
XVI 

XV 
XVI 
XVII 

XVII 
XVI 
XVIII 

XLIII* 
XL 

I 1  

XL* 
I I 

I1 

I1 
I 
IV 

I 
IV 
v 

V 
IV 
VI 

IV 
VI 
VII 

VII 
VI 
IX  

VI 
IX 
X 

e 

f 

38  

3 9  

3 9  

3 9  

4  0 

4  1 

4 1  

4 1  

4 1  

4 2  

42  

4 3  

4 3  

4 3  

4 3  

4 4  

cOwd 

Bngle 

0 1  * 
63 38 18-87 
58 37 12-45 
57 44 28'68 

52 58 48-59 
69 59 24.30 
57 . I  47-11 

515021.94  
68 245 '64  
60 6 52 '42 

57 36 31-56 
68 7 25.50 
54 16 2'94 

73 19 25.92 
56 29 57-57 
501036.51 

38 58 9 -66  
6329 6.24 
77 32 44' 10 

51 34 27' 10 
72 4 37'04 
56 20 55 '86 

80 23 41-92 
~3 18 46-86 
;6 17 31.22 

46 715.86 
41 I3  58.79 
92 38 45'35 

59 48 29.81 
80 I 23.61 
40 10 6 '58 

53 30 I '63 
47 56 32.37 
78 33 26.00 

521533'76 
52 40 4.73 
75 4 11 '51 

59 24 49'83 
44 1 2  25.91 
76 2 2  44'26 

E rn 
.o 
3 a 
3 

y 
z 
z 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

I! 

,I 

g 0 

ide-len@,h in 
Feet 

4'7000955,5 
4'6791047,7 
4'6749712,6 

4'6785930,4 
4'7493162,4 
4 '7m955,5  

4'6361407,4 
4'7078688,5 
4 6785930,4 

4'6532705,6 
4.6942608,8 
4'6361407,4 

4'7492347,9 
4'6889987,4 
4.6532705,6 

409893064,o 
5'1424564,~ 
5 '1803~96~3 

4'9629513~7 
5 .04735~7~3  
4.9893064~0 

5 0977595~0 
5'0080171,r 
4.9629513~7 

4'9560411,6 
4 9171890,4 
5'097759570 

5'0831444,s 
5.1398385~5 
4'9560411,6 

4'9970450,3 
4'9625431,8 
5.0831444,8 

4.91oo150,9 
4.9123947~4 
4.9970450~3 

4'8573399,4 
4 ' 76~7965~7  
4'9100150,9 

m 
01 

.g E 
51 
m 

I 

'16 
'16 
' 16 

'17 
'18 
'18 

'15 
'15 
' 15 

.14 
-15 
'14 

' I 7  
'17 
'16 

1-04 
1-04  
I '05 

-67  
'68 
'67 

-73  
'73 
'72 

-59 
'59 
'59 

'85 
'85 
'85 

'70 
'70 
'71 

'50 
'51 
'51 

'32 
'32 
-33 

~ o m o t e d  plane 
Angle 

0  1 11 

72 41 59'94 
47 15 20'42 
60 2 39.64 

60 50 10.56 
45 31 27'83 
73 38 21 "61 

64 39 16.47 
47 2 40.43 
68 18 3 - 1 0  

48 45 10.81 
61 2 7.63 
70 1 2  41-56 

62 31 48.13 
49 52 I '03 
67 36 10.84 

63 32 20.68 
60 8 37.69 
5619 1.63 

46 44 0'62 
89 6'52 
44 13 52.86 

70 19 44'74 
53 34 49-40 
56 5 25.86 

5633 5-72 
56 23 35.43 
67 318 ' 85  

64 733 .62  
482511 .89  
67 27 14.49 

78 20 45'31 
42 18 32'45 
59 20 42-24 

49 56 19-01 
60 52 44.07 
69 10 56.9-27 

60 50 12-34 
59 2 2  58-75 
59 46 48-91 

55 48 17-39 
60 21 35-95 
63 50 6.66 

5 

B 
C 
9 
8 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

m 
01 :: 

'E 
51 
m 

H 

'33 
'33 
'33 

'32 
'32 
'33 

'29 
'29 
'30 

-27 
'27 
-28 

'18 
' 18 
. ~ g  

- 2 2  
' 21  

' 2 1  

'28 
'28 
'27 

'27 
'26 
'26 

-28 
'28 
'28 

' 2 2  
' 2 2  

'23 

'23 
' 2 2  

' 2 2  

'27 
'27 

' 2 2  
' 2 2  

' 22  

' 2 0  
' 2 1  

- 2 1  

Btation Numbm 

Berial 

I IX 
X 
XI 

x 
XI 
XI11 

XTII 
XI 

K XlX 

I XI 
K XTX 
I XIV 

' XIV 
R S I X  

XVI 

XVI 
XIX 
XVIII 

XIX 
XVIII 
XXI 

XVTII 
X S I  
XX 

X x  
X S I  
XXII 

XXI 
S X I I  
XXIII 

XXII 
XSII I  
XXIV 

XXIII 
XXIV 
XXV 

XXV 
XXIV 
XXVI 

XXIV 
XXVI 
XXVII 

E 
k 

4 4  

4  4 

45 

45 

4 6  

4 6  

4  6  

46  

4 6  

47 

47 

47 

47 

4 8  

4 8  

4 8  

4 9  

4 9  

6 0  

6 0 



CW. IIL] SIDES AND ANGLES OF THE CIRCUIT TEIAKGLES. 57 

These ntatione appertain to tho Karbhi Longitudinal Soriea of the North-West Quahilateral. 

I 

1 
I 

108 

a0 

l l l w  

m ,  

u4 

116 

u.7 

U8 

U-Q, 

lm 

121 

m ,  

1 
1 E 
2, 
m 

n 

-18  
-17 
-18 

-28  
'29 
'28 

'27 
-26 
'27 

'33 
'34 
'33 

-33 
-33  
a33 

-26 
-26 
'26 

-27  
'27 
-27  

'25 
'25 
-25  

'18 
'19 

'30 
-30  
'30 

-32 
'32 
'32 

' 2 0  
' 2 0  
' 2 1  

-23 
'23  
'23 

'28 
.28 
-28  

s a  
y 
'S 

z 

,, 

,, 

m 

n 

, 

,, 

,, 

, 

m 

CorrectedPlane 
Angle 

o r n  

70 25 36-27 
48 35 4.81 
60 59 18.92 

64 8 13-67 
67 33 37-88 
48 18 8 ' 45  

63 52 40.56 
48 8 16.78 
67 59 2-66  

61 538 '81  
64 0 52.99 
54 53 28-20 

53 26 1-00 

65 25 38.85 
61 8 20'15 

49 38 44-12 
66 48 18-08  
63 32 57.80 

55 1 5 36- 72 
79 3 6 '30  
45 41 16.98 

54 14 j'7.65 
61 19 52.39 
64 25 9.96 

63 34 39-58 
47 53 8 '03 
68 32 12'39 

57 2 46-69 
81 34 55-83 
41 22  17'48 

42 54 32.89 
83 I I  3'" 
53 54 24.00 

57 37 33'95 
5431 3-75  
67 51 22.30 

60 25 11-47 
67 28 54-38 
52 5 54.15 

47 47 35-42 
8 j 3 ~ 4 2 . 1 5  
46 39 42'43 

Btatim Nllmbern 

Berial 

g XXVII 
XXVI 
XXVIII 

XXVI 
XXVIII 
SXIX 

XXVIII 
XSIX 
XXX 

XXIX 
XXX 
XXXI 

XXX 
XXXI 
SXXII 

XXXI 
XXXII 
XXXlII 

XXSII 
S X x I I I  
=IT 

XXXIII 
XXXIV 
XXXV 

XXXIV 
XXXV 

J XXI 

EC XXXV 
J XXI 

XVIII 

XXI 
XVIII 
XX 

X S  
XVIII 
XVII 

XVIII 
XVII 
XV 

XVII 
XI7 
XVI 

Logarithm of 
~ide-length in 

Feet 

4'75329j4,o 
4'6j41690,z 
4'7209171,8 

4'8343349,r 
4'8459744,3 
4'7j329j4,O 

4'8204254,8 
qe739a308,0 
4.8343349,~ 

4.8498536,7 
4'8613543,7 
4'8204254,8 

4.8122582,9 
4.8662242,6 
4'8498 536,7 

4-74226639 
4'8236764,6 
4'8122582,9 

4*8023670,3 
4'8796507~7 
4'7422663,1 

4'7564951~5 
4~79037~0,o  
4'8023670,3 

4'7397917,Z 
4'6j79984,o 
4.7564951,~ 

4'8434494,7 
4.9149262,~ 
4'7397917,z 

4.769050293 

E 

ii 
h 

6 0  

5 o 

5 1 

a 1 

61 

a 2 

5 2 

a 2 

53 

6 3 

5 3 

5 4  

5 4  

5 4  

5 5 

55 

55 

6 5  

5 6  

5 6  

n 
5 
$ - 
F m 

3 

123 

121 

125 

126 

127 

12s 

120 

130 

131 

4'9329265,o 
4'8434494,7 

4'7289630,o 
47131080,9 
4*7690502,3 

4'771~018,o 
4'7974074,4 
4.7289630,o 

4.77973584 
4.90816j0,6 
4.7712018,o 

LOgarithm 
aido-length in 

Feet 

4.8664295,~ 
4.90900",1 
4'7791358~4 

4'8289327,9 
4.8615395~7 
4'S664295,9 

5 ' ~ 6 1 4 1 g , S  
5'0433805,' 
4.8160424,8 

5'0759474~8 
5'2225378,3 
~'oo61419,Y 

5'3138675,7 
5.2981843~4 
j'07j9474,8 

5'0750492,3 
5'1968314,2 
5'3138675~7 

5.0586698,9 
4'9037358,4 
5'0750492,3 

4.800115 j,3 
5'1004713,8 
5.0586698,~ 

4.9319811,~ 
4*8228583,4 
4.8001154,3 

4'9364520,7 

H 

2 
2 
fi 

mR 

y 
x 
z 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

Corrected Plane 
Angle 

o I 1) 

60 36 22-34 
73 56 43.38 
45 26 54-28  

54 55 43-20 
61 54 54-40 
63 922.40 

64 34 53'03 
79 45 :9'65 
35 39 47.32 

44 56 51 ' 15 
98 4 13-77 
36 58 55.08 

76 16 29-83 
6933  7.74 
34 10 22'43 

35 3 27-27 
49 29 32.50 
95 27 0 '23  

66 59 18.64 
40 6 34-33 
72 54 7 '03 

29 56 I 1 -66  
8 j 1 3 4 1 . 9 4  
64 50 6.40 

8230  7-30  
50 27 31-30 
47 2 21-40 

69 35 43-09 
4.7928899,1 
4.9319811,~ 

4'8123999,o 
4.7860094,1 
4'9364520,7 

4.7780237,~ 
4.6914334,~ 
4'8123999,o 

4'7643087,I 
4 .8289265~ 
4.77S023j,z 

P 
o ' 
a 
'C 
-& m 

v 

'34 
'34 
'33 

'34 
'35 
-35 

'52 
'52 
' j I  

'94 
'95 
'94 

I -82 
1.81 
I '81 

1-47  
1 -47  
1 -47  

-69 
'69 
'69 

-56 
'57 
'57 

'33 
'33 
'32 

'40 

1 Station ..,,,, 

Serial 

J XTr 
XVI 
X I  

XVI 
XI1 
XIV 

LXI 
LXIV* 

J I 

LXIP* 
J I 

I11 

I 
111 
1V 

111 
I v  
V ' 

V 
IV 
YI 

IV 
IrI 
VIII 

VI 
PI11 
IY 

'XI1 IX 

g 
o 

E 
H 

5 6 

57 

57 

5 8 

5 8  

5 8  

59 

5 9 

6 0  

6 0  

6 0  

61 

42 19 57.52 
68 4x9 ' 39  

4836 5'17 
44 54 y -01 
86 29 45-82 

61 37 47'48 
46 7 27-09 
721445 '43  

53 53 9.21 
69 37 36.48 
56 29 14-31 

133 ,, -39 
'39 

'31 
'31 
'32 

' 2 2  
' 2 2  

- 2 2  

'25 
'26 
'26 

X 

IX 
X 
XI 

X 
XI 
XI1 

XI1 
XI 
XIV 

133 

1 6 1 

6 1  

6 2  

6 2  

6 2  

,, 

, 
134 ,, 

1 
1 

1 3 5  ,, 
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m 
o 
S 

ri? 
3 
2 m 

I 

'49 
'50 
. s o  

'39 
'38 
-38 

'51 
-52 
'51 

'24 
'24 
'25 

.1g 
' 2 0  

' 19 

'2.5 

'25 
'24 

'38 
'38 
' 38 

'31 
'31 
'31 

'24 
'23 
.24 

'27 
-27 
'27 

'25 
'25 
'25 

.29 
'28 
'29 

'24 
'24 
.24 

' 2 1  

' 2 1  

' 2 1  

bgnritllrn of 
8ide-langbh in 

Fmt 

4*8510725,7 
4'9668305,8 
4'9967898,7 

4'9402037!7 
4'8473170,o 
4'8510725,7 

4'8785851,4 
5.022651 5,s 
4'9402037~7 

4'7507867~0 
4.7409809~ 
4 8785851,4 

4.6391690,3 
4.872003593 
4.7507867~0 

4'9370626,z 
4'859"97,8 
4.6391690~3 

4.9602895~6 
4'759393314 
4.9370626,~ 

4'8019353~3 
4'792976458 
4 9602895,6 

4.7885094~6 
4 7 2 4 3 2 ~ ~ 3  
4'8019353,3 

4'7507580,1 
4'8828769,3 
4'7885094~6 

4'8304282,1 
4'772373874 
47507580,r 

4.8278291,9 
4 777449373 
4 83042Yz,1 

4 .7783562~ 
4.728163 j,9 
4.8278291,9 

4'7171653,9 
4 7 3 7 4 3 6 6 ~  
4 7 7 8 3 ~ 6 2 ~ 0  

Corrected Plane 
Angle 

0 1  a 

88 2 24.65 
40 17 56-84 
51 39 38-51 

61 12 49-06 
69 42 48.96 
49 q 21 '98 

581055 '08  
39 6 28-87 
82 42 36-05 

68 55 46-79 
60 33 26.88 
50 30 46'33 

49 54 14-45  
43 39 6.75 
86 26 38.80 

583836.86  
61 29 7 -16  
59 52 15.98 

64 30 41 '66 
62 30 13.59 
52 j 9  4.75 

78 31 47'64 
44 48 8.26 
56 40 4 -10  

48 4 2  24-12 
40 I I 39' 16 
gr 5 56.72 

82 4 17 .17  
56 j j  46.94 
41 19 55.89 

39 27 7'04 
67 41 36.88 
72 51 16.08 

93 50 51-43 
482010 '23  
37 4s 58'3.1 

57 8 31.09 
47 47 27-01 
7 j  4 I '90 

53 42 15'26 
76 3 57.67 
50 13 47'07 

L. 

$ 

a 
3 

136 

137 

138 

130 

140 

141 

142 

143 

1 

145 

1-46 

147 

148 

140 

1 
'G 

2 
rn 

v 

. 2 2  

.a2 
' 2 2  

' 47  
' 47  
'47  

-31 
-31 
'32 

'45 
-45 
-45  

'33 
'33 
-33  

-31 
'32 
'32 

-36 
-36 
'36 

'38 
-37 
-38  

'31 
a30 
'31 

'45 
'44 
-44 

'49 
'49 
-49 

'43 
'43 
' 43  

-60  
.60 
'60 

'72 
'72 
'72 

Comcbd 
Angle 

O l  H 

4314 8 - 5 8  
63 24 35' 17 
73 21 16'25 

76 7 45-33 
j I  37 8.50 
52 15 6 -17  

45 159 .05  
80 20 3 j .06  
54 37 25-89 

47 57 57'77 
46 33 57.28 
85 28 4.95 

353638.48  
95 32 45.07 
48 50 36'45 

93 15 55'00 
56 32 55.97 
30 I I 9.03 

75 41 28.84 
37 35 54'40 
66 42 36.76 

43 53 25-78 
42 46 31 '77 
93 20 2'45 

62 59 53.94 
50 13 33-83  
66 46 32 -23 

464313 '78  
80 42 2 1  '59 
52 34 24-63 

713936.38 
j6 8 36.93 
521146.69  

63 18 4.40 
52 42 19.40 
63 59 36. 20 

58 17 24.29 
49 16 36.04 
72 25 59.67 

53 j@ 45.51 
57 46 51 '23 
68 2 2  23-26 

!g 
W 
" 

rn " 
y 
x 
z 

11 

,, 

1, 

11 

1, 

,, 

11 

11 

1, 

I,  
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11 

21 

Stution Numbers 

Serial 

L XV 
XVI 
X v I I I  

XVIII  
XVI 
XXI 

XVI 
Y S I  
S X  

X S  
XXI 
XXII  

XYI 
XXII  
XXV 

XYII 
XXV 
XXIV 

XXV 
XXIV 
XBVII 

XXIV 
XXVII 
XYVI 

XXVII 
XXVI 
XXVlII  

XXVI 
XX\'III 
YXX 

XXVIII 
XXX 
XXXI 

5x5 
X S Y I  
XXXI.1 

XXXI 
XXXII 
YXXIV 

X X x I v  
XXXII 
X x X v I I  

Station Numbern 

Serial 

J X I  
S I V  

L I1 

J XIV 

L :I 

I I 
I 
I11 

111 
I 
I V  

I 
I V 
\' I 

I V  
V I  
13 

V I  
lx 
FlII 

r111 
1 3  
Y 

I S 
9 
XI  

X I  
Y 
XI11 

X 
Y I I I  
XI1 

XI1 
XI 11 
X1 V 

XI11 
X1V 
XV 

X I v  
YV 
XVI 

2 
E 

CI 

6 9  

7  o 

7 0  

7  1 

7  1 

7  1 

7 1  

7  2 

7  2 

7  2 

7  3  

7  3  

7 3  

7  4  

7  4  

7 4  

75  

75 

7 5  

7  6  

7  6  

77 

(D 

o 

H z 

6 2  

a 3  

6 3  

6 3  

6  4  

6 4  

6 5  

6 5  

6 5  

6 6  

6 6  

6 6  

6 6  

6 7  

6 7  

6  8  

6 8  

6 8  

6 8  

6 9  

6 9  

hgaritarn of 
side-length in 

Feet 

4.8695441~1 
4.6805 535,4 
4.7643087,~ 

4.9339982,~ 
4 '9634749~ 
4'8695441~1 

4'8668023~1 
4 7 3 7 4 0 3 9 ~  
4'9339982,2 

4 .949262~~8 
4'9192588,~ 
4 8668023~1 

4'8337419,' 
4 789121515 
4'9492625,8 

4.3282076~5 
4.8406149,1 
4'8337419,1 

4'8814768~1 
4.8738906~0 
4'828207695 

4'9j07697~4 
4.8075122~3 
4.8814768~1 

4.8266868,7 
4'7606654,4 
4'950769794 

5.0026927,8 
4 9284534.5 
4.8266868,~ 

4825503613 
4 9886j54,3 
5 ' 0 0 ~ 6 9 ~ 7 ~ 8  

5'0369707,2 
4'9113050,j 
4 82 5 j036~3 

q'g761791,1 
4.921531 j , ~  
5'0369707,~ 

4'996789817 
5.077498498 
4'976179'11 

5 
B 
R 
a 

3 
.; w 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

1 G O  

161 

162 

163 

!g 
3 
3 
$ 

y 
x 
z 

,, 

,, 

,, 

1, 

,, 

,, 

,, 

,, 

1, 

,, 

,, 

,I 

2, 



CUP. In.] SIDES AND ANGLES OF THE CIRCtfIT TRIANGLES. 

These etatiom appertein to the &&.hi Longitudinal Series of the North-West Qusdrilateral. 
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l& 

165 

166 

m n  

' w  

E 

il 
y 
1: 

s 

. 
JJ 

JJ 

Corrected Phne 

Angle 

o r  n 

57 3 12-54 
68 I 26.38 
54 55 21-08 

7 6 5 5 2 ' 8 4  
46 42 37'45 
56 22  19'71 

67 28 24.28 
60 38 23-92 
51 53 11-80 

56 50 15'70 
51 53  2'" 
71 16 42' 19 

412233'69 
735231 '56  
64 44 54'75 

Stetion Numben, 

S d  

L XXXII 
XXXVII 
XXXV 

XXXVII 
XXXV 
XXXIX 

XXXTr 
XXXIX 
XXXVIII 

XXXTX 
XXXVIII 
XL 

XXXVIII 
XL 
XLII 

7 7  

7 7  

7 8  

7 8  

7 8  

7 9  

7 9 :  

E 
W 
.I! 

Z t  
y 
a 
e: 

ll 

,, 

8s 

-!j 

6 

169 

170 

171 

172 

% 
g 
d 
3 
'E 
a" 
Pd m 

a 

- 2 0  
'ax 
- 2 0  

-20 

' I9  
-19 

-32 
'32 
'31 

'30 
'29 
'30 

-23  
'24 
'23 

Loga~thm of 
side-length in 

Feet 

4'7280670,7 
4.7714519~7 
4'7171653~9 

4'7961825~0 
44696735,s 
4'7280670~7 

4'8658550,4 
4.8406186,~ 
4'7961825~0 

4-8122540,9 
4'7853073,9 
4'8658550~4 

4'6760723,o 
4.8384419~8 
4'8122540~9 

Station Numbere 

Serial 

L XL 
XLII 
XLIII  

XLII 
XLIII 
XLIV 

XLIII  
XLIV 
CLV, 

XLIV 
CIV* 
CVII* 

of 
side-length in 

Feet 

'4'9014700,9 
4'7668410,a 
4'6760723,o 

4'8413141,3 
4'6584994,3 
4'90x4700~9 

4'93~3756,3 
4'9601859,1 
4'8413141,3 

4'9930753,z 
5'0362252,1 
4'932375613 

~orrected Phne 
Angle 

o r  n 

97 5 56-34 
464216 '68  
36 I I 46'98 

60 10 7 -58  
34 42 41 '60 
85 7 10.82 

62 39 28-27 
71 15 58-83 
46 4 32-90 

59 27 43'72 
72 2 18.75 
48 29 57'53 

E 
5 

CI 

7 9  

8  0 

8  0 

8 0  

1 

% 
# 
n 

- 2 2  
- 2 1  

'21 

'25 
'25 
'25 

'44 
'45 
'44 

'63 
'64 
'63 



INTRODUCTORY. 

Prelintinay Latitudes, Longitudes and Azimuths of the Stations on the Right-had 
Flal tb  of tAe Circuit Trim2gles. 

The following table gives the geodetic Latitudes, Longitudes and Azimuths which 
have been obtained, for a l l  the stations 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 formulte of Section 5 of the preceding chapter-first to the fixed elements 
of the several stations of origin of the chains Gr to ]C, as given in Section 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 Station 8.' 

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 

where A, stands for the forward azimuth a t  ' fixed station ' A, of ' deduced station ' Ba and 
B, for the back azimuth of A, at 3,. 

The three differential values depend on the length c, and forward azimuth A, of the 
side a, and also on the latitude L. The logarithmic length is given in the preceding Section, 
on the same horizontal line as the angle a t  the Serial station which enters, in the table, between 
the stations numbered in block type a and (a + I). The forward azimuth of the side a may 
be deduced by adding all the spherical angles a t  a, as given in the table, to the back azimuth 
Ba-l. Thus the logarithmic length of flank side 12 is 5 .  I I 79633,3, which occurs in triangle 
25, on the same line as the angle for the Serial station C; XXVIII, entering between the 
flank stations I 2 and I 3 ; and the forward azimuth of this side is equal to the back azimuth 
of I I at I 2 + the sum of the spherical angles a t  12, which occur in triangles 23, 24 and 26, 
the respective values of which are I 88" 16' 20". 219 and ,167' 22' 24". 27, together amounting 
to 355' 38' 44''-489. 

I n  the following table, breaks of continuity in the numbering of the stations neces- 
sarily occur a t  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. 



GEODETIC ELEMENTS OF THE FLANK STATIONS. 

* These statioru appertain to the Bombay Longitudinal Seriee of the Southern Tn'gon. 
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a 

.S 5 r i  

1 

2 

3 

4 

S 

6 

7 

8 

9 

1 o 

1 1  

1 2 

r 3 
1 4 

xxn" 

1 s 

i 6 

1 7 

18 

r 9 

2 0  

2 1 

22 

23 

2 4  

25 

XIII 

25 

26 

. 

,$. 

28 

29 

30 

3 1 

32 

33 

34 

35 

XXX* 

XXVI* 

3 6 

37 

3 8  

39 

XVI 

XVIII 

4 1 

42 ' 

4 3  

4 4 

45 

4 6  

XvI 

XVIII 

47 

4 8  

4 9  

50 

5 i 

5 2 

53 

Fixed Station A 

Azimuth of B 

O I W  

328 28 18.089 

g 28 15'548 

334 4a 19-399 

315 I 47'738 

37 24 53'886 

50 46 12'81 j 

I 56 5gmz i i  

351 49 37'335 

336 47 55-332 

346 49 5 - o g ~  

8 17 39.055 

355 38 44'489 

353 I 52'783 

44 35 12.565 

303 32 11-550 

94 4 40.016 

89 54 41.561 

64 o 48.058 

66 45 51.650 

79 0 54.933 

16 4744'449 

16 59 15'638 

0 41 11.539 

297 22 49'297 

23 17 44.905 

5 56 13.843 

41 7 3'529 

308 7 32-231 

16 47 27'336 

7 10 36.331 

g 54 7'384 

.E! 

%i 

27 

28 

29 

30 

3 1 

32 

3 3 

3 4  

35 

XXX* 

25 

36 

3 7 

3 8  

39 

XVI 

4 0  

4 1 

42 

43 

4 4  

45 

4 6  

XVI 

4 6  

47 

4 8  

4 9 

so 

5 1 

5 2 

' 

,&,itu& 

0 1  v 

2 2  27 44'263 

2 2  4 15.108 

21 45 35'857 

21 21 56.711 

21 0 33'932 

20 38 53'478 

20 7 5'650 

19.36 1.364 

18 56 45'459 

23 5 32'735 

23 o 50.439 

23 o 15.75 j 

22  59 49'764 

2 2  59 17.708 

24 9 59.829 

23 57 10.302 

23 34 35.047 

23 25 11.169 

23 15 52.274 

23 7 19'947 

2 2  59 17'859.72 

23 5 17.118 

23 9 24'178 

23 rx 7.540 

23 5 3'910 

23 729'218 

23 5 18.248 

23 I 26.021 

Deduced Station B 

Longitude 
East OF 

Greenwich 

o f  ' 
73 33 28'286 

73 31 27'020 

73 26 7'758 

73 16 32'875 

73 6 16.930 

73 26 0,979 

73 46 44.509 

73 45 2'456 

73 42 10'369 

73 30 12.748 

73 18 20-ooo 

73 10 10.387 

73 I 39.873 

72 52 34.708 

72 51 24.659 

72 46 20'064 

72 49 35,976 

72 47 19.098 

72 44 13.207 

72 48 27.316 

52 34.695 

72 33 47'570 

72 25 58'749 

72 14 37.01; 

72 7 0.344 

71 5445'557 

71 42 0'052 

71 30 52.114 

.5! 

d i  

2 

3 

4 

5 

6 

7 

8 

9 

10 

I r 

12 

13 

1 4  

x x r v  

XXIII* 

15 

i 6 

17 

18 

XIII 

m1 

2 0  

2 1 

22 

23 

24 

25 

XIII 

XVII 

26 

27 

Deduced Station B 

Longitude 
East of 

hoenriab 

o r  n  

75 11 35'907 

75 8 15'998 

75 17 42'527 

75 25 12.667 

75 13 23.679 

74 54 59'383 

74 53 41.732 

74 57 21'293 

75 5 0'578 

75 13 33'887 

75 9 49'184 

75 11 33.638 

75 15 10'483 

74 54 32.408 

75 1-3.187 

74 42 8.998 

74 29 16.096 

74 12 51,704 

73 55 49'1 56 

73 45 40'776 

73 45 23'032 

74 2 28.878 

73 56 50'958 

73 55 14.953 

73 42 41.351 

7355 49'563 

73 41 32.401 

73 39 24'778 

Fixed Station A 

Azimuth of B 

0 1  II 

21 4 56'918 

4 35 8.445 

14 55 14'295 

20 46 55.214 

24 16 24'070 

319 22  45.932 

328 2 1  56.506 

2 58 10'240 

3 58 32'471 

262 5 17'039 

I07 54 35'921 

66 52 0 8 4 0  

85 39 1.138 

86 52 47'249 

86 23 43.179 

91 4 26.190 

310 48 12.885 

19 59 26'633 

352 24 39,053 

12 37 33.892 

17 4 55.536 

335 2 1  20.582 

334 35 13'169 

91 4 29'147 

81 27 51.969 

119.41 59'079 

99 ax 1.644 

49 17 43.146 

roz 6 27'942 

79 33 44.513 

69 a6 36.186 

Azimuth of A 

0 1 9  

201 2 40.025 

184 34 22.495 

194 53 15.134 

200 43 23.930 

204 12 41'452 

139 29 46.956 

148 29 6.630 

182 57 35'571 

183 57 35.669 

287 4g 42.680 

246 47 21'738 

265 35 49-759 

266 49 27'769 

266 20 10.230 

.130 55 59.723 

199 57 22.453 

172 25 58.002 

192 36 39'316 

197 3 41.882 

155 23 0.659 

154 36 50'047 

261 22  6'739 

299 38 54'974 

279 16 33,396 

229 14 43.722 

282 139.603 

259 28 44'096 

249 2 2  14.599 

Lstitnde 

0 1  * 
23 53 22.262 

23 34 57'824 

23 16 30.111 

23 6 46'319 

22  48 48.349 

22 34 50'074 

21  59 22.935 

21  35 33'227 

21 18 49'036 

204427.297 

20 ao 13.492 

19 58 36'634 

rg 30 34.471 

19 10 39.886 

23 7 47-483 

23 7 41'948 

23 I 52'746 

2 2  55 20.430 

22  52 15.603 

24 12 18-115 

23 49 35-99' 

23 41 25'793 

23 29 21.886 

23 15 8,929 

23 I 49'417 

22  52 15.671 

22 53 22'0g3 

22  42 3'795 

Azimuth of A 

O I ~  

148 32 55'038 
I 

189 26 55.079 

154 46 4'658 

135 5 55'916 

217 19 7'0j5 

230 39 6.712 

181 56 29'765 

171 50 58'842 

156 50 43.311 

166 52 9'275 

188 16 20.219 

175 39 20.483 

173 3 6.035 

224 28 23.470 

273 58 31.101 

269 42 45-00! 

243 55 45.070 

246 39 27.383 

258 54 17.089 

196 56 34.879 

180 41 4'317 

XI7 29 42.595 

203 15 29.673 

185 55 35'759 

221 2 7-36' 

128 12 39.586 

187 10 9'434 

189 53 17.938 



These atations appertain to the K d o h i  Longitudinal Series of bhe North-West QdrilateraL 

Numerical Palzles of the Absolute T e r n  in the Prinzary Equations of C m d i t h .  

The Lengths and 'Azimuths of the sides of the triangles, and the Latitudes and Longi, 
tudes of the stations on the right-hand &ink 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 at the junctions with the Bombay . 

Longitudinal Series of the S. Trigon and 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. In all cases the closing linear discrepancies are &st expressed logarithm ' 

mically, 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. 

Fixed Station A Fixed Station A 

.B 

$8 

6 3  

6  4 

5  5 

6 6  

XII 

67 

6  8  

5  9 

6  0  

6  1 

6 2  

XI1 

62 

6 3  

6  4  . 

1 

Deduced Station B 

0 

.2 5 

."i 

6 5  

6  6  

6  7  

6 8  

6  9  

7  o 

7  1 

7  2  

7  3 

7 4  

7  6  

7  6  

7  7  

7  8  

7 9  

8  o 
cm 

.B g 
$5 

6 4  

5  5 

6 6  

"1 

xrv 

5 8  

6  9  

6  o 

6 I 

6 2  

XII 

XIV 

6  3 

6 4  

6  6 

Azimuth of B 

0 1  . 
86 13 17.129 

75 30 4.772 

134 54 9'063 

153 6 2.511 

80 25 16.982 

39 9 39.858 

o 37 21'176 

343 3 34.677 

43 43 13.894 

I 38 20.992 

314 15 26'968 

80 25 20.028 

I I I  55 28.578 

1 x 1  a5 42'381 

83 o 28.416 

0 

-9 

6 6  

6 7  

6 8  

6 9  

7  o 

7  1 

72  

7  3 

7  4  

7  6  

7  6  

7  7  

7  8  

7 9  

8 0  

c r v  

CVII* 

Deduced Station B 

Aximuth of B 

0 1 .  

55 43 6.691 

91 32 5-847 

84 38 15'287 

I rg  2 32.126 

133 19 30.828 
f l  

102 43 43-787 

137 25 5.926 

138 26 29.443 

130 52 46.471 

169 58 21.655 

153 g 7-306 

99 a4 5.628 

132 38 58.489 

126 27 24.964 

188 38 55'553 

142 13 33.016 

80 16 I 1.140 

,&tade 

0 1  1 

23 0 45'341 

22 57 20.756 

23 4 39'276 

23 16 35.770 

24 2 0  10.659 

23 54 11-902 

23 41 32'462 

23 33 36.001 

23 23 30.883 

23 16 35.909 

23 a6 27'987 

23 29 45'468 

23 28 4.614 

bngitude 
East of 

Greenwioh 

0 1  . 
71 19 5a.go4 

71 5 41.206 

70 57 45.394 

70 51 11-850 

7048 11.058 

70 47 52.634 

70 52 3.821 

70 43 49.741 

70 43 30.979 

70 51 11.778 

70 35 33'524 

70 26 27.191 

70 11 41.897 

latitnde 

0 1  * 
23 21 37.613 

23 21 52.570 

23 2 0  33.305 

23 27 14'267 

23 37 43'664 

23 40 16.780 

23 49 19.841 

23 56 25'721 

24 z 9.262 

24 11 46.896 

24 19 39'543 

24 21 7'646 

24 26 21.243 

24 32 20.075 

24  41 52'623 

24 53 46'752 

Azimuth of A 

0 1  * 
266 8 59'362 

255 24  32.203 

314 51 3'021 

333 3 27'622 

2x9 I 46.866 

180 37 13'647 

163 5 16'034 

223 39 55.882 

181 38 13'518 

134 18 29.488 

291 52 18.831 

a91 22  4.806 

262 54 35.661 

Longitude 
Esst of 

&ecmwi~h 

0 1 .  

70 I 27.482 

69 51 9.1~0 

69 36 2.949 

6922 59.162 

69 10 54'318 

68 58 35.989 

68 49 33.238 

68 42 42.285 

68 35 29.923 

68 33 38.567 

68 zg 17.421 

68 19 34'528 

68 13 22'491 

68 4 31.126 

68 6 6'457 

67 55 59'395 

lkimUth of 

0 1 .  

235 39 2'537 

271 28 0'637 

264 32 16.076 

298 57 20-868 

313 14 41.317 

282 38 47.606 

317 21 27.363 

318 23 43.071 

310 49 50'695 

349 57 36.156 

333 7 19.998 

279 ao 5'389 

312 36 24'824 

306 23 44.703 

8 39 35'266 

322 g 18.410 



OHIP. m.] NUMERICBL VALUES OF TEE ABSOLUTE TERM&. 

The Absolute Terms will now be p-. . - .  
Circwit I. Equations I to 4. 

Equation I, W t w .  Between the sides lkl&u*~6da and &arga,~n-~hincholi. 

Log. computed length &argaon-Chihcholi by Triangle No. 30 . . . . . ~*zzzaq17,1 
h g .  W vdue from Bombay Longitudinal Series, aee page 61, . . . . 5*2222227,3 
rE = + 189.8 Logarithmict Error + 0 * OOOOI 89,s 

Equatio~u 2 to 4, Geodetic. Terminal Station, B p g ( ~ ) n *  Terminal Side, Bgwgaon- 
Chincholi. 

Branch of Circuit. Latitude. Longitude. dzimrth. 

0 1  u 0 1  u O I  u 

Right-hand rg 10 39-886 74 54 32'408 ' 303 32 11'550 

Errors 

0 6 d t  11. Eqwtions 5 to 8. 

Equation 5, Lkm Junction, Pat&ngri-Bhor. 

Log. oomputed length by right-hand chain, Triangle No. 65 . . . . 4' go55434,3 
9, left-hand 99 No.40 . . . . . . 4*9055646,8 

Logarithmic Error - 0 ' 00002 1 2,s 

Equtiona 6 to 8, Geodetic. Terminal Station, Patbgri. Terminal Side, Pathgi-  
Bhor. 

Branch of Circuit. Latitude. Longitude. Azimuth. 

0  1 11 0 1  a 0 1  u 

Right-hand 22 5% 15-67' 73 55 49'563 16 47 27'336 
Left-hand 22 52 15.603 73 55 49.15~ 16 47 34'449 

EfiolB 6E= + 0~068 ,I3 = + 0'407 sB= - 7' 113 



[Cam. 111. 

Circuit III. 'Equations 9 to I z. 

Equation a, linear. Between the sides Lak&T4na and Singi-Phrner. 

Log. computed length Singi-Phner by Triangle No. 75 .. . . . . . . 5 *4143966,9 
Log. final value from Bombay Longitudinal Series, see page 51, . . . 5'414393935 

$'= + 27'4 Logarithmic Error + o . ooooo27,4 

Equations 10 to I 2, Geodetic. Terminal Station, Singi. Terminal Side, Singi-Pher. 

Branch of Circuit. Latitude. Longitude. Azinauth. 

0 I I1 0 I I1 0 I I1 

Right-hand 18 56'45.459 73 42 10'369 262 5 i7*039 
Find valuas from Bombay Longi- 

tudinal Series,--see page 61, 

Errors- 

Circuit IT. Equations 13 to I 6. 

Equation 13, l inear.  Junction, Mirzhpur-Wastrhl, 

Log. computed length by right-hand chain, Triangle KO. 100 . . . . . . 4-7492162,o 

s9 left -hand ss No. 86 . . . . . . 4 .749~347~9  

Logarithmic Error - o oooor 85,g 

Equations 14 to I 6, Geodetic. Terminal Station, Mirztipur. Terminal Side, Mirztipur- 
Wastd.  

Branch of Circuit. Latitude. Longitude. Azimuth. 

Right-hand 22 59 17'859 72 52 34'695 91 4 29' I47 

Left-hand 22 59 17.708 72 52 34'708 91 426 .190  

Errors 14E= + 0.151 IsE = - 0.013 laE= + 2'957 



C ~ A P .  m.] NUMERICAL VALUES OF THE ABSOLlTCE !PERMS. 

Circzlit 7. Equations 17 to 20. 

Equation I 7, Linear. Junction, Modba-Whh.  

Log. computed length by right-hand chain, Triangle No. 135 . . . . . . 4- 8289265,7 

9s  . left-hand 9 8 No. 124 . . . . . . 4'  8289327,9 

17E = - 62.2 Logarithmic Error - 0. O O O O O ~ ~ , ~  

Equations 18 to 20, Geodetic. Terminal Station, Modba. Terminal Side, Modba- 
wsrlldia. 

Branch of Circuit. Latih&e. Longitude. Azimuth. 

O , 1 1  O *  n 0 1  11 

Right-hand 23 16 3.5'909 70 51 11.778 80 25 20.028 

Left-hand 23 16 35'770 70 51 11.850 80 25 16,982 

Errors 18E = + 0' 139 = - 0.072 a&'=  + 3.046 

Cirmit PI. Equations 21 to 24. 

Equation 2 I, &hear. Between the sides Bhilgaon-Akoria and Khothol-Sghiji. 

Log. computed length Khothol-Stihiji by Triangle No. 172 . . . . . . 4' 993075392 

Log. h a 1  value from M c h i  Longitudinal Series, see page 51 . . . . . 4'  993049691 

t,E = + 257'1 Logarithmic Error + o m  000025 7, I 

Equations 22 to 24, Geodetic. Terminal Station, Ktirothol. Terminal Side, Kgrothol- 
84hiji. 

Branch of &&. Latitude. 

0 ,  R 

Longitude. 

o r  ti 

Right-hand 24 53 46'752 67 55 59'395 80 16 11-140 
Finrl values from Kwhhi Longi- 
tndirul B e r i q - - ~ t e  pege 61, ] 24 53 46-69" 



INTBODUCTORY. 

Numerical PaZues of the ps and +s. 

The table of substitutions at page 36 shews the form of the factors p and +. 
The numerical values are tabulated in this section : they were conetructed in the opposite 
order to that in which they are now recorded, commencing at the closing of the chain.* 

On reference to the equation on page 35 it will be observed that the ps are factors 
of the tab. log. differences of sine, a, /3 or y. In  the side equations it has been found 
convenient to multiply a, /3 and y by 107, or in other words to treat the 7th place of decimals 
aa unity: It is convenient to do the same in the geodetic equations and to divide the ps by 
lo7, because the latter are large integral quantities containing more sipiflcant figures than 
are required : after division the last two places of decimals can be omitted. In  the follow- 

1 ing tables p X - is accordingly given. 
107 

The d u e s  of the tabular log. differences of the first term8 of AA, A L a d  A A, in the expreariom for them, on p a p  19 and 
80, were employed for td. log. ah, t.d. log. AL and t.d. log. ad. 

C1 
0 0 .- 
5 m 
w OH 

2 .I 

fuimuth Latitude 

1 
131 X ia I A+ ! .+ ! A+ I 

CIRCUIT I. Direct. 

Longitude 

zPx$ 

1 

2 

3 ,  

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13  

1 4  

- '00414 

391 

365 

340 

326 

301 

282 

233 

200 

I77 

130 

096 

066 

028 

CIRCUIT II. Right-hand Branch. 

- '00002 

09 

07 

I2 

I 8 

09 

+ o I 

01 

- 0 1  

05 

09 

07 

08 

10 

+ 0.9651 

'9674 

'9697 

'9721 

'9733 

'9755 

'9772 

'g8I5 

'9842 

'9862 

'99" 

'9927 

'9950 

' 9980 

1 9  

2 0 

2 1 

- '0937 
882 

824 

765 

734 

677 

634 

Sa2 

447 

395 

288 

213 

I 46 

060 

+ -0016 
47 

39 

65 

93 

54 

04 

0 1 - 
+ O9 

29 

5 3 

43 

46 

5 8 

- -00008 

23 

19 

32 

46 

26 

o I 

+ 0 I 

- 04 

I 5  

2 6 

2 1 

24 

29 

+ 0.9~73 

'9899 

' 9928 

- '00137 

I 10 

079 

+ '00005 

14 

15 

- '0012 
31 

31 

- '0315 
253 

181 

+ .00002 

6 

6 



. 
g m  1 f 
aE 
,j -9 

Longitude 

f i x &  I 
Latitude 

# X i $  1 A+ 

CIRCUIT 11. Right-hand Branch-(Continwed). 

AEimutfi 

d x &  A+ 

+ -0016 
0 I 

- 03 

36 

2  2 

2  3  

2  4 

2  6  

- -ooo0g 

0 1  

+ . 0 1  

18 

- -00068 

51 

31 

13 

C L B C ~  II. Left-hand Branch. 

- '0157 
"9 

074 

031 

- 'ooooq 

I 

0 

+ 7 

+ 0'9937 

'9953 

'9971 

' 99a8 

+ '0172 
203 

'95 

130 

249 

207 

124 

090 

046 

1  

2  

3  

4 

6  

1 5  

1 6  

1 7  

1 8  

+ 0:gg00 

'9922 

'9946 

'9969 

'9ga1 

'9981 

'9981 

'9988 

'99g6 

- '00089 

104 

10 0  

113 

I 28 

I 06 

064 

046 

024 

- -00x08 

084 

"5 9 

03 4 

020 

0 2  I 

02 I 

013 

004 

C~murr III. Direct. 

- '0250 
196 

I37 

078 

047 

047 

047 

. 030 

"9 

1 9  

2 0  

2  1  

2  2 

2  3  

2  4  

2 6  

2 6  

2  7  

2  8  

2  9 

30  

3  1 

3 2  

3 3 

34  

3  5  

- '00034 

41 

3 9 

44 

so 
4 1 

25 

I 8 

O9 

+ 0.9609 

'9634 

-9664 

'9673 

-9688 

'9706 

'9724 

'9734 

'9748 

'9765 

,9794 

-9816 

'9843 

'9867 

'9890 

'9927 

'9960 

- '00014 

05 

05 

2 8 

20 

18 . 
01 

+ 01 

04 

12 

15 

2 2 

3 5 

50 

2 2 

- 06 

04 

- '00463 

436 

404 

393 

376 

357 

338 

327 

311 

292 

259 

233 

20 I 

171 

141 

097 

054 

+ '"27 
08 

08 

55 

40 

36 

03 

- 01 

07 

23 

26 

41 

67 

97 

43 

+ 10 

05 

- .104g 
'0987 

'09'5 

'0891 

'0853 

-0808 

'0765 

'0738 

'0703 

-0658 

'0584 

'0526 

'045 1 

'0385 

-0320 

'0216 

'0121 

- so0006 

03 

03 

12 

09 

08 

o I 

01 

+ 0 1  

04 

05 

08 

13 

I 8 

08 

- 02 

0 1  



2 0 e: 4 E 
%E5 

6.4 

Lstitnde 

+ x i $  I 
CIRCUIT 17. Right-hand Branch. 

Longitude 

f i x &  1 .Q 

Azimuth 

& x &  I A+ 

4 0  

4  1 

4  2  

4  3  

4 4  

4  5  

4 6  

+ 0.9890 

'99'0 

'9926 

' 9 9 ~ ~  

'9967 

' 9979 

'9990 

- '00118 

098 

080 

049 

036 

023 

01 I 

CIRCUIT IT. Left-hand Branch. 

- -0050 
00 

14 

07 

14 

22 

I I 

+ ~00012 

0 I 

04 

02 

03 

05 

02 

+ -00028 

02 

09 

04 

07 

I2 

06 

19 

2  0  

2  1 

2  2  

2  3  

2 4  

2  5  

3 6  

3  7 

3 8  

3  9 

- -0271 
223 

183 

112 

082 

053 

025 

- -00128 

101 

069 

058 

041 

022 

. 003 
009 

002 

0 0 1  

0 0 1  

CIRCUIT 7. Right-hand Branch. 

+ '0159 
140 

140 

187 

172 

168 

I35 

102 

069 

047 

0 2  4 

5 7 

5 8 

5  9  

6  0  

6  1 

6  2  

- ,00082 

73 

73 

96 

89 

86 

69 

52 

36 

2 4 

13 

- '0293 
230 

158 

I35 

096 

051 

008 

oao 

007 

004 

0 0 1  

- -00032 

29 

29 

38 

35 

34 

27 

20 

14 

I 0  

05 

+ 0.9882 

0.9908 

0.9937 

0'9946 

0.9962 

0.9980 

0'9997 

0' 9992 

0'9997 

0.9999 

1.0000 

- -00117 

087 

052 

03 4 

023 

0x0 

CIRCUIT 7. Left-hand Branch. 

+ '0047 
- 06 

10 

+ 0 2  

- 20 

2 I 

- -00022 

+ 04 

05 

- o I 

+ 10 

I I 

- sooo~o 

+ 02 

02 

- 01 

+ 04 

04 

- -0267 
201 

I 18 

078 

053 

02 I 

- '00054 

65 

62 

64 

63 

6 I 

64 

5 6 

4 0  

4  1 

4 2  

4  3 

4 4  

4 5  

4 6  

4  7 

+ 0.9891 

'99'9 

'9953 

'9969 

'9979 

'9992 

+ 0.9911 

0'9931 

0'9947 

0.9977 

0'9988 

1-oo00 

I'OOII 

I -001 3 

+ '0277 
327 

. 313 

319 

313 

305 

316 

'76 

' 0 0 0 9 4  

73 

56 

'5 

12 

+ 02 

13 

16 

- '001qo 

166 

159 

1 63 

I 60 

156 

162 

142 

- '0217 
170 

130 

058 

029 

+ 001 

028 

03 4 



CHIP. IIL] NUMERICAL VALUES OP THE pS AND +s. 69 

8 e .- 
3 ti 
m p  
+4 E OH 

&.S 

Lstitnde , 

+ x i $  I . A +  

Longitude 

+xi: / d 

Bsimuth 

APx$ I A+ 

C I ~ U I T  7. Left-hand Branch-(Continued). 
- -00131 

1 x 5  

105 

088 

070 

055 

040 

020 

009 

+ '0255 
225 

205 

172 

138 

108 

078 

040 

01 8 

4 8  

4  9 

5 0  

5  I 

5 2  

5 3  

5 4  

5 6  

5 6  

+ 'OOoIO 

08 

16 

13 

16 

21 

2 2 

27 

17 

+ -0023 
18 

38 

29 

36 

49 

50 

60 

37 

5 7  

5  8  

5 9 

6 0  

6  1 

6 2  

6 3  

6  4  

6  5 

6 6  

6  7  

6  8  

6 9  

7 0  

7  1 

7  2  

7 3  

7  4  

76  

7 6  

7  7  

7 8  

7  9  

8 0  

CIRCUIT PI. 
- a00264 

238 

237 

243 

232 

231 

2 20 

208 

187 

173 

I59 

138 

120 

I03 

086 

074 

064 

05 4 

O52 

046 

032 

024 

01 2 

01 4 

- '00052 

4 5 

41 

35 

2 8 

2 2 

r 6 

08 

04 

+ .ooO17 

047 

083 

100 

111 

' 125 

121 

I 16 

119 

127 

127 

129 

120 

105 

102 

089 

079 

071 

058 

047 

04 5 

038 

030 

016 

+ 1'000g 

I '0007 

I -001 5 

I '001 I 

I 'oorq 

I '00Ig 

I '0020 

I .ma3 

1'0015 

Direct. 
+ -0038 

103 

I 86 

226 

251 

283 

274 

265 

269 

289 

288 

294 

2 74 

241 

234 

205 

"33 

165 

I3 5  

I 10 

. 104 

087 

068 

038 

+ '0514 
46 1 

458 

470 

448 

446 

425 

400' 

360 

333 

305 

265 

230 

198 

165 

141 

123 

104 

100 

088 

06 2 

04 5 

02 2 

026 

- '00107 

0 9 ~  

095 

098 

O93 

093 

088 

083 

O7 5 

070 

064 

0 5 ~  

O49 

042 

03 5 

030 

027 

023 

02 2 

0x9 

01 4 

0x0 

005 

006 

+ 1.0015 

1 '0043 

I '0077 

1 '0093 

I '0103 

I'OII~ 

I-01 12 

I '010g 

I '01 10 

1-01 18 

I'OII~ 

1'0120 

1'0112 

I '0099 

I -0096 

I '008 j 

I -0076 

I -0069 

I ,0056 

I '0046 

I '0044 

I -0036 

I -0028 

I -0016 



Numerical Pnliles of the Coe$icients fr and c of th Unknozbn Quantities y m d  z. 

The following table gives the numerical values of the coefficients b and c of the un- 
known quantities y and z in each equation of condition. Should it be desired to reproduce 
any one of these coefficients, as the value of bp in the qth equation, it is first necessary to 
ascertain, by reference to pages 46-48, whether the coefficient is one of those of an exceptional 
form, for which symbolical expressions are there given. When not found in this list it will be 
understood to take one of the general forms on page 46. 

(1). To find the valua of b, and c, in equation I of Circuit I. 

This is a linear equation, and the forms of the coefficients are normal, 

Ib, = + t. d. log sin 46O 17' 19" = + 20; 
,c, = - t. d. log sin 81 57 36 = - 3. 

(2). To h d  the values of b17 and C17 in equation z of Circuit I. 

The equation is latitudinal, and the forms of the coefficients are normal, 

(3). To find the values of b,, and c,, in equation 4 of Circuit I. 

The equation is azimuthal, and the forms of the coefficient8 are exceptional, see page 46, 

4b9e = - APlr %o + ~ $ 1 4  

= + - o o o ~ o  x 17  + -9980 



CHAP. 111.1 NUMERICAL VALUES OF THE COEFFICIEXTS. 71 

'ir I ~ ~ ~ ~ ~ f ~ : ~  
7s 

- 

1st B p t h .  &inear. 

!a 
b 

- 38 

0 

20 

19 

16 

3 

o 

4 

15 

26 

14 

22 

10 

20 

. 4 

12 

. I 

9 

7 

23 

+ 4 

- 1 1  

13 

16 

3 

34 

I j  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

!24 

% 

26 

n 
28 

Coeffloienta of y end z 

) I c  

Direct 

+ 4 

25 

10 

6 

5 

X, 

11 

18 

3 

14 

13 

9 

9 

I 0  

I I 

2 

I7 

5 

12 

5 

26 

12 

12 

12 

23 

- 6 

+ 17 

1 7  

.s 

.g 
5 2' 
U .d 0 C 
6'+' 
0 

Coefflcienta o f  y and s 

) I c  
'3 8 3  

:I 6 
0 

1st Equation-(continued). 

29 I +  1:1- 21 

30 2 

2nd Equation. Latitude. 

Coe5ioienta of y and z 

2nd Eqt~ti~n-(~ontinued). 

+ 0.1637 
- -0047 

+ '073 j 

-0815 

'0545 

.o219 

- -0065 

+ ,0250 

-0396 

'0755 

'0533 

-0608 

'0341 

,0607 

-0094 

.0281 

.oIrI 

,0273 

-0095 

'0513 

- -0105 

+ '0090 

-0248 

-0111 

'0120 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

5 %  

25 
: 

3rd ~qtcat&-(continued). 

Direct 

-0.0123 

-1025 

'0438 

'0'39 

'0222 

'0597 

-0439 

-0501 

*o191 

' 0.549 

'O275 

'O325 

-0164 

'~185 

'0255 

0046 

'0262 

. w 1 6  

-0241 

+ '0017 
- .0391 

'0209 

-0026 

,0158 

0064 

+ 0.0178 
' '0150 

- ,0016 

+ -0106 

2.4 

25 

26 

27 

28 

29 

26 

27 

28 

29 

-0~oo06 

+ '0057 
- .or06 
+ -0106 

-1-0.0188 

-.o271 

+ *or60 
- '0203 
+ 'oo~l 
-.OOII 

3rd Equation. Longitude. 

+ 0'0247 
- -0143 

+ -0228 

-- 00056 

+ '0104 

-01 10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

4th Equation. d zhz t th .  

1 

2 

8 

4 

5 

6 

7' 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

. Direct 

-0.0957 

+ ,0824 
'0859 

- -0886 
+ -0814 
- 00910 

+ '0730 
- -0871 
-k .0720 

-06~6 

- '0750 
-t. -0654 

- '0630 
-0631 

+ -0523 
'0522 

- ,0541 
-0486 

+ '0377 
- '0421 
+ .0220 

-0257 

- '0307 

- 0.0863 
+ -0882 

-0928 

- -0773 

+ ,0854 

- -0781 

+ '0765 

- * 0 7 4  

+ '0803 

'0854 

- '0595 

+ '0734 

- -0560 

-0518 

+ -0522 

'0521 

- '0459 

'0422 

+ '0406 

- -0266 

+ ,0278 

'0317 

- '0173 

Direct 

+oa9642 

- -9697 
' 9683 

+ -9673 
- ,9701 
+ -9664 
- '9734 
+ *9680 
- '9738 

'9758 

+ ,9728 
- '9763 
+ -9775 

'9774 

- '9814 
'gg15 

+ -9808 
-9828 

- ,9868 
+ -98.53 
- '9923 

+ 0.9677 
- -9674 

9656 

+ ,9717 

- *9686 

+ -9714 

- '9721 

+ '9729 

- -9706 

9686 

+ '9787 

- '9735 

+ -9800 

'9814 

- -9815 

-9816 

+ -9837 

' 9852 

- -9858 

+ '9908 

- '9904 



7 2  INTRODUCTORT. [CHAR III. 

5 

0' 

dEc 
A 

Coe5cients o f  y and r a , 
?8 
2 

7th E q w t h ( ~ o n ~ i n n e d ) .  

Y 

a: 
%fj 2 

CoeEciet. of y and z 

- 0.0243 

+ -0238 

- -0192 

'0195 

+ -0163 

'0174 

- .oo9o 

+ . o ~ a o  

- .m69 

+ '0073 

- -0011 

+ -0029 

42 

43 

44 

45 

46 

47 

4.8 

49 

50 

51 

52 

53 

-0'0285 

+ -0264 

- -0226 

-0228 

+ '0142 

-0152 

- 'or41 

+ -0118 

- '0114 

+ -0076 

- '0043 

+ ,0062 

4th E q z u r t h ( C o n t i n n e d ) .  

Coefficients of y and r 

b l c  
Coefflcients of y and r 

22 

!23 

% 

25 

26 

27 

29 

30 

Left-hand Branch 

'2 
5 :  - .* 
0 E: 
d r  
kz 

6th E q u a t i o n - ( c o n t i n u e d ) .  6th E q u a t ~ n - ( c o n t i n n e d ) .  

-0.9911 

+ -9894 

- -9935 

+ ,9907 

- '9945 

+ -9930 

- '9997 

+ -9997 

-1.00oo 

3 

4 

5 

6 

- 7 

8 

9 

10 

11 

31 

32 

33 

34 

35 

36 

37 

38 

39 

41) 

- 0.0131 

-0196 

' 0404 

-0068 

'0297 

+ '0070 

- -0078 

+ -0025 

- -0239 

0380 

'0294 

0046 

-0227 

-01 14 

'0047 

'00 58 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

31 

32 

33 

34 

35 

- 0.9890 

+ '9941 

- ,9916 

+ -9950 

- '9923 

+ -9981 

- '9965 

+ I .0038 

- 1 . w ~  

6th i5'quation. Zinear. 

Right-hand Branch 

+0'0303 

0064 

- -0092 

+ '0249 

- -0087 

+ '0385 

-0046 

'0331 

- .om9 

+ -0132 

- -0068 

+ '0140 

- -0005 

+ -0188 

-0087 

-0098 

+ 0.0040 

-0069 

-0040 

0052 

-0037 

49 

50 

51 

52 

53 

- 10 

6 

5 

20 

I I 

I 8 

3 

34 

+ 9 

- 14 

4  

24 

21 

1 5 

+ I 

- lo  

14 

6 

27 

-0.0052 

• 0000 

-0050 

+ ,0013 

-0014 

+ 20 

19 

16 

3 

o 

4 

15 

26 

23 

3 

17 

14 

o 

11 

35 

7 

4 

13 

4 

- 17 

9 

11 

8 

6 

7 

19 

I3 

8 

7 

1 2  

21 

31 

41 

42 

43 

44 

4 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

6th ; E p u a t i o n .  Latitude. 

Right-hand Branch 

Left-hand Branch 

+ I5 

I I 

8 

18 

20 

17 

6 

5 

10 

1 2  

I 7 

5 

17 

1 2  

- 17 

41 

42 

1 4 3  

1 4 4  

45 

46 

47 

48 

Left-hand Branch 

- 0.0630 

+ -0203 

-0035 

- .0388 

+ '0101 

- -0282 

+ -0220 

- -0284 

+ -0219 

-0197 

- ~0046 

-0210 

+ -0171 

- -0153 

+ '0124 

- -0121 

+ -0044 

- '007.5 

+ -0044 

- -0013 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

31 

32 

33 

34 

35 

36 

37 

38 

39 

-0.0194 

-0087 

'0057 

00136 

*0154 

,0132 

'00.57 

1- -0026 

1 

2 

7th Bquatwn. .Longitude. 

Right-hand Branch 

41 1 +om0323 1 + 0.0306 

-0.0155 

+ -0413 

*0287 

- -0201 

+ '0225 

- -0171 

+ -0257 

- -0205 

+ .oa5j 

'0277 

- -0267 

-0217 

+ -0215 

- '0157 

+. -0168 

- '0112 

+ -0089 

- -0106 

+ -0052 

- -0054 

+ 0'0245 

,3138 

-0152 

-0094 

,0076 

'0032 

'0113 

. O I ~ E )  

- 
25 

4 +  38 

o 
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'2 l! 
ij bn 

%! i 

~aefflcienta d y and s 

a r c  

' '3 a 
&a 
" 3  6s 
!z 

1 If d 
da 

' "2 o 
tr; 

hfflcimta of )rands Ch&cimQ of y and e 

I 

a  

Ooefllcionta of y and # 

a  

10th 

46 

47 

1 4 8  

49 

50 

51 

62 

53 

54 

E5 

66 

57 

58 

59 

5 6 0  

61 

62 

63 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

9th 

54 

65 

56 

57 

58 

59 

60 

61 

62 

63.  

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

7tA E p t ~ t - o o n t i n ~ e a ) .  

- c a  c 

8th ~ q ~ t t h - ( ~ o r ~ t i n ~ ) .  

c 

E q ~ t i ~ r c - ( c o n t i n u e d ) .  

-0'0723 

-0291 

'0097 

-0416 

'0352 

'0643 

-01 10 

'0578 

'0351 

-0163 

*o617 

+ '0069 
- .0388 

'0327 

.0386 

- 0052 
-0052 

-0121 

0262 

-0022 

'0154 

*0020 

'0237 

0098 

*0086 

01 26 

+ ,0159 
- *or78 
+ *oo7o 

Eq2~~ti4m-(continued). 

+ 12 

5 

21 

- 2 

+ 14 

12 

14 

3 

3 

7 

13 

2 

I I 

2 

14 

10 

9 

12 

- 3 

+ 32 

3 

9 

- 0.0191 
'0074 

*0019 

'0077 

36 

87 

38 

39 

+ 0~0220 
-0692 

'0587 

*o261 

'0335 

'0392 

'0776 

*0031 

. *w71 

'05.57 

- -0003 
+ '0722 

0285 

-0140 

-0821 

'0311 

' 0544 

0208 

.004r 

'0458 

*0268 

-0225 

*OIOO 

01 56 

'0322 

*or 36 

'0332 

- -0010 
+ .or94 

- I 

17 

+ 
- 23 

9 

4 

29 

11 

20 

7 

o 

20 

10 

12 

8 

19 

15 

20 

+ I 

- 24 

5 

- o-9990 
+ '9906 

-9851 

- *or15 
1*0019 

+ o-ggir 
- 1.0043 
+oa9981 

-1'0023 

+ 0-9925 
-1-0029 

+ o.ggg2 
-i*oozg 

+~*oooo 

-0.0035 

+ -0003 

-0025 

--0037 

8 

9 

10 

11 

31 

82 

83 

3.9, 

35 

36 

37 

38 

39 

40 

10th Equation. Latitude. 

Direct 

-0-9870 

+ '9996 
1*0051 

-1-0026 

0'9947 

+ -9997 
- -9926 
+1.0034 

-0.9961 

+ ,9986 
-*9999 

+1*0009 

-1.0013 

+r*oooo 

%A Equation. dzhz l th .  

Right-hand Branch 

41 

* 
443 

44 

45 

9th Equuth. Linew. 

Direct 

- 0.9876 
+ '9904 

- '9906 
+ '9923 

'9921 

- '9934 

'9929 

+ '9964 

- '9952 
+ '9974 

- '9971 

+ '9997 

- -9989 
+x*oooo 

0.oooo 

41 

4 

43 

4-4 

45 

46 

47 

48 

* 
50 

51 

52 

53 

54 

55 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

-0.07~2 

' 0407 

'0357 

-0682 

'0765 

-0.9870 

+ -9887 
- -9894 
+ '9910 

' 9908 

- '9944 
' 9939 

+ -9942 
- '9954 

+ '99.55 
-'9g71 

+ 09984 
- '9976 
+~-oooo 

-I*oooo 

+0°0g60 

'0471 

'0472 

'0394 

-0310 

+ 15 

I I 

8 

I 8 

20 

17 

6 

5 

10 

12 

17 

5 

17 

Left-hand Branch 

- 17 

9 

11 

8 

6 

7 

19 

13 

8 

7 

12 

21 

I 

1 

2 

3 

4 

6 

6 

7 
r_ 

-0.9879 

+1-0025 

0.9963 

-*ggoz 

+ *9966 
- '9849 
+I-0017 

- 1.0046 
+0*9g22 

99840 

-1*0027 

+ 0.9884 
- -997% 
+ -9969 



Y ." 
z 0 
b.- 

0 F 
u a 
0 'F: 
d h  
2 

Doe5cient. of y and r 

b l c  
11th Zqwtwn. Longikde. 

'2 
0 2 
.u .5 o *  
dH z 

Coe5cienta of y and r 

b l c  
11th .Eq~t i+(cont inued) .  

+ 0.1073 

- -0959 

+ -0993 

- -0911 

'0917 

+ -0911 

0944 

- -0800 

+ -0869 

- '0790 

+ ,0830 

- *0705 

+ -0765 

- -0732 

+ '0736 

- -0696 

+ -0694 

- -0651 

+ -0653 

- -0619 

+ -0567 

,0554 

- '0519 

+ -0j26 

- -0472 

+ '0416 

- ,0389 

'0396 

41 

42 

43 

M 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

h f i c i e n t a  of y and r 

. ) I c  
69 

70 

71 

72 

73 

74 

Direct 

+0.1028 

- 01040 

+ *0983 

- -0996 

• 1000 

+ '0843 

'0874 

- -0884 

+ -0833 

- ,0871 

+ ,0777 

- -0787 

+ -0763 

- $0758 

+ '0739 

- -0723 

+ ,0702 

- -0675 

+ -0672 

- '0637 

+ ,0589 

' 0 5 ~ 9  

- '0.551 

+ '0555 

- -0496 

+ ' o q p  

- '0403 

' 0405 

'3 .- 
O %  
% .E 

54 O H  

.'1 

.- 
,"% 

g "k 

12th ~ q a a t b ( c o n t i n n e d ) .  

2 

Coe5cienta of y and r 
. ) I c -  

+oao342 

- -0354 

+ -0209 

- .0209 

+ -0108 

- -0116' 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

13th . E q u a t b ( ~ o n t i n ~ e d ) .  

100 1 - 12 I - 26 + 0'0302 

- '0287 

+ -0225 

- -0103 

+ -0121 

*0014 

12th Equation. Azimuth. 

-0.9792 

+ -9808 

- -9806 

+ -9828 

- -9829 

+ -9861 

'9859 

- .9882 

+ -9878 

- -9929 

+ -9930 

- ,9963 

+ -9961 

-I*OOOO 

branch 

+ 17 

9 

I I 

8 

6 

7 

19 

13 

8 

7 

I 2  

a1 

I 

33 

35 

I I 

3 

3 

16 

16 

13 

14 

1 !z 

'5 

I 8 

41 

42 

43 

&t, 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

- 0.9804 

+ $9820 

- -9816 

+ -9836 

- -9856 

+ -9865 

a9862 

- .9896 

+ '9902 

- -9924 

+ '9967 

- -9960 

+ I -0004 

- I *ow0 

Left-hand 

- I5 

I I 

8 

18 

20 

17 

6 

5 

10 

12 

1 7  

5 

17 

+ 32 

4 

- I 6 

23 

25 

13 

11 

I0 

I 6 

17 

13 

6 

13th Equation. &hear. 

Right-hand Branch 

Direct 

-0.9618 

+ -9613 

- *9636 

+ -9629 

9628 

- a9693 

.9680 

+ '9674 

- -9697 

+ -9680 

- '9720 

+ '9714 

- *9726 

+ -9726 

- '9735 

+ '9738 

- -9748 

+ -9758 

- - 9 7 6 0  

+ ,9772 

- '9792 

-0 '9j99 

+ ,9646 

- 09631 

+ -9666 

-9663 

- -9665 

96jo 

+ ,9710 

- -9681 

+ -9714 

- ,9696 

+ '9750 

- -9724 

+ -9737 

- '9732 

+ '9750 

- '9750 

+ '9768 

- -9767 

+ -9782 

- -9800 

- 5 

14 

20 

+ I 

- 25 

5 

5 

, 5 

I3  

7 

8 

7 

9 

87 

88 

89 

90 

91 

92 

93 

94r 

95 

96 

97 

98 

99 

+ 26 

17 

4 

20 

1 2  

15 

I 6 

I3  

7 

12 

10 

I 8 

I I 
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u 

'5 c 
3 
.!a 'G, 

0 .& 
6 
A 

2 

(loe5ciento of y and z 

$ 1  : " e 

8~ *. 
X w  
R 

!j f 

&e5cientS of y d  z 
Y ." 

g$ 
C 0 'e 
dH 
A 

Ooefflcients of y and c 

i l l  il 

16th Bq'tbatwrc-(continued). 1&& Eqt.mth. Zatikde.  

Right-hand Branch 

Uoe5cienta of y and z 

i l l  
C 

- 0.9971 

+ -9981 

' 9982 

- '9991 

'9992 

'oo00 

95 

96 

97 

98 

99 

100 

14th Equatiorc-(continued). 

+ o*o080 

'0137 

-0196 

*oo19 

'0205 

-0032 

'0032 

-0038 

-0061 

'0030 

'0030 

*w19 

*WZI 

87 

88 

89 

90 

, 91 

92 

93 

98 

95 

96 

97 

98 

99 

-0.9965 

+ -9977 

'9977 

- -9986 

9988 

I '0000 

16th E q z c a t h ( c o n t i n u d ) .  

-0.0284 

-0167 

'0039 

'0117 

-0061 

-0067 

-0071 

-0027 

-001 I 

- W I ~  

*OOIO 

'-9 

-0001 

- oeo103 

+ *wga 

- -0083 

+ -0068 

- -0051 

+ -0045 

- -0026 

+ -0023 

- *ooor~ 

76 

77 

78 

79 

80 

81 

82 

83 

84 

Left-hand Branch 

+ 0.0120 

- -0202 

-0317 

-0046 

00167 

*w15 

'0154 

* o ~ g g  

=w15 

-0228 

'0254 

'0077 

'0033 

*oor8 

'0063 

'0042 

-0046 

-0019 

-0026 

-0.0129 

+ a0116 

- -0108 

+ -0074 

- -0069 

+ -0048 

- *0047 

+ '0026 

- *00z5 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

76 

77 

78 

79 

80 

81 

82 

83 

84 

Branch 

+ 0.9828 

- -9944 

+ 09876 

- '9960 

995l 

+ -9919 

' 9874 

-1.0017 

+ 0'9934 

- 1-0007 

+ 0.9939 

- 1'0077 

+ 0'9994 

- -0089 

1.0100 

+ 0.9970 

- 1'0014 

+ 0.9993 

-1.0024 

+ 0.9983 

- 1'0020 

+ 0.9993 

Left-hand 

41 

42 

43 

44 

46 

47 

48 

49 

50 

51 

52 

M 

54 - 

+0*0379 

-0028 

- '0077 

+ 80163 

- -wb7 

+ -0195 

' 0095 

0064 

* o ~ o g  

- 00213 

1 0045 

+ 00063 

'0079 

0083 

*w29 

*0022 

-0001 

0020 

- .0009 

41 

42 

43 

44 

46 

46 

47 

48 

49 

60 

51 

52 

53 

64 

76 

77 

78 

79 

80 

81 

82 

88 

16th E q z c a t w m .  Z o m g i t z c d e ,  

Right-hand Branch 

+0.9930 

- -9857 

+ -9931 

- -9856 

' 9849 

+ I*WII  

0.9969 

- -9934 

+ '9997 

- .9923 

+1.0038 

-0.9975 

+1*0043 

-1.0083 

1.0018 

+I-0024 

- 0 ' ~ ~ j 1  

1.0032 

-0.998; 

+ I ~ O O I O  

-1.o001 

+1.ooo8 

+0-0351 

- -0094 

+ -0221 

- '6053 

'0037 

+ -0286 

-0222 

- -0202 

+ ,0213 

- -0182 

+ '0205 

- -0189 

+ -0140 

- '0145 

16th Eqwtwn. A z k t h .  

Right-hand Branch 

- 0.0263 

+ *o22o 

-0219 

- 00166 

'0137 

+ - O I I O  

*OIIO 

- 00078 

+ -0073 

- *0050 

-0046 

+ *oo21 

*OOZO 

87 

88 

89 

90 

91 

92 

98 

94 

95 

96 

97 

98 

99 

- osoogg 

'0301 

+ .w29 

- .0258 

-0241 

+ so146 

-0077 

- $0283 

+ -0139 

- '0233 

+ .or42 

- -0204 

+ 'or35 

- '0010 

-0*0292 

+ -0226 

'0224 

- 00188 

01 80 

+ -or18 

-0118 

- .0097 

+ '0087 

- ,0060 

0058 

+. -0036 

' 0032 

+ 0.9893 

- -9911 

'9912 

+ -9933 

-9945 

- -9957 

09957 

+ ,9968 

87 

88 

89 

90 

91 

92 

93 

!% 

+0*9S82 

- -9908 

' 991° 

+ -9925 

' 9927 

- ,9953 

'9953 

+ *9962 

Left-hand Branch 

41 

42 

43 

44 

-0.o17o 

+ -03j8 

- *o17z 

+ -0361 

-0.0432 

+ *o141 

- .0310 

+ -0100 
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Y 

G;. 

s 

.o :z % 

; i .  i 

Coefficient. of y snd c 

b I  
e n  of y and c 

t 

Coefflciente of y and c 

16th Equut ion-(~ont innd) .  

il 

'2 a 
.5 Th 
u a 
yd .2 
O H  
zi 

4 

:g 6 
U a 
% 3 
db 
Pi 

B t 

- 1'0010 

+ ~ * o o o o  

I*oooO 

17 th 

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 

1% 

18th 

18th Eqwtb(continnea).  

84 

85 

86 

Coefacients of y and c 

18th Equutioa-(Continud). 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

-1.0004 

+~.oooo 

I.OoO0 

b 

Right-hand Branch 

125 1 -0-0164 1 + 0*0292 

Eq~tatiOrt-(CJontinued). 

- 11 

I I 

I9 

7 

I3 

10 

5 

I 8 

12 

15 

8 

10 

10 

J I 

16 

I 8 

15 

'5 

10 

I3 

2 2 

J3 

I a 

I9 

1% 

15 

E q z c a t i o n .  

17th Eqzlath. Zinear. 

Right-hand Branch 

t 

+ O'O3I3 

-0276 

em38 

-0076 

-0032 

-0067 

*0038 

-0010 

'0027 

+ 9 

14 

22 

I4 

9 

9 

12 

8 

12 

ID 

1 2  

19 

9 

15 

12 

10 

20 

10 

8 

24 

15 

9 

17 

20 

20 

10 

Latitude. 

1% 

127 

128 

129 

130 

131 

132 

133 

184 

-0.0267 

'0254 

+ a0181 

$0192 

- -0215 

+ $0159 

- -0193 

+ *o112 

- -0181 

+ ,0076 

- *or42 

$. 00056 

- 00115 

-001g 

+ *oooj 

- ~ 0 0 5 2  

* O O I ~  

$0008 

125 

1% 

127 

128 

129 

130 

131 

132 

133 

1 3 4  

135 

-0.0145 

0038 

'0097 

+ -0002 

-, -0128 

+ '0014 

0004 

- .000g 

+ -0009 

- 0*0215 

0205 

+ *o221 

-0224 

- '0139 

+ -0184 

- -0121 

+ -0157 

- -0097 

+ -0150 

- -0058 

+ -0096 

*WII 

*w81 

0064 

-0036 

'0052 

' 0044 

19th Equation. .Longitude. 

Right-hand Branch 

+ 10 

21 

5 

30 

9 

37 

3 

7 

18 

12 

- 8 

Left-hand Branch 

- 29 

28 

31 

+ 2 

- 6 

10 

20 

8 

1 

6 

22 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

Left-hand Branch 

0'0331 

- '0147 

+ ,0189 

- -0117 

0096 

+ '0079 

- ' 003 2 

+ -0045 

- *002z 

125 

1% 

127 

128 

129 

130 

131 

182 

133 

+OaOZ45 

- 00267 

+ -0203 

- *ox86 

'0134 

+ '0074 

- -0056 

+ -0060 

- $0033 

-o*o108 

+ -0451 

'0356 

- '0258 

'0295 

+ -0357 

'0359 

- '0330 

+ -0321 

- -0342 

'0341 

+ '0293 

'0302 

'0302 

- -0346 

+ e0265 

'0255 

- '0275 

+ '0250 

+ 5 

14 

PO 

- I 

+ 25 

5 

5 

5 

13 

7 

8 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

- 0.0395 

+ -0225 

*or81 

- '0349 

'047' 

+ '0306 

-0306 

- '0353 

+ -0297 

- -0340 

'0337 

+ '0325 

-0328 

00334 

- '0247 

+ -0298 

-0290 

- -0230 

+ -0267 

- 06 

17 

4 

20 

I 2  

I5 

I 6 

I3 

7 

12  

10 

I 8 
I 



CW. m.) JWMERICAL VALUES OF THE COEFFICIENTS. 7'1 . 

Coe5cienta of y and s 
- 

) I  
.3 
.g G, 
Q 

3 - 4 
t4 

coel3icient.a of y end c 
, 

) I  w 'I, 
Doe5cient.a of y and s 

, i C 

.3 ,, 
6 a  

% dEc .s 

m 

8% 
g H 

2 0th Equation-(continued).  

, ab 

19th Equat ion-(cont inued) .  

189 1 +o.oojq I + 0-0014 

hl3cient.a of y and.  
- 

a I c 

87 

88 

89 

90 

91 

92 

93 

!&& 

95 

96 

97 

98 

99 

100 

101 

102 

103 

1M 

105 

106 

107 

10s 

109 

110 

111 

112 

113 

* 

- I *003z 
+ 1.0007 
- I-wro 
+I*OOOO 

19th ~ ~ t b & & ( ~ o n t i n n e d ) .  

121 

122 

123 

1 

A 

-1 .oo21 

+ 1.0023 
-1~0017 

+I.OOW 

Left-hand 

+oao675 

*0112 

- -0104 
+ '0471 

-0328 

-0187 

0203 

0260 

0083 

-0208 

'01 72 

-0320 

0206 

-0206 

'0242 

'0'33 

*o219 

-0076 

-0089 

.0165 

' 0095 

-0196 

'0122 

'OO3.5 

'01 I 7 

0030 

.so148 

20th 

92 

93 

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 

- 0.0133 
-0061 

*o122 

+ -0018 

- -0162 
+ *0030 

$0042 

- -0080 
+ '0019 

- *0023* 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

Branch 

+ 0.0126 
- '0402 

*O~OZ 

+ .or30 

- -0338 
'0140 

'0140 

'0059 

'0237 

'0121 

*orqz 

-008; 

-0118 

'0199 

'0390 

-0165 

*oo94 

' -0172 

'0134 

-0142 

-0189 

0067 

* ~ 8 8  

'0244 

*WjO 

-0186 

*0048 

21st Equation. 2 ; h a r .  

+osooq9 

-0132 

- -0006 
+ *0090 
- -0~30 
+ -0104 

0086 

- -0058 
+ -00.54 
- .004% 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

187 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

. E p a t b ( ~ o n t i n n e d ) .  

+1'oo73 

rWoogg 

-0.9897 

+1*0032 

-0.9919 

-9932 

+1*0126 

1*oo81 

1.0081 

-0~9905 

+ I '0052 
I -0086 

-0.9969 

+1*oo35 

-0.9935 

-9963 

+I.oo~~ 

1-0048 

-0.9986 

+1*0o46 

-0.9987 

+1'0059 

-0.9979 

+ I ~ O O ~ Z  

-2.0002 

+1.0036 

-I.OOIZ 

+1*oo41 

1.0033 

20th Equation. Azimuth. 

Right-hand Branch 

+ 0.9945 
-9945 

- i-oozz 
3-0'9906 

- 1-0048 
1.0056 

+ 0.9966 
' 9953 

-9921 

- 1'0154 
+ 0'9935 

-9963 

I- I-oo6j 

+ 0.9947 
-1,0056 

1.0074 

+ 0.9974 
-9966 

- 1.0095 
+ 0.9979 
- 1'0074 
+ 0'9980 
-rSoo5z 

+ 0.9975 
- 1.0049 
$1'0007 

- 1.0063 
+ 1.0011 
1.0016 

Direct 

+ 10 

2 1 

5 

3O 

9 

37 

3 

7 

. 18 

12 

I5 

I 

12 

13 

8 

I 8 

J3 

10 

4 

I 9 

3 

25 

- 2 

- 29 

28 

31 

+ 2 

- 6 

10 

20 

8 

I 

. 6 
1 4 

17 

18 

2 

J 7 

1 

12 

16 

13 

o 

24 

6 

2 7 - 

- 0.9862 
+ -9944 
- -9925 
+ '9953 

-9963 

- -9968 
+ -9990 

- -9982 
+ '9992 

- '9994 
*oooo 

125 

126 

127 

1% 

129 ' 

130 

131 

132 

133 

134 

135 

-0.9901 

+ .9892 
- .gg18 
'+ -9925 

'9947 

- '9973 
+ -9979 
- -9976 
+ .9986 
- '9987 
1-0000 

Left-hand Branch 

87 

88 

89 

90 

91 

-0.9731 

+I.OO~Z 

0.9957 

- ~9814 
-9869 

- 0'9947 
+ -9840 

-9801 

- ,9947 
1.0131 



.!$ 1 c ~ : " " ; ~ ~ ~ ~ ~ ~  

0 %. 
dkl 

z 

5 
ijj E 
'M .s 
d h  
0 I. 

!z 

3 
8% 
2 3 
#i 

Coefficients of y and I 

$ 1  
Coefficients of y and I 

$ 1  
3 

s-ijl 
22 i 

+ 0.0695 
'01 22 

'0343 

'0647 

- -0250 

+ '0528 

- '0012 

0064 

+ '0323 

-0705 

- .on11 

+ '0079 

'O39l 

- -0058 

+ '0344 

-0426 

- .oIoS 

-0225 

+ -0365 

-006 I 

-0281 

- *0189 

+ '0240 

- '0079 

+ '023' 

- -0078 

+ ,0157 

-0162 

--  0065 

23rd 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

14  

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 '  

161 

162 

163 

164 

Coefficients of y and z 

$ 1  
Bqaation-(&ntinnd). 

+oso289 

- -0538 
+ ,0038 

'0139 

- -0606 
+ *005g 
- '0462 

'0358 

+ -0022 

-0276 

- -0639 
*0266 

+ '0160 
- -0454 
+ .0065 

.0225 

- '0415 
'0397 

+ -00x6 
- -0190 
+ -0191 
- -0324 
+ -0146 
- '0273 

+ '0133 
- -0187 
+ -0086 

0076 

- '0146 

22nd zquat~n-(continued). 22123 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

1.10 

141 

142 

143 

144 

145 

lP6 

147 

148 

149 

150 

151 

152 

152 

154 

155 

- 6 

18 

7 

16 

15 

I 

ly 

36 

10 

+ I 

- 9 

16 

17 

1 1  

7 

9 

15 

14 

16 

7 

10 

29 

2 

20 

18 

Latitude. 

218t 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

la 

165 

166 

167 

168 

169 

170 

171 

172 

22nd 

+ 0.0007 
- -0115 

+ -0019 

- -0218 

-0039 

-0164 

+ -0027 

-0017 

- -0130 

'0039 

-0106 

-0018 

.00j2 

-0087 

-0029 

'0043 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

Eq~t*(continued). 

+ 14 

'5 

2 2 

5 

21 

19 

29 

- 2 

+ 6 

22 

10 

20 

7 

10 

13 

I 6 

'3 

5 

8 

14 

24 

- 2 

+ 12 

I1 

'3 

E q a a t h .  

Equati~~(continued). 

-0.0437 

+ -0775 
'0.591 

- .oroc 
+ -0522 
- ,0370 
+ '0702 
- -0296 

-0258 

+ -048 
- -0280 
+ -0j63 

"'497 

- -0146 
+ '0535 
- -0206 

-0282 

+ -0574 
-0347 

-0058 

- .02g1 

+ -0416 
- -0050 
+ '9444 

'0243 

' 0049 

0029 

-0426 

- -0159 

+o-or61 

,0051 

90180 

-0038 

-0127 

- .ooqz 
+ -0141 

'0157 

- -0003 
+ -0067 
- '0015 
+ -0074 

.OOjo 

- -0007 
- 0007 

+ -0015 

Direct 

- 0.0607 
+ -0532 

-0463 

- ,0570 

+ -0267 

- '0.537 

+ -0464 

- '0521 

-0621 

+ '0202 

- -0643 

+ -0363 

'0165 

- -037% 

+ -0200 

- '0536 

,0498 

+ -0305 

- -0037 

'0342 

-0613 

+ -0136 

- .0446 

+ '0097 

- -0009 

-0318 

'0x75 

-0050 

-0461 

23rd Bquntion. Jonjitude. 

Direct 

125 

126 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

-0.0497 

+ '0604 

-0.0302 

-0470 

'0222 

0608 

-0048 

'1125 

+ -0175 
- -04x3 

-0165 

-0560 

-0630 

- 0.0563 
3. -0404 

+ 0.0728 
-0834 

-0635 

-0138 

'0353 

.0017 

-0756 

- -0065 

+ ,0306 

- -014.4 
+ '0040 



NUMERICAL VALUES OF THE COEFFICIENTS. 

The Weights of the Angles. 

The last Se~tion has furnished us with the coefficients of the unknown quantities, 3 4  
in number, which enter the 24 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 page 
38-which is to govern the solution of the equations. This is done-for reasons which 
have been set forth at length in Section 6 of Chapter VII, Volume 11-by multiplying the 
preliminary weights, viz., those obtained from the evidence afforded by the actual measures 
of each a n g l e b y  certain factors or moduli which are required to reduce them all to a common 
and absolute unit of accuracy. Each group of angles, measured with the same instrument 
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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 although there is a standing rule, to which no exception has ever 
been permitted, that tlie measurement of every angle must rest on readings taken a t  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 the 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. Now it has been found that the value of p ' q s  frequently more 
influenced by changes of circumstdnce than by change of instrument; and consequently 
considerable circumspection is necessary before applying a value of this factor to any obser- 
vations 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 instrument, it is also 
dependent, and probably-in the case of all the best instruments, viz., 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 tracts of country which are covered with dense 
forest and jungle, than'in tracts which are open and cultivated. 

It has already been stated, a t  page 13, that the trigonometrical figures which 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 mod~dus 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 whicli 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 pfS. The 
several figures appertaining to the South-West Quadrilateral have been collected into 8 groups, 
for each of which a separate value of pfa has been determined. The values of the weights of 
the angles which are obtained by multiplying the preliminary weights by pf2 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 the triangulation, which have been measured wit11 different instruments, 
or under different circumstances, may also be combined together in the h a 1  reduction, with 
due regard to the relative accuracy of each angle. 

The details on which the determinations of p'2 have been based will now be given. The 
symbols e,, e, and e, will be here employed, as in Section 2 of the preceding chapter, to indicate 
the several values of the e .  m. s., whicli are respectively deduced from the preliminary 
weights, the triangular errors, and the geometrical errors of the angles of the polygonal 
figures. The values of e,, e, and e, mill 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 d e n o h t o r  of p'. 

Putting w for the preliminary weight of any angle, w, for the average preliminary 
weight-or the unit of weight--of the whole of the angles, t in number, which are contained 
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in m y  figure, n for the number of geometrical equations of oondition presented by the figure 
I and - = u, we have 
w 

, _ sum of squares of triangular errors 
ez - number of triangles X 3 

Then, when we accept e, as the most probable value of the e. m. 8., we have 

(& for a, single polygonal figure, 

= [[rill for gmup of figures. 

The value of the quantity [ w ~ ]  for each polygonal figure is given at the end of the 
reduction of the figure, among the numerioal details of the Series to which it appertains. 

The following table gives the data from which the values of el, 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 C a t m l a t h  of p'-(Continued). 
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# 

Synqaia of the Paluee of p*, m d  the Evidelzce for their Determhation. 

A few details of the preceding table require to be explained :- 

Group I comprises 7 figures of which the angles were measured with the same instru- 

ment and under the same circumstances : therefore p' is taken = 4. 
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~ r & p  V includea 3 polygonal figurea and 1 triangle. There is no apparent reason for 

departing from tbe rule, therefore p' is taken = 3. 
es 

Group VI  embraces 6 polygonal figures of which the angles were measured under the 

same circumstances, except that there were two observers. Here p' = 5. 
es 

Group VII  comprises 24 triangles and only 1 polygonal figure. I n  this case p' is 

taken = 9. 
es 

Group VIII  is entirely compoaed of polygonal figures, and p' = 5. 
es 

5 e  weight8 employed ha the Simultaneozcs Reduction of the South- We8t Quadrilateral. 

On dividing the several Preliminary Reciprocal Weights of the angles in each group 
by the corresponding value of the Factor P ' ~ ,  as now set forth, we acquire the best values of 
the Final or Absolute Reciprocal Weights of the observed angles which appear to be obtainable. 
And had it been desirable, in the Simultaneous Reduction, to introduce the circuit errors of the 
whole of the angles of the polygonal figures and net-works, we should have wanted nothing 
more ; for then the reciprocal weights to be employed would have been the absolute reciprocal 
weights of the observed angles. But this would have caused so large a number of equations 
to be presented for simultaneous treatment, that the solution would not have been manageable. 
Thw such portions only of the polygonal figures and net-works have been introduced into 
the Simultaneous Reduction as are necessary to complete the chains of single triangles, and the 
remaining were reserved for subsequent treatment, figure by figure. 

This departure from rigorous accuracy in the treatment of the facts of observation, has 
necessitated a transition ffom the reciprocal weights of the observed angles to those of the cor- 
rected angles, for reasons which have been fully set forth at page 168 of Volume 11. The transi- 
tion is performed with all desirable exactitude, by multiplying the average absolute reciprocd , 

weight of all the angles appertaining to any single trian gle, polygonal figure, or net-work, by 
the factor (t - rc) s t-in which t is the number of observed angles and 1.1 the number of 
geometrical conditions for the figure-see Section 6 of Chapter XV, Volume 11. Illustra- 
tions of the dserences of this value of the' factor and the value which obtains when the 
variations of weight are recognised, will be found at pages 220 and 24rl of the same volume. 

If we now put u, for the average value of the Preliminary Reciprocal Weights of 
the Observed Angles of a single triangle, or those of a polygonal figure, as formerly ; also 



u. for the average value of the Absolute Reciprocal Weights of the Corrected ~nglesof  the same 
triangle or figure, we have 

It will be evident that zc, corresponds to the 21 of the formulae for the normal equa- 
tions from which the values of the Indeterminate Factors are determined for the Simul- 
taneous Reduction ; see Section 11 of Chapter 11. 

The following table gives the average values of a, for the angles of every circuit tri- 

angle and also the corresponding value of 5 employed in the calculations. The subscripts to 
3 

the p's denote the group to which each appertains. 

The Absolute Reciprocal W ~ g h k  of the Figzsrally Corrected Alagles with the data for their detemairaatiora. 
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. me Coe@iente of the Indetemhate Factors in the Paleces of the U~kfiown Qumtitk8. 

On reference to page 1'7 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 b, b, . . . h,,, the indeterminate factors, are products of the 
reciprooal weight of the angle by the coefficients of the xp in the several absolute geometrical 
equations to which the indeterminate factors are respectively related. But one of the three 
.unknown quantities appertaining to every triangle having been eliminated, as a preliminary 
to the Simultaneous Reduction of the South-West Quadrilateral, the coefficients of the 
indeterminate factors take a more complex form, which is given on page 38. The expres- 
sions are 

yP = IBp 1A + aBp aA + + nBp 

where 

the left-hand subscripts indicating the number of any one of the equations into which the 
errore y and z of any, the pth, triangle happen to enter. 

The coefficients It, and c,, of y, and zp, in each equation into which these unknown 

quantities enter, are given in the table in Section 12 ; the value of !! for every triangle will 
3 

be found in the table on pagee 86 and 87. - From these data 33, and 4tp were obtained and 
entered in the following table. 

Bxamp les. 
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5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

#) 

21 

22 

23 

24 

25 

26 

27 

28 

+ 0-009% 
- -0005 

+ ,0089 

-0027 

'0059 

'0139 

-0.0057 

'0011 

'0059 

+ -0064 

Direct 

+ 18-4 

20.0 

16.0 

12.4 

10-4 

12.9 

6-6 

12-0 

6.3 

16.2 

12.0 

I 6 -'o 

11.2 

16.0 

10.4 

8.0 

17'5 

lS6 

12.4 

9'9 

14.4 

10.5 

11.1 

12-0 

14'7 

6.6 

11.7 

14' 7 

+0'1359 

'0372 

'0763 

-0708 

,0525 

-0311 

,0093 

-0300 

-0295 

-0618 

-0402 

-0616 

-0338 

-0560 

'0177 

-0304 

'0242 

.0225 

-0172 

-0303 

-0~54 

I 

-01j7 

,0114 

-0091 

1 

2 

3 

4 

5 

6 

7 

8 

, 9 
10 

ii 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

4th Equation. Azimuth. 

Direct 

-0.0753 

.o801 

' 0644 

'0437 

'0396 

' 0424 

• 0244 

'0376 

'0233 

' 0556 

' 0325 

'05G3 

-0268 

'0391 

' 0242 

-0187 

,0318 

'0122 

. '0231 

'0144 

-0203 

'0152 

0090 

-0128 

'0074 

3rdEQuatiola. Longitude. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

- 0.0308 
+ -0376 

,0399 

- -0264 

3- -0358 

- -0196 

+ -0240 

- '0185 

+ -0266 

'0311 

- -0132 

+ '0326 

- -0196 

-0162 

4- "b208 

,0260 

- -0189 

-0143 

3- '0174 

- -0033 

+ .oral 

-01x3 

- -0012 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Direct 

+oa3843 

- -3888 
'3884 

+ -3852 
- '3886 
+ ~2884 
- '2924 
+ -2889 
- '2931 

' 2949 

+ -2901 
- '3916 
+ -3900 

3894 

- '3925 
' 4907 

+ -4890 
'3922 

- -3951 
+ '2939 
- -2983 

Direct 

-0.0420 

+ -0306 
-0316 

- -0400 
+ -0310 
-*0312 

+ -0209 
- -0299 
+ -0191 

-0146 

- .0272 
+ -0230 
- -0280 

a0298 

+ '0210 

-0262 

- '0312 
-0220 

+ '0139 
- '0x73 
+ -0049 

' 0059 

- -0132 

+ 0.3885 
- -3860 

'3852 

+ -3904 

- '3868 

+ -2929 

- -2912 

+ '2933 

- 2902 

,2884 

+ '29j4 

- -3883 

+ '3930 

'3942 

- '3926 

' 4909 

+ '4933 

' 3950 

- '3939 

+ -2989 

- ,2966 



INTRODUCTORY. 

-3 
8% 

? .I 
"2 i 

8 QT a 

Y ." 
U 0 8% 
"0.9 A 

4th E~uation-(contin~led). 

8 

6th Equation-(continued). 5th Eqwtion-(continud). 

& 

:g 
," 0 'C Z 
tih 
R 

49 

50 

51 

52 

53 

- 0.2961 

-2996 

- -2969 

+ -2998 

- -2970 

+ -3010 

- -2980 

+. '6047 

- -6000 

7th Eq.uat&(continued). 

22 

!23 

24 

25 

26 

27. 

28 

29 

30 

QT 8 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

-0.2980 

+ + 2 9 j 4 , +  

- -2986 

+ -2959 

- -2990 

+ -2964 

- -3009 

+ -5974 

- '6000 

+ 20'0 

17.6 

14.8 

7 -8  

3 '3  

7'8 

9.9 

19.8 

11.1 

2.0 

3.8 

5.2 

2.1 

3'7 

6.9 

2 -4  

2 '2 

3.2 

3'5 

3 

4 

5 

6 

7 

8 

9 

10 

11 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

-0'0014 

0007 

'0014 

0003 

'0001 

- 16.0 

I 2.4 

10-4 

12.9 

6.6 

12.0 

6.3 

16-2 

1.5 

3'1 

2.5 

6 - 2  

4'2 

4 '1 

3 '3 

2.7 

3'2 

2.5 

5'8 

6th Equatim. Linear. 

Right-hand Branch 

+ 0'0013 

'0014 

-0013 

.w09 

-0006 

-0-0033 

+ -0029 

- -0026 

'0026 

+ - w r z  

-0013 

- -0019 

+ -0012 

- -0016 

+ -0008 

- -0008 

+ -0010 

Left-hand Branch 

41 

42 

.43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54l 

55 

6th Equation. Latitude. 

Xight-hand Branch 

a 

0 ." 3: 
% &  
$ 

- 0 ' 0 0 2 0  

+ .0021 

- -0016 

-0016 

+ -0018 

• 0020  

- 0004 

+ -0012 

- • 0002 

+ -0007 

- 0002  

• 0000 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

31 

32 

33 

34 

35 

36 

37 

38 

39 

 eft-han'd Branch 

8 

+ 4'7 

3'1 

2.7 

?-4 

4'6 

4' I 

3' ' 

2'3 

2-8 

3'1 

4'6 

3 '1 

3 '5 

2'5 

0-0  

+ 0.0068 

-0036 

-0036 

-0032 

-0031 

'*20 

'0028 

-0022 

41 

42 

43 

44 

45 

4.6 

47 

48 

7th E q u a t h .  Longitude. 

Rigb t-hand Branch 

41 ( +o.mgq 1 + 0.0029 

+om0128 

'0249 

. 00216 

-*0006 

+ -0140 

- -0018 

+ -0088 

- * 0 0 3 8  

+ -0087 

,0107 

- -0146 

-0022 

+ '0026 

- '0016 

+ - W Z I  

- -0010 

+ - 0 0 1 3  

- -oorq 

+ -0006 

- -0010 

- 4'9 

2-9 

3 - 0  

3 '4  

3-2 

3'1 

4'4 

3'1 

2'6 
I 

2.6 

4'1 

4'7 

1.9 

1-4  

5 - 1  

- 0.0226 

-0182 

-0286 

'0154 

0203 

'0074 

.oo61 

-0084 

-0141 

-0268 

-0156 

-0023 

-0045 

'0042 

-0018 

-0021 

& 

1 

. 2  

3 

? 
5 

6 

7 

8 

9 

10 

11 

31 

32 

33 

34 

35 

-0.0063 

-0og1 

.0027 

'0037 

-0038 

0030 

a0023 

0007 

Left-hand Branch 

- 0.0442 

-0003 

-0087 

'0230 

.0009 

-0118 

+ -0055 

- -0109 

+ -0055 

'0035 

'0053 

- -0020  

+ -0013 

- -0015 

+ .o008 

- -0013 

. - m o o  

-0004 

+ -0004 

-0003 

+0.0295 

-0130 

-0088 

-0226 

'0049 

-0210 

.mjI 

-01 91 

0066 

'0193 

-0047 

'0033 

-0022 

'0049 

-0022 

-0025 

1 

2 
C 

- 18-4 

2 0 ' 0  

+ 32.0 

10.0 



&UP. IIL] THE VALUES OF THE %El AND 0%. 

1 

3- 
5; - .- 0 h 

6&i  
A 

a B 

4 .- 
3% 
yl.= 0 E: 
oa 
k 

7th Eq~t&(~ontinu~d). 

+ '0992 

- -0gg2 

+ -0994 

-0993 

- -099~ 

'0992 

+ 'oggg 

- . O B j  

+ ,0999 

- '0997 

+ -1001 

- -1000 
+ . I 0 0 0  

-1000 

42 

43 

44 

45 

46 

47 

49 

50 

51 

52 

58 

54 

55 

34 

35 

36 

37 

38 

' 39 

41) 

+ -0987 
- -0988 
+ -0990 

'099O 

- '0995 
'O995 

+ -0992 
- -0996 
+ '0994 
- -0997 
+ -0997 
- -0996 
+ -1000 

- -2000 

- 0.0035 
,0015 

-0006 

-WIZ 

36 

37 

38 

89 

8th Equation-(continued). 

Left-hand Branch 

61 

62.  

63 

641 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

+o-00x2 

.m08 

0007 

-ooo0 

8 

9 

10 

11 

31 

32 

33 

+ -100g 
- .oggo 
+ -100; 
- -0997. 
+ -1003 
- .IOOO 
+ o~ooo 

1 

2 

3 

4 

5 

6 

7 

pr 

9th 

59 

55 

56 

57 

58 

59 

60. 

+ '0993 

- -1009 

+ -0986 

- .lo06 

+ -0998 

- -1005 

+ -1000 

8th Eqthtion. azimuth. 

Right-hand Branch 

9th E p ~ t h .  L k a r .  

Direct 

' 3 
Zd 

C .* 
:2 
0 

a a 

10th Equation. Latitude. 

Direct 

0064 

'0049 

'01 28 

-0061 

.or 38 

-0096 

-0061 

'0203 

-0067 

-0114 

' m j 4  

'0034 

0094 

-00% 

'0047 

-0306 

-0287 

53 

@ 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

' 65 

66 

67 

: G8 

69 

1'7 

2.6 

2'1 

2.6 

2'4 

3'2 

1.6 

23- 1 

19.6 

25'9 

27 -3 

9-8 

44'1 

21 -0 

16-1 

-0.2925 

+ -3026 
'3075 

- -5981 
-0988 

+ -1008 
- ,0981 

-0.3885 

+ '4051 
' 4034 

- '3911 
+ -4019 
- ~2918 
+ '3020 

3s 36 

Y ... 
.6 < 
2 o g  z 
$ 

+ 0.0116 
*or 68 

'01 27 

0094 

'0302 

0143 

-0166 

.or 19 

'0077 

-0088 

-01 23 

-0058 

.or06 

'0°79 

'0'59 

0042 

- 0065 
'0045 

'0057 

0050 

0058 

-0027 

-0402 

-0246 

10th 

46 

47 

48 

49 

50 

51 

52 

2.5 

4'3 

2.1 

1-3 

4-2 

3-1 

2.6 

16.8 

18.2 

32'9 

29.4 

25'9 

21.0 

35-7 

13.3 

Eq~t&(continned). 

+ 2-5 

2.7 

4.1 

1'9 

3'7 

2-8 

5'7 

- 0'3033 
+ '2945 

-2895 

'2939 

- .roo9 

+ -0983 

- *lo16 - 0.0988 41 

- 4'9 

2'9 

3.0 

3'4 

3.2 

3 - 1  

4'4 

3-1 

2.6 

2.6 

4-1 

4'7 

1.9 

41 

42 

43 

4,4 

46 

46 

47 

48 

49 

50 

51 

52 

53 

- 0.4085 
+ -3928 

-3887 

- -4061 

+ -3921 

- -3029 

+ '2976 

a 

-0346 

'0272 

-0010 

-0242 

-0038 

Equati07t-(~ontir:ned). 

-0.0167 

-0127 

-0078 

-0109 

-0104 

00168 

'0100 

- 1-4 

3'9 

1.9 

4'4 

3.2 

2.0 

7.2 -0.0986 

, -0511 

'0279 

'0354 

-0111 

-0223 

+ 4.7 

3' I 

2'7 

4'4 

4'6 

4' 1 

3'1 

2.3 

2.8 

3" 

4.6 

3.1 

3'5 

, 

70 

71 

72 

73 

74 

41 

42 

43 

45 

-0-0220 

-01 29 

-01 19 

-0176 

-0384 

+ 0-0224 
'0135 

.0130 

-0147 

-0139 



92 INTRODUCTORY. [CHAP. m. 

l l t h  Equation. Longitude 

Direct 
41 +o.o098 + 0.0112 
42 - -0112 - ,0088 

+ .0097 .+ '0100 
44 - -0108 - ,0083 

45 -0108 -0083 

l l t h  Equation-(continued). 

69 +oS0267 + 0.0183 
70 - '0295 - '0154 

71 + '0135 '+ -0169 

72 - '0221 -0002 

73 +'0067 ' 0094 

74 - -0172 -0101 

12th Equatwn. Azimuth. 

Direct 
41 -0.0964 - oS09j8 
42 + '09.58 + -0968 

44 - ,0964 - -0963 

4 + '09.59 + '0970 

45 '0959 '0970 

46 - '0972 - -0964 

47 '097' ,0962 

48 + -096.1 + ,0975 

49 - '0971 - '0967 

50 + -0965 + '0975 

51 - '0974 - '0967 

52 + .0968 + ,0979 

53 - '0973 - -0972 

54 + '0972 + '0975 

55 - '0974 - '0973 

56 + '0973 + -0976 

57 - '0975 - '0975 

58 + -0975 + -0978 

59 - '0975 - '0977 

60 + ,0976 + '0979 

61 - -0978 - -0981 

13th Equation. Linear. 

Right-hand Branch 

13th Equation-(continued). 

100 1 + 0.4 1 - 8.0 

Left-hand Branch 
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3 

. * &  

.3 
83 
"8 
$ 

. 
U. 

gh 

16th Equatb(hntiaued). 14th E p t w n .  La t i t de .  

Right-hand Branch 

a 
. 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

- 0-1995 

+ '1997 

'1997 

- '1999 

g~~ 

+ -2000 

14th .Zquatio7k(~ontin~). 

95 

96 

97 

98 

99 

100 

4 -a 

0' 
d 
55 

16th Equatb(~ontinaea). 

-0.1gg2 

+ -1995 

' I994 

- -1996 

'0998 

'4000 

-0'0130 

-0094 

' 0055 

-0051 

0065 

'0033 

'0035 

.w18 

.w17 

'0012 

* W I O  

'-7 

'0002 

- 0.0008 

+ -0007 

- -0017 

+ - 0 0 1 ~  

- -0007 

+ .oo08 

- .mi 

+ .0004 

.oooz 

76 

77 

78 

79 

80 

81 

82 

83 

a 

+ 0-0089 

'0088 

*w86 

*a031 

'0094 

.0026 

-0027 

* w z r  

'0027 

'0015 

-0014 

-0009 

.woq 

hf t-hand Branch 

. 
- 0-0014 

'0043 

-0056 

'0026 

-0033 

-0023 

0040 

-0045 

-0014 

.0024 

-0046 

-0022 

-0044 

.0024 

-0031 

-0021 

.ooo9 

-0012 

-0004 

- 0 . ~ 1 6  

+ '0014 

- -0040 

+ -0016 

- -0017 

+ *OOIO 

- .w07 

+ -0006 

- -0005 

45 

46 

47 

48 

48 

50 

51 

52 

53 

54 

76 

77 

78 

79 

80 

81 

82 

83 

84 

Branch 

+ 0.0973 

- 1003 

+ -0982 

- -1006 

. 1005 

+ '0983 

-0978 

- -1010. 

+ 0098; 

- -1009 

+ ,0984 

- -1018 

+ '0995 

'0991 

- -1018 

+ -0992 

'3017 

+ '1991 

- '2012 

+ -1991 

- '1004 

+ .1996 

Left-hand 

3 
.& -, a %3 4t ," 
0 'C 
O H  
R 

+o.m64 

-0026 

-0016 

'"37 

*m15 

004 I 

' 0031 

'0032 

,0023 

- -0020 

+ -00x6 

-0020 

'0057 

'0037 

0024 

.oo17 

'-5 

'001 2 

.OOOI 

41 

43 

M 

45 

44 

47 

4.8 

49 

50 

51 

52 

53 

54 

76 

77 

78 

79 

80 

81 

82 

83 

16thBquatimc. Longitude. 

Right-hand Branch 

- oOwqjr 

hw51 

-0016 

,0046 

0045 

+ '0001 

- .o007 

-0036 

+ -0007 

- .wz8 

+ -0008 

- -0022 

+ -0013 

-0013 

4 

42 

4 

44 

45 

46 

47 

48 

48 

50 

51 

62 

53 

54 - 

+o-1003 

- '0977 

+ *0999 

- -0975 

' 9 7 5  

+ -1010 

1006 

- .0985 

+ -1006 

- -0984 

+ '1014 

- , 0 9 8 ~  

+ '1009 

- .zoo8 

'0994 

+ -1008 

- e 2 9 7 8 ' -  

+ -2014 

- .199o 

+ -2007 

- -0998 

+ 

+oa0076 

'0011 

' 0041 

.oo15 

-001 7 

'0043 

*0037 

- * o o ~ z  

+ -0029 

- -0013 

+ -0027 

- -0017 

+ -0015 

- .wz8 

16th Equation. Azimuth. 

Right-hand Branch 

- o-0047 

+ -0043 

'0043 

- .0029 

-0019 

+ .0020 

.ooze 

- ' 0 0 1 ~  

+ 'ooI2 

- '0008 

-0007 

+ . o o o ~  

-0001 

87 

88 

89 

90 

91 

92 

93 

W 

95 

96 

97 

98 

99 

-0.0064 

+ .w46 

* 0046 

- .0042 

' 0045 

+ .oozg 

-0025 

- '0023 

+ *0020 

- ' m I 4  

.W14 

+ -0010 

0004 

+ 0.1981 

- .1983 

-1983 

+ -1988 

-1993 

'- -1992 

'1992 

+ -1995 

87 

88 

89 

90 

91 

92 

93 

9 

+Om1974 

- -1981 

1982 

+ a1983 

-1982 

- -19g0 

' 1990 

+ -1991 

Left-hand Branch 

-0.0069 

.0008 

-004.5 

-0016 

41 

42 

43 

+o.wog 

0058 

- -0003 

+ -0062 
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QJ 

Y .- 
& =  
5 
? E  
.k" 

.Go .'. 
P z =  
5" 
U o z  
0 
'* 

38 a 
3 
2 %  
% a  
-, I 
dCc 
Z 

6 3  
% .c 
~5~ I z 

Iti 38 

18th Eq~athn-(hntinued). 17th 

99 

100 

101 

lo2 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

1% 

l s tb  

a 

18th E~~atiolz-(continued). 16th Equation-(Continued). 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

126 

127 

1% 

129 

330 

131 

'132 

133 

1% 

Rigb t-hand Branch 
125 1 -0.0124 + 0-0150 I 

Eqaatirm-(continued). 

- 3.1 

7'2 

12.0 

5'6 

3'5 

5'8 

2'2 

8.8 

7'2 

8.0 

5'6 

11.7 

5'8 

11.1 

8-8 

9'2 

10.0 

8.0 

5'6 

10.0 

11.8 

7'0 

8.2 

. 11 -6 

8.8 

8.0 

Equation. 

- 0.1002 
+ -2000 

-2000 

84 

85 

86 

-0.0064 

a0061 

+ -0028 
'0032 

- -0087 
+ -0027 
- -0080 

+ -0013 
- -0053 

' 0045 

+ .0003 
- -0048 

.O O Z ~  

-001 I 

'0028 

-0016 

-0012 

+ 2.9 

7-8 

12.6 

7.0 

3 - 1  

5.6 

2.9 

6.8 

7.2 

7'0 

6.4 

14'4 

5.6 

12.3 

8.0 

7.6. 

11.0 

7.0 

5' 2 

12.2 

10.4 

6.2 

9.2 

11.8 

10.4 

7-0 

ZatiSude. 

-0.0121 

.0070 

0046 

• 0022 

-0086 

-0012 

-0006 

-0006 

• 0002 

-0.1000 

+ -2000 
• 2000 

- 0.0033 
-0031 

+ -0052 

- 005 I 
- -0019 

+ '0042 

- -0015 

+ -0040 

- -0003 

+ -0045 

.-5 

*OOZi 

-0027 

0036 

. 0025 
0025 

-0024 

-0019 

19th Equation. Longitude. 

Right-hand Branch 

+ 0,0154 
.0118 

'0035 

'0045 

'0058 

.0036 

.oo14 

'0006 

-0009 

17th Equutiora. Linear. 

Right-hand Branch 

Left-hand Bmnch 

125 

126 

127 

128 

129 

130 

131 

132 

1% 

125 

126 

127 

1% 

129 

.130 

131 

132 

133 

184 

135 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

+O.OO~Z 

- '0077 
+ -0043 
- -0051 

-0052 

+ -0021 
- -0024 
+ -0015 
- -wag 

+ 9.8 
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INTBODUCI'ORY. 

15. 
The Rqqzlatioras between the Iadeterminate Factors, and their Solution. 

In the equations between the Indeterminate Factors, the coefficients of the factors 
are summations of terms of the form (bB + +a) ,  such as are exhibited in the equations on 
page 38. The coefficient of the mth A in the Zth equation is equal to that of the 4th A in 
the' mth equation, and may therefore be expressed either as 

in which expressions the summations are taken 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 equations, 
as the case may be. 

The coefficients of the Indeterminate Factors, and the Absolute Terms, in each of the 
24 equations presented for simultaneous solution, are here given in a tabular form. It will 
be observed that the coefficients of the factors appertaining to the linear equations are 
unduly large, and those of the latitude and longitude equations are unduly small, when the 
equations are compared hter  se. This does not produce any effect on the final results if 
sufficient decimal places are kept; but a great saving of labour is effected if the coefficients 
are brought more nearly on a par, as the number of decimal places in the subsequent 
calculations need not be so large. The equalizing of the coefficients might have been effected 
at an earlier stage by multiplying the coefficients b and c of each equation by a suitable 
factor, and this was done in the reduction of the North-East Quadrilateral, the factors there 
chosen being 1 for azimuth equations, 16 for latitude and longitude equations, and -03 for 
linear equations. But the same result may be arrived at with less labour by treating the 
equations between the Indeterminate Factors ; and as the advantages derived from employing 
equalizing factors are confined to these equations, this'affords an additional reason for intro- 
ducing them here. The manner in which they should be introduced will appear from the 
following considerations :- 

If we multiply the equations of condition on page 17 by the equalizing factqrs f,, 
fb . . .fr and put A',, A',, . . . A',, for the Indeterminate Factors corresponding to the equalized 
equations, we eventually obtain the following groups of equatiom between the Indeterminate 
Factors :- 

f.f. [aa. W ]  ita +&A [ab a] x, + . . . +&A [m 9 u] );a =& ea, 

f.6 [tab . u] A', +A& [bb . W ]  A', + . . . + A h  [b. a] ea, 

f.h [an. u] A', +fa f. [bn . u] X), + . . +hf, [m # u] A', =f, en. 
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It will be seen' that in these equations the introduction of equalizing factors has not affected 
the identity of the coefficients which are situated symmetrically on opposite aides of the 
diagonal, which is so. valuable an aid in solving the equations. It will also be seen that the 
resulting values of the factors must be 

In the solution of the equations appertaining to the South-West Quadrilateral, the 
factors chosen are not strictly equalizing, because this was not necessasg, and the desired 
result was sufficiently nearly approached by employing 10-1 for linear equations, 10 for 
latitude and longitude equations and 1 for ~ i m u t h  equations, while these factors were more 
easily introduced than others, the equations so modified are shewn in the second table in this 
section. 

The table following the equations between the Indeterminate Factors, gives the first 
of each group of equations between certain of the Indeterminate Factors which re&ed 
after the other factors had been eliminated. These are the equations which were t~sed in 

' 

obtaining the numerical values of the factore by successive eubstitutione backwards from the 
last to the first. 





CXU . m] !I!HE EQUATIONS BETWPEN THE INDETERMINATE FACTORS . 
Natwral ,Y~~rnbers. before the application of the Equalizing Factors . 
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The Equations between the Indeterminate 
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- 2.1029 

- 18.5427 
+ 2'3183 

+ 0.2461 

- 1'8372 

+ 38.5603 

- 1.4860 

- o'goj1 

+ 2.0192 

P I C I E N T B ,  

...... 

". ... 
...... 

".... 

+v6652 

-ow& 

+0*0891 

-0.1547 

+0'~ti7 

-0.09~7 

+oa1959 

+0'1439 

-1'6773 

+vr& 

...... 

...... 

...,., 

...... 
+1'og(5 

-0.0363 

-0'0379, 

+0'3034 

+oe6148 

-0.1446 

-0.111a 

-0'1173 

-1'4616 

-0.0181 

+oS1784 

24A 

..,... 
.....a 

.....a 

.....a 

...... 

...... 

...... 

...... 

...,., 

.,.... 

...... 

.. ... 

...... 

...... 

...... 

...... 

+ 0-6156 

+ o-0402 

- 0'4795 
+ 4,7303 

- 1.6481 

+ 4'30?4 

+ 1-5511 

+ 5.5401 

A F T E R  

Id 

...... 

...... 

...... 
.....a 

-0.1266 

-0.0161 

+oa3924 

-1.7914 

-0.2652 

-0.0372 

+oS965a 

+oe7308 

+oa4749 

+oe3073 

-0'5990 

+7'2646 

I 

...... 

...... 

..,... 

...... 

.. . . . .  

...... 

....., 

...... 

...... 

....,. 

...... 

...... 

+om5261 

-0~0619 

+o.2023 

-0'8434 

-1'1010. 

+oV7460 

T H E  

' 

...... 

...... 

..am.. 

e..,,. 

...... 

...... 

...... 

...... 

...... 

...... 

...... 

...... 
- 24.862 
+ 0.7971 

- 0'3117 

- 1'3793 

+lo5'2748 

S U C C E S B I V E  

I& 

...... 

....., 

...... 

...... 

...... 

...... 

...... 

...,.. 

s..... 

...,.. 

...... 

...,.. 

+4-3634 

-0.1468 

-0.0a31 

+0'5406 

-5'9521 

-0.0422 

+oS4887 

2 d  

...... 

....,a 

....so 

...... 

...... 

...... 

... ... 

...... 

as.... 

....,, 

...... 

...,.. 

- 1.1883 

-, omooo3 

+ 0.6044 

- 3.1zoo 

- 0'5449 
+ 2,0332 

+ o-0147 

+~~-ooog 

2IA 

...... 

.a,... 

a,.... 

...... 
I 

...... 

...,,. 

...... 

...... 

..,..a 

...... 

...... 

...... 
'...... 

...... 

...... 

...... 

+ 39'234 

- 1.8990 

+ 1.5283 

+ 4.8372 

+too.&17 

E L I M , I N A T I O N S  

22A 

,..... 

....a. 

.....a 

....., 

,..... 

...... 

...... 

....., 

.....a 

..,... 

,.,... 

...... 

...... 

...... 

...,., 

...... 

+ 3'4055 

- o-07% 

- 0.0960 

+ 2.j203 

+ 8'8217 

+ 1,6905 

,A 

...... 

...... 

....,. 

...... 

....,, 

...... 

...... 

...... 

.we... 

...... 

...... 

...... 

I ...... 

...... 

...... 

...... 

- 9.7657 

+ 0.4969 

- 0.4440 
-0~3488 

-11'5858 

.+ 0'9194 

+ ,1'2518 
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The following table gives the values of the factors to four places of decimals as deduced 
from the solution of the equations, and also as multiplied by the equalizing factom to give 
the quantities to be employed in obtaining the values of y and z (see page 99). 

The Nu4nerical Balises qf the Irrdetemnkte Pactore. 

The values of the hs having been obtained the next step was the deduction of the 
errors x, y and z. The formulae for this purpose are, as indicated in Section 11 of Chapter 11, 

yp = 1 3 8 ,  1A + + + 'Z4BP 
z, = , a p  ,A + ,ap ,A + . . + ,,ap ,,A* 

The error xp waa simply determined by finding the value of its equivalent, - (y, + 3). 

The numerical values of the angular errors were first computed to four places of deci- 
mals, employing the As to four places. These values were then inserted in the equations 
between y and z, symbolized in Section 11, Chapter 11. The angular errors were then 
contracted to three places of decimals and the equations again tested. Finally they were 
contracted to two pla&s of decimals, the number employed in the linear and geodetic oalcu- 
lations, and were.inserted in these, and certain small residual errors in the closing of chains 
were found to exidt : these were elhimted by arbitrary corrections.' The residuals which 
presented themselves prior to the introduction of the arbitrary corrections will be found in a 
note on the reduction of this quadrilateral at the end of these chapters. 

Value M employed 

- 0'0422 

+ 65.1840 
- 97 * 6000 
+ 0'1793 
- 0.0391 

+ 50'7460 
- 14.2780 
- 0.2291 

+ 0'0422 

- I 3 8500 

- 7 ' 7520 
+ 0.3345 

The following table shews :- 
(1). The e k r s  as computed and reduced to two places of decimals, 
(2). The arbitrary corrections, 
(3). The totals of (1) and (2), giving the values of x, y and z which, with changed . 

sign, were introduced into the linear and geodetic calculations. 

Fsotom 

I A  

aII. 

A 3 

,A 

s A  
d 

7A 

aA 

4 
I& 

I I A  

1 aA 

Factom 

1 3 ~  

14A 

1 SA  

16A 

I 7A 

18n 

1G 

a d  

a A  

arA 

ran 
a4A 

Vslue M deduced 

+ 0.0338 
+ 2.4819 
- 6.4490 
- 3'1401 
- 0'4027 
+I I '4203 

+ 0'4635 
- 190608 
- 1'0434 
- 6.5168 
- 5'459' 
- 1.9411 

Value M dednped 

- 0'4224 
+ 6'5184 
- 9.7600 
+ 0'1793 
- 0.39'5 
+ 5.074~ 
-- 1.4278 

- 0.2291 
+ 0.4219 
- I -3850 

- 0.7752 
+ 0.3645 

Value M employed 

+ Omo034 
+ 24.8190 

- 64'4900 
- 3' 1401 
- o * 0403 

+ 114'2030 
+ 4'6350 
- I -0608 

- 0' 1043 

- 65- 1680 
- 54.5910 
- I :9411 
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.3 Q3 
"i] G 

151 

152 

153 

154 

155 

,156 

157 

168 

169 

160 

161 

162 

I63 

1641 

165 

I66 

167 

168 

169 

170 

171 

172 

1 

u 

- 0.26 
- '34 

- -14 

- .46 

- -50 

- .16 

- -16 

- -18 

- '40 

- '27 

- '27 

- -17 

- "22 

- '37 

- -20 

- .36 

- '15 

- '40 

- -36 

- 1 9  

- '33 

- '49 

1 

a 

+ 0.15 
+ '40 

+ -28 

+ '52 

+ -22 

+ -16 

+ '30 

+ '22 

+ .39 

+ .a5 

+ -21 

+ -28 

+ '34 

+ *27 

+ '22 

+ '20 

+ '31 

+ '40 

+ - 2 5  

+ -15 

+ -40 

+ -30 

z 

2 

Y 

I 
P 

... - 0-26 

. . . - '34 

. . . - ' I4 

+ owor - -45 

+ -01 - '49 

. . . - '16 

. . . - 16 

... - -18 

. . . - '40 

-t .OI - *26 

. . .  - '27 

... - 'I7 

... - '22 

... - '37 

... - '20 

. . . . - -36 

. . . - '15 

... - -40 

+ '01 - '35 

. . . - -19 

+ '01 - -32 

... - '49 

Y 

2 S l -  
u Y 

. . . + 0.15 

. . . + '40 

. . . + '28 

. . . + -52 

... + -22 

... + -16 

-0.01 + '29 

. . . + -22 

- .ox + *38 

.,. + '25 

... + .21 

... + '28 

. . . + '34 

... + '27 

. . . + -22 

... + '20 

. . . + -31 

- 'ox + '39 

... + -25 

- -01 + - I , +  

. . . + .40 

- -01 + -29 

3 

Y 

+ o-XI 
- -06 

- '14 

- 0 7  

+ -27 

-00 

- -13 

- '04 

+ .02 

+ .OI 

+ -06 

- - 1 1  

- -12 

+ -10 

- -0% 

+ -16 

- -16 

+ '01 

+ -10 

+ -05 

- so8 

+ -20 

1 

Y 

+ 0.11 
- -06 

- -14 

- 906 

+ '28 

-00 

- 'I4 

- '04 

+ .OI 

+ -03 

+ '06 

- -11 

- -12 

+ -10 

- -01 

+ ~ 1 6  

- -16 

-00 

+ -11 

+ -04 

- '07 

+ .19 

x 

2 

I/ 

. . 

... 

... 
- 0.01 
- -01 

... 
+ '01 

. . . 
+ '01 

- .OI 

. . . 

... 

... 

... 

. . . 

. . . 

. . . 
+ .or 

- .or 

+ -01 

- -01 

+ -01 



CHIP. IIL] OBSERVATION8 ON !l!EIE FINAL RESULTB. 

Tk Fhal Rernclts of the Simultaneous Redecctb. 

The values of the Angular Errors, given in Section 16, are-except in so far as they have 
been altered as shewn in that section-the results of the general solution of the problem 
that was presented by the. South-West Quadrilateral. The errors were severally applied, 
with changed s i p ,  to the values of the figurally corrected angles which are given in Section 
8, and corresponding corrections were obtained to the logarithmic lengths of the sides of the 
circuit triangles which are given in that section. The corrections to the sides and angles 
were then introduced into the several geodetic calculations, from which the values of Latitude, 
Longitude and Azimuth, for the stations on the line of traverse8 had been obtained, as given 
in Section 9. 

After all the corrections had been applied, the residual differences between the 
computed and fixed values and between the line? and the geodetic values deduced for the 
circuits--at the junctions of their right and left-hand branches, respectively-were found to 
be very small. Thus the difference between the two logarithmic values of length, for any 
aide of circuit-junction, in no case exceeds *OOO,OOO,O~ and in one instance is lcil to the 8th 
p h  of dech l s ,  notwithstanding that logarithm tables to 7 places only had been used in 
the calculations ; and the difference in latitude, longitude and azimuth, at the closing station 
of any circuit, never exceeds 0" 005. 

As regards the magnitudes of the angular errors which are given in Section 16, it will 
be seen that they are generally small. Their total nbmber is 516 of which 103 are between 
0"-o and 0". I ; 115 between o"* I and ow. 2 ; 109 between o" z and oM.3.; 78 between o'"3 
and 0"*4; 31 between o"'4 and 0"- 5 ; 23 between o"'5 and or' 6; 13 between ow* 6 and 0"- 7; 
3 between or' 7 and'o"* 8 ; 6 between 0". 8 and o".g ; 4 between or'.g and I"*o; 20 between. 
I".O and 2''-0; 9 between a"*o and 3"*0; and 2 between 3"*0 and 4!*0. 

The final values of the lengths and azimuths of the sides, and of the latitudes and 
longitudes of the stations at the junctions of the circuits,-as computed after all the angles 

- had been &en corrections corresponding to the errors tabulated in Section 16-are shewn 
below, i n  c$ntrast with the two primary values which had been respectively given by the 
right and bft-hand branches of the uncorrected circuits. It will be seen that in six cases 
the final value is intermediate between the two primary values, while in six cases it falls 
outside both of them. 



Zinear atzd Geodetic Values at the Sides and Stcctiow of the Circuit- Jzznctiom. 

Logarithmic Length. Azimuth. Latitude. Longitude. 

CIRCUIT II. Side PatdngTi-Bhor or XIII-XVII. Station Patdngri or XIII. 

Right branch 4' 9O5~5434J3 16 47 27'336 a2 52 15-671 73 55 49'563. 
Left. ,, 64698 34-49 15.603 49' 1 5 ~  
Final 378J8 29'94 '5'7O 49'52 

CIRCUIT 17. Side Mirzcipur- W a i r d  or XVI-XVIIL Station Mirzdignrr or XVI. 

Right branch 4' 749J2~62J~ 91 4 29.147 22 59 17'859 72 52 34'695 
Left JJ 34799 26.190 17.708 34' 708 
Final 281~3 30'25 17'79 34' 70 

CIRCUIT 7. Side Monciba- Wdndia or XII-XIV. Station Mona'ba or XI . .  

Right branch 4' 828J926597 80 25 20.028 23 l6 35'9O9 70 51 11.778 
Left ,, 32799 16.982 35'770 11 '850 
Find 333~4 22.75 35 ' 86 "'75 

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 42) is shewn 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 adopted side of junction in azimuth is Karsod- 
Inddwan for G,, G;, and H,, and Chalarwa-Shpakra for d, and I(,. The arc-length of each 
chain in latitude and longitude is also given, Karsod being adopted as the station of junction 
of chains G1, Gr, and R,, and Chalarwa as that of chains d, and R,. 

Apporthmelzt of Error. 

mein 
of !hiangles 

G1 

G3 

HI 

Hs 

X 

dl 

ds 

R1 

& 

Ks 
L 

Errom in 

Lstitnde 

Y 

-0.158 

- '477 
- '033 
- '404 
+ -070 
+ -054 
+ -029 
+ '061 
- '050 
- -125 

I 

Longitude 

1 

-0.030 

- -536 
+ '045 
+ 'O%I 

. - .004 
+ -030 
+ ,030 
- -331 
- '037 
+ -133 

Linear Azimuthel 

+ 1 - '283 

z , , 
1 < . - I  
y& 
; 

11 

20 
15 

21 

14 
11 

6 
10 

13 

19 

88 

$I 
2% 
% .2 
i h  

11 

20 
15 

21 

14 

11 

6 
10 

13 

19 

88 

Am-length in 

8% .ElL-. 

pf? .;="; 
" , 
8 0  

+51'3 

- 7-5 
+12.8 

- 6.5 
-27-4 
-15.6 

-10.8 

+ro-4 

+ 2.6 
+15-q 

+74*8 

Error 

I 

+ 4-989 
-12.797 
- 2.602 
- 4'115 
- 1.093 
- 2.719 
- 0.378 
- 0'479 
- 1'453 
-5.048 

- 1~191 

Latitude 

. o r  I/ 

r 3 35'43 

3 56 5-96 

I 39 32-29 

3 55 29-81 
I 25 41.98 

I 24 58-33 
o 19 15-04 

o 14 30-78 

0 7 2-09 

o 156.98 

I 37 10.84 

Longitude 

0 1  1 

o 27 56.86 

o 33 39-72 

0 3 39-11 
o 13 39'22 

o zo 4-84 

o 15 59-25 
o 14 29-33 
I 32 23-18 

I 3 14'82 

14653-62 

a 55 1z.10 



THE NON-CECUIT !I!RUNGLES. 

CHAPTER IV. 

TEIE NON-CIRCUIT TI1IBNGLES. 

The Jinal Figural A djwtment8 of the N m  Ci~cztit Triangles. 

The primary chains of triangles being composed of various compound trigonometrical 
figures, as well as single triangles, and only as many triangles of those figures having been 
introduced into the Simultaneous Reduction as were necessary for the construction of the 
circuits-for reasons already explained at page 30-it remained, on the completion of the said 
reduction, to bring the excluded or m-circuit triangles* of each figure into adjustment with 
the circuit triangles. This had to  be done by the calculation of certain corrections, to be 
applied to the excluded angles only, so as to produce consistency without disturbing the in- 
cluded angles, the values of which by the Simultaneous Reduction must necessarily be 
regarded as final. 

The details of the corrections to the rum-circuit angles form the subject of this chapter. 
They present themselves in groups which are referred to by the numbers of the figures to 
which they respectively appertain. 

In  explanation it is only necessary to say that, since the values of the angles entering 
the circuit triangles might not alter, each group of mlz-ckcuit triangles 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 measured 
completely round the horizon, the sum of the non-circuit angles + the sum of 
the circuit angles should be equal to 360'. 

2. That the ratios of sides oommon 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 mn-circuit tri- 
angle should = o. ' 

These three conditions alone sufficed, in every case, to furnieh the necessary equations 
of condition for reducing the angles. 

The number of equations in each group ranges from 2 to 13. When only two presented 
themselves the case mas that of a triangle of which two sides and the included angle had been 
tixed by the Simultaneous Reduction, and the unknown quantities were the errors of the other 
two angles. Conditions 2 and 3 furnished the necessary equations ; and being equal in 
number to the unknown quantities they have been solved algebraically as ordinary simulta- 
neous equations. 

* Among the non-nircuit hian lea have been reckoned the following, &., Nor. WO to BS1, which form a pendent to the South? 
West Quadrilateral and after the 6x18 reduction on1 ex erieoced small linear chonges, due to ohsDgen of side on which they depended, 
No a n p h  ohenges were required end they do not d d o m  appear in thia chapter. 
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I n  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 weights of the angles in each group being considered equsl 

The following table exhibits the number of groups of nosa-circuit triangles in &h 
Series, classed according to the number of equations of condition which m h  furnishes. 

The 42 groups involve 268 angles, or nearly one-third of the whole of the angles 
contained in the South-West Quadrilateral; the magnitudes of the final corrections and the 
number of the corrections of each magnitude are as follows :-less than o" I, 44 ; between 
0"- I and 0". 2, 33 ; between o" 2 and of'* 3, 29 ; between 0" 3 and 0"*4, 26 ; between 0 " * 4  
and 0"-5, 25 ; between o " * ~  and ol'* 6, 17 ; between 0". 6 and 0". 7,6; between o".7 and 0"- 8, 
14 ; between 0" 8 and 0". g, 10; between o"* g and 1"- o, 2 ; between I" o and 2"*o, 35 ; 
between 2" o and 3" 0, 10 ; and 7 in excess of 3". 0. 

I n  the pages of tabular matter which follow are given, separately for each Series, the 
data of the nola-circuit triangles similar to those of the circuit triangles shewn on pages 63 to 
69, and in the same terms with tErem; these are followed by the final figural adjustments 
of the groups. I n  connection with the sides and angles are shewn first the figure to which 
each ncm-circuit triangle belongs, secondly, the number of the triangle, and thirdly the figural 
numbers of the angles employed in the Preliminary Reductions and again made use of here, 
as shewn on the Plates at the end of the numerical details of each Series. In  the column 
giving the serial number of the station, those stations of which the positions stand fixed by the 
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 
F i p  to which it appertains and by the numbers of the triangles it includes. The constants 
furnished by the Simultaneous Reduction are given, with a reference to the page from w&ch 
they are taken ; these are followed by the equations 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 angular 
errors. They are so designated because they differ occasionally, but only in the 3rd place of 
decimals, from those which actually resulted from the calculations, slight arbitrary correc- 
tions having been applied in order to make the logarithmic values of common sides agree where 
the number of places of decimals employed in the calculations had not eufficed to do so. 
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Two examples of the prooess of reduotion will now be given. 

Example 1.-Figure 2, a pentagon (see Reduction Chart and K b p i s u a  Meridional Series, Plate 1) of which 
the three triangles 8 ,4  and 5 were fixed by the Circuit chains ; triangles 174 and 175 have now to be adjusted. 
The conatante known are, adee I to I11 and I11 to V and the angle contained between them as given on page 119 ; 
hence the equatiom to be aatided are, 2 triangular, 1 cantral and 1 aide. Stated eymbolically. they are :- 

Cmctrd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  X I ~  + XI,, = 0s 

Side . . . .  t.d, log. sin 16 x xl, - t.d. log. sin 14 x x,, + t.d. log. sin12 x xlB - t.d.log. sin 11 x xu = 0, 

the 7th place of loge. being taken as unity. 

The errore q, eB, e, and e4 are found as follows :- 

e, and e, (the irmm of triangles 174 and 175) am W C ~  = o ; 

176' 34' 8I1'r6 ] . . .  Angles 18 + 10 of Triangles 174 and 175, p. 118, " = - 176 34 5 -77 . . .  360' - Angles 1 + 4 + 7 of Rhngles 8 , 4  and 5, pp. 56-@ md 56-e, 

[log. PI1 to V] - log. [I to 1111 1 . . Triangles 174 and 176, p. 118, 
8, = I0,ooo,ooo - {log. [I11 to V] - log. [I to 1111) ,, 8 and 5, pp. 66-a and 66-e, 

Xxample 2.-Figure 8 is a double polygon (eee Beduction Chart and Khhpisura Meridional Series, Plats 1). 
Trianglea 6 to 11 were fixed by the Circuit chaine ; triangles 176 to 178 have now to be adjusted. The constante 
known and the symbolical erpreaeiom of the equationa are given in full on pages 119 and 120, and need not be re- 
peated here. Stated generally, the equationa to be satisfled are, 8 triangular, 2 central and 2 side. The absolute 
t a r m e  are found as followe, the variables in all w e e  being taken from this Chapter and thg cmrtantr from the find 
d t e  of the Simultaneoue IZeduction. 

l'&nyulrrr . . .  q, ep and e, (the errors of triangles 176 to 178) are each = o ; 

W r d  

1gg0 44' 16"-92 . . .  Angles 4 + 7 of Triangles 176 and 177, p. 118, 

"= I - 199 44 ,17 .56 360' - Angles 1 + 18 + 10 of Trianglee 6 to 8, p. . . . .  
= - o"'64; 

97O 41' ~ " ~ 0 3  . . .  Angles 9 + 16 of Triangles 177 and 178, p. 118, 

"=[ - 97 41 I . Z I  . . .  ~ 6 0 ' - ~ l ~ 1 1 + 2 5 + 2 2 + 1 9 a f  R i . n g l ~ 8 t a 1 1 , p . 6 6 - ~  

= + 0".82; 

[log. [VII te k] - log. [VI to V I q  ) Triangles 176 and 177, p. 118, 

= I0'? - {log. [VII to 1x1 - log. [VI to VII] ] ,, 6 and 8, p. 56-@, I 
{log. [IX to XIII]  - log. [VII to 1x1 Triangles 177 and 178, p. 118, 

q = ro,oW,ooo - flog. [IX to XIII] - log. [VII to 1x1 ,, 8 and 11, p. 56-6 I 
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Thus the whole of the principal triangulation of the South-West Quadrilateral has 
been made consistent, 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 nm-circuit error- 
as the case may be-are given for .each Series among the details of the calculations of the 
principal triangles at pages 55- 53-e 27-1, 64- 49, and 71-&. 

ctl J, 

A d n p h r a  Beridwna l Series. Side8 and Angles of the Non- Circuit Trz'angles. 

These stations appertain to the Kadchi Longitudinal Series of the North-West Quadrilateral. 
t Thia station a p p e r t h  to the Bombay Longitudinal Seritm of Ule butkern Trigon. 

8 
U o 
g = 

1 

2 

,, 

3 

,, 

,, 

4 

j 

6 

7 

,, 

,, 

8 

,, 

,, 

,, 

9 

2 

B a s  'c 
B 
2 

{ g z  

182 

183 

184 

183 

186 

18'7 

188 

189 

190 

c - - 
8 
u 

2 
B 

s s z  n g  

173 

174 

175 

176 

177 

178 

179 

h g a r i t h m  
of Side-length 

in Feet 

5.1477822~3 
5'3663318,3 
5.2257725,~ 

5'1926620~9 
5'3908915,4 
5'2172251~9 

5'2257966,1 
5*j540817,0 
5'3296467,3 

5*1708g81,0 
5'3394780~1 
5~a257966,1 

5'1203606,8 
5'2910388,5 
5'2250951~3 

5.1911689~ 
5.1676438,~ 
5'1203606,8 

5'1719015,9 
5'2987047,7 
5.1911689~0 

5'2799257,8 
5'3854129~0 
5'171g015,9 

5'074506~,5 
5'3299621,3 
5.1878634~9 

2 
M 

4 

g- 

i;: 

3 
4 + 5  

6 

15 
13 
14 

12 
10 
11 

ti 
4 
6 

7 
8 
9 

17 
16 
18 

18 
16 
17 

15 

lJ 1'" 
5 1 181 

I 

m z 
Iw 

' E  
4, 
WJ 

I1 

1.85 
I -85  
1.85 

1 -99  
2.00 

2 'o0 

2.68 
2.69 
2-69  

1 -96  
1 - 9 7  
1-96  

1.72 
1-73  
1 ' 72  

1-42  
1.41 
1.41 

1 -80  
1 -81  
1 - 8 0  

2'23 
2-24  
2-23  

1 -41  
1-41  
I '41 

:: 
4 

2 + 3  

Logarithm 
of Side-length 

in Feet 

4'9906136,o 
5'1233363,s 
4*7960898,2 

5'1007820,3 
5*2173556,6 
5=~67045,5 

5'0905299,6 
5 .~237543~7 
5-1007820,3 

4'7786289,6 
5.2206668,7 
5'0920766,2 

4'9440159,o 
4~9202612,2 
4'7786289J5 

5,1363297~7 
5'0611308,o 
4'94401599 

5.0806303,o 
5'1590462~7 
5'2286197~9 

5'1307454,5 

*end Letter 
and Number of 

Btation 

XXIV* 
=I* 

G I  

I 
111 
I P  

Iv  
111 
v 

VI 
VII 
XI 

VII 
23 
Ix 

X I  . 
IX 
XIII 

XII 
XIV 
XV 

X V  

2 
W 

% 
6 
?i 

1 
8 

4 + 5  
6 

3 
2+20 

19 

6 
5 
7 

9 
8 
10 

15 
13 
14 

10 
12 
11 

27 
25 
26 

24 
22 
23 

3 
4 + 5  
6 

5.2tj3196,o 
5.0806303~0 

5.163 5 6 9 5 , ~  
5.3598118~9 
5a278489816 

XIV 
XVII 

XVII 
XVIII 
XX 

Corrected 
Phne Angle 

0 I 11 

43 51 11 '40 
109 52 18-10 
26 16 30.50 

49 49 10'24 
92 1 2  47.37 
37 58 2 '39 

417 4 33.89 
84 2 1  18.66 
48 34 7-45  

16 59 22.51 
126 2 38-48 
36 57 59'01 

73 41 37.58 
65 10 28.67 
4O s8 53'75 

83 38 7-60 
56 42 7.11 
39 39 45'29 

44 16 32-03 
56 44 49-09 
78 58 38.88 

52 47 42'84 

Serial Letter 
~ n d  Number of 

Btation 

G xx 
XIX 

' XXI  

XXII 
XXI 
XXIV 

XXII 
XXIII 
xa-v 

xxv 
XXIII 
XX'i'II 

XXVI 
XxTIII  
xxlx 

XXvIII 
XA-IX 
XXXI 

XXIX 
XXXI 
XXXII 

XX-rII 
Y XXI 
X x x I I I  

XXXIV 
XXXIII 
X n I I t  

m 
8 

W 

8 
'6 
m 4, 

11 

'45 
'46 
'45 

1.01 
1-01 
1'01 

1 ' 2 2  

1 - 2 2  

1 - 2 2  

-47 
'48 
'47 

'38 
'38 
'38 

'80 
-79 
'79 

I -34  
1 '34 
r -35 

1'27 
81 59 46'64 
45 12 30'52 

39 20 40'22 
84 57 43'94 
55 41 35.84 

Corrected 
Plane Angle 

0 I 11 

36 51 4-56  
97 16 56-76 
45 51 58.68 

38 3 j  8 .94  
100 6 57.71 
4I I 7  53'35 

44 52 42-41 
71 27 24-31 
63 39 53-28 

42 38 37'79 
87 7 1.25 
50 14 20.96 

41 43 26-27 
80 23 0 .73  
57 53 33'O0 

672245 '29  
60 58 2 6 . 3 ~  
51 38 48'32 

47 39 9 - 8 9  
81 45 32-58 
50 35 17-53 

51 39 23-75 
90 38 19-36  
37 42 16-89  

32 50 44-68 
1022338 '36  
44 45 36-96 

1.27 
a '27 

2-17 
2-18  
2'17 



.aEAp. IV.] 

Khd?piuetra Meridkmal Series. Final P i p a l  Bdjuetmnts of the Nim- Circuit 5*rtgk8. 

Egure 1. 

. 
Triangle 173. 

Constants (from page 5 5 4 .  

Sides. Angle. 

XXIV to XXI Log. feet 4*7960898,'3 
4+6 logO 52' 1 8 ~ ~ ~ 4 4  = ,, 1 I) 4 '  990604',7 

Equations to be satisfied. Adopted Errors. 

X8 + X6 = - '1% x, - - + ~ " ' 3 8  
O2 % -42% = $94'3 X6 = -1  '53 

Figure 3. 

Triangles 174 and 175. 

Constants (from pages 55,@ and 56-@). 

Sides. Angle. 
I to 111 Log. feet 5.0066897~4 

18 + 10 
111 ,, v 5' O9O5O99~5 1760 34' 5#'77 

Equations to be satisfied. Factors. 

'1s + x14  + XIS . . . - el = -00, 
- 

+ 8 Xl1 . . . = % =  ' 00, 
x, 

x10 + xu ... ... = % = + 2-49> 
&a 

X1s + Xl0 - - e4 = 4-52'0, 
x, 

la X U  - 27 XI, + I9 x i s  - 1 9 x i ~  A, 

Triangles 176 to 178. 

Constants (from page 56-@). 

Sides. Angles. 
VI to VII Log. feet 5-og2oS5g4,6 

4+7 199' ++' 17".56 VII ,, I X  ,, 4'9202418J1 
IX ,, XI11 

9+ 16 97 41 I '21 ,, 5 ' 13630?4,8 
i 

In the hblw of the equstiom between the factom the eo-efficienta of the terms below the d i s g o d  are omitted for oonrenience, the GO-dabnt of the pth 
tnm in the qth line beiw alwmgs the seme u the codkient  of the 4th term in the pth Line, 

Equations between the Factors 

Values of the Factors 

h, = + 1.8076 6025 

x , = -  
& = -  

'5227 

X, = + -0266 

Adopted Errors 

xl0 = + I".ZI x19 = + 1".28 
xll = - I  - 1 2  xl4 = - I  -24 
X19 = - '09 Xl6 = - '04 

- - 

Co-e5cients of 

x, '% h, A4 

+ 3  + 3  . . . $ 1  + I  + %  - 0 9 

... 
* + I775 

No. of 
e 

Value' of 
e 

Ti + ii 
4 +5aw0 

- 



'120 INTRODUCTORY. [CHAP. 1V. 

iklinpisura Medwnal S&B. P k l  Figural Adjzcstrnente of the N w  Circait Trimglee. 

Rgure 8- (Continued). 

Equations to be eatisfied. Factom. 

... ... ... X4 + Xs + X, = el t '00~ XI ... ... ... 4 + Xe + Xo = % =  ' 00, - x, ... ... ... X16 + X17 + Xie - e, = • 00, - - e 4 = -  
x, 

... ... ... ... x4 + X? 64J - A4 

... ... m.. ... Xo + Xia - e, = + '82, - X, 
68 x, -2 28 x6 + lox ,  - 24 XO ... ... - e, = + 22.5, - X, 

... ... 6 %  -10% + '17 - 26 x,, - e, = + 28.8, % 

Equations between the Factors 

1 

7 

Triangles 179 and 180. 

Constants (from page 5 7 4 .  

Sides. Angle. 

XI1 to X1V Log. feet 5.2285994,3 
16+lil 

'XIV ,, XVII ,, 5' '307 296>3 13B0 44' 36"'53 

Equatiom to be satisfied. Factom. 

... '18 + '17 + Xie r el = '00, X, 
x, ... '18 + X14 + 4 6  = % =  ' 00, ... ... XI6 + XIS 

- - e, = + 1.81, 
+ 16 x16 - x, 

X4 21 X18 -4 "17 -21 x14 - e4 = -45'6 

Values of the Factors 

A1 = + '1775 
% = + + 2 9 1 0  
% = + '3910 
A4 = - '7164 
As = + '1242 
X, = + *ooq6 
$ = + '0541 

Adopted E m r a  

x ~ = - ~ -  3 ~0 = + " '30  
Xs = + -49 XI,, = + -52 
x , = + - 0 5  x 1 7 = +  '50 
% = -  '10 X l a = - I  ' 02  
x, = - 0 2 0  

Co-efficients of 

A1 x, x, X4 A6 x, x, 

+ 3  ... ... + I  ... + 40 ... 
+ 3  ... + I  + I  - 14 - 4 

+ 3  ... + I  ... - 24 
+ Z  ... ... + 6 

* + 2  - 24 ... 
+6084 - roo 

$816 

No. of 
e 

1 
2 
a 
4 
5 
6 
7 

Equations between the Factors 

I 

Value of 
e 

'00 
*oo 
-00 - -64 

+ -82 
+22.5 
+28-8 

Values of the Fadom 

Xl = - 
x , = -  

' 1 9 5 ~  
*4782 

% = + 1'2420 

No. of 
e 

1 
2 
8 

Adopted E m m  

# x 1 8 = +  -76 x , , = + L ~ * o ~  
X14 = + *33 X17 = - '05 

4 , -45'4 * I 
xis = - I '09 xl8 = - I '00 X4 = - -0385 

Value of 
e 

'00 

'00 + 1.81 

Co-efficienta of 

x, %l x, A4 

+ 3  ... + I  + 17 
+ 3  + I  - 5 

$ 3  



THE NON-CIRCUIT !CRIA.NGLES. 

JWqkwra M & h 2  Seriee. Binat fiural Adjuetmettts of the NwCirmit B h g l e s .  

Triangle 181. 

Constants (hm page 57,G). 
Sides. Angle. 

XVII to XVIII Log. feet 5.2784758,q 
a+8 

XVIII ,, XX 84' 57' 46"*36 . ,, 5"635562,2 

Equations to be satisfied. Adopted Emra. 

XI + 4 
- - + -24 x1 

- - 
- - + "'32 

26 x4 - I5"1 - - 6.7 x4 - - -08 
- 

Figure 6. 

Conatants (from page 67-@). 

Sides. Angle. 
XX to XIX Log. feet 5*2257597,0 
XIX ,J XXI J J  5' 147770723 

Equations to be satisfied. Adopted Errom. 

Figure 7. 

Triangle 188. 
. . 

Conatants (from pages 57,, and I%,@). 

Sides. Angle. 
XXII to XXI Log. feet 5'2172132,3 
XXI ,, XXIV 

a+m loo0 6' 5gN*40 
JJ 5 '  1926514J3 

Equations to be satisfied. Adopted Errors. 

- x, + Xl0 - - -31 x, - - "'40 
26 x, - 24x10 - - 13.0 - + '09 - x10 - 

Triangles 18e and 185. 

Conatants (from page 68,@). 
Sides. Angle. 

XXII to XXIII Log. feet 5'3296345,6 
XXVII 

6+8 xxm 3) 5 i 708844~0 
158' 34' 08"- 69 

. 



.INTRODUCTORY.' CaKIP. IV. 

A'cEnpiswra MmSdioPlal Series. Fiml Figwat AdjWrtments of the Non-Circuit P+itmgles. 

R p r e  7-(Continued). 

Figure 8. 

Equations to be satisfied. Factqrs. 

... xs + x, + X? = q =  - '00, ... - e, = '00, 
x, 

x, + % + Xl0 ... ... - - e, = 
x, 

Xs + XI3 - + 1-53, 
21% ' - 10% + .23% - 18 xlo - e, = + 15.3, A4 

x, 

Adopted Errors 

xs = -t Y'75 x,, = + #*78 
X,, = - . I 2  Xg = - '05 

'73 x, = - -63 xl0 = - 

r 

Triangles 186 to 189. 

Constants (from pagea 58,, and 5 9 4 .  

Sides. Angles. 
XXVI to XXVIII Log. feet 5'2250844,7 
XXVIII ,, XXXI 18 + 10 

JJ 5'1676370,0 
147O 45' 511'*47 

XXXI ,, XXXIII 
11+25+23 

JJ 5' 2799183,o. 224 48 -55 

Equations ta be satisfied. Fsctora. 

... X 1 ~  + '14 + '16 ... ... - - e, = - A1 

... ... ... Xlo + x11 + - e, = ' 00, 

... ... ... - e, = -00, - x, 
4 s  4- x, + x97 - A8 

... ... $2 X a J  + Fa4 ... - e, = • 00, A4 ... ... ... ... X18 + Xl0 = e, = - 2-30, 

... ... ... X11 + 4 s  + $9 = e , = -  2.83, ... ... 24 =I, -13x1, + 12xln - 'IXii = q =  - 38'5, 
: 

- 12x1, + 19% - 17xw + i p x S 4  - 2 8 ~ ~  - - e,, = 
x, 

9 Xl0 + 6-71 x, 

Values of the Factors 

x , = -  
x , = -  '43" 

-4635 

& = + 1.2123 
X, = + -0162 

Equations between the Factors 

No. of 
e 

1 
2 
8 
4 

* 

Adopted Errors 

x,, = - ".85 % = - l"54 
xi l= +- '32 xes=  + '40 
xlS = + '53 xpr = + I 'I4 
x I s = - 1  -45 x p S = - 1 - 6 1  
X , , = + I - 9 8  x w = +  '49 
x i , = -  '53 x n =  + 1 - 1 2  

Values of the 
Factors 

h, = + 1.1047 
= + 1.5538 

X, = + -7900 
X4 = + -8619 
A , =  -2,5540 
L a =  -2.4032 
% = - .o691 

= + *ox66 

Equations between the Factors 

Value of 
e 

-00 
'00 

+ 1'53 + 15'3 

No. of 
. e  

1 
2 
8 
4 
5 
6 
7 
8 

Co-efficients of 

X l  x, x, - A4 

+ 3 ... + I + 11 

+ 3 + I + 5 + 2 
* + G94 

Value of 
e 

'00 

'00 

'00 

-00 

-2.30 - 2.83 
-38.5 + 6.7 

Co-efficients of 

XI X 9 b h 4 X 5 h ,  X7 x, 

+ 3 . . . . . . . . .  + I ... + I1 ... 
+ 3 . . . . . .  + 1 + 1 - 5 - 3 

+ 3 . . . . . .  + I ... + z 
+ 3 ... + I ... - 11 

... + 2 ... + 9 
... * + 3  - 17 

+ 1178 - 144 
+ 1948 



CEA?. IV.] THE NON-CIRCUIT TRIBNGLES. 

K A c h r . ~ ,  1 1 1 ~ ~ l  Se9-ie8. BnaE BgilraE Adjolstment8 of t k  NobCircwit WngZea. 

figure 9. 

Triangle 190. 

Sides. Constants (from page 6 9 ~ ~ ) .  
Angle. 

XXXIV to XXXIII Log. feet 5 1878534,6 
xxxm ,, 4+6 , 5 ' 0745026,5 

102' 23' 33".98 

Equations to be satisfied. Adopted Errom. 

=a + x , =  - 5'79 =a = - 3"'49 
32% - 2 1 %  = - 64'3 % = - 2 '30 

~~i Meridwnal Series. Side8 m d  Angle8 of the hTm-Circilit l!r&zngZe8. 

xm.-In the column "Figural Number of Angle " the distinguishing sgmbol a is employed for angles which have not been mearrued md therefore had no 
~m;pbsr in the arigid Qud reduction. Them ststions appertain to the Bombay Longitudinal Series of the Southem Trigon. 

0 

" 5  F i g  a 
3 
3 
R c k  

10 

11 

- 
X4 

I .  

3 

% 
s 
2 
1 
j;; 

16 
18+14 
18 

11 
Q 

10 

6 
6+7  

8 

11 
a 
10 

B 
7 

1 + 8  

8 
6+7 

6 

6 
4 
6 

8 
7 
9 

10 
11 
12 

b 
p 
E 

191 

192 

193 

Ul.94 
- 

3811)6 

196 

197 

198 

199 

, - 

Serial Letter 
md Number of 

station 

]H( =a 
XrV 
xvm 

wm 
XIV 
XVI 

XVII 
XIX 
XX 

XIX 
XXI 
XXII 

xxv 
XXVI 
XmII 

Xxm 
XXVI 
XXIV 

XXX 
XXXI 
EXTII 

XXXIII 
XXXI 
XXXVI 

XXXI 
X~~~ 
XxxIv 

Coneated 
Plane Angle 

0 I 11 

38 36 2-27 
95 1 0  2-91 
46 13 54-82 

64 44 31 '79 
76 113'43 
39 14 14-78 

48 19 59-44 
97 58 8.74 
33 41 51-82 

38 20 58.94 
108 43 44'46 
32 55 16-60 

34 4 22'68 
263256'93 
119 22 40'39 

30 14 24-09 
1171211.47 
32 33 24-44 

53 50 31-08 
62 45 55-68 
63 23 33.24 

922548.85 
48 19 0.94 
39 15 10.21 

60 2 45'88 
55 42 50.50 
64 14 23.62 

Logarithm 
of BidalengtL 

in Feet 

4'8418842,1 
5'045~87,3 
4'9054020,5 

4'9971582,7 
5'0277449~0 
4'8418842,1 

4.9741294~7 
5'0965810,1 
4'8449407,5 

4*8552281,4 
5.0388864~8 
4'7977031,a 

4'9799550,1 
4.8818483,1 
5.1717936,3 

4'9511695,6 
5'1981562,2 
4'9799549,9 

5'1930033~0 
5.2348689,6 
5'2373027,2 

5'3913846,8 
5'2649999,6 
5'1930033,o 

5'3745744,~ 
5.3539466,' 
5-3913846,8 

z 

'E 
m $!, 

11 

'44 
'44 
'44 

'53 
'53 
'53 

'51 
-52 
'51 

'34 
-34 
'33 

'50 
'50 
'51 

'60 
'60 
'60 

1.89 
1.89 
1'89 

2.27 
2-26 
2.26 

3-80 
3.80 
3'81 

E 
E 
Y 
0 

a . j  z z  

14 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

8_ ia l I s t ta  
and Number of 

Station 

xxxrv 
X E V I  
xxmx 

X X D I  
XXxIX 
XL 

XL 
xxxE 
XXX 

xxxv 
XXXIV 
XXXVII 

XXXIV 
E X n I  
XXXIX 

XXXIX 
XxxVII 
XXXVm 

XXXPI.S 

XXXV 

XXXIX =' 
sxvI* 

0 - 
F 
c 

200 

201 

202 

203 

204! 

205 

206 

207 

Corrected 
Plane Angle 

0 1  1 

81 16 28-48 
41 46 46'63 
56 56 44'89 

61 39 30.20 
52 58 30.42 
6s 21 59'38 

50 11  58-19 
69 3 34.80 
60 44 27-01 

29 44 3-29 
48 14 8.67 
102 148.04 

50 38 32.49 
88 5 0.80 
41 16 26-71 

59 42 14-43 
71 38 38.71 
48 39 6.86 

98 14 24-94 
43 35 11 '70 
38 10 23.36 

53 58 23.50 
78 7 36-59 
47 53 59-91 

2 
M 

% 

i 
C 

19 

41 * 
4a 

44 

46 

87 
26 
26 

ea 
a4 
28 

33+34 
81 
a6 

86 
87 

SS+N 

47 
48+61 

62 

m 
I 

'6 
-8, rn 

Y 

3.48 
3'48 
3-48 

4'76 
4-76 
4-77 

4-75 
4.75 
4'75 

1-79 
1-79 
1-80 

1-43 
1-43 
1-43 

1-83 
' I '83 
1-83 

2.45 
2-45 
2'44 

4'78 
4'78 
4-78 

.I 

Logarithm 
of Side-length 

in Feet 

5.4461945~1 
5.2748985,~ 
5'3745744,~ 

5'4321824,5 
5'3898406,6 
5'4461945~1 

5'3769762,8 
5'4617829,8 
5'4321824,5 

5~944628,2 
5'2716763,5 
5'3893565,6 

5'1634345~5 
5'2748985,2 
5.0944628~2 

5'2241902~8 
5'2652832,2 
5'1634348,5 

5'428666 j,3 
5'2716763,5 
5'2a41902,8 

5'4143966,o 
5'4971942, 
5'37697621 ! 



INTIEODUCTORY. [ C ~ A P .  m. 

8hgi bl&idwnal 8e&8. &al Hgzlral fidj2l8trraenta of the Non-Circuit Triangk8. 
' 

- - 
Triangle 191. 

Constants (from page 5 4 ~ ~ ) .  
Sides. Angle. 

XI11 to XIV log. feet 4.9053978,4 
18 + 14 xrv JJ XVIII J, 95' 10' 2". j~ 4.8418802,4 

Equations to be satisfied. Adopted Errors. 

- 
'19 + '16 - - -84 xu - - - "-42 - 2 6 ~ ~ ~  - POXl9 - - 2'4 '16 - - - '42 

t 

Triangle 192. 

Constants (from pagea 54,= and 55,,). 
Sides. Angle. 

XVIII to XIV log. feet 4*8418802,4 
XIV ,, XVI 9 76' 1' 15"'13 

JJ 4.997'557~7 

Equations to be satisfied. Adopted Errors. 
- xlo + xl, - + 1-17 - - =lo - 

1oxl1 - 26x10 - - + "'73 - 14'7 X l l  - + '44 

Figure 11. 

r 1 

Triangle 193. 

Constants (from page 65-=). 
Sides. Angle. 

XVII to XIX log. feet 4.8449312~2 
XIX . JJ XX 6+7 97O 58' 10"-25 

33 4'974I207,3 

Equations to be satiefied. Adopted Errors. 

x, + x, = +:99 - x, - + "-46 
19x, - 32x8 = - 7'9 x, = + '53 

Rgure 12. 

Triangle 1W. 

Constants (from page 65,*). 
Sides. Angle. 

XIX to XXI log. feet 4*  7976934,8 
XXI J, XXII 10 108' 43' .+f* 23 

J, 4*8552156J3 

Equations to be satisfied. Adopted Errors. 

- 
41 + xu - - '57 - x11 - - - #'74 

97xu - 32x11 = + 28.7 xu - + *17 



\ 

c8AP. IV.] T I 5  NON-CIRCUIT TRIANGLES. 

Sdngi Meri&io?aaZ Serie~. final FigzlraZ Adjwtmeats of the Non-Circuit Trhgles. 

Agure 13. 

Triahglea 197 to 202. 

Constants (from pages 56,E and 5 7 4 .  

Sides. Angles. 

XXX to XXXI Log. feet 5- 2372906,9 4+ 7+10 171' 7' 50"'35 
XXXI ,, XXXIV J# 5'3539327~9 12 + 19 
XXXIV JJ XXXIX JJ 5' 2748801J2 I45 30 56 '67 

21+40+4a 
XXXIX J, XXXt JJ 5'3769684J1 178 58 59 '50 

Equations to be satisfied. Factora. 

... ... x4 . + x6 + x6 a * .  = q  = 'O0J 

= e ,  = 
x, 

... ... ... X? + 4  + x u  '"0, - X, 

... ... ... XIO + XII + XIS = e, - ' 00, - x, 

... ... ... XI, + Xw + %1 = e, - -00, - A4 

... ... ... xw 3. x41 + '49 = eS - 00, - x, 
x, + x, + x, ... ... ... = e6 - '00, 

= e , = +  -10, 
h3 

... ... ... 4 + x? + XI0 
= e, = + 2-72, 

x, 
... ... ... ... X12 + Xle x, ... ... ... $1 + X1o + Xu = e,, = + 3-60, - = q, = 

x, 
15xs - I O X ~  % - 25% + 15x1~ - 1 0 ~ ~ 3  + 17.9, 40 - ... ... 12x10 -15x11 + 2 3 %  -14x21 - ell = + 45.8, %I 

3 X l o  - 23% + I I X ,  - lox, + - IZX,  =e,= - IO5.32 b 

Triangles 195 and 196. 

Constants ( h m  page 56,a). 

Sides. Angle. 

XXV to XXVI Log. feet 5.1717813~3 
6 go0 39' ~~~~81 

XXVI JJ XXIV JJ 4'9511565J2 

Equations to be satisfied. Factom. 

XI + X, + x? + 4 - el = • 00, 
- 
= & , =  

x, ... '6 + X? + x8 + "7J 
= q =  

53 
3'% + 12(xl + %) + 36x8 - '33% + g a b >  &3 

t Thh rhtion apperhbu to the Bombay Longitudinel Beriee of the Southern Rigon. 

Adopted Emra 

x1 = - "'14 X, = - H-03 
% =  - -04 x, = + -21 
X5 = - '01 

Values of the Factora 

A , = -  • 2001 
X, = + -1641 
X, = + .oo5a 

Equtions between the Factors 

Co-efficients of 

A, X, x, 

+ 4 + 2 + 9I 
+ 3 + I5 
* + 4498 

No. of 
e 

I 
P 

3 

Value of 
e 

-00 

+ '17 + 7.6 



126 INTRODUCTORY. [CHAP. IT. 

Shgi Meridionat fleries. Firtal Figural Adjustments of the Nora- Circuit Triangles. 

Rgure l&(Continued). 

Agure 14--(Continued). 

Triangles 203 to 206. 

1 

Values of the Factors 

x , = -  ' I953 
% = + -6655 
X, = - 1.6822 
X 4 = -  3'7'78 
A , = - 1 . 0 9 6 9  
X, = - -8908 
X, = + -1693 
X, = + 4.6619 
h = + 3.4145 
4, = + '0833 

= $ -0670 
h S = -  ' 1237 

L 

Equations between t h i  Factors . 

Constants (horn page 56-=). 

Adopted Erron 

x4 = - 'f-02 = - 1"*41 xao = + "-71 xy = + 2"*52 
x, = + I -05 xlO = - ' 7 1  xgl = - I *23 x* = - 3 '12 

x6 = - 1 - 0 3  xll = - I -49 x, = + 2 -31 x46 = + -60 
x7 = + -83 XIP = 3. 2 ' 2 0  Xa = - 2 '45 
X, = + -58 x19= 3. '52 X4% = + '14 

Sides. 

Co-efficient8 of 

x, x, x, A4 A, X6 X7 X, A, A10 Al l  x,s 

+ 3  . . . . . . . . . . . . . . .  + I  . . . . . .  + 5 ... ... - + 3  . . . . . . . . . . . .  + I  . . . . . .  26 ... ... 
+ 3  . . . . . . . . .  + I  + I  ... + 5 - 3 ... 

+ 3  . . . . . .  ... + I + I ... + 9 - 20  + 3 ... . . . . . .  + I  ... ... + I 
... + 3  . . . . . .  + I  ... + 6 

+ 3 . . . . . .  ... + 12 ... 
* + z  ... - 10 ... + 3 + 3 ... - 14 ... + 1276 - 225 ... 

+ 1094 - 529 
+1227 

No. of 
e 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
2 

XXXV to XXXIV Log. feet 5*3893465,9 22 + 25 

XxXm ,, XxXIx ,, 5' 2748801,~ 23 + 33 

XXXIX ,, XXXVIII ,, 5.26j2770,6 36 + 37 
27 t 39 

Value of 
e 

.oo 
-00 

-00 

'00 

'00 

-03 

+ -10 

+ 2.72 
+ 3-60 
+ 17.9 + 45'8 - 105'3 

Equations to be satisfied. 

Angles. ' 

Factors. 



CIUP. XT.] THE NON-CIRCUIT TRIANGLES. 

Shgi  XeTidkmaZ Seriee. Phal Figural ftdjzcstmnts of th.e Nm-Circuit Triangles. 

Rpre  14- (Continued). 

Rgure 1P-- (Continued). 

Triangle 207. 

Constants (from page 57-=). 

Sides. Angle. 

XXXIX to XXX Log. feet 5'3769684,r 
rLS + 61 

XXX ,, XXVI >> 5 ' 4143939,5 7g0 7' 43"'46 

Equations to be satisfied. Adopted Errors. 

- - 
=47 + X69 - + 2-09 - - w . ~ ~  x47 

'5 x47 - '9x6s - - - 52.2 - + 2 -46 Xss 
- 

Values of the Factors 

X ,  = - 3.1~37 
X, = + 2.8268 
x , = -  
X4 = 

'5730 + 3.1015 
X6 = + 3'5623 
x, = + '9514 
h = - 4.5059 
h, = - 2-7687 
X, = + .2136 
ho = - -4628 

Equations between the Factors 

Adopted Errors 

X, = - 1"-56 $s = + Hv46 xa = - 3"*73 xS6 = + 3H.02 
% = - 1'27 $, = - 2 '12 xss = + '30 xS7 = - I -40 
x, = + 2 -83 x, = + I .66 xs6 = + 3 '71 xSO = + *41 

Co-efficients of 

h % h X 4 h 6 b % h ,  x, X1O 

... ... ... ... ... + 3 ... + I  + I + 41 + 3 ... ... + 1 + I ... ... - 24 + 17 
... ... ... + 3 ... + I i- I - 12 

... ... ... + 3 ... + I + r + 2 ... ... ... ... + 17 

... ... ... + 2 - 24 * ... + 2 ... - '9 + 2 + 36 ... 
f 1897 + '699 

No. of 
e 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Value of 
e 

'00 
-00 

+ '28 
+ P-03 - I-ro 
- '97 + 2-31 
+ 2-07 
+ 84.3 - 122'4 



128 INTRODUCTORY. [CHAP. IV. 

A h  Meridioncll Series. Sides and Angles of the Nott- Circuit Tm'nrtgles. 

* Thin station appertains to the K&hi Longitudinal Series of the North-West Qundrilateral. 

A h  Heridionat Seriee. Final Figural Adjustmenk of the Non- Circuit Triangles. 

Figure 15. 

! 
& 
3 . 
% 
% rn 

I1 

'39 
'39 
'39 

'24 
'24 
'24 

'24 
'25 
' 5 4  

0 0 
4 - t 

'U 2 and Number of 
Station 

Corrected 
Plane Angle 

0 r I1 

42 41 37'95 
53 23 16.99 
83 55 5-06 

54 11  0'22 

57 33 14'75 
68 15 45-03 

33 4 10'84 
9I 40 17-40 
55 15 31-76 

1 

Logarithm 
of Bide-length 

in Beet 

4'7657966,7 
4'9465058~9 
4'9620278~8 

4'6955768,g 
4.8811421,5 
4.7855420~1 

4'8149573,7 
4'8392717,2 
4'6955768,9 

I 

' 
. B  

16 

1, 

16 

Triangles 208 and 209. 

Constants (from page 27,1). 
Sides. Angle. 

XLIII to I Log. feet 5.1424568~8 
4 + 7  110' 56' 33"*80 

I 28 V 2J 4'9'7'924J5 

Equations to be satisfied. Factors. 

X4 + '  Xs + Xe . .. - e, = '00, 
- 

... - - e, = ' 00, 
x, 

X7 + Xs + r, ... ... - - - - e3. - x, 
x4 + X7 - - 7 1 2  

- zx8 - ei = -27.8 ,  
x, 

23 Xi f 15% - 8% x4 

B 
z5 

208 

209 

210 

Equations between the Factors 

m 

.5 
2 
co 

It 

-83 
-83 
.a4 

'52 
'52 

-52 

'99 
1'00 

1.00 

Values of the' Factors 

X, = + -6927 
XB = + '4351 

= - -9189 
X, = - '05 j 2  

No. of 
e 

1 
2 
3 
4 

hgarithm 
of Bide-length 

in Feet 

4'9761895,o 
5'0494573,9 
5.1424564,~ 

4.9171892,1 
4'9345151~3 
4.9761895~0 

4'9620278,8 
5'2249220,7 
5'1398385~5 

.!? cr 

ti 
4 
6 

8 
7 
9 

6 
4 
6 

Adopted Errors 

X* = - )tl = - "-48 
Xs = - '57 % = - '39 
x , = +  -80 x , = +  ' 87 

XLIIIe 
1 I 
III 

III 
I 
v 

V 
VI 
FIII 

4 
6 3 2 
Ld C, 
5 
e g 

s 

9 

Value of 
e 

-00 
'00 

- -71 
- 27-8 

Serial Letter 
and ~ u m b o r  of 

Station 

x VIII 
VI 
X 

IX 
XI 
XII 

XII 
XI . 
XIV 

Co-efficients of 

x, x, x, A4 

+ 3  ... + I + 21 
+ 3 + I + 7 + 2 ... 
* + 822 

corrected 
P k e  Angle 

0 I It 

37 44 46.21 
68 8 5-32 
74 7 8-47 

40 36 zo'ra 
86 12 6.50 
53 11 33-38 

64 20 56-81 
72 25 53.09 
43 13 10.10 

18 
l6 
17 

16 
13 
14 

17 

,, 

212 

213 



THE NON-CIRCUIT TI1IBNGLEB. CRAP. m.] 129 

A h  Meridionat Seriee. Pifiat figural AdjzGetments of the' Non-Circuit Triangles. 

Figure 17. 

Triangles 210 and 211. 

Constants (from page 2tL1) .  

Sides. Angle. 
V to VI Log. feet 5'1398441,8 

4+7 
VI ,, x 159' 48' 24"' 35 , 4'7658033,I 

Equations to be satisfied; Factors. 

x, + X6 + X6 . . . = q =  ' 00, ... - - e, = • 00, 
x, 

=?I + Xa + 4 . . . . . . - - e , = -  x, 
x4 + x7 - ' 24, 

- e4 = - 10.1, 
x, 

33 xs - '5% + 27% - 6 %  A4 

Equations between the Factors 

Triangles 212 and 213. 

Constants (from page 2 L 1  ). 

Sides. Angle. 

IX  to XI  Log. feet 4-7855507,o 
16+13 

XI ,, XIV 158' 38' 0".94 
r ,  4'8149672,5 

Equations to be satisfied. Factors. 

'16 + '17 + Xls ... - e, = • 00, 
- 

... - - e, = • 00, 
x, 

X1s + Xl4 + X16 ... ... - - e, = - -86, 
x, 

Xl6 + X1s - 16 x,, + loxl6 - e 4 = -  
x, 

24 X18 - 23 Xl4  11.9, A4 

I 

Values of the Factors 

.x, = + '1275 
X, = + ,1348 
x, = - *2512 
x4 = - 'GO73 

No. of 
e 

1 
2 
3 
4 

Adopted Errors 

X4 = - "'12 = - "'12 
Xg = - ' I 1  % = -  '07 
x 6 = +  -23 s o = +  -19 

Adopted Errors 

xl9 = - "-46 x16 = - N'40 
x14 = + -36 xI7 = + -36 
xl5 = + ' I0 X18 = + '04 

Value of 
e 

'00 

-00 - '24 - 10'1 

Values of the Factors 

h, = + -2326 
h;, = + -1780 
X, = - '6353 
A, = - '0078 

Equations between the Factors 

Co-e5cients of 

x, x, x, 7LI 

+ 3 . . . + r + 18 

+ 3 + I + 21 + 2 ... 
* + 2079 

Co-e5cients of - . 

A1 x, x, A4 

+ 3 ... + I + 8 
+ 3 - + I '3 + 2 . . . * + 1461 

No. of 
e 

1 
2 
3 
4 

J 

Value of 
e 

'00 

'00 - -86 
- 11.9 



130 INTRODUCTORY. [CHAP. IV. 

Kattywar ifferidwlzal Seriee. Sidee and Aagle8 of the Nm-Cirwi t  Bkmgle8. 

These stations appertain to the Karhhi Longitudinal Series OF the North-West Quadrilateral. 
NOTE.-Figures Noe. 24 and 86 form pendents and for reasom given in the footnote to p g e  116 are omitted. 

Kattywccr Meridwnal Seriee. Rhal  Figzlral ddjzlstmenta of the Non-CiTCzlit Trianglee. 

A p e  18. 

2 
, @  

2 

% f  z n  

18 

,, 

,, 

I 

Triangles 214 to 216. 

Constants (from page 6 4 ~ ~ ) .  

Sides. Angles. 

LXVI to LXIV Log. feet 4~6962549~6 
12+8+4  145' 27' 27"'30 

L x I v  ,, I J >  5'00~1437J4 
I 

6 + 6  
>J II1 J J  5'0759511~1 

98 4 14 '72 

Logarithm 
of Bide-length 

in Feet 

4'908gg50,1 
4'9076718,7 
4'8526321,8 

4'9007013,6 
4.6980102,1 
4'7791358,4 

4.7643059~9 
4'7712or8,5 
4 ' 9~7013 ,6  

4'8228865,1 
4'8839792,7 
4'7643059,9 

4'8033711,s 
4-7131082,8 
4.8228865,~ 

4.8802931,8 
4.8299904,1 
4.8033711,s 

4.8569997,s 
4 .88~5352~2 
4.8802931,8 

4'9329266,9 
4'8990801,6 
4'85699974 

f 

'E: 

214 

215 

216 

m 
0 

4 
., 
8 
-2, rn 

11 

-41 
'41 
'41 

'24 
'23  
'24 

'27 
'27 
-27  

'30 
'30 
'29 

'24 
'24 
-25  

-32 
'32 
'32 

-38 
-38 
-38 

'42 
'42 
'42 

Serial Letter 
and Number of 

Station 

J XIII 
XII 
XV 

XVI 
xv 
X i Z  

xv 
XIX 
XVII 

XIX 
XVII 
X X I I  

XVII 
XXII 
XX 

2x11 
XX 
XXIV 

XXIV 
X X  
XXIII 

XXIII 
XX 
XXI 

Corrected 
Plane Angle 

0 I I1 

64 5 10'99 
63 43 47.85 
5211 1.~16 

ga 8 3 1 ' 9 2  
38 48 16-14 
49 3 '94 

46 44 25'79 
47 43 26-44 
8 5 3 2  7 '77  

57 14 31-45 
7 5 2 7 4 9 ' 0 9  
47 I7  39'46 

63 39 45'21 
46 43 12-93 
69 37 1'86 

70 37 42-18 
57 9 43'76 
52 12  34-06 

56 24 51 '25 
62 4 7.02 
6131 1 -73  

68 50 38'26 
59 37 7 -52  
51 32 14-22  

19 217 1 
20 

,, 

21 

22 

f 
M 

y, O 

$ 

3 
i;c 

14 
12 
13 

4 + 8  
11 
6 

10 
6 

7 + 9  

6 

R 

j j  z z  

22 

23 

,, 

218 

219 - 
220 

221 

S a i a , h h r  
and Number of 

Station 

- 
LXVI* 
LXIV* 

J II 

LXIV* 
J 11 
I 

11 
I 
n~ 

I 
6 + 7  

6 
4 
6 

8 
7 
9 

4 
2 + 3  
1 

18 
16 
17 

,, 

,, 

,, 

,, 

,, 

Logarithm 
of Side-length 

in Feet 

5'0212157,9 
5.0144207,8 
4 ' 6982~49~6  

5'0795301~1 
50061419,8 
5'0212158,2 

5.0759473~6 
4 9 3 5 5 2 3 1 ~  
5'0795304,4 

5'0750493,' 

Corrected 
Plano Angle 

0 I 11 

77 57 51-08 
74 19 48.87 
27 42 20.05 

71 7 37'36 
53 246 .12  
55 49 36'52 

68 15 59-18 
42 14 36-65 
69 29 24'17 

32 28 49'52 
IV 
V 

v 
VI 
VII  

711 
TI 
IX 

vm 
Ix 
XI 

X 
XI1 
XIII 

2 " 
k i  

% 

222 

223 

224 

5'3424063-0 
5.2981842,2 

5'0447410~2 
5'0246660,o 
4'9037358~4 

4'8228584,o 
4.9547522,2 
5'0447410,z 

4'7860095,o 
5.0248754~8 
4 ' 9 3 1 9 8 ~ , 2  

4*8526321,8 
4'8159875,8 
4'69143344 

m 
0 

u 

'E 
% m 

11 

'40 
-40  
'39 

'80 
.79 
'79 

-76 
'76 
'76 

1 -85  
83 39 56-35 
63 51 14.13 

71 40 9 -91  
65 034 ' 02  
43 19 16.07 

36 51 24.82 
54 21 27.01 
88 47 8 -  17 

35 I3  49'94 
9056  2-97  
53 50 7-09 

75 2 1  5 -54  
62 46 27.02 
41 52 27'44 

f 

3 
y, 

% 

'2; 

16 
13 
14 

4 + 5  
8 
6 

2 
7 

1 + 8  

10 
225 

226 

227 

228 

229 

1'86 
-1.85 

'64 
-64 
'63 

'47 
'47 
'48 

'41 
'42 
'41 

'25 
'25 
'24 

9 
A 11 

12 
13 
14 

22 
21 
28 

26 
24 
26 

28 
27 I .  29 



Oau. IV.] THE NON-CIRCUIT !l!EIANQLES. 

Rgme 18-(Continued). 

Kattywar d l e r i d h Z  Serie8. Final Egurat Adjzcstments of the Non- Circuit Trimglee. 

.. 
Triangle 217. 

Constants (from page 65, J ) .  

Sides. Angle. 

I to IV Log. feet 5-2981896,s 
6+7 ,, ,, 5'0750549,' 83O 39' 57"'56 

Equations to be satisfied. Adopted Emm. 

Xs + x , =  - -65 Xs - - Y a ~ 9  - 
33 Xs - 10% = - 1 - 7  % = - -46 

* 

. 1 

Equations to be satisfied. Factors. 

XIS + XIS + Xir  ... ... ... '00, A1 = el = 

X6 + X8 + X l l  ... . . . ... = % = +  39, 
- 

x, 
Xa + X, + XIO . . . ... ... - e , = -  '39, Xs 

% + XIS . . . ... . . . . - e, = + -52, A4 ... - 
X6 + Xa . . . . . . ... . . . - - e, = • 00, X, 

4 X u  - 4 0 ~ ~  +16xI1 - 14xi ... ... = e , = -  17'9, X, 
7 %  - 16 xll + gxlo - 8~ ... ... = e! = - 14.1, % 

Triangles 218 and 219. 

Constants (from page 65, ). 

Sides. Angle. 

V to VI Log.feet 4.9037409,7 
VI ,, IX 4+7 

4'8228639,7 
119' 2%' iU*65 

2, 

Equations between the Factors 

Values of the 
Factors 

X, = - 7325 
& = - '4913 & = -  '1415 
x 4 =  +1:1355 
X, = + *lo98 
X, = - -0295 
% = - 'O753 

Adopted Errors 

Xs = + U ' ~ 3  Xll = + "'24 
X, = -  '03 xu = + '40 
4 = + '12 X u = +  '45 
x, = + -46 x14=-  -85 
x,, = - .82 

Co-efficient8 of 

4 h ' x ,  A4 As x, x, 

+ 3 ... ... + I ... - 36 ... . 
+ 3 ... + I + 1 + 2 - 9 + 3 ... + 1 . . . + I 

+ 2  .-.. . . . + 7 
* + Z  - I4 ... 

+ 2068 - 256 
+ 45O 

I No. af Value of 

\ I  
1 
2 
3 
4 
5 
6 
7 

'00 

+ '39 
- '39 + '52 

'00 

- 17.9 
-14'1 



INTRODUCTORY. 

Kattywar MeTadiona1 Serieu. %l Pkgzcral Adjzldmenk of the Non-Circuit Triarcglee. 

, Rgure 2 G ~ o n t i n u e d ) .  

Figure 21. 

I - 
Equations to be satisfied. Factors. 

... x 4  + Xs + X6 0 . .  
" = ' 00, 
- x, 

... ... x.I + 4 + X, - e, = '00, % 
... ... ..a x 4  + x, = % = + '49, - - x, 

... 7 Xs - 23x6 + 28% % - e, = - 4-4, A4 

Triangle 220. 

Constants (from page 65-J ). 

Sides. Angle. 

VIII  to IX Log. feet 4.9319873,4 
XI 

2+8 =x ,, 4'786015',3 
go0 56' 3"-80 

Equations to be satisfied. Adopted Errors. 

x 1  
- + X4 - + '41 - XI - + "'14 

30 XI. - '5x1 = + 5.9 X* - + - 2 7  - 

Equations between the Factors 

Values of the Factors 

X, = - ' '358 
X, = - -0928 
h = + '3593 
X4 = - -0030 

' Triangles 221 and 222. 

Constants (from pages 65,J and 66, J). 

Sides. Angle. 

X to XI1 Log. feet 4.6914406~1 
XI1 ,, xv 13 + 16 

4- 9090028,6 126' 30' 16"-03 . 
Equations to be satisfied. Factors. 

, '16 + X17 + '18 ... ... - - e, = ' 00, 

x1s  ... ... - - e, = • 00, 
x, 

+ Xl4 + Xls  

... ... - h, 
X16 + X l ~  ... - e s = -  ' 50, - x, 

6 X1, - 24 X17 + 11 x16 - I 6 x14 ... - e4 = - 6.6, A4 

Adopted Errora 

x4 = + @.22 x, = + ".27 
x6 = - '15 % = - '18 

'O9 X6 = - '07 xp = - 
i 

Co-efficients of 
- 

x, h, x, X* 

+ 3 ... + I - I 6 
+ 3 + 1 + 27 + 2 

9 + 463 

No. of 
. e  

1 
2 
8 
4 

L 

Value of 
e 

-00 
'00 

+ '49 
- 4'4 



UED. IT.] THE NON-CIRCUIT !t'RLhNGLES. 

Xattycaar Meridional Serie8. &al figural d@wtmente of the Non-Circuit Trimgles. 

Figure 22-(Continued). 

figure 23. 

Equations between the Factors 

Valuea of the Factors 

X, = + -1092 
X, = + -0902 
x, = - .'3497 
X4 = - ' 0044 

Triangles 223 to 229. 

Constants (from page 66,J). 

Sides. Angles. 
XVI to XV Log. feet 4'7791380,3 
xv J, XVII 

2 + 3 8j0 32' 4zX'34 
s J 4'77l2O53,O 8+9+12 176 52 7 '23 X V n  ,, xx J) 4'7'3'12213 

XX ,J XXI 
14+21+24+27 248 28 I '40 

JJ 4'93293'3,6 

Equations to be satisfied. Factors. 

... ... % + X s + X a  ... ... ... = e, = + '38, X, ... ... ... ... ... X z + X 7 + X g  = e ,  = - - '29, Xp ... ... ... X, + XI, + XI, ... ... = e3 - - -00, x, 
... ... 'IS + '14 ... ... ... = eg - '00, x., 
... ... ... ... ... = e, - -00, As X s l + % + x ,  - 

... ... %?4 + %6 + '¶6 
, ... . . a  ... - = e, - 

... ... ... X P 7 + % + %  ,.. ... = e ,  = ' 00, ... ... x , + %  . . a  ... ... ... - 
.OOJ 2 

= e ,  = +  -09, & ... ... ... ... ... - e g  = - - 0 5 ~  Xg 4 + Xe + x19 
Xls + xa + XSs + % ... ... ... ... = el, = + -13, X,, 

... ... ... -x, -19% + 1 9 3  - X~ ... - - ell = - 12-4, 
XI1 

... 20% -19% + I ~ x ~ ~  -lgxll  +20xlS - 8x14 ... = el$ = - j.0, XIS 
I -20x1, + 7x2, - 1 7 %  + 1 4 x ,  - 1 2 %  + 8 x B  -17% = e l , =  - 7'2, XI 3 

Adopted Errors 

XIS = - "'24 X16 = - '" 26 
XIC = + -18 x 1 7 = +  -19 
x,, = + .06 x,, = + -07 

Co-efficient5 of 

x, A9 x, A4 

+ 3 .... + 1 - 5 
+ 3 + I - ' 18  

+ 2 * + ' 9 g 9  

No. of 
e 

1 
2 
3 
4 

Value of 
e 

'00 

-00 - ' j0  - 6.5 

Values of the Factors 

X, = - '1409 
h, = - '0331 
A, = - '0309 
X, = + -0189 
X s =  - '0340 
X6 = ' 0000 
X, = . -  '0312 
)Lg = + -2668 

= + -0116 
4, = + -0171 
XI, = - -0268 
X 1 2 =  -'0135 
XIS = - '0085 

Equations between the Factors 

Co-efiicients of 

XI % X, A4 X, A, X7 h, h, X10 X,l %!a XI, 

. . . . . .  - 1 - 3  . . . . . . . . . . . . . . . . . . .  + I  - 2 0  ... ... 
. . . . . . . . . . . . . . .  ... ... + 3  + 1 + 1  + 17 + I 

+ 3  . . . . . . . . . . . . . . .  + I  ... ... 6 ... - 
+ 3  . . . . . . . . . . . .  + I + I  ... + 1 2 -  9 

+ 3  . . . . . . I . . . . . .  + 1 ... ... - I 0  

+ 3  . . . . . . . . .  + I  ... ... + 2 

. + 3  . . . . . .  + I  ... ... - 9 
* + 2 . . . . . .  ... + 20 ... 

... + 3  ... - 2 + 11 
+ 4  ... - 8 ... 

+ 727 - 361 ... 
+ 1755 - 400 

+ l j52 

No. of 
e 

1 
2 
8 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Value of 
e 

+ -38 - 
' 29 
-00 

-00 

'00 

'00 
-00 

+ -09 - '05 
+ '13 - 12.4 
- 5 '0  
- 7'2 
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Kattywar Meriditma1 S&e. m a 2  Egzlral Bdjzlstnaentu of the No+Cirmit Trimglee. 

w e  !23-(Continued). 

r 

Adopted Errors 

~1 = - x , = -  Y.02 = - Y.02 % = - *.or 
XQ = + ' I 2  Xl0 = - '21 . Xpp = - '09 Xpg = - ' I1 

x6 = - -11 xl1 = + '23 x, = + * I I  x,=+ - 1 %  

X, = + '37 xIP = - -06 x , =  + .OZ 

q = -  ' 29 x19 = - -08 xpb = - ' -12  

xe = + -03 x14 = + . I4  x,= + . l o  
C 

OLuzerat L m g i k d h a l  Series. Sides alzd dlzgles of the Nm-Circuit Triangles. 
-- -- 

NOTE.-In the column "Figural Number of Angle " the distinguinhing eymbol a is employed lor angles which hare not been mesaured and therefore had no 
number in the on+ figural reduction. 

Quzerat Lolzgitdhal Series. Ena l  Figural AdjzGstments of the Non- Cirwit Triangk8. 

Agure !26. 

Triangles 252 and 253. 

Constants (from pages 49-= and 50-=). 

Sides. Angle. 

I1 to IV  Log. feet 4.8876769,7 
l2+a Iv ,, VI 2, 5 ' 05~9~50,9  111' 15' 3"':2 

4 

Equations to be eatisfied. Factom. 

... ... '1s + XIS + Xlr - e, = • 00, 
- 
= % =  

x, ... ... x. + Xl0 + X l l  ' 00, - - x, 
... ... ... XU + & - e g = -  ' 14, - x, 

... 3 '14 - 14% + IOX,, - 19X~o - e4 = + 33.6, A, 

Logarithm 

of Side-length 
in Feet 

4'9707015~8 
4.8025330~3 
4.8877000,~ 

5'0569914,9 
5*0741901~5 
4'9707015,8 

5;; Berid Letter 

atation 

md Number d 
station 

Corrected 
Plane Angle 

- 0  I I t  

47 46 4-65 
94 829.45 
38 5 25.90 

I 

Correctad 
Plane Angle 

0 I I t  

82 39 37-12 
42 19 41-69 
55 o 41-19 

63 44 56-22 
68 55 20.72 
47 19 43.06 

27 26 

11 

1 

1 
'6 
%, 
m 

I 1  

'39 
.38 
'38 

'78 
'79 
'78 

rn 

a 0 

'6 
-8, 
rn 

I 1  

'23 
'23 
.a2 

I I 

254 262 

253 

C 

Logarithm 

of Side-length 
in Beet 

4'7682632,s 
4'8976443,6 
4.6889987,4 

16 
18 
14 

I 
12 
18 

11 
a 
10 

KXVII 
XVIII 

x x  

K I I  
IV 
P 

v 
IV 
VI 
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Gruaercst Longitudinal Serk8. FimZ Figural ddjzlstmeolts of the Nim-Circuit -glee. 

Epre  26-(Continued). 

Figure 27. 

Equations between the Factors 

Cutch Coast S&8. Side8 and Angles of t k  Nm-Cirwit Triangles. 

Values of the Factors 

A, = + '3587 
X, = + -3183 
X, = - -4085 
7L4 = + -0607 

Triangle 254. 

Constants (from pages 51,= and 62-=). . 

Sides. Angle. 

XVII to XVIII Log. feet 4*6889921,8 
XVIII ,, XX 

18 94' 8' 301* 69 
3, 4' 7682559,~ 

Equations to be satisfied. Adopted Errors. 

- x,, + XI, - + 1-01 - x14 - + "-25 , ,  

'gx16 - 2 7 x l ~  = + 7 - 8  - Xl6 - + .76 

Adopted Errors 

X, = - "-09 X19 = - "-05 
x lO=  - -82 xlS = - .48 
x l l =  + -91 x14 = + '53 

Co-efficients of 

x, ?a x, x4 

+ 3  ... + I - I I 
+ 3 + I - 9 + a ... 
* + 666 

No. of 
e 

1 
2 
3 
4 

t 

Value of 
e 

-00 

'00 - 
' 14 

+ 33'6 

and Number of 
Station 

28 

f 
.;g 
'6 
51 m 

If  

'36 
'36 
'36 

'35 
'35 

'35 

'34 

'35 
'35 

'51 

'51 
'5' 

265 

& =  

a67 

?a8 

Logarithm 
of Bide-length 

in Beet 

4'8722255,7 
5~0018513~5 
4'7891~1515 

4.82~7495~0 
4.873890619 

4'8722255,7 

4'760665718 

4.8814768~1 
4'993311912 

4'9886555,~ 

4'8266868,7 
5'093338813 

Logarithm 
of Side-length 

in Feet 

4'9634748,s 
5.0724778~9 
4.7643087~1 

4'9679249~ 
5'0342390~4 
4'73:4039,7 

4'789078013 
4.94~3367~8 
4.9679249,~ 

4-9192585~6 
4-8194943~0 
4'7890780~3 

Corrected 
Plane Angle 

0 I I1 

49 40 27-16 
101 30 46-17 
28 48 46'67 

59 755'89 
90 32 51.88 
30 19 13-23 

39 37 35-32 
66 3 33-05 
74 18 51 '63 

81 10 ag'ag 
51 45 10'33 
47 4 24'38 

0 
5 
W 

2 . 
6 
A ma 
I1 

'41 
-42 
'41 

'40 
'40 
'40 

'41 
'41 
-42 

.32 
'32 
'31 

8 
4+6  

6 

6 
1 
6 

8 
7 
s 

11 
10 
18 

- 2 
2 %  hQ 

e n  4 

3 ? 

&riallatter 
and Number of 

Btation 

L I 
VI 
PII 

VII 
VI 
V I I I  

Vm 
IX 
XI 

XI 
X 
XII 

J XI 
XIV 

LI 

11 
111 

J VII 

VII 
L 111 

v 

v 
In 
TV 

30 

Comded 
P h e  Angle 

0 1  N 

47 41 14-65 
94 40 22-23 
37 38 23.12 

52 53 8-43 
63 46 40.88 

63 20 10'69 

35 50 22-04 

50 39 5-25 
93 30 32.71 

51 23 31-41 

32 33 34-20 
96 2 54'39 

259 

260 

16 
18 
14 

la  
10 
11 

T 31 261 2+8  

8 
32 
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Cutch Coast 8eelies. Side8 a?&d Angles of the Non- Circuit Triangles-(Continued). 

, c Y  

L, XXIX 
XXVIII 
XXXI 

xxx 
XXXII 
XXXIII 

I I  I I 0 1  I, I I1 I 

Imgmthr. 
of Side-length 

in Beet 

Berial I~etter 
and Number of 

Station 

2 & %  

L, XII 
XIV 
xv 

XIV 
XVI 
X VII 

&rid ~ e t t e r  

m d  Number of 

Station 

2 

20 XVII 56 41 1 6 - 5 7  
XVI 

'5' 4'972955115 
,, 265 18 

19 XIX 
37 43 3'58 '51 4'83749747 
85 35 39'85 '51 5'049623992 

Corrected 
Plane Angle 

i;; .s W 1 
2 

" z  

Corrected 
Plane Angle 

a2 

. of Bide-length 

0 I 11 

51 47 5 5 - 1 0  
85 36 25'77 
42 35 3 9 - 1 3  

XXXII  
XXXIII 
XXXV 

f 

j 
? 
.; 
4 
m 

d 6  .cn m 

16+17 XIX 
14' XVI 
15 XX 

in Feet 

11 

' 61  
'61 
' 6 0  

XXXIII 
S X X V  
XXXVI 

4.9761791~1 
5'079566093 
4'9113050,5 

XIX 
XVI  
XXI  

X X  
XXII 
XXIII 

XXXIX 
XL 
XLI 

X ' X V I  
XXXV 
XXXVIII 

XLI 
X L  
XLIII 

6 9 3 7 1 8 . 6 9  
62 23 24-56  
4 7 5 9 1 6 . 7 5  

12 XXIII 
XYII  
XXIV 

XLII 
XLJT 
XLV 

XXVII 
XXVIII 
XXIX 

12 

,, 280 10 
11 

I I 

Thb istation appertains to the liadchi Longitudinal Series of the Nodl 

Catch Coast Series. Final Figural Adjustments of the Non- Circuit Trianglee. 

Figure 28. 

Vest Quadrilateral. 

XL P 
XLIV 
CVII* 

Triangle 255. 

Constants (from page 7 L 1 ;  ). 
Sides. Angle. 

XI to XIV Log. feet 4.7643143,~ 
4+5  

XIV ,, I 101' 30' 45'"42 ,, 4'9634788,3 

Equations to be satisfied. Adopted Errors, 
x s + x ( , =  - 1'17 - 

xs - - " -50  
18xS - 38x, = -I- 16.3 ' 8  - - - -67 

_C 

69 32 20.25 
7 6 3 5  9 . 3 6  
33 52 30.39 

- 5 4  
'54  
- 5 4  

5'0362252,5 
5'0525147~3 
4 '81068~2 ,o  
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Cirtch Coa8t 8&8. &at Pigwart AcEjwtmente qf the Nora-0irm.t ~rhgk8. 

Agure 29. 

Triangles 259 and 260. 

Constants (from page 72-J. 

Sides. Angle. 

I to VI Log.feet 4.7891241~2 
13 + 10 

VI ,, VII I  >, 4' 8738908,8 147" 33' 3'"'77 

Equations to be satisfied. Factors. 

... XIS + Xlr + Xlr  - e, = -00, % - 

... Xlo + Xn 3- X1a - ep = • 00, X9 
- 

... + Xl0 a . .  

- - % = d  
' 4OJ b 

I9 xu - 27x14 + 10x1, - I I xl1 - - e, = + 23.8, 
x4 

\ 

I - 
Trianglee 266 to 268. 

Constants (from page 71,&). 

Side-s. AngIea. 

V I I  to I1 Log. feet 5-0342438~9-t 
11 ,, 111 

6 
8 ,  4' 7374067,s 

59O 7' 53"' 78 
4+7+10 

I11 , IV 208 21 36 -35 
rr 4*9192606,2 

Equations to be satisfied. z'adnm. 

... ... ... x, + % = q = -  2-51, x, 
... ... =7 + 4 + x, = q =  ' 00, x, 

... ... 40 + Xn + XIS = q =  '00, - x, ... ... x4 h + =7 + =lo - e4 = + '04, A4 

... 3'5% - 0 %  . a .  0 . .  

- - eS = + 20.7, As 

- 36% + 254 - 6~ . + sx11 - !zoxlp - e, = - 22.9, X, - 

Adopted Errors 

x4 = - 3"*11 x,, = - 
x,= + .60 xlo= + I -56 

"77 

X, = + I '59 Xll = - '79 
% = -  -82 x l p = -  '77 

r 

Equations between the Factors 

b0.d value of Co-efficients of 

e 
x , x , x , X 4  S A6 

... ... + I + 36 - 36 
2 + 3 ... + 1 ... + 19 
3 + 3 + I ... - 17 
4 + 3  ... ... 

u- + 1 2 9 6  -1296 
. 6 - 22.9 + 2366 

Values of the Factors 

X, = - 5'4293 
h, = - '7768 
X S = -  ' 7852 
x4 = + 2'3437 
S = +  -1661 

= - -0007 



[CHAP. IV. 

Figure 31. 

Triangle 261. 

Constants (from page 7 2 4 .  

Sidea. Angle. 
VIII to IX Log. feet 4.88147645 , P+8 

,, XI 4' 7606648,4 
93' 30' 32"*83 ,, 

Equations to be satisfied. Adopted Errors. 

x1 + x, - - - -23 - - "-31 x1 - 
29 4 - 18x, - + 7.8 - + a08 - 

x4 - 

Equations between the Factors 

Triangle %2. 

Constants (from pages 72-z and 73,z ). 

Sides. 
Angle. 

XI  to X Log feet. 4'8266856,7 
x ,, rfII ,, 4' 9886532,8 

4+ 6 96' 2' 54"- 20 

Equations to be satisfied. Adopted Errors. 

xs - x, - - - "'26 + X6 - - '71 
J7 =s -.33% = + 10.3 X6 - - - '45 

Values of the Factors 

h, = + -1659 
hg = + .Izog 
& = -  ' 3434 
h4 = + '0193 

No. of 
e 

1 
2 
3 
4 

k 

Triangle 263. 

Constants ( h m  page 73,z). 
Sides. Angle. 

XI1 to XIV Log. feet q-g113004,3 
XIV ,, xv ,, 4'9761744,~ 6+7 85' 36' 26".69 

Equations to be satisfied. Adopted Errors. 

x, + q, = + * 3 1  XS - - + "-20 
16x, - 23% = + - 8  q, = + -11 

t 
J 

Adopted Errors 

XI,, = - un22 xIS = - "-18 
xll = - ' -09 X14 = - -3j 
Xn = + '31 XIS = + '53 

Value of 
e 

-00 
'00 - '40 

+ 23.8 

Co-efficient8 of 

h, &2 x, h4 

+ 3  ... + I - 8 
+ 3 + I - 1 

+ 2 . . . 
* + 1311 



@UP. IV.3 THE NON-CIRWXT TJ[UbNGtLEB. I39 . 

Cahh O m t  S d e .  Final H p a Z  Adjsrdmmfs t# tJrae iVmOh%zc.tt Pdaq&& 

Agure 84. 

Triangles 268 and 269.. 

Constants (from page 7 4 ~ ~ ) .  

Sides. Angle. 

XX to XXII Log. feet 4.7409725~8 
XXII ,, XXIV 18 + 10 ,, 4' 8591061,5 85' 43' 14~*29 

Equations to be satisfied. Factors. 

... 4 s  + Xlr + '16 = % . -  • 00, X, - 

... 40 + X11 + Xis = % =  '00, - x, 
... ... '18 + xlo - e3 = - '01, X, 

XIS - 19~14 + 9 =IS - 8 ~ 1 1  - e4 = + 52.2, x4 
- 

b 4 

Triangles 2 M  to 267. 

Constants (from page 73,L). 

Sides. Angles. 

XIV to XVI Log. feet 5.0774932~5 
XVI ,, XX a i + i a + i 4  149' 42' 28".23 ,, 5-0226438,4 
XVI XXI 10 , 4' 9401 9653 45 1 59 '16 

Equations to be satisfied. Factors. 

... ..a ... 'sl + $9 + X, - el = '0% h - 

... ... ... xu + xu + Xno - - q =  'W., &I 
I ... ... XIS + Xis + 4 6  + Xi7 = q =  moo, X, 

I ... ... ... Xn + '14 + '17 r e 4 = -  '4% X4 

... ... ... % + Xie + Xlr - e 6 = -  '13, x, 
"Xss - 1 7 %  + 1 4 %  - 2 xlg + (xis + x17) - 10 x16 = e, = + 25'9, h 

... X16 - ( ~ 1 6  + ~17) + 18 ~ 1 7  - I5 xu ... = g =  - 4'9, % 

Equations between the Factors 

Values of the Factors 

X, = - "353 
X, = - -1238 
% = + * 3 4 5 4  
x 4 = -  '3683 
As = + '0174 
x, + '0295 
X , = -  -0164 

Adopted Errore 

xll = - u . ~ ~ ~  xlg = -u.18 
x14 = - -01 x . ~  = + '29 
Xl6 = - -09 = - -01 

= + -39 1. = - '54 
xi7 = - *29 $8 = + '55 
x 1 8 = - . l I  

Co-e5cient.s of 

x, x, x, A4 A6 x, x, 

+ 3 ... ... ... + I + 3 ... + 3 ... ... + I + 12 ... 
+ 4  + % ' + I  - 8 + 26 

+ 3  + I  + 1 + 2 
+ 3  ... ... * + 99' - 84 

+ 6 5 1  

No.of 
e 

1 
2 
3 
4 
5 
6 
7 

r 

Valueof 
e 

*oo 
*oo 
'00 

- '40 - '13 
+ 25'9 
- 4'9 



1410 INTRODUCTORY. [CHAP. IV. 

Catch Goad M 8 .  &a2 B p a l  Adjustmrck of the NmCircizit Trthgles. 

Figure 86-(Continued). 

Agure 36. 

Triangle 270. 

Constants (from page 7 4 ~ ~ ) .  
Sides. Angle. 

XXV to XXIV Log. feet 4'9370493i9 
XXIV ,, XXVI 

4+6 81' 29' 20"-58 
,, 4' 7929633,' 

Equations to be satisfied. Adopted Errors. 

x, + Xs - - - '29 - - w.oS Xa - 
27 5 - 12% + '3 =6 

- - - - - '21 

Adopted E m r a  

XI,, = - '"45 XIS = + "'44 
xll = - I .04 x14 = - I -69 
xlP = + I 049 z16 = + I -25 

Agure 37. 

Valuw of the Factore 

h, = + 1.0gp1 
X, = + -1536 

= - -6004 
X4 = + ''395. 

Equatione between the Factora 

No. of 
e 

1 
2 
8 
4 

t 

Value of 
e 

'00 

-00 - '01 

+ 52-2 

Co-efficients of 

x, x, x, A4 

+ 3  ... + 1 - 1s 

+ 3 + I + I + 2 . . . 
* + 507 

Triangles 271 and 272. 

Conatants (from page 7 4 4 .  
Sidw. Angle. 

XXVII to XXVIII Log. feet 4*7243069,3 
I 4+7 140' 51' 29".13 

XXVIII ,, XXXI 1, 4' 7 723575,o 

Equatiom to be satidled. Factom. 

=4 + x6 + =a .. . = q = - ' *, . . . - % =  ' 00, 
x, 

LI + r, + x, ... = q = -  
x, 

=4 + x7 - 09, 
.I4 XS - 16% + iiq, - 16% - e, = + 21.9, h, 

A4 

Adopted E m r e  

x4 = - u - ~ s  = - u.04 
x, = + '40 4 = + -38 
X,, = - '35 x, = - '34 

Values of the Factors 

X, = + -0469 
= + -0469 

. & = -  -0919 
x, = + *024 

Equations between the Factors 

Co-efficient8 of 

x, x, b A4 

+ 3 ... +' I - P 

+ 3 + I 2 - 
+ 2 . . . * + 9O4 

No. of 
e 

1 
2 
8 
4 

Value of 
e 

'00 
'00 - '09 

+21'9 
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! 

Ciltch .Co~et Meridionat Series. Pinat Pigilrat Adjwtmts of the NmCkcuit  Icrhgles. 

. Agure 88. 

Agure 39. 

Triangles 273 to 276. 

Constants (from page 75-J. 

Sides. Angles. 

xxx to XXXII ~ o g .  feet 4*7774324,2 16+13 
XXxII ,, xxxv J J  4' 77'4330,~ 131' 53' 42"'82 
xxxv J, 14+28+% 190 53 36 -29 XXXVIII ,, 4.8405982~9 I 

Equatiom to be satisfied. Fa@ors. 

... ... x16 + x17 + '18 ... = % = +  '00, h 

... ... Xu + Xl4 + Xl, ... = q =  ' 00, x, 

... ... ... Xne + Xno + Xso = e, = • 00, X, 
... ... 0.. % + %  + X g ?  = e4 = ' 00, '4 

... ... X16 + X l ~  ... ... = e 6 =  + -23, '6 

... ... x l ~  + %3 + $6 . I .  
E e, = + -19, X6 

19xie - 7=17 + 11 s,, -  OX,, ... ... = e, = + 20'2, h 
8x, I + 2 1 x , ~  - 1 6  + 8 +  - 1 9 %  = e, = + 14'9, b 

- 
Triangles 277 and 278. 

Constants (from page 76,& ). . 

Sides. Angle. 

XXXIX to XL Log. feet 4.7852872,3 
XL ,, XLIII 4+7 

23 4.766817632 
I 17' 44' 49"- 26 

Equations to be satisfied. Factors. 

... 4 + Xs + 4 - el = '00, 
- 
E e q =  ' 00, ... x, 

x7 + Xs + x8 ... ... E e, = - '11, 
h3 

4 
18x, 

+ X7 = e, = + 31.6, 
x, 

- 9% $ 7% - I s %  x4 
C 

Adopted Errors 

x13 = + "'22 x, = + ""31 
x l r = -  -3'5 $6 = - '33 
x 1 6 = +  -14 + = +  -02 
x 1 6 = +  -01 p a = +  '24 
X17 = - '45 $9 = - :36 
X l e =  + '4.4 X s o =  + '12 

1 

Equations between the Factors 

No. of Value of Co-efficient5 of 

h '3 &3 '4 '5 ' 8  '7 43 

1 .  . . . . . . . . .  + I  ... + 12 ... 
2 + 3 . . . . . .  + I + I - 9 - 3 
3 + 3 ... ... + 1  ... + 5 - 4 + 3 ... + I ... I I  
5 + -23 + 2 ... ... + 8 
6 + -19 * ... + 3  - 2 0  
7 +m-2  + 93' - I21 

+1307 

Values of the 
Factors 

x, = - a048 
= - '0883 

)Lg.=- '1538 
h 4 = -  -0850 
) l s=+  '2099 
k6 = + '3970 
% =  + '0337 
% =  + '0129 
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October, 1890. 

Equations between the Factors 

Triangles 279 and 280. 

Constants (from page 76,z). 

Sides. Angle. 

XLII to XLIV Log. feet 4.6584760,9 
18 + 10 

XLIV ,, CVII 
144' 9' 5"32 

>> 5'0361997,2 

Equations to be satisfied. Factors. 

Xia + Xlr + Xis . . . ... - - q = - 'OO, 
... - e, = 00, 

x, 
Xl0 + X l l  + 4 9  . . . 

. .a  . . . - - % = - '02, 
x, 

X1s + Xl0 + ' S  Xl9 ... - e4 = + 21.9, - x, 
1 4 s  - 24 '14 - 3zx1l x4 

W. H. COLE, 

In churge of Computing Oflce. 

Vduea of the Factors 

x, = - -1270 , 
xp = + ,1569 
A, = - -0700 
X4 = + -0501 

Adopted Errow 

x4 = - Y - ~ g  x, = + '-08 
xa = + -78 x, = + .52 
% = -  '59 % =  - -60 

Co-efficient8 of 

x, x, x, A4 

+ 3  ... + I ,+ 9 - 8 + 3 + I + 2 * + 'a'79 

No. of 
e 

1 
2 
8 
4 

1 

Adopted Errors 

Xl0 = + "01 XIS = - "03 
Xll = - '35 xu = - ' 25 
xls E: + 034 xis = + -28 

Value of 
e 

-00 

-00 - 'I1 

+ 31.6 

Values of the Factors 

% = + * 1 6 1 2  
% =  + '2014 
& = -  ' I9'3 
h4 = + '0172 

Equations between the Factors 

No. of 
e 

1 
2 
8 
4 

Value of 
e 

*O0 
'00 - '02 

+21'9 

Co-efficienta of 

x, X9 &3 A4 

+ 3 ,  . . . + 1 - 17 
4- 3 + I - 24 + 2 . . . * + I713 



NOTE ON THE SIMULTANEOUS REDUCTION OF THE SOUTH-WEST QUADRILATERAL. 

On the Degree of Nwnerical Accuracy mahtahed in the Calculations. 

In  printing the details of the solution of the problem presented by the South-West Quadrilateral, 4 placee 
of decimals bave been generally retained, except in the p, 4 tables of Section 11 of Chapter HI, where the 
former are integral quantities divided, for convenience, by 107 and the latter are, in the case of latitude and 
longitude equations, generally preceded by one or more cyphers. But this uniformity could not be maintailled 
in the actual reduction. When the scheme for the reduction of the triangulation of India had been worked 
out and that of the North-West Quadrilateral was taken in hand, Mr. Hennessey, who was then in charge 
of the computing Office, investigated with great care the number of decimal places which should be retain- 
ed at each stage of the calculations, in order to produce accuracy in the final results up to certain designated 
limita. In the second reduction that was undertaken, viz., the South-East Quadrilateral, the conclusions 
arrived at by y r .  Hennessey were generally accepted by Mr. Cole, under whom-the calculations were made, 
except where the employment of tabular log. differences in place of differentials rendered his rules inappli- 
cable ; and although the accuracy he sought in the final results may be considered by some as unnecessarily 
minute, it is attended with the advantage that, assuming the absence of arithmetical mistakes, angular 
corrections will be arrived at which fully satisfy the problem without any resort to arbitrary adjustment. 
In the next operation, viz., the reduction of the North-East Quadrilateral under Major Herschel, this officer 
decided to considerably reduce the number of decimal places employed, with the result that residual errors 
remained after the solution was complete, which entailed nearly as much labour in their dispersion as the 
original reduction. In the fourth reduction, viz., that of the Southern Trigon under Mr. Hennessey, fewer 
decimal places were employed thim in the South-Eat Quadrilateral, and judging from the magnitude of the 
arbitrary corrections necessary to eliminate residual errors from the linear aud geodetic calculations, the 
number seems to have been too few in some of the stages of the reduction. In the fifth reduction, viz., 
that of the South-West Quadrilateral under Mr. Cole, less refinement was required, as the instruments 
employed in the observation of the angles were not of so high a class as tllose used in the Soutl~ern Trigon 
or North-West and South-East Quadrilaterals, and the final values of the angles were only required to 
2 places of decimals. 

The calculation of the p s  and $8 was made in the North-West Quadrilateral from differentials, but 
i n  all subsequent calculations from tabular log. dgerences. The 

H 9. latter method is far more expeditious and the quantities would have 
been the same, but that the ps  of the North-West Quadrilateral were made to include the factor sin I", 

which comes from the differentiation of the sines of the angles. In  subsequent calculations this factor is 
included in the tabular log. differences of the sines of the angles and the ps  are consequently large integral 
n-bers. Ae, however, it is convenient to treat the tabular log. differences of sines in the side equations 
se integral numbers, in other words to multiply them by 107, and the p s  are factors bf these differences, 
they have been divided by lo7, which has had the further adrantage that the last figure of the ps  could be 
dropped. The $6 were calculated to 6 places of decimals in the North-West and South-East Quadrilaterals, 
but to ouly 5 places in the Southern Trig011 and South-Weat Quadrilateral: in the latter case they were only 
employed to 4 placee in the subsequent calculations. 

In  the linear equations of the North-.West Quadrilateral, the co-efficient8 b and c were the natural 
cotange~~ta of the corresponding angles; these were employed to 5 

b, c. places of decimals. In subsequent reductions the tabular log. 
differences for I" of the sines of the corresponding angles hare been employed, and these never exceeded 
2 figures. A certain inconvenience has arisen from these being differences of 7 place logs., while the linear 
calculations have been extended to an 8th place by interpolation. 

I n  the geodetic equations the different methods of calculating the co-efficient8 B and c employed in 
the North-West Quadrilateral and subseqnent reductions make no difference in the actual values arrived at; 
but in lieu of 6 placea of decimals in the North-West Quadrilateral, 5 places were kept in the South-East 
Quadrilateral. I n  the Southern Trigon a further reduction was made to 4 places, which seems, from the 
magnitude of the arbitrary corrections afterwards required to the deduced values of x, y and z, which were 
required to 8 places, to have been too great a reduction. 5 places of decimals, no doubt, ought to bave been 
kept, seeing that the first place is frequently a cypher and sometimes the second also. In the South-West 
QudrilaterdI x, y and z were only required to 2 places, therefore taking b and 6 to 4 places wan sufficient. 
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The circuit errors are linear and geodetic. I n  the North-West Quadrilateral the former were obtained 
by multiplying the logaritl~mic discrepancy of the value of each 

The Circuit Errom Or Terms of the closing side by cosec I" + modulus, and tlre products were retained Equaliom. 
to 5 places of decimals. I n  the South-East Quadrilateral and sub- 

sequent calculations the logarithmic discrepancies alone formed the circuit errors, the 7th place of decimals of 
logs. being taken as unity. Tlie geodetic errors in all quadrilaterals only presented themselves to 3 places 
of decimals. 

1 
The factor- was calculated and employed to 2 places of decimals in the first two reductions; in 

3w 
the third reduction, viz., that of the North-East Qu?drilateral, the 

- U 
or-. 

aw a assumption was made that, if the adopted value of any weight did 
not differ by more than a teuth part from its computed value, it was 

U 
sufficiently accurate, and - varied from 1 to 3 places of decimals. But it came to be considered afterwards 

3 
that unnecessary labour had been expended 011 the calculation of weights, and in the Soutl~ern Trigon and 
South-West Quadrilateral one significant figure only in the decimal places was retained. 

The 8 s  and a s ,  which are functions of b and c and x, divide themselves into two groups, viz., those 
3 

appertaining to the lit~ear equations and those belonging to the 
36, &. geodetic equdioirs. The former were in the Nortlr-\T1cst Qnadri- 

lateral obtiii~ied to from 3 to 6 decimal places and the latter to from 5 to 7. In the Soutll-East Quadri- 
lateral the corresponding numbers were from 2 to 3 a~rd 7. I n  tlre Southern Trigon tlie former were to 2 
plnces and the latter to 4 :  in the South-West Quadrilateral they were respectively to 1 and 4 places. 

The Bfis and QTcs divide themselves into three grol~ps :-(1) those which spring from linear equations 
only; (2) those which are obtained by combiuing linear equatio~ls 

pib, ac. with geodetic equations, and (3) those which are formed from geo- 
detic equations only. The number of decimal places adopted in the North-West Quadrilnteral were for (1) 
6 places and for (2) and (3) 8 places. 111 tlre South-East Quadrilateral they were for (1) 3 and 4 places, 
for (2) 7 places and to19 (3) 8 places. I n  the Southern Trigon and South-West Quadrilateral they were 
for (1) respectively 2 places and 1, and for (2) and (3) 5 places. I n  the Southern Trigon (3) should doubt- 
less have been retaiued to more places, owi~ig to the number of cyphers preceding the significant figures. 

As the co-efficients of the Indeterminate Factors are merely summations of Wb and QTc, the number 
of places in each co-efficiellt depends on the number of places in 

Co-efficient8 in the Equations between the In- 
determinate Factom. its components. In  the North-West and South-East Quadrilaterals 

all the decimal places were made use of; but in the Southern Trigon - 
ouly 4 places were kept : the introduction of equalizing factors before the solution of the equations did not 
affect the limit of 4 places, and the solution was carried out wit11 a li111it of 4 places. I n  the South-West 
Quadrilateral 5 places were etllployed before the introduction of the equalizing factors and 4 places 
afterwards. 

The values of the Indeterminate Factors were in the North-West and South-East Quadrilaterals 

Indeterminate Factom. 
employed to 5 places, but in the Southern Trigon and South-West 
Quadrilateral to o~ily 4 places. 

The angular errors, y and z, were in both the North-West and South-East Quadrilaterals calculated 
to 5 places of decimals a t~d  afterwards contracted to 3 places. I n  

Y, r. the Southern Trigon arid South-West Quadrilateral they were cal- 
culated to only 4 places and then reduced to 3 in the former and 2 in the latter. . 

The Checb on the Calmlatiom. 

I n  the following table are exhibited the checks to which the calculations were subjected in the course 
of their execution. Column (1) shews the chains and parts of chains i~~volved in each equation of condition ; 
column (2) exhibits the errors in the chains or circuits; these form the absolute terms, both for the equa- 
tions of condition and for the equatiorls between the indeterminate factors. When the values of tliese 
factors were obtained they were multiplied by their co-efficients in the equations connecting them, and the 
terms I~eing then summed gave the values in column (3) .  The differences between columns (2) m d  (3),  which 
are given in colurrm (4)) thus shew the accuracy with which the equations between the indeterminate factore 
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have been solved. The factors being known, the values of y and z were next obtained to 4 places of decimals ; 
and these being substituted in tlie equations of condition and the terms summed, there resulted the quantities 
in c o l u m ~ ~  (5). Thus the differences between the values given in columns (2) and (5 ) ,  which are exhibited 
in column (6), shew the accuracy with which the solution of the equations of condition has been performed. 
As only 2 places of decimals of seconds were to be retained for the angular errors, these had to be contracted; 
and when this l a d  been done and the co~itri~cted values had been emploped with opposite sigus to correct the 
calculations of the Triangles, Latitudes, Longitudes and Azimuths, the errors yet remaining iu the chains 
or  circuits are shewn in the last column. 

No=.-The units of this table are, in aide the aeventh place of logarithm and in latitude, longitude and azimuth a second of arc. 

W. H. C. 
November, 1890. 

, 

-- d m a aa 
'F;; .; .< 3 
2; BE 

mc;l'a 
3 8 g~ 
z<aa ' 
g &.$ 

" 

U 

- 0.5 

- 'ma 

- '005 

+ 'ma 

+ -1 

+ '004 

+ -001 

- '001 

-0 

+ *ma 

- '001 

- '002 

- ' I  

- ' ~ 1  

- '001 

- 'Wj  

+ ' I  

+ '001 

- '003 

+ '002 

- - 2  

+ '001 

- 'T3 
- '002 

No. of 

Equation of 

Condition 

1 i n a  

a 9, A 

8 ,, 
4 , , d  

5 ,  0 

6 S, A 

7 ,I 

8 ,, A 

9 3, 0 

10 ,, A 

1 ,  

1 2 , ~  

1 3 , , 0  

14 ,, A 

15 ,, A 
16 ,, A 
7 ,, a 

18 ,, A 

19 ,, L 
20 ,, A 

21 1, c 

23 ,, L 

29 ,, A 

Column (1) 

Chains of Triangulation involved 
(see page 45) 

( f , + ( f ,  ... ... ... 
Do. ... ... . .  
DO. ... ,., ... 
Do. .... ... ... 

l f l - ( G l + E d  ... ... 
Do. ... ... 
DO. .-* ... 
DO. ... ... 

E 1 + E 2  ... ... ... 

Do. ... ... ... 
Do. ... ... ... 
DO. ... ... ... 

I - ( Z T l + E a  .., ... 
Do. ... ... 
DO. . . , ... 
DO. . . . ... 

J1 - (I + K3 + J2) ... ... 
Do. . . . ... 
no. ,.. ... 
Do. ... ... 

JI + L ... .., ... 
DO. ... .,. ... 
DO. ... ... ... 
DO. ..: .. . ... 

An 
given in 

Equation of 
Condition 

+ 189.8 

- 0.637 

- 0'571 

- 7.806 

- 212'5 

+ 0.068 

+ 0.407 

- 7.113 

+ 27'4 

- 0.435 

+ 0.065 

- 6'719 

- 185.9 

+ 0.151 

- 0.013 

+ 2.9jf 

- 62.2 

+ 0'139 

- O.OYZ 

+ 3.046 

+ Z j 7 . I  

+ 0.060 

- 0.256 

- 3.912 

BY 
Substitution 

the 

+189'80 

A 0.6370 

- 0'5710 

- 7.8058 

-212.49 

+ 0.0681 

+ 0.4071 

- 7.1122 

+ 27-40 

- 0'4349 

I + 0.0650 

- 6.7199 

-18j.91 

+ 0.1509 

- 0'0131 

+ 2.9587 

- 62.20 

+ 0.1389 

- O ~ O ~ Z O  

+ 3.0466 

+257'10 

+ 0.0600 

- 0.2560 

- 3.9116 

 VALUE^ O B  

Bssiduals 
from 

(2) - ('1 

0.00 

-woo 

-0000 

- * w ~ a  

- 'or 

- 'WOI 

- -0001 

- '0008 

-00 

- -0001 

.oooo 

+ '0009 

+ 'or 

+ '0001 

+ '0001 

- '0017 

- 00 

+ 'OWI 

-WOO 

- .0006 

-00 

-moo 

.woo 

- '0004 

E 

By Substitution 

I An 

computed to 

4 decimab 

+ 189'66 

- 0.6368 

- 0.5701 

- 7-f j74 

-211.58 

+ 0.06~0 

+ 0.4047 

- 7'1337 

+ 28.14 

- 0'4357 

+ 0.0679 

- 6'7140 

-186'23 

+ 0.1531 

- 0.0147 

+ 2.9858 

- 62-51 

+ 0.1413 

- 0'0727 

+ 3.0326 

+257'14 

+ 0-0601 

- 0.2556 

- 3.9309 

of y and x 

b i d u a l s  
f ~ o m  

~o lumne  

el-(5) 

+oa14 

-.oooa 

- .ooci) 

- '0486 

+ '08 

+ -0060 

+ 'wag 

+ '0207 

- '74 

+ -000j 

- '0029 

- 'oojo 

+ '33 , 

- m ~ z ~  

+ '0017 

- '0288 

+ '32 

- '0023 

+ ,0007 

.+ '0134 

- '04 

- 'WOI 

- 'OW4 

+ '0189 
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KHANPISURA MERIDIONAL SERIES. 

INTRODUCTION. 

The Kh4npisura Meridional Series of the South-West Quadrilateral ia the great chain 
of principal triangles that follows the meridian of 75i0 from the parallel of 19" to that of 
24a0. I ts  southern extremity is in the dominions of the Nizam, and it passes through 
Khhdesh and Central India. It consists of one compound figure, two double and two single 
polygons, and four quaa te ra la ,  and extends over a meridional distance of 360 miles. 1t.s 
name is derived from the station of Rhdnpisura of the Bombay Longitudinal Series. 

The series lies between the side B&da (XXI)-B&l&gara (xx~v) of the Kadchi Longi- 
tudinal Series and the side Chincholi (xx~11)-8~ar~aon (xxm) of the Bombay Longitudinal 
Series. In  the simultaneous reduction of the South-West Quadrilateral, it had therefore to 
be fitted in between a fhally fixed side of the North-West Quadrilateral and another of the 
Southern Trigon : on the completion of this reduction it was found that the errors which had 
actually been dispersed between the two fixed terminals were as follows :- 

/I 

In Latitude of higargaon (xxrv) ... ..* I * #  - 0.635 

,, Longitude of ,, SJ ... ..# a * #  - 0.566 

,, Azimuth of Bgargaon (xx~v)-Chincholi (xxm) .. - 7'808 

{Logarithm of feet .. . ... . . . ... ... + O * O O O , O I ~ O , ~  
I n  side 

giving a ratio of about 2- 78 inches per mile. 

Observations for the direct determination of azimuth have been taken at two stations 
of the Khanpisura Meridional Series, viz., Valvhdi and Indrawh. 

In  1845 when the North Konkan or Singi Series had been carried as far north as the 
parallel of 21" 46', it was found necessary to temporarily abandon it, as the health of the 
party had suffered so terribly in its execution. Lieutenant Harry Rivers of the Bombay 
Engineers, the Officer in charge, was accordingly directed in October, 1845, to start a new 
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series of triangulation from a side of the Bombay Longitudinal Series and carry it due north 
along the meridian of 76". 

The sides of the old Bombay Longitudinal Series that Rivers adopted as bases for 
saaaom 1846-46. the new chain were Pher-Khinpisura and Kh4npisura- 

Pxaeotzx~~. Sauara*, and the h t  stations h e  selected were those 

Lieutanant H. Birers, Bombay Engineen, 2nd 
of ~gargaon and Chincholi. By the end of December 

Assistant Q. 1'. Survey. 1845 he had completed the triangulation up t.o the side 
Mr. J. Fraser, Sub-histant 1st C h .  
,, T. sanger, ,, Dhaigaon-Mathuri, and by the middle of January he 
,, J. DaCorts, ,, 2 n d ' ~ l a ~ .  had by means of two new single triangles reached Yenil- 

Jdmkhed. On this latter side he constructed a pentagon round pophla-as a centre which 
advanced the triangulation as far north as Stitmila-SirsBla. He then proceeded to Surat to 
take some observations at stations of the Singi Meridional Series, which he had had to relin- 
quish the previous year, and he was occupied with these till the close of the field season. . . 

I n  the Introduction to the Singi Meridional Series an account is given of the vest 
difficulties that Lieutenant Rivers encountered in the execution of that Series, and of his 
repeated failures to extend it through the DBng jungles; he had in fact been unable to 
carry it north of the parallel 21" 46', and at this point it was now standing in abeyance. 

I n  the summer of 1846 Rivers proposed to Sir Andrew Waugh to connect the Singi 
and Khhnpisura Series in latitude 20" 30' by means of three single triangles, one on the side 
of the Khbnpisura Series, Sirsbla-ShtmBla, one on the side of the Singi Series, Ankai-S61er, 
and one between, and to convert thc two present Meridional Series from this point north- 
wards into one on the meridian of 7 4 O  46' : this new series he explained would run through 
Khkndesh and Malwa (Mtilwa), where there were a succession of hills, which they had not the 
benefit of in the plains of GujarBt, and which moreover did not extend sufficiently to the east 
to allow of being utilised for the Khanpisum Series. the atmosphere too would be more fa- 
vorable for trigonometrical work, being higher and further from the haze of the coast. Sir 
Andrew Waugh, who still believed in the feasibility of extending the Singi Series, refused 
to sanction Rivers' proposal on the grounds that it was not in keeping with the system 
of the Indian triangulation, and directed that both Meridional Series should be kept distinct 
and unconnected. The party passed the recess season of 1846 at Poona. 

On October 9th, 1846, Rivers began observing an astronomical azimuth at Khinpi- 
Saarom 1w-47. sum, which was not completed till October 21st, owing to 

P~nsoxtzn~. cloudy and boisterous weather. He then re-observed the 
Lieutenant H. Rivers, Bombay Engineers. 2nd 

angle at Phrner between Khhpisura and Bgargaon and 
Assistant a. T. S U ~ V O ~ .  also that at Khhnpisura between P h e r  and ~ g a r ~ a o n ,  =. J. Fraser, Sub-Assintant Irt Clasn. 
,, T. sanger, ,, as they had been taken before on but three pairs of zeros?. 
,, J. ~ a ~ o s t s ,  ,, 2nd'~lanr. The next stations he visited were Sirshla and Shtrnila, 

* The three northern triangle8 of the K h h  is- Heptagon appertained originally to the Khinplura Meridional Sorier : the whole 
Heptagon i~ now included in the Bombay Lon itugnal Serisl, and couscpuently belongs to the louthern Trigon. + Theae mwures were not utilized in t%e &lculation. 



which are situated on the northern edge of the Ajanh range of ghhts and from which a 
dear view to the north can be obtained all the way to the Shtpuda range. From these 
stations, a t  each of which two angles remained to be observed, a further extension of the 
Khhpisura Series was commenced. After leaving Valvhdi, where he had observed an rtstro- 
nomica1 azimuth, the country became very desolate ; there were no villages and no roads, and 
dense jungle lay in every direction. 

At ThFkri a letter arrived from Mr. ganger, who was in charge of tho approximate 
work, reporting that he had great difficulty in selecting a strong and suitable figure imme- 
diately to the north of the parallel of 22O, owing to the country in the Malwa Districts being 
a perfect plain. Leaving the theodolite and the greater part of his camp a t  Thikri, Rivers 
pushed on in advance to help his assistant; after three weeks hard work he succeeded in 
laying down an excellent figure, the Mograba Hexagon, and returned to Thikri to resume 
the observations of the principal angles. By the middle of April, 1847, he had carried the 
Khhpisura Series as far north as the side Harnha-Indrawfin, and a t  the latter station had 
observed an astronomical azimuth. He  arrived a t  Mhow (Mau) shortly before May lst, where 
he established his recess quarters. 

As Rivers' series was now approaching the parallel of Kalihnpur and 8ironj the 
8 w o n  1~7-48. selection of his stations became a matter of more than 

PBXSOI~XL 
ordinary difficulty : preparations were already being made 

'~entenrmt H. Rivers, Bombny Engineem, 2nd 
for extending the Great Longitudinal Series along this 

Assiltant G. T. survey. parallel westwards to Karhchi, but the exact latitude in 
Ibr. J. Wr~wr, Sub-histant 1st Class. 
,, T. San~er, ,, which it would strike the Khhnpisura Meridian could not 
,, J. D B C O B ~ ,  ,, 2nd ? X I U I ~ .  be foreseen. Rivers was told to so select his figures, be- 

tween the parallels of 24" and 25", that any one of them if necessary should admit of being 
adopted in the new Longitudinal Series. On taking the field in October, 1847, Rivers him- 
eelf commenced the approximate work, which he found a most difficult task : all his triangle6 
had to admit of satisfactory extensions not only to the north, but also to the east and west, 
and aa there were no commanding hills it was often necessary to make a minor triangulation 
simply to obtain the direction of the points already determined. Under these circumstances 
Rivers thought it his best plan to undertake himself the approximate work of the new 
Longitudinal Series and carry it on simultaneously with that of his own chain. He there- 
fore decided to select the stations on the Kllhpisura Meridian as far north as t l ~ e  parallel of 
24" and to then work along that parallel to Sironj. He had just completed the selection of the 
stations for the Aramlia Polygon, and was about to proceed to Sironj, when he received orders 
to carry the Khhnpisura Series due north to Ajmere (Ajmer) and to leave the longitudinal 
connection with Sironj to be taken up by another officer. He carried the approximate work 
up to the parallel of 25" and then commenced the final observations working southwards from 
the northernmost stations. The Great Longitudinal Series eventually struck the Series under 
review in the latitude of Aramlia, but Rivers' polygon around that station proved unsuitable 
and another had to be selected. The former, however, together with Rivers' work to the 
north of it, was included in the h m l i a  (now the GurMgarh) Meridiond Series, whilst the 
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side connecting the stations of Bilhgara and Bbda, which was common to both wae made 
the northern boundary of the Kllhpisura Meridional Series. By the end of March, 1848, 
Rivers had carried' the principal work soutl~wards as far as the stations of DhamnaF and 
Sitamau, and in April he completed the observations at  Lohiri and Dudhtila: a t  Nigrun, 
however, though he halted a week, he could not see the Deo Dongri signal, which had been 
easily visible in November. At Deo Dongri too he was unable to observe Nigrun. At 
Qurla he met with no better snccess, though, owing to the shortness of the rays, all the sur- 
rounding heliotropes were visible, and at Karsod the Indram&n station could not be made out 
though large fires were lighted at night, and though the signal had been seen by Mr. Sanger 
in October. Finding it thus impossible to complete the connection with the side Hardsa- 
Indrawin of his former season's work, he closed the field season at Karsod on May 6th. 
He had dismantled and packed the instrument, and it mas ready to be moved, when during 
the night one of the boxes was broken open and the telescope and vertical circle were 
carried off by thieves. They were found next morning in a ditch 300 yards from camp ; they 
were both uninjured but the eye-piece was missing. Rivers arrived at Mhow where he had 
established his recess quarters on May 15th. 

Rivers re-commenced operations the following winter: the first station visited was 
sscuos 1848-49. Indrawtin which he reaclied on November 17th, and 

P~WONNIL: from thence he went to Karsod. By tlie end of the year 

Lieutenant H. Rivers, Bombay Engineern, 2nd 
1848 he had completed the connection between the north- 

Assistant (3. '1'. Survey. ern and southern sections, and the Principal Triangulation 
Mr. J. Fraser, Sub-desistant 1st Clase. 
,, T. sanger, ,, of the Khhnpisura Meridional Series was finished. Rivers ,, J. DaCost. ,, 2mi"cl~. then proceeded towards Neemuch (Nimach) and took up 

the work of the GurhBprh Series. The instrument employed by Lieutenant Rivers on the 
K.hhpisura Series was the same 16-inch Theodolite by Dollond that was used on the southern 
section of the Singi Series. 

The Khhpisura Series as left by Rivers, thougll otherwise double throughout, was 
SUMOM 1862-6s. weakened near its southern extremity by the existence of 
PXBBORNIL. two single triangles, viz., Mathuri, Dhaigaon, J thkhed and 
- -  ~ 

Captain C. T. Haig, B.a., 1st Amiatant. Yer61, ~ h a i ~ a o n ,  Jtimkhed. I n  ~ovember  1862, Captain 
&. D ~ C O O ~ ~ ,  Assistant. Haig, R.E., who was in charge of the Bombay Party and 
,, J. McOill, Civil 2nd Assistant. 
,, a. Anding, Sub-histant.  who was about to undertake the Triangulation of the 
,, J. E. Donohoe, 3rd Cllw Sub-hintant. Mangalore Meridional Series, set out from Poona (Puna) 
with the object of strengthening the single portion of the Khslnpisura Series. This object 
he obtained by the adoption of but one new  tati ion that of h i rma l ,  which with Mathuri 
Jtimkhed and Rtijur gave two new triangles and thus completed a double polygon round 
Jhrnkhed and Pophla. Mathuri, the f b t  station visited was reached on November loth, 1862 
and dl the observations necessary at the four stations were completed on December 7th. 
The instrument he used was that known in the Survey Department as Barrow's 24-inch 
Theodolite No. 2. 



INTRODUCTION. 
-G. 

In consequence of the great deficiency of observations on certain rays and of the 
weak charader of the heights in general, the re-measurement of all the vertical angles of 
Rivers' section of the Khhpisura Series was found necessary. I n  1882-83, Mr. A. Christie, 
8urveyor 4th grade, began this revision from tlie side Bfilhgara-B6da of the Kadclii Longi- 
tudinal Series, and worked southwards as far as Jaltilabad and B4bskuvar. I n  November 
1883, Mr. H. E. T. Keelan, Surveyor 3rd grade, was directed to commence a t  the uouthern 
extremity of the Series, Bgargaon and Chincholi, and to work northwar'ds so as to close on 
Mr. Christie's work of the previous year. Unfortunately at Agargaon Hr. Keelan was 
attacked with severe inflammation of the right eye, which obliged him to return to Ahmed- 
nagar (Ahmadnagar) for medical aid ; he was compelled to take privilege leave till January 
llith, and consequently lost two months in the best part of the season. This interruption 
made it impossible to complete the revision of the heights in the field season of 1883-84, and 
Mr. Keelan had to resume work on it the following year, when the remeasurement of all the 
vertical angles was finished. 

I n  1868-69, Lieutenant W. J. Heaviside, R.E., visited the stations of Deo Dongri and 
HarnBsa, and in the following year those of Valvhdi and Dhaigaon, and at  each of tlie four 
observed an astronomical latitude. 

Secondary Triangulation. 

On the southern part of the KhSnpisura Meridional Series, as far north as the River 
Thpti, an unusually large number of secondary points were fixed by Rivers : the majority of 
these were intersected pagodas, forts and trees, but there were several secondary stations too, 
that were visited and observed at : the positions of the towns of Ahmednagar, Dhulia (Dhula) 
and Aurungabad were determined. The principal station of Ankai of the Singi Series was 
observed both from Shtmtila and Y e d .  

Between the Ttipti and Narbada there were no prominent pagodas to observe and 
no important towns to be fixed and consequently the secondary work was very scanty, con- 
sisting of only some ten intersected points in all. 

Between the Narbada and the northern terminus of the Series the country was a 
desolate desert, and but few opportunities offered of executing secondary work : the town of 
Dhh was the only place of importance that the Series passed over. From the side Harn4sa- 
8ingtizchori a small secondary series was run to the eastwards, which fixed numerous pointa 
in the cities of Indore (Indor) and Mhow and which ended at the town of Dew&. 

S. a. BURRARD. 
April, 1889. 
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PRINCIPAL TBIANGULATION. DESCRIPTION OF STATIONS. 

The Principal Stations of this Series are all situated either on hills or rising ground, and those con- 
Btructed under the direction of Lieutenant Rivers consisted in general of solid masonry pillars, with one or 
more marks, sunk in the ground and having their upper surfaces flush with the ground level. Above these 
pillars, solid structures of loose stone masonry, varying in height from 1 to 14 feet, were erected, with another 
mark laid loosely at the surface. The stations were all visited again during the field Seasons of 1882-86 for . 
the purpose of revising the observations for height, which were originally very defective. In  the course of 
this revision, which was made under the superintendence of the Officer in charge of the Tidal and Levelling 
Party, the stations were repaired, some reconstructed, and all protected by mounds of earth and boulde~s. In 
the gears 1868 to 1870, aolid, rectangular masonry pillars, bearing sufficiently accurate marks for Topographical 
md Revenue Survey purposes-as shewn at page 74 of Volume I1 of the Account of the Operatwnu, &A,- 
were built for the protection of the upper mark-stones at stations numbered XFV, XVII, XXIII  and XXXIV. 

The following descriptions have been compiled from those given by the Officers who executed the Series ; by Lieutenant 
Heariside, who visited several of the stations during Seasons 1868-69 and 1869-70; and by the Officer in charge of the Tidal and 
Levelling Operations, under whose superir~tendence the vertical angles of the whole Series were revised; supplemented as r egdm 
adjacent villages from the Topographical Survey M a p  of the country traversed, aud corrected, so far as the local sub-divisions i n  
which the several stations are situated, from the latest Annual lteyorts furnial~ed by the District Officers to whose charge the 
atationa were committed. 

XX1:-(Of the Kardcii Eongitudinat Series). Bdda Station, lat. 24" 14, long. 75" 11'--observed at in 
lM8 and 18504s  situated on a swell of ground about 60 yards W. of the cart road from Badpm to Bdda, 
and about 79 miles N.W. of the town of Ntihargarh. .The station is in the lands of the $ a g e  of Biida, par- 
gana Nddyangarh, Holkar's territory. 

The atstion as originally built in 1848 consisted of a square platfoim of loose atones, enclosing a central, solid pillar of 
masonry having a mark at the top and another 4.15 feet below ellgraved on the rock in ai td .  W11el1 visited in 1850, in the 
course of the KarAchi Longitudinal Series operations, the old pillar was removed and n new solid pillar of masonry was coil- 
structd, 5.2 feet in height, in which three mark-stones were placed in the normal of a t~d  at distances of 1.23, 2.75, and 5.2 feet 
respectively above the original mark on the rock. When wain visited in 1882, the upper mark-stone was wanting wl~ic l~  neces- 
sitated reference to the central mark of 1850. The pillar was t teu  rebuilt, 31 feet in diameter, and another mark-stone placed in 
its upper surface at 2.58 feet above the central mark or 8.33 feet above the murk on the rock. The heigl~t of the pillar above the 
ground level is 4 feet. A stone and earth platform 16 feet Rquare surrounds the pillar. The directions ahd distances of the 
circun~jacent villages are:-Limbawb W.N.W., miles 1 4 ;  Bhskheri W. by S., milea 1 Q ;  Dhorwha S. by W., miles 14; and 
Talb  Piplia S.E., miles 14. 
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XX1V.-(Of the K a r h h i  Lolzgitudinal Series). BUgara (Bdlagarra) Hill Station, lat. 24" lo', long. 
76" 0'-observed at  in 1848 and 1860-is situated on the north-eastern of a group of small, isolated hills, about a 
mile N.E. of the village of BUgara, and 3 miles W. of the high road from Neemuch to Indore. The hill, on 
which the station is, rises about 120 feet above the general level of the country, and is a mile in circumference 
a t  base. The station is in the lands of the village of BdAgara, pargana Mandsaur, Gwalior territory. 

Tlre station as originally built in 1848 consisted of a platform of loose stone masonry, lraving a mark-stone at  the top 
and another 3.19 feet below engraved on the rock b sitd. When visited in 1860 i u  the course of the KariLchi Lolrgitudinal 
Series operations, i t  does not appear that any alteration in the co~ l s t r~~c t io~ l  of the station was made. In 1868-69, the mark on the 
rock was found aird the platform, 3 feet iu height, consisted of loose stone masonry. I n  t l ~ e  visit of 1882, tlre station was found 
unaltered arid in good preservatiou ; the surroundiirg platform being of stones arid earth 18 feet sqnare. The directions and 
distances of the circumjacent villages are :-Bfii E., miles 18; Dungloda S. by E., miles 14 ;  Naronu N. by E., milea 2; Khera 
N.E., mile 1 ; and Ktinkri N. W., miles 12. 

I .  Sitamau Hill Station, lat. 24" 2', long. '75" 22'--observed at in 1848-is situated 13 miles N.W. of 
the town of Sitamau, near the centre of .a small, flat-topped hill rising some 60 feet above the level of the country, 
and somewhat conspicuous as being the only wooded hill in the neighbourhood ; i t  is about 20 feet higher than 
the ridges nnd spurs with which it is connected. The station'is in the lands of the village of Murkhera, Sitamau 
State, Western Malma Agency. 

Tire station co~~sisted of a platform of loose stone masonry and contained three marks, the upper two being 5.35 and 8.89 
feet respectively above one engraved 011 the rock at the ground level. I t  was visited by Lieutenatlt Heaviside ill 1868-69, wlro 
rtated that '"l'l~e pillnr lrad al)pare~ltly not been disturljed." mTiren again visited in 1882, the station was found to corrsist of an 
isolnteti pillar of stone and earth 12.84 feet high, without a mark on its summit, surrou~lded by a platform of loose stoires 18 feet 
nqunre. A mark-stoi~e was inscrted and both the pillar and platform raised by 2.58 feet, nraking the entire height of tlre pillar 
15-42 feet. Tlre directions ~lnd estir~rated distances of tlre circumjacerrt villages are :-Suriakheri N., mile 1 ; hlurkhera W. by 8., 
mile 4 ; Clrikla E.N.E., miles 34; and Sitamau (town) S.E., miles 1 f .  

11. DhamnAr Hill Station, lat. 23" 53', long. 76" 12-observed at in 1848-is situated on the highest 
part of a low, flat-topped, isolated hill rising some 40 feet above the level of the surrounding country. 
The station is 616 feet N.E. of a high solitary tree, and 6 miles S.E. of the Railway Station of Dalauda : par- 
gana Mandsaur, Gwalior territory. 

The station consisted of n solid pillar of masonry which carried a mark at its surface level with the ground and 
a~;otller, fixed ill tlre rock wit11 mortar, 2 feet below. I t  was visited it1 season 1868-69 by Mr. J. Wood, who remarks " There is 
no platform built here, aild the lower mark is 2f feet below tlre surface of the ground." When again visited in 1882, the station 
was found to consist of a platform of earth and stones 1 foot lrigll with a mark-stone in its upper surface. The directions and 
estimated distances of the circumjacent villages are :-JBmlinia E., miles 1 $ ; Atuuia E.N.E., miles 1f ; and Yusufkhera W., mile Q. . 

111. Nigrun Station, lat. 23" 46', long. 75" 27'-observed at in 1848-is situated on the rising ground 
about l a  miles S.E. of the vilIage from which it is named, and 39 miles N. of the town and post office of Tgl: 
The station is in the lands of the village of Nigrun, pargana '1'61, Jaora State, Western Nalwa Agency. 

Tile station consists of a solid pillar of masonry, about 5 feet in height, having marks at top and bottom 5.15 feet apart. 
The platform is built of loose stone maso~lry and carried to a height of 6.27 feet above the top of the solitl pillar, the wllole structure 
being 10.27 feet high. When visited ill 1882, tlre platform and a mark-stone in its upper surface were fouud in good preservationi 
I'he directions aqd distances of the circumjaceut villages are :-Pipulia N.M., milea 4; N a r h i  E.N.E., miles 5+;  Baguuia E. by 
S., miles 34 ; and Kachalia S.N., miles 4. 

I V .  DudhNa Hill Station, lat. 23" 51', long. '75" 49'-observed at  in 1 8 4 8 4 s  situated about 30 feet 
from the southern extremity of a laterite hill rising 100 feet above the level of the country. ' The top of the hill 
is flat, running off into wide spurs to N.W. and N.E. of the station, the soutllern face being rather precipitous. 
'rile town of Baraud lies 4& miles to S. by E. of the station. The station is in the lands of the village 01 Du; 
dhfila, pargana JhB11-a PQtan, Jhallawar State. 

'I'he station consists of a platform of loose stone masonry containing two marks, one at tlre surface 5.23 feet above 
tlre other. I t  was visited by Liei~terlarrt Heaviside in season 1868-69, who remarks "The pillar lrad npparently trot beerr disturb- 
ed ". \\'lren again visited in 1882, the station a id  its upper mark-stone were fourld in good preservation. 'l'he directions and 
dista~~ces of the circumjacctlt villages are :-Atipura N.E. by E., miles 14; Kasankot X.S.E., miles 14; Khandwfis S., mile 1 ; 
and h t n n p u r  W.S.W., mile a. 

V .  D& Dongri Hill Station, lnt. 23" 27', long. 76" 36'-observed at in 1848-is at  the junction of 
three walls on the southern side of the roof (1 19 feet above ground) of the large temple on a low hill at  the 
northern extremity of the village of Deo Dongri. The village is near the centre of a small, isolited hill, abut 
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800 feet in length at top, and rising about 70 feet above the general level of the surrounding country : pargana 
Unel, Gwalior territory. 

The station consiete of a solid pillar of mssonry, abont 2 feet high, containing a mark in the snrface 2.92 feet above 
one imbedded in the masonry of the wall. The mark is 1.33 feet from the E. side and 1.25 feet from the S. side of the pillar. I n  
March 1869 a protectin pillar of stone maeonry, 2 feet square, was built ovkr the mark-stone. When again visited in 1882, the 
atation waa found mar e ed by a square pillar of stone masonry rising 2.7 feet above the stone roof of the temple. The azimuths 
q d  perambulated distances of the circumjacent villages are :-Mattra 326O, miles 1.2; Mo 8669 miles 1.6; Rattra MO, mile 0.8; 
Medpur (the largest and most conspicuous temple) 250°, miles 74 by estimation. 

VI. Lohsili Hill Station, lat. 23" 35', long. 75" 8'--observed at in 1848-is situated on a low, flat- 
topped hill rising about 70 feet above the plain, appertaining to the villages of LohBri, Nagdi and Wairala. It 
lies about a mile E. of the railway line, and of the high road from Jaora to Rutlam. The station i~ in the lrsnds 
of the village of Lohhri, Jaora State, Western Malwa Agency. 

The station consisted of a platform of loose atones, about 6 feet in height, encloaing a central, solid pillar of masonry 
which had a mark in its surface and another 5-21 feet below. I t  was visited in 1869 byALieutenant Heaviside, when no mark-atones 
were found and a heap of loose stones alone denoted the site of the station. When agaili visited in 1883, the station was found 
to conaiat of a platform of earth and stones 54 feet high with a mark-stone in its npper surface, but aa this proved too low for 
obee!rvations to Deo Dongri Station, the platform was raised wit11 an isolated pillar of earth and stones in tlie centre to a height of 
LS.4.feet above the ground level. The estimated directions and distances of the following villages are:-Lohiiii N., miles 14; 
Waraila S., mile 1; Sadakheri E.S.E., milea 2; and Nagdi E.N.E., miles 14. 

VII. Dhanora Hill Station, lat. 23" 17', long. 75" 18'--observed at in 1%8-is situated on a, table-land 
rising about 80 to 100 feet above tlie surrounding country, 1 mile N. of Uptia  village, and 6 miles E. of tlie 
Railway Station of Naugauvan. I t  is in the lands of the village of Dhanora, S W  State, Westem Malwa 
ag-ency* 

The station consiated of a platform of loom stone mason y, 12 feet in height, which had a mark-stone at  top andanother 
a t  the ground level. When visited in 1883, no mark-stones were found, on removing the ceutral portiou of the heap of atones an 
excavation, a few inches deep, like the foundation of a pillar, was met with at  the ground level : in this a mark-stone was fixed and the 
platform rebuilt to a height of 9.8 feet, a11d over which an isolated pillar of earth and stones 1.4 feet high was built, carrying a 
mark-etone in  its upper surface; hut this height provi~~g insufficient the pillar was raised by 7.3 feet during the same season. The 
estimated directions and distances of the following villages are :-Sandla S.W. by W., mile 1; Bamori N. by W., milea 2; and 
Kamer E., milea 2. 

VIII. aurla Hill Station, lat. 23" 18', long. 75" 36'--observed at in 1848-is situated on a northern 
spur of a low, flat-topped range of hills, which stretches in a S.S.E. direction from the station for some 4 or 5 
miles, and is about 60 feet above the level of the country to the west. The station is in the lands of the village 
of Gurla, pargana Unel, Qwalior territory. 

The station consista of a platform of loose stone masonry containing two marks, the upper 7.23 feet above the lower. It 
was visited by Lieutenant Heaviside in season 1868-69, who stcded that "The mark-stone was not uncovered, but the pillar was 
apparently undisturbed". When again visited in 1883, the station was found to consist of a platform of earth and stonea 6.7 feet 
above the ground level having a mark-stone in its upper surface. The directions and estimated distances of the circumjacent vil- 
lager are :-Dnel N. by E., miles 3; Gurla W., mile 1 ; Nawatla N.W., milea 3 i  ; and ,Norela S.S.E., milea 4. 

IX, Kamod Hill Station, lat. 23" 7', long. 75" 28'-observed at in 1848 and 1862-is situated on a small 
hill about 6& milea N.E. of the town and railway station of Barnagar. It is towards the 8. extremity of the 
hill, and 119 (ft.?) 8 (in. 3) 8. of the southern wall of a temple. It is in the lands of the viUage of Chota 
Karsod, pargana Barnagar, Gwalior territory. 

The station consista of a platform (most probably constructed in a manner similar to those at the adjacent stations) and 
contains two marks, the upper 4.27 feet above the lower. When visited in 1862, in the course of the Quzerat Longitudinal Series 
.operations, the station was found to be about 5 feet in height. When again visited in 1883, the station was found in good order 
and to consist of a platform of earth and stones enclosing a perforated pillar of masonry 5 feet high with two markstonee, one in  
its npper surface and the other below ; an aperture on the 5. side gives access to the lower mark-stone. The estimated directio~~a and 
dirtanoea of the circumjacent villages are :-Rasulabad S., mile 4 ; Chota Karsod N.E. by N., miles I f  ; and Palw&s N., miles 24. 

X. JalmLeri Eill Station, lat. 23' ll', long. 75" 46'-observed at in 1848-is situated on a detached 
hill abont a mile 8. of a table-land. The station is on the northern of two eminences rising 20 feet above the 
hill top, and some 100 feet above the level of the country and lies 38 miles west of the railway station near the 
town of U j jain : pargana and district Uj jain, Gwalior territory. 

The etation consists of a platform of loose stones about 10 feet square and 6 feet high, the central portion from 2 to 
3 feet square is of solid masonry in which three mark-stonerr are inserted, the two upper being 2-16 and 6.08 feet respectively above 
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one imbedded in the foundation, the second mark-stone is about the ground level. 11i 1869 Lieutenant Heaviside found the upper 
mark-stone in position. When visited in 1883, the station was found to consist of rc. platform of earth and stonea 16 feet square 
and 3.8 feet high with a mark-stone in its upper surface. The directions and estimated diatailces of the circumjscent village8 
are :--Jalfilkheri W.N.W., mile 1; Mendpura E.N.E., miles 1 4 ;  and Chaudukheri S.W. by S., miles 14. 

XI. Kaubka-Mita Hill Station, lat. 23" 8', long. 76" 13'-observed at in 1848-is on an isolated and 
eymmetrically shaped hill rising about 600 feet above the plain. The station is at the N.E. corner of the flat 
roof of the porch and E. of the spire of the large temple of Kaula-ha-Mata from which the hill derives its 
name. The station is in the lands of the village of Barmaval, Sailha State, Western Malwa Agency. 

The station is denoted by two marks, the upper 0-75 of a foot above the lower. I t  was visited in 1869, when t' the mark 
was found in good preservation". When again visited ill 1883, the station was found to consist of a square pillar of mssonry 6 
inchd  high with a mark-stone in its upper surface, the lleight of which above the top of the hill is 184 feet. 'L'he direction6 and 
estimated distances of the circumjacent villages are :-Amleti N.E., mile 1 ; Barmaval W., miles 3 ;  and Lochitara (on the high 
road to Mbow) E., miles 2. 

Auotller pri~~cipal station, about 20 yards S. of the temple, was established in 1862 in the course of the operations of t he  
Quzerat Longitudinal Series, in which Series its full description will be found uiider the name of Station "I. Kaula-ka-M4ta jJ. 

XII. Harnhsa Tower Station, lat. 22" 47', long. 75" 36'-observed a t  in 1847 and 1848-is 'situated 
on the highest part of the country, the watershed of the Gambhir and Chambal rivers, and 4 miles 8. by E. 
of the town of Deptilpur on the road from Neemuch to Indore : pargana Beptilpur, Holkar's territory. 

The station 8s origi~iallp built in 1846 consisted of a solid pillar of masonry sunk to a depth of about 9 feet, having 
its upper surface flush with the ground level. I t  contained two marks, one at the surface about 9 feet above the other. Over t l ~ e  
pillar a loose stotle platform was constructed with a mark in its upper surface. The height of the platform above the top of t he  
pillar appears to have been originally 7-36 feet; but this not proving slifficient it was iucreased to 10.31 feet ill April 1847. 'l'he eta- 
tion was revisited in 1869 by Mr. J.  Wood, Assistant Surveyor, who removed t l ~ e  pile of stones and foul~d a mark-stone about 3 feet 
below the ground level. He built up  the pillar to the ground level and placed a mark-stone there. At this level astronomical ob- 
servatious for latitude were taken in 1869-70. Immediately afterwartis a perforated masoriry pillar was built over the,mark-stone a t  
the grouud level aud carried up to a heigl~t of 10.31 feet, the height of the station as given in the original description. The pillar is 
s~rrrounded by a platform, a~ rd  a11 arched passage rune nearly north and south through the platform and pillar giving'access to the 
mark-stone. When again visited in 1883, the upper 4 feet of the pillar was found ~)ulletl down, it was rebuilt to a height of 10.2 feet 
above the ground level mark. 'I'he directions and distances of the circumjaceut villages are:-Jaloda N.E. by N., miles 1%; 
Harnka  S. by E., mile ) ; Suklundi S. by W., miles 1% ; Bdeoda W. by N., mile 2; and (iirora N. by W., miles 2. 

XIII. Inchiwan Tower Station, lat. 22" 49', long. 75" 13'-observed at  in 1847, 1848 and 1862-is 
situated on rising ground, about 1 mile N.W. of the village from which the station obtains its name, and 8 miles 
N.N.E. of Desi. The station is in the lands of the village of Barawtil, pargana Badmiwar, D h h  State, Bhoptiwar 
Agency. 

The station as originally built in April 1847 consisted of a solid pillar of masonry sunk to a depth of 6.3 feet, contain- 
ing two marks, tlre upper iu the surface of the pillar being at the ground level; over this a platform of loose stories, 7-46 feet i n  
height, with a mark at the top was constructed. 111 November 1848 an addition of 2.17 feet was made to the height of the platform. 
I t  was again visited ill February 1862 in the course of t l ~ e  operations of the Guzerat Longitudinal Series : in  the records of that  
Series i t  is simply stated that it is built 4.75 feet high. In  1869 the loosestone platform was removed, and over the origi~ial mark a t  
the ground level, a perforated and isolated pillar of masonry 7.46 feet ia heigllt and 34 feet in diameter was built with a mark-stone 
in i t s  upper surface, and surrounded by a platform of earth and stones of the same height as the pillar. An arched passage from 
15. to W. gives access to the grouud level mark. I t  thus appears that the station as last conntructed is 2.17 feet lower thau that of 
November 1848. When again visited in 1883, the pilltrr and its upper mark-stoi~e were found in good order. The directious and 
distances of the circumjaceut villager, are :-Borjl~iri W., mile 1 ; Burwai E., miles 24; and Gulldikheri S.E., miles I f .  

XIV. Mograba Hill Station, lat. 22" ?3', long. 76" 22'-observed at in 1847-is situated on the sum- 
mit of the highest, flat-topped hill 69 miles to N.W. of the old, ruined city of M6ndo or MAndogarh: the small 
Bheel village of Mograba lies to the N.E. at  about 3 of a mile in direct distance from the station: pargana 
Nhlchha, Dhsr State, Shoptiwar Agency. 

The station consists of a platform having its upper surface flus11 with the ground, wliich contains two marks, the lower, 
on a large stone set ia the murani (a kind of gravel), is 0.4.0 of a foot below the one in the surface of the platform. I t  was 
visited ia 1869, when the tipper mark-storle was foirn'd firmly imbedded. -When again visited ill 1883, the station was foiind in  
good order and covered over by a protectil~g rriasoliry pillar 3 feet, 8 inches high, but as tile lipper diameter was too gmall to admit 
of tile theodolite, the upper 6 inches of the pillar were removed. 'l'he tlircctionn and estimttted distances of the circumjacent villages 
are :-Talw4ra N. by E., miles 8; MGrkhhl S., miles 24; alld Biandtiuda S.S.W., miles 3. 

XV. Singtirchori Hill Station, lat. 22" 26', long. 76" 43'--observed at in 1847-is situated on the highest 
part of a range of hills so called, lying about 3 i  miles E.S.E. of the village of MAnpur on the high road from 
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Bombay to Agra, and It$ miles S.S.W. of the cantonment of Mhow. The hill is about 1000 feet in height: 
Mhpur State, Bhophwar Agency. 

The station was denoted by two marks, the upper 1-79 feet above the lower. When visited in 1883, a masonry pillar 
2 feet in diameter and 3 feet above ground level surrounded by earthwork about 2 feet high was found ; there being no mark-stone 
on the pillar ita upper portion was removed and a mark-stone embedded in its centre 1-75 feet above the ground level. The direc- 
t i o n ~  and estimated distances of the following villages are:-Uargaon N.W. by N., miles 1 4 ;  Mograpura E.S.E., milea I f ;  and 
Nayapura E. by N., miles 14. 

XVI. GumBnpur Tower Station, lat. 22" 3bt,  long. 74O 66'-observed at  in 1847-is situated on rising 
ground about 2 of a mile 8. of the village of that name and about 200 yards N. of the edge of the Ghht, 
and 6+ miles N. by E. of the large village of Tanda. It is in the lands of the village of Gumbpur, Amjhera 
B tab, Bhopiwar Agency. 

The station of 1847 consisted of a loose stone platform with a mark-stone at top 7-48 feet above one let into masonry at  
the  ground level. I u  1869 the platform was removed and a perforated and isolated pillar of masonry, 7-48 feet in height, Built above 
the  original mark at the gronnd level, and surrounded by a platform of stol~es: a passage from N. to S. gives access to the ground 
level mark. When again visited in 1883, the station was found to consist of a pillar of masonry 5.3 feet high and 8 feet in diameter 
with a mark-stone ill its u ~ m r  surface, and ~urroul~ded by a platform of loose atonee. The directions and distances of the circum- 
jacent villages are :-aaGnpura N.E. by N., nrilee 2 f llingnod E.N.E., miles 4; Nawapura E. by S., miles I$  ; and Urai 
W.N.W., mile f .  . . 

XVII. Thikri  ill Station, lat. 22" l', long. 76" 2'7-observed at  in 1847-is situated on a knoll, 40 yards 
long, 20 yards wide, and 20 feet high, at the S. extremity of a taljle-land which rises about 300 feet above the general 
level of the surrounding country. I t  is about 39 miles S. by E. of the Police Station of 'I'hikri on the high road 
from Bombay to A p  : pargdma Dharampuri, Dhir State, Bhopdwar Agency. 

The station consists of a platform of loom stones enclosing a solid circular pillar of masonry which contains two marks, 
one a t  the surface 1.26 feet above the other which is engraved on tlre rock. When vis~ted in 1869, the upper mark-stone wss fouud 
h l y  fixed; i t  was ngaiu visited in 1883, wheu the station was found protected by a recta~lgular capping pillar 34 feet high built over 
the circular pillar level with the surface of the kaoll. The direction8 and distances of the circumjacent villages are :-Rarkot S. 
by E.,-mile 1 ; Rupkhera S.W. by W., miles 14; Khnrrampur (on the high road) W., miles q; and Nader N.N.E., miles 2. 

XVIII. Bbwangaz Hill Station, lat. 21' 69', long. 74" 64'-observed at  in 1847-is on the terraced 
roof of a temple which is built of fine slabs of granite, on the highest part-a peak--of a remarkable hill 
called BBwangaz, about 6 miles 5. of the Nerbudda river. The temple is dedicated to a god whose colossal 
figure is cut on the rock in bold relief, about 600 feet below, on the southern face or scarp of the hill. The sta- 
tion is almost i n  the centre of the flat portion of the roof E. of the dome, 13-42 feet from the nearest part of 
the circumference of the dome, 11.42 feet from the outside of the N. w:~ll, and 12.76 feet from the outside of the 
8. wall ; the roof of the tetr~ple is 10 feet above the ground. The station is in the lands of the village of Barwb& 
Barwani State, Bhophwar Agency. 

The station consists of a solid circular pillar of mnsonry whicll contail~s two marks, the upper 0.44 of a foot above the 
one engraved on a slnb of granite of the roof. When visited in 1869 and 1883 tile etati011 and its upper mark-stone were fourld ill 
good preuervatiol~. The directions nnd distances of the circumjacent places are :-BarwBni town N.E., miles 4& ; Chilkalda town 
N. Ily E., miles 7 ;  Bhomia village N., miles 24; Mangarpati a r~d  Kachkor (ou the Goi stream) W.N.W., milea 34; and Wadgao~r 
E.N.E., miles 4. 

XI X. Jaldlabad Rill Station, lat. 21" 41f, long. 75" 27 '~bse rved  at in 1 8 4 7 4 s  situated on the highest 
peak of the same range of hills as that on which the old, ruined fort of Bijagarh stands and from which it lies 

milea in a direction E. by 5. The station is in the lands of the village of NBdyangarh, pargana Khargon, 
Holkar's territory. 

The station consists of a .platform of loose stone masonry contailring two marks, one at the surface and the other 0.44 of 
a foot below. I t  was visited by Lieutenarrt Heaviside in 1869, wl~eil the upper mark-storre was found in positiol~, and about 24 feet 
above th'e ground level. I n  1883 nnd 1884, the  tati ion was fou~rd in good preservation and the upper mark-stone in position. 
Tlre directio~~e and distances of the circumjacent villages are :-S411gvi N.N.W., miles 4; Bhadwtili N., miles 4); Sirwil Chauki 
(police atatioe) and temple S.E. by S., miles 44; and Dhaura S.\Y. by S., miles 24. 

XX. Bhbiikuvar (Bdbdbzaar) Hill Station, lat. 21" 36', long. 79" 67'-observed at in 1847-is situated 
on the main ridge of tile Sdtpura hills, about 94 miles N.W. by W. of the DAk Bungalow a t  Palhner on the 
high road from Bombay to Agra, and 660 feet E. of an idol at the W. extremity of the hill. The station is in 
the lands of the village of Boradi, taluka Shirpur, district Khindesh. 

The statio~i consiata of a platform of looae stone masonry contaitling two marks, one at the surface aud the other 1-67 feet 
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below. When visited in 1888 and 188% the station was found in good preservation and the upper mark-stone in position. 
The height of the platform is about 1 foot from the ground level. The directions and distances of the circumjacent villages are :- 
Chaparkhers N.E., miles 44; RBjmali E., miles 43 ; Vakvar S.E. by E., miles 5;  and KheraS.E. by S., miles 6f. 

XXI. hgaon Hill Station, lat. 21" 18', long. 76" 34'--observed at in 1847-is situated on a high peak 
of the Stitpuda range, rising some 2600 feet above the plains of Khhndesh. The peak which is known by the 
name of MonWmal, is about 12 miles W. of the ruins of Gauligarh, and 64 miles N.N.W. of Brgaon village. 
A small conical peak is 60 yards to S.E. The station is in the lands of the village of Bhadgaon, taluka Chopda, 
district Khfindesh. 

The station consista of a platform of l oo~e  stone masonry containing two marks, one at the eurface and tbe other 0.81 of 
afoot  below engraved on the rock.. I n  1869 Lieutenant Heaviside found the upper mark-stone in position and nearly on the 
same level aa the highest part of the peak. When again visited in 1884, the npper mark-stone and platEorm were found in good 
preservation. The azimuths and estimated distances of the circumjacent villages are :-Dhinora 4O, miles 68 ; Adtivad 4 2 O ,  
miles 8; Birgaon 6") miles 6; and Mahorad 356", miles 44. 

XXII. A j d d  Hill Station, lat. 21" 19' long. 76" 6'-observed at in lS47-is situated on a. long, high 
ridge running nearly in a direction W.N.W. and E.S.E. and parallel to road to south from Shirpur to Tanda 
on the Aner river, about 2 miles N. of Aj& village. The station is in the lands of the village of AjnBd, 
taluka Shirpur, district KhSndesli. 

The station consists of a platform of loose stone masonry containing two marks, one at the surface and the other 0.67 of a 
foot below engraved on the rock. When visited in 1884, the upper mark-stone aud platform were found in good preservation. The 
wimuths and distances of the circumjacent villages are :-Bbbla 3U0, miles 23 ; Tirli  321°, miles 33 ; and Bhtitpur 28", miles 8. 

XXI.11. ValvAdi ( WaEcaBri) Hill Station, lat. 20" 44', long. 76" 14'-observed at in 1M6-is situated 
near the N.W. extremity of a group or range of low hills about 90 feet in height. The station is about 20 yards 
from the W. edge of a flat, rocky hill, whose summit is 160 yards long and 30 yards wide. The station is in the 
lands of the village of Vdvhdi, taluka Phhora, district Klitindesh. 

The station consisted of a platform of loose stone masonry having a mark at its surface and another 2-00 feet below it 
engraved on the rock in sit& A heap of stones, apparently the station platform of some former survey, was found here: the centre 
of this heap waa made the site. I t  waa visited in 1870 by Lieutenant Heaviside, when the upper mark-stone was not found, the 
platform was partly dug up and a solid circular pillar of masonry waa built up from the level of the lower mark to a height 
of 2 feet and a mark-stone iuserted in its upper surface. When again visited in 1884, the station was found protected by a 
rectangular pillar 2.8 feet high built over the circular masonry pillar. The directions a i d  estimated distances of the circumjacent 
villages are :-M4ndla S.W. by S., miles 4; Titi W. by N., miles 23 ; Cl~orvir N., milea 2; and Valvidi S.E. by S., miles 14. 

XXIV. Dhanvdr (Dhanwdr) Hill Station, lat. 20" 53', long. 76" 38'--observed at in 1846-is on the 
eouthern of a group of low, flat-topped hills which rises some 70 feet above the low range from which it springs, 
and is some 200 feet above the level of the country. The top of the hill is pear shaped, the station being about 
20 yards from the narrow end and 60 yards from the broader. The station is in the lands of the village of Dhan- 
vhr, taluka Jalgaon, district Khhndesh. 

The station consists of a platform having the usual mark at its surface and another 0.98 of 'a foot below. I n  1869 the 
npper mark-stone was in position and about 2 feet above the hill top. When visited in 1884, the upper mark-stone was found in 
the centre and npper surface of a platform 2 feet high. The azimuths and estimated distnnces of the circumjacent villages are :- 
Dh4nora 186", miles 2; Karmar 300°, miles 2; Dehori 240" miles If ; and Palbskhera 350°, miles 4. 

XXV. Anakvddi (Anakwdri) Hill Station (locally known as Silla Dongar) lat. 20" 47', long. 74" 44;- 
observed at in 1846 and 1847-is on the summit of a conical hill about 1000 feet above the plain and some 700 
feet above the lower range from which it rises with precipitous sides. The station mark is 20 feet S.E. of a small 
heap of stones forming a shrine : it is in the lands of Anakvtidi village, taluka Dhulia, district KhBndesh. 

The station consists of a platform having two marks, one in its upper surface and the other 2.5 feet below it. I t  was 
visited by Lieutenant Heaviside in senson 1868-69, who stated that tf  A mark-stone is in position and on a level with the ~urface of 
the ground." When again visited in 1884, the upper mark-stone was found protruding 6 inches above the surface of the three 
large atones on which the theodolite stand rested ; tlris upper mark is 3.2 feet above and in the normal of the lower one engraved 
on the, rock in ritd. The directions and estimated distance8 of the circumjacent villages are :-Annkvidi S. by W., miles 14; 
Sargaon N.W. by W., miles 3; Dhulia N.E. by N., milee 10; Laling (fort) E.N.E., miles 4; and Arvi (D& Bungalow) S.S.E., 
milea 2t. 

XXVI. Sins& Hill Station, also called Shekh MbuPir, lat. 20" 30', long. 76" 34'-observed at in 1M6- 
is on a hill about 200 feet high close to the N. edge of the table-land which rises gradually from the GodBvari 
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river and here terminates in a northerly direction by a descent of some 1200 feet into the plains of Khhdesh. 
About 1-8 miles W. of the station and built in a gorge above a precipice of the table-land, is an uninhabited fort 
which contaiqs a temple dedicated to Mahddev. The station is in the lands of the village of Sirs&la, taluka, 
Nhded, district Aurangabad. 

The station consists of a platform of stones having a mnrk at its snrface and another 0.83 of a foot below engraved on the 
rock in d U .  111 1869 Lielltellant lleavivide found the upper mark-stone in.position and sl~out 2 feet above the hill top. When 
ngaiu visited in 1884, the platform and lower mark were found in good preservation, the upper mark-stone was replaced (having been 
picked up from the hill side) at  0.83 of a foot above and in the normal of the lower mark. The azimuths and estin~ated distancer 
of the circumjncelit villages are :-Kelgaon 37", miles 24; Borkhera 173", miles 3 ;  SirsBIa 313", milee 14 ; Sliekhpur 34s0, miles 3; 
and Pipalgaon 354', miles 3. 

XXVII. S B t d a  Eill Station, lat. 20" 20', long. 76" 10'-observed at  in 1846-is on a hill so called, 
about 2 miles W. of a cllauki (police station) on the Ganthtila Ghdt, and 6 miles N. of the ~taluk town of 
Kanad. The line of -Ghhts extends about 16 miles further west, and its descent to the plains to north is 
considerable. The station is in the lands of the village of Ganthtila, taluka Kanad, district Aurangabad. 

The station originally consisted of a platform about 5 feet high, having a mark-stone at  its surface and another 5.00 feet 
below. I n  season 1846-47, tlre platforn~ was raised 4.04 feet. When visited ill 1884, the platform was fou~rd 9 feet high, built of 
loose boulders, having a mark-stone 011 it8 sunimit not firmly fixed, as the structure was too sliaky for observation the upper portion 
was removed till the mark-stoue said to be 6 feet above the grour~d level was disclosed wedged in between three large stones used 
for the theodolite s tat~d to rest on. As this part was firm and adapted for observatiolrs, the platform warr built up to the level of 
this mark. No masonly pillar appears to have been built here, nor could one be erected now as both water aud labour were 
difficult to obtain. The asimuths and estimated distlrllces of the followiug places are :-B4rnni 345O, niiles 64 ; and Hevadgaon i35o0, 
miles 44. 

XXVIII. Pophla Hill Station, lat. 20" 2', long. 76" 31'-observed at in 3846-is on the highest part 
of a hill, 14 miles N. E. of that village, a vtidi (garden) of which is close below the station. It is 7-26 feet 
(20" N. of W.) from the centre of a tomb. The station is in the lands of the village of Popt~la, 'taluka 
Pliililamri, district Aurangabad. 

The station consisted of 'a platform having a mark-stone at its surface and another 1.08 feet below. When visited in 
188.5, no mark-stones were found, the platform, with an excavation in the centre, remaiued to mark the site of the station. A 
mark-stone was built into the centre of the platform-7.26 feet from, 20' N. of W. of the centre of the tomb (above mentiorred), 
and on a level with the upper surface of the platform which is 1-25 feet above the surface of the I~ill. The azimutlls and estimated 
distances of the followi~~p villages are:-Khmkhera 3O, miles 8; Modhai 66", miles 2;  Chincholi 9i0, milem 1 4 ;  Bdmaiigmn 212", 
miles 2 ;  and VBgllul 266", miles 2. 

XXIX. Rdjur Hill Station, lat. 20" 4, long. 76" 54'-observed at  in 1846 and 1862-is on a smaII 
conical hill almut 200 yards W. of the village, and N. W. of a large temple, about 60 feet high, built of most 
elaborately carved stone, having two tiers of pillars above its base which is 139 feet high. The horizontal dis- 
tance of the station to the N. W. pillar of the first tier is 68.8 feet, and that to the N. W. corner of the base, C6 
feet. The etation is in the lands of the village of R&jur, taluka Jaffrabad, district Aurangabad. 

The station first consisted of a platform 14 feet l~iglr with two mnrk-stones, a large one, about 3 feet square and 2 feat 
thick, a t  the top and anotlter 13.75 feet below about tlre g r o u ~ ~ d  level. I t  was visited in 1862 and then rebuilt to a height of about 
20 feet. When again visited in 1884, the surrounding platform was found to have fallen away leaving the upper 12 feet of the 
circular masonry pillar exposed, this wae rel~uilt with stones. The upper mark-sto~~e was i l l  position, 20.25 feet above and in the 
normal of the mark at the ground level. The nzimutbs and estimated distances of the followillg villages are .-Chanaigaou 3 2 9  
milea 2 ; T4plichandni 112O, miles 1 4  ; Kbrnkhera 212", milea 14 ; Lon 283O, miles 2 ; and T4pon 327", miles 1 4. 

XXX. Yerlil Hill Station, lat. 19" 59', long. 76" 12'-observed at  in 1846-is on the high table-land, 
about 23 miles 8. of the celebrated cave temples. The station is 418 feet W. of a conspicuous Bar tree, 1949 
feet E.N.E. of an old statioa of the Bombay Trigonometrical Survey, and 60 feet from the southern and 525 
feet from the northern edge of the hill. It i in the lands of the village of Shribhanjan, talukrt RGza, district 
Aurangabsd. 

!l'lre station consisted of a platform with two mark-stones, one at the ground level and the other 2.13 feet below. I n  
1870 the upper mark-stone was not found, but the lower one was probably in position. A pile of stones ahout 3 feet in height 
was then erected over the platform. When agaiir visited in 1884, no mark-stones were found and only a lreap of boultlers marking 
the rite of t l ~ e  platform. The platfor~n was rebuilt to a height of 1 foot, taki~lg the centre of the heap of boulder3 ns a guide and a 
mirrk was placed in the centre a i~d  on a level with its upper surface. Tlre position of t l r i  mrirk was tested by observing tlte 

. horizontal angles between the fonr adjacent stations with a 14-inch tlleodolite which showed no appreciable difference with 
tk angles measured in 1846. ''he evtirnated directions and distances of the followink places are :-1)aulatabad (minaret) S.E., 
milea 49; Chumar Tekri (centre of hill fort) S.E. by S., miles 8 or 9 ;  aud Daulatabad (msa, mausoleum) N.E,, miles 34. 
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XXXI. Jhmkhed Hill Station, lat. 19" 41', long. 75" 42'-observed a t  in 1845, 1846 and 1862-is 
situated on a square, flat-topped knoll rising about 20 feet above the surface of the irregular plateau like 
range trending east and west and terminating about 150 feet to the east of the station in an abrupt fall to the 
plain below, and lies about 2 miles N. of the town of JSmkhed. The station is in the lands of the village of 
Rhailgarh, taluka Ambad, district Aurangabad. 

The station of 1846 consisted of a platform containing two mark-stones, the lower 1.63 feet below the one at the 
surface of the ground. When visited in 1862, the mark at the grou~ld level of the old station was fo~r~ld  and over this a circular 
perforated and isolated pillar of masonry 3+ feet i l l  diameter was built, carrying a mark in its upper surface 3.00 feet above 
the one at tile ground level, access to which was obtained by a passage co~lstructed for the purpose. When again visited in 1884, 
the circular masonry pillar aud therectangular aperture for plunlbillg over the mark at the ground level were found in good 
preservation, but no upper mark. The height of the upper surface of the pillar above the one at the ground level is 3 feet. The 
azimuths and estimated dista~~ces of the following villages are :-Jbmkhed 4") miles 24; Rhailgarh 180°, miles 2 ;  Kingaon 271') 
miles 2 ;  and Vitalvkli 3363 miles 14. 

XXXII. h r m a l  Hill Station, lat. 19" 33', long. 76" 7'-observed a t  in 1862-is situated on an 
isolated hill of that name, about 1+ miles N.E. by N. of the village of Dhdkephal. The platform of the station 
is built contiguous to a Muhammadan mosque. It is in the lands of the village of DhBkephal, taluka Ambad, 
district Aurangabad. 

m e  station consists of a platform of loose rubble, enclosing tl central, isolated and perforated pillar of masonry 5 feet 
in height. Access to the lbwer mark is obtairled through a passage bpeciillly constructed for the purpose. Khen visited in 1884, 
the circular mnsonry pillai and the mark in its upper surface were fo~l r~d  in good preservation. The azimuths and estimated 
distances of the circumjacent villages are :-Dh4rgaon 50J miles 34 ; H~dgaon  115', miles 1 $ ; Jaula 169", mile 1 ; and Jhirgaon 
260°, miles 2$. 

XXXIII. Mathuri Hill Station, lat. 19" ll', long. 76" 32'-observed at in 1846 and 1862-is on the 
N.W. corner of the temple built on the conical hill 1+ miles E. of Blathuri village, over the junction of the 
walls of the smaller shrine : i t  is in the lands of the village of Mathuri, taluka Bfd, Nizam's territory. 

The station of 1845 contained two marks, the one imbedded in the stone masonry of .the wall 1.38 feet below the upper 
which was fixed a t  the level of the roof which is 10 feet above the gro~lnd. When visited in 1862, the mark on a lerel with roof 
of the temple was found in positiou, over which a solid, circular pillar of masonry was built carrping a mark in its upper surface 
1.17 feet above the one level with the roof. When again visited in 1884, the upper portion of the circular masonry pillar was 
found broken and the upper mark-stone removed; but the mark of 1815 011 a level with the roof of the temple was found in 
position. The pillar was rebuiltto a height of 1 - 1  7 feet above the roof of the temple, carrying a mark in its upper surface. The 
directions and distances of the circumjace~tt villages are :-Bhorgaon S. by W., miles 24 ; Hukarda S.W., miles 4 f ;  Mirs4ngvi 
W.S.W., miles 44; Titurvani E. by S., miles 1 4 ;  and Malegaon W. by N., miles 33. 

XXXIV. Dhaigaon Station, lat. 19" 31', long. 76" 16'-observed a t  in 1846-is situated on the high 
ground, about 1+ miles 8. of the Vagji stream which joins the Godrivari river a t  23 miles to N.E. of the 
station. It is in the lands of the village of Dhaigaon, taluka NevBsa, district Ahmednagar. 

#'The soil was excavated to a depth of about 4-75 feet and 24 feet .below the muram (a kind of gravel), a large stone, 
about 4 feet long and 1 foot square, with the usual mark on its upper surface, was imbedded in the muram. From the surface of the 
muram a pillar of stone masonry about 4 feet in diameter has been built up and raised about 2 feet above the ground. A platform 
of loose stones has been built around the pillar and a stone with the usual mark placed a t  its surface at the height of 20) (?) 
above the mark on the large stoneyJ. When visited in 1884.; the pillar and the n~ark  were foulld in good preservation. The azi- 
muths and perambulated distances of the following are :-Dhaigaon (large pipal tree S. of village) 76", miles 1-95 ; Gheori (temple) 
8060J miles 2.06; and Devlha (temple on right bank of the Godtivari) 219" miles 2.29. 

XXIII. (Of t k  Bombay Xo~agitudinal Series). Chincholi Hill Station, lat. 18" 6St, long. 75" 19'- 
observed at  in 1846-is situated on a short narrow ridge about 300 feet long trending east and west nearly, 
and 30 feet higher than the level of the surrounding plateau. The station is on the western end of the ridge 
while a large bar tree marks the eastern extremity. 'Pl~e large village of Ashti on the high road from Ahmed- 
nagar to JAmkh4 lies about 10 miles to S.W. by S. and that of ~ m a l n e r  4 miles to E. by N. of the station. 
It is in the lands of the village of Chincholi, taluka Ashti, .Bizam's territory. 

The station consists of a solid platform and col~tai~is two marks, the one at its surface is 0.83 of a foot above one fixed 
i n  1834. When visited in 1884., the station was found to consist of a circulnr masonry pillar 2.8 feet in diameter at top with a mark- 
stone embedded flush with its upper surface : the pillar is surrounded by cr large irregular shaped platform of loose boulders from 
which i t  is not isolnted. Judgillg from the appearance the pillar does not appear to he very ancient. The height of the upper 
mark above the ground level is 10.6 feet. Tlle azimuths a ~ ~ d  distances of the circumjacent villages are :-Chikhli 13", miles 2; 
Chincholi 34", mile Q ; and Gangarvadi 67: miles 24. 
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XXIV. (Of the Bombay Xongitudi~at Seriee). Bsargrton Hill Station, lat. 19" 11', long. 74' 65'- 
ohserved at  in 1846-is situated on a low part of an extensive and irregularly shaped table-land, about 1 mile 
N. of that village, and 6 i  miles E. by N. of Shendi which is + a mile E. of the high road from Ahmednagar 
to Aurangabad. It is in the lands of the village of Agargaon, taluka Nagar, district Ahmednagar. 

The station as origiually built consisted of a platform of loose stone masonry and cor~tained three mark-stonee, one st 
t h e  ground level and the other two 7.13 a ~ i d  13.54 feet respectively above it. When visited in 1882, the station was found to  
consist of a mouud of loose boulders about 10 feet high and 30 feet in diameter, having a post-erected by a Survey Party about 2 
or 8 years ago-rising 34 feet above it, the mound was raised 16.4.3 feet above a bench-mark on the ground level and a mark-atone 
inserted at that height. When agaiu visited in 1883, the upper mark-stone was found in position and protected by the usual rect- 
angular pillar of masonry. The directions and distances of the following places are :-Ahmednagar S.W., miles 9; Ranjani S.E. 
by E., miles 2f ; Kalhar N.E. by N., miles 24; Pimpalgaon Uzini W. by S., milea 33; and Deogaon S.W., miles 3. 

?Yon.-In lome instanoea the names of Principal Stations, occurring in the fore.e$oing descriptions, am gioefi by two methods of spelling distingaished 
irom ssch other by the use of Roman and Italic type, aa Etation XXV Anakv6d.i (dnakwari) : the latter spelling is in keeping with that sdopted in the 
containing the oberved angles printed in Maroh 1879, which wan baaed on a liat of name. of plncea for the Bombay Presidency published under the d e n  o x  
Government in September 1875 : the spelling in Roman t pe is in acoordance with that in a revlsed edition of the same published in 1880, and with the lint of namer 
for the Dominions of His Highness the Nizam, pb l i she i in  February 1883. I t  wi l l  be seen that the two methods differ but slightly, notwithatanding where differ- 
en- oconr, both mnderinp are given M, as to remove all poseible doubt M to the identity of a station. The method of spelling in Bomm type is hereafter exclu. 
drely adopted in the publication of this aerier. 

M. W. ROGERS, 

I n  ohrg6 of Cqutittg Oflee. 





KHANPISURA MERIDIONAL SERIES. 

PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 

NOT#.--8tationr XXI snd XXIV appertain to the K&hi Longitudinal Series of the North-Went QlledrhteraL 

r 

At XXI (B6da) 

March 1848 ; observed by Lieutenant H. BRivere with Dollolzd'8 15-inch Theodolite. 

Angle 
between 

I & I1 

11 & XXIV 

Circle rendings, telescope being set on I 

118' 41' Z98' 41' 128" 41' 308" 41' 138" 41' 818' 41' 1480 42' 8280 41' 168' 41' 838' 42' 168' 41' W 42' 

I 'I n 4 v w I I I 4 I 4 

h 57'33 h 62-00 h 52'67 h 51-67 h 49'67 h 50.67 d 46-04 d 56'68 d46.87 h 57'33 h 55-67 h 52.33 
h 57'67 h 52-67 h 52'00 h 48-33 d 48-84 h 56'67 d 50.38 d 56-01 d46.20 d60'37 h 52-66 h 52-33 

h 50'34 h 62-66 

57-50 57.34 51.67 50.00 49.25 53.67 48-21 56.35 46-53 58.85 57'00 52-33 

d 12.gz h 16'33 d20.16 h 29-33 h 30'33 h 23.67 h32.00 h 18.67 h 30-33 h 29-67 d 25.38 h 20.67 
d 7.92 h 23'67 d 26-16 h 35'00 h 29.33 h 29-33 h 30.67 h 24-34 d 33-08 h 21-67 d 20-71 h 22.67 

d 25-12 a 27'33 I9.33 d 24-97 d 27-71 

Io'42 20'00 23'81 32'17 29-00 26'50 31-33 20.78 31.71 25'44 24-60 21.67 

AC = Mean of Qrou 
w - Relative 
' lLngle 

M = 53"' 23 

w = o .60 
I - - - r -67 
w 
C =39°23'53'/'23 

M =  24'"79 

w = 0 '24 
I - - 
W - 4 - 1 7  

= 7 0 ~  28' 24~.,9 



lo-G. 
KHANPBURA MERIDIONAL SERIES. 

NO-.-Station# XXI and XXIV appertain to the Xarichi Longitudinal Bwiw of the North-Weot Quadrilateral. 

At XXIV (Bfigarra) 

March 1848 ; observed by Lieuternant 8. Rivers with DoZZond9s 16-inch Theodolite. 

M - Mean of Qrou 
to - %latire 
C - Concluded Angle 

M = 7oY-98 

w = o -60 
I - = I -67 
w 
C =43°.51'10w'98 

= 32#'50 

w = o -96 
I - - - 0 -04 
W 

C =36026'32U-50 

Angle 
between 

XXI & I 

I & I1 

Circle readings, tsleecope being set on XXI 

106013' 888013' 116012' 296012' 1260 13' 806'12' 136O12' 8160l2' 14@'1%' 826012' 166'13' 896'12' 

I1 I I n I ,I ,I , I 4 I I 

h 77-33 h 67-66 h 72-34 h 68.00 h 76.00 h 72-34 h 67'67 h 72-00 h 68.00 h 70'67 h 65.33 h 72'66 
h 74'34 h 68.00 h 78.00 h 70.67 h 73-00 h 75'67 h 65-00 h 73 -00  d 59'83 d 70.17 d 67'33 h 75'00 

h 79'33 d 71.28 d 62.83 d 76-50 

75-84 67.83 75.17 69.33 76.11 74.01 66.33 72.09 63.55 70'42 66.33 74-72 
I 

h 14-00 h 36'34 h 29-33 h 37-67 h 29.00 h 34.00 h 29.67 h 35'33 h 34'33 d 33-92 d 29.34 h 34-67 
h 17-66 h 36-33 h 28.00 h 35-33 h 29.67 h 32-33 h 33'34 d 3 4 - 8 3  d36 .12  d 32.58 d31.00 h'35.00 

h 29.67 

25'83 36'34 28.66 36'50 29.45 33'17 31.50 35.08 35-23 33-25 30'17 34-83 

At I (Sitamau) 

March 1848 ; obserued by Liezctena~tt 8. Rivers with DolZond's 16-inch I'heodolite. 

M - Mean of Qrou 
w - Relative WeigE 
C - Cancluded Angle 

M = 1 2 * ' ~ 9  

W = 0 -48 
I - = 2 -08 

w 
c = 49°49'12w'09 

M = 57#' 2 9  

w = o -48 
1 
- = 2 - 0 8  
W 

c = ~ ~ ~ ~ ~ J ~ ~ w . ~ ~  

M = 3on'11 

w = o 84 
I - - - I - 1 9  
w 
c = 630 29t 30~. 

Angle 
between 

Circle readings, telescope being set on IV 

18202' 2" 1' 19201' 12'1' 20202' 220 2' 21201 8202' 22Z0%' 4201 232O8' 6202' 

I * I I , I, I I I I N I 

I v  & 111 

d 1 z . 1 7  h 2 0 ' 6 6 h 1 2 * 3 4 h  7 . 0 0 d 1 3 . 6 7 d  5 . 5 o d 1 6 . 8 3  h 6.33 817 .33  d 5.01 hrg.66 811 .67  
d 9-51 h 15-67 d 10.00 h 11.00 d 14.33 d 6.83 d 17'83 d 4-67 d 19-56 d 7 -34  d r y 4 5  d 6.89 

h 15.00 d 9-99 d I 3.00 d 7'34 d 18.55 d 9'23 
d 17.89 

I 1 10-84 17.11 11.17 9.33 13.67 6.17 17-33 6.11 18.33 6.17 19.56 9-16 

111 & 11 

I1 & XXIV 

h 53-66 h 49'67 h 56.66 d 61.83 h 55-67 h 63.66 d 54-83 h 63-00 h 50.34 d 63.16 h 50.67 h 60.00 
d 60.66 h 53'00 d 6 1 . 2 3  d 60 '50 h 54'67 d 64'49 d 52-50 d 6 1 - 3 3  d 49.83 d60.83 d 50-22 h 59-00 

h 54'33 d 53'67 d 63'33 d 50.84 d 52-22 

57.16 52-33 58.95 61.16 54.67 64.08 53-66 62'55 50.34 6 2 ~ 0 0  51.04 59-50 

h 29.67 h 30.33 h 29'00 h 26-34 h 31.66 h 31-34 h 37-33 h 27.67 h 33'33 h 24-67 h 35.00 h 26-00 
h 25-67 h 28.00 h 28.66 h 28.00 h 33.33 h 28'34 h 37-67 h 25-67 h 35'66 h 27-66 h 33-00 h 24.66 

h 30'00 h 30.67 h 34'00 d 26-00 h 27-66 
. 

27.67 29'44 29'44 27-17 33.00 29.84 37-50 26.45 34.50 26-16 34'00 26-11 



OBSERVED ANGLES. 11-a 

Nm.-Sbtionr XXI and XXIV appe& to the Karbohi Longitudid Beriw of the North-Wwt Quadrilateral. 

* 

At I (5itamau)-( Continued). 

hie 
between 

XXIV & XXI 

Circle readings, telescope being set on IV 

i ~ a o ~  8011 i 9 r i 1  iril 20801 2 8 0 ~  21201 880% 22201 4201 a s z O r  a a O r  

II v II n I II 4 4 'I H m x 

h 36-67 h 34-34 h 34-34 hz8-33 h 36-67 h 27.66 1 32-67 1 31-33 1 34'00 1 32.33 1 23-34 1 36-33 
h40'00 h 35.00 h 39-67 h 31.67 h 32.67 A 34.33 2 31-00 1 31-67 1 33.66 1 33'67 1 26'33 1 28.00 
h 33'33 h 33.00 h 36.00 h 27'67 h 34.00 h 29'67 1 35'34 1 19-67 h 31-67 
h 35'00 h 20.00 
h 58-34 

36.67 34-11 36.67 29.22 34.45 30.55 31-84 31.50 33-83 33.78 22.33 32-00 

iK - Mean of Grou 
co - Relative ~ e i $  
C = Caneluded Angle 

M = 32"*25 

u, = o -7% 
1 - - 
w - ' '39 
C = 06O I 6' 32" 25 

At I1 (Dhdmn&r) 

Harch 1848 ; obeervetl by Lieutenant H. Rivera with Dollond's 15-inch Theodolite. 

M - Mean of Grou 
to - Relative ~ e i $  
C = Concluded Angle 

M = 49". 16 

,, = , .36 
- - 
w - 0'74 
C = 29' ~3'49"-23 

M = 66"-81 

w = o -60 
I _ - - I '67 
w 
C =50°j01 6"-81 

M = jo"m73 

w = 0 .84 
I - - - I '19 
w 
C =68°13'50"'73 

M = 31n-92 

, = , . I S  
I - = o -87 
W 

C=72°37'31"'99 

-10 
between 

=V k XXI 

XXI k I 

I & 111 

111 & VI 

Circle readings, telescope being set on XXIV 

18V6' 3190 6' 149'6' 329O6' 169" 6' 839'6' 169'6' 349'5' 17905' 859'6' 18906' 9'6' 

I ,I I n I n I I n I n 1 

h 53-00 h 49-67 h 44'67 h 50mo h 46.00 h 53-00 h 46.33 h 47.34 h 46-00 h 49.33 h 48.66 h 50.00 
d 53-83 h 52'00 h 46.00 h 47.67 h 46.67 h 50.66 h 45'00 h 51'33 d 46.50 h 53'67 h 47'34 h 12-67 
d 55'50 h 52'00 A 5O.33 h51.00 

54.11 I 45'34 48.83 46.34 51-83 45'66 49'67 46.25 51'50 48.00 51.22 

h 58.67 h 70.67 h 66.33 h 73.33 h 65.33 h 64.00 h 67.33 h 67-00 h 69.66 h 63-67 h 71.67 h 67-33 
d56.55 h 70'66 h67.00 /r 72.66 h 64'33 h67-67 h 69.00 h 64.67 h 68.00 h 61.66 h 74-00 h6j-oo 
d 58.83 d 71.66 h 60.00 h 66-67 

58'02 71.00 66-67 72'99 64.83 65'84 68.16 63.89 68.83 62.67 72.83 66-00 

h 58.33 h 48'33 h 51.00 h 47.00 h 52.00 h 52.67 h 46-00 h 51'33 A 45'67 h 55-00 h 45.00 h 56'67 
h 52.67 h 50'34 h 52.67 h 50.34 h 51.00 h 47-67 h 50'66 h 5 0 ' 0 0  d 44.50 h 55'67 h 45-33 h 53'67 
?‘ 59-33 cZ 5O.33 h51 .00  d53.33 d44.17 h53'66 

d 46.78 

56.78 49.67 51-84 48.67 51.50 50.17 48.61 51.55 44-78 55'33 45.17 54.67 

h 30'67 h 29.67 h 32'33 h 32'00 h 35.00 h 26.00 h 3 5-67 h 36.00 h 36.33 h 27'00 h 34.33 h 29-66 
h 33-67 h 30'33 h 31.00 h 30.66 h 34'67 h 30.33 h 36.00 h 31-33 h 34'67 h 25.33 h 33-67 h 30'66 
h 17-67 d31.00 h 38.00 h 37.00 d36.33 d34 .17  h 28.34 

d33.78 

30.67 30.33 31.67 31.33 35.89 28-16 35.61 34-55 35.06 26.17 34-00 29.55 



KHANPISURA MERIDIONAL SERIES 

At I11 (Nigrun) 

Theodolite. 

M - Mean of Gmu 
r, - Relative weigE 
C - Concluded Angle 

M = I"" 75 

w =  I a08 
I 
- = 0 '93 
W 

C = 58'53' 11"'75 

= 'zX'26 

w = o '67 

2. = , .,, 
w 
C = 47' 6' 12"'35 

M =  47""' 

w = o -48 
1 - = 2 - 0 8  
w 
C =92'12'47~'21 

M = I 9"'42 

w = o -72 
I - - 
W 
- 1 - 3 9  

C = 84' 21'  1gw.42 

M = 25"'51 

w = o .36 
I - - - 2 ' 7 8  
W 
C=77026'25X'51 

*Apri l  artd +December 1848 ; obeerced by Liezctenaf~t H.  Rivere with Dollond's 16-inch 

Angle 
between 

* 
II 

* 
I1 & I 

Circle readings, telescope being set on TI 

301°7' 121'8' 311'6' 131'7' 321'7 141'7' 331°7' 161'7' 341'7' 161'7' 361'7' 171e8' 

- 

q n .I ly w v I I w 

1 15.00 h 12-34 1 9.00 h 7.34 h 10.67 h 9.33 h 17.67 h 6.33 1 10.67 1 12.00 h I 5.66 k 9.33 
1 12.33 h 11-00 h 15.33 h 10'67 h 16'00 h 8.33 h 19.00 h 10.33 1 14.67 2 5'66 h 14 .m 14 9.34 
h 12.66 h I 2.66 h 13'33 h 18.67 h 5.67 1 I g c o  h 8.34 
h 13'33 h 12.33 h I 4.67 

13-33 11.67 12'33 9-01 13.67 8'83 18.45 7'44 13'45 8.67 14.83 9'33 

1 17.67 1 10.34 l 7.33 h 15.66 1 5.33 2 r ; .m 1 10.66 2 14.34 1 6.67 E 22.00 h 8.00 h 14.34 
1 15.m 1 4.33 1 13.00 l14 .67  h 10.33 1 14.66 1 9.33 1 13.67 1 8.00 1zo.00 h 8.00 h 17.33 
1 I 1.66 1 8 .m  1 7.66 h 5.00 1 8.34 h 8.00 h 13.00 1 15'00 1 18.33 

I L14.67 h r r ~ ~  h13.34 1 1 2 ' 0 0  h 16.00 1 11.33 1 23.00 

1 h 10.67 11 13-34 h 9'67 
- 

I 14.75 8.42 10'40 15'17 6.89 13.07 9.33 11-25 10.13 20'83 8.00 15.83 

I & I V  
h 46-33 1 51-33 d 55.26 d47.67 d 54.11 h 48.33 d45-67 d 40.75 h 45-00 d 36.17 1 4 6 . ~ 0  h47.00 
d 47-92 d 52-91 d 54.93 d 48.66 d 57.1 I d 46.59 d 47-00 d 43.42 d 41-87 d39-50 h 48.00 h 40'00 

d 48-33 d 38.17 

I 47.13 52-12 55.09 48.17 55'61 47.46 47.00 42-08 43'44 37'95 47'00 43'50 

t 
l V B G V  

t 
& 

Circle rendingr, telescope being set on I V  

on 0' iw0o' iuGo' i90°0' 2000' 20000' so0 0' eiooo' 40" 0' zzooof Wo' moo' 

I I t n t I I I I t I I 

h 17-00 1 20.34 E 16.00 1 26.67 h 16.66 h 23.67 1 17.00 b 17.66 k 17.00 h I 5.00 1 16.66 1r 29'67 
1 17.66 2 18.00 1 16-33 1 27.00 h 1 5 . 5 ~  W 22.33 1 14.33 1 22.67 h 16.00 h 14'50 1 22.33 h 23.67 
1 21.50 2 18.34 2 26.83 1 19-50 h 19.66 1 23'66 1 18.00 h 16.33 
115.83 2 17.17 h 18.83 d 20.5 5 

d20.66 2 16'34 
d 22.36 

.- 

18.00 19.17 16.89 26.83 17.90 20.53 15.67 21-13 17.00 14.75 18-44 26.67 

1 26.67 2 17.33 2 27.00 1 19mo 1 17.84 h 17.67 1 32-00 1 25-67 1 z8.w d38.42 I 28.00 h 2 0 . ~  
1 26.16 1 19.33 1 2 2 ~ ~  1 17.66 1 20.83 h 22.67 d33.49 1 21.00 d27.33 d38.92 2 25.67 h 25'00 
1 31.67 122.33 2 19-17 d22.79 2 28.33 2 26-67 h 28.67 

d 25.08 d 23.67 

I 28.17 18.33 23.78 1861 20-49 23.44 32.75 24.25 21-66 38-67 27.45 2 5 0  



OBSEBVED ANGLES. 

At IV (Dudhh) 

Apr i l  1848 ; observed by Lieutenant H. River8 with Dollond's 16-inch meodolite. 

Angle 
between 

111 

111 & I 

Circle readings, telescope being set on V 

0 1' 180' 1' 10'0' lme 1' m0V mOOV 80' 1' elvv 40" 1' s20°01 500 1' 2soev 

w m 9 m m m n n n m I n 

h40.00 h 36-33 h 32.33 h32-33 h 35.00 h 35'67 h 27'67 h 41.00 h36.67 h 47.67 h 31-67 h 39.33 
h 37'33 h34-00 h 35-33 h 32'67 h 34'00 h 35-67 h 28.00 h 39'33 h 38-00 h q q - 0 0  h 31-33 h 38.33 
h 39-00 h 33'34 h 36.00 h 36.00 h 34'66 h 38.00 h 29.67 h 42-00 d34.18 
d 41.84 h 34'66 d 34.99 39'34 . d43.89 

39'54 34-58 34'66 33'67 34'55 37'17 28'45 41'56 36.28 45-83 31.50 38.83 

h 58-00 h68.00 864.34 h 65.00 h 66.34 h 63'33 h 65-66 h 58.67 h 59.33 d 52'89 h 66-33 h 56'34 
d59.84 d70.09 h 59'67 d65.33 d66.45 d67.00 d67.88 d61.56 d55.00 d56.56 h67-oo  h 55.33 
d 62.5 I d 62.45 d 67.00 d 63'23 d 57'33 
d 60.84 d 64.67 d 60-56 

M - Mean of Qrou 
u, = Relative 
C = Conoluded A x l e  

M =  36''39 

w = 
I 

0 '57 
- = 1 ' 7 5  w 
C = 47O 4'36'. 27 

M = 62'/.57 

w = o -48 
I - - - 2 -08  

w 

I 6 0 3 0  69.05 62-15 65.16 66.40 6j .50 66.77 61.00 57.22 54.73 66.66 ~ 5 . 8 ~  C =37'58' 2"57 

At V (Deo Dongri) 

December 1848 ; observed by Lieutenant K. Ricers with DollontE's 15-inch Theodolite. 

Angle 
between 

VIII & VII 

VII & VI 

VI ct 1 1 ~  

Circle readings, telescope being a r t  on VIII 

OeV 180'0' 1O00' 190" 0' 20°0' %WoO' SO" 0' 210" 0' 40" 0' 2W 0' 60°0' 230~0' 

n I w n I I I n I I tt t 

h 17.67 h 17-67 h 1o .m h 18.33 h 16-00 h I 1.33 h 7-00 h 15.67 h 7.33 h 13.00 h 9.67 h 17.00 
6 16.67 h 12.66 h 12.00  h I 5'67 h 14-00 h 13-66 h 6'33 h 14-34 h 7'67 h 1 7 a o  h I 1-67 h 12.66 

h 15.oo h 16.33 h 13-34 h 12-34 d6.17 h 14.17 h17.67 
d 1 5 ' 0 1  

d I 4.68 

17-17 15'" 1 1 . 0 0  16.78 14.45 12'44 6.67 15'00 7-06 14.77 10.67 15'78 

h 6 1 - o o  h64.00 h65.67 d68.72 h66.00 h63.34 h 71-67 d64.33 h69.67 h61.66 h 71.66 h 62'00 
h65.33 d63.89 d66.67 d66.55 h 70.33 d64.90 h 73'34 d63-99 h 71.33 h 59-66 h 67.66 h 67.00 

d 66.00 h 70.33 d 66'56 d69.17 d60.95 h63.00 
d 60'62 

63.17 63-94 66.1 I 67.64 68.89 64.93 72-10 64-16 70.06 60.72 69.66 64-00 

d 51-66 d49.00 h 54-66 d45.91 h 45-34 h 54-66 d44.49 h 53.00 d 49-11 d 58.41 d48.78 d 54-61 
d 54'99 d47.83 d55-61  d47.91 h44.00 h ~ a - 6 7  d45.50 h 52-66 d49-77 d 58'74 d 50.78 d53.95 

d 56-28 d46.17 d 56.83 d 59'42 d52.94 
d 57'61 57'42 

53.83 48.41 56-04 46-91 45'17 53-67 44-99 54.16 49'44 58-50 49'78 53-83 

iK - Mean of Qrou 
to - Helatire \Veig& 
C - Concluded Angle 

M = 13".08 

w = I .89 
I - = o '53 

W 
C = 61'51' 13".31 

M =  66"'32 

, = I -38 
I - - - o -72  

w 
= 5'O45' 5"34 

M = sin. 23 

rn = o -85  
I - = I - 1 8  
w 
C = so0 4'52"*56 



At V (Deo Dongri) -(Continued). 

Angle 
between 

I11 & I V  

Circle readings, telescolm being set on V I I  I 

000' 1W0' 10"W lWOV WO' 200'0' 80°C)' ZIOOO' 4000' 22000' i50°0' ZSOC0' 

M - Mean of Group 
w - Hslstive Weight 
C - Concluded Angle 

At VI  (Lohhri) 

Apri l  1848 ; obeerved by Lieutenant 8. Rivers with Dollond'e 15-inch Theodolite. 

a e I rn I n a n I w e I M =  1"'32 h 4-03 d 13-89 do.13 d 9.84 h 7-00 d 5-33 d Ir.51 d 2-67 d 10.11 d 1-25 d 10'89 d8.39 
d 9.1 7 d r 5-06 d 1.46 d r 1.00 h I 1-33 d 2.83 d 10. jo d0.01 d 9.45 d 3-08 d I 1-89 d 5.39 
d 6.84 d 10.67 d3.16 d 5-39 ) w =  . 0 .85  

M - Mesn nf Qrou 
w - Helstire Weigg - lLngle 

M = 18u.49 

w = o -81 
- - - I -23 

W 

C = 48' 29' 18". 50 

M = 46"' I 2 

w = 0 - 7 2  
1 - - 
W - 1 - 3 9  
C = 50°28'46"'12 

M = 2 , ~ . 5 0  

= 0 . 84 
I 

Angle 
between 

l I & I I I  

'I1 & 

& VII 

6'67 14-48 0'79 1 o . 4 ~  9.67 3'77 11.01 1-34 9-78 2-16 11.39 6.39 

Circle readings, telescope being set on I1 

O0 0' 180°0' 10°(Y 190'0' 00°0' mOO' 30" 1' 010' 0' 400 1' 220' 1' 500 1' 230" 0' 

I " ., " 4 4 I n n r n n 

2 28-34 h 17-67 h 16-33 h 17-33 1 r j.33 2 20'67 2 13-34 1 18.67 h 15'33 1 25'33 1 12-66 1 22.00 
1 24'00 h 16-66 h 18-66 2 18-00 1 13.67 1 2 4 - 0 0  1 12-67 2 20'00 h 19-00 h 22 .00  2 15.33 2 23.66 
h 22.33 1 ~ 2 . 0 0  h 16.33 1 18-00 /r 11.00 h 16-67 h 27-00 1 15.67 d 15-67 
hz5.00219.67 h 24'34 d 13.23 
h 27-00 
2 21.67 
2 25.00 

24'76 19.00 17'50 17'66 I j ' I I  20.89 12-34 19-34 17-00 24'67 1 4 - 2 2  19'54 

2 44-00 1 46.67 h 49.67 h 49-34 h 48-00 d 43.4 j h 47-00 d 42-34 h 50.67 h 40.66 1 5 j.00 2 39'33 
2 4 2 - 0 0  1 50.33 h 50.00 d 49.66 d 46-22 d 46.44 d 44.00 d 43-01 h 50'34 d 44-66 1 45.34 1 43.67 
d 37.24 d 52.67 d47.16 d 4 5'91 d 42'00 I 50.00 d 3j.84 

d 44.58 d 48.79 

41.08 49-89 49'84 48.72 47.11 44'94 45-50 43.96 50'51 42'44 49-78 39-61 

d 25.78 d 19'23 h 2 ~ 3 3  h 16'33 d 23'50 d 2 j.33 d 27-40 h 14.66 k 18-00 d 19'67 2 21'33 1 26-33 
d 25-11 d 19.89 hz0.00 h 16-00 d21.84 d 12.34 d 29.06 h 24-00  d 17-32 d 21.66 2 22.33 2 24.67 
d 24.78 d 18.89 h 19.34 18'33 ~ 1 . 3 3  1 9 . ~ 4  
dz9.1 I d 18.89 d 16-67 

- - - I - 1 8  
2.9 

C = 48' 34' 11". 65 

VII&xI 

v 

26-20 19.22 20.17 16.16 22.67 23-84 28.23 18.67 17.66 19.89 21-66 23-61 

h 26'66 h ar-oo h 13-34 k 21-33 d 18-50 d 15-67 h 18.34 h 31-34 h 23'67 h 22'67 h 21-33 h 24.66 
h 2 1 ~ 3 3 h a 1 ~ 0 0 h 2 1 ~ 3 4 h 2 1 ~ 6 7 d 1 9 ' 8 3 d 1 3 ~ 6 6 d 1 6 ~ 9 3 h 2 0 ~ 6 6 d 2 3 ~ 8 3 h 2 6 ~ 3 4 d a o ~ 2 2 d a 3 ~ 5 6  

h 24 '00  
d 22.67 

24-00 21.oo 22-34 21.50 19-16 14.67 17-63 24.67 23.75 24-51 20'77 24.11 

M = 21~ .51  

w =  1 - 0 8  
I - - 
w - 0 ' 9 3  

C=16'59'21" '51 



OBSERVED ANGLEB. 

At VII (Dhanora) 

Noamber  1848 ; olrseraed by Lieutenant H. Ricers with Dollond's 16-inch Theodolite. 

Angle 
between 

& ''I1 

VlII & IX 

IX & 

& 

' 

Circle readings, telercope being set on V 

vv i80°v  i v o '  imOv aoeo' mo~w 280 69' m0 QY 69' 2 i ~ ~ a 9 '  SDOW e3v v 

w I w n w w n a w w w " 
h 49.66 h 45-34 h 43-67 h 48-00 h 48-34 h 49-00 h 4j.66 h 48.67 2 45.66 2 48-66 h 45-67 h 53-67 
h j 1-33 h 4 j . 0 0  h 47.67 h j 1.33 h 49.33 h 5 1.34 h 44.33 h 49.34 1 43-33 1 46.34 h 48.00 d j2.67 

50'50 45-17 45-67 49-66 48-84 50.17 44-99 49-01 44.49 47-50 46.84 53.67 

h 13-34 h 22-66 h 14.66 A 19.00 h 16-33 h 19.00 h 16-00 h 19'66 1 I j.67 1 I 1.00 h 16-00 h 12-67 
h17.67 h 20.34 h 13.00 cf21.00 d 16-61 d21.66 d 1 4 . w  h 19.66 2 zvm 2 1 2 . 0 0  h 18.00 d 12.67 

d 9-67 
- 

15.51 21'50 13.83 20.00 16 '50 20'33 15'00 19'66 17.83 11'50 17-00 11-67 

h 40'00 k 34'00 h 44'00 h 33'34 11 35'66 h 36-00 h 38-31 h 33-67 d 40'00 d 46-17 h 38-67 h 42-33 
1b 38-33 h 38.33 h 40.33 d 3j.34 d 36-00 d38.66 J36.34 h 36-67 d 40.67 d44.84 d 38.16 d39 .33  

39"7 j6.l6 4 34'34 3sn83 37-33 37'34 35"7 4O.33 45.5' 38'41 4 0 . ~ 3  

d 37-66 d 43.67 11 42'67 d 30.34 d 38.33 d 35-33 d 44-03 d 40.34 h 43.67 h 34.00 h 35'34 d 39.00 
d j 8 . j o  d39.34 h 40.67 d34.33 d 4 1 . 6 6  J 36.67 d 41.33 d 4 i l 6 7  h41 .03  h36.00 h 37.67 d40.67 

38.08 41.51 41'67 32.33 4 3 6 - m  42-66 40.51 42'33 3 j . w  36'51 39-83 

h 34.67 11 39.00 h 40*00 h 44.33 h 43.33 h 41.67 h 38.00 h 35.33 h 37-33 h 39.66 h 40.03 h 34-00 
h 33.83 h 40.67 h 41-00  6 40.34 11 40.00 h 40.33 h 40.67 h 3 j . o ~  h 39.33 h 40.00 h 4o.m h 31-33 

34"s 3gm84 4°'50 i 2 ' 3 3  4' 67  4' 39.33 35"7 38'33 3ga83 4 3 3 . 1 ~  

d l - M e a n  of Qraap 
w - Eelatire Weight 
0 - C 0 n c l u d d 4 b  

M = 4 7 ' - 9 6  

w = 1 '68 
1 - = o -60 

w 
c = 24' 47'.96 

M = 16"-69 

to = o -97 
1 - - - 1 -03 
w 
c = 48053' 16Y.64 

M = 38".55 

, = I .08 
1 - - 
w - 0 ' 9 3  
C=,3041#38W.55 

M = 38"'87 

= .08 
1 - = 0 '93 

w 
C,,1602,38X.87 

M = 38'. 78 

, , .32 
I - r= o -76 
w 
C ;. 8,0 j71 3F.,8 

At V I I I  (Qurla) 

December 1848 ; observed by Lieutenant H. Riaers with Dollond's 16-inch Z'heodolite. 

Af - Bfan of (fmu 
w - Relative ~ e i $  
C - Concluded Angle 

M = 3ou*94 

u, = .60 
I - =  1 - 6 7  
IU 

C = 82" 4'3oV*94 

Angle 
between 

& 

Circle renditlge, telescope king set on X 

196' 14' 815' 14' lUe 14' 825' 14' 165' 16' 935' 14' 165' 16' 345' 14' 175' 14' 1 6 '  14' 185' 14' k 14' 

n n w w I n n n n w rn I 

h z 3 - 3 3  h32-67 h 21-66 h32.33 d27-67  h31.33 d26.66 h 31-66 d33.94 d35.66 h 39.67 d30.08 
d z  5-83 h 36.00 d 24-00 h 32-33 d29.03 d 3 1 - 8 3  d27.67 d 32.49 d33-60 d 36.00 h 37-33 d 28.42 
d 24.50 d 24.00 d 3 t - 1 6  d 32-50 

24-55 34'34 23'22 32'33 28-33 31-77 27'17 32-23 33'77 35'83 38'50 29'25 



16-G. 
KHANPlSCRd MERIDIONBL SERIES. 

'1 

At V I I I  (Gur1a)-( Continued). 

M = Mean of Qrou 
co - Relative - COncluded 

M  = 35"-81 

ur = .a4 
J - - - I - 1 9  
W 

C = 5 3 ° 5 7 ' 3 5 n ' 8 ~  

M = 6 1 H . 8 4  

w = 1 '74 
1 - = 0 '57 
W 

C = 8 8 O 4 4 '  1 ~ ~ 8 2  

Angle 
btween 

IX & VII 

VII & 

Circle readings, telescope being set on X 
135°14' 315' 14' 145- 14' 825' 14' 156" 15' 335" 14' 165' 16' 346' 14' 175' 14' 856' 14' 186" 14' 6' 14' 

II m n #I II n n H Y n # (I 

h 38.67 h 29-67 h 41-67 h 33'00 h 36.33 d 33.83 d 35-34 d 35'83 h 31 '00  h 37'00 h 34'33 h 43'33 
h37.33 h 30.67 d38-55  h 33'33 d 36'25 d34 .16  d 34.00 d 3 6 . 1 7  d 32.50 d 3 7 - 3 3  h 34'00 d 45-16 

59-89 

38.00 30-17 40.04 33'17 36.29 33.99 34-67 36.00 31.75 37.17 34-16 44.25 

h 60.33 h 66-33 1 60.33 h 63'33 2 60.00 1 64.67 1 64.66 1 61-00 1 65-00 1 61-33 h 61-00 1 54-67 
h60.67 h62.33 1 62.33 h61.00 1 65.67 165.00 2 66.00 2 59'33 161.50 162.34 1 ~ 6 1 . 0 0  1 57.34 

h 61.00 h 60.67 1 64.00 162.16 h 61-34 h55.50 
h61.34 h 65-34 

60.50 63.22 61.11 62.17 62.75 64.83 65.33 60.17 63.50 61.67 6 1 - 0 0  55.84 

At I X  (Karsod) 

November 1848 ; obsevoed by Liezctetaant 8. Rivers with Dollond'e 16-inch Theodolite. 

Angle 
between 

Circle readings, telescope being aet on VIII 

0'0' 180°(Y 10°0' lWoO' $0'0' 200°0' 30°0' 210°0' 40" 1' 2 m 0 4  50° lt 2 3 0 ~ 0 ~  

itf = Mean of Group 
w - Relative Weight 

dngle 

M = 59"'43 

= I .08 
1 - - 

W 
- 0 ' 9 3  

C = 43'34' ~ 9 ~ ~ 4 3  

M = 50''. 85 

w = I - 3 2  
I - - - o -76 
W 

c = s40 328 50U' 85 

M = 6 1 Y - 9 0  

w = 
I 

0 '74 
- = 1 - 3 5  
W 
C = 57' 2' 1".88 

M =  68"'08 

= 0 . 4 8  
I - =  2 - 0 8  

W 

c = 56042' 8's08 

h61.34 

66.17 60.92 61.33 60.33 54.66 61.00 57.83 59.50 56'56 58.89 54-84 61.1 I 

X & XI1 

XI1 & XI11 

h 47'00 h 52'33 h 51-66 h 51.33 h 57'33 h 48.66 h 57'33 h 50.00 d49.51 h s o ~ o o  h 49.66 h 46.67 
h 49'33 h 47-16 h 54'67 h 54.00 h 54.33 h 45'67 L 54'33 h 50.00 d 48'84 h 49'67 h 51-67 h 49.67 

h 49-00 h 48.33 

48-17 49'74 51-17 52.66 55.83 47.17 55.83 50.00 49.17 49-56 50.67 48-22 

d57.99 d62.67 h 6 4 . w  h62.67 d57.01 d63.49 d59.00 d69.67 h60.66 h66.67 d 56'17 d60.33 
d 56.99 d63.34 h60.33 d66.68 d 56.68 d 62.83 d 63.00 d68.67 h 6 1 . 6 6  d 6 5 . p  d 56.84 d61.33 

d 57-50 d63.33 
d64.91 

1 57.49 63.01 62'16 64.68 56.84 6 3 - 1 6  59.83 69.17 6 1 - 1 6  66.29 56.50 62.48 

XI11 & XI 

A 

d66.33 d64.33 165.34 h65.66 d75.50 d75.01 d 7 3  33 d57.66 h72.34 h63.33 d74.00 d71 .34  
d 64'32 d 63-66 h 68.67 h 65.66 d 74.84 J 75.67 d 69.67 d 60.66 h 66.34 d 59'50 d 70.67 d 70. I 7 

d 68.00 d74.01 

65'33 63'99 67.01 65.66 75.17 75-34 70.33 59-16 69.34 61-41  72.34 71-84 



OBSERVED ANQLES. 
17-G. 

At IX (Karsod)-( Cmtinued). 

Angle 
between 

Circle readings, telescope being set on V I I I  

O"0' 18O00' loo@' 19030' 20'0' UX)"0'. 8000' 210°0' 40'1' 22000' 6001' 230°0' 

M - Mean of Ghon 
w - Relathe w e i g E  
C - Concluded Angle 

At X (Jalhlkheri) I 

VII & V I I I  

December 1848 ; observed by Xieutenaftt 8. Rivers with Dollon68 16-inch Theodolite. 
8 

I I 

Angle Circle readinge, telescope being set on X I 1  M = Mean of Grou 8 

beta. eeh 
to - Relatire Wei& 
C - Concludod Angle 

W 3 1 '  69'31' 259'31' 79O32' 269'31' 89" 32' 277°31' 90°31' 289'31' 1 0 ~ 3 2 '  299O31' 119'82' 

- - I  

~ 9 . ~ 7  59.33 53.33 49'67 53.33 5 0 . ~ 3  51.92 58.50 54.16 63-00 51.59 57-18 1 = 40058' ~ 5 v . 2 ~  

I ..!Vovember 1848 ; observed by Liezctennnt Z?, Rivers with Dollond's 16-inch Theotlolite. I 

h 59.00 h63.66 h62.00 h66.67 h 65.67 h 66.00 h 67.34 h65.33 h 68.00 h 58.00 h69.50 h61.66 
h 60'34 h 64'67 d60.00 d 66.00 h 66.67' h 66.00 h 65.00 h 64.66 h 69.67 h 63.00 A 70.66 h 61.66 

h 60.33 

Angle 
between 

' M =  64"'63 

W =  1.08 L 

V I  & V I I  

Circle readings, telescope being set on \'I di = Arean of ~ r o n p  
w - Relati~e woig11t 

829'2' 149'2' 833'2' 153'2' 343" 2' 163O3' 353"3' 173'8' 8'2' 18302' 19'2' 193'2' C = Collcluded Angle 



1%. 
KHANPISUBA XERIDTONAL SERIES. 

I 

' Angle Circle readinge, telescope being eet on V I  
between 

8W2' 14301 333'2' 169"2' 349'1 1650 3' 853°3' 173"~' 3" 21' 183'2' 1S02' 193"%' 
I 

X - Mean of (3mup 
v - Eelative Weight 
C - Concluded Angle 

I *April 1847 ; and +December 1848 ; ob8et.ved by Lieutenart H, Bioers with DolIond98 15-iach Theodolite. 1 

w w w n n v w w n t I n. 

+ h36.33 h 33-33 B 32.66 ?I 32.33 h 31-66 h 33.67 h 28-33 h 37.00 h 34.34 h33.34 h 2'9.00 h33.66 
XV & XIV h 35.00 h 3 4 . 0 ~  h 36.67 h 31'00 h 31'00 h 36.34 It 31.00 6 40.66 h 29.66 .h 32.00 h 30.67 h 36.33 

35'00 h 32'00 h 32'33 h 30.67 h 30'67 d 31.49 h 38.00 

Angle 
between 

+  GO-56 d 64'33 h 62.34 h 64.00 h 63.67 h 60'67 d 69.66 d 60.1 7 h 63.33 h 64'33 h 62'33 h 57.34 
XIV & XI11 d61.56 d65.00 h 6 1 - 3 3  h60.00 h 6 3 - 3 3  h59.33 d66.33 d 59.51 h63.34 h64.00 h62.00 h55-34 

d 63'99 d68.00 d63.17 161.33 d63.82 

I I 

I Circle readi~~gs, telescope being set on XI11 

Circle readings, tele~cope being ~ e t  on XV 

000' 180°C)' 10°V 190°1)' 20'1' 200'1' 30'1)' 210°0' 40'1' 220°1' rn°C)' 230'1' 

d f  - Mean of Qrou 
w - Itelative \veigG 
C - Concluded Angle 



OBSERVED ANGLES. 19,, 

I 
I At XI1 (HarnAsa)- (Contiwed).  

I angle 
1 between 

Xarch and April 1847 ; and t November 1848 ; ob8erved hy Xieutenant H. Rioere with Dollond'tt 
3 6-inch I1/~eodolite. 

Circle readings, teleacope beiug set on XI11 

293' 18' 113" 18' 805' 17' 1290 17' 813' 17' 183' 17' 3B0 17' l4P 17' 953" 17' 163" 17' 848' 17' 168' 17' 

dZ - Yean of h n  
rr - -1stive 
' 

Circle ~aeadings, telescope being aet on R. M. 

I 
Angle I 

Circle readings, telescope being aet on-XI 

1 SW21' 1AOO W SSP 21' 150'20' 340'21' 160' 20' 850"201 170°2(Y OD 20' lSOO 80' 10°20' 1900 19' 
I 

8 

R.M. & XI1 

M - Mean of h u  
w - Relative ~ e i $  
C - Concluded Angle 

, 27.78 24-67 24.83 29.67 20.75 24-44 23.01 25-49 ~ 2 . ~ 2 '  20'50 18.78 2 4 ~ ~ 2  
C = 93O 59' 23H'93 

8 

=I & =V 

No~r-Il .  M. denotes Referring Mark. 

d23.17 d28.27 dza.49 dr7.33 d23.92 d 19.56 d23.16 d28.17 d21.44 d28.33 d24.11 djo.12 
d z 5 - 1 7  d28.94 d23-49 d21.00 d26.25 d20.89 d21.83 d28.50 d17-11  d28.67 dz2.11 d30.45 
d 24-84 ' d 2 r . m  d25.25 d23.45 d18.77 d28.78 

d18.11 . d21.45 d28.44 
d 15'77 d29.45 

24.39 28-61 22.99 18.64 25-14 20.22 22.50 28.33 20'86 28.50 21.66 29-41 

M =  24"*27 

= o .84 , - = I 19 
w 

C = 70° " z C ' 2 j  





OBSERVED ANGCLES. 
$I-, 

P 

b 

At XIV (Mograba)-( Continued). 

Angle 
between 

XVI & XI11 

XIII 

Circle readings, telescope being set on XI1 

0"O' 179"bQ' 1W0' 190" W BOoW W(Y B O O W  810~1)' 4000' Z ~ O ( Y  ~ V ( Y  mow 

4 Q w Q Q e w 4 4 v n Y 

i 61-33 h65-oo h 56-34 h 6 -00 h 61.00 h 66.66 d66.99 h 69-33 h 66.00 d 62.33 h 65'67 h63.34 
d64.99 h b m  l ~ 9 . 0 0  h 61-66 h 60.00 h 67-67 d 66.66 d 73.78 h 61-66 d 63-61 d 68.55 h 63-67 

h 55'33 d 70'33 

63-16 62-50 56.89 68.83 60.50 67-17 66.82 71.56 65-83 63.00 68-18 63.50 

h 38-34 h 30'00 h 40.00 h z y o o  h 39'33 h 33'34 h 37'34 h 31'67 h 36-34 h 39.00 h 35.67 h 35-00 
h 35'34 h 35-33 h 4 1 . w  h 31-34 h 39'00 h 32'33 h 37'67 h 33'67 h 36.33 h 37-66 h 39.00 h 36-33 
h 34'34 h 35'67 h 33'33 h31.33 h42.34 h 37'67 

h 37'67 

36-01 32-67 38-89 31-21 39-16 32-84 37.50 32.22 38-17 38.33 37-45 35.67 

df - Mean of ~ r o u  
w - Relative ~ e i &  
C - Concluded b g l e  

M = 64"' 8 3  

= . 
I - r 
W 1 ' 3 9  

C =4g03a '  ( ' 8 3  

M = 35". 84 

w =  1 - 2 6  
I . - -  
W - 0'79 
C = 4 3 ° 5 7 ' 3 5 Y ' 8 3  

At XV (SingCirchori) 
March 1841 ; observed by Zieutenaat &. liivera with Dollond's 15-inch Theodolite. 

Angle 
between 

XVII & XIV 

XIV & XI1 

Circle readings, telescope being set on XVII 

228" 14' 48" 14' 288" 14' 68" 14' 248" 14' 68' 14' 268O 14' 78" 14' 268' 14' 88' 14' 278' 14' 98" 14' 

n 4 4 w n v 4 w I ,I 4 

h 52-00 h 42-67 h 45-66 h 43.00 h 39.00 h 43'67 h 38.33 h 41.66 h 37'33 d 50.83 h 38.33 h 50.33 
h52.34 h41-67 h46.67 h44.00 h 37'34 h44.67 h 39'33 h 41-00 hqr 'oo d49.83 h39.33 h46.67 

h 39'67 d 37'33 

52-17 42.17 46.17 43-50 38-67 44.17 38.83 41.33 39-16 50.33 38.33 48.50 

h 33.33 h 36-67 A 36'34 h 43'33 h 44'34 h 43-00 h 42'67 h 37.00 h 40.34 h 35'67 h 46-67 h 33-33 
h 35.00 h 37.33 h 36'33 h 42.00 h 48-00 h 41-33 h 44.00 h36.67 h 39\66 h 36-67 h 44.00 h 33.33 
h 3 5.66 h 44'67 d 43'84 

34-66 37'00 36.34 42'66 45'67 42.17 43-33 36.84 40.00 36-17 44-84 33'33 

M - Mean of Qrou 
w - Relative ~ e i g g t  
' 

M = 4 f . 6 1  

= .48 
I - - - 2 -08 
W 

C = 5 2 ° 4 7 ' 4 3 " ' 6 ~  

= 3 g H ' 4 ~  

w = o ' 7 2  
I - - 
W - 1 - 3 9  

= 78058 '39n-q2  

At XVI ( G u d n p u r )  

March 1047 ; obsel-ved by Zieutenattt H. Rivers with Dollond's 15-inch Theodolite. 

Angle 
between 

XIlI & XIV 

_i 

Circle readings, telescope being set on XI11 

294' 41' 114' 4%' 804'41' 124'42' 814'41' 184' 4 1  824' 41' 144" 41' 334- 41' 154' 4 1  844' 42' 184' 42' 

w w w w n w Q 'I . 4 4 ,  4 Q 

h 19'00 h 20.67 h 21-67 h 25.33 h 26.00 h ~1 .00  h 30.34 h 20.67 h 30'33 h 26'33 h 23'34 h 21'34 
h20.66 h 2 3 ~ 0 0  h 2 z . w  h 27.00 h 26.66 h 22.67 h 27.00 h 23-33 h28.00 h 28'00 h23-33 h 17.66 

h zg.00 

19.83 21.84 21.83 26.17 26.33 21.83 28.67 2 2 . 0 0  29'11 27'17 23'33 19.50 

df - Mean of Oron 
w - Relative ~ e i g g  
0 ' Concluded 

M =  z3*'97 

= .g7 
- - - I ' 03  

W 
C = 6 j 0 l 8 ' 2 - I N ' 0 2  



KHANPISURA Ml3RIDIONIIL S PZtIES. 

.- 
At XVI ( G u m h p u r )  -(Continued). 

M - Mean of Gmu 
u, - lblative ~ e i g g  - hngle 

M = 2 Y ~ .  2I  

w = o -66 
I - - - 1 - 5 2  
w 
C = 65' 59' 29'- 25 

Angle 
between 

XIV & ST111 

Circle readings, telescope being set on XI11 
8940 4' 11$OJY 8040$lt 12g'Pr 83$041' 134'42' 824°411 l$$'4l1 384'41' 164°4e' 844042' 116404% 

I1 It It I1 11 I t  I t  11 It I t  I t  I t  

h 27.66 h 29.~0 h 32.00 h 35.33 h 29.34 h 29.66 h 19'34 h 34.00 h 27.66 29'67 23'67 h 33'67 
h 32-00 h 26.66 h 32.66 h 31.00 h 29.00 h 31.00 h 24.66 h 36-34 h 24-34 h 32.00 h 21.00 h 28-33 
h 29.66 h 37'00 h 22.00 h 33'33 h 23'00 h 32'66 

h 22.66 
h 23.00 

29-77 27'83 32-33 34'44 29-17 30.33 22-33 34.56 25'00 30'84 22-33 31'55 

At XVII (Thikri)  

T e h a r y  arad March 1847 ; observed by Lieutenant H. Rivers toith Dollotcd's 16-iuch Theodolite. 

M - Mean of Group 
w - Relative Weight 

M = 58"-09 

w = o -48 
I 
- s  2 ' 0 8  
W 

C = 4 5 ° 5 2 ' 5 8 U ' ~ 9  

M = 44#.03 

w = o -85 
I - - - I -18 

20 

C = 3 9 ° 2 0 1 4 3 n ' 9 9  

M =  +*'yg 

w =  1 - 0 8  
1 
- = 0 '93 
W 

C = 79' 1y'40e.9y 

M = 301"56 

w = o -96 
I - - - I '04 
w 
C = q 5 0 1 2 ' 3 0 w - 5 6  

Anple 
between 

XIX& XX 

XX & XVIII 

XVIII & XIV 

XIV & XV 

Circle readings, telescope being set on XIX 

1M)" 16' 8900 14' 1600 16' 8400 16' 170° 14' 360° 16' 180' 14' O0 I# 190' 14' 10' 14' 2000 14' 20° 14' 

I1 I1 I1 11 It I t  11 I t  It I t  tt . rr 

d47.83 d62.44 h 50.00 d63.00 164.34 d6z-44  d54.16 d66.00 h 56'67 h 58.66 d58.49 h 56'33 
d 51'17 d60-11  d49.11 d63.33 d 57'88 d 6 3 - I I  d 54-83 d66.67 h 55'67 d 55-49 d59.83 h 57-33 

d 59.89 

49.50 61.28 49-55 63.17 60.70 62.77 54-50 66.33 56-17 57.08 s9.16 56.83 

h 44'00 h 41.33 h 49.67 h 39.00 h 39'00 h39-33 d 47'78 h 47'00 h 44'33 h48.00 d43-18  h 43'33 
h 4 3  00 h 42'67 h47.33 h 40.67 d40.34 d 41.00 d 46.11 d 45.23 h 55'33 d 46.17 d41.84 h39-33 

d41.01 d 46.56 
dq1.00 

43-50 42.00 48.50 39.84 40.34 40.16 46.95 46.26 49.83 47-08 42.51 41.33 

h43.67 d41.23 d45.17 143.00 h 4 1 . m  d43-33 h 37.00 d36.11 h 41.67 h40-67 1 3 7 . ~ 0  h 41.00 

d 45.89 d 42.22 d 46.84 d 44.66 h 44.34 d 41.33 h 40.67 (635'44 h 32.34 h 39.67 h 42.00 h 41.67 
d 43.22 d 43.66 d 43-66 d44.22 d43.00 h 39.00 d 32'34 

44-26 41.73 45'22 43'77 43.19 42'55 38.89 35'77 35'45 40.17 39'50 41-34 

h 33.00 h 27.33 124.67 h 27.67 h 35.33 h 27.67 h 34.00 h 26.66 h 35.66 /I 27.66 h 37.66 h 32.67 
h32.00 h24.67 A 26.33 h27.67 h32.00 h 2 -67 h35.67 h 27.33 h37.00 h31.00 h 34.00 h 34.33 
h 28.34 h 29.33 hgr 'oo  I 2  4 '00 h32.33 d31.66 h 34'66 

3I ' I I  27.11 25'50 27-67 32'78 28'45 34-00 27-00 34'77 29-33 35'44 33'50 



OBSERVED AJSGCLES. 
23-,. 

At XVIII (Bhwangaz) 

Pebruay  1847; obsemed by Lieatenant H. R ivem with D0l~0?&&8 16-ircch 5eodoli te .  

Angle 
between 

XVI & XIV 

XIV & XVII 

XVII & XIX 

XIX & XX 

Circle readings, telescope being set on XVI 

8lSOS6' 188066' 828066' 143" 66' 833'56' 163O 66' 348O66' 168"SC 86S066' 173"66' 8O66 183066' 

w I w I 4 w w w m w I 

h 15-66 h 16-34 h 16.67 h 11-34 117.33 h 16.33 3 18.00 h 11-33 h 18.34 h 17-67 h 2o.m h 16.66 
h 18'33 h 14.34 h 17-67 h 12'33 h 19.66 h 13.00 h 19.66 h 13'67 h 23.67 h 17-67 h 21'00 h 16'67 
h 18-33 h 21.67 h 15.67 h 19.66 - h 23-00 h 20.34 

17.44 15'34 17.17 11-34 19.55 15-00 19.11 12-50 21.67 17-67 20'45 16.66 

h 67.67 h 64-66 h67-33 h 67.66 h 63-67 h 61.00- h 58.67 h 65-33 h 62.66 h65-67 h 61-34 h 70.00 
h 67.67 h 64-33 h67-oo h 67.00 h 61-67 h 6 1 * m  h 64.34 h64-33 h61.33 h 67-00 h 60.67 A 69.66 
h 66.67 d69-16 h 59'67 

67-34 66-05 67.17 67.33 62.67 61.00 60.89 64.83 61-99 66.34 61.00 69.83 

h 57.33 h 60.00 h 59mo L 67.00 5 58'33 h 67.67 h 64.67 h 63.00 h 56.67 h 58.66 d 57.83 h 56.00 
h 56.00 h 63-67 h60.33 h 68.00 h 59-33 h 66.34 h 6 0 . 0 ~  h 66.34 h 57.00 h 58.33 d 58-50 h 55.34 
h 57-33 d 66.50 d 67-50 d 59'83 

56-89 63-39 59-67 67-50 58.83 67-00 64.06 64-67 56.84 58.49 58.72 55'67 

h 48.00 h 49.67 h 49.34 h 39'67 h 51'33 h 41.00 h 42.00 h 38-34 h 51-67 h 44-67 h 5 1 . 3 ~  h 45'34 
h 47-33 h 47'66 h 49.00 h 40.67 h 51.00 h 42.0~; h 43'66 h 37'33 h 50'34 h 44.67 h 5 1.00 h 46-33 
h 48.00 d 47'99 

47'78 48.67 49-17 40'17 51-16 41'50 44'55 37'84 51.00 44-67 51-17 45.84 

itf - Mean of Qrou 
w - Relative Wei$ 
C - Concluded Augle 

M = 17"-08 

w = I -32 
- ' = o -76 
tu 
(; = 46' 4' 17~*08 

M = 64"'70 

w = 1 . 2 0  
1 
- = 0 . 8 3  
W 

= 3g051' 4w'70 

df = 60".98 

w = o -64 
1 - = I -56 

10 

C =34031' o Y - 9 7  

M = 46"' 13 

w = o -60 
L 
- = I -67 
1u 

~ = 5 0 ~ 2 6 ' ~ 6 " . 1 3  

At XIX (Jalaabad) 

February 1847 ; observed by Liezctenant 11. River8 with Dollolzd's 15-inch Theodolite. 

Angle 
batween 

XXI & XXII 

Circle readings, teleucope being aet on XXI 

000' 1wo' 1o0v 190°0' 2O0v 200°0' 80"V 21O0V wo' 2m00' M)=v Wo' 

I n w w n I w 4 m I 4 w 

h47-00 143.33 ?i 42'67 h 48'33 h 48.66 h 4g.00 h 41.00 h 54.67 h 41.00 h 44.00 h 38.00 h 44.00 
h 48.00 h 47'67 h 42.33 h 47'33 h 45'33 h 49'67 h 40.33 h 53.00 h 39'34 h 43-67 h 41.00 h 43'66 

d 40'32 h 45'34 h 37'67 
h 35'00 

M - Mesn of Qrou 
w - Reletlro wripfff 
C - Concluded A ~ ~ g l e  

= 44n'Y9 ' 

w = o -60 
I - - - I - 6 7  

C = 6 0 ~ 3 1 ' 4 4 ~ ~ 8 9  
47'50 45'50 41-77 47-83 46'44 49'34 40.66 53'84 40'17 43'83 37-92 43'83 I 

I 
A 



2 G .  KHANPISURA MERIDIONAL SERIES. 

At X I X  (Jal4labad)-( Continued). 

Angle 
between 

XXII&XX 

XX & XVIII 

XVIII &XVII 

Circle readings, teleecope being set on XXI 

o0V 180"o' loOO' i90°w zOOV 2oo0V 30°V 21000' 40°V 22oDv 6o0V 230°0' 

n II n 4 I / v n R R R R 

h 15-33 h z z . m  h r o - 3 3  h 14.67 h 3'34 h 9.67 h 16'00 h 11 '33  h 13-00 h 6.66 h 24.33 h 10.34 
h 1 4 ~ 6 7 d 1 g ~ 5 o h 1 3 ~ 3 4  h17 .34  h 6 a o h  6.66 h 1 4 - 3 4 h r z . o o h 1 6 . 6 6  h 9 . 0 0 h 2 5 . 6 6 d 1 2 . 1 7  

d 9-66 d 22.33 d 11-63 

15.00 20'75 1 1 - 1 1  16.01 4.67 8.16 15.17 11.67 14-83 7.83 24.11 11.38 

d 1 8 . 5 0  h17 .00  h34.67 h18.00 d33.17 118.66 h20.66 h 1 8 - 3 3  h20 .33  h25-67  h13 .34  h21 .33  
d19.17 h16.67 h29.00 h 18'00 d33.84 h z 1 . m  d22.49 h 17-66 ?I 18.00 h25.66 d 1 1 . 3 4  d 19-58 

d 29.66 d 23.82 d ~ o - o r  d17.08 

18.84 16.83 31.11 18.00 33'51 19.83 22.32 17'99 19.17 25.66 11.56 19-33 

?I 20.00 h zz.00 h 15-oo h 25.33 d I 1.16 h 26.67 h 25-67 h 26'34 h ~1.00 h 23.00 h 27.34 h 25.33 
d 19.83 h 24.00 h 14-66 h 24.66 d 10.83 h 27.34 h 21-34 h 28.00 ?I 22.67 h 21.00 h 27.67 h 26.33 
d 19.16 h 17-00 d 9'49 h 25.66 

19.66 23'00 15-55 25'00 10'49 27'00 23-51 27-17 21'83 22-00 27.89 25'83 

dZ - Mtnrn of Gron 
ro - Relntive lVeigK 
C - Concluded b g l e  

M = 13" '39  

w = -36 , - = 2 - 7 8  
W 

C = 3 6 ° 4 5 ' ~ 3 u ' 3 9  

M =  21" '18 

= o -36 
I - - - 2 .78 w 
c = 4 1 0 5 5 ' z , Y . 1 8  

= 22w'41  

w = o - 4 8  
I 
- = 2 -08  
W 
c = 600 15' 22Y.41 

At X X  (BBbBkuwar) 

. January 1847 ; observed by Lieutenant H. Rivers with Dollond's 15-inch Theodolile. 

Angle 
between 

XVIII &=TI* 

XVII & XIX 

& XXI 

Circle readings, telescope being set on SVIII 
0'0' lW 1' 10'0' 190" V 2O0W m0 1' 30°U 210° W 400 V 220° (Y M)OV 230" 0' 

n 1 n m n ,t Y I 'I n I n 

h 34.67 h 39.00 h 35.00 h 37.00 h 38.33 h 36.33 h 34'33 h 46.00 h 34-00 h 46.33 h 32.00 h 46.00 
36'33 h 37'33 h 36'33 h 35'33 7'39.00 h 37.67 h 34.33 49'34 h 35.34 h 44'34 h 33.00 h 40.00 

h 38-67 d34 .83  d 34.82 d 33.83 h 48.00 d 41'49 h 4 1 . 0 0  
h 36.33 

36'50 38-17 35'39 36.16 37'38 35'94 34.33 47'78 34'67 44.05 32-50 42'33 

h 24-33 h 26.00 h 19.34 h 30'33 h 19'33 h 24.00 ?I 20.67 h 18-33 h 2omo h 10'67 h21.67 h I 5'67 
h 17.67 b 22.00 h 2 1 ~ 0 0  h 29'67 h 18.00 h 25.00 h 19.67 h 16.00 h 18.33 h 14.33 hz1 .33  d 2 o . m  
h 2 j.33 d 24'49 d 19'33 d14.82 d 21'33 d 18.83 d 8.65 
h 25'33 

23.17 24.16 19.89 30.00 17.38 23.44 20.17 17.72 '  19-16 11 .22  21-50 17.84 

h 59.34 h 61.00 h 68-33 h 62.67 h 73.67 h 65'34 h 71.33 h 62.00 h 73.00 h 72-00. h 66.33 h 65.67 
h 64'00 d57.00 h66.67 h64.00 h 70.00 h68.00 h68.66 h65.00 h 73.33 h 68.67 h67.67 h65.00 
d69.00 d 59'49 d 67-99 d 63-50 d 65.16 d 66.49 
d jrr.oo 

65.84 59.16 67.50 63.33 70.55 65.61 70.00 64-05 73.16 69.05 67-00 65.34 

di - Mean of h u  
rcr - Relative 
C - Concluded Angle 

= 3 7 " ' 9 3  ' 

w = o ' 60  

- I - - I -67 
W 

C = 5 5 O  41' 37" '93  

M = 20"'47 

W = 0 '49 
I - - - 2 -04 

10 

C = 3 1 0 5 6 ' 2 0 H ' 5 3  

M = 66" -  7 2  

w = o -73 
I 
- = I ' 3 7  
W 
C = 3 6 O 5 r f  6 ' / ' 7 1  



OBSERTBD ANGLES. 

I 

I 

I 

At XX (Bhb6kuwar)-(Cmlirt.ued). 

iK - Mean of Oron 
w - Relative ~ e i $  
C - Ooncluded Angle 

M =  5zn'93 

w = o .60 
1 - =  1 - 6 7  
W 

C = 40' 27' 5 ~ ~ '  93 

Angle 
between 

. X X I  8t XXIl 

Circle readings, telescope being set on XVIII 

000' 180°1' 1000' 190°0' 20'0' BOOO1' 80'0' 810°0' 4@0' 22000' 6O00' 23O0O' 

n n n m n m u .? I v n e 

h 59-00 h 6 0 ~ x 1  h 56-00 h 49.33 h 49.33 h 47-33 h 4 g - 3 4  h 54-00 h 45.34 h 55.67 h 52.00 h 53-67 
h 54'34 h 56-00 h 55'33 h 50.33 A 51'67 h 47'00 h 50.67 h 57'00 h 47-34 I 5 3 ' 6 6  h 53'33 h 56.66 
d 64-00 . h 49'67 h 53'34 d 50.82 
d 66-00 

60.84 58-00 55.66 49'83 50.50 48.00 50.01 54.78 46-34 53'38 52-66 55.17 

At XXI (bgaon) 

January 1847 ; obeerved by Zieutenalzt E. Riuere wi th  Dollondye 16-inch Theodolite. 

iK Q Mean of (3mu 
ur -. Relative we igR 
" ConO1uded 

M = 19"' 34. 

= 'g6 
I - - - I -04 
w 
C = 3B051' 19"'34 

M  = 40"- 29 

w = o *7a 
I - =  1.39 
W 
C = 61° 1 .j'40N'19 

- 
= 24n' 97 

tl) = I '32 
I - -= 0.76 
w .  c = 25'42' 24Y' 97 

M =  60"' 25 

w = o -85 
I - - - I * 1 8  

W 

c = 4S052' 0*s28 

Angle 
between 

XXIV 8t 
XXIII 

XXIII & 
XXII 

XXII & XX 

XX & XIX 

Circle readings, telescope being set on XXIV 

0'0' 180°0' 10'0' 19O00' 20°0' 20O00' 30'0' 210°0' 40'0' 220°0' 60'0' 230'0' 

w w w w 9 4 t n n n n 

h 24-00 h 24.00 h 18-00 h 19.33 h 15.33 h 19.34 h 15.00 h 17.34 h 16'33 h 18~10  h 14-67 h27-67 
h 25.00 h z 1 . 3 4  h22.00 h 17'67 h 17.00 6 17.33 h 15'67 2L 17.00 h 16.67 h20.00 h 15.00 h24.33 
h 24.33 h 24.33 d22.50 d 20.67 h 18.34 h 16.67 A14 .67hz5 .66  

24.44 23.22 20.83 19.22 16.89 18.34 15.78 17.17 16.50 r g a o  14.78 25.89 

d 35.14 d 42'78 h 34'67 h 43-00 h 40'33 A 40'66 h 44-66 d46.16 h 38.33 h 38.67 h 44'66 d 33'1 I 
d 34-1 4 d 40.44 h 35.00 h 44.00 d 38.45 d 43.00 d 45'56 d 46-50 h 38.00 h 39.00 d 45.89 d 34-1 I 
d34.81 d 41'44 d 37'34 d45.67 d 42.99 d 43.89 d 41.66 

d 42-89 

34.70 41.89 35'67 44.22 39'39 42.22 44.70 44.77 38'17 38.83 45.28 33.61 

h 24.66 h 22-34 h 32.33 h 2 1 ' 0 0  h 30.34 h 22.67 h 26-33 h 25'67 h 28.34 h 25.33 h 20.34 h 26.34 
h 24.33 h 23.34 h 26.00 h 21.66 h 30'00 h 24.66 h 25.67 h 23.67 ir 27.67 h 74.00 h 19-33 h 25.67 
h 24'34 h 2 0 ' 0 0  h 25'00 d 23'50 
h 28.00 
h 23.00 

24.87 21.89 27-78 22.05 30.17 23.67 26.00 24.67 z 8 . w  24'67 19.83 26.01 

h 61.67 h 62.67 h 59.33 h63-67 h 53.33 h61-67  h 57.00 h60.00 h 53.33 h63.00 h 60.33 h65.66 
d 63-34 h 59-67 h 63'33 h 60.67 h 53'66 h 59.00 h 58.33 h 65.00 h 54.00 A62.34 h 60.33 h 63.33 

d64.34 

62-51 6 1 - 1 7  6 1 . 3  62.89 53'49 60.34 57.66 62.50 53.67 62.67 60-33 64.49 



KHANPISURA MNRIDIONAL SERIES. 

NQ~.-B.  Y. d e n o h  Eaferring M u k .  
- 

At XXII (Ajdd) . 

Theodolite. 

iK - Mean of Gmu 
a - Relative R'eigK 
' 

= 5'"'49 

w = o '72 

- =  I 1.39 
w 
C = 65O55'51~*49 

M = 54"*74 

w  = I -01 
1 - - 
w  - 0'99 
C =47O53'54"'78 

M = 9"-99 

w = 0 '72 
1 - - 
w - "39 
C = 38'35' gY.99 

M = 24"'20 

w =  1.56 
1 - =  0.64 
W 
C =37033'24w-20 

M = 47'"66 
w = 0 -60 
I - = I -67 
w 

=44052.47..66 

Angle 
betwwn 

XX & 

XIX Bt XXI 

$ XXIV 

XXIV & 
XXIII 

January 1847 ; observed by Lieutenant H. Rivers with Dollond'e 16-inch 

Circle readings, telescope being set on XX 

ODO' l W  0' 1000' 190'0' 20'0' 200°0' 80°0' 210" 0' 40'0' 2 2 ~ 0 '  60'0' 280'0' 

I N I W V I I W N I N N 

h 51.00 h 55-00 h 49.00 h 51.00 h 51.00 h 57.67 h 45.33 h 57.67 h 47.00 h 53.00 h 44.33 h 56.34 
h 47'33 h 52-33 h 48'33 h 55.00 h 50'33 h 57'66 h 47.00 h 56.67 h 44'33 h 53.00 h 47'00 h 53.00 
h 52.33 h 53.34 h55.00 d48'51 d 47'50 h 48.00 h 48.34 
d49 '33 d 46.17 

5q-00 53-56 48'67 53-67 49'95 57'66 46.50 57-17 46.44 53'00 46-56 54'67 

h 58.00 h 50.33 h 56-00 h 58-67 h 53'33 h 50.33 h 58'67 h 52-33 h60.34 h 51.00 h 57'33 h 51-33 
h 55'00 h 54'34 h 56'67 h 53'00 d 50.84 1'4g'oo h 60.00 ?b 53'66 h 6 0 a o  h 52.34 h 58.66 d 53'66 
h 55.00 d 51.51 d 60.84 h 56.66 d 53'83 
d 55'1 1 ti 59"7 

55'78 52.34 56.33 55.84 51-89 49.66 59-67 53.00 60.17 51.67 57.55 52.94 

h 13.00 h 10.67 h 16.34 h 11.33 k 15.00 d 1 1 . 6 7  h 5.33 d 7.67 d 1.50 h 11.34 h 11.00 h 14.34 
d 10.00 h 9.00 h 14.66 h 12.00 h 11'34 d 10'34 h 7.00 d 7.34 d 0.16 h I 1.66 h 7.34 h 13.67 
d I 0 0 0  d 7 '83 h 4'33 d 10.33 
d 8.33 d 7'49 

10'33 9.84 15.50 11-66 13'17 9.95 6.04 7.51 0.83 11.50 9.56 14.00 

h 21.67 h 22.33 h 20.66 h 25.34 d 19.33 d 24.99 h ~ 4 . 3 ~  d z 8 . m  128.83 h 27-00 h 24.34 h 2 g . m  

h 23.34 h 23.66 h 24.00 ir 26.67 d 19.32 d 25.66 h 23.33 d 27.33 d 27'82 h 24'67 h 26'33 h 21.33 
d 18.67 d z z . 1 6  d25.78 d 26-50 

21'23 23-00 22'33 26.00 19.33 24.27 24.48 27.66 28.33 25'83 25.72 22.17 

d 46.1 I d 52.83 d 42.50 d 42.66 h 50.66 h 4 5.33 h 55-00 h 42.00 h 52.67 h 48.00 h 49.00 h 44-33 
h45 .co  d 55.44 h43.33 d 51.16 d47.66 h45.33 h 50.33 

47'64 53-17 41'67 42'50 49.66 5 55'22 42.66 5 1 . 9 ~  47.83 47.16 47.33 

At XXIII (mTalw&ri) 

December 1846 ; obsemed by Lieuletzntzt E. Rivers with Dollo~zd'e 16-inch Theodolite. 

Angle 
betweon 

R.M. & XXI 

v 

Circle readings, telescope being set on R.M. 

140"l' 230'0' 160'0' 830D0' 160°0' 84000' 170°0' 860°W 180'0' OoO' 190°0' 10'0' 

n * w w w n I w w n . n 

h 65.00 h 62.00 h 57.00 h 65.66 h 60.67 h 67-00 h 61.67 h66.33 h 62.33 h 68.00 h 65.33 h 6 g . m  
h 66.33 h 66.33 h 60.66 h 66.33 h 59.34 h 66.66 h 64-34 h 67'33 h 60.33 h 68.67 h 63'67 /L 70.00 

h 65.34 h 61.34 h 64'67 h 64.00 
d 67.50 

65.67 64.56 59.67 65.99 60.01 66.83 64.54 66.83 62.22 68*34064.50 69.50 

M - Mean of Grou 
w - Relative wreigK 
C ' 

= 64"'89 

w =  1 - 2 0  

I 
- = o -83 
W 

C = 27O52' 4.~89 



OBSERVED ANGLES: 
27-G. 

At XXIII (WalmAri) - (Continued). 

between 
Circle madit~gs, telescope being set on R. M. 

1 W l 8  82000' lSO"0' 88000' 180°0' 840°0' 170°0' 860°0' 180°0' 0'0' 190°0' 10°0' 

i~ - Mean of &OR 
a - Relative W e i g c  
C - Concluded Angle 

M = 19".08 

w = I -32 
I - - - o -76 
W 
C = 40°19'19"~08 

M = 24"*42 

w = o .61 
1 - - - I -64 
w 
C =57°4g'24Y-39 

M = 53"-28 

w = o '85 
1 - - - I - 1 8  
W 

C = 60~4.4'53~-32 

M = 64"*22 

w = 0 -96 
I - - - I .oq 
w 
C = 87' 7' 4"-22 

M = 

= .a4 
I - -  
w - 0 ' 5 4  
C=71~27 'n7" .58  

M = 45".80 

w = = '93 
I - = 0 '34 
w 
C = 14~43'45"-78 

XXI XXIV 

& 
XXVI 

XXVI A 
XXVII 

XXVII Bi 
SXV 

XXV & XXII 

XXII & B.M. 

.7 w w w n w n n w w 

h 14.33 d24.33 d 2 1 . 0 0  d 24.34 d 18.99 d 20.33 h 17'33 d 15-83 h 19.00 d 19.00 h ~1 .00  h 13-67 
h 14-34 d zo.oo d 17.34 d 23'67 dzo.32 dzo.67 h 17.00 d 16.50 d20.34 d 18.33 d 23-17 d 16.00 

d 20.99 d I 6-66 d 2 1 - 1 1  d 22.34 
d 18-67 

14-34 21-77 18-33 24-00 19.66 20'50 18.48 16.16 20.09 18.67 22-08 14-84 

h 31-34 h 26.67 h 32-00 h 19.00 h 24-66 h 23.34 h 27.00 h 24.00 h 27.67 h 22.66 h 18.33 h 26-33 
h 27.00 h 20.67 h 32'33 h 2 2 . 0 0  h 22.33 h 22.34 h 26'33 h 28.33 h 25'67 h 15.66 h 18.33 d 24.66 

h I 9.67 

29.17 22'34 32'17 20'50 23-49 22.84 26.67 26.16 26.67 19.16 18'33 25'50 

h 51.33 h 5 6 . 0 ~  h 47.00 h 58.34 h 51.00 h 55'00 d 50-00 h 53.00 L 5 1 . ~ 0  d 57'45 h 54.00 h 51 67 
d 48'33 h 57'00 h 45'00 h 55'34 d 58.17 h 54'00 d 50.67 d 53.00 d 54.67 d 57'79 h 58.34 d 5 o . m  

h 57'33 

49.83 56'78 46-00 56.84 54'59 54.50 50.33 53-00 52-84 57.62 56-17 50'83 

h 66-33 h 55.66 A 64.66 d 56.33 h 63.03 h 63.33 h 66.00 d 65.67 h 66.66 d 70'22 h 64.66 d 66.66 
d63.33 h 59'33 h 64'67 d 59'33 h 63.34 h 65'33 d 64'65 d 66.66 h 64-00 d 68.88 h 64.33 d 67-50 

la 57'33 d68 '50 

64.83 5Y.44 64.67 a57.83 63.17 64.33 65'32 66.17 65'33 69-55 64-49 67'55 

d29.33 d 23.83 d28.67 h 26.67 h 31-66 h 26.00 L 29.00 h 23.66 h 28.00 h 24.67 h 27.00 h 26.67 
d 31.66 d 29.50 d 30.34 h 25.33 h 34-33 h 28'33 d a8.78 h 22.67 h 32.00 h 26.00 h 26.00 d 25.83 

h 28.00 h 27.67 h 28.67 d24.83 

' 

30.50 26-66 29.51 26.00 31.33 27.16 218.89 23'17 29'22 25-33 27'22 25-78 

h 47.00 h 47-33 h 50'00 h 45.66 h 45'34 h 42.34 h 44.33 h 42'34 h 41.67 h 47-00 h 48'33 h 45'34 
h 44.67 h 47.00 h 48.33 h 47.67 h 4 1 - 0 0  h 44.00 h 48.67 h 45.00 h 44.35 h 44.66 h 14.33 h47.00 

h 45-00 h 45-66 h 47'33 h 44.67 
h 50.66 h 46.66 
h 43'33 

45.84 47.16 49.17 46.66 45'07 43.17 46-22 45'33 43'00 45'44 46'33 46-17 



as-, KHANPISURA MERIDIONAL SERIES. 

A 

At XXIV (Dhanwkr) 

November m d  December 1846 ; observed by Zieutmalat H. River8 zoith Dollond'8 16-inch Theodolite. 

M - Mean of Ghpu 
w - Rclat~re ~ e i g g  
C - Concluded Angle 

= 54"'07 

W = 0 - 8 4  
- 1 - - r - 1 9  
w 

'58039'54w'07 

'' = 30"'03 

w = 0 . 6 1  
1 - =  1 - 6 4  
w 
C = 59°31'29w'94 

- - 56". 73 

w = o .60 
I 
- = 1 - 6 7  
W 

C = 41" 1 7 ' 5 6 ~ ~ 7 3  

Angle 
between 

XXVI 
x x I 1 1  

XXIII  & X X I I  

X X I I  & XXI 

Circle readings, telescope being set on XXVI  

200081' 20°31' 210° 81' 80°81' 220" 31' 40°31' 230' 81' 50' 81' 24CF"'l' 600 31' 260~81' 7 0 ~ 3 1 ~  

n N n v n I w v v tf ,I I 

h 55.67 h 53.67 h 61.00 h 49.67 h 60.33 h 51-66 h 58.34 h 51.67 h 55.33 h 56.34 h 48.66 h 57.00 
h 54.33 h 52.34 h 58'34 h 49.66 h 61.33 h 48.00 h 56.00 h 50'67 /r 56.00 h 54'34 h 48.66 h 52'67 

h 50'33 h 56.33 h 49.67 /a 5 1.67 d55.67 
h 59'33 

55.00 52.11 59.67 49.67 59.33 49.78 57-17 51-34 55.66 55.34 48.66 55.11 

d27.58 d29.80 d25.17 d36.33 h 15.00 h 39'66 d25.00 d30.1 I h 29.67 h 3 2 ~ x 1  h 33'67 h 29-34 
d27.15 da8.80 d 25.49 d 35.67 h 22.67 h 33.00 d 25.67 d 31.12 h 27.00 h 33.00 h 3 5.00 h 32.33 

d 29.80 h 29.00 d 33-50 d 31.67 
J, 31'33 
d 24'75 

27.42 29-47 25-33 36.00 24-55 35'39 25.33 30.62 28.33 32.50 34'34 31.1'1 

h 58.67 h 54'34 h 57'66 h 50.00 11 67.00 h 50'67 h 60.33 h 52'67 h 61.33 h 54.00 h 60.00 B 59.33 
h 56.67 h 50.00 h 57'34 h 52.00 h 61.66 h 55'66 h63.67 h 51.66 h 64.66 h 55'00 h 58.00 h 57.00 
h 53-33 h 59.33 h 49.00 h 59'34 d 50'34 h 60.00 d59.00 
h 54'33 h 56.66 h 61.00 

h 5 5.66 d 62-50 

55'75 54.20 57.50 50.33 62.30 52.22 61.33 52.17 62'99 54-50 59'00 58'44 

At X X V  (Anakwtiri) 

*December 1846 ; and t January 1847 ; observed by Lieute~lnnt E. Ricers with Dollond'8 15-iwch Theodolite. 

Angle 
between 

t 
XXII C XXIII  

8 

X X I I I  & 
S X V I I  

t 

Circle rendings, tcle~cope being set on E l 1  

296'21' 116'20' 306'2v 12G0 20' 31G0 2 v  136'21' 326' 1v 146' 19' 8 3 6  20' 1660 20' 346'21' 16(i021' 

. w n n I I n n I I I n 

L 55.67 h 55.33 h 54.67 h 56'34 h 57.34 h 56.66 h 65-33 h 57'00 h67.67 h 58.00 h 65.67 h 51-31 
k 56.00 h 55'66 h 54'67 h 53'67 h 54'67 h 56.00 h 65'00 h 55'67 h 67'67 h j4.67 h 63.66 h 55.00 

h 59'00 h 53'00 

55'84 55'49 54.67 55.01 56.00 56-33 65.17 56.33 67'67 57.22 64.67 53.11 ' 

Circle readings, telescope being set on X X I I I  

317" 21' 137' 21' 327°22' 147" 22' 337022' 167'22' 347'22' 167022' 857O2Z' I7'l021' 7'22' 187"22' 

n w n w n If 4 n I n tI 

h 38.00 h 40'33 h 42'00 h 39.00 h 39'00 ?I 40'33 h 42-33 h 38.66 h 48.34 h 39.67 h 43.33 h 41.00 
h 40.00 h 39'67 h 39.33 h 35.66 h 40.67 h ~ ' 6 7  h 41.33 h 37.34 h46.33 h 41.33 h 41.67 h 43.00 
h 37.66 h 35'67 h42.00 

11 35'00 

38'55 40.00 40.67 36.33 39.83 40.50 41.83 38.00 47'34 40.50 42.50 42.00 

M - Moan of ~ 3 r d ~  
w - Relative WeigK 
C = Concluded Angle 

M = 58". 13  

, = .q8 

- =  w 2 - 0 8  

C = 63O39'58". 13 

M = ~ o " - 6 7  

w = I -56 
I - = o -64  
w 
C = 42' 38' 40". 67 



OBSE]&VED ANGLES. 

At XXVI (Sirs&) 
16-inch Theodolite. 

M - &An of h u  
to - Belatire weig%lt 
0 - Concluded Angle 

27u'70 

= o .66 
I - =  1 - 5 3  w 
C = 41'43' 27".68 

M = 45"-87 

w = o -40 
I - - - 2 -50 w 
C = 6 ° 0 4 1 ' 4 5 w ' 8 7  

M = 13~ .5o  

= .60 

- = 1 . 6 7  w 
C = 61O 0' 1 3 ~ - 5 0  

M =  46"-74  

w = 0 ' 3 6  
I - = z - 7 8  
w 
C = 63O 34' 74 

t Janway; 

angle 
ktr- 

$. 
XXTX& 
XXVIlI 

$ 
XXVIII & 

XXVII 

5 
& 

=I1 

B 
XX1ll Bt 

and $ November 1846 ; observed by Lieutenant E. Bbers  with Dollond's 

Circle readings, telescope being set on XXIX 
88P17' 1W17' 348"17' 168017' So 17' 183"17' 180 16' , 198016' 

* I * * I I I 0 

h 30.34 128.66 h 32.33 h 25.~0 h 28-34 h 29.34 6 22.66 h 2 6  
h 29.66 b 21-67 h31.00 h 24-66 h31.00 h 28-66 h 25-66 h 28-67 
h 33.00 h 21'66 24'33 h 27-34 h 28-34 
h 31.66 h 18.66 

22-66 31.66 24.66 29.67 2 9.00 25-22 27-56 31-17 

h 40.00 h 48-33 h 39-67, h 52-00 h 40.34 h 51-00 h 47-67 h 44-67 
h 41-33 h 50.00 b39-33 h 45'67 h 48.00 h 49'67 h 45'00 h 45'00 
b44.00 b49.34 h 5.1-00 h 44.67 h 56.00 h 44'00 
h 41-34 h 45.00 h 50'34 

41-67 49'22 39'50 49'89 44'50 51.75 45.56 44.84 

Circle readings, telescope being set on XXVlI 

WO' 888'69' 6 V V  24VV 79"d 269'0' 89"V 269"V WO1 278'6W 109"V @8"51 

r, . . I 'I v . I I v 'I * R 

I13.67 h 17-33 h 23.33 h 6.66 h 15.66 h 10.00 h 16.66 h 12-33 h 19.67 i. y3k h 18-00 h 6-33 
h 14-33 h 21.33 h 13-33 h 10.67 h 14.34 h 10.00 h 18-67 h 7.67 h 14-00 h 8.67 h 13.66 h 7.34 
h 20.66 h 1 6 . m  h 16.66 h 9.34 h 8'00 h 19-67 h 7-67 h 14-67 h 14.67 h 10.33 

h 20.34 h 16.67 h 8.66 

16-22 18-75 17-50 8-89 1 5 - 0 0  9'33 18'33 9'22 16.11 9-01 15-44 8.16 

h 46.33 h 50.67 h 46.00 h 55'34 h 43.67 h 56.00 h 41-00 h 5 1-33 h 37-67 h 46-33 h 37-00 A 50.34 
h41.67 h 41-67 h41.34 h 55.00 h 47'33 h 52.00 h 46'00 h 53'33 h37-00 h47-33 h38.34 h 46'00 
h 53-00 h 49'67 h 46.00 146.34 Ass-66 h44.66 h 52'66 h 44-00 
h 45'67 h 48.66 h 48.00 h48.34 
h 47'34 h 47'67 

46-33 

46-80 47'67 45'89 55'17 45-78 53'89 44.22 52.44 37'34 46.83 37.67 47'17 

At XXVII ( S b t d a )  
1 PebruQry ; and YDecember 1M6 ; observed by L h ~ t e n a n t  H. Rivers with Dollond's 16-inch Theodolite. 

X - Mean of  ffmu 
w 0 Relative weig%lt 
0 - Concluded Angle 

M =  23u-90 

w = o - 8 4  
1 - - - I * I 9  
w 
C = 50' 14' 23"' 9 0  

Angle 
betreen 

B 
xxv & xxIn 

Circle readings, telescope being mt on XXV 
@Of 180°0' 100 1' lW 1' W V  20000' 80°V 210'0' 40'0' 220°V 49'59' 250'0' 

'I * 4 4 * I I * 4 * * I 

h21-67  h26.67 h 19-34 hz5.33 A 18.67 h z 5 - 0 0  h 25-00 h29-00 A19.67 h28.67 A21.67 h 30.00 
h 21.00 h 25'33 h 2 0 ' 0 0  h 23'33 h 21 .00  h 25.00 h 22'34 h 30.34 h 18-67 h 29'33 h 22'06 h 30'34 
h 24-33 h 23'67 h 22.67 h 18'33 (E27.50 h 19'00 

h 2 3.00 
h 2 1-34 

22-33 24'00 19.67 23.78 19'33 25.O0 23'67 28.95 19-11 29*00 21.84 30'17 



30-G. 
KELANPISURA MERIDIONAL SERIES. 

At XXVII (S8tmfi)-(Continued). 

Angle 
between 

T 
XX1ll 8t 
XXVI 

I 

I I  
XXVI & 
XXVIII 

11 
XXVIII & 
xxx 

Circle readings, telescope being set on XXV 

0'0' 180°V 10°1' 1900 1' 200 V 200" (Y 80" 0' z1o0V 40°V 22000' 49'69' 29000' 

W v W W W I1 N V H W v N 

h 56.33 h 63'00 h 60.00 h 54-67 h 60.33 h 51.67 h 55'67 h 57'33 h62.00 h 51.67 h 55-33 h 50.66 
d61 .01  h63.00 h 5 9 ~ 0  h 58-00 h 57'66 h 54.00 h 56'33 h 54.33 h 59.33 h 52.00 h 56.67 h 49.66 
d 58.00 d 58.66 h 60.33 h 57-67 d 53.66 h 61.34 

d 65-67 

58.45 62-58 59.50 57.67 58.55 52.84 56.00 55.11 60.89 51-83 56.00 50.16 

Circle readings, telescope being set on XXVI 

10°6S' 190°63' 25'52' 206'62' 0 6 %  220°62' 65'62' 236'62' 

w n n v v . w 

h 53'00 h 56-33 h 47-00 h 57.66 h 50-66 h 58.00 h 53 67 h 54.00 
h 5 0 ' 0 0  h56.67 h51 .33  h58.67 h 5 1 . 3 3  h57.67 h51 .66  h52.33 
h 50.66 h 50.67 d 48.66 h 56-00 h 53 67 

51.22 56.50 49.67 58.17 50.2 2 57'22 53'00 53.16 

h 30.67 h 30'33 h 38.00 h 28 34 h 38.00 h 25.66 h 36.33 h 36.34 
h 31.33 h 30'33 h 39.00 h 28'66 h 40.67 h 30.00 h 34.00 h 36-00 
h 31.34 J, 35'33 d 37'00 h 28.34 h 37'33 

31.1 I 30'33 37-44 28.50 38.56 28.00 35-89 36-17 

- of &on 
su - Relative weigfflt 
C - Concluded Angle 

M =  ~ ~ " ' ~ 3  

w = o -84 
I - - - I . I 9  

W 

C = 58' 14' 56'. 63 

M = ~ 3 ~ ~ 6 5  

w =  0 . 7 2  
I - = 1 ' 3 9  

W 

C = 65' 50' 53'"- 65 

M = 33"'25 

w = 0 -40 
I - - - 2 -50 
w 
C = 43°16'33Y-25 

At X X V I I I  (Pophla) 

January 1846 ; observed by Lieutenant H. Rivera with DolEoltd'8 16-inch Theodolite. 

Angle 
between 

XXVII & 
XXVI 

XXVI & 
XXIX 

Circle readings, telescope being set on XXVII 

0" 0' 180" 0' 16" 0' 196" 1' 30' 4 210°0' 46' 0' 225" 0' 

w w v v I n n n 

A z 9 . m  h 22.33 h 26.34 h 27'67 h 27.33 h 31.67 h 27.34 h 28.67 
h 27.34 h 25'67 h 21.66 h 26.00 h 25.00 h 32'66 h 26.00 h 28.00 
h 27.66 h 26.00 h 28-67 

d29.49 
d30.16 

28-00 2 4 ~ x 1  2 4-00 26.84 26.1 I 32.16 26.67 29'00 

h 64-67 h 62-67 h 65'33 h 60.00 h 64.00 d 60.66 h 59 66 h 55-67 
h 64.00 h 62-33 h 65.00 d 56.33 h 64.67 d 59.67 d 62 33 h 58.66 
h 59-34 h 61.00 d 6 0 9 9  d 5 8 2 1  

d 58.88 ' 

62.67 62-00 65.17 58.16 64.34 60.16 60.99 57.86 

M = Mean of Grou 
to = Relative 
C = Concluded Angle 

M = zln. lo 

= I -04 
1 - -  - o .96 

W 

C = 53' 27' 27".10 

M = 6 1 ~ . 4 2  

,= r -04 
- - - o ~ 9 6  
W 

C = 8 0 0 2 3 ' 1 " ' 4 2  



OBSERVED ANGLES. 
31-G. 

At XXVIII (Poph1a)-( Co~ztinued) . 

between 

XXIX & 
-1 

XXXT & XXX 

XXX& 
XXVII 

Circle readinge, telescope being set on XXVII 

O"(Y 180" 0' 16'0' 196" 1' 80" 0' 210" (Y 4 5 O  0' 225" 0' 

w w # ,I a I a Y 

h 43.00 h 48.33 h 41.66 h 55.33 h 43.33 h 48.00 h 47-00 h 46.33 
h 50'66 h 50.33 h 43'00 d 51.66 h 42'33 h 50'00 h 50'00 h 47'33 
h 48.67 h 42-00 h48.67 

h 50.00 

53'50 48-50 48-08 47'44 49'33 42'33 41-55 49-00 

i 38.66 h 38.67 h 41.34 d 42'67 h 39-67 h 44-34 h 39-00 h 45-33 
h 36'34 h 36'67 h 43'67 d 42.66 h 41-00 h 44-67 h 37.33 h 46-34 
h 38-00 h 43'67 h45.66 

37'67 37-67 42-89 42.67 40'33 44-51 38.16- 45'78 

h 64.33 h 63-33 h 66.00 h 56'33 h 65-67 h 56-33 h 64-67 h 58-34 
h 66.66 h 63.00 h 61-66 h 56.34 h 66.00 R 54.66 h 63-00 h 59-00 
h 66.00 h 66.33 h 59.33 h 65-34 h 55'34 

65.66 64'22 62.33 56.34 65.83 55'50 64.34 57'S6 

iK = Mean of &on 
w - Relative, weigB(t 
C - Concluded Angle 

M =  47"'59 

w =  0 . 5 6  
I - - 
w - 1 - 7 9  
C = 67' 22' 47u. 59 

M = 41'" 2 I 

w =  0 . 7 5  
I - - 

W - 1 - 3 3  
C = 104~36' 41"-25 

= 61"'47 

w  = o -40 
I - - - 2 -50 

w  
C = s40 10' IU'47 

At XXIX (Raju)  

*November 1862 ; observed by Coptaita C. T. Haig, R.E., with Barrow's 24-inch Theodolite No. 2. 
$January 1846 ; obeel-ved by Lieutenant H. Rivers with Dollond'e 16-inch Theodolite. 

4 g l e  
between 

. 
XXXII & 

XXXI 

t 
XXXI & 
XXVIII 

Circle readings, telescope being set on XXXII 

0'0' 180°1' 4 8 O 1 8 '  223'13' 86"2# 26s"W l29"37' 809'87' 172'46' 862048' 

a Y e w n a a a I w 

2 13.34 2 10.14 Z 11.68 1 12.34 1 12.52 1 14.00 1 11.5a 1 13-44 Z 9'5a 1 10-lo 
213.68 211 .oz  211.54 113.02 112.08 212.88 212.64 111.68 1 7 - 9 8  Z11.30 

13-51 1 ~ 5 8  11-61 12-68 12-30 13.44 12-08 12.56 8-74 10-70 

Circle readings, telescope being eet on XXXI 

2ss"8' 106" 8' 901° 8' 121" 9' 318" 8' 186" 8' 881° 7' 161" 8' 

w a Y n e w Y w 

h 22-34 h 29.66 h 26.67 h 32-33 h 35'33 h 27-33 h 32-33 h 22-34 
h 23-00 h 28.34 h 31.33 d 33'44 h 27.00 h33-67 h 25.00 

h 28.66 d 35'1 I d2g-58  h 35'33 h 24-67 
h 35.00 

23.67 29.66 27-51 30'77 34'63 27'97 34'08 24-00 

M - Mean of Grou 
w - Heletwe weigK 
C - Concluded Angle 

M = I lW.82 

w =  4 '30 
1 - = o '23 
w  
C = 47O39' II"-82 

M = 28".91 

W = o '40 
I - - - 
w 2 -50 
C = 60'58' 28".91 



At XXIX (R&jur)-(Oontircued). 

Angle 
between 

t 
XXVITI & 

XXVI 

Circle readingp, teleecope being eet on XXXI: 

zSe" 8' 10608' 801" 8' lZ1° 9' 81608' l3tP8' 831" 7' 161°8' 

n I I N N N I N 

i 38-33 h 30.67 h 33-66 h 3 v 6 7  h 30.67 h 34-67 h 3 1 - 0 o  h 4 r m o o  
h 38'34 b 30'66 b33.33 h 31.33 h 30.66 h 33'33 h 26 66 h 40.00 

h 29'34 h 38'33 h 30.33 h 40.66 
h 35'34 

30'21 38.34 30.66 33.50 31'50 35'42 29'33 40.55 

M - Mean of GTOU 
u, - I tda t i ve  W'eigG 
C = Concluded Angle 

M = 3 3 * ~ 6 ~  

= o -48 
I - - - 2 -08 

w 
c = 57" 53' 33"' 69 

At X X X  (YerG1) 

January 1846 ; obeerved by Lieutenant H. Rivere with Dotlond'e 16-hch Theodolite. 

M - Mesn of Gmu a 
co - Relative Weiggt 
C - Concluded Angle 

M =  24u.75 

w = 0 -47 
I - - - 2 - 1 3  
w 
C = 82°33'24Y.70 

M = 3zY-88 

w = o .qo 
I - - - 2 ' 5 0  w 
C = q305af 32"'88 

M = 35".05 

w = 0 ' 2 4  
I - = 4 * I 7  
w 
C = 50"56 '35~*05  

Angle 
between 

XXVII & 
XXY 111 

xxVTII 
XXXI 

XXXT & 
xxxrv 

Circle readinge, telescope being set on XXVII 

a770 w 9 7 " s  292026' llZO26' 8MO26' 12702%' 822'28' 148028' 

n n I * .  I # N n 

h 25'67 h 18-33 h a 1 . m  h 22.00 h 31.00 h 26.67 h25.66 h23-66 
h 20.33 h 25'67 h 25'66 h z 2 . w  h 37-34 h 22.67 h 29.00 h 19.67 
h 22.34 h 27-34 h 13-67 b 25'33 h 32'33 h 19'00 h21'00 

h 24.67 h 18.67 

22-78 23-78 23-44 23.1 I 33'56 23-25 27-33 20.75 

h 26-67 h31.67 h 36.00 h 35-67 h 31.33 h35-33 h 30'66 h 33'00 
h 27'67 h 14-34 h 31.00 h 35'00 h 37'66 h 42.00 h 30'33 h 34-33 
d 28-34 h 25.33 A 34'34 d 37-00 h 37'66 h 38-00 h 33'34 

d 26.34 d 31.83 h 31.67 h 43-00 h 19-33 
d 28.67 d 39'9' 

27.56 27.17 33'29 35'89 34'83 39'65 30.91 33-66 

h 39'33 h 43-33 h 32-33 h 35'66 h 27.67 h 30'67 h 43'67 h 31-34 
d41.16 h41.00 h 34'67 h 34.33 h32-00  h z 8  66 h 41 oo h 29.m 
d 39-83 d 38.00 d 31.55 d 36.66 h 28.34 h 27.00 h 36.00 

d 45'33 h 32'00 h 28.67 h 42'33 
d44.34 d 29.08 

40.1 I 41'40 32'85 35'55 30'00 18.81 40'50 30'1 7 



OBSERVED ANGLES. 

At XXXI (Jhmkhd) 

*December is45 and Jantrary 1846 ; oteemed 5y Lieutenant 8. Bioers d t h  DoZZond9e 16-inch Theodolite. 
t N m e m b m  

Angle 
between 

+ 
XXXIII & 
XXXIV 

+ 
XXXIV & 

XXX 

+ 
XXX & 
XXVIII 

XXV1ll ' 
XXIX 

t 
XXIX & 
XXXII 

t 
XXXII & 
XXXIII 

1862 ; obeeroed by Captain C. 2'. Haig, B.E., with Barn-ow's 2 b h c h  

Circle readi~rge, telescope being set on XXXIII 
265'84' 76'84' 270"34' 9O0W 285'54' 105034' 800033' 124)“SS' 

w n q ? Y v w 

h 58.00 A 58'33 h 55'00 h 63.00 h 55.34 h 62-33 h 54.34 h 57-00 
h 55'33 h 59'67 h 55.67 ' h64.33 d 56'16 h.60.00 h 58'67 h 59.66 

d 59-83 h 57'66 h 60-34 h59.66 
h 54.66 d 63'55 ~ 9 . ~ ~  

56.67 59-28 55'75 63.66 55'75 61.56 56.50 ' 59'05 

h 21-67 h 12.67 h 22-34 h 17'33 R 26.00 h 18.67 h 26.00 h 22.34 
h 23.00 h 22'33 h 23-67 h 19.34 h 25-67 h 19-33 h 14.33 h 19.67 

d 23'33 h 19.67 t5 18.33 h 20.34 
h 24.34 d 21.44 d 2 1 - 8 9  
h 20.67 

22.34 22-78 zz -14  18.33 25.84 19.44 25.16 21.06 

h 51.00 h 45'00 h 52 66 h 44.00 h 43.67 h 44.34 h 48-00 h 52'33 
h 50.34 h 43.67 h 53.66 h 43.66 h 44'33 h 47.00 h 46-67 h 53'67 

h 4 j . m  h 43-67 h 53.34 h 49.67 h 49-00 
h 47'00 ~ 4 7 . 0 0  
h 47'00 

50.67 44-56 53.16 43.83 43.89 47.74 48.1 I S T S O  

h44.33 h 57-33 d 40 17 d 57.78 d 48'44 d 52.93 d 4 0  2 1  d 37.50 
h 45.33 h 58.00 d 41 18 d 58.12 d 47 78 d 52.27 d 40.22 d40.17 
h 45'33 d 48.44 

45'00 57'67 40.67 57'95 48'22 52.60 40'21 38.84 

Circle readings, tele~cope being set on XXIX 

187086' 7037' 290049' 60049' 2i4OV 94'1' 8170ly 1371%' 0'24' 180024' 

w w v w .I t w w w w 

137'34 1 32-31 1 34.12 h30.84 133.06 133-20 132.54 1 36-44 1 34'26 1 37.96 
1 35-36 1 33-84 1 33.90 h32.30 1 32-04 134.22 1 32.74 2 35.06 1 34.16 1 37.04 

36.35 32'58 34-01 31-57 32'55 33'71 32.64 35'75 34-21 37'50 

hz1.74 ha1.62 h20.14 h21-56 1 19.94 1 19.98 121.54 l22.90 l22.28 122'20 
h21-22  h22.40 1 2 1 - 2 2  h.11-40 1 19.74 1 19-34 1 22.24 1 21.40 123'08 1 22 .22  

21.48 aaaor 20.68 21-48 19-84 1 ~ . 6 6  21.89 22-15 22.68 2 2 . 2 1  

Theodolite No. 2. 

dZ - Mean of UTOU 
so - Belative 
C - Concluded Angle 

M =  58"53 

w =  0 . 8 8  

- = - - 1 .14 w 
C = so0 46' 58"'-53 

M =  22Y '14  

w =  1 . 1 3  
I _ - - o .88 
w 
c = 53'39' 22""14 

-M = 47"'81 

W =  0 . 5 8  
I 
- =  1 - 7 1  
w 
C = 3 1 ~ 3 0 ' 4 7 ~ * 8 6  

M =  47" '65  

w = o - 1 6  
I - - - 6 -25 
w 
C = 51O38'4;"*65 

M = 3 4 " * 0 9  

= 2 ' 6 0  
1 
- = o - 3 8  
w 
C = 8 i 0 q g ' 3 4 " ' * o g  

M = 21"'-41 

.= 8 .go 
I - - - 0 ' 1 1  

'" C = 90°38'21"*41 
L 



KHBNPISURA MEEIDIONAL SEEIES. 

1 Decem8er 1862 ; obemed by Captain C. T. Haig, R.E., with Barrow's 24-inch Theodotite No. 2. 

Circle readings, telescope being set on XXXIII. 
between 0" 0' 180°0' 43" 13' 223' 13' 86'24' 266'24' 129'86 309'36' 172'48' 33j048' 

iK = Mean of Group 
w - Relative Weight 
C = Concluded Angle 

I XXXIII & 
XXSI 

At XXXIII (Mathuri) , 

December 1845 ; observed by Lieutenant H. River8 wit14 Dolloud's 15-inch Theodolite. 

XXX1 ' 
XXIX 

n I N I ,I I n ,' I I 

h 24.18 h 24.80 1 26.72 h 25-56 1 28.06 1 29-54 1 27-34 1 26.62 h ~ ~ ' 2 4  h 25'40 
h 24.66 h25.60 1 26.62 h 26.28 1 28.28 1 28.36 1 27-58 1 25.62 h 25.10 h23 .96  

M = 26"'  2 3  

= 3 '90 

h 18-40 h 19.68 1 16.88 h 20.00 1 20.62 1 I 5.90 l 1 8 . 2 0  1 19.86 h z1 .54  h 22-80 
h 18.36 h 19.80 Z 16.68 h 19.76 1 18.68 1 16.94 1 18.18 I 21.40 h 21.42 h 21-64 

18-38 19-74 16-78 19.88 19.65 16-42 18.19 20.63 21-48 .22.72 

Angle 
betwoen 

= '9*'39 

w = 2 .50 
I - - - 0 -40 
W 

c = 5 0 ~  351 19w.3,  

XXIII & 
XXIV 

Circle readings, telescope being set on XXIII 

309O11' 129' 11' 324" 11' 144" 11' 339' 10' 159' 11' 354" 11' 174" 11' 

XXIV & 
XXXIV 

I 
I 

Norr.-Stations XXIII and XXIV appertain to the Bombay Longitudinal Series. . 

M - Mean of Qmup 
w = Relative Weight 
C =' Cotlclt~ded Angle 

I I I, ,I I ,I / I 

h 44.33 h 45'66 h 40.00 h 36.66 h 46-33 h 34'33 h 4 9  6 7  7~ 43.33 
h 47.33 h 45.34 h 41-33 h 33.66 h 46.00 h 38.67 h 48.66 h 44'34 
h 43'33 h 43'67 h 41.00 h 34.33 h 36.67 h 44'34 

h 44.00 h 45'67 

4 5'00 44'67 40'78 34'88 46-17 36-56 47'08 43'84 

XXXIV & 
=XI 

M = 4 2 " ' 3 7  

w = o ' 4 0  
I - - - 2 'j0 

'1U 

C = jo049 '42 ' ' . 3  

h 62.00 h 52.67 h 58.66 h 59.00 A 56.67 h 66.33 h 53.33 h 62.00 
h 59-67 h 52.00 h 58.34 h 63.00 h 56.33 h 60.33 h 55.67 h 61.66 
h 61.67.  h 57'00 d 60.00 h 62.00 h 62.00 h 53'66 

h 54'00 d 58.01 

M = 58# / .82  

w = o -62 
I - - - 1 -61 

W 

h 29'00 h 38.67 h 30.67 71 34 '00  h 34.00 71 30.67 h 3 5.33 h 26.67 
h 29.00 h 36.66 h 32'66 h 37.00 h 34-34 h 32.00 h 34.00 h 26.00 
h 29.00 h 37 33  d 32 01 h 37'00 h 3 1 . 3 3  1136.34 

h 37'33 d 32'33 

29.00 37'5O 3"g2 36.00 34.17 3I .33  35 '22  26.34 

M = 3 2 ~ .  69 

w = 0 . 5 6  
I - = I ' 7 9  

tu 
c = 5 5 O  56' 32"-6 



OBSERVED ANGLES. 35,,: 

-- - 

NOTE.-Stationa XXIII  and XXIV appertain to the Bombay Longitudinal Series. 

At XXXIII (Mathuri) - ( Contirnued) . 
November 1862 ; observed by Captain C. T. Haig, R.E., with Barrow'8 24-inch Theodolite No. 2. 

3f = Mean of Gh.ou 
to = Relative IVeigE 
C - Concluded Angle 

M =  1 9 ~ ' 2 9  

w =  6 - 3 0  
I - = o * 1 6  w 
~ = ~ ~ 0 ~ ~ ' ~ ~ w . ~ ~  

Angle 
between 

XXXI & 
XXXII 

Circle readings, telescope being set on XXXI 

000' 18001' 48'13' 223'13' 86024' 2660 24' 129'37' 309'37' 172'48' 352'48' 

I1 11 11 11 / I  I1 I1 I1 11 I 1  

h 16.90 h 18-96 h 18.58 h21.62 h 19.12 h 18.92 121 '10 119.62 119.34 1 17.44 
h18.32 h17.52 h 1 9 - 8 2  h21.04 h 1 9 - 4 6  h 1 9 - 6 2  121'04 119.82 119.30 118.30 

17-61 18-24 19.20 21.33 19.29 19.27 21-07 19.72 19.32 17.87 

At XXXIV (Dhaigaon) 

December 1845 ; obeerved by Lieutenant H. River8 with Dollowd's 16-iach Theodolite. 

hf - Mean of Qmu 
w - Relative weig%%t 
C - Concluded Angle 

M = r 0 * . 9 2  

w = o .72 
I - - 
w - "39  
C = 75O 24' 1oN.92 

M = 3$)-34 

w =  o -56 
I - - 

W - 1 ' 7 9  
C=73O16'32"'34 

M = 46"- 13 

w = 0 .32 

- = 
w 3 " 3  
C = 32°50146u-13 

= 39X.  ,Y 

w = 0 -40 
I - - - 2 '50  
w 
C = so0 0' 39"- 19 

- 

Angle 
between 

XXX W 
XXXI 

XXXI & 
XXXIII 

XXXIII & 
XXIlI  

XXTII & 
XXIV ' 

Circle readings, telescope being set on XXX 

128°28' 308°2,8' 143'28' 323'28' l58"26' 338"s 173'28' 863'28' 

I1 11 11 I1 I1 I1 I1 11 

h1o .00  h 1 3 - 6 6  h g . 0 0  h 1 1 . 3 4  h ~ o - o o  h r 4 . 6 6  hro.00 h r z . 3 3  
h 13.66 h 17-33 h 3.34 h 13.34 h 7.67 h I 1.33 d 12-49 h I 1.67 
h 5.67 h 15.66 h 4.00 h 15'33 d 9'83 d 9'33 

d 4'55 d 11 .oo  

9-78 '5.55 5'22 12.34 8.84 13.77 10.77 I I .08 

h 36.33 h 30.34 h 39.66 h 32.00 h 28-33 h 26.67 h 34'66 h 33'34 
h 34-00 h 2 8 . ~ 0  h 39.33 h 2y.66 h 28.66 6 30.33 h 35.67 h 35.00 
h 38.33 h 28.34 h34.67 h 28.67 d31.50 
d 34'77 d 36-99 d33.17 

35.86 28.89 37'66 30.83 28-go 28.56 35.16 33-25 

h 36-67 h 48.00 h 42-34 h 50'66 h 50.67 h 52.33 h 41.67 h 47'66 
h 39.34 h 45.67 h 46.00 h 50.67 h 51.34 h 52.00 h 39.66 h 44 oo 
h 39.00 h 47.33 h 46.67 h 51.66 d43.16 
d 36.89 d 44-10  d44.83 

37.98 47.00 44-78 50.66 51.01 52.00 40.66 44.91 

h 43.33 h 36.00 h 41.66 h 29-34 h 4 3 3  135.67 h 45.67 h 43.33 
h 40.33 h 41-00 k 41-00 h 31 '67 h 41 '66 h 33.34 h 4 3  oo h43.33 

. h 4 1 .oo h 40.00 h 4 I .oo h 33.67 h 43 67 h39.00 
d 40.10 d 40.32 h 44.67 h 39.67 

h 41.33 

41.19 3 9-00 4 1 . m  30' 50 4 2 . m  34'23 44'25 41'33 



KHANPISURA MERIDIONAL SERIES. 
3%. 

NOTE.-Station8 XXIII and XXIV appertain to the Bombay Longitudinal Series. 

Miarch 1879. J. B. N. HENNESSEY, 

Ip1 chhapsd of h p t b t i n g  O$cd. 

At XXIII (Chincholi) 

November 1845 ; observed by Zieutenant E. Rivers with Dollond'e 16-inch Theodolite. 

i%f - Mean of Grou 
w - Belatire 
C - Concluded Angle 

M = 36". 89 

w =  0 ' 7 2  

- 1 - 
w - "39 
C = so0 55' 36u- 89 

M = 3 9 " ' 6 8  

= 0 ' 5 4  
I - - - r -85  

W 

C = 44O45'39"-68 

Angle 
between 

XXIV & 
XXXIV 

, 

XXXIV & 
XXXLII 

Circle readings, telescope being set on XXIV 

120" 0' 300" (Y lJODO' 8WO' 160°V. 8WO' 

n n n I w n 

h 37'67 h 38.00 h 34'67 h 39'67 h 31.00 h 37'67 
h 4 1 ~ x 3  1 3 8 . 3 4  h 32'33 h 39'33 h 35'00 h 39'33 

. h 39.66 d 37-17 h 36.33 1 3 4 0 0  h38.00 
h 41'33 

37-84 33'50 38'44 33'33 38.33 39'92 

h 35'67 h 42.00 14 41'33 1 37'33 h 44'00 h36.66 
d 37'42 43.00 h 42'33 h 37'33 h 44-00 h 33'67 

. h 38.00 h 42.00 . h 38.67 

36.55 41'50 41-83 37'55 43'33 36 33 

at XXIV (8gargaon) 

November 1845,; observed by Zieutenant H. Rivers with Dollond's 16-inch Theodolite. 

Angle 
between 

XXXIV & 
XXXIII 

XXXIII & 
XXIII 

Circle readings, telescope being set on XXXIV 

263' 13' 83' IS' 278" 12' 9S012' 29S012' 113"12' 308"12' 1280W 

w. n I n I T 4 w 

h38.00 h 42.34 h 36.00 h 50'67 h 40.67 h 49 33 h 36 oo h 41.33 
h 35.34 h 44'67 A 36 o o  h 49'67 h 38.00 h 46.67 h 40.00 h 4 1  66 
h 3 9 . 0 0  h39.67 h 3 6 . 0 0  h 45'00 h 47 00 h 37-33 

h 44'33 d 45'45, d 47'39 
d 40'45 d 47'45 

37'45 4='75 36 ,00  50'17 41 91 47'57 37'78 41.50 

h 64 '00 h 58'66 h 63.00 h 62.67 h 65.67 h 60.00 W 73.33 h 65.00 
h 62.66 h 67'33 h 61.00 h 59'33 1' 68.00 h 64.00 h 71.33 h 64.67 
h 65.00 h 67.66 h 61.34 h 65.00 h 59.67 h 72.00 h 64 '34  
h 66.34 h 6 3 . m  d70.45 d 6 0 . y ~  
h 64.34 h 64'67 d 6 5  45 d 6 1 . m  

h 65.00 

64'47 64-39 61.78 61.00 66.91 6 1  1 2  72.21 6 4  67 

M - Mean of Groups 
w = Relative Weight 
C - Concluded Angle 

M = 4lW'8C) - 
w = 0 '32 
I - - 
W - 3 " 3  
C = 45°34'41u'89 

M = 64'"57 

w = 
I 

0 ' 5 5  

- - - I '82 
w 
C = 33' 29' 4"-63 



K H A N P I S U R A  M E R I D I O N A L  S E R I E S .  

Sitnu of Sqtcar'ee of Apparerat Errore of Single Observatione, and of d p p a r m t  Errore of Singk Zeros. 

N~MP.-Stationa XXI and XXlV appertain to the %michi Longitudinal &nee of the Nortk West QuadriLted. 

mtion of 
Okervation 

XXI 

~3 

XXIV 

t )  

I 

89 

- 8 )  

n 

I1 

J9 

1 )  

n 

111 

n 

s9 

8 )  

s9 

IV 

Obewed Angle 

I & I1 

I1 & XXIV 
XX[&I 
I & I1 

11' & 111 

111 & I1 

I1 & XXIV 
XXIV & XXI 
XXIV & XXI 
XXI & I 
I & 111 

111 & VI 

VI & I1 
I1 & I 
I A IV 
IT & V 
V & VI 
V & I11 

I 

Numher of 
Observa- 

tiona 

26 

29 
28 

25 

31 

29 

29 
-36- 

2 8 

28 

3I 

32 

34 

43 
2 6 

3 9 

3 3 

38 
I 

Sum of 8qnsres of 
Emrs of single 

Obarrations 

137'55 
180.39 

98.56 
22'83 

56.89 
60.66 

38.33 
156.13 

37 '02 

50'76 
81-70 

64.73 

93'87 
205.56 

53'19 

147.34 
148.15 

70.07 

of 
Ze,w 

12 

12 

12 

12 

12 

12 

I2 

12 

12 

12 

I2 

12 

12 . 
12 

12 

I a 

12 

I2 

Sum of Squarea of 
E m m  of single 

&ma 

190.43 

422'43 
203 ' 29 

126.27 

273.80 

150' 59 

157'92 

163.49 

90'57 
~06.36 

152'24 

107.81 

113.78 

183'79 

297' 87 
165.10 

383'35 

236'34 

, 

R x ~ ~ n x r  

? 

) 

L Dollond'e 16-inch. 





SUMS OF SQUARES OF APPARENT EBBOIM. 
39-,. 

&&ion of 
Obwrvation 

XIV 

n 

XV 

YY 

XVI 

n 

XVII 

YS 

YY 

YY 

XVIII 

YS 

YJ 

YY 

XIX 

Y S  

YY 

n 

XX 

YY 

YY 

Sv 

XXI 

YY 

YY 

YY 

XXII 

)Y 

YS 

n 

YY 

XXIII . 
11 

3 8  

8 9  

y S  

YY 

VY 

XXIV 

Y* 

8) 

\ 

2 

Number of - 
11 

12 

I a 

I1 

I 1 

11 

I2 

12 

I a 

12 

11 

I2 

12 

12 

11 

I a 

11 

12 

1 2  

I a 

12 

I a 

I1 

I 1  

12 

I2 

12 

I a 

I a 

I I 

I a 

12 

1 a 

I a 

I a 

11 

12 

I I 

I a 

1 a 

12 

-8nm of Bq- of 
E m m  of e l e  

Obaervationr 

49' 49 

82.93 
21-61 

20.35 
17'21 

86-45 

38'13 
83.81 

98.74 

72'73 

44.84 

38.40 
61.86 

24-51 

42.46 

41 -09 

45'11 
13.21 

69.47 
IOI -56 

I45 '99 
125.70 

38.37 

35'23 
60.85 

41 '73 
56.18 

45'70 

43'98 
36-22 

35'33 

49-68 

46.67 

83-38 
56-02 

25'40 

62-37 

99'74 

46.27 

199'69 
118.58 

O h e d  Angle 

XVI&XTII 
XI11 & XI1 
XVII & XIV 
XIV & XI1 
XI11 & XIV 
XIV & XVIII 
XIX & XX 
XX & XVIII 
XVIII & XIV 
XIV & XV 
XVI & XIV 
XIV & XVII 
XVII & XIX 
XIX & XX 
XXI & XXII 
XXII & XX 
XX & XVIII 
XVlII & XVII 
XVIII & XOII 
XVII & XIX 
XIX & XXI 
xxr & ZXII 
XXIV & XXIII 
XXIII & XXII 
XXlI & XX 
XX & XIX 
XX & XIS 
XIX & XXI 
XXI & XXIV 
XXIV & XXIII 
XXIII & XXV 
EM. & XXI 
XXI & XXIV 
XXIV & XXVI 
XXVI & XXVII 
XXVII & XSV 
XXV & XSII 
XXII & R.M. 
XXVI & XXIII 
XXIII & XXII 
XXII & XXI 

BaYaFlKS. 

L Dollond'n 16-inch. 

Ehun of Bqua)ea of 
Errom of aingle 
h 

I 78 .o8 

. 90.85 

251 '41 

194'45 
124'27 

189'68 

299'65 
136'58 

109.49 
131 '71 

94-13 
104.20 

187'39 
223.22 

218.84 

330.28 

418'51 

290'95 
222.84 

233'35 
151.69 

196.10 

139'55 

190'78 

92' 58 

'38'73 

178'99 
121.88 

167'60 

78-91 
203 ' 76 

101 .06 

93-90 
184.76 

135'19 

134'29 
62.11 

30' 19 

153.04 

174.79 

194'45 

l'Tumbsr of 
0-e- 

tiom 

a6 

3' 
a6 

a7 

as 
32 

a5 

a 7 

3' 

31 

30 

a 7 
a 8 

26 

28 

27 
28 

28 

31 

3 a 

31 

29 

31 

32 

30 

a5  

3 3 

31 

30 
2 8 

1 4 

19 

a9 

15 

25 

a6 

2 8 

31 

30 

30 

36 



KHANPIBURA MERIDIONAL 8ERIES. 

Nu~~.-Stationr XXlI I  aud XXIV appertain to the Bombay ~ o n g i t u h d  Series. 

Station of 
Obwrvution 

L 

XXV 

I) 

XXVI 

ID 

I) 

8) 

+ XXVII 

#I 

I) 

Is 

XXI'III 

1) 

#I 

)I 

I #  

XXIX 

DI 

#I 

XXX 

Dl 

I) 

XXXI 

1s 

1s 

PI 

Ds 

ID 

XXXII 

In 

XXXIII 

I D  

#I 

,. 

XXXIV 

11 

Be 

I* 

XXl l I  

*I 

XXIV 

IS 

Obuened Angle 

XXII & XXIII  

XXIII  & XXVII 

XXIX & XXVIII 

XYVIII & XX\'II 

XXVII &.xXIII 

XXIII  & XXIV 

XXV & XXIII  

XXIII  & XXVI 

. YXVI & XXVIII 

XXVIII & XXX 

XXVII & XXVI 

XXVI & XXIX 

XXIX & XXXI 

XXXI & X X S  

XXX & XXVlI 

XXXII & XXXI 

XXXI & XXVIII  

XXVlII  & XXVI 

XXVII & XXVIII 

XXVIII & XXXI 

XXXl 6; XXSIV 

XXXIII  & XSXIV 

XXXIV & XXX 

XXX Bt XXVIII 

XXVIII & XXIX 

S X I Y  A XXXII 

X X x I I  & XXxI I I  

XXXIII  & XXXT 

XXXl & XXIX 

XXIII  & XXIV 

XXIV & XXXIV 

XXXIV & XXXI 

XXXI & XXX[I 

XXX & XXXI 

XXXI & XXXTII 

XXXIII  & XXIII  

XXIII  & YXl V 

XXIV & BXXIV 

XXXIV & XXXIII  

XXXIT & XXXIII 

XXXIII Jz XXIII  

Number of 
Obaens- 

tiom 

2 6 

18 

23 

35 

3 7 

3 9 
33 

3I 
t I 

a 1 

2 I 

z I 

10 

19 
2 I 

10 

3 I 

a I 

25 

30 

19 

23 

2 4 

2 4 

I7 
20 

2 0  

2 0  

20 

2 4 

2 4 

t 4 
2 0  

14 

24 

24 

27 
I 8 

15 

2 7 

31 

Bxx~~xs. 
Bum of S q u u a  of 
Errors of ringle 

Obaerrationr 

27.48 

26' 39 
81-08 

98-66 

171.11 

195.18 

W.00 

73'84 
16.68 

30.22 

26.43 
36.11 

56.35 

11.35 

44'52 

5-44 

24-74 

27-44 

I 5 r 8 8  

134'64 

98-65 

35 '04 

30'97 

79-23 

5'55 
5.62 

3'94 

3'34 
3-66 

46.18 

51'37 

14-36 

3.64 

81'80 

46'50 

34' 19 

47.86 

28'73 
18-17 

77-17 
104.72 

Number of 
ZBm 

12 

I a 

8 

8 

11 

I S  

I a 

I 2  

8 

8 

8 

8 

8 

8 

8 

10 

8 

8 

8 

8 

8 

8 

8 

8 

8 

10 

10 

10 

10 

8 

8 

8 

10 

8 

8 

8 

8 

6 

6 

8 

8 

1 

Bum of 8qnuer of 
bra of ringle 

Zsron 

254'30 
81.64 

74' 10 

133-11 

191'75 

334'33 
I ~ O - S I  

151'24 

75 ' 45 

124'49 

50' 47 

49.56 

94' 11 

71'85 
1joe36 

19'39 
129'36 

116.74 

111.76 

113'08 

aoz. 53 

59'37 

4 6 . ~ 4  

85 '90 

419'87 

31-76 

9 -44  
22.14 

35'53 

143'38 
- 87-71 

99-07 

13'46 

69'75 

9 ~ ~ 6 9  
179'20 

145'52 

38-71 

51'45 

r 7 3 . w  

96-17 

Dolloud'e 15-inch. 

J 

Barmw'e 24-inch No. 2. 

1 

Dollond'e 15-inch. 

J 

Bamw'e 24-inch No. 2. 

J 

i Dollond'e 15-inch. 

Barrow'e %-inch No. 2. 

1 1 Dollond'e 15-inch. 

J 



KHANPIBUR4 MERIDIONILL SERIES. 
41-G. 

From the preceding data of tile sums of the squares of the apparent errore, in the measurement of each angle, we may 
aecertain the e.m.8. (error of mean square) of observation of a single measure of an angle, and the e.m.8. of graduation and obser- 
vation of the mean of the meaaures ou a single zero, for each group of anglea measured with the same instrument, by the same 
observer, and under simily circumstauces. 

The instruments employed were as follows :- 
1st.-A theodolite by Dollond, having an azimuthal circle 15 inches in diameter, furnished with 8 microscopes; observa- 

tiona were taken ou 6, 4 or 8 pairs of zeros (face right and face Icft), giving circle readinga at lo0, 15' or 20° apart. 
2nd.-Barrow'a Winoh Theodolite No. 2, having 5 microscopes; observations were taken on 5 pairs of zeros, giving circle 

readhp a t  7' 12' apart. 

Sum of squares of apparent errors of observations. 
The s.m.8. of o l i r m a t h  of a eingle measure of an angle = No. of observations-No. of angles x No. of changes of zero. 

- The s.m.8. qfgradmation and obematiolr of the mean of the Burn of squares of apparent errore of zero. 
meaaarea on a single zero 1 = 1/ . No. of angles x (No. of change. of zero-1). 

a 
8 

htmment and 
2 
.u 

Observer 
B 
'3 
'8 
Pi 

Dollond'e 16-inchTheodolite; 
Lieutenant 11. Riven. 

n Ditto. 

In 

Number of 

I a ringle meaaun, oboemation of a single wm 

,# 

Ditto. 

0 8 

10 0 

16 0 

20 0 

7 12 

~8 

h w ' r  %inch Theodolite 
No. 2; Captain C. T. Haig, I 

J. 6. N. HENNESSEY, 

In ohaiy of Cbnputing OJw. 

106 

Z7 

2.M 

2.84 

2.76 

2.00 ,, 

48.90 90.16 * 
2 88 12 [ - 1 4  11-1 

- * 8 ' m  

24.64 

m 

3134 

636 

1272 

216 

1 7337'87 - * 1 
8134-1%72 

1505.68 * [ 636-21B ] - *1'898 

[ :t:l$]f - & 4':036 

3175.24 f - 
4.099 [ P16-m ] 
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KHANPISURA MERIDIONAL SERIES. 

Figure No. 1. 

* In.the tablea of the equationr between the faotors the co-eflicienta of the terms below the d iegod  are omittedfor convenience, the co-et8oi~~it of thepth term 
in the M kne being dmym the aame pr the co-e5cient of the qth term in the ptA Lipe. 

Observed Angles 

d 
rd ga 

Value No. - a.3 
' G 
gt 

0 n 

1 29 33 49'23 0'74 

36 26 32-50 1-04 

3 43 51 10.98 1-67 

4 70 28 24'79 4-17 

5 39 23 53'23 1-67 
i 

6 26 16 32-35 1-39 

7 63 29 30.11 1-19 

8 50 50 6.81 1-67 

Values of the Factors 

XI = - I ' 3635 

X, = + 0.9328 

& = - 0'3246 

X, = - 0.5234 

- 

Equations to be eatisfied Factor 

x1 +% + 4  +x4 - - e, = - 4.26, X, 

+ X4 +X;, + Xs 
- XI - % = = - O ' I I ,  Xp 

X1 +% +=I +% = % = - 3-60, X, 

-1*184x, + ' 1 7 4  - '3jx4 
- e4 = + 1.781, X4 

+1.218 x, --oox, + - 5 o q  1 - 

Equations between the Factors 

Na of 
e 

I 

2 

3 

4 

Angular errors in seconds 

XI = - 1'24 X6 = + '49 

xp = - 1 - 1 2  x6 = + 1-30 

x8 = - ' 87 - ' 70  

x4 = - 1'03 x , = -  '54 

[wx'l= 5'94 

Value of 
e 

- 4-26 

- 0.11 

- 3.60 

+ 1.781 

Co-efficienta of 

x, Xp X, x4 

+ 7-62 +5'84 +1.78 -2.41 

+ 8-90 ... +om86 

* +4'64 -0.64 

+4'79 



PRINCIPAL TRIAJYGULATION. REDUCTION OF FIGURES. 
45-a 

Figure No. 2.- 

I Observed Angles 
Equations to be satisfied Facta 

XI + Xs -I- *a . = e l = -  "37r X1 
- X4 +Xs fx6 - % =  - 0 . 2 8 ,  X, 

X7 -I- x8 + X9 = e, = + 0.61, X, 
. . 

I - 

Equatious I~etwee~i the Factors 

Co-efficient8 of 
No. of Value of 

e e  
A, h, A8 X4 X6 he % 

Values of the Factors Angular errors in seconds 

x1 = -1'03 X6 + '41 Xll = - '02 
x g = -  -46 ."I = - 'So x,,' = + I .  16 



Figure No. 8. 

t 

Observed Anglee 

CI 
a Ez No. Value . -8 e 

F4 $B 

o I II 

19 57 2 1.88 1-35 

zo 56 15 1-13 2-78 

21 66 42 59.79 1-67 

22 84 32 50.8; 0.76 

23 39 1 8 4 5 ' 7 3  2-08 

24 56 8 23-01 2.08 

25 43 34 59'43 0.93 

26 54 2 0 3 3 . 4 6  0.91 

27 82 4 30.94 1.67 

d 

a *  E."M No. Value ma 

3s 
O f  N 

I 81 57 38-78 0.76 

51 45 5'34 0 ' 7 2  

3 46 17 21.50 1-19 

4 126 2 38-87 0-93 

5 16 59 21-51 0-93 

(5 36 57 59'35 1-39 

7 7 3 4 1  38'55 0'93 

8 65 19 29-06 2-08 

9 4 0 5 8  55-24 1-67 

Eqrlatiorla to be satisfied Factor 

... ... ... ... 11 +xs + xs = el = + 2.32, X, 

... ... ... x4 +XS + '6 . . .  = e s  = -  1-69, AS 

... ... ... ... x7 + X S  + X U  = es = + 1-71,  X, 

... ... ... ... x10 + x11 + X ~ S  = e4 = - 4-41, h4 

... ... ... ... XIS + '14 +xu - e, = + 1-76, XK - 

... ... ... ... XI, + '17 + X l ~  
- = e, - - 0.11, '6 

... ... ... ... x1, + x, + Xsl - - - e, - - 0.57, x, 

... ... ... ... Xss + XPS +X94 = e, = - 3-17, b 

... ... ... a , .  $6 + xzs I +xW = e, = + 2-63, 7% 

... X1 + X c  +=I + Xlo + Xis . . , = elo = + 0.80, ~ I O  

... Xo + X11 + Xia + XIS + XB + Xes = ell = + 0.11, XI, 

- 9 6 ~ ;  - ' 7 9 ~ ~  + 1 ' 3 2 9 ~ ,  -3'2731X6 +I'151X9 ] ... ... - - e l , =  -I- 6.161, XIS - '46x, + '73Xls - '23X11 + '53Xls - '02xlr 

-46% - '29x7 ' +  .87xlo - .73xls +1.206x,, - - I ~ X ~ ,  ... = e l , =  -0'133, Xls + '43x21 - -67 xpO + ' 6 7 ~ ~  -1.221 + '14Xn - ' 7 2 ~ ~  

4 

$ 2  
No. Value . &.: fi 

F4 % S  

o f  n 

l o  48 53 16.64 1.03 

1 I 77 9 4'63 0'93 

12 53 57 35'81 1.19 

13 29 24 47-96 0.60 

14 88 44 1.82 0.57 

15 61 51 13-31 0.53 

16 56 42 8.08 2.08 

17 83 38 8-37 2-08 

18 39 39 45-82 2-78 



PRINCIPAL TBIBNGULATION. REDUCTION. OF FIQUI1ES. ' 

470, 
Figure No. 8- (Continued). 

, 

Equations between the Factors 

No. of 
e 

I 

a 

3 

4 

5 

6 

7 

8 

9 

10 

11 

I Z  

I3 

Value of 
e 

+ 2-32 

- 1-69 

i - 1 - 7 1  

- 4-41 

+ 1-76 

- 0.11 

- 0'57 

- 3-17 

+ 2-63 

+ 0.80 

+ 0.11 

+ 6.161 

- 0'133 

Co-e5cienta of 

X l  A, x, X4 xs X, x, x, ;x, 0 Xll X, x, 

+2'67 + 0.76 + 0'57 

+ 3'25 + 0'93 - 1-20 

+ 4-68 +O'g3 + 1.67 + 0'97 + 0.69 

+3'15 + 1-03 +oS93 + 0.65 + 0.03 

+ 1.70 + 0.60 + 0.27 

+ 6-94 + 2'08 + 3'12 

+ 5.80 + 1'35 - 1.14 

.~t + 4-93 + 0.76 - r.15 

+ 3'5' + 0'93 - 0'42 

+ 4'25 + 0.63 

+ 7-72 + 1'71 

+ 17'45 - 1'07 

+ 12'10 

Values of the Factors 

X, = + 0.6779 

X, = - 0.5258 

X, = + 0.1824 

X4 = - 1.6397 

X, = + 0.8328 

X, = - 0.0237 

% = - 0'1358 

A,, = - 0.6751 

X, = + 0.7126 

Llo = + 0.4305 

111 = + 0.1126 

= + 0.3188 

Xu = - 0.0575 

Angular errors in seconds 

X, = + -84 x10 = - 1.30 x19 = - -03 

xg = + -31 xll = - 1-49 x,= - '27 

x, = + 1-17 xl, = - 1-62 $1 = - -27  

x., = - '09 xu = + .76 x,, = - 043 

x6 = - 1-47 Xlr = + '47 xZJ = - 1 - 2 7  

X6 = - "3 - Xls = + '53 X , =  - 1-47 

x 1 =  + '59 xl, = + -18 x i s =  + '77 

Xg = + '01 - - 
=17 - ' O3 x, = + '68 

xp = + 1-11 Xl8 = - '26 xW = + 1.18 

[wxg] = 17.89 



KHANPISURA lKERIDIONAL SERIES. 

Figure No. 4. 

Observed Angles 

m a ;z  
NO. Value . a - g  e 

i s  

0 t X 

I 43 57 35'83 0'79 

66 o 2-31 0.69 

3 70 z 24.27 1-19 

4 4: 32 4'83 1-39 

5 67 9 40.67 1 - 2 2  

6 65 18 24.02 1-03 

7 67 56 19-97 2-08 

8 65 59 29-25 1-52 

9 46 4 '7m08 0 . ~ 6  

10 61 49 22' j4 1-39 

I1 38 51 4-70 0.83 

'2 79 '9 40'99 0'93 

13 81  59 46.76 1-67 

14 45 12 30-56 1-04 

15 52 47 43'61 2-08 

16 56 44 49.35 2-08 

17 78 58 39-42 1'39 

18 44 16 33.41 0.60 

Values of the Fnctara 

Equatiolls to be satisfied Factor 

x1 +xs + =s = e, = - 2-17, 

X4 +x, +X, = e s = + 4 ' 7 3 ,  X, 

X7 +X, + Xs - e, = - I '45, &3 
- 

+ x11 + Xl0  
- 

XIO - e 4 =  +2-26 ,  X4 

+ Xl4 + - 
XIS - e6 = - 2-88, 

XI, + '17 + Xls = e , = - 1 - 8 5 ,  X, 

x1 +x4 + x 7  +xl, +xl, +XI ,  = e7 = - 0-72, ?L, 

+ -36 x, - ' 4 5 ~ ~  + -46 x, 

- '42 x6 + -96x9 - '45x8 i - - e , = + ~ - 7 8 ,  &, 
+ '19X1s - 1 - 24 xll + ' 76 xl, 

- ' 99 X l 4  + ' ' 0.3 x,, - '19 XI, 

13quations between the Factors 

NO. Of 

e 

I 

2 

3 

1 

5 

6 

7 

8 

X, = - 0.8243 

X, = + 1.3206 

& = - 0.3188 

X, = + 0.8816 

X6 = - 0.6492 

X, = - 0.4807 

= - 0.0407 

& = + 0'5402 . 

x1 = - -68 q = -  ' 75 Xl8 = - 1.15 

xS = - '74 X, = - ' 85 x14 = - I -23 

X, = - '75 x 9 = +  . I5  xlS = - '50 

x, = + 1-78 xl0= + 1-16 xI6 = - 1-08 

x6 = + 1-33 xl l= + -18 x17 = - -81 

x, = + 1-62 slS= + ' 9 2  X18 = + '04 

[wxs] = 14.24 

Angular errors in seconds 

\'lllue of 
e 

- 2 - 1 7  

+ 4-73 

- 1-45 

+ 2'26 

- 2.88 

- 1-85 

- 0 ' 7 2  

+ 1-78 

Co-efficient5 of 

X1 X, A, A, Xti A, X7 X, 

+2-67 +oa79  + 0 . 1 1 7  

+3'64 $1.39 - 0.038 

+4'36 +2*08 + 0.046 

+ 3' '5 + I  ..39 - 0-852 - 
+4'79 -1-1-67 + 0.551 8 

-t-4-07 + 2.08 + 0.354 

+9'4O . . . 
+ 5'955 



PRINCIPAL' ~ N Q U I ; B I T O I .  ~ U O ! F I Q X  QF FIQUREi3. 4!9+. 
w e  No. 6. 

Observed Angles 

3- 
NO. Value EG 

-6 
*a 

0 8  I 

1 55 41 37'93 1-67 

2 50 26 46-13 1-67 

3 34 31 0'97 ''56 

Equations to be satisfied Factor 

x1 +% +x7 +=a = e, = - 0.02, X, 

'8 + 4 +Xs +xS = 89 = m Q-09, & 

'6 +x8 +x7 +% = e 8 = - 2 ' 6 f ,  X,, 

-*74xs +*09x, -1-22ox, - e4 = - 8.408, k, 
+*97xs +.a%% +1.334% 1 - 

Equations between the Factors 

4 39 20 43.99 1.18 

5 45 j Z  58.09 2.08 

6 60 15 22-41 2.08 

7 41 55 21.18 2.78 

8 31 56 20.53 2-04 

Values of the Factors 

& = - 0'0433 

Xp = - 0.2349 

b X,, = + 0.7347 

A, = - 1*ag;12 

No. of 
e 

I 

2 

3 

4 

Angular errors in seconds 

- - . - - - - - - - -- 

, = - *08 x6 = - 1 '59 

ss = + rp53  x, = + -45 

Is * - *55 x, = - 3-89 

a4 = + 1-60 Xg = + 1'42 

[wxS] = g.ot 

- 

Value of 
e 

- 0.02 

- 0.09 

- 2-61 

- 8.408 

- - d -  - 

CQ-efficiente of 

Xl x, hs x, 

+ 8-16  . . . + 4-82 + 2-47 

$. 6 . p  + 4.16 + 1.18 

4t + 8-98 + 6-18 

+ 9-69 



RHANPISURA MEBIDIONAL SEBIES. . 
EFgure No. 6. 

I 

Observed Angles 

a 
0;; 

No. Value El .Y .9 0 
8k 
I4 

O I  u 

1 65 55 51-49 3'39 

0 40 27 52'93 1-67 

3 36 53 6-71 1-37 

4 36 45 13'39 2-78 

5 60 31 44-89 1-67 

6 . 45 52 0.28 1-18 

7 25 42 24'97 0'76 

8 47 53 ~ 4 . 7 ~  O.99 

Values of the Factors 

X, = + 0'0803 

Xs = - 0.2138 

X, = + 0.2120 

A = - 0.2630 

Equations to be satisfied Factor 

x1 +=!a +xs + 4 
- - e , = + o . n q ,  X, 

' I  + X4 +Xs +xe - - es = - 0-28, h, 

X1 +Xs +X7 +Xe = e , =  + o m 2 4 ,  X, 

044x, + i . r 7 2 x s  -1.334~) - e4 = - 0.437, A, 
-'J3X4 - ' 7 0 X r  + 1'34X8 1 - 

Equatioris between the Factors 

No. of 
e 

Value of 
e 

Co-efficients of T T  + 0.24 

- 0.28 

+ 0.24 

- 0'437 

I 

x, x, x, 7'4 

+ 7'21 + 4'15 + 3-06 + 0.38 

+ 7'00 ... - 3-36 

4 t  + 4-81 + 3'90 

+ 7'64 

Angular errors in seconds 

x l =  + '24 x6 = - .06 

X# = - '03 x,,=- '25 

x) = + '30 q =  + -16 

X4 = - '27 X,, = - ' '3 

[wxpI = 0.24 



PRINCIPAL TRIANGULATION. BEDUCTION OF FIGURES. 

EFgure No. 7. 

Olmerved Anglm 

fi. Vhlue 

0 , ,, 
1 0 35 50.67 1-17 

1 61 15 40'19 1-39 

3 38 35 9'99 1-39 

4 37 33 Y'lO 0.64 

5 7' 17 11-58 0'54 

6. $4 51 47.66 1.67 

7 63 39 58-13 1.08 

8 87 7 a 1-04 

9 41 38 40.67 0.64 

10 50 14 13-90 1'19 

X I  60 $4 53-31 1-18 

11 58 14 56'63 1.19 

13 61 o 13-50 1-61 

14 57 45 W'39 1.64 

15 63 34 46.74 2-78 

16 58 39 54-07 1-19 

17 40 19 19-08 0-76 

'8 59 31 19'94 1-64 

19 41 17 56'73 1-67 

, 10 38 51 19'.+4 1.04 

Vdnm of :he Factom 

A1 - - 1.4931 

h, - + I ~ Z O , ? ~  

- + 1'0941 - .- 0.1817 

h + 0.1497 

& - + 17.6013 

+ - + 16.rqar 

A, - - 0.1363 

A, - - 0.337: 

hlo - 11'6414 
- - 

Equation8 to be sstiefied Factor 

... . . . . . .  xl + 4  +=¶ + 4  .,. - 81 - - 1-95. Al 

... ... . . . . . .  4 + 4  +=7 ,.. Q + 5-31, h, 

4 +4 . +x, ... ... ... . . . . . .  -e, - + t - t p ,  A, 

... ... ... . . . . . .  111 + x11 +xu  - e4 - - 0'96, & 

... ... . . . . . .  =II + xu + =lr ... - % - + 0.84, A, 

.., ... . . . . . .  XII + XB + =lo +%I - er - - 0.38, 4 

... ... . . . . . .  XI + 4  + x u  + 4 8  - 4 - - 3'69, + 
... Xi + x~ +% + 4 1  + x14 +XI, - %  - - 0.74, As 

1.301 4 -1-0-4 + - 4 9 q  - 1 - d 6 r ,  + '83 11° j . ,.. - q, - - 1.517. 4 - -61 xu + -55 xu - *50xu + -61 xlr - ' 5 9 ~ ~  

- .968x1 + - 1 8 4  + m ~ 5 x a  -1.051 4 . . . . . .  ... ... ' 810 ' + 3'140, A10 + '11x17 + -19xl,, +1.3nSx~, +rmqaI  40 

. 
Equntiom between the Fsdore . 

Co efflcients of 

A1 h, ha A4 As h % hs A, A10 

+4'59 +1.81 + I . I ~  +o.83 + I - ~ I  

+4'19 +0.54 -0.66 

+ 1.87 + I . o ~  +oa19 

+4'04 +1.18 +oa18 

+ 5-61 + I - 6 4  -0.66 

* +5'11 4-1-40 +o-76 -0.97 + q e l o  

+4'11 + 1-93 -0'14 -1.40 

+6.33 - 1.04 

+7'51 -1'06 

+ 7'"s 

No. of 
e 

I 

1 

3 

4 

5 

6 

7 

8 

9 

I0 

Angular errom in seconds 

x, - - 1-84 4 - + 1-00 x,, - + -89 

4 - + '31 4 9 + '91 x,, - - '07 

xa - - .94 XIO - + '98 ~ 1 7  - - '11 

4 ' - '49 xl1 - - -38 X18 - - 1-14 

4 - + '58 xl, - + -03 xl, - + 1-38 

4 - + 1'57 xu - - -61 x,, - - -40 

x7 - + 1.16 xl, - + -01 

[wrs] - 16.64 

Value of 
e 

- 2-95 

+ 5'31 

+ 9'90 

-0 .96  

+ 0.84 

- 0.38 

- 3-69 

- 0.74 

- 1.517 

+ 3'140 



KHIWPISDlEA MERIDIOxm SERIES. 

figure No. 8. 

Nm-The  reciprocal weight6 here @yen an, not the preliminary reciprocal weighta, 88 in the reduction of other flgares, b u t f l ~ l  or a b m U  w e i g h  

Observed Angles 

m 0 

No. Value g -8 20 
.I 

8E= 
I4 

O I I )  

19 50 46 58.53 4'37 

2 0  73 16 32'34 4'37 

21 55 56 32-69 4'37 

22 90 38 ~ 1 . 4 1  0.63 

23 37 42 19-29 0.63 

24 51 39 26.23 0.63 

25 81 45 34'09 0'63 

26 5 0 3 5  19-39 0.63 

27 47 39 11-82 0.63 

No. Value & ha 

.- ;g 
I4 

0 1 . v  

I 53 27 27-10  4'37 

3 60 41 $5'87 4'37 

3 65 50 53'65 4'37 

4 54 lo I.47 4-37 

5 43 '6 33'25 4'37 

6 82 33 24-70 4'37 

7 104 36 41-25 4'37 

8 43 52 32-88 4-37 

9 31 30 47'86 4'37 

Equations to be satisfied Factor 

... ... ... X1 + X ~  + X8 ... = e, = 4- 1.49, 'h 

... ... ... ~4 +xa Xe . . .  = ee = - 4-00, Xs 

... ... ... ... +Xs + Xe *7 = e 8  a -  1.753 x, 

... ... ... ... =lo + Xn + XIS - e, = - 0.09, A4 
- 

... ... ... ... *la + '14 + '16 - - e 6  = -  2-38, A6 

... ... ... XM + '17 + xla ... = e,, = + 1'65, h, 

... ... Xl9 + xm + xs1 . . a  a m .  
- - e 7  = - 2'20, % 

..a ... ... Xm + Xns + xr&r ,.. = e,, = + 0.23, X, 

... ... X s  +Xpa + ?a7 , . .  . . - e,, = - 0.11, X, - 

... XI $- 4 +X7 + Xlo + '1s , . . = e,, = - 1.17) %o 

... XO + Xis + Xlo  + Xns + Xes + Xn - ell = - 8-32) %I - 

9x8 - 1 2 ~ ~  + 3Xa - 2 2 X 6  +34x9) ... ... - 
-22xg - el% = +20a9, 

+lIx,, - 1 7 X 1 1  +24X16 -13X14 X u  

22 % + 5% + 6x18 -17x17 = el, = - 8.5, + 1 7 x ~  - 2 7 X a  +19Xn -17Xsa 3 - 9 ~ ~ ~  - 1 1 ~ ~ ~  XIS 
L 

No. Value 

0  I It 

10 67 22 47'59 4'37 

11 5 ' 3 8 4 7 ' 6 5  4'37 

12 60 58 28.91 4.37 

13 80 23 1-42 4'37 

14 57 53 33'69 4-37 

15 41 43 27-68 4'37 

16 53 39 22-14 4'37 

1 7  so 56 3.5'05 4'37 

18 75 24 10.92 4'37 



Figure Nd. 8- (Continued). 

Equations between the Factors 

0 
(w 
0 

i 
I 

2 

3 

4 

5 

6 

7 

8 

9 

ro 

11 

12 

13 

\ 

m 
W 
0 
m 

4 .+ 
+ 1-49 

- 4-00 

- 1-75 

- 0.09 

- 2.38 

+ 1-65 

- 2.20 

+om23 

- O ~ . I I  

- 1.17 

- 8.32 

+20.9 

- 8 - 5  

Co-e5cients of 

x, X9 h k4 X' X, X7 X, X, A10 Xll  hs 

+13*11 + 4'37 - 13-I t 

+ 13'11 + 4'37 - 83.03 

+13'11 + 4'37 + 4'37 + 52'44 + 11 7'99 

+ 13.11 + 4'37 + 4'37 - 26 .2~  - 8.74 

+ 13'1 I + 4'37 + 48.07 

+ 13.11 + 4'37 - 48.07 

+ 13.1 I + 4'37 + 34'96 

+ I .89 + 0.63 - 6.30 

+ 1.89 + 0.63 + 1-26 

+ 21.85 - + 61.18 

+ 18.74 + 74-29 

+ 15351.81 -2643.85 

+ 6775'54 

Values of the Factors 

X, = + 0.1384 

h, = -0.2566 . 

X, = + 0.0541 

X4 = + 0.2362 

X, = -0.1776 

A, = + 0'3487 

A, = + 0.0362 

X, = + 0'3435 

= + 0.1517 

= - 0.0608 

= - 0.6357 

X19 = + 0.0045 

A,, = + 0.0030 

Angular errors in eeconds 

xl = + '34 x,, = + -88 xI0 = - 2.62 

4 =  + '37 xll = - 2-08 x, = + -07 

x i = +  -78 x19 = + 1.11 Xni = + '35 

x4 = - "39 x,, = - 1.04 Xps = - "9 

xr = - 1-55 . x14 = - 1.03 x , = +  -17 

x, = - 1-06 Xl1 = - '31 xM = + -25 

% =  + '04 x,, = - I ' 25  spy = - '30 

xg = + -09 x,, = + 1-30 xpd = + -06 

xO = - 1-88 xle E + 1-60 xq = + ' I 3  

[wxy = 7.53 



@pre  Nd. 9. 

Observed Angles 

No. Valne 

Values of the Pactom 

Eqnationa to be aatiafied Factor 

Eqnationa between the Factom 

No. of I Valrof  I 
8 

Angular mom in 'aeconda 



K H A N P I S U R A  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. TRIANGLES. 

N o ~ g . - l .  The values of the sides are Riven in the same lines with the opposite angles. 
2. Ststiom XXI (Bhb)  and XXIV (B&gws) appertain ~AJ the K d h i  Langitudinal Serisr of the North-Wwt Qusdrilatsral. 

Corrected Plane 
Angle 

0 1 .  

80 37 42-41 
70 a8 25-72 
29 13 51'87 

180 o o * m  

39 23 51 -52 
50 50 6.06 
89 46 2-42. 

Bo.ofTri.ngle 

1 

2 

, 

Numbm and Nuns of Station 

XXIV (BhlBgam) 
XXI (BGda) 
11 (Dhamnhr) 

XXI (BGda) 
I1 (Dhamnb) % 

I (Yitamau) 

C( Corrections to Observed Angle Dirtanae 

w 

'59 
'59 
'58 

I -76 

6 1  
'62 
'62 

8 

Log. feet 

S ' I O I I I ~ ~ , ~  
5'0816499,1 
4.7960898,~ 

4'9036849,2 
4m9906~4~~7 
5*1011136,7 

I73 

174 

---- 
4 

+1'99 
+Im03 
+1.24 

XXI (BGda) 5'1233300,4 
XXIV (BblLgare) 4.9~6041,6 
I (Sitamau) '45 -1.30 4'7960898,2 

1-36 

I (Sitamau) 4*9949085,4 
I1 (DhamnLr) 5'~~66897,4 
111 ( N ~ g m )  4.9036849,~ 

Fwt 

126215'78 
120684'06 
62530.20 

80109.67 
97859.77 
126215.78 

132840'35 
97859'77 
62530'20 

98834.49 
101552'30 
80109.67 

126114'19 
164944'39 
IOIj52.30 

I (Sitamau) 
I11 (Nigrun) 
I V  (Dudhhla) 

?diln 

23'go5 
22'857 
11.843 

'172 
i2.534 
23.905 

25'159 
18'534 
11.843 

18.719 
19.233 
15.172 

23'885 
31'239 
19.233 

a 

-2'47 + '49 
+1.98 

- .49 1 - :!; 1 + '54 - - '60 +1'28 

1-74 

I 
1-01 

I'OI 

3 '03 

+4-26 

-1.10 - -13 
+ a68 

v 4 

- -48 
+1'52 

+3'22 

- -84 + :04 
+1.171 1 -1.28 
+ '83 +1'24 

+1'37 

- '80 - - 1 1  
+am07 

+I-16 

180 0 0.00 

49 49 10.28 
92 12 46.09 
37 58 3.63 

180 o 0.00 

5*1007639,4 
5'2173375,4 
5.0066897,4 



KHANPISURA MEBIDIONAL SEBIES. 

Number and Name of Station 

lo.of Triangle 

I V  (DudhPa) 
I11 ( N i g m )  
V (Dm Dongri) 

hmit  

4 

5 

6 

7 

8 

I1 (Dhamnsr) 
I11 (Nigrun) 
VI  (Lohbi) 

Non- 
cimuit 

175 

111 (Nigrun) 
V1 (Lohari) 
V (Dm Bongti) 

VI (Lohhri) 
V Deo Dongri) 
VLI, (Dhanorn) 

V (Deo Dongri) 
VII  (Dhanora) 
VI I I  (Qurla) 

VII (Dhanora) 
VIII (Gurla) 
IS (Kareod) 

H 

.[ a 
A M  d,aW 

# 

1 - 2 2  
1 - 2 2  

1 - 2 2  

3.66 

V I  (Lnhhri) 
V11 (Dhanora) 
XI  (Kaula-ka-Mhb) 

Corrections to Ob~ened Angle 

1.49 

- -49 
+ '54 

'47 + '13 - -05 

C O ~ C ~ ~ ~  Plane 
Angle 

0 1  1 

47 4 33-98 
84 21 17-45 
48 34 8-57 

180 o 0.00 

Figure # ~ q ~ T o t d  Circuit cimuit 

-1.16 + '09 + -46 -1.21 + ' 02  + 1 ' 1 2  

-1.21 
+ 1-10 

+ '39 

2-52 + -28 

+ .61 
-1'38 + -16 

7a 37 29-94 
58 53 1z.01 
48 29 18-05 

180 o o-oo 

77 26 24.92 
50 28 43'55 
52 4 51-53 

180 o 0.00 

46 17 18-39 
51 45 4-49 
81 57 37-12 

180 0 0'00 

61 51 12-38 
29 24 46-44 
88 44 I:IS 

180 o 0.00 

48 53 16-85 
53 57 37.26 
77 9 5'89 

# 

-1.07 
- '75 
f1 .14  

- -68 

3'58 

1 x 0  
1-10 
1.10 

3 -30  

+ 4 ' 4 1  

+ '98 
+ -63 + '08 

1'42 

VII  (Dhanora) + '10 
IX (Karsod) - '30 

%rice 

+1.69 

- '49 
-1.41 
+ .19 -- 

-1.71 

- -93 
- -43 - 
-2.63 

+ I .  17 
+ -27 
+1 '73  

+3'17 

XI (Kaula-ka-%ta) 

VI I I  (Ourla) 
IX (Karsod) 
X (Jsihlkheri) 

X (Jalhlkheri) 
I X  (Kanrod) 
X I 1  ( H a r b a )  

Log. feet 

5'o9o50gg17 
5'2237339,o 
5 '1oop639~ 

5-1ooa476,1 
5'0530788~6 
4'9949085,4 

5.1927174~ 
5'0905099,5 
5'1002476,1 

5'0560418~5 
5.0920594~6 
5.1927174~7 

5m14903,5 
4'7473177~6 
5'0560418,5 

4.8895432~ 
4.92oa418,x 
5-oo1490315 

- '49 
-1.08 - -19 

-1.76 

+ -70 
+1'95 
+"76 

-1*171 - -841 - . Q I  + '56 - '84 + ~ 2 8  

180 0 0.00 

16 59 22.02 
126 2 3 ' 0 2  

36 57 5 ! -96 

Fed 

123171.44 
167391'69 
126114.19 

125964'33 
113000-12 
98834'49 

155853'82 
123171.43 
125964.33 

113773'69 
123611'67 
155853.82 

100343'75 
55887'89 

113773'69 

77543'11 
83222'70 

'00343'75 

- -61 

-amox 
+ -25 
- -56 

-2'32 

180 0 0'00 

73 41 37-68 
40 58 53-45 
65 19 28-87 

180 o 0.m 

82 4 29-27 
43 34 58'10 
54 20 31.63 

180 o 0.00 

56 8 13-26 
84 32 50.20 
39 18 46-54 

180 0 0'00 

X I  (Kaula-kdKh) 
I X  (Karsod) 
XI11 ( I n ~ w m )  

IX  (Karaod) 
XI1 (Har116sa) 
X l I I  (Indniwan) 

-38 - '01 + - 2 0  

83 38 7-10 
56 42 6 -59  
39 39 46-31 

180 o 0.00 

57 2 1-66 
66 42 58.71 
56 14 59-61 

180 o 0.00 

4-7786086~1 
5.2206490~4 
5-0ga0594,6 

1 - 1 4  

4 0  
'40 
'40 

1 . 2 0  

'92 '92 

'92 

a.76 

60063.22 
166206~91 
123611'67 

4.94399634 
4'77&46,1 
4'9202418,o 

4.975~438~6 
4'8181844,o 
4'8895432,a 

5'0930463,2 
5'1717896,o 
4.975~438~6 

\ 

- '68 + -25 

+ ' 1 . ~ ~ 1  '43 1 
+ I - 2 7  + '46 

- -47 
'79 - -70 
'79 + '26 

87901.51 
60063.22 
83a~a .70  

94524.38 
65793'71 
77543'" 

123892-86 
148521.60 
94524'38 

5'1363074,8 
5'0611078,9 
4'943996314 

5'0969580,6 
5'1363074.8 
5.0930463.a 

2-38 

1 - 1 2  
1.13 
1 - 1 2  

3'37 

136869'74 
115108.6a 
87901'51 

125013'82 
136869.74 
12992.86 

+ -03 + -87 + '27 - - 2 2  

+ 1 - 6 5  1 
+ '11 

+ -90 
+ -05 - .38 

+ '57 



PRINCIPAL !CRIANGULATION. !l'RIANQ!LES. 67-& 

Uormetiolu to Otmerved Angle 
Corrected Plane 

N u m h d l u n e o f L # r t i o n  Angle 

18 

14 

15 

l6 

I 

17 

18 

19 

= 

m w  

31.160 
31'060 
23'677 

22'801 
27.314 
32'060 

25'591 
31'818 
22.802 

31.608 
25'300 
31.160 

40-091 
40-675 
31608 

35.962 
25-591 
40.091 

41.275 
23.470 
35.962 

31.851 
27.601 

Log. feet 

5'2162374~1 
5.~285994~3 
5'0969580,6 

5.08061a0,3 
5-1590244,a 
5'228591~4~3 

5'1307296,a 
5'2253017,9 
5'0806rzoP3 

5'a224297,5 
5'1257558~1 
5'21623741 

5.3256813~5 
5'3319590~4 
1-~224297,5 

5.~784758~4 
5.1307296~3 
5.32568~3~5 

5.3383150~6 
5.0931438~5 
5.2784758~ 

5-aa575v.2 
I 

Distsnoe 

Fed 

164517.09 
169277.56 
125013.82 

120395'99 
144219'64 
169277'56 

135123'11 
167997'10 
120395.99 

166889.79 
133584'44 
164527'09 

211680'76 
214762'79 
166889.79 

189878.53 
1351a3.11 
"1680.76 

217934'05 
123920'70 
189878.53 

168174.35 
I 

179 

180 

181 

182 

5'3383250~6 

5.3597984~ 
6 
5.2784758~4 

5'2545348,9 
5.0422364,~ 
~'2257597~2 

5'1I71J3l13 
5 1477707.3 
5.2545348,9 

5'1477707,4 
5'3662898,6 
5'2157597,a 

0 1  1 

(Ha&) + z . I ~  66 o 2'97 
XI11 (Inddwan) - -13 70 a 22.61 
XIV (Mograba) + '11 43 57 34'42 

XI1 (Harnh) 
XIV (Mograba) 
XV (8ingbchori) 

217934'05 41'275 

4.58 

1-34 
1-34 
1-35 

2~8980'42 
145732.42 
189878.53 

- '04 +I.OO 
+1;o8/ I -1.05 
+ .81 + '05 

180 o 0.00 

52 47 43-93 
81 59 45-88 
45 11 30.19 

180 o 0.00 

67 9 37'79 
47 32 2-24 
65 18 19-97 

180 o 0.00 

65 59 27.74 
67 56 19-04 
46 4 1322 

1 8 0  0 0'00 

61 49 '0.08 
38 5 1  2-15 

79 19 17-77 

180 o 0.00 

85 13 40-81 
34 30 59-66 
60 1 5  19.53 

180 o 0.00 

50 26 41-91 
41 55 az-XI 
87 37 54'97 

180 o o.00 

84 57 44.18 
9 20 4030 
55 41 35-52 

180 o 0'00 

77 18 58.03 
36 45 12-37 

1 65 55 49'60 

180 o 0.00 

60 31 43-41 
47 53 53'52 
71 34 23'07 

180 o 0.00 

36 51 4-70 
97 16 57.08 
45 5 1  58.21 

180 o o - m  

+1'85 

XV (Singbchori) +1'09 +1'59 
XIV (Mo~rsba) 1'27 + I ' I ~  - '76 + '39 
XVII ('&kri) - '33 + '90 

3-81 +zm88 

XI11 (Inddwan) -1.28 
XIV (Mogrsba) -1.00 
XVI (Qumhpnr) 1.60 -1'62 -2.45 

43'368 
' 27-601 
35'962 

XVIII (fiwaagas) 

XIV (Mograba) 
XGIII (Biwallgax) 
XVII (Thikri) 

+2'17 

+ '96 + '03 + -86 

179694'54 
110213.91 
168174-35 

164897.17 
140530'56 
179694.54 

140530'56 
132428.75 
168174.35 

180 o 0.00 

44 16 33-03 
56 44 48'04 
78 58 38'93 

4-79 

2-58 
1-59 

- 2-58 

7-75 

1.99 
1-99 
1-99 

5'97 

34'033 
20.874 
31-851 

31'231 
26'616 
34.033 

26.616 
44'021 
31-85' 

XVlI (Thikri) + ~ 5 8  
XVIII (Biwangaz) + '54 

+ '85 + '21 
+ '75 + '91 ' r - - - ' I  
-1.16 + -69 - '18 - - 2 1 

X l X  (Jal4labad) 

XVITI (Bliwanplas) 
XIX (Jeldldad) 
XX (BtSbtikuvsr) 

XVIII (Bhwangsz) 
XVII (Thikri) 
XX (BBbikurar) 

XX (Bdbtikuvar) 
XIX (Jalrilabad) 
=I1 (AjuBd) 

XIX (Jaldlabad) 
XXII (Aj114d) 

(Argaon) 

XX (RQbQhvar) 
XIX (Jaldabad) 
XXI (Brgacm) 

-4-73 

+xSo7 
+1.66 

+Im45 

- -47 - -56 
1 - 2 3  

-2.26 

I -85 -1.03 

5'55 

1-93 
1-93 
1-93 

5'79 

2-18 
2-17 
2.17 

6.52 

-1'53 + + a - 8 9 1  - 1 
-1.34 - '21 

- + -24 
- I  + 0 8  
+ -08 - '32 

+ -09 
-1.28 
+a-86 
-1'56 

+- '02 

- -74 
I - '94 
-1.50 

- '18 
+ '40 

1'43 - '24 --- -46 I_- 
4-98 I-- - -14 
1-73 + -06 + -19 + '95 
1-73 + '13 + '34 + '47 
I,( +.091-.53i I -  .44 

+ .a8 
- -16 
+ -65 - 2 1  

+ -281 

5'ao 

1-85 
1-85 
1-85 

. - 

- -30 
+ '33 + -25 

+ '14 
+ -32 - 4 6  



I Correotionr to Observed Angle 
~om'wted Plane 

Angle Number end Nems of Iltation 
Figure Circuit E:i I I I l Log. feet 

X X I I  AjnM) 
X X I  (brgaon) 
X X I I I  (Vdvtidi) 

XXI (Lrgaon) 
X X l I I  (Valvtidi) 
XXIV (D hanvir) 

XXII  Ajnid) 
xx1 (drgaon) 
XXIV (Dhanvir) 

XXIV (Dhanrb) 
XXIII  (Valvidi) 
XXVI ( S i d a )  , 

X X I I  (Ajdd) 
X X I I I  (Vdvzidi) 
XXV (.Bnakv4di) 

XXV (Anakrbdi) 
,XXIII  (Valvidi) 
XXVII  (Sitmila) 

X X I I I  (VdvBdi) 
XXVI (Sirdls) 
XXVII (YBtmde) 

XXVI (Sirsila) 
XXVII (Slitrnbla) 
XXVIII  (Pophla) 

XXVI. (Sirsilr) . 
XXVIII (Pophla) 
XXIX (Rhjur) 

XXVIII  (Pophla) 
XXIX (Rijur) 
XYXI (Jbmkhed) 

XXVII (Sitmila) 
XXVIl I  (Pophla) 

1 2LX.X (Yera) 

1 XXVIII  (Pophla) 
XXX (PerGI) 

I XXXI (Jttmkhed) 



# 

PRlNCIPAL TRIANGULATION. TRIANGLES. 

Nop-4tstions XXIII (Chincholi) and XXIV (Agargaon) appertain to the Bombay Longitudinal Seriea of the Southern Trigon. 

W. H. COLE, 

In ckrge 4f Computing O$ce. 

Log. feet 

5-1718948,8 
5'2987006,8 
5.1911634~9 

5.2799182~9 
sa3854o73,1 
5*1718948,8 

5'2169643,3 
5'2328656,6 
5'3125662,6 

5'1878534,6 
5.2799183~0 
5.2169643~3 

jS3306386,2 
5'2279535,O 
5'1878534,6 

5'2222226,8 
5'0745026,5 
5'3306386,~ 

5'0745026,7 
5.3~99498~8 
5'1878534,6 

3 3 
; 

gw 
v 

1-80 
1.81 
1.80 

5.41 

2.23 
2.24 
2.23 

6-70 

Number and Kame of Station 

XXIX (RBjur) 
XXXI (~lmkhed)' 
XXX 11 (Bhirmal) 

' XXXII (Ahirmal) 
XXXI (JBmkhed) 
XXXIII (Mathuri) 

XXX (Yerbl) 
XXXI (Jamkhed) 
X S X I V  (Dhaigaon) 

XXXI (Jtimkhed) 
XXXIV (Dhaigaon) 
XXXIII (Mathuri) 

. . 
Cvawtdmait -- 

27 

I 
28 

Distance 

Feet 

148557'60 
198930.17 
155297.14 

190510-22 
242888'71 
148557'60 

164802.70 
170948'65 
205383.85 

154118.04 
190510'22 
16480~70 

214110~80 
169025'99 
154118.04 

166810*22 
118714'19 
214110'80 

118714'19 
213771.5' 
154118.04 

Non- 

188 

189 

82 5 1  24.07 
51 33 51.00 
45 34 44.93 

180 o 0.00 

50 49 39-38 
33 29 7'07 
95 41 13-55 

180 o 0.00 

32 50 48.17 
102 23 32-57 
44 45 39-26 

180 o 0.00 

Miles 

28'136 
37'676 
29.412 

36.081 
46.002 
28.136 

31'213 
32'377 
38.898 

29'189 
36.081 
31'213 

40.551 
32.013 
29.189 

31.593 
22'484 
40'551 

22.484 
40'487 
29.189 

Corrected Plane 
Angle 

0 1  4 

'47 39 8-77 
81 45 34.19 
50 35 17-04 

180 o 0.00 

51 3 22.61 
90 3 20.90 i 
37 42 16-49 

180 0 0.00 

Correctiom to Obeemed Angle 

29 

80 

50 56 31-86 
53 39 19-99 
75 24 8-15 

180 o o'oo 

50 46 58.24 
73 16 31.92 
55 56 29-84 

180 o 0.00 

190 

-1.04 
'00 

- .61 

XXXIV (Dhaigaon) + '79 
XXXIII (Mathuri) -5'77 
XXIV (Agargaon) +5'08 

Total 

a 

-1'25 

+1'91 
- '55 
+ ' I I  

-1.39 
+I-73 
- -57 
- '23 

Figure 

'I 

- *13 
+ -30 - so6 

6.46 

1.92 
1-92 
192 

5'76 

XXXIV (Dhai aon) 
XXX11I (~at%uri)  
XXIII (Chincholi) 

- -1.14 
+ 1 +1'54 - '17 - -40 

Circuit 
----- 

a 

+2.62 - .99 
- '07 +1'57 
- 351 - 

6-12 + '10 
-1'43 
+3'99 
-1.46 

zzt 
4 

- I * I Z  
+la61 
- '49 

-1.65 

+rV63 
+I-SO 

- 9 3  

+z.zo 

4.67 

+3'49 
-5-79 

1-41 -1.31 +zm30 

4-23 

+ I * I O  

+3'45 
-7'20 
+ .gg 
:2'76 



K H A N P I B U R A  M E R I D I O N A L  8 E R I E B .  

PRINCIPAL TRIANGULATION. LATITUDES, LONQITUDES AND AZIMUTHS. 

NQ~.-Btetionr XXI (Bids) and XXIV (B-) appertain to the Karkhi Longitudinal Seriee of the North-Welt Qusdrilstexal. 

Btation B 

Number urd  Nune 
of Station 

XSIV ( B ~ ~ )  
I(8itamau) 
I1 ( D h a d )  
I (Sitamau) 
I1 (Dhamnk) 

,, $9 

111 (Nigrun) 
IV (Dudhsla) 
111 (Nigrun) 
VI (Loh6ri) 

IV (Dudhhla) 
V (Deo Dongri) 
VI (LohBri) 
V (Deo Dongri) 
VI ( L ~ h b i )  

VI I  (Dhanora) 
VII1 (Gurla) 
VII  (Dhanora) 
XI  (Kaulgka-Mbta) 
VII I  (Gurla) 

Bide A B 

Cirouit 
No. 

1 

l~ 

2 

31 

8 

11 

4 

Latitude North 

0 1  * 
24 14 11.86 

$9 

11 

24 10 21.90 

19 

24 2 6*65 
18 

1 2  

23 53 22.29 
I t  

23 45 59'27 
23 

ll 

23 50 54.31 
23 26 47.79 

1 9  

11 

23 34 57.88 
11 

23 16 30-23 

Azimuth at A 

o I $1 

68 I 4  49-77 
318 22  31.33 
357 46 23-46 
292 I 43-09 
328 28 15'62 

48 41 15'05 
344 I 17-66 
294 1 2  6'37 
296 50 40'79 

g 28 11'57 

256 16 6.69 

340 37 25.36 
58 3 51.48 
29 2 0  24.24 

108 34  28-39 

56 50 22.80 

354 59 9.98 
334 42 14-23 
351 41 36.72 
266 8 24.59 

Station A 

Number and Name 
of Station 

XXI (Bfida) 

9) 2, 

18 s t  

XXIV (BBlAgarn) 

9J ll 

I (Sitamau) 

13 9 1  

19 1 9  

I1 (Dhsm&) 

19 11 

111 (Nigrun) 

1s 12  

,I ll 

IV (Dudhbla) 
V (Deo Dongri) 

11 1 9  

11 11 

VI (Lohiri) 

11 )I 

VII (Dhanora) 

LOngitude 
of Greenwich 

0 1  n 

75 10 43.06 
9) 

11 

75 o 15-84 
1) 

75 2 2  24-33 
9) 

91 

75 11 35'91 
19 

75 27 25-29 
1s 

I# 

75 49 25.06 
75 34 44'17 

11 

11 

75 8 16-03  
1, 

75 17 42.57 

Log. Feet 

4.7960898~2 
4-9906041~ 
5'1o11136,7 
5'1233300~4 
5'0816.+99,1 

4.9036849~2 
5.0066897,4 
5'2173375,4 
4'9949085~4 
5'0530788~6 

5-1007639~4 
j'0905099,5 
5'1002476,1 
5'2237331~~0 
5'1927174~7 

5-0560418~5 
4'747317736 
5.0920594~6 
5,2206490~4 
5.0014go3,5 

Azimuth at  B 

0 1  a 

248 10 32.62 
138 27 18-09 
177 46 45.02 
112 10 45-64 
148 32 52-57 

228 36 51-70 

164 3 19.59 
114 23 4.08 

116 57 4'33 
189 26 51-11 

76 24 59.44 
160 40 21'1 I 

237 56 10.00 

209 14 30'90 
288 24 54.74 

236 43 37.71 
I74 59 30'77 
154 45 59-49 
171 43 18.72 
86 15 29-14 



PRINCIPAL TI1IBNGULATION. Lb!l!I!FUDES, LONGITUDES AND AZIMUTHS. 
61-G, 

A 

0 1  4 

315 I 41.93 
28 43 19'99 
32 17 51-38 

310 13 21-71 

255 49 55-03 

94 6 56'28 
340 22 46.12 
37 24 48-90 
19 47 56'92 

357 38 55-30 

93 42 39'67 
27 42 35'17 

343 26 0.80 

343 36 26-99 
50 46 6.38 

264 22  2.41 
I 16 7 33.26 
346 2 1  49'56 

48 I I I 1.63 
31 42 23.76 

I 56 52.19 
87 4 17'73 

I 50 35'07 
47 43 35.26 

301 22 44-22 

351 49 29'07 
79 39 33'91 

342 2 2  34.98 
42 54 20 '11 

296 19 54-05 

336 47 46'96 
90 50 55.04 
29 35 I 5'23 

350 43 55-64 
346 48 57.00 

309 15 31-56 
31 41 42.21 

249 47 13.48 
95 24 34.96 

307 32 38-54 

Circuit 
No. 

I 
4 

9s 

6 

11 

1s 

n 

6 
19 

7 

8 

n 

9 

19 

10 

91 

st 

11 

99 

31 

8tation A 

Number and Name 
of Station 

VII (Dhanora) 
n 19 

VI I I  (Qurla) 
D 9$ 

IX(lbrsod) 

99 $9 

n n 

9 1  rr 

X (Jalslkheri) 
XI (gBula-ksiUta) 

XII (Hardea) 
)1 19 

n 19 

XI11 (Inddwan) 
91 n 

X I V  (Mograba) 
9s n 

99 . 99 

99 11 

XV (Singirchori) 

X V I  (GumBnpur) 
XvII (Thikri) 

11 11 

9) 91 

XVIII (B4wangqz) 

91 9 1  

XIX (Jfibad) 
n 99 

1s 11 

X3 (Bhb4kuvar) 

99 11 
I 

XXI (ibgaon) 
99 19 

19 1 9  

X2ZI (Ajdd) 

, 99 91 

99 11 

XXIII ( V d v ~ )  
99 3s 

19 11 

htitnds 

0 1  * 
23 16  30.23 

99 

23 17 36-14 
99 

23 6 46.48 

1 9  

19 

I3 

23 10 34.89 
23 7 48-21 

1 2  47 29-91 
]I 

9 1  

22 48 48-54 
99 

2 2  22 44-21 

91 

$9 

11 

2 2  14  39-91 

22  34 50'27 
22 I 2'77 

9 1  

9 1  

21 59 13 '20 

1 9  

21 40 35'29 
91 

99 

21 35 33'54 

11 

21  18 27'70 

13 

1 9  

21 18 49.40 

81 

31 

20 44 27-73 
11 

31 

Bide A B 

' ~a~ .  F& 

- 

4'9202418~1 
4'7786086,1 
4.8895432,~ 
4'8181844~0 

4 '975~438~6 

4'9439963,4 
5.0930463~2 
5.1363074~8 
5'1717896,o 
5'06110'/8,9 

5'0969580~6 
5 .2~85994~3 
5'1 59oz44,a 
5'2162374~1 
5.1257558~2 

5.0806120~3 
5 '22~4297~5 
5.1307296~3 
5'3256813,5 
5'2153017~9 

5'3319590~4 
5'2784758,4 
5'0931438,5 
5'3597984,o 
5-3383250~6 

5.1635562,~ 
5'2257597,2 
5.1477707~3 
5 .~545348~9 
5'3662898,6 

5.0422364,~ 
5'2172132,3 
5'3738994,B 
5.1926514~3 
5 .329634~~6 

5.3908798~9 
5.3540683~4 
5'1792053~0 
5*2257840,6 
5.1586443~7 

~ $ , " ~ g w ~  
P 

0 1  * 
75 17 42.57 

$9 

75 35 36-57 
St 

75 28 12-70 

91 

1 9  

$1 

75 44 35.01 
75 12 33-30  

75 35 37-33 
ll 

11 

75 13 23-78 
I9 

75 21 38.57 
99 

11 

91 

75 42 55.62 

74 54 59'56 
75 2.7 17-16 

11 

9 1  

74 53 41'99 

9 1  

75 26 34'90 
19 

99 

74 57 21-60 

13 

75 34 4-92 
13 

1 9  

75 5 0 '92 

11 ' 

11 

75 13 34'30 
11 

99 

hbd 

0 1  4 

135 5 50.11 
208 41 18.15 
212 14 56.j0 
130 16 54-13 
75 56 21.10 

274 Q 47-40 
160 25 39'51 
217 19 2-10 

199 44 26'97 
177 39 15'00 

273 34 2'85 
207 37 13-03 
163 28 49-24 

163 39 37'09 
230 39 0'30 

84 30 8'96 
295 57 21-87 
166 23 57'49 
228 0 38.57 
211 36 28.95 

181 56 22'77 
266 51 42-71 
181 50 19'33 
227 32 28.29 

121 34 57'95 

171 50 50.60 
259 28 47'50 
162 25 19-85 
222 46 25-98 
116 33 19.78 

156 50 34-95 
270 40 21'23 

209 27 53-73 
170 45 30'91 
166 52 1-21 

129 27 35.65 
2x1 34 12.76 

69 56 4-78 
275 rq  9.36 
127 39 41'83 

Station B 

Bnmber and Name 
of Station 

I X  (Kmod) 
X I  (Kaula-krcM4ta) 
I X  (Karsod) 
X (JaUlkheri) 
,, 91 

XI (Kaula-ka-MBta) 
XI1 (Harndsa) 
XI11 (Inhiwan) 
XI1 (Hadas) 
XIII (Lndr6wan) 

, 99 I* 

X I V  (Mograba) 
XV (Singsrchori) 
X I V  (Mograbs) 
X V I  (Gumhpur) 

X V  (Singhrchori) 
X V I  (Quminpur) 
XVII (Thikri) 
XVIII (Bhwangaz) 
XVII (Thikri) 

XVIII (Bhwangaz) 
91 91 

XIX (Jalhlabad) 
XX (BBbSkuvar) 
X I X  (Jalslabad) 

XX (Bhbtikuvar) 
,, 1) 

X X I  (8rgnon) 
XXII (Aj&d) 
X X I  (haon) 

XXII (Ajn4d) 
19 

XXIII (Valvlrdi) 
X X I V  (Dhanvk) 
XXIII (Vdvddi) 

XXIV (Dhanvlr) 
XXV (Anakvai) 
X X I V  (Dhanvbr) 
XXV (Anakvsdi) 
X X V I  (SiGla) 



No=.-Wiona XXSU (Chinchou) and XXIV ( h g a o n )  appertain to the Bombay Longitudinal Series of the Southern Trigon. 

W. H. COLE, 

In obrga of Cbmputing O m .  

t 

Azimuth at A 

P 

0 1  * 
8 17 32'52 

I r  16 10.85 

317 52 49-16 
66 39 28.49 
5 57 43.40 

324 14 14.88 
312 22 4-67 

355 38 39'78 
266 19 43'94 
78 19 12.05 

333 42 31-50 
25 29 10.23 

337 49 59-66 
302 5 16-32 

353 I 50.33 

287 10 48.55 

17 49 11.69 
68 36 11-85 

55 39 41.98 
141 49 17-62 

39 25 43-64 
90 I 5 24.58 
354 34 37.31 
44 35 13-84 
123 40 12.16 

Station B 

Number and Name 
of Station 

XXVII (Sitman) 
XXVI (Sirsaa) 
XXVII (Sbtmhln) 

,, 19 

XXVIII (Pophla) 

XXIX Wjur) 
XXVIII (Pophla) 
XXX ( y e w  
XXIX (Rhjur) 
XXX (PerGI) 

XXXI (JBmkhed) 
9, a) 

XXXII (Ahirmal) 
XXXI (Jbmkhed) 
XXXIV (Dhaigaon) 

XXXII (ihirmd) 
XXXIII (Mathmi) 
XXXIV (Dhaigaon) 
XXXIII (Mnthuri) 
XXXIV (Dhaigaon) 

XXIII (Chincholi) 
XXIV (Bgargaon) 
XXIII (Chincholi) 

Station A 

Circuit Number and Name 
No. / of Station 

\ 

0 I I1 

20 44 27-73 
20 53 3-31 
20 47 2'38 
20 29 56.24 

2) 

11 

20 20 13'97 

>9 

20 2 20-80 

1) 

11 

20 3 43'04 
11 

19 58 37-15 
12 

19 40 33.04 
18 

I) 

19 33 16-35 
19 1 0  34'78 

11 

91 

rg 30 35'04 
99 

18 55 25.27 

19 13 40.52 

aide A B 

Log. Feet 

5'1708844,o 
5'1543785~8 
5.3394640~8 
5.1698058~7 
5'2250844,7 

5'2910314~1 
5*~05401016 

5'117949591 
5'1203539~6 
5'0450926~2 

5'1676370~0 
5.1911634~9 
5'2987006,8 
5'3125662,6 
sm2328656,6 

5'1718948~8 
5'2799183~0 
5'2169643~3 
5.38 54073,~ 
5'1878534~6 

5~0745026~5 
5'3306386~2 
~'3299498~8 
5.~279535~0 
5'2222226,8 

- 
11 

12 

11 

18 

11 

14 
IS XXIV (Agargaon) 

,, 11 

Longitude E a ~ t  
of Greenwich 

0 I 11 

75 13 34-33 
75 38 29.61 
74 44 9'52 
75 33 36.25 

y9 

11 

75 9 49.65 
29 

75 30 33'3s 
11 

I) 

75 53 34-58 
11 

75 1 1  34'13 
II 

75 41 55'24 
11 

1) 

76 6 39-51 
7s 31 46-95 

11 

91 

75 15 10.99 
19 

75 18 41'47 

74 54 32-97 

Azimuth at B 

0 1  * 
188 16 13.70 
19x14 27.20 
138 I 50'05 
246 31 10.79 
185 56 40'03 

144 21 10'24 
132 29 13.87 

I75 39 15'79 
86 27 37'50 
258 12 42-28 

153 46 23.14 
205 25 12-55 

157 54 25'66 
122 15 33'99 
173 3 3.58 

107 19 6.82 

197 45 49-38 
248 27 13'89 
235 28 8-10 
321 43 47.73 

219 21 27'27 

270 3 10.74 
174 35 46-60 
224 28 23.77 

303 32 19-36 

XXIII (ValvBdi) 
XXIV (Dhanvdr) 
XXV (Anakvtidi) 
XXVI (Sirdla) 

9t )) 

# #  I1 

XXVII (Shtrnaa) 
11 99 

XSVIII  (Pophla) 
11 11 

I* 91 

X X I I  (Xjur) 
)I 91 

XXX (Yertd) 
11 >t 

XXXI (Jhkhed) 
11 11 

91 11 

X S X I I  (Ahirmal) 
XXXIII (Nathuri) 

91 )I 

)I I9 

XXXIV (Dhaigaon) 
I) I) 

XXIII  (Chinoholi) 

XXIV (Agargaon) 



K H A N P I S U R A  M ' E R I D I O N A L  S E R I E S .  

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 tlie 2nd or the deduced station. This is followed by the arc contained between the two stations, a l~d  the11 by the terrestrial 
refraction and the height of the 2nd station above or below the lst, as computed from t l ~ e  vertical a~rgles 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. 
Usually there are two or three independent values of the height of the deduced station; the details are so arranged as to 
nhow these consecutively and their mean in the columns of "Trigonometrical Results." T l ~ e  menn results thus obtained are 
l~owever liable to receive corrections for the errors generated in the trigonometrical operations, which are slrown up by the 
spirit levelling operations, wherever a junction between the two has bee11 effected. Tlre spirit levelled determinations are always 
accepted as final, and the trigor~ometrical heights of stations lying between those fixed by the levelling operatiolrs are adjusted 
by simple proportion to accord with the latter. In  the table the spirit levelled values are printed thus, 2891-10, &c., to dis- 
tinguish them from the adjusted trigorlometlical values. The column in which the mean trigonometrical heights are given is 
barred across where aecessary, as after deduction of Stn. XVII from Stn. XIV, page 67,,., to  iudicate that one set of adjustments 
ends and another begins. The trigonometrical heights always refer to the upper mark or to the upper surface of the pillar or structure 
on  which the theodolite stood ; when a spirit levelled height does not refer to either of these surfaces, it is given in combination with 

a correction, thus ('!:? , and the sum of these two quantities, in this case 851 - 15, represents the value with which the mrre- 

sponding trigonome&cal mean height 849- 2 is comparable. Descriptions follow these tables, exactly indicatil~g tlle surfaces on 
which the levelling staff stood during the determinations of the spirit levelled 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 the ground level mark-stone in the floor of the passage; otherwise, i t  is tlie approximate height of the structure above 
the ground at the base of the station. 

The heights of the initial stations above Mean Sea Level are taken from the K d c h i  Longitudinal Series of the North-West 
Quadrilateral and are as follows :- 

XXI (B~ida) I 525'5 feet ; XXIV (Blilkara) 1804.1 feet. 

#m~.---Stations XXI (BGds) md XXIV (BBligars) appertain to the KaAhi  Longitudinal Series of the North-Wwt Quadrilateral. 
* Thin L an auxiliary atstion for the determination of height only, and ib data are not publinhed in thia Volume. 

r 
htronomicsl Date 

388288 

Dee. 1 

IS 2 

n 21 
YY 2 

Number and h'ams 
of Station 

Mean of 
Time' 

of o h ? -  
ration 

i m 
I 28 

I 33 

r 31 
I 24 

XXI (BGda) 
'Digau 

XXIV (BBlQara) 
'Dignu 

Obmnred 
Vertical Angle 

8 

- 8 - .- 
PI 

'8 
2 
M .- 
2 

.9 
3 rn 

%%, 

8; d 
.zs.: 
E $  m 
a 

0 I 11 

D o  415.8 
D O  653.1 

D o 1 7  1-3 

E 0 4 43'5 

Height in feet of 2nd 
station .bore ~ a n  

Sea Level 

2 
.- 
4 

E 

''erreatria' 
Refraction 

Final 
Result 

Trigonometrical 
Resultr 

feet 

1.5 

Height in feet 
-- 

? 
,G 
p 

Byeach 
deduc- 

tion 

0 

4 1 
2 1 

n 
t4 

0 

% 4 
<z  

# ' 6 9  6.E 

Meen 

4 
4 

8 

4 

2 
8 a 

1548 

1-7 
1'7 

1.8 

0.9 

1548.2 

4.8 
4.8 

4.8 
4.8 

If 

804 42 -0j2, -257.9 1546'2 



64-G. 
KHBNPISURA MEEIDIONAL SERIES. 

NOTE.--Stations XYI (BGda) and XXIV (Bbligara) appertain to the Kamchi Longitudinal Series of the North-West Quadrilateral. 
* Thin height in to be combined with negative sign because the pillar at I (Sitaintlu) had a subsequent permanent addition made to it of 2.6 feet. 
t Thcae are auxiliary stations for the determination of height only, and their data are not publinhed in this Volume. f lbjectd. 
3 See description of this etation, pagee 4-a. and b,,, 

- - 

datronomical 

1882-83 

Nov. 25 
Dw. 6 

,, 2, J a n  2 

,, 6, ,, 3 
,, 20, ,, 1 
,, 6, ,, 3 

Jan. 20 
1 J P  

Nov.879, Dee. 

Dec. 20 

,, 2,Jan.2 
,,20, ,, 1 

,, 6, ,, 3 
,, 20, ,, 1 

S# 6 
16 1~ 

$ 8  20 
,, 16, Jan. 6 

8 ,  6 
,, ?,I8 

8 ,  15,16 
9, 7,18 

#I 15 
8 8 )  

,, 7, Jan. 4 
8 9, 

,, 15, Jan. 6 

,, 14 

,, 18, Jan. 4 

,, 14 

Jan. 6 

as 8 

Dec. 8 
13 3, 

9 ,  14 
9 ,  18 

Date 

Mean of 
Timca 

of oher- 
vation 

i m 
1 33 
2 o 

I 33 
I 41 

1 41 
I 34 

2 53 
I 24 

2 I 1 

2 15 

I 35 
1 47 

1 34 
I 41 

I 43 
I 50 

2 9 
I 3 1 

1 46 
2 4 

2 6 

2 7 

2 11 

2 24 

2 4 
2 32 

2 27 
2 52 

2 

2 21 

1 30 
I 19 

2 41 
2 29 

2 34 
I 34 

.- .u 

E 
{ 
% 
g 

1 
Pi 

4 
6 

8 
8 

8 
10 

6 

4 

12 

6 

14 
10 

10 

8 

4 
6 

6 
8 

4 
'0 

8 
8 

6 

4 

10 

4 

8 

4 

8 

4 

4 
q 

6 

4 

6 

4 

a 

Number and Name 
of Sbtion 

X X I V  (Bhlkara) 
I (Sitamau) 

t n i g ~ u  
I (Sitamau) 

11 (DhamnBr) 
I (Sitamau) 

X X I  (Bbda) 
I1 (Dhamnir) 

X X I V  (BBl%ara) 
I1 ( D h a d r )  

tDjgau 
I1 ( D h a d r )  

I (Sitamau) 
I1 (Dhamnhr) 

I (Sitamnu) 
I11 (Nigrun) 

I1 (Dhamnk) 
I11 (Nigrun) 

I (Sitamnu) 
t Tarauli 

I11 (Nigrun) 
TTarrruli 

I11 (Nigrun) 
I'P (Dudhila) 

t Tnrauli 
IF (Dudhhla) 

I11 (Nigrun) 
tPBtan 

t Tarauli 
t P i t au  

111 (Bigrun) 
t Parnakhera 

I V  (DudhMa) 
V (Deo Dongri) 

t PBtan 
V (Deo Dongri) 

a 
4 
m ' 

.u ..= 0 0 
!-I ..= 

5 1 4 
. a g . q  mi 

3 

-190.2 

+ 69.1 

- 61-6  

+158.1 

-127.1 

+130'3 

+ 61-6  

- 28.8 

- 92'4 

- 71'3 

- 40.0 

+ 89'3 

+128.2 

+ 21'5 

+ 57'9 

+ 91.8 

+ 51.1 

+ 1 2 0 m 2  

Observed 
Vertical h g 1 e  

o I 11 

D o  14 42.5 

D o  4 47'9 

R o o 7.8 

D o  8 44.9 

I )  o 8 42.8 

L) o 3 30'3 

D O  5 4 j .3  
D o  14 16.8 

D O  12 37'3 
D O  5 20.5 

E o I 57.9 
D o  12 15'9 

D o 3 30.3 
D o  8 42.8 

D o  8 50.9 
D o  6 48.5 

D o  10 50.0 
D o  4 26.2 

D o  9 44.4 
D o  4 37'5 

D o  7 38'5 
D o  4 1.5 

D o  6 58.9 
D o  11 50'4 

E o I 14.2 
D o  11 32.4 

D o  2 3 1 . 7  

D o  5 33'8 

D o  2 36.6 
D o  8 17-7  

D o  4 44'1 
D o 1 1  1.8 

D o  11 16.9 
D o  13 22'9 

D o  3 14.0 
D o 1 1 5 0 . 8  

1 
#. 

i 
Cd 
5 ... 
d 

fw 

15'4 

I 

10 

3 '3  

5 

6 .5  

5 

5 

Height in feet of 2nd 

4 
9 

u 

n 

1313 

526 

79' 

I247 

I193 

624 

791 

1003 

977 

959 

749 

1246 

679 

472 

695 

994 

1654 

962 

Height 

+ 

2 

+o'g 

1.7 

1.1 

1 8  

3.7 
2 - 0  

1 .8  

5 .0  

1 - 8  

3.1 

2 '3 
1 - 8  

2 - 0  

3 - 7  

1.8 

4.3 

2.9 
2 .2  

2'5 
4'3 

2 . 0  

1 . 8  

1.7 
1 .8  

2 . 1  

2 - 9  

1 - 7  
1 .8  

3.0 
1 - 6  

2 '9 
2 ' 2  

1 .8  
1 .8  

4 .3  
1 .6  

4 r 

79 

17 

34 

25 

62 

12  

34 

36 

36 

52 

33 

63 

38 

5 

28 

29 

91 

32 

in feet 

3 
2 a 
I 4  

4.8 
4.8 

4.8 
4.8 

4 .8  
4 - 8  

4.8 
4 .8  

4.8 
4 - 8  

4.8 
4.8 

4.8 
4.8 

4.8 
4 .8  

4.8 
4.8 

4.8 
4'8 

4.8 
4.8 

4 - 8  
4.8 

4.8 
4.8 

4.8 
4.1 

4.8 
4.1 

4.8 
4.8 

4.8 
4.8 

4.1 
4.8 

Terrestrial 
Befmtioo 

"4 
i g  
.a.s 

-060 

-032 

'043 

'020  

'052 

-019 

'043 

'036 

'037 

'054 

'044 

'051 

.056 

'011 

.040 

'029 

'055 

'033 

l e a n  

Final 
Berult 

1616 

1678 

1587 

1546 

1675 

1606 

1678 

1/27 

f3tation above 
8- lave1 

B y m h  
deduc- 

tion 

1613.9 

1617.3 

1616.2 

X 
1683.6 

1677.0 

1677.2 

1587.0 

'585'2 

1544'5 

1546.1 

1675'4 

1673.5 

1607'6 

1603.2 

I 1677.9 

!Crigonometrid 
~ e s ~ l ~  

Mean 

1615'8 

1678.51677-6 

1586.1 

1545'3 

1674'5 

1605.4 

1677'9 

1725.6 

1725'61726.6 



PRINCIPAL !l?RIANQULATION. HEIGHTS ABO- lKEAJ!i SEA LEVEL. 
65-G. 

* These are auxiliarg stations for the determination of height only, axid t,heir dsta are not published in this Volume. 
t Thew heights nre to be combined with negative because the pillar nt VII (Dhnnors) had a rubseQuenC pemnent  sddition made to it, pge 6-a 

Data 

h of 
Timer 

ofoher. 
vation 

m 
I 36 
I 18 

2 20 

I 55 

I 37 
I 27 

I 33 
I 28 

I 16 

I 49 

I 48 
I 26 

I 45 
I 37 

I 47 
I 44 

I 36 
I 41 

I 41 
I 40 

I 32 
2 0 

2 41 
2 I 3 

I 40 
I 34 

2 0 

I 32 

I 37 
I 20 

I 33 
I 23 

a 9 
I 55 

I $9 
I 52 

Astronomical 

Number and Name 
of Station 

*Parnakhem 
V (Deo Dongri) 

I1 (Dhamnbr) 
V I  (Lohhri) 

I11 (Nigrun) 
V I  (Lohhri) 

* Parnakhem 
V I  (Lohixi) 

V (Deo Dongri) 
V I I  (Dhanora) 

V I  (Lohttri) 
YlI  (Uhanora) 

V (Deo Dongri) 
V I I I  (Gurla) 

V I I  (Dhanora) 
V I I I  (Gurla) 

V I I  (Dhanora) 
1X (Karsod) 

V I I I  (Cfurla) 
I X  (Karsod) 

X I  (Kaula-ka-%ta) 
I X  (Karsod) 

V I  (L0hh-i) 
XI (Kaula-ka-MBta) 

V I I  (Dhanora) 
X I  (Kauhka-Mhta) 

I X  (Karaod) 
X I  (Kaulu-ka-Mbta) 

V I I I  (Qurla) 
X (Jalilkheri) 

I X  (Karsod) 
X (Jalhlkheri) 

I X  (Kareod) 
*KwBla 

X I  (Kauh-ka-Mh)  
+ K w h  

1 

Observed 
Vertical Angle 

0 I 11 

D o  4 49.2 
D o  8 42.7 

D o 7 0 .7  
D o  10 29.0 

36'7 
D o  13 39.4 

D O  a 0 .5  
D o  8 7.8 

D o  6 '9  
D o  13 1.9 

D o  16'5 
D o 13 26.9 

D o  5 4.2 
D o  3 36.8 

D o  13 10.5 
D o  2 17.6 

D o  10 19.4 
D o  2 26-5 

D o  I g S 9  

D o  8 39.2 

D o 13 2.0 

E o o 2 - 9  

D o  55'7 
D o  16 42.5 

D o  o 48.5 
D o  8 48.5 

E o  o 2.9 
D o 1 3  2.0  

3 33'8 
D o  6 41.2 

D o  8 13.0 
D o  6 7 - 3  

D o  7 41-7  
D o  2 42.5 

I 4  58'8 
D o  1 2 7 . 3  

Jan. 8 

81 16 

YS 1 
18 1s 

19 6 
ss 18 

n 8 
18 Y I  

n 16 
,, 11,l2 

9 )  18 
Peb, 14 

h l 8 ,  Jan. 16 

Jan. 13 

,, 11,12 
13 9, 

, n.%~aa 14 

,, 26, ,, 9 
n .13 

, 2689 

B Height in feet Height in feet of 2nd 1 .- 
Y Btation above Mean & 

S Sea Level 
E 
2 
% PI 

Final % 

n 23 
25,29 

n 18 
n !B 

11,12 

91 23 

2629 

n 23 

n 13 
,, 80,31 

2629 

,, N,31 

2586 
Feb. 8 

~ s a  a, ~ e b .  16 

Feb. 8 

ki 

4 
4 

6 
6 

4 

4 
4 

10 

6 

8 
8 

8 
6 

12 

8 

8 

4 
8 

4 

8 
4 

8 
4 

8 

8 
8 

8 
6 

I0 

6 

1 - 8  

1 '7 

0.9 
1.8 

1.8 

1 - 8  
2.1 

t4'9 
1.8 

1.8 

2 . 2  

1.9 

2 ' 2  

t 4 - 7  

1.6 
t 2 . 1  

I S 7  

1 . 4  

1.7 
1.4 

"5 
1.8 

2.5 
1 - 8  

I" 

1.7 

'" 
2 - 4  

2.2 

1.5 

2.0 

1'5 

"I 

1 - 7  

A 

4 '8  
4 -8  

4'8 

4.8 

4.8 

4.8 
4.8 

t 2 . 4  

4 '8 

4.7 

4.8 
4.8 

t 2 ' 4  
4.8 

1 .2  

4.8 

4 '8 
4 '8  

4'8 
4 '8 

4 '8  

4.8 

t 2 . 4  
4'8 

c 4 ' 8  

4.8 

4'8 
4'8 

4.8 
4.8 

4'8 
4'5 

*'* 
4'5 

11 

886 

1117 

1245 

655 

1124 

I 

553 

992 

822 

766 

869 

1 6 ~ 2  

594 

869 

650 

934 

651 

1 6  

44 

40 

50 

33 

53 

54 

26 

37 

36 

30 

53 

85 

5 

53 

25 

44 

2 2  

35 

'050 

so36 

-040 

'050 

-047 

-044 

'047 

'037 

-044 

-039 

'061 

-052 

'008 

.061 

-038 

'047 

'034 

-033 

+ 50.7 

+ 

+147.4 

+ 59'2 

+154.5 

+147.0 

- 12.0  

-165'9 

- 99'0 

+ 60.4 

-167.5 

f211.9 

+ 66.0 

+167.5 

+ 30.0 

- 29'2 

- 48.0 

-208.4 

tion 

1728'6 

57.61735.2 

1733.5 

1737'1 

1881.1 

1882.3 

1714.6 

1715.8 

1782'7 

1780.0 

1947.2 

1947'71947'2 

1946.7 

1745.2 

I750.2 

1731.4 

1738.8 

1735.3 

1881'7 

1715.2 

1775.61779.4 

1747'7 

1734.4 

1736 

1883 

1716 

1781 

1948 

I749 

1736 

fd 

13.4 

18.0 

6.7 

5 

0 '5  

3 ' 8  

4.5 



K H A N P I S U R A  

* These are auxiliary stations for the determination of height only, and their data are not published in thin Volume. 
t There heighb are to be combined with negative si s becaue the pillar at Samalia had a rubsequent prmment addition made to it of 6 fwt. t Ditto ‘!%‘I Jalodia ditto ditto 1'8 , 

M E R I D I O N A L  SERIE9. 

Antronomical 

1883 

Mar. 16 
19 8 )  

Jan.29,Feb.g 
Feb. 10,12 

9 1  16 
,, 10,12 

Mar. 19 

29 16 

29 17 
21 16 

Feb. 12 

92 21 

,, 15,16 
I) 17 

91 12 
17 3s 

,, 1412 
n 28 

8s 22 
11 23 

11 9 
27 1, 

19 8 
91 27 

99 28 
~9 27 

,, 21,22 
Mar. 9,10 

)P 13 
,, 9,10 

Feb. 23 
Mar. 9 

Feb. 27 
Mar. 6,7 

9s 9 
99 6,7 

Number and Name 
of Ststion 

* Baloda 
*Kwhla 

I X  (Karsod) 
Baloda 

XI (Kaula-ka-Mhta) 
* Baloda 

* Kwhla 
* Balodrt 

X I  (Kaula-ka-Nits) 
*Samnlia 

* Baloda 
SameIia 

X I  (Kaula-ks-Mhta) 
Jalodia 

*Baloda 
* Julodia 

*Baloda 
*Na,nora 

* Samalia 
INagora . 

I X  (Kar~od) 
X I 1  (kIarnha) 

*Iiwila 
XI1 (Hnrnhn) 

+ Nagora 
XI1 (Humha) 

Samalia 
XI11 (Indrhwan) 

+ Jrrlodia 
XI11 (Indrhwan) 

* Nagora 
XI11 (Indriiwan) 

XI1 (HamLa) 
S I V  (Mograbn) 

XI11 (Inddwan) 
XIV (Mograba) 

I 

Data 

Mean of 
Times 

ofobwr- 
ration 

h m 
I 27 
a 5 

I 44 
I 26 

I 13 
I 13 

a 5 
I 27 

I 30 
r 50 

2 25 

a a4 

I 37 
I 46 

I 57 
r 55 

I a4 
I 54 

z 1 5  
I 25 

I 36 
a 8 

I 55 
2 12 

a a1 

2 7 

2 37 
I 50 

I 50 

2 29 

2 lo 

I 55 

I 46 
I 52 

2 36 
I 53 

Obsmed 
Verticnl Angle 

0 1  1 

D o  5 35'4 
D o  2 42.8 

44'2 

D o  3 42.7 

D o  15 41'9 
E o 5 57-5 

D o  2 42.8 

D O  5 35'4 

I3 39'5 
E o o 9.0 

D O  a 51'3 
D o  5 17-2 

D o  1 1  43.5 
E o o 29.0 

D o  o 40'8 
D O  9 0.1 

D o  3 57.9 
D o  7 16.6 

l) o 3 11.0 

D o  5 14'9 

D o  8 33-8 
1) o 10 42.9 

I) 8'5 
D o  9 38.8 

D o  4 18.4 
D 0 7 24'1 

E o 2 8.8 

D o  9 3'5 

D o  a 39.4 
D o 4 32'2 

D o  I 46.4 
D o  8 7.2 

34'3 
D o  2s 44.1 

E O  040.1 
D o  25 41.5 

.- .a 

Height in feet Terrestrial 
Refraction 

$ 
8 
3 z 
% 
* 

9 & 

fd 

'2 

5 

8.8 

5'8 

10.2 

7'5 

0 

M- 

Pins1 
h u l t  

1753 

I774 

1825 

1784 

1818 

1 8 3 ~  

1464 

IS Shtion above 
E 8 rn Sea Level 

4 
% Rerultr 

g 
g 

2 

4 
4 

8 

6 
8 

4 

4 

4 

6 
6 

8 

4 

8 
4 

8 

4 

6 

4 

4 
6 

6 

4 
4 

8 
8 

4 
8 

4 
4 

8 

4 
8 

Height in feet of 2nd 

1'4 
4.0 

X's 

1'3 

4.1 
1'7 

4.0 
1'4 

*" 
3.0 

t3.2 
4.1 

$5'5 
4'3 

$5'5 
1 

2'5 

4'1 

1.4 
tam8 

2.3 
2-3 

2.1 

2'3 
3'9 

1.9 
2'5 

"'3 
4.6 

1.9 
2.2 

'" 
3.6 

9 - 0  
3'0 

I 

4.6 
4.5 

4.6 

4'8 
4'6 

4'5 
4.6 

4'9 

4.6 
t0.2 

4.8 
$3'0 

4.6 
$3'0 

4-6 
4.8 

t0.2 

4'8 

4.8 
4.5 

''' 
4.5 

4.8 
4'5 

to.2 

4'5 

4-6 
4.5 

4'8 
4-5 

'" 
4.6 

4'5 
4-6 

a 

453 

643 
, 

613 

453 

849 

365 

740 

5 1 1  

646 

446 

1215 

718 

705 

372 

414 

540 

1673 

1626 

-14 

18 

21 

-14 

23 

-51 

37 

-29 

- 

-16 

39 

1 1  

6 

-21 

-a6 

-18 

83 

60 

'031 

eO28 

'034 

-031 

-027 

.14o 

'050 

'057 

9.014 

.036 

-032 

'0x5 

.oo9 

.o56 

'063 

'033 

.o5o 

-037 

N 

- 17.8 
- 28.7 

-196.3 

+ 17.8 

-173.4 

+ 19'2 

-124'2 

4- 71'3 

+ 32.2 

+ 9.0 

+ 39.0 

+ 79.2 

+ 33-1 

+ 59.3 

+ 8.2 

+ 50.7 

+647.3 

+6z7-8 

1733'0 

1750.7 

1752.9 

1773.8 

1770.7 

1823.0 

1822.8 

1783.7 

1781.3 

1818'4 

1815'6 

1831.6 

1831'1 

1833.2 

2463-2 

2459.8 

1750'91751'5 

1772.3 

1822.9 

1782.5 

1813'61815'9 

1832.0 

2461'5 
- 





68-0. KHANPISUIU+ MEBIDIONAL SERIES. 

* Thir h arr aurilury rt.tion for the determination of height only, and itr dstr ue not publirhed in thie Volume. 

- - 

drtronomical 

18S4 

Dec. 8 
Nov. 28 

p 9  19 
$1 28 

,, 19,21 
Apr. 17 

Nov. 25,28 
Apr. 17 

99 22 
17 Y, 

Nov. 19 
Apr. 26 

Nov. 25,28 
Apr. 22 

91 17 
9, 22 

Nov. 25,28 
May 2 

Apr. 23 

May 2 

Apr. 22 

PS 8 

Y S  17 
n 10 

$8 2 
8,s 98 

m 23 
I S  

,S 8 
St  8 

May 2 
8 A pr. 

9,  8,s 
2 ,, 

9 9  8 
Mar. 11,lrh 

Dots 

Mecm of 
Timos 

of obser- 
vation 

h m 
2 29 
2 4 

2 6 
2 I I 

I 49 
I 35 

2 I 4  
2 2 0  

I 44 

I 44 

2 2 0  

I 52 

a 8 

I 34 

I 44 
I 44 

2 I 7 
I 56 

I 38 
I 40 

2 9 
a 16 

2 5 
I 53 

I 51 
I 55 

2 o 
8 2 6 ' A  

2 2 3  
I 47 

I 25 
I zz 

I 55 
I 51 

I 57 
I 44 

Number and N m  
of Station 

XX (Bdbikurar) 
XXII  (Ajnid) 

XXI (Argaon) 
XXII  (Ajnhd) 

X X I  (Brgaon) 
XXIV (Dhanvk) 

XXII  (Ajnld) 
XXIV (DhanvBr) 

X X I I I  (Valvldi) 
XXIV (Dhanvirr) 

XXI (Argnou) 
XXIII  (Valvsdi) 

X X I I  (AjnM) 
XXIII  (Valvidi) 

XXIV (Dhanvlr) 
X X I I I  (Valvidi) 

XXII  (Ajnhd) 
XXV (Anakvidi) 

X X I I I  ('Falvtidi) 
XXV (AnakvBdi) 

X X I I I  (V~rlvMi) 
XXVI (Yirshla) 

XXIV (Dhanvir) 
X S V I  (Sirda) 

XXVII  (Sitmila) 
XXVI (Sirdla) 

X X I I I  (Valvhdi) 

+A 
XXVII  (SBtmMa) 

XXV (Annkvidi) 
XXVII (Sitmila) 

XXVI(Sirsi1a) 
XXVII  (Sitmila) 

XXVI (SirsBla) 
XXVIII  (Pophla) 

Observed 
Vertiaal Angle 

0 1  * 

D 39 e6 '3  
E o  23 27.0 

E o  19 6.1  

D o  54 34 '9  
E o 31 56-4 

25 '3  
D o  11 12.6 

D o  10 2 4 . 2  

' D o  1 2  1oe7 

D o  46 12.6 
E o 1 1 5 4 - 6  

D o  23 48-4 
D o  719.2 

D o  I 2  I o a 7  

D o  10 2 4 - 2  

D o  7 1 5 ' 4  
D o  25 40.1 

I" 26 '9 

D 0 3 5  8.5 

E o 2 9  1'3 
D o  50 18.3 

28 33'5 
D o  49 40.2 

D o  17 59" 
D o  3 58'7 

E o 34 50.8 
D o  56 30.1 

E o  34 12'6 
D o  34 21.6 

D o 2 31.4 
D o  29 21.2 

58'7 
D o  17 59'1 

D o  12 2.8 
D 0 x 2  58-3 

;i .- 
CI r 

'3 
S 
rn 

-+  

2 
2 

s z 

4 

4 

ti 

4 

4 

8 

6 
6 

6 
6 

6 
4 

6 

6 

4 

4 

4 

4 

6 

6 

4 

4 

2 

2 

4 

4 

4 

6 
6 

Befraction Height in feet of 2nd 
Btstion above Mean 

8- Level 

Height in feet 
,' 

1 
g 4 

% 
3 
3 
W 

0-7 

fd 

1.0 

2 ' 0  

3 '2  

0.8 

0.0 

5.0 

1 '3  

O m  
a 

Final 
h u l t  

1641 

1164'81 

1127:87 
-1 8 

2249'94 

2790 

3084 

3093 

2818 

~ g o n o m e l r i c ~  
Besultr 

5: 

doduo- tion 

1653.1 

1178.9 

39.21178'3 

1139.0 

513'01139'2 

39.21139.1 

2257'8 

+1623'gr7S8-72789'6 

301.32792.1 

~056+1958.43083~23083'2 

8.83092'0 

301.33089.7 

23'52813-1 

" 
ii 

I . 4  

1 '7  

2 ' 0  

3 ' 5  
1 .7  

3 ' 5  
2 .1  

2'3 
3.3 

4 '1  

1'7 

4.1 
1 .8  

3'3 
2.3 

1 '3  
1.8 

2 0  

5'0 

1 ' 7  
3.3 

1'8 

3 '8  
3 - 3  

1.8 
4.1 

5 '3  
5 -3  

4 - 6  
1.8 

3.8 

1.9 
3-8 

M- 

1652' 2 

1178.3 

1139'1 

2256.8 

- 

3094'83092'2 

2816.3 

' r ~4 7 

u 

5.I 
5.1 

"I 

5 ' 1  

. 
5-1  

5'1 

4'4 
5'1 

5.1 
4'4 

5'1 
4'4 

"I 

4 .4  

5'1 
4.8 

'" 
4'8 

4 ' 4  

5.0 

"I 

5'0 

'" 
5.0 

4 ' 4  

5.3 

5'3 
5'3 

4.8 
5.3 

5'3 

5.0 
' 5.1 

* 

1089 

1630 

1 0  

,431 

1493 

2338 

2111 

1493 

2233 

1662 

I424 

I 

1461 

1456 

g 

2159 

1461 

1660 

62 

104 

94 

149 

72 

142 

I 2 4  

72 

132 

91 

76 

77 

74 

81 

o 

126 

74 

82 

Qz 

'057 

.061 

'061 

'048+ 

-061 

'059- 

~ 0 ~ 8 -  

'059 

' ~ 5 5  

'053 

'055 

.o51 

.ooo 

'058 

.o51 

'049 

.- ~1 ~1 

a X: 

-1013'3 

-064-1487.4165z.r 

-1962'01177'6 

- 473.3 

-2000'6 

+ 605.6 

+1116.62255.7 

t1663'32788.1 

- 

+ 

+ 8j1.1 

+ 

+ 



PRINCIPAL TBIANQULATIOJ!?. HEIGHT8 ABOVIF BlEAN SEA LEVEL 69-a 

* Thb b an aarilisry rtrtion for the determhtioa of height only, and ib d h  u e  not ~ m b U e d  in thb Volume. ) &e dmcription of thi~ &n, prge a,G. 

4 

3 8 4d 

9 

1586 

1932 

1304 

1297 

1096 

1454 

2030 

477 

1061 

1966 

1469 

1 6 ~ 9  

1883 

2401 

1523 

1690 

1629 

I 
, 

Terrestrid 
Refraction 

f ! 

73 

92 

68 

48 

54 

71 

107 

12 

46 

87 

91 

1x2 

148 

65 

80 

68 

65 

a 
0 
..# 

5 
4 
* ; 
0 
R 

6 
6 

6 
6 , 

6 
4 

4 
4 

6 
6 

4 
6 

4 
6 

4 

6 
4 

6 

4 
4 

6 

4 
10 

6 

6 

6 
6 

6 

4 

b 

Height 

8.5 

3.0 

4'3 

5'8 

1.7 
1.8 

2.5 
4 .3  

3'3 
1'6 

3'0 
1 - 6  

2.1 

2 - 5  

1.8 

2 - 0  

2 - 0  

3'5 
1.8 

2.3 
4.2 

z.o 
1.8 

7 3  

5 '3 
4 .3  

s m I  
2 - 2  

7'3 
2'3 

2 4  

4% .Q 

'046 

-048- 

-052- 

'037- 

'04g+ 

'049 

-053- 

-025 

'043- 

9 ~ 0 4 7  

'059- 

so55 

.o5g+ 

so62 

-043 

-047 

'042- 

.043 

k 

*d 

; 
g.. 

fd 

20.3 

"0 

3'0 
L 

0.5  

5 '0  

f 

2.0 

.J 

m 
-4s 
0 : -  

3 , :  
.gg.g ~3 

a 3 a 

- 

- 648.6 

+ 

- 

- 

9.2 

+ 

+ 

-1409.3 

- 636.3 

in feet 

I! { 
d 

5 '3  
5.1 

"O 

5'1 

"I 

5'1 

5 ' 3  
5'1 

5'1 
5.1 

5-1  
5'1 

"I 

5'1 

"I 

5'0 

5.1 
5'0 

5 '0  

5.1 
5'0 

5'0 
5 '0 

5'1 
5 '0 

"O 

5'0 

"O 

5 '0  

"I 

5 '0  

5 '1  
5'0 

5 '0  
5.0 

Height in feet of 2nd lutzonomical Dab 

la 1~ Xumber and Nsme 
of 8tation 

XXVII (Shtdla)  
XXVIII (Pophla) 

XXVI (Siretila) 
XXIX (Rtijur) 

SXVIII (Pophla) 
XXIX (Gjur)  

SXVII (SBtdla) 
XXX(Yer61) 

XXVIII (Pophle) 
XXX (Yertil) 

XXVIII (Pophla) 
XXXI (Jhkhed)  

XXX (Yer61) 
XXXI(J4mkbed) 

XXIX (RBjur) 
+ Chaura Dongar 

XXXI (Jhmkhed) 
+ Chaura Dongar 

XXIX (RBjur) 
XXXII (Ahirmal) 

XXXI ( Jhkhed)  
XXXII (Bhirmal) 

Chaura Dongar 
XXXII (Bhirmal) 

XXXI (JBmkhed) 
XXXIII (Mathuri) 

XXXII (Ahirmal) 
XXXIII (Mathuri) 

XXXIV (Dhaignon) 
XXXIII (Mathuri) 

XXX (Yenil) 
XXXIV (Dhaigaon) 

XXXI (JBmkhed) 
XXXIV (Dhaigaon) 

XXXIII (Mathuri) 
XXXIV (Dhaignon) 

Apt. 2 
Mar. 14 

Apr. Q 
Mar. 8 

99 11 
n 6 

Apr. 2 
Mar. 25 

n 11 
25,29 

S* 11 
Feb. 21 

Mar. 29 
Peb. 23 

Mar. 6 

n 4 

Feb. 25 
Mu. 4 

n 6 
n 1 

Feb. 20 

19 27 

Mar. 4 
Feb. 28 

n 17 
,, 6,6,9 

n 29 
n 9 

n 12 
19 4,5 

Mar. 27,29 
Peb. 14 

p9 17 
91 14 

n 4,S 
99 12 

Obmed 
Vertical Angle 

O i l  

D o  I7  54'5 
D o  6 4.8 

D o  26 25.4 
D o  2 48.7 

D 0 2 7 4 7 . 9  
E o 8 13 '9  

D o 13 31 -0  
D o  6 34'2 

D o  4 5 '8  
n o  12 34'3 

D o  26 9.0 
E o 4 1a.2 

D o  28 15.7 
D o  o 5 - 9  

20'o 

D o  4 37.7 

D o  g 12.7 
D o  7 7'2 

D o  16 44 '4  

D O  13 3.1 

D o  14 16.1 
D o  7 2 7 . 1  

36'6 

D o  g 57-7 

D o  13 43.0 
D o  14 0 .8  

D o  19'4 

D o 19 53.4 

31'4 
D o 25 45.1 

D o  41 4 - 5  
E o 15 35'0 

n o  z5 2 0 . 2  

E o o 2 2 ' 0  

2 5  

E o 2 31.4 

M a  

~ i n ~ l  
h d t  

2125 

2959 

2174 

2138 

2024 

2188 

1553 

t i a e  
Bee h e 1  

nigonome.(rinl 
~e8alt .  

. 2 d ~ - h 1  tion Meax, 
o.tion 

h a 
I ag 
I 28 

I ~g 
I 31 

I 28 
I 24 

I 15 
r 21 

2 21 

2 7 

r 58 
I 59 

I 43 
1 4 2  

2 15 
2 8 

I 35 
I 34 

I 39 
1 37 

I 33 
I 32 

I 59 
1 48 

2 I 2 

2 23 

2 47 
2 48 

2 24 
2 2 

2 I 5 
2 14 

I 27 
I 33 

2 2 

2 24 

272.72819.5 

670'42119'2 

6g0'12126.z 

130-82961.4 

136.92953'2 

2167'7 

782-52174-8 

8 . 4 " 3 ~ . ~  

32.32138'9 

1 o 6 ~ 7 2 0 1 6 ~ 0  

147'22024'02020'5 

113.62021'4 

2180.4 

161-zzr81.72183.1 

636.32187.2 

1548.0 

6 1 7 - 5 1 5 5 3 - 7 1 ~ ~ 8 . 8  

1544-8 

2122-7 

2957'3 

2171'2 

2x35'0 



KHANPISURA MERIDIONAL BEBIE8. 

Nw.--8tations XXIII (Chincholi) and XXIV (Agargaon) appertain to the Bombay Longitudinal Series of the Southern !Crigon. 
* Thin M an auxiliary station for tlle determination of heiaht only, and its data are not published in this Volume. 
t When the vertical angles were measured the height of the upper mark wan 1 6 . 4  feet above the bench-mark mentioned in the description of the ~Wion* 

Since then the height haa h n  reduced to 12 feet aa given in the last column. 

Altmnomid Date 

Number and Name 
of Stetion 

X X X I I I  (Tkiathuri) 
"Tarkha 

XXXIV (Dhaigaon) 
"Tarkha 

X X X I I I  (Mathnri) 
X X I I I  (Chincholi) 

"Tarkha 
X X I I I  (Chincholi) 

XXIV (Bgargaon) 
X X I I I  (Chincholi) 

X X X I I I  (Mathuri) 
XXIV(Bgargnon) 

X X X I F  (Dhaigaon) 
XXIV (hgargaon) 

X X I I I  Chincholi) 
XXIV (Bgargaon) 

1w 

Feb. 2 
Jan. 27 

Feb. 12 
Jan. 81 

Feb. 2 
Jan. 2885 

9 )  27 
26 11 

1883-84 
Nov. 17 
Jmn. 25 

Feb. 4 
Nov. 17 

Feb. 12 
Nov. 17 

Jan. 25 
NOV. 17 

Mesn of 
Times 

of obser- 
vation 

h m 
2 11 

I 55 

I 50 
I 59 

1 52 
2 12 

t 16 
2 6 

2 28 

2 25 

2 I 5 
2 2 3  

2 7 
2 18 

2 25 
2 28 

Height in feet Terrestrial 
.- c. Station above Mean $ 

Sea Level 

Observed 

Final % 
Result ;j 

0 1  n 

E o 4 29.2 
D o  18 36.8 

E o 11 39.0 
D o 3 3  16.8 

l 2  43 '3  
D o 30 5.7 

E o 15 16.8 

q 0 25 49'7 

16 59'7 
D o  7 33'3 

D o  "I 

D o 3 1  7.2 

E o no 12.9 
D o 4 5  0.1 

D o  7 33'3 
D 0 16 59'7 

A 

4 

4 

4 
6 

6 

6 
4 

4 

4 

4 
4 

4 
4 

1 '8  
4.3 

1 - 8  
7 '3  

4 '3  

4'1 

4'2 

*" 
8 ' 7  

*" 
4'1 

8'7 
7 '7 

8.7 
4 '4  

5.0 
5.0 

5.0 
5 '0  

"O 

5 '0  

5.0 
5'0 

5'0 

9.5 

9'5 

5 '0 
9 .5  

n 

962 

1451 

1173 

678 

1649 

2116 

1671 

1649 

61 

78 

67 

24 

89 

115 

91 

89 

'063 

'054 

.057 

'035 

'054- 

.05g 

.os4 

' O j 4  

+ 328.2 

+ 962.1 

+ 739.5 

+ 410'2 

+ 

+ 

2511'1 

2922'7 

a511.3 

2510'9 

2922'6 

2921'3 

224.72924'1 

964.73147'8 

+16m.g3149.73148.r 

224'73146'7 

2516 

2928 

nsr.06 

fd 

0'0 

10'6 

12.: 



PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 'I-, 
Description of Spirit- levelled P h i s .  

Tihen determining the Spirit-levelled heights, given on pages 67-, to 70-,, the levelling staff stood on 
the surface8 hereafter described. 

XV (Singitrchori) On the upper mark-stone. 

XVII (Thikri) On a rock at the foot of the rectangular protecting pillar, height = 851.77 feet. 
To this value, 2-88 feet (the height of the upper surface of the rectan,plar 
protecting pillar above this rock) being added, the height of the upper surface a 

of the protecting pillar was found to b,e 854.65 feet. 

XXIII (Valvhdi) On a stone at the side of the circular pillar, height = 1124.66 feet. To this value, 
3.01 feet (the height of the upper surface of the rectangular protecting pillar 
above this stone) being added, the height of the upper sirface of the protecting 
pillar was found to be 1127.67 feet. 

XXIV (Dhanvhr) 
On the upper mark-stone. 

XXV (hakv2idi) 

X X N  (Lgargaon) On a bench-mark (a) at the foot of the station, height = 3141.95 feet. To this 
value, 1 2  -0 feet (the height of the upper mark-stone above this 13. M.) being 
added, the height of the upper mark-stone mas found to be31Ei3.95 feet. 

Fw fit rther particular8 of the8e station%, 8ae pages 6,, to 8c,, 

Nom--Station XXIV (Agargaon) appertain8 to the Bombay Longitudinal Series. 

W. H. COLE, 

dfarck, 1890. 
Xi charge of Computing Ofice. 



K H A N P I S U R A  X E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. AZIMUTHAL OBSERVATIONS. 

A m  r 

.' Lat. N. 22' 48' 1ESH.54; Long. E. 75' 13' 23'"78 = 5 0 53'6; Height above Mean Sea Level, 1834 feet. 
March and April 1847 ; observed by Lieutenant H. Riven with Dollond's 15-inch Theodolite. 

Star observed a Ursae Minoris (West and East). 
Mean Right Ascension 1M7.0 lh 4m 9' 
Mean North Polar Distance 1&7:0 I O  30' 2a1"85 
Local Mean Times of Elongation, March 29 Western 6" 36m 

Easter11 18 39 

PACE LEFT PACE 

B 
IIIQUT 

Reduction in 
ATC to Time of 

ElongaLion 

I 11 

+ o 2'07 
o 1-05 

o 0.06 
o 0.31 

- o 54'74 
0 48'98 
o 32-42 
o 28'35 

+ 0 11.05 
o 8-49 
o 5-82 
o 7'75 
o 9.33 

- I 33'75 
I 24'22 
o 45.01 
039'45 

Mar. 29 

,, 29 

,, 30 

,, 30 

L 

Reduced Obrerration 
Ref. Mark -St= 

at Elongation 

o I I I  

+ I 12 3 1 - 4 0  
31.71 

32'73 
3 1 - 9 8  

- 2 3 26.41 
24-31 
22 .og 

, 20'35 

+ I I2 35.05 
33-82 
32.82 
30.08 
31 -00 

- 2 3 19-41 
20.22 
18-67 
17-78 

W. 

E. 

W. 

E. 

o I 

o o 
& 

180 0 

o o 
& 

180 o 

I 0  0 
& 

190 0 

10 o 
& 

rgo o 

o r  r r  

+ I 12 24.66 
12 25-33 
12 31.00 
12 33-00 

- 2 3 4'33 
3 5'67 

+ I I2 37'33 
12 38.34 

12 37-67 
I ?  39.00 

- 2 o 45'33 
o 55'00 
3 3.00 
3 3-00 
3 4'67 

m e  

I j 14 
13 49 
9 2 

10 51 

16 25 
14 55 

j 3s 
3 57 
I 1 1  

a 51 

53 o 
jI 3 
18 16 
16 14 
14 56 

1 rr 

+ o 12-97 
o 10.67 

o 4-56 
o 6.j8 

- o 15.06 
0 12-44 

+ 0 1-78 
o .0.88 

o 0.08 
o o'4j 

- 2 36.02 
2 24-81 
o 18-62 
o 14.71 
0 12-45 

o r rr  

+ I 12 37'63 
36.00 

35'56 
39' 58 

- 2 3 19.39 
18.11 

+ I I2 39'11 
39 '22 

37'75 
39'45 

- 2 3 21'35 
19-81 
21.62 
17.71 
17-12 

o r  rr 

f I 1 2  29-33 
12 30.66 

12 32'67 
12 31.67 

- 2 2 31.67 
2 35'33 
2 49-67 
2 52.00 

+ I 12 24'00 

1 2  25.33 
12 27.00 
12 22-33 
12 2 1 - 6 7  

- 2 I 45-66 
I 56.00 
2 33'66 
238'33 

p n 8  

6 5 
4 20 

I 3 
2 21 

31 20 
29 38 
24 6 
22 32 

I4 3 
12 19 

10 13 
1 1  47 
12 56 

41 3 
38 54 
28 25 
2 6 3 6  



PRINCIPAL !CRIANGULATION. MIMUTIFA% OBSERVATIONS. 
73--a. 

PA- BIBBT 
U 
O- a 

H&%WLg:k 
Pafa & k a t a r  

o f *  

+ r 12 39'33 
12 38.66 
12 33-67 
12 31.33 
12 30.67 

- 2 0 54-34 
I 0'66 
2 59'67 
3 5'00 

+ I 12 32-66 
12 36'67 
12 32.33 
1229.33 

- 2 I 29'67 
1 38.00 
2 58-34 
3 4'33 

+ I 12 35-66 
12 38.34 
12 5'33 
1 1  58-34 

- 2 3 2'00 
3 10.67 

+ I 12 39-67 
1 2  38.67 
12 5-33 
12. 4.00 
12 2.33 

- 2 3 12-00 
3 10.67 
3 15'00 
3 16.67,. 

- 2 3 17'co 
3 17.00 
3 16.67 
3 15-67 

Msr.81 

81 

Apr. 1 

,, 1 

2 

,, 2 

,, 3 

4 

,, 6 

Olmerved 
HorizonW ; 

D8. of Bed,np 
B ~ ~ .  & t d ~ r  

.E E g 
i ' 

5 a $ 
Reduction in 

Arc to Time of 
&loq*tion 

W. 

E. 

W. 

E. 

W. 

E. 

W. 

E. 

E. 

Balucd Obrmtion 
Ref. Mark-Star 

monstion 

0 1  0 

+ I 12 39'36 
38.96 
38.04 
37'80 

, 38.77 

- 2 3 17.47 
13.60 
13'84 
15'71 

+ I 12 33.97 
39'05 
41 '64 
41'20 

- 2 3 16-20 
I ja0j 
13'94 
35'77 

+ 1 12 37.j6 
41.21 
43'07 
40'30 

- 2 3 17.64 
. 13.53 

+ I 12 39'67 

38'71 
36'51 
39-58 
40'59 

- 2 3 15.84 
13-19 
15-02 

16.76 

- 2 3 17'12 
17.00 

18.03 
18.14 

0 1  w 

+ I 1 2  33-00 
12 28.66 

12 13'33 
12 10.00 

. 
- a 2 33-34 

2 51-66 
2 56.00 
3 21-66 
3 24.00 

+ I2 25'00 
1 2  24-66 

12 11-00 
12 1'33 

- 2 o 39.66 
o 48.66 
3 20'00 

3 20'33 

+ I 12 29.00 
12 25-00 
12 1 2 * 0 0  

12 10.67 

- 2 3 25.67 
3 26-00 

3 27-00 
3 21.66 

+ I 12 35'34 
12 32.33 
12 27-33 
12 24.33 

- 2 I 47'00 
I 51-00 

322-co 
3 21'67 
3 18'33 

- 2 3 12.67 
3 24'33 

ReducedOlmervation 
Ref. Muk-Star 

at Elon*on 
& 

- 8  

o 47 
a 19 
8 j1 
10 46 
12 3 

50 45 
4854 
15 56 
13 51 

4 51 
6 32 

12 55 
1435 

43 45 
41 45 
16 43 
I4 19 

5 50 
7 10 
26 I 
27 26 

16 44 
7 g 

o 8 

o 52 
23 38 
25 1 5  
26 1 1  

8 17 
6 42 
p 35 
I 16 

I 26 
o 6 

4 56 
6 39 

3 

V 

0  I 

20 o 
& 

200 0 

20 0 
& 

200 o 

30 o 
& 

ZIO o 

30 o 
& 

2 1 0  o 

40 o 
& 

220 o 

40 o 
& 

220 0 

50 o 
& 

230 0 

5 0 0  
& 

230 o 

40 o 
& 

220 0 

IACE LEFP 

Paduction in 

Arc aOngstiO~ to nrne of 

I  * 
+ o 0'03 

o 0.30 
o 4.37 
o 6.47 
o 8.10 

- 2 23-13 
212.94 
o 14-17 
o 10'71 

+ o 1-31 
o 2.38 
o 9.31 
011.87 

- I 46.j3 
1 37'05 
o 15.60 
0 11-44 

+ o 1-90 
o 2.87 
o 37'74 
o 41.96 

- o 15.64 
' o 2.86 

t o 0.00 

o 0'04 
o 31'18 
o 35'58 
o 38'26 

- o 3.84 
o 2-52 
o 0.02 

o 0'09 

- o 0.12 
o 0.00 

o 1.36 
0 2-47 

0 1  v 

+ I 12 37'34 
31 '58 

33'93 
35'Ij 

- 2 3 23'34 
ZO.I=~ 
20.80 

. 23'83 
25-10 

+ I I2 34'80 
32'13 

36'91 
32'92 

- 2 3 24'09 
22.74 
21 '61 

20'33 

+ I 12 35-92 
36.84 
31 '45 
33-10 

- 2 3 26.07 
26.12 

> 28.34 
25'35 

+ I 12 38'64 
36.73 
37-02 
36'38 

- 2 3 24.36 
17-98 
27-22 
29-04 
27'44 

- 2 3 21-13 
27.11 

7 13 

19 13 
21 I4 

29 56 
22 36 
21 5 
6 14 
4 27 

'3 I4 

1 1  33 

21 33 
23 48 

54 25 
52 40 
5 22 
0 0 

13 20 
14 34 
18 40 
20 3 

2 41 
I 28 

4 54 
8 7 

7 41 
8 52 
13 10 
14 41 

41 49 
39 31 

9 3 9  
1 1  28 
12 45 

12 18 
7 3 

o 2.92 

0 20'60 
0 25-15 

- o 50'00 
o 98.49 
o 24.80 
o 2.17 
o 1 - 1 0  

+ O 9'80 
o 7.47 
o 25.91 
o 31'59 

- 2 44.43 
2 34'08 
o 1.61 

0 0'00 

+ o 9-92 
o 11.84 
o 19.45 
o 22.43 

- o 0.40 
o 0'12 

0 1.34 
o 3-69 

+ o 3.30 
o 4-40 
o 9'69 
o 12'05 

- I 37.36 
I 26-98 

o 5-22 
o 7'37 
o 9-11 

- o 8.46 
0 2'78 



KHANPISIJRA BERIDIONAL SERIES. 

Abstract of Astronomical Azimuth observed at XI11 (Inddman) 1847. 

1. By Eastern Elongation of a Urstle Minoris. 

Face L R L IC L I1 L R L R L R 
Zero O0 180' lo0 190° . 20° 200' 30' 210' 40° 220' 50' 2300 

Date March 29 March 30 March 31 April 1 April 2 April 4 

n w 4 n e n w w n v n 4 

Observed difference 19-39 26.41 21'35 19-41 17-47 23'34 16-20 24-09 17.64 26-07 15.84 24.36 
of Circle-Re~tdings, 18-11 24.31 19.81 20.22 13'60 20.15 ~ j - o j  22-74 13-53 . 26-12 13-19 17.98 
Hef. M. - Star 22'09 21.62 18.67 13.84 20.80 13-94 21.61 *16.06 28.34 15.02 27-22 

reduced to Elongation 20.35 17.71 17.78 15.71 23-83 15-77 20.33 *15'94 25'35 16'76 29-04 
17.12 25-10 '16.97 *zo-07 27'44 

*17'08 e26.05 

Meane 18-75 22.29 19-52 19-02 15.16 22.64 15-24 22-19 16.20 15-33 15'20 25'21 

0 1  n 4 H 1 v m 

Means of both faces - a 3 21.02 19.27 18.90 18.71 20.76 20-21 

Az. of Star fr. Y., by W. 181 37 56-33 56.63 56.93 57'23 57'56 58-27 
Az. of ltef. M. ,, I79 34 35.31 37'36 38-03 38.51 36-80 38.06 

+ 

2.. By \Irestern Elongation of a Urstle Minoris. 

Face L 1C L R L l% L El L H L B 
Zero 0° 180° 10° 190' 20' 200' 30' '210' 40' 220' liOO 230° 

- - - - - - 

Date March 29 March 30 March 31 April 1 April 2 April 3. 

w n n n n 4 w I n 4 w n 

Observed difference 37.63 31.40 39.11 fj'oj 39-36 37'34 33'97 34'80 37.56 38.95 39'67 38-64 
of Circle-HPdinge, 36.00 31-71 39'22 33'82 38.96 31'58 39.05 32.13 41'21 36'84 38'71 36-73 
Hef. hl.-Star 35.56 32.73 37-75 32.82 38.04 33-93 41.64 36.91 43'07 31.45 36'51 37-02 

reduced to Elongation 39'58 31'98 39-45 30.08 37'80 35.15 41.20 32'92 40.30 33'10 39-58 36-38 
31.00 38.77 40'59 

Means 37.19 31-96 38.58 32-55 38.59 34'jO 38'97 34-19 40.54 35'08 39.01 37-19 
-. - 

0 1  v n w 4 w n 

Means of both faces + I 12 34'57 35'72 36'jr 36-58 37-81 38-10 
Ax. of Star fr. S., by TV. 178 22 3.82 3'52 3'22 2-92 2.62 2'27 
Az. of Ref. M. ,, I79 34 38'39 39'24 39'76 39-50 40'43 40'37 

Astronomical I by Eastern Elongation 

Azimuth of' Referring Xark . . . by Testern ,, 
Mean 

Angle Referring Mark and XI1 (Hadsa)  seepuge 19-Gm ante 

Astronomical Azimuth of IIarnisa by observation . . . . . . 
Geodetical Aziniutll of ,, by calculation from that 

adopted (Wol. 11, page 141) at Kaliinpur, eee pnge 61-6. ante 

Astronomical - Geodetical Azimuth at XI11 (Indrhman) . . . 
NOTE.-Whore obserrntions ocrurred on tho same pair of zeros on different nik~ta they are reducod in t,l~is abstract to one data-tl~e most convenientby 

allowing for star'r cbango of place. The date so adoplod a p p m  at the head of the column, and the r d u d  observation is preceded by an asleribk. 



PRINCIPAG, TftIANGULATION. AZIMUTHAL 'OBSERVATIOR'S. 

At XXIII (Valr4di) 

h m  8 

Lat. N. 20' 44' 27".73; Long. E. 75' 13' 34".30 = 5 0 5 4 . 3  ; Height above Mean Sea Level, 1125 feet. 
December 1846 ; observed by Lieutenant H. Rivera with Dollond's 15-inch Theodolite. 

Star observed e Ursae Minoris (East and West). 
Mean Right Ascension 1 8 4 6 . 0  1 7 ~  1" 56' 
Mean North Polar Distance 1 8 4 6 . 0  7'43' 7w'i~ 

Local Mean Times of Elongation, December 6 Eastern I 8" 12* 
Western 5 50 

Observed 
HodzonW : 

Radinp u i a  
Pof. Mmk- sur 

o r *  

- 6 38 15'00 
38 27-66 

39 26'33 
3915'34 

+ g 51 16.33 
51 18.34 
51 6-00 
51 0'00 

- 6 39 26.67 
39 32'00 

+ 9 51 5.00 
51 7'67 
50 22.00 

- 6 38 21'67 
38 32'00 

39 30.00 
39 20.33 
39 14-67 

+ g 51 4.34 
51 8.00 

51 14-00 
51 15-33 
51 14-67 

- 6 39 24'33 
39 26-67 

0 Y1 
.s 

S 

1 

Dec. 6 

,, 7 

,, 7 

,, 8 

,, 8 

,, 9 

" 

Observed 
HOfizon'Ol 
m. of Emdin@ 
f a k -  

0 1 "  

- 6 39 10-00 
39 12.00 
39 32-33 
39 34'33 

+ g 50 42'67 
50 53-67 

50 25'67 
50 18.00 

- 6 38 22-33 
38 31'67 

+ g 51 6.00 
51 15.67 
49 22.54 
49 8-34 

- 6 39 9-67 
39 16-34 
39 27-34 
39 2j.33 

+ g 50 24.33 
50 32.00 

50 41.67 
50 39'00 
5032-00 

- 6 39 18.66 
38 44'33 

PACR 

.5! a 51 - e d 
E $ 

3 2 4 

16 45 
15 1 1  

5 22 
7 2 

a 24 
I 21 

5 54 
7 1 1  

5 4 

2 27 

2 49 
4 8 
I3 37 

15 44 
14 35 
4 41 
5 53 
7 4 

4 40 
3 31 

I 39 
2 52 
3 39 

5 33 
4 34 

PACP LBPT 

Reduction in 
Am to Time of 

Elongation 

I N 

- o 22'22 
o 16.36 
0' 2'33 
0 0.81 

+ o 38.99 
o 29-59 
0 51'51 
I 2.92 

- I 3-96 
0 53'98 

+ o 10.77 
0 6'87 

I 53.51 
2 7.76 

- o 18'24 
0 13.29 
o 0'81 
0 0.11 

+ o 54'22 
o 4j.02 

o 29'77 
o 35.70 

'' 3 z 

; .8 8 
E M w  

4 ) 8  

8 55 
7 39 
2 53 
1 42 

11 47 
10 16 

13 35 
15 I 

15 9 
13 55 

6 12 
4 57 

20 12 

21 26 

8 5 
6 54 
I 42 
0 37 

13 54 
12 40 

10 20 

I I  19 
12 26 

5 37 
1 1  33 

O 

E. 

W. 

E. 

W. 

E. 

W. 

Reduced Obnervation 
Ref. Mark- Star 

at Elongation 

0 1  4 

- 6 39 32.22 
28.36 
34-66 
35 ' I4 

+' 9 51 21-66 
23.26 

17-18 
20'92 

- 6 39 26.29 
35-65 

+ g 51 16.77 
22. j4 

. 1 j ~ 8 j  
16. 10 

- 6 39 27-91 
29-63 
28.15 
25'44 

+ 9 51 18-55 
17-02 

11-44 
14-70 
I j.08 

BIl3ET 

Reduction in 
Arc to !I'ime of 

Elongation 

I N  

- I 18-20 
1 4-29 
o 8.05 
013.84 

+ o 1-62 
o 0.52 

0 9'75 
0 14'44 

- o 7-17 
o 1-68 

+ o 2-21 

0 4'77 
o 51.67 

- I 8.96 
0 59-27 
o 6-14 
0 9-70 
0 13'99 

+ o 6-11 
0 3'47 
o 0'76 
o 2'29 
0 3'72 

- 0 8-62 
0 5'84 

S c 

cP2 V 

o I 

140 o 
& 

320 o 

140 0 
& 

320 o 

150 o 
& 

330 0 

150 o 
& 

330 0 

160 o 
& 

340 0 

160 0 
a 

340 0 

170 
& 

Radnced Obmrvation 
Ref. Mark-Sta~ 
at Elmgation 

o r  '1 

- 6 39 33.20 
31-95 

34'38 
29.18 

+ g 51 17-95 
18-86 

'5'75 
14-44 

- 6 39 33-84 
33-68 

+ g 51 7-21 
12-44 
13-67 

- 6 39 30.63 
31-27 
36-14 
30.03 
28.66 

+ 9 51 10.45 
11-47 

14.76 
17.62 
18.39 

- 6 39 32'95 
32-51 

350 0 

- o 8.82 
0 37'38 

- 6 39 27.48 
21-71 



KHANPISUEA MERIDIONAL SERIES. 

* 

3 
R 

a 
.EJ 

2 
4 

Dec.10 

,, 10 

,, 11 

, 1 

,, 12 

,, 13 

,, 14 

g 
% 

W. 

E. 

E. 

W. 

E. 

E. 

W 
0 -  

FZ mza  
, g m  

rS .e 
2 % ZPj - 
o I 

170 o 
& 

350 0 

180 o 
& 

0 0 

Ib 
& 
0 0 

190 o 
& 

1 0  0 

190 o 
& 

I 0  0 

I70 I 
& 

350 I 

150 o 
& 

330 0 

RsdUced Obsemtion 
Ref. Mark-Stnr 
at Elongation 

0 1  * 
+ 9 5 1  16.14 

18.90 

1.7 ' 76 
'9'57 
16.49 

- 6 39 32-17 
33'89 
27' 19 
28-94 

+ 9 51 14-06 
16'07 
14.17 
12.61 

- 6 39 28'92 
. 30'58 

31-10 
31'96 
32-43 

+ 9 51 22'67 
21 '64 
22.13 
13.30 
18.07 

- 6 39 29-54 
25'32 
26.03 

- 6 39 29.49 
2S.I0 

Observed 
Horizon 
I)ifF, of . - 

0 1  n 

+ 9 51 14'33 
51 18.67 

51 11.66 
51 10.00 
51 4-00 

- 6 37 14-00 
37 39'33 

39 3'33 
38 46'33 

+ 9 51 
51 10.34 
50 50.67 
50 41.00 

- 6 39 28'67 
39 23'33 
39 ZI*OO 
39 16.66 
39 12.00 

+ 9 51 22'66 

51 21'33 
51 21.00 
49 29.67 
49 21.00 

- 6 38 36-33 
38 42-33 

39 9'34 

- 6 38 48.33 
38 54-66 

Observed 
HonzonUl : 

of Hendrnas 
Ref. Mvk-SLu 

0 1  * 
+ 9 50 37.67 

50 46.66 

50 11.34 
49 59'67 

- 6 39 20'67 
39 20.66 
39 36'00 

3931'33 

9 S1 6'33 
51 6.67 

49 53.67 
49 37.34 
49 24'34 

- 6 38 7.33 
33 29.00 
38 40'67 

38 15'33 
38 2'67 
37 46'67 

+ 9 50 43'33 
50 32.67 
50 29-00 
50 23.00 

- 6 39 25.00 
3930'00 
39 34'67 

- 6 39 31-33 
37 23'33 

PACE 

8, ,$ 
2 

$ 5  

m e  

10 40 
9 15 
14 24 
15 46 

7 42 
5 59 
o 23 

1 5 5  

2 53 
16 38 
18 1 

19 33 

17 33 
15 19 
'3 56 
16 51 
18 6 
19 21 

9 16 
10 18 
1 1  1 1  
12 I 

4 32 
3 1 8  
1 25 

I 29 
21 32 

BIGHT 

Reduction in 
Arc to Time of 

Elongation 

I R 

+ o 31.87 
o 23-96 

' o 57-82 
I 9-29 

- o 16.58 
o 10.02 
o 0.04 

0 1'02 

+ 4m80 
0 2-34 
I 17.16 
I 30.49 
1 46-49 

- I 25-72 
1 5'33 
0 54'07 

1 19-74 
I 32.03 
1 45-19 

+ 0 23'94 
o 29'57 
o 34.86 
o 40.24 

- o 5-74 
o 3-04 
0 0'56 

- 0 0.62 
2 10*2j 

.$ a g 
2 $2 

f 5 g 

m s  

2 33 
o 55 
4 40 
5 5 1  
6 41 

22 17 
20 '7 

9 '4 
12 20 

3 19 
4 32 
9 N 

10 .39 

o 57 

5 5 
6 o 
7 23 
8 32 

o 9 
I 4 
2 I 
19 18 
20 31 

13 49 
12 2j 

7 43 

1 2  9 
10 57 

Reduced O b e m t i o n  
Ref. Mark-Star 
& Elongation 

0 1  * 

+ 9 51 9-j4 
10.62 

9-16 
8.96 

- 6 39 37.25 
30'68 

. 36'04 

32'35 

+ 9 5' ""3 
9 '01 

10'83 
7.83 
10.83 

- 6 39 33-05 
34'33 
34'74 

35 '07 
34-70 
31 '86 

+ 9 5' 7'27 
2.24 
3-86 
3'24 

- 6 39 33-74 
33 '04 
35'23 

- 6 39 31'95 
33'58 

PACE LEFT 

Reduction in 
Arc to Time of 

Moogat~oo 

I * 
+ o 1'81 

o 0'23 

o 6.10 
o 9.57 
o 12.49 

- 2 18'17 
1 54'56 
0 23'86 
o 42.61 

+ o 3.06 
0 5'73 
o 23.50 
o 31-61 

- o 0.25 

0 7'25 
o 10.10 
o 15'30 
o 20.43 

+ o 0.01 
o 0.31 
o 1.13 
I 43.63 
I 57'07 

- o 53.21 
O 42.99 
0 16-69 

- o 41.16 
0 33'44 



PRISCIPSL TRIANGULATION. AZIMUTHAL OBSERFATIONS. 

Abstract of Astronomical Azimuth observed at  XXIII  (Valvhdi) 1846. 

1. By Eastern Elongation of E Ursa Minoris. 

Face L It L B L B L It L R L R 
Zero 140' 320' 150" 330' 160' 3M0 170' 350' 180' O0 190' lo0 
P 

Date December 6 December 7 December 8 December 13 December 10 December 11 
N v I n n N (r N I t n w 

Observed difference 32'22 33-20 26.29 33.84 27-91 30.63 e28.97 *34*44 32-17 37-25 28'92 33-05 
of Circlelteadings, 28'36 31-95 25.65 33.68 29.63 31'27 *23'20 *34'00 33.89 30.68 30.58 34-33 
Ref. M.-Star 34-66 34-38. *26.87 *29'33 28.15 36.14 ~9.54 33.74 27.19 36.04 31-10 34-74 

reduced to Elongation 35-14 29.18 *25'48 '30.96 25-44 30'03 25'32 33-04 28-94 32'3j 31-96 3j-07 
28.66 26.03 35'23 32'43 34'70 

31-86 

I 

Means 32.60 32-18 26.07 31-95 27.78 31.35 26.61 34-09 30-55 34'08 31-00 33-96 

0 1  * n v 1 w H 

Meanaofbothfacea - 6 39 32.39 29-01 29'57 30'35 32-31 32'48 
d z . o f S t a r f i . S . , b y W .  188 15 22-93. 23-31 23'68 ' 25'55 24-43 24.80 
dz. of Ref. M. ,, 181 35 50'54 54-30 54-11 55'20 52'12 52'32 

2. By Western Elongation of E Ursae Minoris. 

Face L B L R L It L It L B L B 
Zero 140' 320' 150' 330' 160' 340' 170° 350' 180' 0° 190' lo0 

Date December 7 December 8 December 9 December 10 December 11 December 12 
n II n w n w n w v n n n 

Observed difference 21-66 17.95 16-77 7-21 18.55 10.45 16.14 9.54 14.06 11.13 22-67 7-27 
of Circle-Beadings, 23-26 18-86 22'54 12'44 17-02 11.47 18'90 10.62 16.07 9.01 21.64 2-24 

Ref. M.-Star 17-18 15.75 15.85 13-67 11'44 14-76 17.76 9.16 14'17 10.83 22-13 3.86 
reduced to Elongation 20.g~ 14'44 16-10 14.70 17-62 19-57 8.96 12-61 7.83 13.30 3.24 

15.08 18.39 16-49 . 10.83 18-07 

Meana 20.76 16'75 17-82 11.11 15'36 14-54 17-77 9'57 14'23 9'93 19-56 4.15 

o I n .  n 4 n m n 

Means of both faces + 9 51 18'75 14-46 I4'9j 13'67 12-08 11-86 
Az. of Star fr. S., by W. 171 44 36.88 36.51 36'13 35'76 35'39 3 5 '01 
Az. of Bef. M. ,, 181 35 55-63 50' 97 51-08 49' 43 47-47 46.87 

0 I 41 ... ... by Eastern Elongation 181 35 53-10 

Astronomical Azimuth of Referring Mark ... by Western ,, ... ... 9 9 50' 24 
... ... Mean 13 51'67 

... Angle Referring Mark and XXII (Ajdd) eee page 27-,. ante ... ... - '4 43 45-78 

... ... Astronomical Azimuth of Ajntid by obser~ation ... ... ... 166 52 5-89 
Geodetical Azimuth of ,, bycalculationfromthat 

adopted (Vol. 11, page 141) at  Kalihnpur, eee page 61-,. ante ... ... 166 52 1.21 

... ~stronomical- Geodetical Azimuth at XXIII  (ValvBdi) ... ... ... + 4' 68 
NOTE.-Wllere observations occurred on the same pair of zerps on different nights they are reduced in this abstract to one dute-the moat t:onrcnient-by 

dowing for star's cl~ange of place. The dute M, adopted appears at the head of the column, sud tlre reduced obaerration is preceded by an asterink. 

W. H. COLE, 

l i b  charge of Computing Ofice. 
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SING1 MERIDIONAL SERIES. 

INTRODUCTION. 

The Singi Meridional Series of the South-West Quadrilateral is the great chain of 
principal triangles that follows the meridian of 73' 30' from the parallel of 19" to that of 
24%. It traverses the British districts of Ahmednagar (Al~madnagar), Thdna, NLik, and 
Surat, and several of the Native States subjeot to the Rewa Khtha  (ItevAkhtha) and Mey- 
war (Mewhr) Political Agencies: it consists of one tetragon, two quadrilaterals, two com- 
pound figures, and eighteen single triangles, and extends over a meridional distance of 390 
miles. 

Its side of origin is Lakarwds (XXXII)-T&na (XXIX) of the Kadchi Longitudinal 
&ries, and it closes on the side Singi (xxx)-PBrner (xxv~) of the Bombay Longitudinal 
Beries: from this it will be seen that in the simultaneous reduction of the South-West 
Quadrilateral, the Series under review Bad to be fitted in between a, finally fixed side of thg 
North-West Quadrilateral and one similarly determined of the Southern Trigon: on the 
completion of this reduction it was found that the errore which had actually been dispersed 
between the two fixed terminah were as follows :- 

In Latitude of Singi (xxx) .-a a.e -- 0*'435 

, Longitude of ,, a**  ... a*# + o -065 

,, Azimuth Singi (x=rx)-PGner (XXVI) .., - 6 ,719 

Logarithm of feet ... ... + 0'000,00274 

giving a ratio of about 0-40 inches per mile. 

The great compound figure, covering a length of 160 miles, that form the southern 
portion of this triangulation, was originally termed the North Konkan Coast Series : ' when 
its extension to the northward iq 1860 was undertaken, it was re-named after the station of 
Singi of the Bombay Longitudinal Series : the " Singi Series " however only included the 
present obain of triangles as far north ae the parallel of 23', where it is out by the G w a t  



(Gujadt) Longitudinal Series at right angles, and the northern portion that lies between the 
M c h i  and Guzerat Longitudinal Series was for years known as the Oodeypore (Udepur) 
Meridional Series. But when the simultaneous reduction of the South-West Quadrilateral 
was undertaken in 18%, the Oodeypore and Singi were merged into one great Meridiod 
h i e s ,  m d  called after the latter. 

I n  the latter part of 1827, Captain J. Jopp, the Deputy Surveyor General of Bombay, 
who was then employed in compiling maps of different portions of that Presidency, proposed 
to the Surveyor General, Colonel J. A. Hodgson, to carry a Trigonornetrid Survey over 
such portions of Bombay territories as had not yet been triangulated ; his object being to 
correct and unite the independent detailed surveys of portions of the country which were 
already in his hands, as well as any others which might be subsequently made. This 
proposal having been, after certain explanations, assented to and recommended by the 
'Burveyor General, met with the sanction of the Government of India; and on the 16th 
March 1828, Lieutenant R. Shortrede, of the 14th Bombay European Regiment, an Officer 
of considerable talent and mathematical knowledge, who had already been employed in the 
Deccan (Dakshin) Survey, was appointed to superintend the execution. 

Immediately on hearing of the newly proposed survey of Bombay, Captain Everest 
asked the Government of India to place it under his orders; his request was however r e  
fused owing to the objections of the Local Government. The latter had for some time pre- 
vious felt the want of a good map of their Presidency and had started the new survey for 
the sole purpose of supplying one : their unwillingness to surrender the control of it can 
thus be easily understood : Everest had the reputation of subordinating the requirements of 
geography to those of geodesy, and the revenue officials of Bombay felt that if once they 
handed over the management of their survey to him the geographical wants of their pro- 
vince would be sacrificed to science and their establishment carried off to measure some 
distant " arc of meridian". Having failed to obtain the control of the Bombay Survey, Everest 
next urged that at any rate it should be made to emanate from a side of his own triangula- 
tion, a series of which had been carried westward from the Great Arc along the parallel of 
Bombay to within 160 miles of Poona (Puna) ; and he pointed out that unless this was done 
much confusion must ensue when the future 'junction was effected. The Bombay Surveyors 
again objected, and Shortrede was directed to make his triangulation depend on a base-line of 
his own which he was to measure with a steel chain by Cary that had never been compared 
against any recognised standard of length. 

Lieutenant Shortrede selected a site for his base on the Khla plain about 40 miles 
east of Bombay, and occupied himself during the rair~s of 1828 in preparing the requisite 
apparatus : in the month of November he proceeded to the spot, and, with the assistance of 
Captains Jopp and Grafton, commenced the measurement on the 12th of December, 1828, 
and finished it on the 16th of January, 1829. The base was 4-065 miles in length, and had 
the defect of a break in the measurement, caused by the river Indrtiyani, whose abrupt 
banks and uneven rocky bed prevented the measurement from being carried directly mross : 



Shortrede determined the length of this portion by measuring a small supplementary base 
along one bank of tlie river perpendicular to the main alignment and by then observing the 
horizontal angle at the outer extremity of this auxiliary line between the ramrods of his 
two guns one of which he had stuck in the ground on either side of the river. The re- 
mainder of the season after tha completion of the Ktirla Base-line and the next three years 
were occupied in extending a network of triangles over the whole country from Latitude 
18" to 21°, and from Longitude 73" to 76". 

After the Government of India had refused to sanction the transfer of the Bombay 
survey to the control of Captain Everest, the latter had laid tlie case before the Court of 
Directors themselves, and in 1831 the Governor General received orders from England to 
unite all the Trigonometrical Surveys in India under one head. Everest's first act on taking 
over his new charge was to call for a, report on Shortrede's Base-line. On discovering what 
had been done he immediately wrote to Shortrede pointing out the absurdity of having a, 

break in the middle of a base and suggested the advisability of at once selecting a new site 
and making an entirely new measurement ; this letter was not received by Shortrede till 
three months after it had been written ; he had been proud of his performances and was ex- 
tremely hurt : he answered that he considered his base as accurate as any of the G. T. Survey, 
and that as far as the " break" was concerned he had Colonel Lambton's Q. T. Base-line at 
Bangalore (BBngalhr) as a precedent. Six months afterwards he learnt from Colonel Everest 
for the b t  time, that the base-line at Bangalore which he had so faithfully imitated had been 
commenced on an open, unbroken plain, and that the break in its length was solely caused by 
the action of the natives, who, in the course of the measurement, had set to work and delibe- 
rately excavated a series of large tanks in the actual alignment : to his intense mortification he 
discovered too from the sarcastic letter of his chief that Lambton himself had rejected this very 
Bangalore measurement shortly after its execution on account of the break in its continuity. 

Shortrede's triangulation supplied ample food for another prolonged and bitter con- 
troversy between the two Surveyors. Everest could hardly allude to it with temper: a 
suggestion made by tlie Surveyor General to incorporate it with the Q. T. Survey he received 
with horror and dismissed with scorn.. Every detail of the work was found fault with, and 
numberless changes were introduced: but in these days the postal arrangements were so 
defective that three months would often elapse between the despatch of a letter from Rengal 
and its arrival at Bombay, and as may be expected under such conditions of correspondence 
no great improvements were possible. I n  October, 1831, Everest wrote to Shortrede that i t  
was useless to continue work until they had had a personal interview, and pressed him to 
come round to Calcutta where one of the grekt Base-lines war about to be measured. 
Shortrede, conscious now of his deficiencies, was only too anxious to go. Unfortunately it was 
necessary for him, although he was under the orders of the Superintendent of the G. T. Survey, 
to ask permission of the Government of Bombay ; fearing that an application by letter would 
be answered and refused by some irresponsible Under-Secretary, he asked and obtained a 
personal interview with Lord Clare, the Governor : the reasons he advanced in favor of his 
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proposed journey were numerous and weighty ; his experience he said of trigonometrical work 
had hitherto been confined to petty trian,plation executed for military purposes in which 
no great accuracy was necessary, whilst of the methods in vogue with the G. T. Survey 
which had taken 30 years to develope he was entirely ignorant : he wished now to learn t l ~ e  
innermost details of scientific surveying from the only man in India who could teach him: if 
too he were to go at  once, he would be able to assist a t  the measurement of the Calcutta 
Base-line and become acquainted with the use of the compensation bars : and what was more 
important still he would be able to take his chain with-him and compare it with Everest's 
standard. Lord Clare replied that such grounds appeared quite insufficient to warrant the - 

Bombay Government in sending one of their officers to another Presidency, and that until he 
received a direct order from Lord William Bentinck he should refuse his consent. I n  1834 
when Shortrede resigned his appointment, all his work was discarded, and, except as a guide 
in the selection of stations for the later triangulation, it has never been made any use of. 

I n  November, 1841, when the Bombay Longitudinal Series was approaching comple- 
tion, Colonel Everest decided to run a Meridional Series northwards from Bombay towards 
Surat : the triangulation party employed in this Presidency was under ~ i e u t e n a i t  W. 8. 
Jacob of the Bombay Engineers, and to him the execution of the new project was to be 
entrusted. By the aid of charts of Shortrede's triangulation, the angles of which were 
regarded as true to within ten seconds of arc, Jacob was enabled a t  Bider, where the great 
Base-line was being measured, to select an approximate series for the North Konkan without 
going into the field. His design was submitted to Everest for approval in January, 1M2, 
and received final' sanction in the following summer. Arrangements were accordingly made 
to break ground after the recess season, but towards the close of the hot weather Lieutenant 
Jacob's health entirely gave way: since 1834 when he was first appointed to the 8urvey 
in succession to Lieutenant Shortrede, he had been almost continuously employed in pecu- 
liarly pestilential tracts of country and had now become a perfect wreck from malaria: 
he proceeded to England on medical certificate, and his connection with the Survey Depart- 
ment terminated: he was succeeded on December 14th, 1842, by Lieutenant Harry Rivers 
of the Bombay Engineers, an officer of great mathematical ability who had been appointed 
to the Trigonometrical Survey only three months previously. 

Shortly before Christmas Rivers took the field : from Karanja-Singi* as his side of 

Seams 1642-43. 
origin he commenced carrying a narrow series of single 

Plmfl~HlTrr, 
triangles due northwards along the Coast and having 

Lieutenant H. Rivers. Bombay Enginsem, 2nd observed a set of circumpolar star observations to 8 Ursse 
Assistant, G. T. Survey. 

Mr. J .  Fraser, Sub-dsabtant, l e t  Clam: 
Minoris and 61 Cephei for azimuth at  Kalsubai reached 

,, T. Sanger, ,, #, PBrnera in February without difficulty or interruption.. 
,, J. DaCosts, 2nd ,, Smoke now began to rise from all the neighbouring jungles, 

and several days passed without a heliotrope being visible. Finding that the smoke became daily 

Owing to the oomplexity of the figure at the southern end OF the Singi Meridional Series, it wan considered desirable to reject the 
obserratione on the ray Karanja-Kbdrug, 80 that the Series now terminates on the h g l e  side Singi-Pher of the Bombay Longitudi- 
MI aerier. 



denser and that the haze and fog from the sea seemed to be gradually increasing, Rivers 
quitted P4rnera after a halt of three weeks without finishing his observations. As the season 
was now well advanced he thought i t  better to waste no more time in the low lands on the 
coast, but to proceed to the stations on the line of the gh%ts which he hoped were at too 
high an altitude to be affected by the atmospheric density of the plains : he therefore entered 
the hills, and commenced observing from moudain tops: but the work even now was most 
umatisfactory for not only was the heliotrope at Surat completely obscured by the smoke 
and haze on the plains, but even the few hill stations, that were mutually visible, were so 
foggy and indistinct, that all the observations taken were of but little value. At his laet 
Hill Station of Raura all the heliotropes were visible except the one at P4rnera, which lay 
very low and in the thickest part of the smoke. It was useless to continue working under 
such circumstances, as the smoke and haze were known to' gradually increase without 
intermission till the commencement of the rainy season, and so towards the end of 
March Rivers set out for Poona: the movements of the party were greatly hampered by 
the large percentage of sick : two out of the three sub-assistants, the hospital-assistant, and 
20 men were all down with fever a t  P h e r a ,  and at Raura Rivers himself succumbed. 
During the recess season the observations taken in the latter half of February and in March 
were found to yield such poor results that the stations of Raura and Rupgarh had to be cut 
out from the principal series and incorporated as secondary pointa. 

In November, 1843, Lieutenant Rivers was deputed to take up the triangulation of the 
8outh Konkan Coast Series, and consequently no observations were taken during the winter 
of 1843-44 upon the Series under review. Mr. DaCosta, was, however, despatched in December 
to Surat and instructed to carry on the approximate work northward: it is fatal, we have 
now learnt, to enter the jungles of this neighbourhood before the end of February, and every 
party that has ever attempted to work here in the winter months has failed. Mr. DaCosta, 
and his men were no more successful than others, and they had not been in the Surat d i e  
tricts three weeks before they were all without exception severely attacked by fever. Mr. 
DaCosta strove hard to carry out the work that had been entrusted to him, and it was long 
before he would retreat from the jungles, but he eventually became so crippled with illness 
that he had to move into Surat : by March he had sdciently recovered to take the field 
again, and the jungles had now become fairly healthy, but the season of haze and smoke 
had re-commenced and nothing in the way of approximate work was feasible. Lieut. Rivera 
himself had reached Poona from the Southern Konkan on March Bth, and left it for Burat 
on March 14th ; his intentions were to visit the nnfinished stations df the former season and 
to complete the observations of those few angles, that had only been partially observed: he 
seems to have thought that the haze and smoke of the preceding year had been of abnormal 
density and were not likely to be met with again to such an extent. He had no sooner arrived 
a t  Phrnera than he found out his mistake : the density of the atmosphere was just the same 
as when he was here before; he remained now three weeks but never succeeded once in 
obtaining a glimpse of a single heliotrope : on April 9th he set out for Wbaleshvar ,  where 
he had established his recess quarters. 
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In October, 1844, Messrs. Fraser and Sanger were again despatched to Phrner in the 
hopes that with their greatly increased experience of the 

&-on 18444. 

P ~ o ~  
country they would now succeed in carrying the approxi- 

=, Bi Bomb.y Bod mate series northward through the GBikwAr's dominions : 
Amiatant, 0. T. Survey. 

Mr. J. Frawr, Sub-hiatant,  lrt C1w. 
fresh obstacles however arose, which had not been foreseen. 

,, T. knger, ,, , The inhabitants threw every impediment in the way of the 
,, J. DaC-ts, , 2nd ,) surveyors : the patets (headmen) of the villages refused to 

supply them with food or forage : the owners of the land forbade the erection of signals, and 
the guards of the forts, which were generally situated on natural prominences, refused admit- 
tance to any one connected with the Survey party : in many instances bodies of signalmen 
were beaten and otherwise maltreated. The British Resident at  the Court of the GSikmh 
was appealed to i n  vain for assistance; he apparently possessed no influence and was un- 
willing to move in the matter. His Highness himself was convinced that the two English- 
men were not traversing his dominions for the sole purpose of looking through a small 
telescope, and his inability to discover their ulterior designs greatly irritated him. His 
repeated refusals to help them, are clear evidence that he approved if he did not encourge 
the malevolence of his subjects : when a t  last at  the request of the Bombay Government he 
did put forth his authority, all vexatious hindrances ceased and the progress of the survey 
was nowhere impeded. A month's work however had been lost. 

Rivers left Poona a t  the same time as his assistants and proceeded to Mirya a princi- 
pal station of the South Konkan Coast Series, where he took a complete set of astronomical 
observations for the direct determination of azimuth : he then set out for Phrnera, which he 
reached on P39vember 7th. The atmosphere was now clear and all the heliotropes were visi- 
ble, but i t  was the malarious season : Mr. Fraser's party had been attacked with fever 
almost as soon as they had arrived, and the percentage of their sick had steadily increased 
week by week. Though Mr. Fraser himself had been among the first to succumb, and was 
labouring under severe illness for the greater part of the time, he succeeded before Christmas 
in selecting two good quadrilaterals to the northward. By the first of January to such an 
extent had the ravages of the disease spread that not a single man of his detachment remain- 
ed unscathed. Lieutenant Rivers's contingent fared no better; within six weeks of their 
arrival nine-tenths of their number were in hospital, and before tlle year 1846 had fairly 
commenced the whole party were crippled. Rivers completed the observations of the two 
angles a t  Ptirnera, and then proceeded southwards to the Gambirgarh and Kalsubai stations 
a t  which five angles had to be remeasured owing to the poor results of the former 
season having been rejected: so much was he delayed by illness and hampered by the 
number of sick that the measurement of these six angles was all he succeeded in doing 
throughout November and December. What was worse he had but slight prospects of im- 
proving upon this rate of progress in the future: the fever as yet had shewn no signs of 
abating, the natives he hait newly enrolled to replace those disabled by sickness had almost to 
a man succumbed to the disease, and several deaths had occurred in his party. Every day 
too brought the smoky season neaser, and he had learnt full well by this time that any work 
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to be done must be done before then. I n  this dilemma Rivers took a step on his own 
responsibility, that was severely censured afterwards by Sir Andrew Waugh : he decided that 
no triangulation to the north of Surat could possibly be carried out, and so determined to 
gbandon all idea of it and to make no further attempt : in its stead he commenced widening 
his short chain of single triangles that stood completed between Singi and Pslrnera by adding 
on another similar chain along its astern flank : his work thus lost the character of a meri- 
dional series and assumed that of a network. During January he observed at Phrner and 
Hewargaon ; during February he completed the observations at Hewargmn and at Kalsubai, 
Binnar, and Bhorgarh, and during March at Ankai and S91er: at  the last-named station 
observations were taken to Polaris for tlie direct determination of azimuth. Pilwa was com- 
pleted and Tarblih was reached before the end of the season, but the work a t  the latter 
could not be completed : the haze had set in and hills but 15 miles distant were invisible : 
the heliotrope at Dophri mas obscured and nothing was seen of the huge fire that waa lighted 
there nightly which, it was hoped, would serve as a signal. Upon the return of the party to 
their recess quarters in Poona, Mr. F m e r  was for some days the only man sufficiently free 
from fever to be able to attend office, whilst the condition of the signalmen and menials 
seems to have been lamentable. Towards tlie end of the recess season Lieutenant Rivers 
asked to be allowed to again attack the Singi Series, but permission was refused. Sir Andrew 
Waugh was unwilling to expose his assistant for two consecutive years to such a pestilential 
climate as that of the Surat districts, and insisted on giving him a turn in some more healthy 
tract. Rivers and his party were accordingly directed to discontinue work on the Singi 
meridian and to take up instead the triangulation of the neighbouring series, known as the 
Khhpisura Meridional. 

I n  October, 1845, when marching from Poona to the scene of his new work, he visited 
Singi em route, and observed there the angles between Piirner and Hewargaon and between 
Hewargaon and Kalsubai, both of which had been omitted in the previous season, when 
the doubling of tlie original Singi chain was undertaken: he was occupied by this four 
days and then left for Khhpisura. Towards the end of February, 1846, Rivers took 
advantage of an opportunity that occurred to visit Dophi where three angles bad to be 
observed : the measurement of these formed the last occasion that he was employed on the 
Singi Meridional Series. The great compound figure, the largest by far in the whole tri- 
angulation of India, now stood completed with the exception of the one angle at TarbhBn 
-between Dophri and Pilwa. 

The instrument employed by Lieutenant Rivers on the Singi Meridional Series was 
the same 15-inch Theodolite by Dollond* that was used in the observations of the Bombay 
Longitudinal and South Konkan Coast Series. It was constructed on a design and under 
the direction of Captain Kater, and possessed, like all Dollond's instruments, a very fine 
telescope : but the horizontal circle was one of the first that Bad ever been engine-divided and 

* Poor e full description of the inrtnunent and ita performonaer see Appendix No. 2 of Volume 11 of the Account gf the 
O p d m ~  o j  tlis Qrmt T r i g o n o w t r i a d  &mey o j  India. 
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proved of an inferior order, giving anglrs differing to the extent of 13"on d ~ e r e n t  parts of' the 
limb. The microscopes too were not adjustable for " run ", and corrections varying with the 
temperature had therefore to be applied to the recorded readings of the angles. The method 
of changing zero pursued by Lieutenant Rivers gave readings a t  every 20" of the limb 
instead of at  every 10" according to the recognised system in force in the G. T. Survey, a 
deviation from established practice which resulted in a much larger triangular error than 
that which obtained with the same instrument on the Bombay Longitudinal Series. 

The triangulation of the Singi Meridional Series, after Lieutenant Rivera gave it up 
in 1845, remained in abeyance for upwards of 15 years when work was resumed on it by 
Lieutenant (now Major-General) C. T. Haig of the Bombay Engineers, the present Deputy 
Surveyor General in charge of Trigonometrical Surveys. 

Lieutenant Haig first arrived in India in July, 1866, and served with the Bombay 
Sappers and Miners in the Persian War of 1856-57, and with the Raj putana (RAjput4na) Field 
Force during the mutiny as Staff Officer of Engineers. He was appointed a Second Assistant 
in the Great Trigonometrical Survey in September, 1859, and joined the Bombay Triangula- 
tion Party at Rtljkot a few weeks later. This Party had been employed for some years under 
Captain Nasmyth of the Bombay Engineers on the K&thitiw&r (KAthihv4d) triangulation, their 
recess quarters being at Bjkot .  On arrival there Lieutenant Haig found orders awaiting 
him to join the Okhhmandal Field Force with which Captain Nasmyth was aho serving, and 
for the next two months both officers were employed as military engineers a t  the siege of 
Dwlrka. On the fall of that place in December, 1859, they rejoined the Bombay Survey 
Party in Khthihwdr, where they remained for the rest of the winter. On March loth, 1860, 
Captain Nasmyth proceeded on furlough and Lieutenant Haig assumed charge of the Party : 
work was continued in Kdthi4wAr till April 25th, when the field season was brought to a 
close: the Party marched to their recess quarters a t  Ujkot ,  where they remained during 
the summer under Mr. DaCosta, whilst Lieutenant Haig joined Major J. T. Walker's Party at  
r e  ( a r r i )  The programme of work laid down for the Bombay Party during the field 
season of 1860-61 was to take up the Guzerat Longitudinal Series at the side Wardhari- 
Ghorbrbo, carry it eastward until it  met the Khdnpisura Meridional Series, and then .to 
return and work southwards from a side of this new work down the meridian of 739" to meet 
Rivers's portion of the so-called North Konkan Series*. 

The head-quarters of the Party quitted Rhjkot on November 15th, 1860, and reached 

Gsoror 186061. 
Wardhari on the 30th. Mr. Mc Gill had taken the field 

PXBSOWBL. 
about a month previously to lay out the approximate work : 

Lientenant 0. T. Haig, Bombay Engineem, and 
the stations of Jhthdbhor, Khgarol and Rencha, which 

Assistant. are situated a t  the junction of the Singi and Guzerat 
Mr. J. DaCost., Civil 2nd Assistant. 
,, J. MC Gill, Senior sub-~seietant. series had been selected several years previously. Up to o- *. anding* ad sub-ktmt. the end of December, 1860, Mr. DaCosta was employed 
on the K4thiBwSr triangulation : he then left for the Deccan to take up the approximate - - - - 

* The Instrument to be used was the Theodolite known in t h i n  Depsrtment as Troughton and Simms' 18-inch KO. 2. For 6 de 
ncription of it, sea Appendix No. 2 of Volume 11 d the Acc01lnt of Opwatwrw of the Great Trigomometrical M s y  of Id ia .  
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work of the Mangalore (Mangalh) Meridional Series, on which he remained employed till 
the close of the field season. At the beginning of the season the progress of the Party met 
with some serious checks : in the approximate chart furnished to Lieutenant Haig the ray 
between JAthr4bhor and ehodrtio was laid down, but after several days had been spent in 
felling trees it was found to be impracticable. ' Another delay was caused by a mistake of the 
mason; instead of repairing the old Rencha station, he built a new station at another 
village also called Rencha, and the signalmrtn shewed his heliotrope to GhorMo from thie 
latter. Lieutenant Haig himself too went to this new station and did not find out hie 
mistake until he had put up his instrument. 

On arriving at Bhor Lieutenant Haig found the ray Bhor-Paangri impossible owing 
to a large hill intervening : having observed all the other rays he went to Pathngri and selected 
a new station there: whilst the pillar was being built he visited Jhthrkbhor and Ktigarol; 
and then went back to Ghorhrho and observed there the correct ray to Rencha: Khgarol, 
Pathngri, and Bhor were then revisited and on January 20th, 1861, the KAgarol Hexagon at 
the junction of the two Principal Series was fished. . 

I n  the meanwhile Mr. McGill had been carrying the approximate series southwards on 
the Singi meridian : his progress was excellent until he reached Kesarwa, when he and all his 
Party were prostrated with jungle fever : he had to retire to Broach (Bhahch) and was unable 
to resume his work during the field season. Mr. McGill's absence necessitated a change of 
programme, as he was the only officer available for the approximate work : he had trusted to 
be able to select all the stations of the Singi Series and to also get well on with the approxi- 
mate work of the Guzerat Longitudinal Series to the east of the Singi meridian before 
Lieutenant Haig had finished the observations of the =gar01 Hexagon*, and this he would 
have done, if all had gone right. As it was, ~ i e u t e n a n t ~ a i ~  found no approximate work 
ready for him on the Guzerat Longitudinal Series ; his first idea now was to select his stations 
himself, as well as observe the angles, and this he began doing : but his progress proved so 
slow, that towards the end of January he gave it up and returned to Bhor with the object 
of observing at the stations of the new Meridional Series already selected : the observations 
a t  Kanddwa, Phwhgarh, and Mas4bhr were taken without dsculty, and Kartili was reached 
on February 6th : the atmosphere now became hazy and dense, and smoke began to rise from 
the jungles. The ray Karhli-Kesarwa had to be rejected, as after it had been observed on 
three pairs of zeros the heliotrope at Kesarwa became invisible. The Sidpur ray from 
Karsli was very difficult of observation, and detained the Party a week. At Sidpur itself, 
which is situated. in the Rtijpipla state in the very heart of the smoky area, there was a 
further delay of ten days owing to the difficulty of observing the BtiMsir4j heliotrope, and 
the station of Kesarwa was not reached till February 28th: it was here that Mr. McQill 
'had been taken ill and consequently no approximate work existed beyond. 

The stations of BBbdsirtij, Kesarwa and Phthal had been selected in 1846 by Lient- 
enant Rivers and had been intedded by him to form with Dophi a huge quadrilate-kl. As 

The K w l  Hemgon appertained originally to the G w m t  LongituW brier, but it wm found oonvenient dtermd~ to inoludo 
it in the Singi Meridional Series. 



however .the rays Dofiri-Kesarwa, Dophi-BAbhidj and Phthal-Bhbbidj were all over 
fifty miles in length, Lieutenant Haig did not attempt to observe them and abandoned his pre- 
decessor's quadrilateral as impracticable. The selection of smaller figures proved a difficult 
matter owing to the intervention of high hills, on which no points could be discovered that gave 
suitable triangles : the stations of SAgbdra and aamwbri  were the best that could be found 
in spite oE the invisibility of the latter from Phthal. By the time that all the stations had 
been decided on, the smoky season had commenced in good earnest and progress was naturally 
slow. At SBgbAm the Phthal ray alone occupied fifteen days and ~lammtlri was not reached 
till April 6th. Three weeks later however all the angles at  Pbthal and h m w b r i  as well ss 
those that had been omitted by Lieutenant Rivers at Dopbri and Tarbhhn* had been observed, 
and the connection with the old work of 1845 thus stood thoroughly completed. The Singi 
Series had at last been carried through the difficult and fever-stricken tracts of the RAjpiplrt 
state that had so b a e d  the efforts of the earlier surveyors. Lieutenant Haig's party had by no 
means got off scot free : at Kesarwa no less than 60 per cent of his men were on the sick- 
list, and by the close of the season there was hardly a native in the party who had not a t  
one time or another been a sufferer. The jungles in this tract seem absolutely fatal to enter 
before the middle of February, and Mr. McGill made a great mistake in trying to penetrate 
them in December : there is a local proverb in these parts to the effect that the D h g  jungles 
should be feared like a musket ball, a proverb that testifies as much to the martial ardour 
of the people as i t  does to the unhealthiness of the forests. 

The Bombay Party under Lieutenant Haig passed the recess season of 1861 at Poona 

Bearan 1861-62. 
and in October following again took the field. The first 

Pmaomnr* stations visited mere J4thrAbhor and Patangri of the 

Lieutenant C. T. Haig, Bombay Engineem, L t  
Singi Meridional Series, and an attempt was made to pro- 

Assinlant. long the Guzerat Longitudinal Series eastwards from the 
Mr. J. D&oste, Civil 2nd Assistant. 
,, J. M C G ~ ~ I ,  Junior Civd 2nd Assistant. side that joined them. The plan however was found im- 

G. A. Anding, 3rd Claw Sub-Assistant. practicable and the side Pat4ngri-Bhor had to be substi- 
tuted. At starting Lieutenant Haig himself took up the approximate work of the Guzerat 
Longitudinal Series and carried it eastwards to the meridian of 74g : he here left it in charge 
of Mr. McGill and returned to Patbngri to observe 8 Ursze Minoris for azimuth. Shortly 
after Christmas he commenced the final observations of the angles of the Guzerat Longi- 
tudinal Series, and these occupied the Head Quarters of the Party up to the end of February. 

Mr. DaCosta in the meantime had selected the stations of the Guzerat Coast Minor 
Series between Sumt and Cambay (Khambhat) as well as of a branch series to Baroda 
(Vadodra), and had taken up by the h t  week in January the approximate work of the 
Oodeypur Meridional Series : (this latter series as has been mentioned before lost its desig- 
nation of Oodeypur in 18% and now constitutes the northern section of the Singi Meridional 
Series). I n  selecting his stations Mr. DaCosta worked northwards from the side JBtMbhor- 
PatAngri of the KAgarol Hexagon, laying out only a single series of triangles. 

The side that wss common to both Riven' and Haig'r work wan Tarbhh-Dop6ri : at Tarbh4n the angle Pilwa-Tarbhh-Dop6ri 
reem never to have been obwrved : Haig obwrved the northern angle Pithal-Tubh~in-Do#ri, whilst Biverr okerved the whole mgla 
Pilm-Tarbh6n-PLthal : the muthern angle Pilwa-Tnrbhh-Dophi wad deduced born the other two. 
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By the end of February Mr. McGill had completed hh approximate work on the 
Gnzerat Longitudinal Series and was ordered by Lieutenant Haig to assist in selecting stations 
for the Series on the Oodeypur meridian : he was however not to work with Mr. DaCosta but 
to start from a side of the KarSchi Longitudinal Series and proceed southwards : the two sur- 
veyors were directed to keep each other thoroughly acquainted with their movements, so that 
they might have no difficulty in effecting a junction between their two approximate series 
whenever they should happen to meet. Unfortunately the country through which this series 
rum is inhabited by semi-barbarous races : the thieves, who form a large and recognised 
portion of the inhabitants of every village, assault a man for the sake of the clothes he 
has on his back; and if he attempts to escape bring him down with a shower of arrows 
utterly regardless of his life : on this account communication was attended with great risk 
and consequently Messrs. DaCosta and McGill were each in ignorance of the other's progress 
until they actually met: the bend in the Series in latitude 23" 45' is due to their inability 
to work in conjunction. 

Mr. McGill intended to have commenced on the side Lakarwks-Bonkalore, with 
which Sisa and Sa lhba r  were to have formed a quadrilateral, but the R4ja of 
Salbmbar, a very refractory chief, would not permit a station to be built on his hill, al- 
though directed to do so by the Political Agent: Mr. McGill had therefore to start the 
approximate series from the radial side Th-Lakarwh of the T h a  Hexagon. 

Having completed the Quzerat Longitudinal Series, Lieutenant Haig marched north- 
wards to L ~ ~ Z L F W ~ S ,  which he reached by the 10th of March: he was here delayed a few 
days by fog but after this no further interruption occurred, and Be completed the final 
observations of the Oodeypur Meridional Series on April 26th : he had thus visited 15 stations 
and observed 34( angles in six weeks. A chain of single triangles now connected the 
Kadchi and Guzerat Longitudinal Series and the triangulation of the Singi Meridional 
Beries stood fully completed. The head-quarters of the Party reached Poona on the 7th 
of May, 1862. 

I n  consequence of the great deficiency of observations on certain rays, and of the 
weak character of the heights in general, the re-measurement of all the vertical angles 
of Rivers's section of the Singi Series was found necessary. Mr. H. E. T. Keelan, Sur- 
veyor 3rd Grade, who was then engaged in revising the heights on the Khknpisura Me- 
ridional Series, was accordingly directed 'to re-take the vertical observations on all rays 
of the Singi Series south of the side Tarbhh-Dop4ri. Mr. Keelan completed the revision 
of the Khhpisura heights on December 9th, 1884, at Jalblabad ; he was then occupied 
some weeks in observing the vertical angles on the ray Lgargaon-Phrner of the Bombay 
Longitudinal Series, and on January 8th, 1885, at P4rner he commenced observing the Singi 
vertical angles: much difficulty was at times experienced in obtaining good vision of the 
heliotropes owing to the dense haze that set in early in February, but in spite of this 
Dophri was reached on April 13th. The revision- of heights was completed at Bhorgarh on 
Way 13th. 
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Seconda y Triangulation. 

On the Southern Section of the Series between the side Tarbhh-Dophi and the Bom- 
bay Longitudinal Series some hundred secondary points exist, chiefly pagodas and forts. 
Several of them were stations of Shortrede's Bombay network, but the angles were all re- 
observed by Rivers. Between the side Tarbhtin-Doptiri and the Guzerat Longitudinal Series 
only 20 secondary points were fixed by Lieutenant Haig during the progress d the principal 
work in 1860-61. I n  the following year however Mr. DaCosta visited the stations of Ptiwh- 
garh and MasBbCir, and managed from them by means of two triangles only to lay down the 
position of the Baroda Clock Tower. 

A few secondary triangles were formed with sides of the =gar01 Hexagon as bases 
and some 10 points thus fixed. On the Oodeypur Section of the Singi Series between the 
Guzerat and Karhchi Longitudinal Series the positions of a few trees, temples and huts were 
determined, but, with the exception perhaps of the ~w~ Palace, no place or tom of 
importance was laid down. 

The great feature in the secondary work of the Singi Series is the minor triangulation 
on the Guzerat Coast, which was first commenced in November, 1861, when Mr. DaCosta 
took up the approximate work. He started from the side Tarbh6n-Phthal of the Singi 
Series and carried a line of single triangles northwards along the coast until he effected a 
junction with the Eltibarmati Minor Series* at the side Rhoni-Omlihla in latitude 22-9". 
The approximate work was all completed by the end of December, but the final observations 
had to be postponed till the following year. The country over which the triangulation was 
to pass was studded with valuable fruit trees, and exorbitant compensation was demanded 
by the landowners before they would permit even a bough to be lopped off. It unfortunately 
happened too €hat Mr. DaCosh could find no natural eminences for his stations, and an im- 
mense deal of ray-cutting was necessary to obtain mutual visibility. The Guzerat Coast Series 
was unquestionably a work of more than ordinary importance, fillkg up as it did the only gap 
of unsurveyed coast between the mouth of the Indus and Goa (Gova), but the estimated cost 
was so enormous, that Lieutenant Haig decided to postpone the work and refer the matter 
to the consideration of the Superintendent of the Great Trigonometrical Survey. Sanctioa 
to spend the necessary money was obtained in the following snmmer, and in November 1862 
the-final operations were commenced. Three months w& occupied in clearing the rays, 
and building the stations, and on January 27th the observations of the angles were begun. 
The instrument used was a 12-inch Theodolite by Troughton and Simms, and the angles 
were all taken on two pairs of zeros 0°, 180°, 30°, 210°, the three angles of every triangle 
being observed. The series which comprises twenty-eight main secondary triangles-was a&- 
pleted on the 23rd of March. It determines the geographical positions of Surat, Broach 
and Cambay, of ten minor towns and ports, and of several conspicuous hills and buildings 
which proved useful in the subsequent topographical survey of the tracts; it crosses the' 
Ttipti, Narbada, Mahi, Kim, and Dhtidhar rivers. 

+ This serim belonga to the ~urerst Longitudinal Seriw, from n ride of which, 8dnurd-Pdlri1 it originster : it foUowr the wune of 
the %banusti river to ib mouth. 



Early in the season of 1861-69 when Mr. DaCostra was engaged on the approximate 
work of the Quzerat Coaat Series, he selected the stations for a branch series, which was to . 

be carried eastwards from the Quzerat Coast Triangulation to fix Baroda : as much clearing 
was however necessary on the rays of this branch, and great expense would be incyred, 
the plan wae abandoned, and no observations taken. Baroda was afterwards fixed as has 
been mentioned above by triangles carried westward from a principal side of the Singi 
Meridional Series. 

January, 1889. 
S. Q. BURRARD, 

In c7urrye hput iny  Oflee. 
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PHINCIPAL TRIANQULBTION. ALPHBBETICAL LIST OF STATIONS. 

a . VI. 

-- - 

. . XXI. 

&amw4ri a . . a .I . XXVII. 

Amjio . . , VII. 

Anjini . I. xxvr. 
(Of the Bombay Longitudinel Beriee). 

Lohhia 

Mas&bh 

P h e r  

. . XXXIII. Ankai . . . . XXXV. 

a • a XIII. BBbi&j . . . . XXIV. 

Bhor . . . . XVII. 

Bhorgarh . . XXXIV. 

Deokotla . . . IX. 

Dophi . . . . XXIX. 

mngarpur . . . . IV. 

Gambirgarh . . XXXVI. 

Pathgri 

P&thal 

P&w&garh 

Pilwa 

Rencha 

S&gb&ra 

Sagwhra 

. . . XXVIII. 

. XVIII. 

. . . XXVI. 

. . . v. 

. . . XXXII. Ghor&rlio . XVI. 

. . XXIII. Hewargaon . . . XXXVIII. I sidpm 
XXX. 

(Of the Bombay Longitudinal Berier). 

. . . . . XXXVII. Khgarol . . . XIV. 

Kalsubai . . XXXIX. 

Khmandrug . . XL. . <  9 .  XXIX. 
(Of the Ksrllohi Longitudinal Series). 

KanWwa . . . . XIX. 

Tembla 

T u k w h  

Uchak 

• rn • a XXII. 

XXV. 

. . XI. Kua . . VIII. 

. . . .  XV. Lakarwb . . XXXII. (& the gbsaahi &ngitndinal Beriee). 
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PRINCIPAL TRIANGULATION. NUMERICAL &IST OF STATIONS. 

XXIX a .  . .' • . T b .  
(Of the Karbhi Longitudinal Berim). 

XXXII . . . . Lakarwtis. 
(Of the Kareahi Longitudinal 8erioe). 

I . . . Anjini. 

XXI  • . . . MasBbBF. 

XXII . . . KarBili. 

XXIII . Sidpur. 

XXV . . . Kesarwrt. 

IV . . . . Dhgarpur. 1 XXVI . Sgigbtira. 

VII  . . Bmjio. 

VIII  . . . Kua. 

I X  . . . . . Deokotla. 

X . . . Tembla. 

XI  . . . . . Uchak. 

XXVII . . . ~lamwBsL 
I 

XXVIII . . . PBthal. 

XXX . . Tarbhiitl. 

XXXI . Pilwa. 

XXXII . . Stiler. 

XXXIII . . . . P h e r a .  

XXXIV . . Bhorgarh. 

XI11 . .  . . .  . . Patting* 1 xxxv .. . Ankai. 

XIV . . Ktigrtml. XXXVI . . .- Gambirgarh 

XV . Wardhari. I XXXVII . Sinnar. 

XVII . . Bhor. 

XVIII . . . Rencha. 

XIX . . . Kand&lwa. 

XXXVIII , Hewargaon. 

XXXIX . . Kalsubai. 

XL . . Khandrug. 

XXVI . 
(Of tlie Bombay Longitudinal Beries). 

. . .  . Phlgarh.  1 XXX 
(Of the Bombay Loogitutlid Berim). 

Phrner. 
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PRINCIPAL TRIANGULATION. DESCRIPTION OF STATIONS. 

All the Principal Stations of this Series are situated on hills or rising ground : those numbered I to 
XVI and XVIII  to XXVII, consist of circular, isolated and perforated pillars of masonry, 2 to 6 feet in 
height, each of which carries marks (a) engraved on stone at  top and at  ground level. Around these pillars, 
and level with their summits, platforms of earth and rubble have been constructed for the accommodation of 
the observatory tent. An aperture through each platform and pillar was specially left for reference to the ground 
level mark. At Station XVII there is only one mark (a) which is engraved on the rock in sitd, and for the obser- 
vatoiy tent a temporary platform of wood and bamboos was erected. The two stations of the Hadchi Longi- 
tudinal Series from whch this triangulation emanates, have solid pillars of masonry, surrounded by platforms of 
stones : the pillars carry marks at  top, bottom and intermediately. The remaining stations of this Series together 
with the two of the Bombay Longitudinal Series on which this triangulation terminates, were constructed under 
the direction of Lieutenant Rivers, and consist in general of solid, masonry pillars with one or more marks 
sunk in the ground and having their upper surfaces flush with the ground level. Above these pillars, solid 
struotures of loose stone masonry, about 1 to 4 feet in height, were erected with another mark laid at the surface. 

The following descriptions have been compiled from those given by the Officers who executed the Series, supplemented 
as regards adjacent villages, &c., from the Topograpllical Survey maps of the country trave~sed. Some details regarding the heights 
and the construction of the statio~ls huve been gathered from annual reports, contingent bills, and other records of the Series, but 
in several instances the information required is unavoidably meagre or is even wholly absent, because no record of the fact, now 
wanted for incorporation appears to have been kept by the Executive Officer. The local Sub-divisio~~s in which the several stations 
are situated, have beeu derived, when practicable, from the latest Annual Reports furnished by the district officers to whose charge 
the stations are committed. 

XXIX. (Of tk Karhhi  Lmgitecdkl Series). T4na Hill Station, lat. 24" a', long. 74" 14'-observed 
at in 1851 and 1862-is situated on the highest point of a well-known, isolated hill, about a mile W. of the 
mad from Akola to Tdna. The station platform is built near and to the south of the site of some ruined buildings 
upon which there are now a few sacred stones : estate of the Tdna U j ,  under the Meywar (Mewk) Residency. 

The station of 1851 consists of a platform of the usual const~uction, 2.53 feet in lreiglit, enclosing a solid, isolated pillar 
of masonry in which are placed three mark-stones, one at top, another at the level of the foundation, and the third 2 feet above the 
latter. I t  was visited in 1862 iu the course of the Singi Meridional Series operations, but no statemerlt of its condition or of any 
alteration then made is forthcoming. The directions a~id  distances of the circumjacent villages are :-Tbna S.S.E., miles 14; 
Inttili S.W. by W., miles 4$; Daulatpur W., mile 1; Raepuria N.E., miles 24; and Kanerkhera E.N.E., mile 4. 

XXXII. (Of the Xarhhi  Longitudinal Series). Lakam4s Hill Station, lat. 24" 32', long. 73" 52'- 
observed at  in 1851 and 1862-is situated on the range of hills forming the eastern defence of the city of 
Oodeypore (Udaipur), about 1+ miles S.E. by S. of the large village of Lakarwis on a road from Kdnpur to 
KorBbar, which crosses the range to the north, and 2 miles S. of the ruined gate called " Sejah-ka-DarwBza" 
which is one of the approaches to Oodeypore. The station is in the lands of the village of LakarwBs, z i l h  
Girwa, tahail Oodeypore, under the Meywar Residency. 

The station of 1851 consists of a platform of the usual conetruction, 2.80 feet in height, enclosing a solid, isolated 
pillar of maaonry which contains three mark-stones, one at  the surface, the second 1 foot below and the third at the level of 
the fountlation. It waa visited in 1862 in the course of the Singi Meridional Series operations, but no statemei~t of its condition 
or of ally alteration then made is forthcoming. The directions and distances of the circumjacent villages are :-Karget N.E. by N., 
miles 24; Dhhmdar S., miles 2; Umm W. by S., miles 2 f ;  and Maton N.W., milea 3. 

I. Anjini Hill Station, lat. 24" lli', long. 74" 11'--observed at in 1862-is situated on a high hill 
named Anjini M&ta, about + a mile 5, of the southernmost part of the scattered village of Anjini, and 4 miles 
E. by N. of Karauli which is 6+ miles N. by E. of the town of Saliimbar. The platform is a few feet E. of 
the portion of the hill dedicated to the Mgta (goddess). The station is in the lands of the village of Anjini 
belonging to the Sallimbar Rh. 

The station consisb of a platform of earth and rubble enclosing an isolated and perforated pillar of masonry 3.06 feet 
in height : an aperture gives access to the lower mark. The directions and distances of the circumjacent villages are :-Birirokhera 
S.S.E., miles 24; Kbnpur W. by S., miles 2%; Urwiria W. by N., miles 3f; and Taliio N.W. by N., miles 2t. 

11. Sisa Hill Station, lat. 24" 12', long. 73' 46'-observed at  in 1862-is situated on the southern 
extremity of a hill locally known as S h  Magra, about a mile N.E. by E. of the Parshad DAk Bungalow on 
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the high road from Xherwira to Oodeypore. The ascent to the station commences from the western side, and 
is very steep. The station is in the lands of the village of Parshdd, territory of the Rdna of Oodeypore. 

The statiou consists of a platform of earth and rubble enclosing an isolated and perforated pillar of masollry 4-31 feet in 
height, with mark-stones at top and bottom: an aperture gives access to the lower mark. 

111. Tukwdsa Hill Station, lat. 23" 56', long. 74" 6'-observed at  in 1862-is situated on a hill 
locally known as Ttink-ka-Magra having the village of Tukwdsa at its northern foot, and about 1% miles 
S.W. by W. of the town of ~ s ~ u r .  The station is in the lands of the village of Tukwdsa, Dlingarpur state. ' 

The station consists of a platform of earth and rubl~le enclosing an isolated and perforated pillar of masonry 4.94 feet 
in height, with mark-stones at top and bottom : an aperture gives access to the lower mark. The directions and dista~lces of the 
circumjacent villages are :-Gara (Moribna) E. by S., miles 14; Whtindar S.W. by S., mile Q ;  Sak4ui W., miles 34; and Amartia 
N.N.FIr., miles 2. 

IV. Ddngarpur Hill Station, lat. 23' 60', long. 73" 46'-observed at  in 1862-is situated on the 
northern tower of some old fortifications on a hill locally known as Ddn-ka-Magra, close to and immediately south 
of the palace and town of Dhgarpur. The station is in the lands of tlie town of Dlingarpur, Ddngarpur state. 

The station consists of a platform of earth and rubble enclosing an isolated a11d perforated pillar of masonry 3-58 feet 
in height, with mark-stones at top aud bottom : an aperture gives access to the lower mark. 

V. Sagwdra Hill Station, lat. 23" PI ' ,  long. 74" 2'--observed a t  in 1862-locally known as Naia 
M a ~ r a ,  is situated on a hill about 1: miles N.W. of the town of that name. The foot-path leading to the 
station coiumences from the south-east. The station is in the lands of the village of Sagmara, Dlingarpur state. 

The station consists of a platform of wood, earth and ruhble enclosing an isolated and perforated pillar of masonry 4.60 
feet in height: an aperture gives access to the lower mark. The directions and distar~ces of the circl~mjaceut villages are :-Gamm 
N.E., miles l a ;  Madkola S. by E., miles 12 ;  GowG S. by W., miles 2; Udepur S.W. by S., miles 3 ;  aud PbdraN. by W., miles 24. 

VI. Loh&ria Hill Station, lat. 23" 46', long. 74" 15'-observed at  in 1862-is situated on a hill locally 
called Khanio, about 2 of a mile W.N.W. of the large village so called, and 2+ miles S.S.E. of the Baneshwar 
temple on an island at  the confluence of the Mulli and Som rivers. The station which is ascended from the 
east, is in the lands of the village of Lohiria, thbna B51iswiira, territwy of the Rhja of Bdnswdra. 

The station consists of a platform enclosi~~g an isolated and perforated pillar of masonry 2.75 feet in height'above the 
lower mark which is engraved on a rock imbedded in the hill : all aperture gives access to the lower mark. The directions and 
distances of the circumjacent villages are :-Kili-ka-Plra N.E., miles 1 4 ;  Vichhiwhra E.N.E., miles 1Q; P4roda W. by S., miles 
24 ; W L i  W.N.W., mile ; and Kar41ia N. by W., miles la .  

VII.  Bmjio Hill Station, lat. 23" 32', long. 74' 16'-observed a t  in 1862-is situated on a long, flat 
Ilill, about 13 miles E.N.E. of village so called, and :++ miles N.W. by W. of Bodia which is 2 miles S.S.E. of 
Partapor town. To the north and east, distant about a mile, are numerous Bhil huts. The station is nearly on 
the centre of the hill but not on the highest part which is a little to the east andobstructn tlie view in that direc- 
tion. The station is in the lands of the village of ~ m j i o ,  th5na BBnsmtira, territory of the RBja of BBnswBra. 

The station consists of a platform of wood, earth and rubble enclosing an isolated and perforated pillar of masonry 4 feet 
in height above the lower mark : an aperture gives access to the lower mark. The directions and distances of the circumjacent vil- 
lages are :-Gamdi W.S.W., miles 2; Vakliatpur W., miles 3 ;  MBudarda W.N.W., miles 23; and Gara (Sujhji) N.N.W., miles 2. 

VIII .  Kua Hill Station, lat. 23" 29', long. 73" 57'-observed at in 1862-is situated on a low hill forming 
part of a range running N.N.E. and S.S.W., about 2 miles N. of Kua village. The station is in the lands of the 
village of Kua, Ddngarpur slate. 

The station consists of a platform of wood, earth and rubble enclosing an isolated and perforated pillar of masonry 4.95 
feet in height, with mark-stones at  top and bottom : an aperture gives access to the lower mark. 

IX. Deokotla Hill Station, lat. 23" 19', long. 74" 12'-observed at  in 1862-is situated on a conspicuous 
peak at  the eastern e11d of a short range of llills running E. and W., about + of a mile S.W. of Deokotla 
village, and 2 miles S. by W. of the large village of Silergarh: territory of the RAja of Bbswdra. 

The station consists of a platform of mood, earth and rubble enclosing an isolated and perforated pillar of masonry 5 
feet in height: an aperture gives access to the lower mark. The directions and distances of the circumjacent villages are :-TBnda 
N. by E., miles 1 4 ;  Tejpur W.S.W., miles 3 ;  and Phalwa (scattered huts) W., miles 4. 

X. Tembla Hill Station, lat. 23" 15', long. 73" 55'-observed at  in 1862-is situated on the higbest 
part of a range of lorn hills running N. and S., about 3 of a milo W. by N. of Tembla village, and 3: miles 
K. of the town of Sunth. The station is in the lands of the village of Tembla, th6na and state Bunth, Rewa 
Krintha (Revjkhtha) Political Agency. 

The station consists of a plt~tform 5 feet in height (most probably of the same construction aa those at the adjacent 
stations) enclosing an isolated and perforated pillar of masonry, wit11 mark-stones at top and bottom: an aperture givea accese to 
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the lower mark. The directions and distances of the circumjacent villages are :-SagvRria S.E. by E., mile 1 ; PMerim S.S.E., 
mile 1; Kureta S. by W., mile 1; Kerfimul S.W. by S., miles 14; and Nathukslka (hamlet) W., miles 1). 

XI. Uchak Hill Station, lat. 23" 3', long. 74" #--observed at in 1862-is situated on a hill locally so 
called, 8. of the village of Moli, and about 2 miles E. of Bhnpur : Sanjeli estate, Rewa Ktintha Political Agency. 

The station consista of a platform of earth and rubble enclosing an isolated and perforated pillar of masonry 5-15 feet 
in height, and has an aperture for access to the lower mark. The nearest villages are Chakisva and Doki. . 

XII. Jtithdbhor Hill Station, lat. 23" 2', long. 73" 43'-observed at  in 1860, 1861 and 1862-is 
situated on a range of hills, about 1+ miles W. of JBthrhbhor village. The station is in the lands of the village 
of JBthdbhor, thbna and state LMv&da, ILewa K h t h a  Political Agency. 

The station consists of a platform of earth and r~ibble enclosing an isolated and perforated pillar of masonry 5 feet in 
height, and has an aperture for access to the lower mark. The directions and distances of the circumjacent villages are :-Suka- 
timba (hamlet) S. by W., mile 4; Boria N.W., miles It; and Chari N., miles 1). 

XIII .  P a k g r i  Hill Station, lat. 22" 69', long. 73" 66'---observed at  in 1861-62-is situated on a high, 
flat-topped hill forming portion of a range, about + a mile S.S.E. of village of Patbngri, and 5 miles N. by E. 
of Rebdri at the seventeenth mile-stone of the high road from the town and Railway Station of Godhra to Dohad. 
The station is in the lands of the village of Pathgri, th4na and state BBriya, Rewa K h t h a  Political Agency. 

The station co~~sists of a platform of earth and rubble enclosing an isolated and perforated pillar of mnson ry 2 feet in 
height, with mark-stones at top and bottom : an aperture gives access to the lower mark. The directions and distances of the 
circumjaceut villages are :-Pbla N., miles 2; Devi E.N.E., miles 1); Pasfiyata E., miles 14; Jfimodra E.S.E., miles 2); Dhabuka 
S.E., mile 4 ; Navagfim S.W., miles 2) ; and Mitaria Vejma N.W. by W., miles 14. 

XIV. Khgarol Hill Station, lat. 22" 53', long. 73" 42'-observed at in 1860-61-is situated on a low 
isolated hill also known as Pipalia-ni-Dungri, and 8 miles N.N.E. of the town and Railway Station of Godhra. 
The station is in lands of the village of Pipalia, sub-division Godhra, district Panch MahBls. 

The station co~sists of a platform of earth and rubble enclosing an isolated and perforated pillar of masoury 5 feet i n  
height, and has an aperture for access to the lower mark. The directions aud distances of the circumjacent villages are :-Pati 
(hamlet) N., miles 3; Vijipur N.N.E., miles 1); NavagGm E.S.E., miles I*; Simpa S.E. by S., miles 2); Mith6li S. by W., 
miles 2; Dokva W.S.W., mile 1; and Shehera N. by W., miles 44. 

XV. Wardhari Hill Station, lat. 23" 6', long. 73" 30'--observed at in 1860-is situated on a hill, 
about + of a mile E. of village so called. The station is in the lands of the village of Wardhari, t h h a  and 
atate Lbnbviida, Rewa K h t h a  Political Agency. 

The station consists of a platform of earth and rubble enclosing an isolated and perforated pillar of masonry 5-83 feet 
in height, and has an aperture for access to the lower mark. The directions and distauces of the circamjncent villages are :-Ved 
N. by W., mile f ; Jitpur N.E. by E., mile 1 ; Dhesia E. by S., mile 1 ; Bllimpur S.S.W., miles 13 ; and Karaichhla W. by S., miles 24. 

XVI. GhorkBo Hill Station, lat. 22" 62', long. 73" 24'-observed at in 1859 and 1860-is situated 
on a ridge of hills, about 13 miles N.N.E. of ICuni village on the right bank of the Mahi river, 6 miles S. by E. 
of BWinor (Vidrishinor) town, and a miles N. by E. of Pitli Railway Station on the B. B. and C. I. Line. 
The station is in the lands of the village of Kuni, t6luka ThQsra, district Kaira (Kheda). 

The station consists of a platform of earth and rubble enclosiug an isolated and perforated pillar of masonry 5 feet in 
height, and hns all aperture for access to the lower mark. The directior~s aud dista~~ces of the circumjacent villages are :-Ntldisar 
E.N.E., miles 24; Sang01 E.S.E., miles 1); Sonipur S., miles 2; Raslilpur P A 1  W. by S., miles 2); Para  W., miles 2; and 
Menpura N.W. by W., miles 14. 

XVII. Bhor Hill Station, lat. 22" 40', long. 73" 52'-observed at in 1860-61 and 1862-is situated 
on the southern of two rocks on the high hill of Bhhlhpur, and about 6 miles S.W. by W. of the town of 
Bhriya. The station is in the lands of the village of Bhor, tlrina and state Bkriya, Rewa Ktintha Political Agency, 

As regards the construction of the station the following is all that is forthcoming :-" The platform for the observatory 
was made of bamboos resting on logs of wood fixed in the crevices of the rocks, and the mark is made on the rock ". The direc- 
tions and dista~~ces of the circumjacent villages are :-Gholiv N., miles 3; Kblidungri E.N.E., miles If; Virol E. by S. miles 14; 
K6kalpur 5. by W., miles If; and Khfinpila W.N.W., miles 1). 

XVIII. Rencha Hill Station, lat. 22" 42', lovg. 73" 39'-observed at in 1860-61-is situated on a small 
isolated hill locally known as Vagh Dungar, and about 3$ miles E. by N. of the large village of Vejalpur on 
the high road from Khlol to Godhra. The station is in the lands of the village of Richhia, sub-division m o l ,  
district Panch M a h b .  

The station consista of a platform of logs of wood covered over with earth, enclosing an isolated and perforated pillar of 
masonry 5 feet in height, with marks at top and bottom, and has an aperture for access to the lower mark which is cut on the rock. 
The directions and distances of the circumjacent villages are :-Richhis N., mile ) ; Chalili S.E., miles 2; Ar6dra S., miles 34; , 
and Naidarkha W. by N., miles 2. 

XIX. Kandtilwa Hill Station, lat. 22" 28', long. 73' 60'--observed at in 1861-is situated on a high 
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m g e  of hills of the same name, which runs E. and W., about 3 milea S.W. of the village of Puneh. The statioli 
is in the lands of the village of h U v a ,  t b  Kmili, Chhota, Udepur state, Rewa U n t h a  Political Agency. 

The station consist. of a platform of earth and rubble enclosing an isolated and perforated pillar of masonry 5 feet in 
height, with mark-stones at top and bottom, and has an aperture giving acceaa to the lower mark. 

XX. Phwhgarh Hill Station, lat. 22" 28', long. 73" 33'--observed at in 1861-is situated on the second 
highest part of the well-known hill of this name, a few yards S. of a temple dedicated to the goddess Kglks 
Mtita. The village of Chhmpiiner (which was once a flourishing town) is to N.E. from which the ascent to the 
station is by a path about 4 miles in length. The station is in the lands of the village of Ch&mpBner, sub- 
division Halol, district Panch Mahds. 

Tbe station consista of a platform of earth and rubble encloaing an isolated and perforated pillar of masonry 2 feet in 
height, with mark-stones at top and bottom, and has an aperture for access to the lower mark. 

XXI. MasBbBr Hill Station, lat. 22" 19', long. 73" 46'-observed at in 1861-is on s peak of a high 
and steep hill having the village of MadbBr a short distance from its N.E. foot ; the hill is locally known as 
Madbario Dungar and more commonly as Mah4b4r. The station is in the lands of the village of MasBbh, 
sub-division Jhbughod'a, district Panch Mahds. 

The station consists of a platform of earth and rubble 3 feet in height, enclosing an isolated and perforated pillar of 
masonry, and though no mention of any marks is made, it may be assumed that the usual marks must have been inserted in the pillar 
aa at  the adjaceut stations. The nearest villages are Khudsh, Duma and Pipia. 

I 

XXII. K a A i  Hill Station, lat. 22"10', long. 73" 64'-observed at  in 1861-is situated at  the western 
end of a short range of hills running E. and W., about a mile S.S.E. of Kartili village, and 2 miles N. of the 
village of Timarva Nava on the right bank of the Heran river. The station is in the lands of the village of 
K d i ,  Chhota Udepur state, Rem-a K h t h a  Political Agency. 

The station consists of a platform of earth and rubble enclosing an isolated and perforated pillar of masonry 5 feet in  
height, with an upper and lower mark-stone: an aperture gives access to the lower mark. The directions and dista~rces of the 
circumjacent villages are:-Karsan N.E. by N., miles 14; Gamlria (hamlet) E. by S., miles I f ;  Rundhi Juni S.S.E., mile 1; 
Pherkua S.W. by W., miles 24; Daulatpura W. by N., miles l a  ; and Ghoraj N.W., miles 2. 

XXIII. Sidpur Station, lat. 22"4', long. 73" 31'-observed at in 1861-is situated on the western 
bank of the Orsang river, and about a mile S.S.E. of Sidpur village : pargana Dabhoi, G4ikwhr territory. 

The station consists of a platform of earth and rubble enclosing an isolated and perforated pillar of masonry 483 feet in 
height, with mark-stones at top and bottom : an aperture gives access to the lower mark. When visited ilr 1876-77 by Captain Baird, 
R.E., in the course of the levelling operations, he found the station to consist of "a circular pillar 5 feet high over wlrich is a coverirrg 
pillar 33 feet high, the upper mark-stone of which was found intactJ'. The directions and distances of the circumjacent villages are :- 
Klntoli N., mile 1 ; BhiloriaW., miles la;  Asadara S.E. by S., miles 1); Akoti S.S.V-., miles l a ;  and Chanv6da S.W., mile 1. 

XXIV. BBbhiAj Hill Station, lat. 21" 47', long. 73" 67'-observed at in 1861-is situated on the 
highest hill which has the hamlet of Amba at its eastern foot, about 8 miles S. of the Narbada river, and 2 miles 
8. by E. of the village of Pipalkota : Mevis state of KBthi, district Khhndesh. 

No informati011 whatever ns regards the construction of this station is given in the records of this Series. The district ' 

officer reports that "There is no masonry pillar but only a platform 31 feet in height". 

XXV. Kesarwa Hill Station, lat. 21" 46', long. 73" 26'-observed at  in 1861-is on the summit of a 
high hill forming one of a range running W. and S., about 2+ miles S.E. of the village so called. The stationie 
in the lands of the village of KesvBda, th4na Btindod of the R&jpipla state, Rewa K4ntha Political Agency. 

The station consists of a platform of bricks and mud cement enclosing an isolated and perfdrated pillar of mrsonry 4 feet in 
height, with mark-stones at top and bottom, and has an aperture for access to the lower mark. T l ~ e  directions and distances of the cir- 
cumjacent villages are:-Gared N., miles la; ChatvhdaN.E., miles 2; Handi Dhochki E. by N., miles 2; and Dabh41 FV. by N., miles 43. 

XXVI. SBgb6ra Hill Station, lat. 21" 34, long. 73" 49'--observed at  in 1861-is situated about 8 miles 
N. of the TBpti river, and some 12 miles N. by E. of a small fort of VBjpur on the right bank of the Ttipti: 
thkna Sggbtira of the Rhjpipla state, Rewa Ktintha Political Agency. 

No details of the construction of the station platform and pillar are forthcoming. 

XXVII. BlamwBri Hill Station, lat. 21" 36', long. 73" 33'--observed at  in 1861-is about 8 miles 
N.W. of BBradev, and 10 miles E.S.E. of Netrang : Rhjpipla state, Rewa KAntl~a Political Agency. 

No details of the construction of the station platform arrd pillar are forthcoming. 

XXVIII. Ptithal Hill Station, lat. 21" 22', long. 73" 17'--observed at in 1861-is situated on one of a 
group of hills called Khumbaria on the western skirts of the Ding jungles, about 2 miles N.E. of the village,so 
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called, and 6 miles N.E. of Areth on the high road and at the seventeentll mile-stone from Kfm to Mhdvi. 
The station is in the lands of the village of lihlnloi, tdlulia Mandvi, district Surat. 

The station waa originally established in 1846. I t  was visited and repaired in 1861. . When visited in 1868 it waa 
described aa follows :-"No pillar was built, a masonry platform 1 foot iu lleigltt liavi~lg the usual mark-stones in tlte foundation 
and on ita surface, indicates the site of the stationJJ. The directiol~s and distances of the circumjacent villages are :-Parvat E.N.E., 
milea I f ;  Reglma E. by S., miles 8;  Kgrlmoi S. by W., mile 4 ;  and Lindia N.W., mile 1. 

XXIX. Dophi Hill Station, lat. 21" 5', long. 73" 46'--observed at  in 1846 and 1861-is situated a t  
the centre of a long ridge, and on the boundary between the Khhndesh collectorate and the Songad Muka of 
QAilcwBilr's territory. A small village Bhoreh is about 2+ miles to N.E. 

The station as originally built in 184.6 is described as follows :-"A mark was made on the rock below and a platform 
built up to the surface with another stone at  top ". When visited in 1861 i t  was repaired, but ~~ott l ing exists to shew the state 
it was found nor the repairs then effected. When visited in April 1885, the platform was found partly destroyed, but a mark 1 
foot below the surface of the existing remains waa found undisturbed; this mark is 0.8 of a foot below the surfiice of the hill. A 
scattered group of huts within a circle of a mile lie 3 miles to S.W. The nearest centre is called Tnrpiira, ) of a mile further is 
Leotara, and at another $ of a mile lies Dhabda. About 6 miles S.W. by W. is the site called Mendha, and 7 miles S.W. is the 
a i k w k  th4ua station of Saudervail. 

XXX. Tarbh4n Station, lat. 21" l', long. 73" 6'-observed at in 1845 and 1861-is situated on rising 
ground, about 3% miles S.S.W. of Sarbhon, and 1) miles S.E. of P4rdi Vhgha, both on the road from Navs4ri to 
the town of BMoli. The station is in the lands of the village of Sarbhon, thluka Bkdoli, district Surat. 

The station as originally built in 1845 consisted of a platform enclosing a circular, isolated pillar of brick masonry 
##with three stones for the feet of' the instrumelit and a central one for the mark. A second stone is at tlte surfnce of the ground 

2-67 feet below tllisJJ. When visited in 1861 i t  was repaired. I t  was agaiu visited in April 1885 and found to be in good preserva- 
tion. The directions and distances of the circumjaceut villages are :-TarbhBn N., mile 3 ; Varoli N.E. by N., miles 13; Kavita 
E.S.E., miles l a ;  atld Kharad S. by E., mile 1. 

XXXI. Pilwa Hill Station, lat. 20" 39', long. 73" 26'--observed at in 1845-is situated on a hill so 
called, about 20 yards S. of a conspicuous tree. There are no. villages neak the station, a few scattered huts . 
called Chauronia where a market is held every Sunday lie about a mile to .S.W., and a similar collection called 
Mankonia 2 miles to N.W. : Bltnsda (VBnsda) state, Surat Agency. 

The station was originally established by the Bombay ~r i~ouometr ica l  Survey. "A platform has been built over the 
"old mark and another station stone at its surface plumbed over the former at the height of 2-25 feet ". When visited in Marctr 
1885, i t  was found to consist of a platform of loose stones 1 foot high, enclosing three large flat s t o ~ ~ e s  placed triangularly for the 
theodolite stand; between theae stones, and at  a depth of 2 inches, is a circle aud dot on a stone apparently undisturbed. 

XXXII. SBler Hill Station, lat. 20" 43', long. 73" 59'-observed at  in LS45-is in the fort of SBler 
at the western end of a remarkable, narrow ridge about + a mile in len$h, and having along its southern face 
an  almost perpendicular drop of about 1000 feet : the eastern end is rather higher, and 1s capped with rock, but 
the space being extremely confined and occupied by symbols dedicated to the worship of Pareshdm, the station 
could not be established here on aucount of the strong objections of the people : taluka BAglBin, district Nbsik. 

I 

The station is denoted by two marks, one at  the surface of the ground and the other 1.96 feet below firmly fixed iu the 
muram (a kiud of gravel). When visited iu April 1885, three dreseed stones, triangularly imbedded for the theodolite stand, were 
found around the mark-stone of the station which was undisturbed and on a level with the eurface of the hill : there is no platform. 
The directions and distances of the circumjacent villages are :-Chichli N.W. by W., milee 2a; Bhilpha S.W., mile 1 ; Mahardar 
S.S.E., miles 1) ; Vngamba N.E., miles 2) ; and Sfiler S., mile 4. 

XXXIII. PArnera Hill Station, lat. 20" 33', long. 72" 69'--observed at in 1844-4s situated on the 
raised mound running along the middle length of the fort which is on a small isolated.hil1. It is about I) miles 
E. of the B. B. and C. I. Railway line level crossing, and 24 miles N. of the town of PBrdi. The station is 
in the lands of tho village of PBrnera, t&luks Bulsfir (Valshd), district Surat. 

No pillar waa built. The station of 1844 was denoted by two mark-stoues, "one at  the surface level and the other 
below". I t  was visited in 1876-77 by Captain Baird, R.E., who stated that "a mark O is cut on the rock in sitdJJ. When again 
visited i n  March 1885, three large flat stones placed tiiangularly for the theodolite stand were found around the mark-stone which 
was apparently undisturbed : there is no platform. The directio~~s and distances of the circumjacent villages are : -Phe ra  N., 
mile 4; scattered huts (no name) S., mile 4 ;  and Chichvlda (scattered hub) W. by N., mile 4. 

XXXIV. Bhorgarh Hill Station, lat. 20" 7', long. 73" 47'--observed at in 1845-locally known as 
Bhorgad, is situated on a table-land, 179 feet S.W. of a conspicuous tree, and about 2 miles W. by N. of the 
hill fort of Rhmsej immediately E. of the road to Nhik. The station is in the lands of the village of Rhmsej, 
Muka Dindori, district N6sik. 

Tlie station consists of a platform and has two marks, the one at the surface is 2.40 feet above the lower which was estab- 
liahed by the Bombay Trigonometrical Survey. When visited in May 1885, the platform was fouud in good repair, and the upper 
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mark, 2 4 0  feet above the rocky surface of the hill, apparently undisturbed. The directions and diatancea of the circumjacent villages 
are :-Tongaldara E.S.E., miles 14 ;  Mvalgaon W.N.W., miles 23 ; Rdsegaon N. by E., miles 29; and GoalvBdi S.S.E., miles 2. 

XXXV. Ankai Hill Station, lat. 20" ll', long. 74" 29'-observed at  in 1845-locally known as 
Ch8ndklla Bovas Dlingar, is situated on a conical knoll, in the centre of the fort of Ankai which is about + of 
a mile E. of the road from Sawargaon to the Hailway Station of Manmid on the G. I. P. Railway, this road is 
skirted by the Dhond and Manrutid Railway. The station is in the lands of the village of Ankai, Wuka Yeola 
(Yevla), district Pu'asik. 

I n  1845 the station consisted of a platform, and had two marks, the one at the surface was 3.67 feet above the lower cut 
on the rock which agreed in position with some appearance of a mark found on the rock on which a pole liad bee11 erected in 1832. 
When viaited iii 1881 by the Levelling Party, no upper mark was found ; a bench-mark, with the inscription B. 0 M., was cut on a 
stone of the platform. When again visited in April 1885, a platform of dressed stones, 10 feet square and 22 inches high, was found 
but no upper mark. A search was made for the lower mark, but norle having been found, the central portion of the platform was 
rebuilt aud the bench-mark stoiie fixed in the centre of and level with the upper surface of the platform, the outer and upper edges 
of which were i l l  perfect preservation having been built with dressed stones set in good mortar. The directiol~s a~ id  distances of the 
circumjacerlt villages are :-Anakvtidi (on the road to the Manmiid Railway Station) N. by W., miles 1+; Visiipur W., niiles 3 f ;  
Dhanakvhdi S.S.W., miles 3 ;  Vtinjarvadi N.E. by N., miles 24; ChkndgohBn E.S.E., miles 2 ;  and Kas6r S.E. by S., miles 3). 

XXXVI. Gambirgarh Hill Station, lat. 20" 3', long. 73" 6'-observed at  in 1843 and 1W-is named 
after the old and now entirely destroyed fort of Gambirgnrh, and is situated on the highest part of the hill 
(S.E. extremity) which is cro~~med with immense, perpendicular masses of basaltic rock, rising 100 feet and 
nlore in sorne places. It is in a thinly populated and very wild part of the Thiina district. The station is in 
tlle lands of the village of VAyaloli, Gluka Dhhhu, district Th4na. 

The station of 1843 and 1844, was described as follows :-'' The stone at the surface has been plumbed over the lower 
which is 2.23 feet below it ". When visited in Biarcll 1885, a slight trace of a platform about 6 or 8 inches above the surface of 
tlie hill with three large flat stones planted triangularly were found. Between theae stones and at the bottom of a triangular well, 
1.71 feet deep, a mark with circle and dot was found engraved on the rock apparently in sitd. 

XXXVII. Sinnar Hill Station, lat. 19" 63', long. 74" 3'-observed a t  in 1845-locally known as 
Dhagya Dlingar, is situated on the centre of three knolls on a range of hills, a\)out 3 miles N. of the town of 
Sinnar, and + of a mile N. of a two.domed temple on the southern knoll. Tlie' station is in the lands of the 
village of MBparvBdi, thluka Sinnar, district Ngsik. 

The station consists of a atone platform having two marks, olle at its surface and the other 1.35 feet below it which is 
engraved on the rock. When visited iu 1885 the platform was found newly repaired, the upper mark-stone undisturbed and 
appareutly in positioil : the platform which is on a level with the upper mark-stone, is 1.5 feet above the surface of the hill. The 
directions and distances of the circumjace~it villages are :-Mtiparvhdi S.S.W., miles l a ;  MUegaon W.S.W., miles 2 f ;  Deahvandi 
N. by W., miles 24; and Vadagaou Pimpri E.N.E., miles 33. 

XXXVIII. Hewargaon Hill Station, lat. 19" 29', long. 74' 16'--observed a t  in 1845-is situated on 
a small knoll on a table-land, and is about 400 feet higlier than the ridge which in a manner connects i t  with 
the Bdeshvar hill on the west "and runs eastward for a distance of some 20 miles," about 6 miles 5. by E. 
of the town of Sangamner a t  the junction of the Pravara river with the Malungi stream : Muka Sangamner, 
distriot Ahmednagar (Ahmadnagar). 

The station co~laists of a atone platform and has two marks, the one at the surface is 1.67 feet above the other. When 
visited in January 1885, the station was found in good preservation and the upper mark ulldistarhed. The directions and distances 
of the circumjncent villages are :-Hewatgaon N.N.W., miles 2); Nimgaon N. by E., nriles 23; Jlimgaon N.E. by E., miles 4; 
Ambhor W., miles 34; Modalvhdi S., miles lit; Chsndnapur W.N.W., milea 2 i ;  and Jhola N.W., miles 3. 

XXXIX. Kalsubai Hill Station, lat. 19" 36', long. 73" 45'-observed a t  in 1842, 1%4 and 1846-is 
situated on a hill so called which rises abruptly on its western side, and is on the boundary between the Nhik 
and Ahmednagar districts. It is about 10 miles E. of the general line of the Western Ghhts, and 1 2  miles 
S.E. of the Igatpuri (Vigatpuri) D$k Bungalow on the G.I.P. Railway Line from Bombay to Jubbulpore 
(Jabalpur). A temple lies to the N. by E., the S.W. and 8.33. angles of which are 16-44 feet and 22.89 feet 
respectively. The station is in the lands of the village of BSri, tAluka Akola, districtAhmednagar. 

The station was originally denoted by a circle and dot engraved on' the rock : no pillar was huilt. When visited in 
February 1885, the station was found in good repair and to consist of a platform, 4 feet 3 inches above the lower mark cut on the rocb 
an si t4  surrounding a perforated masollry pillar 3 feet iu diameter. The directions and distances of the circumjacent villages are :- 
Indor N., milea24; VBsadi N.N.E., miles 34; Varanguz E., miles 4; PBnjra S. by E., miles 24; and Ambavai W.N.W., miles 23. 

XL. Urnandrug Hill Station, lat. 19' 23', long. 73' 0'--observed at in 1843-is situated on the 
eastern and lower point of a double peaked hill connected by a curving narrom ridge which leads on to a high 
plateau to the nort,h ; this plateau in 1685 was being prepared for a sanitarium for the Railway employ& of 
the district. The station is in the lands of the village of Khman, ttiluka Bassein (Vasai), district Thha .  

Of the station built in 1843, no description is forthcomillg except that two mark-atonea were left, one at  the surf- 
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of the ground and the other 2.21 feet below it. When visited in 1885, no platform or pillar wse found but only three large flat 
stones imbedded flush with the hill top, between which and at  the depth of 2-25 feet below their upper surface a mark, circle and 
crow-lines, was found at  the bottom of a well. 

XXVI. (Of the Bombay Lorzgitudkl Series). Pgirner Hill Station, lat. 19" 3', long. 74' 27'- 
observed at in 1838, 18415 and 1846-is situated on a knoll of a fiat-topped hill which rises about 450 feet 
above the plains to the south: it is ascended by a fair path from the village of Kumbarvhdi (at tho E. foot of 
the hill) immediately to the W. of the road from Phrner to Ttikle Dhokeshvar, and about 3+ miles N.W. of 
the town of Phrner. The hill commands a fair view all round except towards the N.E., where it is inter- 
cepkd by a Mullammadan dargkh surrounded by trees, distant 40 feet from the station. The station is in the 
lands of the village of PBrner, MuJm P h e r ,  district Ahmednagar. 

The station of 1838 is described ss "marked by a cross on a large stone at  the depth of 3.31 feet and again at the level 
of the ground by the usual circle and centre". No change appears to have been made in 1845 and 1846. When visited in 1881, 
the statioli was found to consist of a perforated pillar of masonry 3 feet in diameter and 3-17 feet above the groui~d level, sur- 
rounded by a platform of earth and stones 10 feet in diameter; "there wae no mark-stone at  top, but there may be one at the 
bottom of the pedoration which is 191 inches deep "; a mark was let into the upper surface of the pillar and covered over by a 
cairn of stones. When again visited in 1885, the station wae found in good condition and the upper mark apparently undisturbed. 
Note.-In September 1868 the district officer reported as follows :-" No sign to be found except a hole in the ground in which 
there has apparently been a stoneJJ : from this it appears that the station as found in 1881 was most probably built by a Survey 
Party, about the years 1877-78. The directions and distances of the circumjacent villages are :-Karandi N.E. by N., miles 14  ; 
HdthQkhindi W. by N., miles 13; Viroli N.W., miles 2); and Pnna (hamlet) S.S.W., mile 1. 

XXX. (Of the Bombay Loltgitudinal Series). Singi Hill Station, lat. 18" 57', long. 73" 42'-observed 
at in 1839, 1842  and 18416-is situated on a sharp peak of the narrow ridge of hills, about 1% miles N. by E. 
of the village of Argaon above which it rises about 2000 feet. The ascent is steep on all sides and towards 
the 8. it is almost precipitous. The upper part of the hill is composed of porous basalt, and the lower, in some 
parts, is amygdaloidal rock with occasional small masses of zeolite. l'he station is in the lands of the village 
of &a&, ttiluka Khed, district Poona (Puna). 

The station of 1839 was denoted by a mark-stone : in 1842 an upper mark-stone was placed, but this having been dis- 
turbed another upper mark-stone was placed in 1845 at 3.08 feet above and in the r~ormal of the mark of 1839. When visited 
in 1885, "the mark was found in position and apparently undisturbed. I t  is flush wit11 the surface of the hill top; a ring of 
stones about 10 feet in diameter defining a kind of platform was found which had to be filled up and levelled for the observations. 
NO masonry pillar exists at the statiou." The azimuths, directions and distances of the circumjacent villages are :-Argaon go, 
miles lit; Kura Bnzurg 156O, miles la; Kura Khurd 196", miles l a ;  Audar E. by N., miles 2;  and Aunda W. by N., miles 2). 

J .  ECCLES, 

In charge of Cvmpzcting O$ice. 





SING1 MERIDIONAL SERIES. 

PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 

Nora-Btationa XXIX and XXXII sppertaiu to the K d c h i  Longitudinnl Beriea of the North-West Quadrilateral. 

At XXIX (TBna) 

biarch 1862 ; observed by Lieutertant C. T. Haig, R.E., with T~*oughton and S imm'  18-inch Theodolite No. 2. 

111 - Mean of Q ~ I I  
w - Behtive 
C - Concluded Angle 

M = 35H'54 
= r -67 

I - - - o a60 
w 
c =5.+03;r13$"'54 

Angle 
between 

I 8i n I 1  

Circle readings, telescope being set on I 

806O23' 125O28' 16O34' 196"34' 8S0%' 265'45' 165O 60' 3360 61' 22601' W2' 296012' 116012' 

n n n II m 4 n n 4 n I " 
h37.06 h 36.00 h 39'37 h34.97 836.54 141.23 h32.63 h 32-40 h 33'63 h 35'97 1 32.57 2 34-37 
836.64 h36-03 h38.46 h34.23 h 36.36 141 .84  h33.34 h 33-20 h33.63 h 35'57 1 32.67 1 34'27 

36.85 36-02 38.91 34.60 36'45 41-54 32'98 32.80 33'63 35.77 32.62 34.32 

At XXXII (LakamAs) 

Xarch 1862 ; observed by Lieutefiant C. T. Haig, R.B., with Troughtom afid Simme' 18-inch Theodolite No. 2. 

M - Mean of Qrou 
so - Belstire 
C - Concluded Angle 

M = 18"-36 

= 1 * j 8  
I - =  0-63 
w 
C = 75O 25' 1 8 ~ ~ 3 6  

Angle 
between 

XXm & I 

Circle readings, telescope being set on XXIX 

001' l#'lf 70011' 250011' 140022' 3W22' 210028' W28' 280089' 100089' 8600 W 170060' 

I I n n 4 4 4 4 n I n n 

h 18'40 h 16.50 I 14.76 1 16-67 h 18.97 h 15 36 h 19.67 h 18.07 123.50 h22.63 1 19.57 Z 16.20 
h18.53 h 1 7 . 5 6 1 1 4 ~ 2 4 1 1 6 . 8 7 h 1 8 ~ 2 7  h 1 4 . 4 7 h 1 ~ . 5 o h 1 8 . 7 6  h23.94 k 2 2 ~ 1 7 l 1 9 ~ 4 0 l 1 6 ~ 6 0  

18.47 17.03 14-50 16.77 18.62 14-91 19.59 18.41 23-72 22-40 19-49 16-40 



lo-, SING1 MEBIDIONAL SERIES. 

Nan.-Stetions XXIX snd XXXlI appertain to the W h i  Longitudinal Lleriee of the North-West QudAteral ,  
i 

w 

At XXXII (Lakarw&)-(Continued). 

Angle 
between 

I 'I1 

Circle readings, telescope being aet on XXIX 

001' 18001' 70011' 250011' 140022' 320022' 210028' 80028' 280089' 100039' 350060' 1700 W 

- 
n 4 4 N 7 n n 4 4 n 0 

h 21.04 h 22.30 1 25-27 2 18.86 h 18.83 h 18'07 h 18'43 h 21'33 h 14-74 h 18'33 1 21'26 1 24.64 
h 20.67 h 22.20 1 24.80 1 18.37 h 19.97 h r g m  h 19.17 h 20.64 h 14.20 h 19.30 1 21.26 1 2336 

20.86 22'25 25'03 18.62 19-40 18.53 18.80 20.99 14.47 18.81 21.26 24'00 

M - Mean of Group 
w = Relative Weight 
C 3 Concluded Angle 

M = 20"' 25 

W = I ' 5 1  
I - =  0 . 6 6  
w 
C = 61O23'20"~25 

At I (Anjini) 

2llarch 1862 ; observed by Aieutelaant C. T. Haig, R.E., with Trozcghton and Sirnms' l&inch Theodotite No. 2. 

Angle 
between 

'I &-I1 

XXXII & 
XXIX 

Circle readings, telescope being set on 111 

188022' 8'22' 268032' 78'33' 328O43' 148044' 38'49' 218O49', 109"0' 289'0' 17g011' 369D 11' 

4 4 ,I II n n n n v n n " 
h 46.50 h 51.84 h42.10 h 42.74 1 40.73 2 46.20 1 5 1 . m  1 47.30 h 51.93 h 53.80 h 48.06 h 49-80 
1 47.50 h 51.57 h41-10 h42.37 1 42.46 1 47.47 1 50.74 2 47.30 h52.90 h 52-50 h 50.27 h 50.90 

47-00 51-71 41-60 42.55 41.60 46'83 50.87 47.30 52.42 53-15 49.16 50.35 

h 64.00 h 57.10 h61.70 h67.03 1 62.07 1 62.10 1 59.50 1 64'67 h 58'77 h 57.90 h61.04 h 59.23 
h64.23 h 57.83 h 63.00 166.53 1 60.34 1 60.37 1 60.73 1 63.97 h 58.76 h 58.00 h60.60 h 58.40 

. 

64-12 57-46 62-35 66.78 61'21 61.23 60.12 64.32 58'76 57'95 60.82 58'82 

h 6.53 h 9-86 h 9.90 h 5.13 h 12.57 1 11.16 1 8.43 1 2.96 h 4.97 h 5.87 h 8 6 6  h 6.50 
h 6.90 h 8.90 h 8-83 h 4'50 1 11'27 1 12'30 1 7'17 I? 3'50 h 3'74 h 5'83 h 7-23 h 6.07 

6.72 9-38 9-36 4.82 11.92 11.73 7-80 3.23 4-35 5.85 7-95 6.28 

M = Mean of Groups 
w - Relative Weight 
C - Concluded Angle 

M = 47"- 88 

W = 0 - 6 9  
I - - 
W - 1 - 4 5  
C = 7 0 ° 3 3 ' 4 7 " - 8 8  

M = 61".16 

= I .4, 
I - - - o - 6 8  
w 
C = 5'' 8' 1"-16 

= 7"'45 
lo = 
I 

1 '53 
_ - - o - 6 5  

C = 49O 57' 7"'45 

At I1 (Sisa) 

Z a r c h  1862 ; observed by .Lieutenant C. T. Haig, R.E., with Doughtola and Simms' l&inch Thodoti ta No. 2. 

Angle 
between 

XXX1l ' I 

Circle readings, telescope being set on XXXII 

001' 18001' 70011' 260012' 1W22' 32@22' 210028' 30°28' 280039' 100039' 35BO60' 170060' 

4 4 n 4 4 n 4 4 4 I I 

h 41.10 h 42.17 1 43.44 1 44.34 1 46.00 2 38-00 1 47.66 1 45-87 h 43.80 h 42.24 h 42.80 h 47.60 
141.83 h 4 1 8 7  1 43.16 1 43.80 1 45.50 1 37-16 1 48.46 1 45.40 h 43.20 h42.07 h 4387  h 45.94 

41'47 42-02 43'30 44'07 45'75 37'58 48-06 45'63 43'50 42-16 43'33 46'77 

M - Mean of Groups 
w = Relative Weight 
C Concluded Angle 

M = 4sa- 6 4  

W = 
I 

= '55 
- - - o - 6 5  
W 

C =-67°z8 '43R*64 
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At 11 (Sh)-(Continued). 

between 

I & 1 1 ~  

' IV 

Circle rendings, telescope being set on XXXII 

001' 18001' 70011' 250012' 140'22' 820'22' 210°28' W28' 280039' 100039' 86006W 170060' 

4 4 n Q n I 4 n 4 w 4 " 
h 59'23 h 56-74 1 59'10 1 57.36 1 58.87 1 60.87 1 60'04 1 54-33 h 56.64 h 56.76 h 54-30 h 54'43 
1 59'30 h56.74 1 58'94 1 57.80 1 6 0 . ~ 0  162.10 1 58-17 1 54.00 156 '70  h57.83 h55.16 h56-03 

59-27 56-74 59-02 57-93 59-48 61-49 59'10 54-17 56-67 57'29 54'73 55'23 

h56.63 h 56-63 1 60'30 1 55.80 1 56.53 1 51-13 1 50.83 2 60.03 h62.13 h 57.27 h 56.60 A 56-67 
1 55.30 h 56-06 1 59.50 1 55.87 1 56.76 1 52-37 1 51.60 1 60.83 h 63-00 h 56-84 A 55-10 h 35.90 

55'97 56.34 59.90 55.84 56-64 51.75 51.22 60.43 62.56 57-06 55.85 56.28 

M - Mean of Qron 
to - Relative ~ e i g E  
C - Concluded Angle 

M = 57'"56 

W = 3 '43 
I - - - o a 4 1  
w 
C=46°4r'57"-54 

M = 56". 65 

, = . 13 
I - - - o -88 

C = 49' 33' 56"- 65 

At 111 (Tukwhsa) 

March 1862 ; o b s e r v e d  by Zieutenmt 0, T. Haig, R. E., with Troughton and Simma' 18-inch T%eodoZite No. 2. 

M - Mean of Qrou 
to = Relative weigR 
C - Concluded Angle 

M = 5 4 n ' 2 7  

W = 2 ' O 4  
I - - 
w - 0 ' 4 9  

C = 5 1 ~ 1 8 ' 5 4 " ' 2 7  

M =  41M'19 

, = .go 
I - - - o a36 
W 

C = 59°15'41Y'~9 

M =  55X'34 

ro = .a1  
I - - - 0 ' 5 5  
C = 60°47'55".34 

M =  2oM223 

= .(j2 
I - - - o -38 
w 
C = 6 2 ' ~ '  2oU* 23 

a 

Angle 
between 

- 

VI & v 

V &  IV 

IV' 'I 

11 8t I 

- 
Circle readinge, telescope being set on VI 

126O64' 3a0W 19604' 1606' 266016' 86'16' 836021' 166021' 46032' 2260 82' 116043', 296D43' 

n v n n n n n n v 4 4 " 
A55.54 h53.83 153.86 h56.17 1 58.73 1 53'73 1 48'67 Z 54'87 h51.80 h 57-10 1 53-07 Z 51-94 
h 54'94 h 54'14 1 54'54 h 55'60 1 58.47 1 53'73 1 49'96 1 55-36 h 53-00 h 57-17 1 52-93 1 53'37 

55'24 53'99 54'20 55'88 58-60 53'73 49'32 55'11 52.40 57'14 53'00 52-65 

h41.46 h39-27 h 41-27 h40.43 1 36.94 1 44.37 1 44.13 1 40-57 h 3 '73  h42-33  2 41-96 1 41-46 4 h 41.83 h 40.76 1 42..+3 139.76 1 36.77 2 44.17 1 43 57 1 41.97 1 3  .13 1 42.10 1 42-54 1 40.56 

41-65 40'01 41.85 40.10 36.85 44-27 43-85 41.27 38-93 42.22 41-25 41'01 

h56.17 h 55-86 152.77 h 54.83 1 58.00 1 52.70 1 53.03 1 58.03 1 6 1 - 5 0  h54.74 1 51-44 1 54-40 
h 55-10 h 53.87 1 52-60 h 55-17 1 57.16 1 53.33 1 52.43 1 57.10 161.70 1 55-23 1 54-20 1 53.60 

55'64 54.86 51-69 55'05 57-58 53-01 59.73 57-57 61.60 54-98 54'32 54-00 

120'70 h 20.37 h 21-36 h 21'80 Z 16.93 1 24'20 1 19.20 1 16.13 h 19-40 h 19.63 1 21-90 1 22-87 
h20.07 h 20'77 1 20'50 h 20'53 1 18'37 1 23'37 1 19-54 1 15-87 h 19-23 h 18-73 z 21-80 1 22.27 

20'39 20'57 20.93 21.16 17.65 23'79 19-37 16-00 19.31 19'18 21-85 22.57 
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At IV (Dhgarpur) 

Zarch 1862 ; observed by Lieutenant 0. l'. Haig, R.E., with Troughton and Simm' 18-inch Theodolite No. 2 .  

M - Mean of Group 
so = Relatiye Weight 
C 0 Concluded Angle 

M = I ~ " . ~ o  

W = 2 '10 
I 
- = o - 4 8  
w 
C = 6 9 ° 3 8 ' ~ 2 " . 5 0  

= 32'"42 

, = . 72 
I - =  1.39 
w 
C = 47O 3'3a"*42 

Angle 
between 

'I "I1 

111 & 

Circle readings, telescope being set on I1 

00 1' 1 W 1 '  70011' 250012' 140022' 320022' 210028' 80028' 280039' 100039' 360050' 170050' 

n I n n n n n 4 n n 4 

h 11-04 h 12'64 h 9'94 h 13'87 h 12-50 h 9-14 h I O ~  h 9.46 h 16-20 h 12'67 h 15.50 h 16'23 
h 10.93 h 11.64 h 11.34 h 14-50 h 12-87 h 8.44 h 11-73 h 9.87 h 16.14 h 12-80 h14-13 h 15.50 

10.99 12-14 10.64 14'18 12.69 8.79 11.31 9.67 16.17 12-73 14-82 15.86 

h 30.76 h 32.96 h 34-20 h 28.36 h 36.77 h 36-30 h 37-06 h 36.07 h 26.93 h 34.70 h 28.60 h 25.87 
h 31.47 h32.83 h33-73 h 27.30 h36.13 h 37.40 h37.73 h36.17 h 27.10 h 34-00 h 28'73 h 26.94 

31.12 32.89 33.97 27-83 36.45 36.85 37.39 36-12 27-02 34'35 28.66 26-41 

At V (Sagwhra) 

April 1862 ; observed by Lieutenant C. T. Haig, R.E., with Troztghton and Simms' 18-inch Theodolite No. 2. 

M - Moan of Grou 
w - Belatioe weigE 
C - Concluded Angle 

M = 48". 06 

fO = 0 '91 
1 - - - I ' I0  
w 
C = 7 3 0 4 0 f 4 8 " - 0 6  

M =  15"-04 

, = I .02 
1 _ - - o - 9 8  
W 

C = 57O 23' 15"-04 

M = 54'"83 

, = 1 .07 

1 - - , - 0 ' 9 4  

C = 57O 39' .54'"83 

LM = 64"-63 

= 0 ' 9 3  
I - - I '07 

C = 77O 4' 4"*63 

Angle 
between 

IV & 111 

111 Bt VI 

8i VII 

VII Bt VIII 

> 

Circle readings, telescope being aet on I V  

001' 1 W 1 '  70011' 250011' 14oOH 320023' 210028' 80028' 280039' 100039' 8SOO60' 1700W 

n I n I n n n 4 n 4 tt " 
1 49.80 148.40 1 44-60 1 51.93 1 46-33 1 40.67 h 47-67 145.66 1 54-16 1 51.24 2 49'84 1 45-56 
1 49'03 148.37 1 45.87 1 50.63 1 46.87 1 39-90 h46.80 h47.34 1 54.84 1 51.80 2 48.66 1 47.36 

49.42 48-38 45.24 51.28 46.60 40.28 47-24 46.50 54.50 51.52 49.25 46.46 

1 11'07 2 13.66 1 22.26 1 11.87 1 14-40 1 19.27 h 13.50 h 15-27 1 10.60 1 15.96 1 14-06 1 16.74 
1 11-80 1 14.70 1 22.86 1 11.87 1 14.46 1 19.70 h 14-60 h 14.86 1 10.26 2 17-27 2 13-67 2 16.30 

11'44 14'18 22.56 11.87 14-43 19-48 14'05 15.07 10.43 16-61 13'87 1652 

1 54'07 153.84 1 50'00 1 59'93 2 56-07 1 59.06 h 54-20 h 57.03 1 54-07 1 50'50 1 54.10 1 58.66 
1 53'03 1 52'10 1 48-40 1 60.80 1 56'74 2 58.23 h 52'84 h j5.34 2 53'50 1 50'07 1 55-60 1 57.80 

53.55 52.97 49-20 60.37 56-40 58.65 53-52 56-18 53-79 50-28 54.85 58.23 

2 64-33 163'33 166.87 1 56'83 1 62.90 I 61.20 ?I 68-57 h64.44 2 68.73 1 69.84 1 66.34 1 61.37 
1 64.20 165.06 1 66.44 1 57-16 1 62.40 1 61.60 h69.40 h65.56 1 68.50 168.20 1 65-47 1 62.40 

64.27 64.19 66.66 56.99 62.65 61.40 68.99 65.00 68-61 69.02 65.91 61-88 
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At VI (Lohtiria) 

Aprit 1862 ; obeemed by Lieateraant 0. T. Haig, R.E., with Trozlghtm arcd Simme' 18-il~ch Tbodotite No. 2. 

Angle 
between 

VII & 

Circle readinge, telescope being set on VII 

21501 S O 1  !28Kol2' lobo12' 866'W 176'24' 66'29' a45O29' 186O40' 816'40' 206'111' 21PIll' 

e u e u * e II I( u e 

k 50.70 h 51'74 2 56.87 h 56-57 2 50'74 2 53'27 2 48'37 2 55-16 1 49'37 1 46-40 1 47.73 1 50'50 
h 50.00 h 51.13 1 56-43 h56.03 1 50'37 1 53.44 1 49-10 1 54-50 1 48.67 147 '30  147'30 1 51.53 

50.35 51-44 56.65 56.30 50.55 53.36 48-78 54.83 49-01 46.85 47-51 51'01 

k 53.80 h 55-66 1 48.50 k 50.40 1 47.10 1 55.56 1 50'33 1 44.04 1 51-33 1 48-60 1 52-87 1 51-03 
k54.86 h55.80 1 49.67 149.67 1 47.36 1 54.70 1 4 y 6 7  1 44.63 1 51.43 1 49.13 1 52-76 1 52.63 

54.33 55-73 49.09 50'03 47.23 55'13 50.00 44'34 51-38 48-86 51.81 52-33 

df- MssnofGhou 
a - Belstire 
0 - Conoluded Angle 

M =  5 1 U ' 3 9  

w = I - 2 %  
I - - - o -89 
w 
C = 7 3 ° 4 0 ' 5 1 H ' 3 9  

M =  5oN'94 

= .06 
I - - 
w - 0 ' 9 5  
c = 7 1 0 1 7 ' 5 0 ~ s 9 4  

At VII ( h j i o )  

April 1862 ; obeemed by Lieatenant C. T. Eaig,  B.E., id th  Froughtorc and Sintme' 18-inch llrsodotite No. 2. 

Angle 
bstwesn 

IX & VIII 

VIII 

(L 

Circle readinge, telescope being set on IX 

201'46' 81'46' 271' 61' 91'61' W T  162'7' 620 18' !28P 18' 1220 24' 8 W  24' 1920 26' la0 84' 

v w u 9 e I 9 u u 9 

h 3a.10 h 38'97 h 38.86 h 35.70 1 37'33 1 34'73 2 41.30 1 38-30 1 38.87 1 34.40 h 37 87 h 39-20 
h 34'07 k 38-94 h37.60 h 37'40 1 36.30 1 35.57 1 41-17 1 39-06 1 38-50 1 34'04 h 37.33 h40.90 

33-09 38.95 38-13 3 e 5 5  36.81 35.15 41.28 38-68 38.69 34-21 37.60 40'05 

129.84 hr6.37 h 22-30 h 32-03 1 25.20 1 27.87 1 15.53 1 23.87 1 26.23 1 25.73 h a 5  80 h 
h 19'00 h 26.46 h 22.30 h 30.43 1 25.66 1 28.30 1 26.00 1 22.40 1 25-70 1 17.03 h 17.57 h 24.20 

19-41 26.41 12.30 31-23 25.43 28-08 15.77 23-13 95'97 26.38 26.68 24.48 

1 16.43 h 15.06 k 20.14 h 13.13 1 19.20 1 21-06 1 11-31 1 14.40 1 14-40 1 15.27 h 17.83 h 16-14 
k 15-26 h 14-57 h 19.67 h 13.73 1 19-87 1 20.63 1 I ~ O O  1 15.37 1 13-70 1 14.20 h 15.87 h 14-13 

15.85 14'81 19-91 13.63 19-53 10.85 11-67 14.88 14-05 14-74 16.85 15-18 

iK - Yesn of Qmu 
c - ~ ~ l ~ t i v e  w s i g E  

lLngle 

M = 3 7 u . 4 4  

w = 2 -03 
I - - 
w - 0 '49 

C =64O 5'37"44 

&f= 26"*27 

w = I ' 9 1  
1 - - - o ' 5 2  w 
c = ~ ~ o ~ ~ , ~ ~ u . ~ ~  

M =  16" '00  

w = I - 5 2  
I - - - o -66 w 
c = ~ ~ o ~ ~ ~ ~ ~ u . ~ ~  



6 

At VIII (Kua) 

April 1862; observed by Zieutenant C. T. Haig, B.E., with Troughtora and Simme' 1Sinch Theodolite No. 2. 

M - Mean of Group 
rc - Belative Weight 
C = Concluded Angle 

H =  3 1 ~ ~ 9 7  

W = 3 -48 
1. - - - o - 2 9  
w 
C = 58°18131".97 

M = 19"-53 

= 0 -94 
I - - - I ' 0 7  
W 

C = 4.4' 18' 1 9 ~ ~ 5 3  

M =  54"'10 

= I -96 
I - - 

w - 0 ' 5 3  
C , 600 3 ~ 5 4 w . I 0  

Angle 
between 

& VII 

VII & 

IX & 

Circle readinge, teleecope being eet on V 
1 W W  lTW 26T81' 8781' 331041' 15741' 47047' W 4 7 '  117068' 297068' 1WY 8OY 

n u n v n Y n I I n 

h 30.47 h30-47 h34.06 h31.27 h29-27 1 33-14 1 28-80 1 34'84 2 32.24 1 33.26 1 33'96 1 30-94 
h 30'33 h 30'96 h 33'50 h 31'90 h 29.60 1 32.93 1 29.40 1 34'43 1 32-63 1 34.26 1 33'47 1 31-24 

30'40 30'72, 33.78 31.58 29'44 33'03 29'10 34'64 32-43 33-76 33-71 31.09 

h 22-93 h 22.37 h 16'27 h 17-73 h25'53 1 19.63 1 25.73 1 17-83 1 15.96 1 14.64 1 17-17 1 19.16 
h z z . z o  h20.87 h 17.13 h 16.94 h25.80 1 19.87 1 24.86 1 17.57 1 16-70 1 14.77 1 16-80 1 20.16 

21-57 11-61  16.75 17-33 15'67 19-75 25'29 17.70 16.33 14'71 17-03 19.66 

h 52.97 h 13-76 h 5 5 9 3  h 56.27 h49.87 1 58.67 1 50.57 1 53.33 1 54.97 1 52.90 1 56.53 1 55.24 
h 53'30 h 54'83 155.23 h 54'90 148.56 1 58.67 2 52.00 1 52'90 1 54'70 1 51'90 1 56'30 1 54.14 

53.14 54.29 55'58 55'59 49'" 5867  51.29 53.11 54.84 52-40 56'41 54'69 

At IX (Deokotla) 

A p d  1862 ; ob8erved by Zieutenant C. T. Eaig, R.E., with I'roughtm and Sirnms' 18-ircch Theodolite No. 2. 

M - Mean of Grou 
w - flBlative Weigg 
C - Concluded Angle 

M =  16".19 

W =' I '28  
I _ - - o .78 
w 
C = 5 i 0  1'16"*19 

M = 58"-18 

= I .02 
1 - - - 0 -98 
W 
C = joO 4 ' 5 8 ~ . 1 8  

M = 66'"94 

= I - 5 1  
1 - - - o .66 
w 
C = 70'43' 6"-94 

a 

Angle 
between 

XI  & 

& VIII 

VIII $ VII 

Circle readinge, telescope being aet on X I  

188011' SO1l' 268022' 78022' 326033' 198033' 38039' 218039' 1W5V 288060' 17900' 859'1' 

n w n v x v I w n e 

k 20'14 h 17-87 1 18.26 h 11.03 1 11.63 1 19.04 1 16.67 1 14.70 h 18.63 h 17'00 h 15.20 h 13-06 
h 20.44 h 17-57 1 17.67 h 10.97 1 10.63 1 19.43 1 18.63 1 15.50 h 18.50 h 16.20 h 16.47 h 13.34 

20'29 17'72 17.97 I 11.13 19.23 17-65 15.10 18.57 16.60 15.83 13'20 

h 5 5 0 3  h 52.57 1 58.94 h 58.80 1 61.74 1 57.46 1 59.40 1 66.07 h 59.47 h 55'47 h 57'57 h 56'20 
h55.73 h 52.20 1 58-86 h 59.30 162.60 1 56 64  2 59.17 1 65-13 h 58.90 h 56-43 h 57.50 h 55'03 

5 ~ ~ 3 ~  Sz'39 s8'g0 59'O5 6"17 57-05 59'28 65'60 59"9 55'95 57-13 55'62 

168.33 h 70.06 1 64.76 1 67-70 1 67.26 1 69-20 1 64-60 1 59.53 h 68.70 h 68-73 h 67.23 h68.17 
167.37 h70.63 1 65'54 1 66.53 1 65.67 1 69.86 1 64.06 1 60.27 h66.84 h68.63 h67.50 h 69-37 

67-85 70'35 65.15 67-11 66.47 69-53 64.33 59.90 67.77 68-68 67'36 68-77 



PRINCIPAL !CRIdfQGTJLBTIOB. OBBERVED ANGLES. 15-n. 

At X (Tembla) 

A p d  1862 ; obeerved by Zhtenarct C. T. Eaigv, B.E., with 25-oughton and Simme' 18-inch TireodoZita No. 2. 

iK - &fan of Group 
w - Belative Weight 
C - Conoluded Angle 

&f= l0".91 

W = 1 '3% 
I - = 
w 

o .76 

~ = 6 ~ o ~ ~ ~ ~ ~ ~ . ~ ~  

= ""'57 

= . 19 
1 - = o .84 

C = 68°46'11w.57 

M =  65"*91 

to = o -87 
I - - -  1.15 
a = ,6034, 5,,..91 

Angle 
betweell 

VII1 ' IX 

L 

lX XI 

XI & XII 

Circle readings, telescope being set on VIII 

o"if iwil 70011~ wiif iww 8 2 0 0 ~  210028~ 80028' zww i w a v  W ~ ( Y  1700w 

u I) I I n n n u n -I n 

J 11-73 h 9*00 Z 11-47 1 12.97 Z 6.43 Z 3-36 h 13-00 h I 1-13 h 13-40 h 10'53 h 10.83 h 13.80 
h 10.44 h 10.40 1 10.83 1 12-20 1 7-87 2 4-27 h 14.70 h 12-37 h 14-97 h 12-13 h 10.13 h 13-90 

11.09 9-70 11'15 12.58 7.15 3-81 13-85 11'75 14-18 11-33 1v48  13-85 

d 7.34 d 17-70 d 13-00 1 8.10 d r5.58 d 10.72 h 10.14 h 9-50 h 10.33 h 14.50 h 9-70 h I 1-06 
d 8.04 d 18-24 d 13'63 2 8-70 d 16-65 d1c.75 h 9-13 h 9'40 h 9-23 h 13.37 h 10'34 h 13-57 

7.69 17-97 13.32 8-40 16.11 10.74 9.63 9-45 9-78 13.94 10.02 11.81 

167.74 h56-87 1 61.40 1 65.70 1 68.97 1 67.43 h67.56 h69'47 666.64 h 67-24 h '/oaor h64.70 
h 67.04 h 56.33 1 60.77 1 65-03 1 67.90 1 67-40 h 67.70 h 67.90 h h6.84 h 68-00 h 69'60 h 63-46 

67.39 56.60 61.09 65.36 68.44 67-41 67.63 68.69 66.74 67.62 69.82 64-08 

At X I  (Uchak) 

A p d  1862 ; obeerved by Jieutenant C. T.  Haig, B.E., with Troughton altd Simmr' 18-inch Theodolite No. 2. 

iK - Mean of Group 
w - RmlBtive Weight 
' hg'e 

M =  27"'53 

w = I .56 
1 - = o - 6 4  
w 
c =500mfqa.53 

M =  4 . f . 1 6  

= 1 '1% 

I - = o - 8 9  
w 
c = 580 4 4 ~ .  '6  

34w'74 

= I - 8 4  
I 
- = 0 '54 
w 
c = 600 12'34". 74 

Angle 
between 

XIII it XII 

IX 

Circle readings, telescope being set on XI11 

19003%' 10'32' MO"43' 80'43' 3800 MI' 1500 54' 40" 59' 2200 W l l l O I V  291' 10' 181'21' 1'21' 

n I) a n I 1 I I w n n 

h 16-46 h30'80 1 30.53 h 22.64 1 24-70 1 34'97 1 27-40 1 28-10 h 26-16 h 26'53 h 28-20 h 28.67 
k 25.20 h31-10 1 29.20 1 22-34 1 26.04 1 32.77 1 26-47 1 26-60 h 27.40 h 25.17 hz8-34 h26-93 

25-83 30.95 29.87 za'qg 25-37 32.87 26.93 27-35 26-78 ~ ~ a . 8 ~  28.27 27-80 

h47-90 h40.36 E 41-60 h 46.10 t 49.77 1 38.27 2 44.57 2 44'46 h 48'27 h 43-07 ?i 43.60 h 41.57 
147'53 h40.00 2 43.20 1 45.70 1 49-33 1 38.26 1 46'33 1 44.04 h 46.60 h44-57 h42-40 h 42.50 

47-71 40.18 42-40 45'90 49'50 38.26 45'45 44'25 47-44 43'82 4.3- r2'03 

h 35.97 h 36-24 1 34.83 h 31-60 1 32.66 1 40.20 1 30.70 1 33.44 h 34.17 h 35.37 h 35.33 k 36-40 
k 35-00 h36.64 1 34-13 1 33-03 1 31-97 1 41.10 1 30.84 1 33-86 h33-74 h 34-53 h35-73 A 36-17 

35-49 s6'44 34'48 3"3I 32'32 40.~5 3O.77 33'65 33-95 34-95 35'53 36'29 



'16-E. SING1 BIERIDIONAL BERIES. 

7 

At XI1 (Jhthdbhor) 
*December 1860; TJanuary 1861 ; and $April 1862 ; obeemed by Lieutenant C. T. Haig, R.E., with 

Angle . 
between 

t 
&XI 

3 
XI (t XIII 

t 
XIII Bt XIV 

I) 

& XV 

Troughton and Simms' 18-inch I'heodolite No. 2. 

Circle readings, telescope being 8et on X 

!472''6€ii 9206Sr 84S06' 16S06' 6S017' 23S017' 12S022' 808O23' 193O84' 18O34' 28S04# 83'44' 

m n n n m n n n n w " 
k 15'07 h 14.30 h 9-74 h 14-60 h 8-24 h 5.20 h 11-84 h 9.36 1 14-77 1 14.87 1 15.00 1 8.54 
A 15'80 h 14-37 h 9-56 h 14-76 h 7-70 h 6-17 h I 1-94 h 9-50 1 13.93 1 15-30 1 15.70 1 10'13 

15-44 14-28 9.65 14.68 7-97 5.69 11-89 9.43 14-35 15.08 15.35 9.34 

h 13-13 h 15.66 h 17.66 A 1 4 . p  A 17.73 h 20.34 h 14-16 h I r e p  1 8.53 1 8-06 1 10.80 1 I 1-33 
h 12'80 h 16-73 h 17'00 h 15-74 h 19-27 h 19-50 h 13.96 h 12-77 1 7'47 1 7-83 1 10.90 1 10'87 

13.12 16.19 17-33 15-31 18'50 19'92 14-06 12-84 8-00 7'94 10.85 11-10 

Circle readings, telescope being set on XI11 
000' 180'0' 10°1t  190°11 20"22' XO'BY 80028' 210°28' 40089' 22@39' 60050' m w  

m m n ~l n w n n n n t, 

h 6'33 h 4-46 h 3-20 R 3'93 h 4-46 A 2.04 h 6-23 h 5-76 h 5.30 h 3-83 1 1-73 Z 0.63 
h 6.37 h 4.73 h 3.10 h 4.27 h 5.67 h 1-63 h 6-27 h 6.24 h 5.63 h 3.33 1 0'94 1 0.66 

6-35 4-60 3-15 4.10 5-06 1-84 6.25 6.00 5.46 3-58 1-34 0.64 

Circle readinge, telescope being set on YIV 
0°1' 180"l' 10°IY 190012' 80021 200028' 8O028' 210°%' 40039' 220039' W W  880060' 

4 n m I ,I e 4 N m m 

h 54'77 A 53'93 1 58-63 h 57'54 1 63'43 1 59-33 1 63-96 1 60.70 160.66 167.10 h 55-94 h 58-47 
h54.76 h 53-70 1 59.07 1 56.63 1 62.86 1 59.30 1 65.17 1 61.20 161.13 166.76 h 5 6 m  h 57.86 

54-77 53-81 58.85 57-09 63-14 59-32 64.56 60.95 60.90 66.93 55.97 58.16 

M - Mean of O?oupo 
o - Relative Wright 
C - Concluded Angle 

M = 1 1 n ' 9 3  

w = I -05 
I - - - o .96 
w 
c = 4403~'  11M.93 

= 13"'76 

= .79 
I - = 1 - 2 6  w 
C = 42O35' 13". 76 

M =  4"'03 

= 3 "' 
I - - - 0 '3% 
w 
C = 5 g 0  3'4w'03 

M = 59"'54 

= O '76 
1 - - - I -32 
w 
C = 1 w 0 4 3 ' 5 9 " ' 5 4  

At XI11 (Patirngri) 
January 1861 ; obemed by Lieutenant 0. T. Haig, B.E., with Troughton aad Simms' 18-inch Theodolite No. 2. 

M - Mean of Chon 
SO - Belatire WeigK 
C - Conoluded Angle 

M = 7 " . 7 5  

W = 0 '60 
I - =r 
w 

I -68 

C = 3 g 0 2 6 '  7".75 

Angle 
between 

X V ~ & X ~ U  

Circle readings, telescope being set on XVII 
0'0' lSo"0' 10°12' 190°11' 20022' 200°S' 80°28' 210028' 40089' 220039' 50060' 280°6Cf 

m m n m m m n m m " 
h 3'20 h 3-53 1 6-33 1 4'20 1 12-00  1 8.36 1 15-34 1 11.77 114'37 1 6-54 h 5'37 k 3-10 
h 2-10 h 2-13 15.63 14 .93  1x1-27 1 7 - 3 0  115-20 112-70114-06 1 7 - 0 3  h 5-23 h 4-27 

1-65 3-83 5'98 4'57 11.63 7-83 15-27 I 1 4 . ~ 1  6-79 5-30 3.68 



PRINCIPAL !CRIAXYGULA!L!ION. OBBBRVED ANGLES. 
1%. 

At XI11 (Pat6ngri)-( Cwtinued).  

January 1861 ; and a April 1862 ; obsemed by Lieutenant C. T. Haig, R.E., with Troughton and Simm' 

iK = Mean of Qmu 
so = Relative ~ e i $  
' COnOludeddngle 

M =  6 z W - 3 5  

w = 0 - 6 4  
I - - 
w - J '57 
c = 3.8°36' ~ " ' 3 5  

M = 61".77 

= .go 
I - - - I ' I 1  
W 

= 33023t 

M =  22"-35 

= 1 '37 
I - = 0 ' 7 3  
w 
C = 87' 4 '22" '35  

Angle 
Wwwn 

0 
XVlII & 

XIV 

5 
XIV & XII 

T 

18-inch Theodolite No. 2. 

Circle readings, telescope being set on XVII 

0'0' lW0' lU'l.2' 1900 11' 200 22' a00022' 800 28' 210" 28' 40'89' 220'89' SOO W 280°60' 

I w w w n w 'I w n n w 

h 67-30 h65-37 1 62-94 1 61-87 1 56.90 E 55-80 2 56.60 1 60.06 Z 60.40 166.23 h66.43 h66-20 
169.30 h66-33 1 63-07 E 61.53 1 57-43 1 57'23 1 56.50 1 59-20 1 60.00 165'97 h67.74 h65-97 

68-30 65-85 63-01 61'70 57-16 56-52 56-55 59-63 60.20 66-10 67.08 66.09 

h 57' 7 A 59-40 1 63.66 1 64-40 1 64.74 1 66-77 1 63.66 1 66.34 Z 60.73 1 56.93 h 57.50 h 59'57 I h57' o h 59'54 1 63.70 1 64-80 1 63-37 1 67-07 1 64-00 1 67-33 1 59.14 Z 56'77 h 57.06 h60.10 
. 

57-89 59'47 63.68 64.60 64-05 66-92 63.83 66-84 59.93 56-85 57.28 19-84 

Circle reading, telescope being set on XI1 

2720%' 92'56' W 7 '  1 W 7 '  63' 18' 233" 18' 123O24' 3 0 3 O  24' 193'36' 13'35' 263'85' 83046' 

w w w m n rn w 1 T I )  w n 

h 23-17 h 28.33 h 22'83 h 24'47 h 23'77 h 24.74 h 22-23 h 19-27 h 18-00 h 20'70 h 23'56 h 18-67 
' h23.27 h 2 ~ ~ 8 o h 2 ~ ~ ~ o h ~ ~ ~ ~ o h ~ ~ ~ 6 o h z ~ ~ ~ 6 h z r ~ q q h r g - g ~ h 1 ~ ~ 6 ~ h 1 ~ ~ ~ ~ h 2 a ~ 6 6 h 1 ~ ~ g 0  

23-22 28.07 23.16 24-59 23.68 24-55 21-84 19.60 17.82 20.22 23-11 18-28 

At XIV (Kfigarol) 

** December 1860 ; and 11 January 1861 ; obeerved by Lieutenant C. T. Haig, R.B., with Troughton 
and Simms' 18-inch Theodolite No. 2. 

Angle 
between 

II 
XJII 

& XVIII 

++ 
XVlI & 
XVIII 

Circle readinge, telescope being set on XI11 

71" 62' 261'62' 82' 3' 2620 8' 92' 14' af20 14' 1020 2fY 282" BY 112" 30' 2920 30' 122' 41' 802'41' 

w 8 u n w n w a rn w w 4 

h62-67 h57.90 h 59-16 162.90 166.90 h63'33 167.66 h65.40 4 64.70 l61 .53  1 62-53 1 56-17 
h 6 1 - 3 3  h 59'23 h 57.44 h63'27 h 66-16 h62.33 h67-70 h 6 5 - 1 0  1 64-50 1 62-33 Z 63-67 1 54'90 

62.00 58'57 58.30 63'08 66-53 61-83 67.68 65'25 64.60 61.93 63-10 55-54 

Circle readings, telescope being set on XVII 

W 6 Y  802'62' 13802' 318O2' 143'13' 323"13' 15801Y 393019' 1WW W30' 1'73'41' 858041' 

m w n v rn • w w n 4 w # 

h 19-17 h z z - 6 3  ha6-34 h24.50 h27.87 hz1 .33  h 32-76 h 19.87 h 31-13 h27.07 h z 5 - 3 7  k 21.50 
h 20'30 h20.74 h25.60 h 13-83 h27.63 hz1 .40  h 31.43 h28.54 h 31.60 h27.14 h 24-46 h22.06 

1374 21-68 15-97 I 17-75 21-36 3 1 0  29.20 31.37 27.10 2 4 . 9 ~  21-78 

M = Mean of Qrou 
ca - Relative 
' COnoluded 

M = 6 2 " . 4 5  

W = ( I  ' 9 5  
I - =  1 . 0 6  
w 
C = 95Oro' 2"*45 

M = 2 5 " . 6 0  

= O '73 
I - = I .38 
W 
C = 4 4 ° 1 0 ' 2 5 " ' 6 0  



18-z. BINGtI IKERIDTONAL SERIES. 

At XIV (ICgigaro1)-(Cmthued). 

Angle 
between 

I)+ 
XV1ll bZ 

+I 

XV1 XV 

** 
XV 

I +  

X1l&R.M* 

Circle readings, teleecope being aet on XVII 
123" 62' 802" 62' 18802' 81802' 148'18' 82P 18' 168'19' 838019' 168' 80' 548080' 178041' 85P41' 

n n I n n n H I n H a " 
h zo.40 h 16-54 h 12.23 h 12-03 h 9-00 h 17.27 h 9-14 h 9-50 k 9-23 h 12-83 h 12.16 h 17.80 
h 19.57 h 18-30 h 13'17 h 12-13 h 9'77 h 16.60 h 9-10 h 10'30 h 9-64 h 12-93 h 13-30 h 18.00 

19-99 17-42 12-70 12-08 9'38 16.94 9-11 9-90 9-43 11-88 12-73 17-90 

h 47-86 h 48.60 h 51-37 h 49.00 h 56.53 h 46.80 h 51-30 h 51-46 h 50.34 h 49-13 h 47-37 h 43.37 
h 48.26 h 48.26 h 50.70 h 47.87 h 55.13 h 48-67 h 51-90 h 51.90 h 50.23 h 47.97 h 46.84 143.14 

48.06 48-43 51-04 48'43 15-83 47'74 51.60 51-68 50.28 48.55 47." 43.25 

h 59.40 h 57.43 h 58-86 h 5g .m h 55.53 h 6 1 . m  h 58-70 h 63-17 h 56-70 h 64-17 k 59.93 165.50 
h 59.67 h 56.84 h 59-03 h 60.30 h 56-44 h 59-83 h 58.73 h 62-36 h 57-93 h 63-90 h 6 o . m  h 63.56 

59'54 57'13 58'95 59'65 55'98 60.42 58-71 6 r 7 7  57'31 64.19 59'96 64'53 

h 10.80 h 15.80 h 12.97 h 13-60 h ; 0 - ~ 0  h 12.53 h 8-23 h 6-57 h 13-03 h 9.77 L 13-50 h 14-53 
h 1 1 - g o  h 1 6 0 6  h.1-90 h12.70 h10.10 h12.90 h 7.34 h 6.84 112.34 h10.50 h12-66  h14-97  

11.35 15'93 12'44 13'15 10.40 12.71 7'79 6-70 12-69 10'13 13-08 14'75 

M - Mesn of Glmu 
w - Relative ~ e i $  

COncludeddngle 

M =  13"'37 

w = 0 -83  
1 - - - I '20 
W 
c = 760 r3'R.37 

M =  49"'33 
= I -24 

I - - - o -80 
w 

= 53012t49X.33 

= 597'93 
= , . 

I _ - - o '62 
w 
~ = ~ ~ o ~ ~ t ~ ~ w . ~ ~  

M =  11".76 

, .68 
1 - - - o -60 
W 

c = 15042, ,6 

At XV (Wardhari) 

Nmember m d  December 1860; obeerued 6y Jiezcteltant C. T. Eaig, B.E., with Troughton and Simma' 
18-inch Z1heodolite No. 2. 

Angle 
betwedn 

XII & *V 

XIV XVI 

Circle readinge, telescope being aet on XI1 
aza"87' l N 8 T  838'87' 158'37' 34S056 168068' 869'4' 179'4' g016' 189°16' 1g026' 19g0W 

n I n n I I n n a n H 

h65.10 h63.67 1 64-27 267.44 1 64-13 1 65.37 h 57.74 h 56-20 h 59-20 h 58'13 h 58'30 h 61.30 
h64.24 h62.24 1 63-70 165.97 1 63-67 E 66-20 h 57.54 h 57-24 h 60.13 h 58-77 h 59.50 h 59-37 

- 
64-67 62-96 63'98 66-71 63-90 65.78 57'64 56.72 59'67 58-45 58-90 60.33 

133.63 h 28.96 Z 34.36 Z 31-20 1 34-00 1 18.67 h 33.46 h 33.66 h 35.73 h 36-87 h 37.67 h 31-97 
h 33'86 h30.23 1 34-47 1 31-96 1 33-83 1 29.23 h 32.56 h34.40 h 36.97 h38.06 h 38-03 h34.83 

31-75 29'59 34-41 31-58 33'91 28-91 33-01 34'c3 36'35 37'47 37'85 33'90 

M - Mean of Orou 
w - ~s la t ive  
C - Concluded Angle 

M =  6 1 ~ ~ 6 4  

W = 1 ' 0 %  
1 - - - o -98 
w 
C = 31°24' 1 ~ . 6 q  

= 33w'73 
= 1 -56 

I - = o -64  
W 

~ = 6 ~ o ~ ~ t ~ ~ ~ . ~ ~ ,  



PRINCIPAL !L'RIBNGULATION. OBSERVED ANGLES. 19-IT. 

At XVI (Ghodrho) 
December 1860 ; obeerved by Zieutenant C. T. Eaig ,  B.E., with trough to^ alzd Simme' 1 8 - k h  Theodolite No. 2. 

Angle 
beheen 

XV 

XIV & XVIII 

Circle readings, telescope being set on XV 

00 i1 IW(Y 100 11' iw 11' ww w w zit 2100 sf ~ a 9 ~  2wag1 soo w 2800 w 

o n w n v * * n w v n * 
h39-84 h 39'87 h 42.66 h 42'24 h 44'96 1 35'97 1 39-54 1 44'34 h 41.00 h 39'23 h 41'66 h 39-30 
h 40'20 h 41'07 h42.40 h 41'60 h 43.94 2 36.13 1 38-13 1 43-54 h40-40 h 39'53 h 41.70 141.27 

- 

40'02 40-47 42-53 41-92 44'45 36'05 38-84 43'94 40'70 39'38 41-68 40.28 

h 10.97 h 13-54 h 14.83 h 10.73 h 17-87 h 15.93 h 18-67 h 17-73 1 17-66 1 15'13 1 10.83 Z 1 r 5 7  
h 10.43 h 12.16 h 14.00 h 11.03 h r g - o o  h 16-10 h 18-33 h 18.77 1 17'00 1 13.60 1 12.60 1 11-73 

10.70 11.85 14.42 10.88 18-43 16-02 18.50 18.25 17-33 14-36 11-72 11-65 

M - Mean of Omn 
so - Belatire - COncluded k l e  

M = 4oU.86 , 

w = 2 ' 2 5  
I - = 0 - 4 5  w 
C = 6 z 0  7*40U.86 

M =  14#'59 

= I .28 
I - = o -78 

w C = 3 9 ° ~ 4 ' ~ 4 u ' 5 ~  

At XVII (Bhor) 
*December 1860; and +January 1861 ; ebeerved 6y Lieutenant C. T. Haig, B.E., with Troesghtort alzd S h m '  

l&inch Theodolite No. 2. 

Angle 
between 

Circle readings, telescope being eet on XIX 

0" i1 180" 1' 100 11' IW iif w 2z 200022/ w zit 2100 28' MP m1 220029 soo B(Y 2900 MY 

df - Mean of Grou 
to - Relative we igE 
0 - Concluded Angle 

# 
* M =  5 9 Y * 8 ~  

I ' 5 2  
I - = 
w 

o - 6 6  

57-10 58-17 60.30 57'27 61'45 55'55 62.98 62.50 64.47 57'26 61-25 59'37 c = 4 8 ° 1 9 ' 5 9 n * 8 1  

* 

M =  6 5 W s ~ ~  

, = 1 '34 
I - - 
w - 0 ' 7 5  

= 4,0 221 5u.01 

M = q g U * o z  

o. = .lo 
I - - - o - 4 8  
w 

= 430 ,d4f .02 

M = 1 4 # - 6 6  

= I *09 
I - = o -91 
w 
C = 5 0 ~ 5 8 ' 1 4 ~ ~ 6 6  

rn 

XX & XV1ll 

I) 

& 

t 

d63-57 d61.74 h 64.86 d 64.66 Z 64'53 1 59.17 2 62.57 1 68 30 h 67-97 h 70.70 h 65'47 h 66-44 
d61.91 d62.88 d64.26 d64-03 1 64.40 161.04 1 62.73 1 67.27 166.90 h 71.20 165.63 1 6 8 0 0  

62.74 62-31 64.56 64'35 64-46 60.11 62.65 67.78 67.44 70.95 65.55 67.22 

h45.87 h 50'47 h 44'54 h45.70 1 42-03 1 47'23 1 44'00 1 40.70 h43-97 h 44.14 h 44'00 h45'go 
h 46.56 h 50.73 h 45 57 h 46.94 1 43-17 1 46.93 1 43.10 I 42.13 h 43-80 h 43.70 h 45.20 h 43.80 

46-22 50.60 45.05 46.32 42.80 47-08 43'55 41.42 43.88 43.92 44.60 44-85 

Circle readings, telescope being set. on XIV 

00 1' 18001' lo0 11' 1900 11' w a r  2o0°zsl 30026 210026 w a y  220°sw ao06cu eso" w 

n n 4 n n n n n n w w v 

h 8.00 h 14.00 h 12-70 h 15-87 h 15-60 h 11.94 hz3.24 h 16-40 h 14-57 h 14' 7 h 13.43 h 14-84 
h 8 ~ ~ ~ h 1 3 ~ 8 o h 1 3 ~ 9 ~ h 1 6 ~ 1 ~ h x ~ ~ ~ 0 h 1 ~ ~ ~ 6 h ~ 1 ~ 8 o h 1 6 ~ 8 o h 1 ~ ~ 6 o h x ~ ~ & h 1 r ~ 1 ~ h r 3 ~ ~ 3  

8-17 13-90 13-32 16-01 15.55 13-10 22'52 16-60 14-58 15-39 12.78 14-04 



20-H. 
SINGI MEEXDIONAL SEBIES. 

At XVIII (Rencha) 
*December 1860; and +January 1861 ; observed by Lieutenant C. T. Haig, R.E., with 5 o u g h t m  and 

M - Mean of  Grou 
x, - Belative ~ e i y g  
C - Concluded h g l e  

M = 31'"67 

w = 1 ' 1 4 '  
I - - - 0 -88 
w 
C = 64°44 '31n-67  

M = 49"- 69 

lo = .g2 
I - - - I -09 
w 
C = g2O33'4g"-69 

M = 6 2 " . w  

= 0 -99 
1 - - - I '01 
W 

C =4,054 j  

M = 46"*93 

to = 1 '35 
I - - 
w - 0 '74 
C = 56' 43' 46Y- 93 

"M= 541'90 

to = '4O 
I 
- - - 0 ' 4 2  
W 
C = 4 6 ° 1 3 ' 5 ~ ' f . g ~  

Angle 
between 

+ 
XVI & XIV 

I ' XV1l 

e 

XV1l ' 

& XX 

t 
XIV & XIII 

Simma' 18-inch Theodolite No. 2. 

Circle readings, telescope being set on XVI 

295' 16' 115' 16' 305' 125' 27' 315'38' 135' 38' 325" 44' 145'44' 336' 64' 155' 64' 34606' 166O5' 

n n n r )  N n n n n n n II 

W 36.60 h 32.13 h 27'47 h 35.70 1 26-37 1 34'30 1 28.40 1 30.60 h 32.47 h 31.76 h 31.13 h 35'44 
h 35'43 h 32.40 h 27 60 h 34-13 1 27.97 1 34 03 1 27.33 1 29.23 h 32.33 h 30.70 h 31.80 h 36'00 

1 24'77 
1 27'23 

36.02 32'26 27.54 34'91 26.59 34-16 27.87 29'91 32.40 31-23 31-47 35'72 

h 45'84 h 46'54 h 45'57 Ir 46-33 h 49.30 144.40 1 51.44 1 54'93 1 51.60 2 52.00 1 50.73 1 5427 
146.10 h46.17 146.87 145.63 h49.80 h45.47 1 53.00 1 51-70 2 53.13 1 53.86 2 51.46 1 53.34 

45-97 46-36 46.22 45-98 49'55 44.93 52.22 54'82 52'36 52.93 51.10 53.80 

h 68.10 h63.10 h 64-06 h66.03 h 60.67 h60.04 2 61.56 2 56.14 1 61.74 1 62.67 1 65'93 2 57.96 
h66.96 h64.53 h63.07 h 66.30 h j8.27 h 59.46 1 60.84 1 55.77 1 60.07 1 60.84 1 65 24 1 58.53 

67-23 63.8. 63'56 66-17 59.47 59.75 61.20 51-95 60.91 61.75 65-59 5824  

h 45.53 h 45'86 h 53'37 h 41.44 h 47.86 h 46.23 1 47-90 1 48.40 2 49'66 1 43'43 2 45-70 1 45.97 
h 47.07 h 45'57 h 53.16 h 41.70 h 49.73 h 46.24 1 47.20 1 49.16 1 49.43 1 44 86 1 44.70 1 46.23 

. 

46.30 45'72 53'26 41.57 48.80 46.23 47.55 48'78 49.55 44.14 45-20 46.10 

Circle readings, telescope beiug set on XIV . 
001' 18001' 10°11' 190011' 20°22' 200022' 30028' 2!0028' 40039' 220039' 50'60' 230°60' 

n N I II n I II I w N w 

1 52-17 1 51.77 1 53.50 1 54'97 1 55.44 h 55-10 h 57'66 h 55.90 h 58'60 h 54.83 h 56'07 h 52-87 
2 51.70 1 51'23 1 53.97 1 55.36 1 55.37 h 55.20 h 57.66 h 57 23 h 58.23 h55.50 h 56.06 h51.27 

51.93 51-50 53-73 55.17 55.40 55.15 57.66 56.57 58-41 55.17 56.06 52.07 . 
At XIX (Kandblwa) 

J a n u a y  1861 ; observed by Lieutenant C. T. Haig, R.E., with Z'roughton and Simms' 18-inch Theodolite No. 2. 

M .P Mean of Grou 
so - h l ~ t i v e  Weiggl 

M = 6on.09 

= O '80 
I - - - I ' 2 4  
w 
c =38021t  

Angle 
between 

XXII bZ XXI 

Circle readings, telescope being set on XXII  

16Z048' 942'48' 172" 59' 852' 69' 183' 10' 30 10' 193' 1 6  13' 16' 203" 27' 23O27' 213" 37' 33O 37' 

n r )  n n 4 n w w N n n 

h 67'90 h 60.53 h 57-76 h 54.46 h 58.40 h 55-96 h 60.47 h 59.80 1 55.60 1 62.64 1 64'44 1 64.54 
h 66.70 h 59.60 h 57-30 h 54'67 h 58.44 h 56.53 h 60.60 h 58 70 1 56.66 1 63.14 1 64.07 1 63.34 

67.30 60.07 57'53 54.56 58.42 56.25 60.53 59-25 56'13 62.89 64.26 63-94 



PrnCIPbL !mIANauLATION. OBSERVED ANGLES. 21-x. 
I 

At X I X  (KanUwa)-(Continued). 

Angle 
between - A = 

X X ~ X V ~ ~ ~  

x ~ I ~ x ~ ~ ~  

Circle d i n g e ,  telescope being aet on XXII 

16P 4B' W48' 178" 59' 868.6W 168" 10' 8" 10' 198' 16' 18" 16' U)SO 27' 28'27' 213' 87' 83" 87' 

I I w 4 I w n v a n 

h 7-20 h 16.23 h 11-64 k 10.17 h 8-50 h 10.17 h 9.23 h 12-40 1 14.17 1 10'66 1 11.96 1 11-56 
h 7-03 h16.27 k 11.26 A 10'43 h 8.66 h 9 63 h 1 ~ 0 7  h 12.80 1 12.64 1 10'30 1 13.10 2 11-56 

7-19 16-25 11-95 10'30 8.58 9'90 9.65 11-60 13.40 10.48 11-53 11.56 

h17.43 h13.67 h 1 8 : ~ o  hzo.93 h16.60 116.77 h14.50 h11 .93  110.80 1 1 4 . 9 4 2 1 3 - 4 7  114.17 
h 17-64 A 12'53 h 19.40 h 19.03 h 17-00 h 17.57 h 12.73. h 12.20 1 12.36 1 15.30 Z 12.83 1 14-27 

17'54 13'10 18.95 19.98 16.80 17'17 13-61 12-07 11'58 15-12 13-15 14-11 

h 52-20 h 56.87 h 12-86 h 55.20 h 55-23 h 58.36 h 53.34 1 54.30 1 50.57 1 49.20 1 53.40 1 51.47 
h 53'40 h 57'67 h 52.74 h55.80 h 54.07 h 57'63 h 55'17 h 54'27 Z 50.64 1 49.83 Z 52'97 1 52'63 

52.80 57.27 52.80 55.50 54.65 58;00 54.25 54.29 50'60 49'52 53'18 52-05 

iK - Mean of Glrou 
rc - &lative 
' *'' 

M = 1 i W . ~ g  

w = 2 '05 
1 - = 0 '49 w 
~ = 6 ~ 0 ~ ~ ) ~ ~ ~ . ~ ~  

M= lgn'27 

= 
I 

1 '55 
- - - o -65 
w 
C = 5s034' 1sN'27 

M =  53W'74 
= I -92 

I - - 
w - o -52 

c = 42°23'53W'74 

At XX (PtiwAgarh) 

Jmcray 1861 ; observed by Lieutenant C. T. Haig, R.E., with Troughton alzd Simmr' 1Sinch 
l'heodolite No. 2. . 

Angle 
between 

m A x v I I  

XVII A 

Circle readinge, teleecope being eet on XVIII 

o"1' 18001' lo"l2' 1190011' W22' ZWW m28' 210028' 40089' 2W89' 6@60' a80"W 

n a n * w w I e w n w I 

" - 1 3  k 2-60 h 5-43 h a.30 1 7-a6 2 6 97 1 10.54 1 10'70 A 11-46 h 10.53 h 11-13 h 8.46 
h 3'13 h 3'47 h 4-10 h 3'96 1 7.27 1 7-34 1 10.37 1 9'93 h 11.67 h 10.76 h 10.83 h 8.13 

2.63 3-04 4-76 3-13 7 3 7  7.15 10.46 10.31 11-57 10 6 4  10.98 8.30 

k 57-87 h 56.86 h 55.20 h 55'33 1 52-70 1 47.20 1 50'10 1 48'53 h 45-10 h 49'23 h 51-34 h 53'90 
h 57-37 56-43 h 55'46 h 55'14 Z 52'33 1 47.03 2 49'53 1 47'97 h46.93 h 49'54 A 51.60 h 53'83 

~ 7 . 6 ~  56.65 55-33 55.23 52-51 47.11 49.82 48-15 46-01 49-39 5I.47 ~ 3 ' ~ ~  

h 46.83 k 47.44 h 48.34 h 54.67 1 54.07 1 56.83 1 52.73 Z 59-34 h 53.00 h 47'47 k 46% h 48.70 
h46.40 147.37 h48.27 h 53-53 1 53.64 1 57.33 1 53.04 159.50 h52.20 h48.80 h47.33 A 49.40 

46-61 47'40 48.31 54.10 53.85 57-08 51.89 59-41 52.60 48'13 47'07 49-05 

M - M a n  of Glron 
w - BeUive 
C - Conoladed dngle 

M =  7W-5z 

w = I '04 
I - = o -96 
w 
c = 340 7 ~ . 5 2  

M =  51W'94 

w = o -80 
I - =  1 . 2 5  
w 
c = 3 3 0 4 1 ~ 5 1 u . 9 4  

M =  51U'38 

1. = o -67 
I _ - - I -50 
w 
c = 40043'511-38 

L 



. 

At XX (P&wBgarh)-( Colatiltw d) . 

M - Mean of Gmu 
-o - Relative wcigK 
C - Concluded dngle 

M = ~ ~ ' " I I  

= 1 - 7 2  
I - - - o .58 
w 
C =5rj0 6'371f-n 

Angle 
between 

& XXIII 

Circle readings, telescope being eet on XVIII 

0 180"l' 10°12' 19Oo1l' 20°22' 20O022' 30°28' 21628' 40'39' Z20°39' 60°50' 280060' 

v n n n w )I )I v 9 N n '1 

h38.17 h37.30 h 35-80 h 36'33 1 34'47 1 32.90 1 39.80 Z 33-53 h 41.34 h 40.23 h 40.03 h 35-03 
h38.16 h37.30 h 36.27 h 36.83 1 35'53 2 32'77 1 38.70 2 34.26 h41.30 h39.73 h 39.30 h35.50 

38'17 37.30 36.03 36-58 35.00 32'84 39'25 33'89 41-32 39'98 39'67 35'25 

At XXI (Mas&b&r) 

Pebruary 1861 ; observed by Lieutenanl C. T. Haig, R.B., with T~*oughton and Ximrns' 18-inch Theodolite No. 2. 

iK - Ma" 
w - ILelat~ve 
' COncluded lLngle 

M = 54"'63 

w = o a 8 1  

I - - - I - 2 4  
W 

c = g 4 0  4'54tf.63 

M = 22".17 

= 2 -04 
I 
- = 0 '49 
W 

= 88048' 22N.17 

M = 57"- 85 

w = 1 - 2 0  
I - - - o -83 
w 
c = 78022 '57~ .85  

Angle 
between 

XXII~XXIII  

XXIII & XX 

XX Bi XIX 

Circle readings, telescope being eet on XXII 

108" 44' 28B044' 118" 55' 298' 55' 129' 6' 8090 6 139' 12' 319' 12' 149" 23' 329' 22' 159O 33' 338' 33' 

w 4 w w tt n w w n ,I I 

h 58.10 h 56.40 h 57'47 h49.70 1 50.70 h 51.24 1 54.16 1 49.10 h 57.90 h 54-30 h 58-83 h 55-87 
h 58-30 h 58.23 h 58.53 h48.93 1 51.10 h 49.07 2 54.10 1 48 97 h 58.80 h 54.80 h 59.13 h 57.37 

58.20 57'32 58-00 49.31 50'90 50.16 54'13 49'03 58-35 54'55 58.98 56.62 

h21.47 h 20.23 h 21.07 122.86 1 26.03 h 23-93 1 24.10 1 24-40 h 23-13 h 21'17 h 17-70 h 2 0 . 0 0  

h20'90 h 20'13 h2007 h25.03 1-24'90 h25.43 124  77 1 2 3  87 h22.44 h21.20 h 17.90 h 19'33 

21.19 20.18 20.57 23.94 25.47 24.68 24-43 24'14 22.78 21.19 17-80 19.66 

h 58.70 h 62.34 h 58.83 h 60'24 1 56.00 h 60.83 1 53.90 1 54'44 h 51.34 h 58.36 h 60.07 h 60.70 
h58.50 h62.44 h 57'30 h 58.37 1 56.70 h60.10 2 54'07 1 55'43 h 51'63 h 58'13 h 58.87 h 61'07 

58-60 62.39 58-07 59'30 56.35 60.47 53.98 54'94 51.48 58.25 59-41 60.88 

At XXII (I(afi) 

February 1861 ; observed by Lieutenaltt 0. I! Haig, R.E., with Troughton m d  Simm'  18-irtch Theodolite No. 2. 

M = Mean of 
w - lielative WeigE 
C - Concluded Angle 

M = 2 2 " ' 5 0  

w = I '00 
I - - - I '00 
w 
c = 81011'22u.50 

Angle 
between 

XXIV& 
XXIII 

Circle readings, telescope being set on XXIV 

183O1' 800' 1930 11' lPl1' 203'21 23"22' 213O28' 33O27' 223"88' 43'38' 23S049' 5S049' 

n v w n I n n n w n w 

d 20.28 d26.21 d 18-49 d 20'76 d 17'79 d 19'75 h 25.87 h 28.33 h 25-10 1 25.33 h 20.63 dza.81 
dzo.25 d25.91 d18.22 d20.53 d17.48 dzo.45 h24.06 h28.27 h26.16 2 25.13 h19.33 d22.81 

20'27 26.06 18.35 10-65 17'63 ao.10 24.97 28.30 25.63 25-23 19'98 22.81 



PRINCIPAL TI1IANGtULATION. OBSEBVED ANGLES. 2%. 
+ 

At XXII (M)-( Conthzced). 

Angle 
between 

XXU1&XXI 

X X I  & 

Circle readings, telescope being set on XXIV 

18S01' 800' 193011' 180111 203022' S 2 8 '  213'28' 8S0a7' 223088' 4S038' 295049' 68'49' 

n v n n n 1 n n n n n 

A45.47 h39-60 2 43-17 141.54 2 40'73 2 44.83 h41.86 hso.90 h39.30 140-30 h 38'74 d43-55 
h45.50 A37.90 1 42-33 1 41'77 1 41.04 I 43-67 h 44.44 h 39.93 h38.17 2 41-77 h39.23 d43.72 

45'49 38.75 42-75 41-65 40.89 44-25 43.15 40'41 38.74 41.03 38.99 43.63 

h 15-40 h 18-36 1 16.27 1 20'20 1 18.27 1 22.40 h 14-34 h 13.64 h 15.33 h 14.30 h 16.56 2 16-13 
h 14-43 h 18.97 1 16-90 1 19-03 1 17-73 122.83 h13.10 h 12.83 h 15.87 1 14'53 h 16'24 1 15.77 

14-92 18'66 16-59 19'61 18.00 22-62 13.72 13'23 15.60 14.42 16.40 15-95 

M== Mem of Gmn 
rc - Itelative 
C - Concluded Angle 

M = 4 i W ' 6 4  

W = 2 '30 
I 
- = 0 '43 
w 
C =62O53'41"-64 

M =  16".64 - 

= , .(j3 
I 
- = o -61 w 
C = 32'55' 1 6 ~ ~ 6 4  

At XXIII (Sidpur) 

F e b ~ y  1861 ; observed by Lieutenant 0. T. Haig, B.B., with Z'roughton and Simme' 18-hch Theodolite No. 2. 

M == Mean of Glmn 
w - ltelstire weig& 
C - Concluded Angle 

M = 62"*82 

W = I '11 
1 - - - 0 .go . 
w 
C =36O 5' 2''-82 

M = 25''- 59 

,,, = .,2 
I - = I -31 
w 
c = 33' 1' 25w'59 

M = 27"'33 

ur = .98 
1 - - - I ' 02  
w 
c = g1O 361 27"'33 

M =  55"'92 

= . 
I - - - I -18 
w 
C = 69°37'55'-92 

angle 
between 

xX 

- it XXII 
x m I & m V  

-V &xXV 

Circle readings, telescope being set on X X  

169" 43' 849'40' 179O60' 369°60' 190°1' 10'1' aOOD 7' W7' 210" 18' 8o" 18' 220" 29' 40"29' 

n w n w n n II n w n ,I 

d 6 6 - 1 4  d 61-15 d57.14 d56-89 d 6 2  25 d61-53  d64.75 d63.48 d66.78 d66.93 d61.15 6 6 5 . 1 ~  
d66.25 d6z-55 d57.54 d57-99 d61.31 d61.44 d64.32 d63-34 d67.22 d66.20 d60.94 d65.27 

66-20 61-85 57-34 57-44 61'78 61-48 64.54 63.41 67.00 66-56 61-05 65.20 

h 26.57 h 32'83 h 30.53 h 28'90 d26.02 d28.60 dzo-41 d22.12 d22-82 dz2.43 h 25'36 h 20.93 
h26.96 h32.66 h30-03 h 18-54 d26.66 d28.00 dzo-z5  d21.96 d21-51  d23.03 h 25'57 h21.40 

16-77 32-74 30.28 28-71 26.34 28-30 20.33 22.04 23-17 21-73 25-46 21'17 

d24.92 d 2 r - 1 4  d29.09 d26.63 d33.21 d25.97 d33-14  d28.30 d23-72 d28.97 d25.60 d27.65 
d24.65 d21.73 d z 9 - 1 9  d27.03 d32.57 d25.20 d33.30 d28.46 d23-09 d28.37 d26.34 d27.62 

34-79 21-43 29-14 26.83 32-89 25.59 33.22 28-38 23-40 28-67 25-97 27-64 

h 56-33 h61.36 h 53'23 h 57-00 h 50.54 h 58'53 h49.43 h 54.10 h 57-77 h 56.03 h58.50 h60.10 
56.60 h 60'77 h 52.53 h 56.60 h 48.97 h 59.30 h 49.76 h 53.70 h 58-40 h 54-70 h 57-76 h60.13 

56-47 61.06 52.88 56.80 49-76 58.91 49.60 53'90 58.08 55.37 58-13 60'11 



. 

At XXIV (B4bisidj) 

March 1861 ; obemed by Zieutenant C. T. Haig, R.E., with Trozlghton and Simmr' 18-irrch T?aeodoZite No. 2. 

M-MeanofQrou - - Belstive weigkt 
C - Concluded Angle 

M = 24"' 9 2  

w = o .gr  
I - - - I ' 4 2  w 
C = 32'33' ~ 4 ~ ~ 9 2  

M =  9"'23 

w = 2 -16  
I - = o -46 
w 
c = 58' 29' 9".23 

M = ~ ~ w . ~ ~  

w = o -98 
I - - - I ' 0 2  
w 
C = 38'58' 13w'44 

M = ,5w.02 

w =  1 - 7 3  
I - - - o -58 
w 
C = 47' 12' 15"'02 

Angle 
between 

XXVI & 
XXVII 

XXVI & xXV 

x ~ v ~ - ~ ~  

xXII1 & 

Circle redinga, teleecope being aet on XXVI 

216'21' 86'21' 226'8% 46'82' Z8S0G' 6S043' 245'48' 6S048' 255'69' 7S06Y 266"lO' 86010' 

I I I * I I I I I I I I 

1 28.54 1 31'07 2 27'70 29.93 1 24-57 h 25-43 h 20'60 h 19.93 h 22-07 h 19.20 k 28.70' h 22-74 
1 28-80 1 31-57 1 27-70 1 29.80 2 24.37 124.87 h 20.60 h 19'50 h 21.27 h 19.87 h 26.83 h22.43 

28.67 31-31 27-70 29'87 24'47 25'15 ao-60 19'71 21-67 19-54 27-76 21-59 

h 6.27 h 11.37 h 9.53 1 9.00 d 6.97 1 9.66 h 11-13 h 8.74 h 9.73 h 8.40 1 13-93 h 6.60 
h 5-17 h 10.83 h 8.74 1 7-90 d 8'04 1 10.44 h I I ' Z O  h 8'17 h 9-00 h 10.17 2 14'76 h 5-83 

5-72 11.10 9'14 8.45 7.50 10.05 11-17 8.45 9'37 9-28 14-35 6.21 

h 2 0 ~ 7 o h 1 3 ~ 5 3 h 1 8 ~ 9 0 2 1 5 - 7 0 h 1 1 * 7 3 1 1 3 * 1 7 h  8 ~ 9 0 h 1 2 ~ 3 0 h 1 3 ~ 2 0 h 1 0 ~ 7 7 h 1 1 ~ 0 7 h 1 4 ~ 1 7  
h 19-03 b 14'50 1 19.03 1 16-84 h 10.33 1 12-83 h 8'67 h 12-50 h 12'87 h 9-43 1 8.97 h 13-73 

1 9-70 

19-87 14'01 18.97 16-27 11.03 13.00 8-78 1z.40 13-04 10.10 9-91 13-95 

h 15-23 h 18.83 h I 1-00 1 16-40 2 16-23 1 19-40 h 13-70 h 15.40 h I 1-90 h 16-07 h 14-13 h 14.77 
h 1 4 - 6 3  A17.34 1 9.10 2 16-10 2 15'36 118.53 h 1 4 - 2 3  h14-73  811.66 h 1 7 - 5 7  1 12-90 h15.04 

Z 8.87 

14-03 18-09 9.66 16-25 15-79 18.97 13-96 15.07 11.78 17.27 13-51 14-91 

At XXV (Kesarwa) 

February and March 1861 ; oherved by Zieutenant C. T. Haig, B.B., with 5oughtolt and Simnrs' 
18-inch Theodolite No. 2. 

M - Mean of Qmn 
o = B.elative 
C - Concluded Angle 

M = ~ 4 ~ - 8 4  

w = 4 -66 
I - = 0 ' 2 1  
W 
C = 7 1 ' 3 3 ' 5 4 ~ ~ 8 4  

Angle 
between 

XXIII&XXIV 

. 

Circle readings, teleacope being aet on XXIII 

001' leOO18 1 v i X  190011' 20022' a0002Z 80028' a10°28' 40089' w a y  6oOW W w  

I w I I I I I I I I w 

h51.64 h 54'77 h 57.13 h 54-27 2 54-67 2 55-63 h 53'93 h 54-67 h 56'13 h 57-80 h53-40 hss -23  
h52-50 h 54-20 h 57-33 h54-50 2 53'77 2 55'27 h52.70 h 54-13 h 55-67 h 57'34 h53.66 h55-90 

51.07 54'49 57-23 51-38 54'22 55'45 53-32 54.40 55-90 57-57 53-53 55.56 



PRINCIPAL !l!RIA.NQULATION. OBSERVED ANGLES. 
.26-=. 

At XXV (Kesarma)-(Continued). 

angle 
between 

XXIV & 
XXVI 

XXVI & 
XXVII 

XXVI & 
XSVIII  

Circle rdinge,  telescope being set on XXIII 

0°1* 180°1* lob 12' 190°11* 20°22' X@ 28' 30028' 210°28' 40°39' 220039' 50'60' 230°50' 

'I 'I rn q rn 'I w 'I q 'I 'I 'I 

d38.86 d37.40 d36-52 d38.97 d41.34 d3g.12 d41-58  d44-80 dg7.00 d3g.07 d39-92 d 34.39 
d 38-39 d 37'97 d 36.32 d38.74 d 40.48 d39.48 d 4 1 - g 8  d44-47 d 37-46 d 39-53 d 39'66 d 33-72 

38-63 37.68 36-42 38-86 40.91 39-30 41'78 44-63 37-23 39-30 39'79 34-06 

d25.36 d28.12 d23.07 d z 3 - 2 9  d18.24 d1g.06 d21.gS drg.64 d27.85 d25.15 dzo.26 d1g.68 
d25.07 d28.85 dz1.77 d24-13  d18.64 d1g.53 d z r ' 1 4  d19-70  d27-55 d 2 5 - 6 1  d21-55  d 2 1 - 2 8  

2 5 - 2 1  28-48 22'42 23.71 18.44 19-30 21-56 19-67 27'70 25.38 20.90 20.48 

d 7-11 d 5'97 d10  52 d 6.16 d 6-51 d z 08 d 6-58 d 2-46 d 8'54 d 2.97 d 6-42 d 6 80 
d 7-58 d 6.70 d 9-88 d 6.50 d 6.91 d 2.55 d 6.18 d 2'52 d 8.24 d 3'43 d 6.99 d 5'77 

7.35 6-33 10.20 6-33 6.71 2.32 6.38 2-49 8.39 3-20 6-70 6.29 

M = Mean of Gmnp 
w - Relative Wetght 
C - Concluded Angle 

M =  39"'05 

w = r - 6 4  
1 - - - o - 6 1  
w 
c = 3005~739"'05 

M = 22'" 77  

= 
I 
- = 0 ' 9 3  
W 

c = 34' 4 '22" '77 

M =  6".06 

= 
I - - - o - 4 6  
w 
C = 83'38' 6"-06 

At XXVI (Stigbhra) 

March and April 1861 ; obeerved by Lteutenant C. T. Haig, R.E., with Troughton and Simm' 18-inch 

Theodolite No. 2. 

Angle 
between 

XXrX & 
XXVIII 

XXVIII & 
XXV 

XXVTI & 
X X V  

Circle readings,.teleecope being set on XXIX 

I670 51' 8370 61' 168O1' 84€ia1' 17S0 1 8  358O l.2' 188" 18' 8'18' 1Q8°29' 1 8 ~ 2 ~ '  a0804(~ 2804(~ 

'I 'I w M I R w 'I R w rn " 
d66.68 d56.80 d66  2 2  d61.25 d63.55 d64.68 d63.87 d63.50 d61.35 d66-73  ~359.88 d57.44 
d66-15  d56-70 d66.19 d61.55 d63-72 d64.28 d63-57 d63.10 d61.95 d65-67 d 59.85 d57.34 

66-42 56.75 66.20 61.40 63.64 64-48 63'72 63.30 61.65 66.20 59-86 57.39 

h 37-47 h 39-46 h 34-40 h 35-40 h 34'73 h 29.43 h 40.43 h 35-20 h 41'40 h 31-30 h 42'27 h 41-57 
h 3 8  CJO h 39-94 h 34 43 h 36.10 h 34.56 h 29.83 h 39.63 h 35.60 h 40.80 h 32.36 h 42.83 h 41.20 

37'74 39'70 34-41 35'75 34'65 29-63 40'03 35'40 41.10 31-83 42.55 41.38 

h 56-54 Z 53'83 1 55'14 1 50'73 Z 58.00 1 50'23 h62-53 h 59-43 h 60.36 h60.16 h61-30 h55-63 
2 57-24 1 55.10 1 54'07 1 51.90 1 56.87 2 50.10 h61.80 h 59-90 h 59-20 h 58-97 h60.27 h 55'97 

56-89 54-47 54-60 11.3' 57-43 50.17 6a.16 59-61 59-78 59-56 60.79 55-80 

M = Mean of Grou 
w - Relatire ~ e i &  
C - Concluded b g l e  

M =  6aV.58 

w = 1 '11 

I - - - o .go 
w 
c = 620 2 r J  a"-58 

M = 37"'01 

= . 73 
I - = I ~ 3 8  
W 

c = qgO 9' 371'01 

M = 56".89 

ro = -a4 
I - - I - 1 8  
w 

= z6032'56t/.89 



26-, 
BITU'GI MERIDTONAL SEEIE9. 

- 

r 

At XXVI (Sbgb&ra)-( Continued). 

M .P Mean of Gmupa 
w - Relative Weight 

M = 1 4 ' " 3 4  

w = 0 '55 
- I - 8 1  

Angle 
between 

XXV &XXIV 

Circle readings, telescope being set on XXIX 

167" 61' 337O 51' 168' 1' 348' 1' 178' 13' 358' 12' 188' 18' 8' 18' 198' 29' 38'29' 208°4(Y 28'40' 

w n n It n n 4 v n 4 v * 
h 15.96 1 20.07 1 12.16 1 19-30 1 I 1.80 1 22.80 h 6.63 h 13'77 h 9-90 h 13'47 h 8.13 h 17'30 
Z 16-63 1 19-36 1 13.83 1 17.93 1 12.43 1 21.93 h 7.43 h 13.13 h 9.60 h15.20 h 9-00 h 16-30 

16.30 19.71 13'00 1862 12.11 22-37 7.03 13'45 9'75 14'33 8.57 16.80 c = 90039tr4~t.34 

At XXVII ( a a m w b r i )  

1;- 
April 1861 ; observed by Lieutenant 0. T .  Haig, R.E., foith (IT~*o~~ghton n f ~ d  Sinjms' 18-inch Theodolite No. 2.  

M - Mean of Groups 
w - Relntive Weight - &gle 

M =  lrjJ'eo~ 

w = I ' 8 5  
1 - = 0 ' 5 4  
c = g90 gr  16''.01 

M =  24"'31 

= I .7t 
I - = 0 - 5 8  
W 

C = 30' 14' 24"' 31 

Angle 
between 

XxV & XXIV 

XXJV & 
SXvI 

Circle readings, telescope being set on XXV 

0'1' 18000' 100 12' 1900 12' 200 22' 200" 22' 300 28' 2100 28' 41)" 39' 220' 39' 60' bO' 230'49' 

I n u I ,I H ,I n n n v 

h I 1.63 h 13.70 h 14.60 h 13.30 h 15.23 h 12.50 h 18.16 1 20.26 1 16.50 1 18.27 1 18-00 1 18 50 
h 12.64 h 14.13 h 15.44 h 13.73 h 15.00 h 13'87 h 18.17 2 19-70 1 17 40 1 17'67 1 16.64 1 19.26 

12.14 13.91 15'02 13-52 15.11 13-19 18.16 19-98 16.95 17'97 17'32 18.88 

dz6-14 d26.17 d 23'65 d 27.64 h24.37 h 29.53 h 23.54 1 21.04 1 24.03 1 20.60 1 23.93 1 20.50 
d 25'13 d 25.74 d 24.38 d 27.61 h 25 66 h 28.86 h 23.10 2 21.00 123'36 1 22.23 1 24 go 1 20.24 

- 

25.64 25'95 24.02 27.62 25.02 29'19 23'32 2 1 ' 0 2  23.70 21'41 24.42 20'37 

At XXVIII (Phthal) 

Apri l  1861 ; obserued by Lieutenant C. IT. Haig, R.E., with Troughlon and Simms' 18-inch Theodolite ATo. 2 .  

M - Mean of Group 
w - Relative Weight 
C = Concluded Angle 

M =  z1"'11 

= . 6 %  
I - - - I - 6 1  

W 

C = q7°12 '21J "~ l  

M = z7"'45 

eo = .61 
I - =  1 - 6 4  
w 
c = 53°24 '27N '4 j  

II 

Angle 
betwoen 

xXV & XXVI 

XXVI & 
U I X  

Circle readings, telescope being set on XXV 

el' 180''U 10012' 190"ll' 20'22' 200"22' 30028' 210028' 40039' 220039' 60050' 230°5V 

n N n I I I n n n I, u I 

d 12'56 d 13.85 d 19.44 d 23.34 d23.72 d 17.12 h 26.83 h 25.57 1 20.60 l k  21-56 h 23.93 h 21.97 
d12.33 d 14.18 d 19'40 d23.20 d23.90 d 17'75 h 25'67 h26.50 h 22'90 1 2 2  97 h 23'j3 h 22'00 

d 18.84 h 23.07 
/ 

12'45 14.01 19.42 23.27 23.81 17'90 26.25 26.04 22-19 22.26 23.73 21.99 

d 33'34 d 32.92 d 30.64 d 20.53 d 23.63 d 28'82 d 24.69 d 26.53 h 25.84 d 34'40 h 25'04 h 23-13 
d33.57 d32.59 d 29'91 d 20.67 d 23'4j d29.42 d 24'88 d 26'23 h 25.63 d34.03 h 25'57 h 23.36 

33'46 32'75 30.28 10.60 23'54 29.12 24.78 26'38 25.74 34'21 a5.31 23-24 



PRINCIPBL TRIANGULATION. OBSERVED BhTGLES. 

At XXVIII (P4thal)-( Contilzued). 

Angle 
between 

XXIX &XXX 

Circle readings, telescope being set on XXV 

1' 16000' 10012' 1900 11' 20022' 200022' 3O028' 2100 28' 40039' 220'39' SOOW 230°60' 

n u u n n n n n n n 1) 

d 8'93 d 6-73 d 8'63 d13-73  d 16.41 h 6.80 d 8-52 d 7'77 d 1 2 . 0 1  d 1.24 d 17.72 d 12.77 
d 8-70 d 6.87 d 8.34 d 13-80 d 16.59 h 6.20 d 8.33 d 8-07 d 12'05 d 1.41 d 17-59 d 12.51 

8.82 6.80 8-48 13'77 16-50 6'50 8.42 7.92 12'03 1'33 17'65 12.64 

X - Mean of Grou a 
to = blat ive  weiggt  
C - Concluded Angle 

M = I o ' " o ~  

w = o -56 
I - =  1 - 7 7  
W 
c = a 2 O 5 6 '  Iof/.07 

At XXIX (Dopbi) 
*February 1846; observed by Jieutenant Z. Rivers with Do2lond's 16-inch Theodolite. 

+April lBB1; 

Angle 
between 

I) 

XXXII & 
XXXI 

8 

XXXIBiXXX 

8 

XXX & 
XXVlII 

Laser circle r e d i n g a  

t 
X X X &  
XXVIII 

observed by Lieutenant C. T. Haig, R.B., with Troughton and Simms' 18-inch 

Circle readings, telescope being set on XXXII 

320° 0' 140" 0' 840" 0' 160" 0' 360" 0' 16000' 

v n n n v n 

h 41.00 h 33.00 h 28.34 h27.33 h 32.00 h 30.67 
18 42.33 JJ 35'67 h 26.33 h 25'33 h 29.00 h 32'34 
h 36.66 h 34-66 h 30'33 h 24.67 h 35'34 h 32.00 
h 36.00 7' 35'33 d 26.17 h 28.66 
h 37'00 d 26.33 
d39'55 d 24.28 

38-76 34-67 27'79 26.10 32.1 I 31'67 

35'34 h 44-67 h 39-66 h 45'67 43-67 
?‘ 36.33 h 41'00 h 40.00 h 5 1.67 d42.22 

h47'00 
d 43.00 

h 46.67 h 43.00 d 37'67 d 48.50 d41.33 d 48-67 
d 40'40 h 41-34 d 38.49 d 50'83 d 45'67 
d38.33 d 46'99 

39-41 42.50 38.96 48'73 43'22 46.22 

h 18.33 h 13.66 h 14.67 ' h 6.00 h ~0.00 h 14.33 
h 21.00 I 19.00 h 1 5 a o  : 9.67 d 17.66 d 10.33 
h 10.66 h 20'34 d 14'22 10.00 d 22.09 
h 16.67 h 17'33 d 6-38 
d15.55 

16-44 17-58 14-63 8.01 19'92 12.33 

2570 47' 770 47' 26'7' 68' 870 58' 278' 8' 98' 8' 288" 14' 108' 14' 29S0 25' 118' 25' 308' 86' 1280 36' 

n II II n n n n II n K w n 

h 16-70 h 15-40 h 15-20 h 15-34 h 19-50 h 16.47 h 19-04 h 15-80 h r 1-70 h 13'04 h 12-63 h 15'90 
h 1 ~ ~ 8 o h 1 5 ' 7 o h 1 4 . 8 3 h 1 4 . 8 3 h 1 g . 4 o h 1 6 . 8 o h 1 g . z o h 1 5 ' ~ 3 h 1 1 . 7 3 h 1 3 . ~ 6 h 1 1 ' 8 3 h 1 6 . 4 6  

h 1 4 ~ 2 0  

16.25 15'10 15-02 15.08 19-45 16.64 19-12 15'86 11'72 13-15 12'23 16-18 

I1?~eodolite No. 2. 

M = Mean of GCmu 
u, - Relative w e i g K  
C - Concluded Angle 

M = 3 1 ~ ~ 8 5  

w = o 030 
I - - 
w - 3 '33 

. C = 64'54' 311'85 

M=43tJ.1, 

W = 0 -36 
- I - - z - 7 8  
w 
C = 47' 14'43~' 17 

M w - - 14"'8a o ' 3 0  

w = 2 -46 
I - = 0 '41 

C = 37'59' 15"*40 

M P 15".48 
m - 1 - 1 6  



28-x. BINGI MERIDIONAL SERIES. 

L 

A 

At XXIX (Dophi)-( Continued). 

Angle 
between 

t 
XXVIII 8G 

XXVI 

Circle readings, telescope being set on XXX 
2570 47' 47' 26T0 68' 87' 68' 278' 8' 98' 8' 28a0 14' 10EO 14' 29a0 26' 118' 25' 308O36' 128' 86' 

n n I I v n n n N 4 q I 

h 38.86 h 41'50 h 3  j 20 h 41'10 h 31-17 A 38-40 h 31'00 h 35'07 h 34'96 h 36.83 1 31'13 1 35'76 
h 39.54 h 40.60 h 36.83 h 40'10 h 31'03 h38.10 h 30'67 h 34'67 h 33'j7 1 36.00 1 30'24 1 34'57 

h 41.23 

39-20 41-11 36.02 40-60 31-10 38-25 30.83 34.87 34.27 36-41 30.69 35.16 

M - Mesn of Group 
to = Relative We~gl l t  
C - ~oncluded Angle 

M =  35"'71 

= o '85 
1 - - - I -18 . 
W 

=64°14'35"'77 

At XXX (Tarbhdn) 

$April 1861 ; observed by .Lieutenant 0. T. Ha&, R.L ,  with Troughton and Simrns' 18-isch ~he0dolit.e No. 2. 

§April 1845 ; obserued by Lieutenant H. Rivere with Dollond'a 16-inch Theodolite. 

M - Mean of Groups 
w = Helatire Wetght 
C - Concluded Angle 

M =  4d"'86 

W = 3 -48 
I - - - o -29 
W 

C =5g0 4'40~-86 

M = 4"'49 

w = o -69 
I . - -  
W - 1 '45 
C = 115~10' 4a-47 

M = 33'/'78 

w = o -36 
I 
- =  2-78 w 
C = 53O50'33~'78 

Angle 
between 

. $  
XXVIII 
& XXIX 

0 
XXVIII & 

XXXI 

§ 
XXXI & 
XXXIII 

Circle readings, telescope being set on XXVIII 

0'1' 18000' lo0 12' 190" 11' 20'22' 200°22' 30°28' 210°28' 40039' 220e3L3' 60°50' 23O06Cr' 

n n 4 0 4 u Y u I n v " 
h 39-03 h 42.70 h 39'97 h 43'53 h 43'33 h 39'24 h 40'33 h 42'57 h 41-34 h 42'37 h 39'53 h 38-93 
h37.87 h 41'37 1 4 0 ' 3 3  h 43'34 h 43'67 h 37'93 h40.20 h 42'47 h 40'73 h 41'57 h 38.70 h 39'56 

38.45 42-04 40.15 43'43 43'50 38'59 40.26 42-52 41'04 41'97 39'11 39'25 

Circle readings, telescope being set on XXVIII 

20° 0' 20000' 4@0' 220" 0' 60" 0' 240° 1' 

4 N I I I I 

3'33 4.67 A 9.00 A 1'67 h 1.66 h 4.66 
h 4'00 h 5'00 h 9'33 h 5 '33 .  h 2 . 0 0  h 8.33 
h 22.4 h 0.33 h 6.33 
h 2.00 h 0 6 6  

h 4.66 

2.92 3.06 9'17 3'50 1.83 6'44 

7' 33'33 7'36 34 h 28.66 h 41-33 , h 3 8 w  h 35'34 
d 29.75 h 32-00 h 27'67 h 37'33 h 36 6 7  h3r.00 
d 30'74 h 33'34 h31.67 

31'27 33'89 28-17 39 33 37'33 32'67 



PRINCIPAL !l!RIANGULATION. OBSERVED ANGLES. 29-a. 

. 
At XXXI (Pilwa) 

April 1846 ; obsemed by Lieutenant E. Riuers with Dollond's 16-inch Theodolite. 

Angle 
between 

XXXIV & 
XXXVI 

XXXVI & 
XXXIII 

XXXIII & 
XXX 

XXX & 
XXIX 

XXIX & 
BXSII 

XXXII & 
xxxrv 

Circle readings, tsleecope being set on XXXTV 

O"V 1 W V  WO' 160" 0' 820°V 14000' 

4 4 4 4 w 4 

h 50'66 h 48.67 57'67 h 44.66 h 51.67 h 45'34 
h 51-00 h 48-00 h 58'33 h 44'34 h 48-33 h 47'66 
h 51'67 h 5 7'00 h 46'00 h 53-00 h 46-67 
h 52'33 h 45'00 

5 1-42 48.33 57'67 45-00 51'00 46.56 

h 57'33 d68-33 7' 55'33 7'67'33 h 60.00 h 66.66 
h 59'67 d 69.00 d 56-00 h 68.00 h 64.00 ''3.33 

58'50 68.67 5 5-66 67-67 62-00 64-99 

h 63-00 h 58.00 d6n-16 h 51'33 h 57'00 h 57'34 
d 64.50 h 56'33 d64.16 d 53'33 h61.00 h 56.33 

h 56'67 

63'75 57-17 63-16 52'33 59.00 56'78 

d64.17 d 60-68 d 57-84 d67-89 h 6.4'33 d69.01 
d65.17 d 59'34 d 58.17 d65-89 d61.66 d68.33 

64.67 60.0 I 58.01 66.89 62'99 68.67 

h 21-67 h 18-66 h 24.67 h 15-33 h 22.34 h I 4-00 
d 19-50 h 18.34 h 25-34 h 13.66 hz1.00 h 14.00 
d 19.83 h 14.67 

20'33 18.50 25'01 14'55 21'67 I 4-00 

- -- 

h 42'33 h 47-00 h 40'33 h 54'34 h 46.66 h 50.66 
h 40.67 h 48.66 7'39'33 h 54.00 h 48.67 h 51-34 

h 52'33 

41-50 47'83 39'83 53'56 47'67 51-00 

M - Mean of Omnp 
w - Relative Weight 
C - Concluded h g l e  

M = 50"- oo 

w = o -30 
I - - 
w - 3 '33 
C = 60' 2' 5oV.oo 

M = 62"- 9 2  

= o .24 
I - - 
w - 4 .I7 
C = 48'19' 2".92 

M = 58"- 70 

w = o '30 
I 
- = 3 ' 3 3  W 

C = 62,045158"~70 

M =  63" '54  

w = o a36 
I - - - a - 7 8  
W 

C = 76'40' 3"'54 

M =  I ~ " . O I  

w = 0 ' 3 2  
1 - - 
w - 3 "3 
C = 45036' 18".91 

M = 46". g o  

w = o - 1 9  
I _ - - 5 - 2 6  
w 
C = 66'35'47"*25 



, 30-x. SING1 MERIDIONAL SERIES. 

- 

At XXXII (Sgler) 

March and April 1845 ; oboerved by Lieutenant E. Rivers with Dollond'e 15-inch Theodolite. 

M = Mean of Groups 
w - ILelstive Weight 
C = Concluded Angle 

M = 46"'55 

w = 
I 

0 ' 7 9  
- - - I - 2 7  
W 

C = 5g028'46"-50 

M = 22'" 77 

w = o - 4 8  
I 
- = 2 '08 
w 
C = 64' 28' 22"- 77 

M =  8".65 

w = o a66 
I - - - I .52 
UJ 
C = 69'29' 8"-65 

M =  6 i n . 1 1  

w =  1 - 4 2  
1 - - - 0 '70 
w 
C = 27' 9' 1".16 

Angle 
between 

xXXV & 
XXXIV 

XXXIV & 
XXXI 

XXXI & 
XXIX 

XXIX & 
X. &I. 

Circle readings, telescope being set on XXXV 

159' 25' 339" 25' 179" 24' 359" 26' 199' 25' 19" 25' 

I ,I v I n 'I 

h 43.67 45.67 h 47'33 - h 49.00 h. 52'00 h 41.66 
h 4 7 . a  h 47'33 h 47.00 h 44'67 49'34 h 43.66 

d 43'00 

45'34 46.50 47'16 46.84 50'67 42'77 

h 29.00 h 18.00 h 21'33 h 21.00 h 20.00 h 2 5'00 
h 29.00 h 20.33 d 22.84 Ax900 h 2 2 - 0 0  h 24.00 

h 20.00 dz1.49 d 24.84 

zg.00 19'44 22'09 20.50 21.00 24.61 

h 3'33 h 6.67 h 1 z . m  h 7'33 h 12,oo 
h 8.00 d 13'51 h 8 6 6  h 9.66 

h 8.33 
d 6'44 d 5 5 1  

h 8 0 0  d 14'12 d 9'49 d 6.51 
d 7.01 
d 7'18 

4.89 7'56 13.21 8.49 10.83 6.91 

h 61.00 h 63'33 h 59'66 h 62.67 h 57'00 h 63'66 
h 63 67 h 60 3.4 L 60.33 ii 62.34 h 58.34 h 62.33 
h 6 1  oo  h 5 8 6 7  h 6 1 6 7  d 64.00 k 62.00 

d 63'00 

61.89 60.78 60.5 5 63.00. 57'67 62'75 

At XXXIII (PBrnera) 

November 1844 ; observed by Xieutenant E. Rivers with DpZlond's 15-inch Theodotite. 

Angle 
between 

XXX & 
XXXI 

Circle readings, telescope being set on XXX 

4" 10' 1 ~ 0 1 1 '  24' 11' 204" 11' Ue 11' 224' 11' 

w n * w n * 
d 38.00 dg1.12 h 35'33 h 41mo R 30-00 

(IQI 'II  h 31-67 
h 36.33 

d 38.34 34'34 h 39'33 d33.56 
h 40'00 

38-17 31.1 a 34'83 40.1 I 30'84 34'94 

M = Mean of Group 
w - Relative Weigl~t 
C = Concludeddngle 

M = 35"'oo 

w = 0 '43 
1 _ - - 2 -38 
w 
C = 63O23'35"*00 



PRINCIPAL TRIANGULATION. OBBJ3RVED ANGLES. 3 L z  

At XXXIII (Phnera)-( Continued). 

Angle 
between 

XXXI & 
XXXVI 

Circle readings, telescope being set on XXX 

4 O  1 4  1 W  11' 24" 11' 204" 11' 4 4 O  11' 224' 11' 

n I n 4 m m 

h 52.66 h 52.00 h 52'34 h 48'00 h 51'33 A48.00 
h 5 1.66 h 52'67 h 54.00 h 49'00 h 49.67 h49,67 

h 47.00 h49.67 

51'83 52'67 53'17 48.00 50'50 49.11 

M - Mean d Q ~ U  
w - Relative WeigE 
C = Concluded Angle 

M = 50"- 88 

w = I - 3 8  
I - - - 0 ' 7 2  w 
C = 92'25'50''-88 

At XXXIV (Bhorgarh) 

February 1846 ; observed by Z k u t e n a n t  H. Rivers  with Dollolzd'8 16-inch 5eodoZite. 

M - Mean of Qrou 8 
(1, = Relative ~ e i & t  
C - Concluded Angle 

M = 33"' 84 

w = o - 2 4  
- I - 
w - 4 " 7  
C = 50°38'33".84 

M =  34".13 

w = o ~ 1 8  
I - - 
w - 5 .56 
C = 8 1 ° 1 6 ' 3 4 u ' ~ 3  

M = 24". 60 

w = o - 1 2  
1 - =  8 - 3 3  
w 
C = 64'14' 2 q U * 6 o  

M = 60".41 

t~ 3 o '4% 
I - =  2.38 

Angle 
belween 

XXXVII & 
XXXIX 

XXXIX & 
XXxJTI 

XXXVI & 
XXXI 

XXXI & 
XXXII 

Circle readings, telescope being set on XXXVII 

800°C)' 120" 0' 3WO' 140"O' 840" 0' 16000' 

n ,I n m n 4 

. h 30'34 h 36.33 A 36.67 h 28.34 h 40.67 h 29~00  
h 33'00 A 38.67 A 34.67 h z 7 - 0 0  - h41.67 A27 67 
h 35'00 h 34.66 h 36'33 li zg.00 

h 3'6'67 

32'78 36.55 36.09 28.1 I 41'17 28'33 

h zg.00 d34.12 30.34 h 38.67 li 29-33 d40.33 
d 32-22 d34.45 d 27.91 d 42-55 L 29.00 d40.66 

d35.67 

30'6 r 34'75 29-13 40.6 I 29-16 40.50 

d 32'33 h 19-67 h 31.66 h I 3 3 4  h ~ 6 . 0 0  h I 8.00 
d31.33 h 21.67 h 33'00 h 17.00 d 29.16 d z 2 . m  

31-83 20.67 32'33 15-17 27.58 zomo 

h 59'67 h 57'33 A 56-00 h 66.00 59'33 A 63.34 
d59-78  d 57'24 h 54'33 d65.22 A 59'34 h 64-00 

d62.21 

L 
59'73 58'93 55'16 65.61 59'34 63.67 1 = 4 8 ' 5 6  oWm4r 



8% 
SING1 MERIDIONAL SERIES. 

At XXXIV (Bhorgarh)-(Continued). 

M = Mean of Oronp 
w - Relative Weight 
C - Concluded Angle 

M = 1 6 ~ ~ 3 8  

w = 0 -36 
I - =  2 - 7 8  
W 

C = 66' 40' 16''.38 

M = 10".69 

W = 0 '24 
I - - 
W - 4 .I7  
C = 48°~4'10"-69 

Angle 
between 

XXXII & 
XXXV 

I 

XXXV & 
XxXvII 

Circle readings, teleecope being set on XXXVII 

12Oo0' 320" 0' 140" 0' 340' @' 160°0' 8oOo0' 

n I ,I n I n 

d12.58 d I 8.45 d 2 1-77 d I 5.89 d 18-34 d I 1.83 
~ I I - 2 4  d19.45 d21-77  d 17-56 d 19-01 d 11-49 
d11.58 d17.12 d 14.56 

I 1-80 18-34 21-77 16.00 18.68 11-66 

h 13'67 h 11.00 h 4.00 h I 1-66 h 6-00 h 1 5 - 0 0  

h 15-66 h 10.00 h 4.00 h 14-33 h 5'33 h 15.34 
?& I3.33 h 12-33 I, I5.33 

. h 15.00 

14'42 11.1 I 4'00 '3'77 5'66 15'17 

At XXXV (Ankai )  

March 1846 ; observed by Lieuternant E. Rivers with Dollond's 16-inch Theodolite. 

Angle 
between 

XXXVIII& 
XXXIX 

XXXIX & 
XXXVII 

XXXVII & 
XXXlV 

Circle readings, telescope being set on XXXVIII 

1580 15' 338" 15' 1780 14' 358" 14' 198" 14' 180 14' 

,I I n 11 I n 

h 35-00 
h37.33 

h 41.00 h 41-33 h 46.00 h 38.33 h 47'33 
d 46.07 h 38.33 h 5 1.67 h 40.00 h 40 66 
d 44'07 d 51.34 d 44.22 

36.17 43'7I 39'83 49-67 3 9 . 1 ~  44-07 

71 47-00 78 43-00 h 41-33 h 36.00 h 46.67 h 41mo 
h 46'33 h 39.66 43'33 d 38.83 h 47'00 h 42.67 

h 43'66 d38.16 h41.67 
A 49'33 '3 34'83 d 42.00 

d 43'67 

46.67 43.91 42-33 36-95 46.84 42.20 

d 4.00 h 5.00 h 8.67 h 6.00 h 4.66 h 4-00 
d 3'34 d 7'44 h 8-34 A 7'67 h 6.67 h 0.00 

d 6-11  d 7 -11  h 5'67 h 2-00 

d 4'44 d 3'89 
d 7 - 1 1  d 4-84 
d 6.53 

3'67 6-11 8.50 6.93 5'67 3-95 

M = Mean of Groups 
w - Relative Weight 
C - Concluded Angle 

itf = 42"'10 

W = 0 '24 
I - - 
W - 4 ' 1 7  

C = 33'44'42'''IO 

M = 43". 15 

w = 0 '42 

- =  I 2 . 3 8  
w 
C = 4' 25' 43"'~s  

M =  5"-64 

w = I -26 
I - - 
W - 0 ' 7 9  
C = 2g044' 5"-62 



PRINCIPAL !CRIAN(3ULA!L'ION. OBSERVED ANGLES. 
83-x. 

At XXXV (Ankai)-( Con tinzled) . 

Angle 
between 

XXXIV & 
XXXTI 

Circle readings, telescope being set on XXXVIII 

158" 16' 338" 15' 1780 14' 358" 14' 1980 14' 18" 14' 

I 01 I I, 01 I 

A 14-33 h 11.00 h 6.67 h 10.66 h 9-66 R 1o.00 
h 15-67 h 8.00 h 5-66 7, 9'67 h 9.00 h 9-00 

h 7'67 h 3'33 d 12-34 
d 8.16 

I 5'00 8.89 6'1 7 7'95 9'33 10.45 

M-MeanofCtroua 
u, Relative ~ e i g g t  
C = Concluded Angle 

M =  9"-63 

w = o -60 
I - - - I - 6 7  
w 
C = ~ 3 ~ 5 1 '  gY*63 

At XXXVI (Gambirgarh) 

*Janua y 1M3 ; and tNmember  1844 ; observed by _Lieutenant E. Rivers with Doltond'e 15-inch Theodolite. 

Angle 
between 

t 
XXXIII & 

XXXr 

t 
XXXI & 
XXXI v 

t 
XXXIV & 
XXXIX 

t 

XXXIX&XL 

Circle readings, telescope beipg set on XXXIII 

WO' 60" V 2W0' 80" 0' 280°C)' l W  1' 

01 I n' n 01 a 

h 15.67 h 11.00 h 12-67 h 5'33 h 12-67 
h 16.00 h 12.67 ::a; h 10.00 h 6.00 h 14'00 
h 16-33 h 12-oo h 10'33 

d 12-17 

I 6-00 1 1  89 5'51 I 1-29 5'67 13-33 

d 45-44 d 50'77 d 57'99 7i 60'33 d 54-78 d 56'67 
d 45.1 I d51.78 d 57.66 h 58.00 d 53'45 

d 60.34 
d 56-33 

d 44'78 d 51'94 

45'1 I 5''5O 57'83 5 9 ' ~ ~  54'1 I ~ ~ ' 5 0  

d 50'89 7' 47'67 h 53.00 43'67 h 44-66 h 50.66 
d 52-56 h 47'33 h.54'34 h 43'33 h 50.67 h 49-67 
d 49-89 h 49'33 

51-11 47'50 53'67 43'50 48.22 50'1 I 

Circle readings, telescope being set on XXXlII 

859O59' 179'59' 1000' 190'0' 2002' 2Oo02' 80°(Y 210"l' W V  2U)"O' MP0' 230'1' 

I n n n 

d35.79 d35.33 d30.34 d46.00 h31'34 h 4 1 ' m  h33:66 h 37'67 h 33'34 d34'83 h 36'66 h 35'34 
d34.45 d36.66 d31.00 d43.34 h30.34 1141.34 h30.33 h38.33 d30.56 d33.49 d36.16 h33.66 

d 36.66 d 36.65 

35.13 36.22 30'67 44-67 30.84 41.17 32'00 37'55 31.95 34.16 36-41 34-50 

M - Mean of Grou 
so = Xslstive miggde 
C - Concluded Angle 

M =  1oU.62 

w = o ~ 3 6  
I - - - a 0 7 8  w 
C = 39' 15' 1ou.62 

M =  5 4 u 0 1 ~  

w = o -24 
I 
- = 4 -17 
w 
C = 55°42'54N'10 

M = 4gf"02 

w = o * 4 8  
I 
- = a - 0 8  
w 
C = 41O46'4gW'o2 

35"'44 

= .,% 
I - - 
w - "39 
C = 6 1 ~ 3 9 ' 3 5 ~ ~ 4 4  



SING1 MERIDIONAL SERIES. 34-x. 

I At XXXVII (Sinnar) 

February 1845 ; observed by Lieutenant H. Rivers with Dollond's 15-inch Theodolite. 

I I 
Angle 

between 
Circle readings, telescope being set on XXXIV df - Mean of  aron 

w - ReIativo 
2400 1' WO' 260" 0' 100"O' 280" 1' C - Concluded Angle 

w w v w w w M = 47"- 8 9  
XXXIV & 7' 47'67 h45 '33  h 52'67 h 47.66 8 51-33 h 42-33 
XXXV h 49'33 h 47'33 h 52.00 h 46.00 h 48.67 h 44'33 w - = o -60  

h 38-00 XXXVIII & d38.36 
h 49'33 h 34'34 h 45'33 h 43.67 Il 42-33 M = 4 3 " - 3 5  

XXXIX h 50'66 h 36.34 d 48.66 d 44.67 d 45'83 
d 50'99 w = o - 1 8  

I - - 
W - 5 - 5 6  

38. I 8 50'00 35'34 48.33 44-17 44-08 C = 7 1 O 3 8 ' 4 3 * - 3 ~  

XXXIX (0 h 63.00 i 58.66 63'33 h 57'34 h 59'33 1 64'34 M = 60". 84 
h 57.00 d 61.33 d 63.00 57'33 h 65'33 l w =  0 . 7 3  

I At XXXVIII (Helvargaon) I 
January and Febt*uary 1845 ; observed by Zieutenant H. Rivers with DoZlond'e 15-inch Theodolite. 

I I 
Angle 

between 

XXVI & XXX 

I I 

N~~&--CIktionr XXVI end XXX appertain to the Bombay Longitudinal Beries. 

Circle readings, telescope being set on XXVI 
182" 22' 20 23' 202" 22' 22" 23' 222" 22' 42" 23' 

XXX k 
XXXlX 

M -. Mesn of Group 
w = Relative Weight 
C = Concluded Angle 

n 8, n v v v 

d 39'72 h 36.00 h 43'00 h 37-00 h 40‘00 h 34'00 
40'38 d34.22 h 43'00 h 42'00 h 40'00 . h 33'O0 

h 41'33 h 4 0 3 4  d34 '33  
d41 .11  

40'05 35'11 43.00 40.36 40'1 I 33'78 

M = 3aw' 74 

w = o - 4 8  
I - = 2 -08  
W 
C = 66' 44' 38"' 74 

d33'95 h 39.00 h 32'67 h 38.00 h 26.00 h 38.00 
d 32.28 d 39'44 h 33.34 h 36.66 h 36.67 
d32.61 d 40.78 

h 39'34 
h 39'00 h 36-00 d 39'50 
d 38.89 h31.33 

32'95 39'74 33-01 38.14 35'00 38.95 

M = 36".30 

w = o -60 
I 
- = I -67 
w 
C = 5 8 ° 3 8 ' 3 6 " m 3 0  



PRINCIPAL !CRIANQULATION. OBSERVED ANGLES. 
9 

No~~.--Btstiona F V I  and XXX appertain to the Bombay Longitudinal Seriw. 

At XXXVIII (Hewargaon)-(Continued). 

M - Mean of Grou 
w - Relative 
C - Concluded Angle 

M =  66"-19 

w = o -36 
- I - - 2 -78  w 
C = 48'39' 6"*19 

M =  13"-80 

W = 0 '41 
I - - - 2 '44 w 
C = 43' 35' J 3''. 85 

Angle 
between 

XXXIX & 
XBXVII 

- 

XXXVII & 
X X X V  

Circle readings, telescope being set on XXVI 

182" !22' 9 28' 2020 22' 22" 23' 222' 22' 42" 23' 

I r) ,I I r) n 

d65.89 d 71'00 h 67.00 d 62.00 d71.33 h 64'33 
d 67.56 d 69.66 d 66.83 d 59'66 d71.33 d62.27 
d67.23 d 66.50 d 61.66 d 68.66 d61.27 

d 65.82 d 60.93 
d 63'60 
d 59.61 
d 60.88 

66.89 70'33 66.54 61.11 70.44 61.84 

78 14'33 h 6.00 h I 1-67 h I Q W O  h 11.00 h 19.66 
h 17.33 h 8.66 h 12-00 h 15'34 h 11.m h 2 0 ~ 0 0  

h 17.66 h 12.33 h 13.34 h 13-67 h 19.33 
h 9.00 h 22'33 

7' 17'34 

16-44 9 'oo  11.84 13'89 I 1.89 19.73 

At XXXIX (Kalsubai) 

Decenrber 1842 ; observed hy Lieutenant H. Rivers with Dollond'8 15-inch Theodolite. 

Angle 
between 

XXX & 
X L  

XL & 
S X X V I  

i 

Circle readinga, telescope being set on XXX 

83" 69' 2M0 0' 103" 67' 283" 58' 1230 67' 803" 67' 

I 1 r) 4 r) I 

h41 .67  h 36.66 h 40.67 h 36.34 h 39.00 h 45.00 
7'37.33 h 38.33 h 43'33 h 35'00 h 38.34 7i 40'34 

h 37'66 d41.49 h 35'00 d 36.2a d 4 1 . 1 2  
a 3 9 3 9  

39'50 38.1 4 41 83 35'45 3 7'8 5 42-15 

\ 

h 30'66 7' 36.33 33'67 7'36.33 h 37'00 h 31-66 
h 37'33 h 36.67 h 30.67 36.34 h 39'33 h 35'66 
d 33'72 h 40.34 d31.66 h37'33 h 34.67 h 33-34 

d 40.1 2 d 29.88 d34'55 d 32.00 

38.37 36.67 33'90 3 1-47 36'39 33'16 

iK - Mean of Umu 
w - Relative 
C Concluded Angle 

M =  39"-15 

w = o -83 
I - - - 1 - 2 0  
w 
C = 69' 3' 39''. 15 

M = 34"'99 

w = o -78  
I - - - I .28 w 
C = 52' 58' 34'"99 



SING1 MERIDIONAL SERIES. 

At X X X I X  (Ka1subai)-( Cmthued) .  

*December 1844 ; and +February 1846 ; observed by Lieutenant H. Rivers with DollonGs 16-inch 

Angle 
between 

XXXVI & 
XXXIV 

- 

XXXIV & 
XXXV 

t 
XXXIV & 
XXXVII 

t 
XXXVII & 
XXXV 

t 
- XXXV& 
XXXVIlI 

, 

Theodolite. 

Circle readings, telescope being set on XSXVI 

WO' WO' 220° 0' UO' W W  60°C)' 

I I 4 01 I I 

50'33 h 43'00 54'34 h 44'66 h 54'00 h 51-34 
78 50'34 h 44'67 h 53'33 A44.33 h 51.00 h 49'00 
h 49.67 h 46.00 h 52'33 h 44.00 h 4 9 . m  h 48.33 

d 53'66 d43 .11  d 50.50 d 48.99 

50.1 I 44.56 53'4a 44.02 51'13 49-41 

h 35'33 h 41'33 h 31-33 h 43'34 A 37-00 h 41.33 
d35.56 h 37'33 h 33'34 A 40.67 h 36-00 h 46.00 

37'33 d 32'67 h 44'67 d 35'67 h 46.67 
d41.67 d44.10 

35'45 38.66 32'45 42.59 36.22 44'52 

Circle readings, telescope being set on XXXIV 

256" 67' 76" 68' 960 66' 2760 66' 2960 67' 116"68' 

01 a I 01 # I 

h 30'33 h 26-00 h 31.66 h 21-66 h 26.00 
h 26.33 h 30.00 h 30'66 h 22.67 h 26'33 h 32.00 

36'33 

h 28.33 h 28.00 h 29.00 h 21 .00  h 33'00 
h.29.33 h 25.00 
h 26.33 d 23'44 

d 29'32 

28.13 26.96 30'44 2 1'78 26.17 33'78 

h I 1.67 h 12 .00  h I 4'00 h 10.34 h 10.33 h 10 .~0  

h 8,33 h 14'00 h 11.67 d I 1-89 h 12.00 A I3.33 
h 8-00 I I I  67 h IOXIO 

d 8.75 
d 12'33 
d 14.58 

9'33 12'2a I 1.89 11-12  I 1.16 I 1.67 

h 64-00 h 63'67 h 60.34 d66.16 h 65'00 h 57'33 
d63.67 h 67-66 h 62.67 d67.49 h 63'67 59'33 
d 63'34 d 65'44 

d 68.42 

63-67 66.30 61.51 66.82 64-34 58.33 

df - Mean of rtmu 
w - EBlative ~ s i $  
C = Concluded Angle 

M = 48"- 78 

w = o -4% 
- I - - 2 -38 
w 
C = 56O56'48". 78 

M = 38"'32 

w = o -30 
I - - 
w - 3 '33 
C = 46O57'38"'32 

J.f= 27".88 

w = o -36 
- I - - 2 -78 
w 
C = 41~16'27"'88 

M =  1xW.23 

W = !z '97 
I - - , - 0 '34 
C = 5°41'11u'27 

M =  63n-50 

W = 0 '55 
I - =  1 - 8 2  
w 
C = 54O 1' 3#'55 I 



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 

Non--8tationn XXVI and XXX appertain to the Bombay Longitudinal Series. 

At XXXIX (Ka1subai)-( Continued). 

Angle 
between 

I) 

XXXV & 
XXVI 

I) 

XXVI 6 XXX 

Circle readings, telescope being set on XXXVI 

W0' zo"0' 220° 0' 40" 0' 240" 0' 60" 0' 

n n n II n n 

7, 57.00 d 53.1 I h 54'34 d 46.08 h 44'00 h 46.67 
d 55'67 d 55'44 d 54.66 d 48'75 78 47'00 h42.34 

d 54'1 I d 53'13 d 46'41 7, 50'33 h41-oo 
d42.77 

56'34 54-22 5 4-04 47'08 47.1 I 43-19 

d 24-10 h 25'67 d 32-42 h 28.00 d 28.87 hz6.33 
d 23'77 h 30.67 d ~ 9 . 4 ~  . h32.34 d 24.87 h28.33 
d 24'77 h 28.33 d 29.09 d 27'87 d26.76 

2 4.2 I 28.22 30'3 I 30.17 27.20 27'14 

iK- Mean of Gron r 
to - Eulative ~ e i u t t  
C - Concluded Angle 

M = 50"-33 

w = 0 '23 
- I - 
W - 4 '35 
C = 80° 4' joM.07  

M = 27"*88 

w = I '01 
I - - 
w - 0 ' 9 9  
C = 53' 58' 27"- 86 

At XL (Ktimandrug) 

January 1543 ; observed by ;Cieutenant H. Rivers with Dollond'8 16-inch Theodolite. 

Angle 
between 

xXxVI & 
XXXTX 

nXTX & 
XXX 

Circle readings, telescope being set on XXXVI 

60'2' 280' 1' 60" 0' 24Qo 0' 70°0' 249' 69' 8O00' 259'69' 89" 69' 269O5V 100'0' 279'59' 

I w n 9. n n (t II n n I n 

h 58.00 h 69 34 h 63'66 72 63-67 165.34 h 63.33 h 70.00 h 64.34 h 64.66 h 55-00 h 66'67 h 58-00 
h 56'34 h 68'67 h 60.33 6 64'67 h 63'00 h62.67 h 69.66 h 62.67 h 67.66 h 58'00 h 64'33 h 62 00 
1 53'33 h 65'34 h 62.67 

55.89 69.01 61.99 64-17 64-5b 63.00 69.83 63-51 66.16 56.50 65-50 60.89 

168.67 d 59.32 d 66 33 d 63.99 h 64.66 h 65 67 d51.00 d 63.44 d 64.00 i73.33 d 60.83 d67.44 
d64.45 d58.33 d67.67 d62.99 h61.67 h 63.00 d54  34 d 6 5 - I I  d6x.00 h63-oo d63-17  d67.78 
d 67.78 h 60.66 5 6 7 . 1 1  

66.97- 58.83 67-00 63'49 62.33 64.33 54.17 6 4 2 8  62.50 68-16 62'00 67'44 

iK - Mean of Ctrou 
w - Relative W'eigL 

" Concludedangle 

M = 63"'42 

= .60 
I - =  1 - 6 7  
a0 

C = 65'22' 3a'42 

= 63'''46 

= O '72 
I - =  1 ' 3 9  
w 
c = 50'12' 3#-46 

At XXVI (Ptirner) 

January 1845 ; observed by Lieutenant H. Riuers with Dol1ond:s 15-inch Theodolite. 
' 

iK - Mean of Chon 
w - Relative ~ e i $  
C - Concluded Angle 

M =  65H.40 

w = o -30 
1 - - 
w - 3 '33 
C = 47'54' ,ijW'40 

- 

Angle 
between 

XXX & 
XXXIX 

Circle readings, telescope being set on XXX 

00 1' 180" 0' 200 1' 200" Of 40' 1' 820" 0' 

n w n # n n 

161.34 h 68.66 h 60.34 h 62-67 h 67.66 h 73.66 
h 63-00 h 04-33 h61.67 h 62-33 71 65.67 h 73'00 
h 59'67 h 67'66 h 62.33 h 64.00 
d 62.22 h 69.67 d62.78 h 67.00 

h65-33 

61-56 67'13 61-78 62.50 66.08 73'33 



3%. SING1 MERIDIONKG SERIES. 

NOT%-Stations XXVI and XXX appertain to the Bombay Longitudinal Serics. 

Jtcly 1879. 

At XXVI (P6rner)-(Continwd). 

J. B. N. HENNESSEY, 

ZR chrge of Uomputing Oflce. 

Angle 
between 

XXSIX & 
xxcvIII 

Circle readings, teleecope being set on XXX 

o" 11 180" 0' 200 1' 2000 0' 400 1' 2e0° (Y 

n 8 r l  I 8 II 

h 13'66 h 9.00 l, 6'33 h 18.00 h I 2.67 h 10.00 
h 10.67 h 14.67 h 8-33 h I 8.00 h 12.33 h 12-33 
h 11.00 h 11.34 h 10.00 h 8.67 
d I 2.66 h I 1.67 d 9'55 h 7.00 

12.00 11'67 8'55 18.00 10.17 I 1-17 

111 - Mean of Gtron 
r. - Rolati~e 
C - Concluded Angle 

M =  11f"93 

w = 0 '52 
I - - - I -92 
w 
C = 28' 33' x 1"-83 

At XXX (Singi) 

tDecember 

Angle 
between 

t 
XL &XXXIX 

$ 
XXXIX & 
XXXVIII 

$ 
XXXVIII & 
XXVI 

1842 ; and $Octo?ier 1845 ; observed by Lieutenant H. Rivers with Dollond'a 16-inch Theodolite. 

Circle readings, telescope being set on XL 

2" 3' 182" 4' 22" 3' 202" 4' 42" 3' 222" 4' 

I I n n I n 

h 26'00 h 28.00 I35.33 h 26.66 136.34 h 32.00 
h 27'67 h 27'33 A 34'00 h 27 67 h 36.00 h zg.00 
129.00 h 25'66 d 30.67 h 30'67 h 36.00 128.33 

d31.33 d z a . w  h 27.00 
d 20.33 

27'56 27'00 32'83 25'07 36.1 I 29.08 

Circle readings, telescope being set on XXXIX 

40" 1' 220° 1' 60" 0' 239" 69' '7S0 6Y 259" 6Y 

H n n I ,I I 

h 24.67 h 22.34 7i 21.666 h 25'67 h 19'34 h I 9.00 
h 23.00 h 23'34 h 23'33 A 26.00 h zz.00 18.34 
h z1.00 I 2 3 ~ 0 0  d 27'00 

d I 8.66 
d 20.66 

22.89 22.84 21-46 26.22 20.67 18.67 

h 16-00 7i zz.00 A 21.33 h r q'oo h 25.00 h 22.34 
h 19.34 d 19.83 A 24 00 h 16 00 h 24.00 h 21.66 
h z o  67 d I 8.67 d 16.16 

d20 67 

18.67 20.92 21.17 15'39 24'50 22-00 

M = Mean of Groupe 
w = Relati~e Weight 
C = Concluded Angle 

M = 2gf'.61 

w = o -31  
I - - 
W - 3 '23 
C = 60'44' 2gff.46 

M =  22"-13 

w = o -85 
I - -=  1 - 1 8  
w 
C = 41'1g'22"'12 

M = 20"'44 

W = 0 '57 
I - = 
W 1 '75 
C = 36'48'20".33 



S I N Q I  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANQULATION. SUMS OF SQUUES OF APPARENT ERRORS. 

Sum8 of Square8 of Apparent Error8 of Single Obeematiom, and of Apparent Errors of Xingte Zeros. 

N~~~.-Btatwna XXlS nnd XXxrr appertain to the Kwbhi Longitudinal Series of the ~ o r t h - w e s t  QuaddattuaL 

Btation of 
Observation 

XXIX 
XXXII 

,¶ 

. I 

9s 

9s 

I1 

* )  

9s 

I11 

9 ,  

n 

ss 

I V  

n 

V 
ts 

9s 

- 

Observed Angle 

I & SXXII 

X X I X  & I 

I & I1 
I11 & I1 
I1 & XXXII 
XXXII 8t XXIX 
XXXII & I 
I & I11 
I11 & IV 

VI & V 
V & I V  
IV & I1 
I1 & I 
I1 & 111 

I11 & V 
IV & I11 
I11 & VI 

VI & VII 

Number of 
Observa- 

tione 

2 4 

24 

a 4 

24 

2 4 

a 4 

24 

a 4 

2 4 

14 

24 

a 4 

a 4 

2 4 

24 

2 4 

2 4 

2 4 

Sum of Sqnares d 
E m m  of single 

Observations 

I -63 

1-91 

3-33 
7.81 

5 '69 

5.58 

3'55 

5-63 

4-63 

3'36 

5-13 

4-32 

3'54 

3'63 
2'78 

6-88 

3-86 

8'37 

Number of 
Zero# 

I a 

I a 

I a 

I a 

12 

I a 

I a 

I a 

12 

I 2  

I2 

12 

I a 

I a 

I I 

1 2  

I a 

1 2  

Sum of Bquarea of 
Errom of single 

Zeros 

78.80 

8a-86 

86'77 
189.23 

88.18 

84.84 

84-41 

53 '01 

115'44 

63-83 

45'97 
7 1  -81 

49-51 
62-11 

182.77 

143'45 
128'63 

121.42 

R B H A B ~ ~  

\ 

J 

Troughton and Simms' 18-inch 
Theodolite No. 2. 



Station of 
Observation 

V 
VI 

II 

VII 

IS 

IS 

VIII 

IS 

IS 

IX 

SI 

IS 

X 

1s 

#I 

XI 

IS 

19 

XI1 

II 

IS 

S9 

XI11 

II 

IS 

8~ 

XIV 

SP 

SI 

IS 

9) 

II 

XV 
I) 

XVI 

ss 

XVII 

II 

IS 

SS 

XVIII 

Obamed Angle 

VII & VIII 
VII & V 
V & 111 
IX & VIII 
VIII & V 
V & VI 
V & VII 
VII & IX 
IX&X 
XI&X 
X & VIII 
VIII & VII 
VIII & IX 
IX&XI 
XI XI1 
xIII & XII 
XI1 & X 
x&Ix 
X&XI 
XI & XI11 
XI11 & XIV 
XIV & XV 
XVII & XVIII 
XVIII & XIV 
XIV & XI1 
XI1 & XI 
XI11 & XVJII 
XVII & XVIII 
XVIII & XVI 
XVI & XV 
X V  & XI1 
XI1 & R. M. 
XI1 & XIV 
XIV & XVI 
X V  & XIV 
XIV & XVIII 
XIS & XX 
XX & XVIII 
XVlII & XIV 
XIV 8t xrn 
XVI & XIV 

Number of 
Obsrm- 

tiom 

2 4 

2 4 

2 4 

24 

a 4 

2 4 

2 4 

24 

a 4 

24 

24 

24 

2 4 

2 4 

24 

2 4 

3 4 

24 

2 4 

2 4 

24 

2 4 

2 4 

a 4 

24 

24 

24 

24 

2 4 

24 

24 

24 

2 4 

3 4 

34 

24 

2 4 

24 

a 4 

2 4 

2 6 

Bum of Eqnaws of 
Errors of single 

Obeervatiom 

5.08 

2-59 

2.63 

7.06 

5'72 

6-50 

1-56 

3'52 

4'94 

4'24 

1.90 

5'99 
8-70 

4-41 

3'77 

7'44 

6.92 

3-08 

2-89 

3-59 
1'52 

I .go 

4-21 

5-04 

3'15 
2.25 

5'95 

5'40 

3'91 

4'84 

5'29 

3-26 

6.84 

5-22 

5 '03 

5-71 

5'33 
6-62 

7-25 

4-54 

10.13 

B ~ ~ n r e  N,,,,,ber of 
firor 

' 12 

I 2 

Ia 

12 

I a 

12 

I a 

12 

1 a 

I a 

I a 

12 

1 a 

I2 

I2 

12 

r a 

I2 

1 a 

12 

I2 

I2 

I2 

12 

12 

12 

I a 

r a 

I a 

12 

I a 

I a 

1 2 

I a 

I2 

12 

I a 

Ia 

I a 

12 

I a 

> 

J 

8nm of Squam of 
Errors of ringlo 

Zero8 

140'6a 

117.44 

124.43 

63-29 

67'87 

85'11 

37'58 
140-20 

68.17 

102.32 

129'07 

86.24 

97'79 

'09'95 

151.33 

83-05 

116.41 

70'84 

125.66 

165'44 

42'11 

173'36 
220'44 

205.52 

145'14 

95 '79 

137'91 

180.29 

157'78 
105-01 

80.60 

78.16 

127.85 

83-58 

57-60 
IOI -87 

85'33 

96-98 
61-28 

"9.53 

113.54 

Troughton and.Simme' 18-inch 
Theodolite No. 2. 



PRINCIPAL TRIANGULATION. 8UMB 03' 8QUAEES"OP APPARENT ERROBS. .A].-H; 
-- - -- 

Of "4- Of Errom o ring10 
Zeroa 

142.64 

130.69 

96'77 

54'23 
16?.28 

63'68 

83-76 

67-70 
126'20 

164'10 

196.89 

76-21 

161 '87 

63-51 
108.42 

131'20 

55-31 
80.18 

IIf'77 
171'92 

133.71 

155'05 
186.30 

59-83 

133.09 

74'83 

27'77 

79'95 
121'31 

60.26 

118.08 

181 -21 

154'95 
236'89 

70'39 

75-92 
2x1'37 

2x6-41 

234.18 

105.34 

73-52 - 

Number of 
O b m -  

tiona 

2 4 

24 

2 4 

24 

34 

2 4 

2 4 

2 4 

2 4 

24 

2 4 

2 4 

2 4 

24 

24 

a 4 

24 

2 4 

14 

2 4 

24 

24 

24 

2 4 

25 

25 

34 

24 

2 4 

24 

24 

2 4 

14 

2 4 

2 4 

2 4 
1 6 

2 4 

24 
26 

25 

Station of 
Obeerwtion 

XVIII 

## 

I) 

8) 

XIX 

$1 

## 

98 

XX 

##  

1s 

I# 

XXI 

s9 

## 

=I 

19 

$9 

XXIlI 

ss 

98 

#S 

XXIV 

## 

N 

ss 

XXV 

## 

n 

81 

XXVI 

$3 

#I 

a) 

XXVII 

13 

XXVIII 

#J 

)a 

XXIX 

38 

Sum of Sqnsrea of 
Errom of ~ g l e  

Obserpatio~ 

6-71 

9-04 
5-12 

2'87 

3'50 

3'49 

6'34 
4.82 

3-66 

a '45 
1-60 

2-17 

6-67 

5 '63 

4.80 

3-45 
8-19 

3-15 
2. j8 

1-87 

I '48 

3'56 

2'77 

5'15 
6-92 

6-16 

2'38 

1'34 

4-31 

1-74 
1-14 

1-97 

5'30 
6.32 

3'95 
4-10 

7'59 
0.86 

0.38 

84'96 
146.16 

Observed Angle 

XIV & XVII 
XVII & XIX 
XIX&XX 
XIV & XI11 
XXII & XXI 
XXI&XX 
XX & XVIII 
XVIII & XVII 
XVIII & XVII 
XVII & XIX 
XIX & XXI 
XXI & XXIII 
XXII & XXIII 
XXIII & XX 
XX&XIX 

XXIv & XXIII 
XXIII & XXI 
XXI & XIX 
XX & XXI 
XXI & XXII 
XXII & XXIV 
XXIV & XXV 
XXVI & XXVII 
XXVI & XXV 
XXV & XXIII 
XXIII & XXII 
XXIII & XXIV 
XXIV & XXVI 
XXVX & XXVII 
XXVI & XXVIII 
XXIX & XXVIII 
XXVIII & XXV 
XXVII & xxv 
XSV & XXIV 
XXV & XXIV 
XXIV & XXVI 
XXV & XXVI 
XXVI & XXIX 
XXIS & XXX 

XXXII & XXXT 
XXXI & XXX 

Number of 

12 

I 2 

I2 

12 

12 

12 

I a 

I a 

12 

I a 

11 

12 

I a 

Ia . 
12 

I2 

12 

12 

12 

I2 

I2 

I2 

12 

I a 

I 1  

I 2  

I2 

12 

I t 

12 

12 

I a 

I2 

12 

I2 

I 2 

I 2 

I 2 

12 

6 

6 

Bmasxs 

3 

A 

Troughton and Sima' 18-inch 
Theodolite No. 2. 

Dollond'e 16-inch Theodolite. 
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Z W  = : : . . : :  
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PRINCIPBL TBIANCIULATION. SUM3 OF SQUARE8 OP APPARENT EERO'I1S. 
MOIL 

NorniStstions XXVI and XXX appertain to the Bombay Longitudinal Series. 

Station of 
Ohenation 

XXXTX 

19 

n 

19 

n - 
)I 

99 

99 

XL 

n 

XXVl 

BS 

XXX 

99 

99 

Obeer~ed Angle 

XL & XXXVI 
XXXVI & XXXIV 
Xxxrv & XXXV 
XXXIV & XXXVII 
XXXVII & XXXV 
XXXV & &VIII 
XXXV & SXVI 

XXVI & XXX 

XXXVI & XXXTX 
XKXnr&XXX 
XXX & XXXIX 

XXXIX & XXXVIII 
XL & XXXTX 
XXXTX & XXXVIII 
XXXVIII & XXVI 

Number of 
Observe 

tions 

2 a 

a a 

I9 
a a 

18 

I5 

18 

I7 

27 

27 
a I 

20 

a 2 

17 
I 6 

Sum of Bqnares of 
Errom of thgle 

Observations 

70.24 
26-69 

40'34 
61-20 

45-61 
ao-72 

47-02 
40'06 

47-30 
86-31 

37'79 

56-23 
124'28 

26'36 

3a.11 

Number of 

6 

6 

6 

6 

6 

6 

6 

6 

I a 

~a 

6 

6 

6 

6 

6 

Sum of S q u m  of 
Errom of singlu 

%roe 

33-13 

69-69 
103'90 

82-40 

5'a3 

50'29 
136.92 

2 5 74 
199'26 

176.28 

102'59 

52-01 

84-51 

32-36 

48-30 

B ~ x #  

\ 

, 

2 

+ Dollond'a 15-inch Theodolite. 

J 



From the p d i n g  data of the eume of the squaree of the apparent errors, in the measurement of each angle, we ma ascertain the 
8.m.s. (error of mean square) oJ observation of a single measure of an angle, and the ems. of graduation ond observation of t g e mean of the 
meaauree on a single zero, for each group of angles measured with the aame instrument, by the same observer, and under eimilar circum- 
atancee. 

The instruments employed were ae follows :- 

let.-Troughton and Simme' 18-inch Theodolite No. 2, having 3 microscope~ ; observations were taken on 6 pairs of z e r o ~  (face Z@ 
and face right), givin circle readi~lgs a t  10' npsrt, 

2nd.-A theofolite by Dollood, having an azimutllal circle 16 inches in diameter, furnished with 8 microscopee ; obaervationa were 
taken on 6 or 8 paire of zeros, giving circle readings at 10' or 20' apart. 

Sum of squares of apparent errors of observations. 
The e.9n.s. of o k m a t h  of a single measure of an angle = 

No. of observations-No, of angleex No. of changes of sera 

The a.9n.s. qf g ~ a d u a h  and observation of the mean of the Sum of squares of apparent error8 of zero. 
measures on a single zero ]=d- No. of angles x (No. of changes of zero - 1). 

I 

J. B. N. HENNESSEY, 

I n  charge of &mputing Oflea. 

- 

Group Instrument and 
Oherver 

8 a %  
Number of 

8 4 .  -z- - 

rn 

Trou hton and Simms' 18-inch 
~heo$olite No. 2 ;  Lieutenant 
0. T. Haig, R.E. 

Dollond'~ 16-inch Theodolite ; 
Lieutenant H. Bi~em.  ] 

III 

I 

8. m. r. of observation of 
a single rnwure 

Hilb, 

, 

, Ditto. 

a, m. r. of graduation and 
oherrstion of a aingle zero 

445.23 iW2-1212] - Or&4 

153.28 
] * - * l . B B B {  

~ ~ ~ ~ ~ : L ] * - + 1 . 7 8 5  

11317.75 f iE2-lol ] - * 8:192 

570.10 
86-8 ]*-f&166 

{ - E G - ] ~ - + ~ . B ~  

o I 

10 0 

10 0 

20 0 

2.01 

2.22 

4.80 

101 

8 

62 

2432 

80 

875 

late  

86 

1112 



SING1 MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. REDUCTION OF FIGURES. 



SING1 XERIDIONAL SERIES. 

Figure No. 10. 

In the tables of the equationo between the factom the co-eflcienta of the terms below the diagonal an, omitted for aonrenienoe, the heoosBoient of the p U  
term in the 9th line being d w a p  the w e  w tho oo-ef8cient of the 9th term in the pth line. 

a 

Observed Angles 

r( 

No. Value 

. I  u 

1 33 23 1 - 7 7  1 ' 1 1  

a 59 3 4-03 0.32 

3 47 b 1  59-93 o.6a 

4 1- 43 59'54 1-33 

5 31 14 1-64 0'98 

6 53 ta 49-53 0'80 

7 64 a9 33'73 0.64 

8 6a 7 40'86 0'45 

9 76 I 13-37 1-20 

10 39 14 14'59 0'78 

11 64 44 31.67 0.88 

a 46 13 54.90 0.42 

13 44 xo ~ 5 . 6 0  1038 

14 50 59 36.85 1-43 

IS 38 36 1-35 1.57 

16 39 16 1-75 1-68 

17 50 58 14-66 0.91 

18 43 15 45'oa 0'48 

19 46 19 54'79 1.51 

Valuer of the Pactom 

hl - - 0.0560 

A, - + 0.9805 

A) - - 0'7869 

A, - + 0'0519 

A' - + 0'3065 

A, - - 0.7446 

hl ' + 0'2934 

A, - + 0.0054 

A, - - 0.0031 

Equstions to be natiatled Fsetor 

... ... ... xa + 4  + 1 6  ..I - 0 1 -  + 0 . ~ 3 ,  hi 

... ... 4 +4 + 4  ... -.. - 4 - + 2.08, h, 

... ... 4 + 110 + X l l  .a.  .., - % = - 1'96, A, 

... ... ... ... xu + xla + xu + 11s - e4 - - 0.85, & 

... ... x14 +Xu + x16 + x17 0-• ss*  I b y  I + 0'11, A, 

... ... ... Il¶ + Ill + x14 + Xu ... - e6 = - 1.62, 

' 11 -4 . +xu +4 +4 + XU +.Id ..a - 4 - + 0.16, + 
1 2 4  -32x1 +35X' ... ... - % - + 19'2, 

-10% + I O X , ~  -26xlO +17xl' - Z O X ,  

a1 xu -aax16 +5 x16 - 1 7  x , ~  + 23 x, ... + 11s ... - - - 3 

Equations between the Faotom 

Co-efficienta of 

A1 h A; 14 h, h, A1 x, A, 

+ 1.92 +0.6a + 39-50 

+xV89 +om80 - 1-45 

+ 1-86 + I . Z O  - 11.48 

+3'79 +1 .80  +xS38 - 8-40 + 21-37 

+6'59 + 4 ' w  +2'43 + 42-39 - 41.61 

+5'80 +3'81 + 33-99 - assfa 

+7*86 + 31.68 

+445oa6o -1108.g8 

+ 1505-5a 

No. of Value of 

/ / + 0.13 

+ 1-08 

- 1-96 

- 0.85 

+ 0.11 

- 1.62 

+ 0.26 

Angular e m m  in seconde 

1 1  - - '51 4 - + '47 xu - - -36 

9 - - -07 4 ' -  '59 116 - + '49 

x,-+ -15 xl0 - - .7a x11 - + '33 

4 - - '05 111 - - '65 XU - - '01 

I' - + -13 xu - - '36 11, - + -07 

x, - + 1'01 I n  - - '55 

% -  + '69 I 1 4  - - -35 

[wxs] - 5-01 

8 

9 

+ z g S a  

- 3'1 



PRINCIPAL TBIANGULILTION. REDUCTION OF FIGURES. 

figure No. 11. 

. 
Observed Angles 

3 -  
No. Value a-g 8 %  

#B 

O I U  

I 34 o 7.5%' 0-96 

2 56 43 46'93 0'74 

3 41 54 2'00 1-01 

4 47 22 5-01 0'75 

5 48 19 59-81 0.66 

6 42 23 53'74 0'52 

7 55 34 15-27 0.65 

8 33 41 51'94 1.25 

Values of the Factors 

X, = - 0.0879 

AS = - 0.1925 

X, = - 0.0084 

X4 = - 0.0095 

Equations to be satisfied Factor 

Xl +=9 +% +x, = t+ = - 0.08, X, 

X, +Xr +4 +4 = C+ = - 0.60, X, 

x, +% +X7 +=a = q , = -  0.78, X, 

-31 x1 - 3% -27 *a - e4 = -24-0, X, 
+z6+ + 3X7 +32Xa I - 

Equations between the Factors 

Co-efficients of 

X, X, x, x4 

+ 3-46 + 1-76 - 59'25 

+ 2'94 - 13'75 

* + 55'47 

+ 3302' 88 

L No. of Value of 
e 

Angular errors in seconds 

x1 = + '20 X6 = - ' I4 
x , = -  '05 % ' -  ' 23 

% = - -0% X, = - '09 
x4 = - '21 x , = -  '39 

[wxa] = o* 36 

I 

2 

3 

4 

- 0.08 

- 0.60 

- 0.78 

- 24.0 



SING1 klERIDIONBL SEEIEB. 

E p r e  No. 12. 

Observed Angles 

3 
No. Value a %  

.3-s 
E B  F4 

0 1 t/ 

I 78 22 57-85 0.83 

2 60 53 11-19 0-49 

3 40 43 51'38 1-50 

4 88 48 22'17 0-49 

5 55 6 37-11 0.58 

6 36 5 2.82 omgo 

7 84 4 54'63 1'24 

8 33 1 25-59 1-31 

9 62 53 41-64 0'43 

10 32 55 16.64 0.61 

11 38 21 0.09 1-24 

Values oE the Factors 

h1 = -0'4505 

Xp = -0-2596 

X, = +om2706 

h4 = -0.1483 

X, = +O*OIg7 

- 

Equatiom to be satisfied Factor 

x1 +Xq +% - -q=-0.80, h, 

x, +X6 +% = e, = - 0.23, hp 

=7 +=a +x, =e,=-o*11, X, 

x1 +x4 +=7 -x10 -x11 - - e , =  - 1-07, h, 

24 X, -12% +zg+ -14x, 1 = e6 = +65'3a XK 
+IIX, -32% +26xI1 -3zx,, 

Equatiom between the Factore 

. 

No. of 
e 

I 

2 

3 

4 

5 

Angular errors in seconds 

q = -*50 = +*I5 

% = -'33 % = -*47 

xs = +*03 x, = +'%I 

x4 = -*zo xl, = --30 

x, = -031 xl, = +*89 

~6 = $028 

[wrg] = I* 84 

Value of 
e 

- 0.80 
- 0.23 
- 0.11 

- I '07 

+ 65.3 

Co-efficients of 

XI x, x, h4 x, 

+%-a2 +0°83 + 30'1o 

+1'97 +0'49 + 17.98 

+a-98 + I * z ~  - 37.19 
* +4'41 - 12.7% 

+4661*49 



PRINCIPAL !I!RIAh'BULATION. ElEDUC!CION OF FIGURES. 

w a r e  No. 13. 

Observed Angles 

3-  
NO. Value .3'8 e% 

P 

O ~ U  

I 89 8 16-01 0'54 

3 34 4 22 '77  0'93 

3 30 51 39'05 0.61 

4 25 55 44-31 1-88 

5 32 33 24'92 1-42 

6 90 39 14-34 1-81 

7 26 3256.89 1-18 

8 30 14 24-31 0.58 

Valuee of the Factors 

= - 0.0331 

x , = -  0 -  1329 

X , = -  0'3250 

h4 =: - 0.0039 

Equations to be satisfied Factor 

+x4 +X6 +x6 - e l = -  O.52, h - 
+Xs +x7 +Xs - e , = -  1-34, &2 - 

+$ +LI + Xe = q = -  1-53, Xs 
12X1 +3' xa -35x3 

- e4 = I - 
- 3.5'03 x4 

+13x4 - 20 x5 + 48 x, 

Equations between the Factors 

No. of 
e 

I 

2 

3 

4 

Angular errors in seconds 

X, = - '20 Xj  = - 'I2 

sg = - '41 XB = - '30 . 
x y =  + .06 % = -  '54 

x 4 =  - -16 xg = - -38 

[wxt] = 0.83 

Value of 
e 

- 0.52 

- ''34 

- "53 

- 35'0 

Co-efficients of 

X1 h &z X4 

+ ! iS72  +3'23 - 25.31 

-t 4'99 - 0.56 

* + 63.15 

+ 3940'78 



6 0-, . . SIPI'GI MERIDI ONAL SERIES. 

Figure No. 14. 

Observed Anglea 

d 

g 2  
No. ,Value % w 

r n ~  . P-4 
i s  

0  I I /  

I 7 6 4 0  3'54 53-78 
2 47 1443.17 2'78 
3 56 5 23-61 1-74 
4 62 45 58'70 3'33 
5 53 50 33-78 2 '  78 
6 6 3 2 3 3 5 . 0 0  2-38 
7 48 19 1-92 4-17 
8 92 25 50.88 0.72 
9 39 15 10.62 2.78 

10 60 2 50.00 3'33 
11 55 42 54'10 4 '  ' 7  
1 2  64 1424.60 8-33 
13 663.547'25 5-96 
14 48 56 0.41 2.38 

Equations to be satisfied Factor 

... ... ... ... ... x1 + x, + x3 - - el = + 2-55, XI 

... ... ... . . .  ... X 4 + xi + X, = e4 = + 1-81, X, 

... ... ... ... ... 9 + sa 3- =9 = eS = - 2.37, As ... ... ... ... XI 0 + %I + =I9 . . = e ,  = -  - 2 - 7 1 ,  X, 

. . .  ... ... . . .  ... XI$  + X1r + Xls  - e ,  = + 1-14, a, 

. . .  ... ... ... ... X ~ e  + X17 + Xla  = e, = - 6-82> a, 

... ... ... ... ... X19 + XN + %I = e 7  = + I - 4 9 ,  A, ... ... ... ... X29 + XJJ + x24 . . - - = e, - 
= e ,  = -  

1-72> Xg 
... . . .  ... ... ... X35 + X2a + 1-18, X, 
... ... ... ... ... XSa + xm + xxo - - elo = + 0.27, h0 

... ... ... '31 + x3s + Xsc + XSS . . = q, = - 1-13, xll 
... ... ... ... + Xs7 + Xse +  YO - 

'SE - el, = + 0.19, XI, 
... ... ... ... '34 + X35 + X ~ 7  + %a = qs = - 6-01, ... . . .  . . .  ... ... XIO + Xu + X+n = el, = - 0.44, XI, 
... ... ... ... xu + %I + X 4 ~  . . .  - - el, = - 2-18, h, 

... ... ... '46 +- x+7 + 1 4 8  + "49 . . = el, = + 2-57, X16 ... ... ... ... + '61 + Xi9 + XSS 
- 

Xa - e ~ 7  - - + 6-18, h17 
... . . .  ... ... X47 + X.re + Xsl + "3 = el8 = + 1-37, Xle ... ... . . .  ... ... xs9 - xs - xss - - elg = - 0.83, Xlg 

... ... x1 + "+ + x7 + XI0 + XIS + xi, = e, = + 1.323 X, 

... ... Xu + X l r  + XIP + $3 -t %G + xB = eSl = -t o'oj, 
... ... ... + X2, + XYI + '36 . . - ew = + 0.52, Xps - 

XI( 

X21 + XB + "3s + Xar + Xm + XU + XU + x~~ = % =  O*OO, & 
.672xs - '925% + '501 X6 - '731 Ss +1'224Xg + -042x8 ) .., ... - - e,, = - 7 -030, Xpl + -483xls - -682 x,, + -478x,, - '871 x,, + '468 x,, - 
-651 x5, --1-119x, +rS473+ + 1 " 4 7 3 ~ ~ ~  - ' 9 . 3 4 ~ ~ ~  + , 5 9 0 ~ ~ 0  

m 3 7 4 x 1 7 ~  . . .  - - egy = + 1'021,  Xp( - '731 x29 + '43.3 X1.3 - '478 + '682 Xl1  - 
.880x3, - . 5 8 4 ~ ,  - *,584xS4 +1'272x38 + 1 ' 2 7 2 X Q 9  

'-576 x l O ~  

- ... ... - eJ6 ='  - 2'717, & -I'051Xs7 + .893% -1'751Xp7 + I ' l . ? ( ) X g  - ' 8 2 0 ~ ~  
'.497Xa + '919 Xs5 + -039x37 - "56'96 - .976x,) 9 . .  ... ... 

-1'473x97 -1 '473 Xss + '033 Xps - ' 3 3 2 X ~ i  = % 7 =  -3 '363,  Xn 
'4j9 x,s - -5.39 X41 + '560 '45 - '833 xtr + -609 x49 -"137x4e) ,.. ... - - e p a = - ~ m z o 7 ,  h + '3.32Xsl - '880x3~ -k ' 820%~ - '033q1 +1'119Xm - '153Xlg 

... - 6 0 9 ~ ~  + ' 5 j 1 q 7  - ' 1 7 6 ~ ~  + ' 2 4 1 ~ ~  - ' 6 6 3 ~ ~ ~  - '430Xb0 ... - - e m =  - 1'4733 b 

=L 
No. Value z.., P..B 

.I 

P; gs 

0 I  f /  

15 64 28 22 .77  2-08 
16 45 36 18-91 3 -13  
1 7  6 9 2 9  8.65 1.52 
18 6 4 5 4 3 1 ' 8 5  3'33 
19 81 16 34-13 5-56 
20 41 4649'02 2-08 
21 5 6 5 6 4 8 . 7 8  2.38 
22 5 0 3 8 3 3 ' 8 4  4-17 
53 41 16 27-88 2-78 
24 88 5 0.85 1-37 
25 48 I4 10.69 4'17 
26 102 1 47.89 1.67 
27 29 44 5'62 0'79 
28 66 40 16.38 2 - p X  

1- 
No. Value %-% 

P..G 

;B 

0 1  # 

29 53 51 9'63 1-67 
30 59 28 46-50 1-27 
3I 7 1  38 43'35 5-56 
32 46 57 38-32 3'33 
33 5 41 11'27 0'34 
34 54 1 3-55 1-82 
35 48 39 6-19 2-78 
36 98 14 28-43 0'45 
37 43 35 13-85 2-44 
38 33 44 42-10 4'17 
39 42543 '1 .5  ~ ' 3 ~  
40 52 58 34'99 1-18 
41 61 39 35'44 1-39 
42 65 2 2  3-42 1-67 

3-  
%GI No. Value 

2 s  

O l #  

43 69 3 39.15 1 - 2 0  

44 50 12  3.46 1-39 
45 60 44 29-46 3'23 
46 26 3 46-52 6-17 
47 53 58 27-86 0.99 
48 41 19 2 2 - 1 2  1-18 
49 58 38 36-30 1-67 
50 6 6 4 4 3 8 . 7 4  2-08 
51 3 6 4 8  20'33 1-75 
52 47 54 5-40 3'33 
53 28 33 11-83 1-92 



PRINCIPAL T ~ I S Q U L A T I O N .  REDUCTION OF FIGURES. 

R p r e  No. 14-(Continued). 

Itquatiom between the Fccton 

No. of 
e 

I 
2 

3 
4 
5 
6 
* 
6 
9 

ro 
11 
1 2  

13 
14 
15 
16 
17 
18 
19 
20 
31 
PI  

33 
24  
25 
26 
2 7 
28 
29 

Vdue of 
0 

+ 2.55 
+ I - 8 1  
-2'37 
-2.71 
+' 'I4  
-6.82 
+1'49 
-1.71 
- t .18 
+o.27 
-1.13 

+o.19 
-6.01 
-0'44 
-2 .18  
+a's7 
+6.18 
+ 1'37 
-0.83 
+ 1-32 
+ 0.05 
+0'5a 

0.00 
-7'0.30 + 1 ' 0 2 1  
-2.717 
-3.363 
- 1 . m ~  
-1.473 

Co-efficient8 of 

4 % As A4 As 4 "1 %I h, Am All % a  h~ A14 

... ... ... ... ... 4-1-30 ... .-. ... ... ... .., ... ... ... ... ... + ~ : 4 ~  ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... + ;':67 ... ... ... +15'83 ... ... . . ... ... ... ... ... ... 
+9'72 ... ... .., ... ... ... .., ... ... 

+ 7'98 ... ... ... ... ... ... ... ... 
... +l0'03 ... ... ... ... ... ... ... + 8.32 ... ... ... ... 

... +6:63 ... ... ... ... 
+ S m f a  ... -.. ... ... 

... ... + 10.50 + 4-60 
+9'44 + 6.61 ... 

+Il'ZI ... 
+ 4'34 



SINQI MERIDIONAL SERIES. 

ETgure No. 14. 

i 

Observed Angles 

e 

1% No. ,Value . n-G - 

0 I /I 

I 76 40 3'54 2-78 
2 47 J 4  43'17 2-78 
3 56 5 23-61 1-74 
4 62 45 58-70 3'33 
5 53 50 33-78 2 '  78 
6 63 233.5'00 1-38 
7 48 19 2.92 4-17 
8 92 25 50.88 0.72 
9 39 15 10.62 2-78 

ro 60 2 50-00 3-33 
11 ,554254'10 4'17 
12  64 14 24.60 8-33 
13 6 6 3 5 4 7 ' 2 5  5-26 
14 48 56 0.41 2.38 

Equations to be satisfied Factor 

... ... ... ... ... XI + Ij + x3 - - e l  = + 2'55, XI 

... ... ... . . .  ... Xa + x, + Xa = e4 = + 1.81, X, 

... ... ... ... ... X7 + x, 4- xo 
- - - e ,  - -  - - 1-37, As 

... ... ... . . .  ... XIO + X11 + Xtn - e ,  - -  2 - 7 1 ,  X4 

... ... ... ... ... X1.i + Xi, + XIS = e ,  = + 1-14, X, 

... ... . . .  ... ... '16 + '17 + X ~ e  = e, = - 6 - 8 2 >  X, 

... ... ... ... ... '19 + x, + x21 = e ,  = + 1.49, % 

. . .  ... . . .  ... ... x39 + x, + X24 = e, = - 1 - 7 2 ,  Xg 

... ... ... ... ... X25 + '26 + = e , ,  = -  1-18, X, 

... ... ... ... ... 
Xg8 + x~ + X30 

- - elo = + 0.27, XJO 
. . .  ... ... ... Xs1 + xss + xs4 + xs5 = ell = - - 3 Al l  
. . .  ... ... ... 'SG + xs7 + Xse + XsO - el, = + 0-19, hl, ... ... ... ... X34 + X ~ 5  + X37 + X38 = el, = - 6-01, XlS 

... ... ... ... ... '40 + XU + X49 = el, = - 0.44, XI, 

... ... ... ... ... Xu + xu + X46 
- - e,, = - 2-18, \6 

. . .  . . .  ... ... '48 + X47 + X~~ + "40 = el, = + 2.57, X16 ... ... ... . a .  + X i 1  + Xcn + Xu - 
'60 - e17 - - + 6-18, A17 ... . . .  ... . a .  x47 + xu + Xs1 + xis = e l ,  = + 1-37> Xla ... ... . . .  ... x34 ... - xs - Xs3 - - e19 = - 0-83, Xlo 

... ... X I  + X4 + x7 + "10 + XIS + Xla 
- - e, = + 1-32, h, 

... ... + Xl r  + XIO + x2;? + %G + xB 
- 

x19 - esl = + 0.05, 
... ... ... X24 + X2a + X 3 ~  + X3a . . = % = + 0-52, 

+ X, + X s  + Xar + Xu + X, + xu + x~~ = Q = 0.00, & 
.672xs - - 9 2 5 ~ ~  + - 5 0 1 ~ ~  - 'i31X6 +1'224% + .042x8 ) ,.. . . a  

- - e,, = - 7.030, 
+ ' 4 8 3 ~ ~ ~  - .682xll + ' 4 7 s ~ ~ ~  - '871 x14 + '468x18 - 

. 6 5 1 ~ ~ ~  - I . l19% +Im473Xs7 f I'.Q73Xs0 - '9.'J4XS9 + '590Xw ... 
.374 x 1 7 ~  

= eS5 = + 1'021, Xgg - '731 Xpo '43.3 XIS - .4i8 X16 + '682 X 1 l  - ' 5 j 6  X1O 

.880xs, - - 5 8 4 ~ ~  - - 5 8 4 ~ ~  +1'272xse + 1 . ~ 7 2 ~ ~ 0 )  ... - ... ... - eSa ='  - 2.717, & - 1 ~ o 5 1 x ~ ~  + -893xe6 -1.751 ~ p 7  + ~ ' ~ : j y > ~  - -820xg2 
1 . 4 9 7 ~ ~  + ' 9 1 9 % ~  + '039xs7 - ' J j6xsS - -976 XE) ,. . 9 . .  ... - - % =  - 

-"473X¶7 --"473Xso + '033Xp4 - '.?:?2Xsl 3'3633 XP7 
'4j9 - -5.39 %I + .560x45 - '833 ~ 4 4  + '609 X ~ O  - 1 ~ 1 3 7 ~ ~ s )  ... ... - - eB = - 1'207, ~ p g  + .332xs1 - ' 8 8 0 ~ ~ ~  + .82oxp3 - '033X24 +1'119X9 - .153Xl9 

... m609140 + .5j1x47 - ' 1 7 6 ~ ~  + '241Xa - '663xsn - '430Xw ... = e, = - 1'473, &, 

3 -  
No. Value .- n - g  e% 

gs E 

d 

8 %  No. Value .- n.$ 
EB E 

a -  
eG No. Value - 3 ~  
2s E 

0 )  H 

43 69 3 39'15 1.20 
44 50 12  3-46 1 -39  
45 60 44 29-46 3 - 2 3  
46 26 3 46-52 6-17 
47 53 58 27-86 0.99 
48 41 19 2 2 - 1 2  1 -18  
49 58 38 36'30 1 -67  
50 66 44 38-74 2-08 
5' 3 6 4 8  20'33 1 -75  
52 47 54 5-40 3 '33 
53 28 33 11.83 1-92 

0 ) /I 

15 64 28 22-77 2-08 29 53 51 9-63 1-67 
16 45 36 18-91 3-13 30 59 28 46-50 1.27 
17 6 9 2 9  8.65 1-52 3' 7 I  38 43'3.5 5-56 
18 64 54 31-85 3'33 
19 81 16 34-13 5-56 
20 41 46 49-02 2-08 
21 5 6 5 6 4 8 . 7 8  2-38 
22 5 0 3 8 3 3 ' 8 4  4-17 
53 41 16 27.88 2-78 
24 88 5 0.85 1-37 
25 48 14 10.69 4-17 
26 102 1 47-89 1-67 
27 29 44 5'62 0'79 
28 66 40 16-38 2-78 

32 46 57 38-32 3'33 
33 3 41 "'27 0.34 
34 54 1 3'55 1.82 
35 48 39 6-19 2.78 
36 98 14 28-43 0'45 
37 43 35 13.8.5 2-44 
38 33 44 42-10 4-17 
39 4 2.5 43-15 2-38 
40 52 58 34'99 1-28 
41 61 39 35'44 "39 
42 65 2 2  3-42 1.67 



PRINCIPAL TRIANQITLATION. REDUCTION OF FIGURES. 

A p r e  No. 14-(Continued). 
- 

Equstiom between the Factom 

No. of 
a 

1 
a 
3 
4 

% 
* 
6 
9 
10 

I I 
12 

13 
14 
15 
6 
17 
18 
19 
20 
21 
22 

23 
24 
35 
26 
27 
a8 
29 

r 

Value of 
e 

+a's5 + 1-81 
-ae37 
-2.71 
+ I . I ~  
-6.82 
+1'49 
-1.72 
-,.IS 
+0.27 
-1.13 
+0.19 
-6.01 
-0.44 
-2.18 
+2.57 
+6.18 
+ 1-37 
-0.83 
+ 1-32 
+ 0.05 
+0.52 
0'00 

- 7'0.30 + 1'021 
-2.717 
-3'363 
-1.207 
-1'473 

Co-eflcients of 

A1 S A; A4 As h % h As A10 41 AH A~ 

+7'30 ... .a. ... ... ... ... ... ... ... ... ... ... 
+ 6:49 ... ... .., ... ... ... ... ... ... ... ... 

... + ;':67 ... ... ... ... ... ... ... ... ... ... 
+15'83 .., ... . . ... ... ... ... ... ... ... 

+gm72 ... ... ... ... ... ... ... ... ... 
+ 7-96 ... ... ... ... ... ... ... ... 

+ 10'02 ... ... ... .a. a.e . a -  ... 
+8.32 ... ... ... ... ... 

+6.'63 ... ... ... ... ... 
+ 5'72 ... -.a ... ... + 10.50 ... + 4.60 ... 

... +9'11 + 6-61 
+II'21 ... 

+ 4'34 



SING1 MERIDIONAL SERIES. 

Figure No. 14. 

Observed Angles 

1- 
No. ,Value %G 

. P G  

13  

0 f /I 

1 76 40 3'54 2'78 
2 47 14 43' 17 2-78 
3 56 52.3'61 1-74 
4 62 45 58' 70 3'33 
5 5 3 5 0 3 3 ' 7 8  2-78 
6 63 2335'00 2'38 
7 48 19 1-92 4-17 
8 92 25 50.88 0 . 7 2  
9 39 15 10.62 2.78 

l o  60 2 50'00 3'33 
11 55 42 54'10 4'17 
12  64 14 24-60 8.33 
13 66 35 47.25 5-26 
14 48 56 0.41 2-38 

Equations to be satisfied Factor 

... ... ... ... ... XI + x, + x, - - e l  = + 2'55, X1 

... ... ... ... X4 + xi + a, . . .  = e4 = + 1-81, X, 

... ... ... ... ... ? + s8 + 30 
- - - - s - 2-37, As 

... . . a  ... ... X10 + x11 + Xln . . - - - e4 - - 2-71, X4 

... ... ... ... ... + XI4 + 1 1 5  
- 

XI .1' - e, = + 1'r4, X6 
... ... ... ... ... X1e + x17 + X i e  

- = e, - - 6.82, X, 
... ... . . .  ... ... XIO + xm + xpl = e 7  = + 1 ' 4 9 ,  A, ... . . .  ... ... X?9 + 'i, + X.4 . . = e a  = -  - - "723 Xg 
... ... ... ... ... Xzs + + xu - e o  - - 1 - 1 8 ,  X, 
... ... ... ... ... x, + =PO + X30 

- - el, = + 0'27, XI, 
... ... ... '$1 + X~~ + X ~ 4  + X ~ ;  . . = ell = - "'33 Xl1 

... ... ... ... '36 + X ~ 7  + '$8 + "YO = e12 = + 0.19, XIS 

... ... ... ... Xs4 + X35 + X37 + X3a = e,, = - 6-01, XIS 
... ... ... ... ... XIO + Xu + x.m = e14 = - 0.44, XI4 ... ... . . .  ... X43 + xu + '46 . . .  

- - el, = - 2-18, $, 
. . .  ... XIB + '17 + X4e + "49 . . ... = el, = + 2'57, Xla ... ... ... ... X a  + XSI + Xis + Xss = e17 = + 6 - 1 8 ,  A17 

... ... ... ... X47 + X.ra + X 6 ~  + xis = e 1 8 =  + 1-37, ... . . .  . . .  ... X32 ... - X, - x3s - - e,, = - 0.83, hl, 
... ... XI + "+ + x7 + ~ I O  + XIS + XI, 

- - e,,= + 1-32, 
... XIS + X l r  + X~~ + x.2 + $6 + ~ p g  . . .  - - e,, = + O.oj, 

... ... X,c + X26 + X 3 ~  + X3a . . . . .  = = + 0'52, Xpp 
%1 + X, + X s  + 4 r  + Xu + xu + x47 = % = 

+ 
0'00, X35 

'672 xs - '925% + '501 X6 - ' i31Ss +1'224% + '042Xg .., = eg4 = - 7 -030, XpI ... + .483xI3 - .682x11 + .47Sx15 - -871 xlr + '468 x18 - 
' 6 5 1 ~ ~ ~  -1.119% + I ' 4 7 3 ~ 9 ~  fl'473X30 - '9,?4Xs9 + '590Xw ... 

.374 x 1 7 ~  
= es5 = + 1'021, Xpg - '731 Xno + '4.3.3 Xis - '4i8 XIS + '682 xll - ' 5 i 6  x10 

.880xs, - - 5 8 4 ~ ~  - ',584xs4 +1-272x3, +1'272xse ] ... ... ... = ejla = - 2-717, 
- I * O ~ I  xs7 + ' 8 9 3 ~ ~  --I '751 xp7 +1 '1 .34 )Xs  - - 8 2 0 ~ ~  

1'497Xa + * g ~ y ~ ~ ~  + '039Xrr - '1j6x2, - ' 9 7 6 ~ ~ )  ... . . a  ... -1'473 Xn -1.473 XJo + '033 Xss - '332 X~~ = % =  -3'363, Xln 
'4j9x+s - '539x41 + ' ~ ~ 0 ~ 1 6  - '833x44 + '609x40 -1.137x4a) . . .  - - em = - 1'207, + .332xS1 - .880x,, + .820~, ,  - '033xC4 +1'119xw - *153xlO 
' 6 0 9 ~ ~  f - 5 5 1 ~ ~ ~  - ' 1 7 6 ~ ~  + '241x6, - ' 663 x,, - '430 xso ... ... - e , =  - ''473, h - 

e s + 

No. Value EG . G ~ . G  - 
E gs 

e 

No. Value WE 

p 

3-  
No. Value . ~ g  %G, 

2 s  

O f  X 

43 69 3 39'I5 1.20 
44 .50 1 2  3'46 1 -39  
45 60 44 29-46 3'23 
46 26 3 46-52 6-17 
47 53 58 27-86 0 '99 
48 41 19 2 2 - 1 2  1 -18  
49 58 38 36'30 1-67 
50 66 44 38.74 2-08 
51 36 48 20'33 1-75 
52 47 54 5-40 3 '33 
53 28 33 I 1-83 1'92 

0 f  I 

15 64 28 2 2 - 7 1  2-08 
16 45 36 18-91 3 - 1 3  
17  69 29 8.65 1-52 
'8 64 54 31'85 3'33 
19 81 16 34.13 5 . j 6  
20 41 46 49'02 2-06 
21 5 6 5 6 4 8 ' 7 8  2-38 
22 50 38 33'84 4-17 
53 41 16 27-88 2-78 
24 88 5 0.85 1-37 
25 48 14 10.69 4-17 
26 102 1 4 7 - 8 9  1-67 
27 29 44 5-62 0'79 
28 66 40 16'38 2-78 

O f  U 

29 53 51 9'63 1-67 
30 59 28 46-50 1 - 2 7  

3' 71 38 43'35 5'56 
32 46 57 38'32 3'33 
33 3 41 1 1 - 2 7  0'34 
34 54 1 3 ' 5 j  1.82 
35 48 39 6-19 2-78 
36 98 14 28-43 0'45 
37 43 35 13.8.5 2-44 
38 33 44 42.10 4-17 
39 4 25 43-13 2-38 
40 52 58 34'99 1-28 
4I 61 39 35'44 1-39 
42 65 2 2  3-42 1-67 



PRINCIPAL TRIANOULATION. REDUCTION OF FIGURES. 

Egure No. l&(Continued). 

Equations between the Facton 

No. of 
e 

1 
a 
3 
4 
5 
6 
* 
i 
9 
10 

I I 
11 

13 
'4 
15 
16 
17 
18 
19 
ro 
a1 
or 
23 
2 4  
35 
a6 
17 
28 
29 

Value of 
e 

+2'55 
+1.81 
-2.37 
-1.71 
+1'14 
-6.82 
t1.49 
-1.71 
-1.18 
+0.17 
-1.13 
+om19 
-6.01 
-0.44 
-2.18 
+r.g7 
+6.18 
+ 1.37 
-0.83 
+ I-ja 
+o.o5 
+0.52 
0'00 

- 7'0.30 
+ 1'021 
-2.717 
-3.163 
-1.ao7 
-1'473 

Co-eflcients of 

A1 A1 As A4 h % A, h A 10 A l l  4 2  h a  A14 

+7'30 ... .,. ..a ... .., ... ... ... ... ... . a .  ... ... ... ... ... ... ... ... ... ... ... ... 
+8'49 a , .  ... ... ... ... ... ... ... ... ... ... ... 

+15'83 ... ... . . ... ... ... ... ... ... ... 
+ 9'72 ... ... ... ... ... ... . , . ... ... 

+ 7-58 ... ... ... ... ... ... ... ... 
+IO'Ol ... ... ... ... ... ... ... 

+ 8.32 ... ... ... ... ... 
+6:63 ... ... ... ... ... 

+5*7a ... -.. ... ... 
+ 10.50 ... + 4.60 ... 

+9'44 + 6.61 ... 
+II'ZI . . 

+ 4'34 



60-x. . . 
S I N a I  MERIDIONAL SERIES. 

Figure No. 14. 

* 

Observed Anglea 

- 
la No. ,Value P.-G 
.I : s  
P; 

0 I /I 

1 7 6 4 0  3'54 2-78 
2 47 1443 '17 2'78 
3 56 5 23.61 1-74 
4 62 45 58-70 3'33 
5 53 50 33'78 2'78 
6 63 2335.00 2.38 
7 48 19 2-92 4-17 
8 92 25 50.88 0 - 7 2  
9 39 15 10.62 2-78 

10 60 2 50.00 3'33 
11 ,5542 54'10 4 ' l 7  
12  64 14 24.60 8-33 
13 66 3.5 4i.25 5 . 6  
14 48 56 0.41 2-38 

Equations to be satisfied Factor 

... ... ... ... ..a  X I  + x, + X3 = el = + 2-.;5, X1 

... ... ... ... ... '1 + X, + Xa = e4 = + 1.81, X, 

. . .  ... ... ... ... =7 + xe 3- =9 = e, = - 2-37> 

... ... ... . . ... - - - e ,  - -  Xs 
x l ~  + %I + XU 2 '7 '>  '1 

... ... ... ... ... 5 $ + XU + x l ~  = e 6  = + 1.14, X, 

... ... . . .  ... ... '16 + '17 + Xie  = e6 = - 6-82> X,, 

... ... ... ... ... XI# + x~ + %I = %  = + 1 ' 4 9 ,  A, ... . . .  ... ... + x s  + Xlr . . - 
'52% 

= e ,  - -  - - I h 
. . .  ... ... ... ... X36 + %a + - e ,  - - 1 - 1 8 ,  
... ... ... ... ... + X~ + X30 

- 
XB - el, = 4- 0 ' 2  j ,  X10 

... ... ... '31 + x33 + IS, + X ~ 5  . . = ell = - - 1-13, A11 
. . .  ... ... ' 3 ~  + Xs7 3. X38 + x39 . . .  - els = + 0-19, XIS ... ... ... ... X3r + Xss + Xa7 + %a = el, = - 6-01, A,, 

... ... ... ... ... + '41 + x+2 
- 

'40 - = - 0'441 ... ... ... ... ... + xu + X46 
- 

X43 - e l ,  = - 2-18, \, 
... ... ... XIB + x47 + Xde + X49 , .  = el, = + 2'571 \6 ... ... ... ... X a  + Xi1  + Xi9 + Xss = e17 = + 6-18, h17 

... . . .  ... ... + X t e  + X s l  + xjs - 
=(.17 - el8 = + 1'371 Ale - xu ... ... . . .  ... - x33 ... - X s ~  - e,, = - 0.83, X19 ... ... X l  + xr + Y7 + XI0 + XI$ + XI6 

- - em = - + 1-32, X,  
... ... '1% + X l r  + XIP + "2. + %s + xea - e,, = + o-05, 

. . .  ... ... + X26 + %I + '36 . . - es = + 0.521 h - 
x.11 

Xsl + a, + 1% + Xsr + Xu, + X U  + x u  +xr7  = % =  0'001 Xp, 
.672x3 - '925% + '501 X,J - '731 "5 +1'224% + -042x8 ) .., ... - - es, = - + '483 x12 - '682 + '478 x15 - '871 xlr + '468 x18 - 7 '030, b4 

'651q1 - I ' l I 9 %  +IS4f3Xp7 f l'473X39 - .9.34XJ9 + '590Xw 
. 3 7 4 x 1 7 ~  .., =e'&= + 1'021,  Xpi - '7.31 Xs + '433 Xis - '478 XIS + '682 X1l - '.576 X 1 ~  

*880xss - -.584x, - *584xs4 + 1 * 2 7 z x ~  +1-272x3, ) ... ... ... - - e,, = - 2.717, - 1 ~ o 5 1  xs7 + *8ggses -1-751 ~p~ + r . l . j y  xo, - - 8 2 0 ~ ~  
1 . 4 9 7 ~ ~  + .9lYs,  + -039x37 - '15646 - '976%) ... ... ... - - % = -  

-1'473x27 -1.473 Xso + '033 $4 - '332x31 3.363, X, 
'4j9 ~ 4 s  - '539 X41 + * S ~ O X , S  - '83.3 ~ 4 4  + '609 ~ 4 9  - 1 " 3 7 ~ ~ ~ )  . . .  - - ePa = - I -207, + '332Xsl - .880xS6 + .82ox,, - '033xnr + I m I I 9 %  - '153X19 

... *609?,, + -551 x , ~  - - 1 7 6 ~ ~  + -241 X, - '663xr9 - '430XS0 ... = eB = - 1.473, &, 

g +  
No. Value E.., f&-g 

.r( 

2s 

- 
8 %  No. Valne a.3 

P; SB 

d 

+- 

8 %  No. Value 

2s 

O l N  

43 69 3 3 9 ' 1 5  1.20 

44 -50 1 2  3-46 1-39 
45 60 44 29-46 3-23 
46 26 3 46-52 6-17 
47 53 58 27-86 0.99 
48 qr 19 2 2 - 1 2  1-18 
49 58 38 36-30 1-67 
50 66 44 38-94 2-08 
51 36 48 20'33 1-75 
52 47 54 5-40 3 '33 
53 28 33 11-83 1'92 

O ) M  

15 64 28 22-77 2.08 29 53 51 9-63 1'67 
16 45 36 18.91 3-13 30 59 28 46-50 1-27 
17  6 9 2 9  8.65 1-52 31 71 38 43'35 5'56 
18 64 54 31-85 3'33 
19 81 16 34-13 5 . j 6  
20 41 46 49-02 2.08 
21 56 56 48-78 2-38 
22 5 0 3 8 3 3 ' 8 4  4-17 
23 41 16 27.88 2.78 
24 88 5 0.85 1-37 
25 48 14 10.69 4 - 1 7  
26 102 I 47-89 1-67 
27 29 44 5-62 0.79 
28 6 6 4 0  16-38 2-78 

32 46 57 38'32 3'33 
33 5 41 1 1 - 2 7  0.34 
34 54 1 3 ' 5 j  1-82 
35 48 39 6-19 2-78 
36 98 14 28-43 0'45 
37 43 35 13'8.5 2'44 
38 33 44 42.10 4-17 
39 4 25 43'15 2-38 
40 52 58 34'99 1-28 
41 61 39 35-44 1-39 
42 65 2 2  3-42 1-67 



PRINCIPAL TRIANQITLATION. REDUCTION OF FIGURES. 

Agure No. 14-(Continued). 

Equations between the F~ctore 

G .e 
.9 * 
8 
s 
8 
k 

3 
i 
3 
3 ." 
5 
8 

Co-ellicients of 

Al S As A4 A5 4 "1 A, h A10 All 4 2  

... ... ... ... ... ... ... ... ... ... +7'30 .,. ... ... ... + ii:4IJ ... ... ... ... ... ... ... ..a ... 
... ... ... ... ... ... ... ... ... ... + ;':67 ... 

... +15'83 ... ... ... ... ... ... ... ... ... 
+9'72 ... ... ... ... ... .a. ... ... ... 

+ 7-98 ... ... ... ... ... ... ... ... 
+10'03 ... ... ... ... ... ... ... 

+ 8-32 ... ... ... ... ... 
+6:63 ... ... ... ... ... 

+5'72 ... -.. ... ... ... ... t 10.50 + 4-60 ... +9'44 + 6.61 
+11'21 ... 

+ 4'34 

No. of 
8 

1 
a 
3 
4 
5 
6 

6 
9 
lo 
I I 
I a  

13 
14 
15 
16 
17 
18 
19 
20 
a I 
22 

23 
4 
25 
26 
27 
a8 
29 

Value of 
0 

i-2'55 
+I-81 
-2'37 
-2.71 
+''I4 
-6.82 
+1'49 
-1.72 
-&.a8 
+o.a7 
-1.13 
+om19 
-6.01 
-0.44 
-2.18 
+a's7 
+6.18 
+ 1.37 
-0.83 
+ 1.35 
+ 0.05 
+0.51 
0'00 

-7'0.30 
+1'011 
-am7r7 
-3'363 
-1.ao7 
- 1'473 

No. of 
0 

1 

; 
4 
5 
6 
7 
8 
9 
ro 
I: 
12 

13 
14 
15 
l6 

17 
18 

:", 
a1 
a a 
23 
24 
15 
26 
27 
28 
29 

Co-eflcienta of 

A16 A,? A, An %O %I h, A, A% h S  h 3 As 

... ... ... ... ... ... ... ... + 2.78 - 1.40 ... ... ... ... ... + 3'3.3 ... - 0.84 ... ::: ... ... ... ... ... ... ... + 4- 17 +3'43 
... ... ... ... ... ... ... + 3-33 + 8.3.3 + 1.18 + 0.9.3 
... ... ... ... ... ... ... + 5.16 + 2.38 - 1.08 + 1.28 ... ... ... ... ... ... ,.. ... + 3.13 + 0'99 ... ... ... ... ... ... ... ... +5.56 ... +2..38 ... - 0.78 + 1 - 4 8  ... ... ... ... ... .., ... - 1-78 + 4.17 + 1.37 + 2.78 - 0.25 - 4.01 + 3.37 ... ... ..a ... ... ... + 4.17 + 1.67 ... + 1-16 + 2'34 - 1'81 ... ... ..a ... ... ... ... ... + 2.78 ... - 0.47 ... .,. ... ... ... -0.34 ... + 5-56 + 2.16 ... ... + 1.18 + o.71 - 0.60 ... ... ... ... ... ... ... ... ... +0'45 + 3.51 + 5'77 + 2.83 ... ... ... ... ... ... ... ... ... ... + I .8a + 4-12 + 8.89 - 2-45 ... ... ... ... ... ... ... ... ... ... ... .,. + 1.38 +o.oa ... ... ... ... ... ... ... +5.8a ... ... ... + 1.20 +oe65 ... ... ... ... ... ... ... + 10-ox +a.17 ... + 7' 16 - 0.32 + 0.48 ... ... ... ... ... ... ..a ... + ~ : o B  + 5.08 ... ... - 2.64 ... ... ..a ... ... ... + 0'99 ... - 1-34 - 1-66 

+ 7'2S +.z.45 ... ... ... -3.12 ... - ~ * I I  - 2-97 
... +aaaoo ... ... ... +0.36 ... ... + q.39 ... + 1-95 + 0.30 - 4'72 + 2-57 ... ... + 9-05 +;.i,96 ... - 1-80 + 1.80 ... ... ... + 1'55 + 1 - 9 0  - 0'54 

+16.5a - 2'41 
+19-a4 + 2.42 - 6.88 - 2-61 

+28'34 +xo-42 - 4.96 
+23'26 - 6.20 

+ 13-18 + 0.61 
+ 3-07 

--- ~ - -  



SING1 MERIDIONAL SERIE9. 

Rgure No. 14-(Continued). 

July 1879. 

Values of the Factors , 

X1 = + 0.1997 

X, = + 0.0862 

Xs = - 0.3222 

X4 = - 0 * 1 9 . + ~  

X6 = - OS0395 

X, = - 0.9199 

X, = + 0.2819 

A, = + 1.7626 

X, = + 1'7244 

Xlo = + 0.0466 

J. B. N. HENNESSEY, 

I n  charge of Uomputing O&. 

Angular errors in seconds 

x1 = + 1-26 xI6 = - '30 x . . = +  -15 xu = - '40 

X, = + 1'27 xI6 = - 2-09 Xg0 = + ' 0 2  x, = + -52 

xQ = + '02 '17 - - - 1-23 x,, = + 2-81 x, = - 2.30 

x, = + 1-13 x18 = - 3. jo  xss = + -64 x, = + 1-30 

x6 = +  a81 x19 = + 2-17 Xss = + 1-73 x47 = - '43 

x, = - '13 xa0 = - 1-09 xu = - 3-17 xa = + -51 

X, = - '28 xnl = + '41 xS6 = - 2.50 xp9 = + -18 

x , = -  '24 xpp = - -08 %a = + 1.04 xsO = + 2-43 

x, = - 1.85 Xns = - '26 Xs7 - - _ '30 Xs1 = + '57 

xl0 = + '32 xW = - 1-38 xg = - ' 04 xSP = + '71 

Xll = - ' 2 0  Xns = 1- 23 XSO = - '5' X, = + 2-47 

x,, = - 2-83 x, = - 1-95 xm = - '19 

xu = + -98 % =  + '54 x n =  + -48 

x14 = + '46 x,= + -10 xa = - '73 

[wxg] = 46-71 

Values of the Factors 

A11 = + 4'4356 

A,, = + 5.2061 

Xis = - 6.9337 

X14 = - 0.0761 

?b16 = - 0.2729 

X1, = + 0.4754 

A ,  = + 1.2416 

XIS = - o-g~g(j  

XIV = + 0.1351 

h = + 0.2536 

Values of the Factors 

Xnl = - O ' O I I O  

= - 2.8849 

= - 0.0736 

XP( = - 0,2789 

h6 = - 0.0636 

%a = - 1.4421 

X, = + 2'3707 

= - 0.7784 

= + 0,1600 



S I N G 1  M E R I D I O N A L  S E R I E S .  

PEINCIPAL TRIANGULATION. TRIANGLES. 

v- 

NOTES-I. The valuues of Llie sidea are given in the same lines with the oppoaite an lw. 
2. Btations XXIY (Tine] and -11 (LaLsrwb) appertain to the garb$ Longitudinal Berien of the North-Went Quddateral. 

Ho.of 'Prisngle Distance 

Giuit 

41 

42 

43 

44 

4G 

Log. feet 

5.1657330~2 
5.2401535~2 
5'1383141,5 

5~1~36240~8 
~'0915031~8 
5'1657330,2 

5.1692727~3 
5.0567470~8 
5*1436240,8 

5.0787673~9 
5.1382677~7 
5.1692727~3 

4'9611718,2 
5*0308778,0 
5'078767329 

- Correclions to Oboemed Angle t a  
number and Beme of Btotion 

Cormcted Plane 
Angle 

X X I X  (Thna) 1-54 + E . O ~  - '43 + -61 54 37 34-61 
XXSII (Lakarwhe) 1-54 +1.09 + '33 +I'42 75 25 18-24 

Non- 
drcuit 

I (Anjini) 

XXXIT (Lakarwhe) 
I (Anjini) 
I1 ( S h )  

I (Anjini) 
I1 (Siss) 
111 (Tukwba) 

11 (Sisa) 
I11 (TukwBsn) 
IV (Dbngarpur) 

Feet 

146464.72 
173841.53 
137503.62 

139195'15 
123453.43 
146464.72 

147663.34 
113958'60 
139195.15 

119885.70 
137488'95 
147663.34 

91447'49 
107368.72 
119885'70 

Miles 

27.740 
32'925 
26'042 

26-363 
23-38' 
27'740 

27.967 
21.583 
26.363 

22'706 
26.040 
17.967 

17'320 
20'335 
22'706 

4-61 

1- 2 5  
1.25 
1-26 

3'76 

1-53 +1'13 + '10 -- +1'23 

47 3 31-90 
59 1 5  40.32 
73 40 47'78 

180 o 0.00 

49 57 7-15 

IV (Dfingarpur) 
I11 (Tukwhsa) '74 + '07 
V Sagwhra) 

2-23 

- -43 + '04 - -441- '311 
- '42 + '27 

+ -22 - '13 
+ '47 
+ '56 

70 33 45-04 
46 41 56-15 
62 44 18-71 

180 o 0.00 

49 33 55-01 
60 47 53.67 
69 38 11-32 

180 o 0.00 

+3'26 

- -39 - '75 - I 

-1.29 

-1.66 - '13 
- 3 4  

180 o 0.00 

61 23 18-61 
51 7 59-16 
67 28 4 ~ ~ 2 3  

180 o 0.00 

3 - 5 4  

1-22 
1.22 
1-22 

3-66 

- 

- s38I1 ::;I - -24 - -21 + '25, 

-2.13 

- -42 - -45 + '04 
- -83 



64-a: 
SING1 MERIDIONAL SERIES. 

Number and Name of Btation I Non- ( xrcuit circuit 

IT1 (Tukwisa) 
V (SagwQx-a) 
VI (Lohiria) 

VI (Lohiria) 
V (SagwBra) 
V U  (Kmjio) . 

V (Sagwhra) 
VII (Amjio) 
V111 (Kua) 

VII (Amjio) 
VIII (Kun) 
IX (Deokotla) 

VIII (Kua) 
50 IX (Deokotla) 

X (Tembla) 

I 3  (Deokotla) 
X (Tembla) 
X I  (Uchak) 

X (Tembla) 
X I  (Gchak) 
X11 (Jithrhbhor) 

X I  (Uchak) 
XI1 (JithrBbhor) 
XI11 (Pathgri) 

XI11 (Pathgri) 
XIV (Ktigarol) 
XVII (Bhor) 

XIV (Kigarol) 
XVII (ljhor) 
XVlII  (bncha) 

XI1 (0TBthdbhor) 
XIV (Khgarol) 
XV (Wardhari) 

Corrections to Obsemed Angle Distance 3 $ Corrected Plane 
B 
1 Angle 

figure ( Circuit ( z:,"ft / TOW h g ,  feet I Feet Miles 

14.273 
I 5  '.402 
17'320 

18.246 

16.064 

14.273 

20-900 

I j -063 
18.246 

2c.064 

15'466 

20.900 

18.520 

16-39' 
20.064 

16.589 
19'892 
18- j20 

23 -020 

20.271 

16.589 

17'745 
15'598 
23m020 

15'232 

9'773 
17'745 

19.182 

15'237 
15.232 

13.380 
13.160 
19.182 

18'429 

13.910 

9'773 



PRINCIPAL TRIANCIULATION. TBIANQLES. 

Corrected Plnne 
Angle 

0 1  11 

53 2 2  47-60 
64 29 32-74  
62 7 39'66 

180 o 0 - o o  

38 36 2.69 
95 l o  2.07 
46 13 55'24 

180 o 0.00 

76 I 14.60 
39 14 14.05 
64 44 31'35 

180 o 0.00 

95 42 4.80 
41 54 0.99 
42 23 54.21 

180 o 0.00 

56 43 45-84 
S j  34 15.01 
67 41 59-15 

180 o 0.00 

48 19 58.98 
97 58 9.73 
33 41 51-29 

180 o 0.00 

60 53 11'07 
40 43 50 '6 j  
78 2 2  58-28  

180 o 0.00 

55 6 36-03 
88 48 21.77 
36 5 2 .20  

180 0 0'00 

84 4 53.87 
33 I 25'07 
62 53 41.06 

180 o o.oo - 

38 20 58'77 
108 43 43-89 

32 55 17.34 

'80 0 O ' W  

62 

63 

Milm 

16.733 
'8.816 
18'429 

13.160 
21.007 
15'232 

20.189 
13-160 
18.816 

19.746 
13'252 
13.380 

17'844 
17'603 
19.746 

17.844 
23.656 
13'252 

15'915 
11.887 
17.844 

22.165 
27'017 
15'915 

24.767 
13'570 
22'165 

13'570 
20'713 
11.887 

Log. feet 

4'9461984,9 
4'9971557,7 
4.9881430~6 

4'8418802,5 
5.0450038,5 
4*9053978,4 

5'0277404,7 
4*8418802,4 
4'9971557,6 

5'0181076,8 
4'84493x2,~ 
4.8491027,~ 

4'9741207,3 
4.9682304~7 
5'0181076,8 

4'9741207,5 
5'0965728,7 
4'8449312,2 

4'9244505,o 
4'7976934,8 
4'9741207,3 

5-0683046,6 
5.1542631,a 
4.9244505,o 

5'1165101,6 
4.8552156~3 
5*0683046,6 

4'8j52156,4 
5'0388748,4 

1 4'7976934,8 

a m  

&@ 
rn 

# 

-61 
'62 
-61 

1 - 8 4  

::: 
'44 

1 -32  

Number and Name of Station 

XIV (KBgarol) 
XV (Wardhari) 
XVI (Ohorhb) 

XI11 (Pntingri) 
XIV (Klgarol) 
XVlI I  ( h c h a )  

XIV (Khgarol) 
XVI (Ghordrdo) 
Y VII l  (RencLa) 

XVII (Bhor) 
XVIlI  (Rencuhs) 7 
XIX (Kandilws) 

XVIII (Rencha) 
XIX (Kandilwa) 
XY (Piwigarh) 

Distance , 

Feet 

88348.37 
99347'23 
97306'77 

69483.27 
110918.46 

80426*25 

106595'89 
69483.26 
99347'23 

104257.59 
69973'12 
70648.46 

94215'14 
92945'95 

104257.59 

94215'1q 
124903.01 
69973'12 

84033.12 
62761.52 
94215.14 

117032'01 
142647.15 
84033'12 

130770.62 
71649'91 

117o32*01 

71649'91 
109364.12 
62761'52 

So. of 

. 
0 & 

77 

57 

58 

Triangle 

Non- 
emuit 

191 

192 

33'355 
26.455 
24'767 

32.993 
22'134 
33'355 

59 

60 

61 

176113.04 
139680'36 
130770*62 

174202~20 
116865'23 
176113.04 

Angle 

Total 

Y 

-1 .12  

- '37 
- -59  

-2.08 

+ .78 + '06 
+ -78 

$1.62 

193 

1941 

Corrections to Observed 
. 

XXTI (Karhli) 
XXIl I (Yidpur) 
XXlV (Bhbhirij) 

XXIII (Sidpur) 
XXTV (Rhbbirij) 
XXV (Keanrwa) 

+1'76 
- '01 

+ ' 21  

+1.96 

+ '37 - '63 + -86 

+ -60 

- '45 
+ '38 + '33 

+ -26 

- '32 
+1'24 
- '14 

+ -78 

+ -29  - '33 
+ '84 

+ -80  

- '30 
+ '38 + '15 

-- f '23 
- -10 

+ '13 + -08 

+ '11 

- -98 

t r ' o j l  

- -52 

+1'17 
- '73 

'53 + '65 - '44 

1 -43  - ' 2 2  81 11 20'85 5'1457915,O 
- -62 51 36 25.29 5'1451353:3 

5.1165101,6 

' 0 2  69 37 54.38 5'2410536,9 + '30 38 58 1 2 ' 2 2  5.0676852~9 
+ '09 71 23 53-40 5'2457915,o 

4-57  + -371 180 o 0.m 

I '92 -- 
XVII (Bhor) - a46 
XIX (Kandilwa) + '99 

* 

Figure 

Y 

-1 .02 

- '59 
- '47 

1'59 

'39 
-38 
'39 

1.16 

XX (Pdwkarh) 

S I X  (Ka~~dtilwa) 
XX (Pliwkarh) 
X XI (bfwibirr) 

S X  (PhwBgarh) 
XXI (Masibir) 
XXII l  (Sidpur) 

XXI (MasBbir) 
XYIII  (8idpur) 
XXl l  (Karili) 

XTX (Kanddwa) 
XXI (Masdbir) 
XXII (Kartili) 

: ::" + '42 - -84  + '36 + -42 

Circuit 
pppp- 

n 

- . I O  

+ ' 2 2  - '12 

+ '35 + ' 0 2  + o 2  1 - 1 + '23 + '63 

-64  + -05 

'51 -- 
1 -54  

'41 
0 
'41 

I ' 2 2  

'78 
-78 
'77 

2 '33  

-66 
5 
-66  

1 '97 

+ '39 - '53 

+ '33 - '04 - 0 3 1 -  3 0 1  
+ '50 + '34 

+ '31 + ' 2 0  1 ':: 1 - '28 + '43 

- '15 + + - 
- . 2 1  + 

- '17 
'34 
'33 + '29 + .74 

1-01 



5%. SING1 MERIDIONAL SERIES. 

Number and Name of Station 

h'o.of 

Cire Ui' 

64 

05 

66 

67 

68 

69 

70 

71 

72 

73 

XXIT (Bibli~irhj) 
XXV (Ke~arwa) 
XXVI (Sdgbara) 

Triangle 

Non- 
circuit 

195 

196 

XXV (Kesnrmtt) 
XXVI (Stigbil-a) 
XXI'II (Alamwiri) 

XXIV (Rlbhsirbj) 
XXVI (SBgbBm) 
XXVII (~lamwhri) 

XXV (Kesama) 
XXVI (Sigbrira) 
XXVIII (Pbthal) 

XSVI  (Shgbrirn) 
XXVIII (Pithal) 
XXIX (Dopdri) 

XXVIII (Pithal) 
XXIX (Dopiri) 
XXX (Tarbhdl~) 

X S S  (Tarbhirn) 
XXIX (Do1)iir.i) 
XXXI (Pilwa) 

XXIX (Dopiri) 
XYXI (Pilwn) 
SYYII (Saler) 

X X S I  (Pilwa) 
XXXII (Sliler) 
XSYIV (Bhorgarh) 

XXXIT (Sliler) 
XXX IV (Bhorgarh) 
XXYV (Ankai) 

SXXIV (Bhorgrrrh) 
XXXV (-411liai) 
X X X I S  (Kalsubui) 

XXXV (A nkai) 
XXSIX ( I<alsubai) 
XXXVIII (Hewargaon) 

H Corrections to Obsmod Angle 
Corrected Plane 

Angle 
tc) .Log. feet 

Dietance 

Feet Miles 



PRINCIPAL ~ I A N Q U L A T I O N .  TRIANGLES. 

Nor~.-Stations XYVI (Pbnel.) and XXX (Singi) nppcrlcrin to Llo Bombay ~on~itudinuf Seriuv of lhc Souther~~ Trigon. 

No.of 

Circuit 

. 04 

Number and Name of Station 

X S X I X  (Ralsubai) 
XXXVIII (Hewargaon) 
XXX (Singi) 

Triangle 

yon- 
cucuit. 

Corrections to Obaened Angle 
Corrected Plmo 

Angle 

o f  n 

80 2 11'44 
58 38 30'70 
41 19 17'86 

180 o 0.00 

75 

32 
g 

m 
5w 

8 

3-41 
3.41 
3.41 

10'23 

66 44 33.26 
36 48 18-82 
7627 7-92 

180 o 0.00 

Fig- 

n 

-1.88 
- '18 
- -51 

-2-57 

cLcuit 

PI 

Circuit 
----- 

n 

-I-2-35 
-2.01 

- '34 

XXXVIII (Hewargaon) -2'11 

. 
197 

, 

5'4143939,s 
5.2286982,2 
5'43894j6,8 

Log. feet 

5'4389456,g 
5.3769684,~ 
5.2652770~6 

Total 

II 

+ '47 
-2'19 
- '85 

XXX (Yingi) 
YXVl (Pirner) 

5.1929886,4 
5 234875S,9 , 5.2372906~9 

198 

199 

200 

201 

202 

203 

204 

205 

206 

259653'36 
169316.08 
274755.05 

Distance 

Feet 

274755'05 
238214'62 
184194'69 

XXX (Tarbhiin) 
X X S I  (Pilwa) 
XXXIII (Pirnera) 

+1.86 
49'177 
32.067 
52.037 

+ 

Miles 

52'037 
45.116 
34.885 

155951.17 
171741'74 
172699.36 

' 

10.12 
-- - 

29.536 
32.527 
32.708 

-5'93 

-6.18 

XXXIII (Phmera) 
XXX1 (Pilwa) 
XYXVI (Gambirgarh) 

XXXI (PiIwn) 
YXXVI (Gambirgnrl~) 
YXXIV (Bhorgarh) 

XXXVI (Gambirgarh) 
XXX 1V (Rl~orgarh) 
XXYlX (Kalsubai) . 

XXXVI (Gambirgarh) 
XXXIX (Knlsubai) 
XL (Kimandrug) 

S X X I X  (Kalsubai) 
XL (Khnandrug) 
XXX (Sil~gi) 

XXXV (Ankai) 
YXS1 V (Bhorgarh) 
XX?LVIL (Yinnar) 

XXXTV (Rhorgarh) 
XXXVIl (Sinnar) 
XXXlX (Kalsubai) 

XXXVII (Sinnar) 
XXXIX (Kaleubai) 
XXXVIII (Hewargaon) 

XXXV (Ankai) 
XXXVII (Sinnar) 
XXXVIII (Hewargaon) 

-1.86 / 53 50 30.03 
-1.11 62 45 55.70 
i-1.16 1 63 23 34.27 

-1.05 
1.89 -1'13 + '02 

1-89 + :13 

246244.49 
184068.79 
1j5951.17 

'36896.88 
225908.59 
2462.14'49 

188313-91 
279368.58 
236896'88 

270joo.66 
245369'22 
279368.58 

289579'33 
238214'62 
270500'66 

124293.29 
186924.59 
24j101.86 

145686.52 
188312'93 
124293.29 

184194'73 
167564.32 
145686'52 

167564.36 
268320.90 
186924.59 

- 

46.637 
34'862 
29'536 

44.867 
42'786 
46.637 

35-665 
52.911 
44.867 

51.231 
46.47~ 
52'9" 

54.845 
45'116 
51'231 

23'540 
35.402 
46.421 

27'592 
35'665 
23'540 

34'885 
31.736 
27.592 

31'736 
50.818 
35'402 

-- +1.03 

5'67 

2.27 
2.26 
2-26 

6'79_ 

+ '24 - -58 
+ 281 I - '83 
+1'85 +1*41 

I 

5,3913665~0 
5'264y801,4 
5.19298S6,~ 

5'3745593,5 
5'3539327,7 
5'391366j,0 

5.2748801~0 
5.4461775~8 
j'374jjg3,s 

5'4321683~6' 
5.3898201,2 
5*4461775,8 

5.4617675~9 
5'3769684,o 
5.4321683~6 

5'0944476,8 
j.2716664,5 
5'389346jr9 

5.1634193~2 

-- -I 7-1 81 180 o 0.00 

5.2748801~ 
5.0944476~8 

5.2652771~6 
5 2241815,s 
5.1634193~2 

5.2241816,8 
5.4286544.5 
5'2716664,5 

, '  

- '34 
- '55 
+je26 

-- +2'37' 

+ '39 
+1'69 + '63 
+2'71 

+ .38 
-2.69 
+ '82 -- 

-1.49 

+1'g7 
-2'12 

-- + '59 
4- -44 

-2.12 
+2-60 
+1'7o 

+z-18 

+ -71 
3.80 + -20, +1'49 
3.81 +2.83' -2.20 

1.43 

92 25 48.27 
48 19 0.11 
39 15 11.62 

180 0 0.00 

60 2 46.59 
55 42 51'99 
64 14 21'42 -- 

180 o 0.00 

41 46 45-92 
81 16 27.96 
56 56 46-12 

180 o 0.00 

61 39 32'65 
52 58 28-11 
65 21 59-24 

180 o 0.00 

69 3 32-28 
50 12 1.31 
60 44 26-41 

180 o 0.00 

- -  

11.41 

3-48 
3-48 
3.48 - 
10.44 

+~.og - '71 
-2'17 - -52 
- '41 +I-23 

+f'38 -2'83 -1.45 

-2.~0 
- .69 
+4'07 

88 4 57.97 

29 44 1.63 
48 14 8.21 
102 I 50.16 

+2'45 
-2'31 

4'77 + '73 - '14 
14'29- 

-2.52 

4'75 +3.12 
4'75 +2'30 - -60 
14-25 

-1.66 
1-79 - - -46 
1.30 +1'95 +2'12 

41 16 27.98 - 

180 o 0.00 

71 38 42'44 
59 42 14-41 
4839-3-15 

180 o 0.00 

38 10 24-98 
98 14 21-92 

-43-35 13.10 
180 o 0.m 

1-43 1 + .26 
-1 - 429 + 1.72 

5-38 

1.43 + '08 + 1-56 
+1.18 180 o 0.00 

-- 

+ '92 
+1'42 
-1.21 -- 

+I-13 

+2.17 
-4.06 
+I'70 -- 

1-83 

1.83 

5'49 

+1.64 

7 ' 3 4  I - .IQ 

-2.81 +3'73 
183t1.441 1 - -02 

+2'5b -3.71 

50 38 34-05 

+1'62 
-3.02 

-- +1'40 -- 



s8-, SING1 MERIDIONAL SERIES. 

NOTE.-Ststiqns XXVI ( P h e r )  and XXX (Singi) appertain to the Bombay Longitudinal Series of the Southern Trigon. 

W. H.  COLE, 

In charge of Comnpwting Ofice. 

Corrected Plane 
Angle 

0 1  * 

53 58 23'87 
78 7 38.68 
47 53 57-45 

180 o 0.00 

.- 
No. of Trisngle 

Number and Name of Station 

XXXIX (Kalaubni) 
XXX (Singi) 
XXVI (Pirner) 

''muit 

A Corrections to Observed Angle 

4.78 + '42 + '37 + '79 
4.78 -1.08 +z.o~ +I.OI 
4-78 - -71 -2.46 -3.17 

14-34 -1'37 

Distance 

Non- 
circuit 

207 

Milea 

49.177 
59-54 
45.116 

Lag. feet 

5'414393916 
5'4971919,9 
5.3769684,~ 

Feet 

259653'37 
314189'71 
238214'62 



S I N G 1  M E R I D I O N A L  $ E R I E S .  

PRINCIPAL TRIBNGULATION. LATITUDES, LONGITUDES AND AZIMUTHS. 

NOZX.-Station4 XXIX ( T h )  and XXXII (Lskarwb) a p p e b  Lo the'Xsrichi Longitudinal Sene8 of the North-\Vest Quadrilateral. 

~ $ , " ~ , " , " ~ ~ t  

o r  n 

74 13 44'30 
99 

73 52 10'41 
99 

74 10 37-74 

99 

73 45 40'78 
19 

74 5 39-93 
99 

19  

73 45 23-03 
74 2 28'86 

17 

19 

74 15 4-09  
74 16 24-06 

99 

73 56 50'94 
99 

Station B 

Number and Name 
of Stcrtion 

XXXII  (Lakarais) 
I (Anjini) 

,r 9, 

II(Sisa) 
,, 

I11 (Tukmim) 
,, a )  

IV (Dhngarpur) 
,, g s  

V ( S a g w h ~ )  

VI  (Lohbia) 
V (Yapiira) 
VI  (Lohiria) 
V I I  (Bmjio) 
V I I I  (Kua) 

V I I  (Amjio) 
V I I I  (Kua) 
I X  (Deokotla) 
,, sf 

X (Tembla) 

Side A B 

Latitude North 

0 1  4 

24 43 3 '93 
99 

24 31 47'99 
99 

24 14 30.13 

99 

24 12 18'12 

99 

23 56 14'66 

99 

9) 

23 49 36.00 
23 41 25.80 

91 

99 

23 4 j  58-19 
23 32 1-01 

9, 
23 29 21 'go 

9, 

Station A 

Azimuth at  A 

0 1  1 

60 19 35'48 
5 41 59'33 

315 35 56-15 
16 59 16.01 

84 35 32'94 

14 I 46.72 
311 7 16.17 

o 41 12-40 

70 27 30'38 
11 11 49-32 

319 52 55-06 
297 22  50.35 
248 33 47.91 
306 13 42.60 

23 I 7 46.64 

354 58 0.91 
81 41 51.36 

16 43 14.55 
305 52 22-13 

5 56 15'92 

Circuit 
No. 

l9 

9, 

20 

99 

21 
22 

1 9  

79 

28 

97 

t 

Number and Name 
of Btation 

XXIX (Tina) 

& I 1 ( L h )  
99 91 

I (Anjini) 

29 99 

11 (Siea) 
99 99 

111 (Tukaha) 
91 $9 

$ 9  99 

I V  (Dhgarpur) 

V (Sagwb) 
19 78 

99 YY 

VI (Lohiria) 
V I I  (Bmjio) 

91 99 

VZII (Kua) 
19 99 

Log. Feet 

5'1383141,5 
5'2401535,2 
5'1657330~2 
5-0915031,8 
5'1436240,S 

5'056i470~8 
5.1692727,3 
5.1382677~7 
5.0787673~9 
4.9611718,~ 

4-91021.70,3 
5'0308778,o 
4.8771567~8 
4'9838091,1 
4~9005487,1 

4.9284925,5 
5e0427770,6 
4'9120010,4 

5 m ~ 2 5 ~ 4 ~ 5 , 6  
4'9372412,9 

Azimuth at B 

o r  4 

240 10 36'37 
185 40 42.03 

I 3 j  43 33'35 
196 5635'25 
264 25 18-74 

193 59 45'16 
131 15 25'27 
ISO 41 5-17 
250 19 17'71 
191 1032'18 

139 56 43.19 
117 29 43.65 
68 38 51.81 

126 19 17'13 
203 I 5 31-41 

174 58 32-99 
261 34 3.37 
196 41 34.33 
125 5 s  27'97 
185 55 37-83 



SING1 NERIDIONAL SERIES. 

Circuit 
No. 

24 

11 

25 

11 

11 

26 

11 

11 

11 

36 

27 

11 

9s 

11 

20 

11 

30 

11 

19 

Station B 

Sumber and Name 
of Station 

X (Tembla) 
X I  (Ucliak) 

$1 11 

XI1  (Jbthrhbhor) 

,, 11 

XI11 (Patrillgri) 

1, 1 7  

XIV (Kilgarol) 
XI- (Wardhari) 
X I y  ( @ ~ r o l )  

XVII  (Bhor) 
YVIII  (Xencha) 
XV (WRrdhari) 
X T I  (Ghodrho) 
YV*l ( B h ~ r )  

XVII I  (Ilencha) 
X T I  (Ohorbrio) 
xV11I (Kencha) 

1 9  11 

X I S  (Ksndilwa) 

XX (PJwhgarh) 
XIX ( K a l l d d ~ ~ )  
XY (Piivhgarh) 

,, ' 9, 

(Masbbiir) 

S X I I  (ICarili) 
X S I  (hlasibir) 
X X I I I  (Sidp~tr) 
X S I I  (Karilli) 
Y X I I I  (Yidpur) 

,, 1 9  

YY1V (Bibhirrij) 
,, 11 

XYV (Keaaraa) 

,, 11 

S S V I  (S6gbdra) 
XSTlI(~1nmnBri)  
XXYI (SJgbira) 
X S V I I  (AInmwhri) 
XXVIII  (Pbthal) 

Station A 

Number and Name 
of Station 

I Y  (Deokotla) 

11 1) 

X (Tembla) 

1 9  11 

X I  (Uchsk) 

11 11 

XTI (JJthrlbhor) 

11 11 

11 11 

Y l I I  (PatJngri) 

)I  J1 

11 11 

XIV (Klgarol) 

1 1 11 

11 11 

IS U 

XV (Wardhnri) 1 
231 (Ghoririo) 
XVlI  (Bhor) 

)I 18 

11 )I 

XVIII  (Kencha) 
I 

1r 11 

XIX (Kandiilwa) 

11 11 

11 11 

95 ( PhwJgarll) 

1 9  11 

XYI  ( M ~ d b k )  

I? 1) 

Arimutll at A 

0 1  w 

75 53 30.47 
zq 52 14-73 

324 32 59'89 
41 7 5.82 
85 40 49.74 

3 j 2 0  22  83 
308 7 34.84 

7 ro  38.82 

107 j4  38.57 
94 49 39.62 

16 47 29.94 
56 13 36.49 

139 18 12.20 

8 j j j 23'99 
325 43 43'30 

9 js 8.86 
23 43 20.10 1 

30 j  2 46.56 
102 31 j3.44 

6 49 48.25 

55 9 47'74 
324 2 1  13-78 

21 4 57.26 

88 51 3 ' 9 j  
27 j7 52'47 

349 36 53'36 
309 28 31.21 

4 3 j 8.02 
316 39 37.29 

40 44 31.82 

73 49 I3 63 
3j2 37 51.35 
30 j  17 17.47,  

Side A B 

Log. Feet 

4'9902772~8 
5.02 131 14,8 
4'942464510 
!'029j186,4 
5.0847332~9 

4-91 57005, j 
4'9717078,7 
4.7126575~6 
4'86j9684,6 
4 9053978~4 

4905 j37818 
5.04 joo38,j 
4.9381430~6 
4.9971 557,7 
5'ooj j37j10- 

4.8418802,4 

4'9461984,9 
j'0277404,7 
4.8491027,~ 
4-5449312,t 

jVo96j7z8,7 
j'0181076~8 

4'96823o4,7 
4'9711207,3 
4'7976934,8 

jv0388748,4 
4 9244jOj,O 
5.1 j 42631 ,~  
4.8j j21j6,3 
5-0683046~6 

j.1165101~6 

, 5*14j13j3,3 
j '24ji91j.0 

Latitude North 

0 1  8 

23 19 6.05 
11 

23 15 8 . 9 j  
19 

23 3 21 ' 6 j  

1) 

23 I 49'45 
11 

11 

22  52 15'70 

11 

11 

22  53 22-13 

I1 

11 

#I 

23 5 32.78 
2 2  52 11.17 

2 2  39 32'41 
> I  

11 

2 2  42 3.84 

19 

22  28 3-92  

91 

9 1  

2 2  27 44-33  1 

Azimuth at 6 

0 1  A 

25 j 46 48.42 
204 49 8.49 
144 36 33'81 
221  2 9 6 j  
26 j  32 21.81 

21 j I7  4-07 
128 12 42-19 
187 ro  11.92 

287 49 45.33 
274 44 6 '3 j  

196 45 53.91 
236 7 I 5-09 
319 13 46.74 
26 j 48 31-98 

145 47 39-04 

189 53 19.41 
203 40 51'71 

125 6 47-53 
282 27 9.41 
186 49 14.20 

23 j 2 46.36 
144 25 119.60 
201 2 40.37 
268 44 40.16 

207 j j 53.06 

169 38 13-02 

129 32 54'37 
184 34 22.07 

136 42 55.3 j 
2 2 0  39 25'0.1 

2 j3  4 0  jc.76 
172 39 2 - j ~  

1 2 j  26 47.23 

~ $ f ~ ~ ~ ~ ~ ~  
--- 

O f  1 

74 12 I I ~ 9 8  

11 

73 55 14.93 
11 

74 4 18-96 

11 

73 42 41'32 
11 

11 

I 73 55 49.52 

11 

I )  

73 41 32'37 
11 

11 

11 

73 30 12-73 
73 23 52'63 
73 51 41-35 

y1 

11 

73 39 24-74 
)I 

73 50 12.62 

11 

1 9  

73 33 28.2 j 

I l1 I 21 

194 53 14.22 
26617 9 - ~ j  

207 56 39'77 
240 23 jI.00 
117 17 24.96 
151 I j 34.6 j 
200 43 22.71 

11 ! 11 

2 2  18 54. j0 73 44 j9.1 j 

14 5 j 13'37 5.06768 j2,g 
8 6 d 3 3 . 4 9 1  j.2410j36.9 

73 53 42-39 
11 

S Y  I1 (Ki~rdli) 

1 9  11 

27 59 23'9j 
6 0 3 2  49.00 

297 8 47.94' 
331 13 11-16 

20 46 j3.99 

2 2  10 17-83  

11 

4'9j1156 j,2 
5.1981437~1 
5.1717813~3 
4.8818360,4 
5'1850368,o 

S X I I I  (Sidpur) 

I 

2 2  4 15-21 ' 73 31 26.99 
Y I  11 I 11 I I 11 

735652 .51  

11 

11 

7326  7.74 

S Y I V  (Bibiiairilj) I 

11 11 11 

11 11 I 11 

I 

11 11 

11 11 

XXV (Keaarwa) 

11 

11 

21 45 35-98  



PRINCIPAL TRIANGULATION. UTIT'UDES, LONQITUl3ES AND AZIMTTHB. 
6?-H. 

Nmr-Skations XXVI (Pirner) 14 XxX (Singi) appertain to the Bombay Longitudinal Series of the Southern Trigon. 

W. H. COLE, 
dpriZy 1890. 

In, charge of Computing wee. 

Circuit 
NQ. 

sl 

18 

a 

11 

33 
11 

I1 

n 

$9 

n 

19 

35 

n 

n 

Ststion B 

Number and Name 
of Station 

XXVII (Alnmwtiri) 
XXVIII (Phthal) 

(I)ophri) 

,, 1s 

XXX (Tarbhh) 
,, 9 1  

XXXI (Piliva) 
XXXII (SUer) 
XXXI (Pilwa) 

XXXIII (PQrnera) 
XXXII (Sdler) 
XXXIII (Ptimera) 
XxXIV (Bhorgarh) 
XXXVI (aambbgarh) 

XXXTV (Rhorgarh) 
XxXV (Ankai) 
XXXVI (Gambirgarh) 
XXxV (Ankai) 
XXXVI (Gambirgarh) 

XXxVII (sinnap) 
YXXIX (Kalsubai) 
XXXVII (sinnar) 
XXXVIII (Hewargaon) 
XXX1X (Kalsubai) 

,, y t  

XL (Khandrug) 
XXXVIII (Hewargad 
XXYIX (Kalaubai) 

,, 19 

XxVI  (Phmer) 
XXX (Singi) 
XL (Rimandrug) 
XXVI (PArner) 
XXX (Singi) 

1s 11 

1, 11 

8totion A 

Number and Name 
of Station 

XXVI (Sdgbh) . 
11 19 

91 Y Y  

XXVII (AIarnwhri) 
XXVlII (Pbthal) 

9 1  11 

XXIX (Dophri) 
11 11 

11 11 

X X X ( T ~ ~ ~ B ~ )  

n 11 

XXXl (Pilwa) 
n $9 

$1 1s 

$9 19 

XXXII (541er) 

n 11 

XXXIII  (PBmers) 
XXXIV (Bhorgarh) 

11 11 

11 99 

n 11 

XXXV (anhai) 
19 11 

11 1s 

XXXVI (Gambirgarh) 
9, 11 

XXXFII  (Sinnar) 
11 91 

XXXVIII (Hewargaon) 

11 n 

19 I* 

XXXIX (Kaleubai) 

11 11 

11 1 Y  

XL (Klmandrug) 
XXVI (Pbmer) 
XXX (9ingi) 

Azimuth at  A 

0 1  4 

go 44 17-50 
68 7 47-43 

5 46 44'36 

301 2 0  11-52 

24 16 22.73 

83 31 43-08 
36 17 0'83 

331 22  14-92 
319 22  44-18 

13 13 16-10 
261 46 8.39 

76 43 47-60 
328 21 54.84 

28 24 45'23 

17 29 21.11 

318 0 34'17 
349 o 16-15 
264 5 25-81 

84 14 42'73 

312 19 35.81 
2 58 11-29 

54 36 4'27 
16 25 36-85 
50 r o  21.02 

305 47 22-99 
7 27 0.40 

332 41 21-54 
44 2 0  5-81 

I04 6 47'24 

338 43 36-50 
45 28 13.13 
73 2 14-15 

310 o 8.47 
3 58 37-12 

302 59 18-35 
82 19 56-45 

Latitude North 

0 I  I1 

21 34 21-74 
$1 

11 

21 34 34'13 
21 21  56-88 

11 

21 4 54'50 
91 

11 

21 0 34'13 

$9 

20  38 53'72 
$9 

11 

I# 

20  43 18-44 
11 

2 0  32 56.85 

2 0  7 5'96 
11 

$1 

11 

2 9  11 10.94 

SY 

n 

2 0  3 5'69 
11 

19 53 15-61 
11 

19 28 39'20 

11 

11 

I 9  36 1 -76  
11 

19 

I9  22  53-80 
19 2 34'75 
18 56 45'90 

~ $ ~ , " ~ ~ ~ t  

0  I  11 

73 49 28-11 
19 

11 

73 32 36-38 
73 16 32.89 

11 

73 46 17'43 
11 

11 

73 6 16-97 

91 

73 26 I ~ O O  

I )  

11 

$9 

73 58 49.11 
11 

72 59 23-60 
73 46 44-50 

11 

11 

P 1  

74 29 24-24 
11 

11 

73 5 31-89 
11 

74 2 47-49 
l9 

74 16 11-11 

11 

11 

73 45 2-44  
11 

11 

72 59 59-54 
74 26 51'54 
73 42 10.30 

Bide A B 

Log. Feet 

4'97gg427,4 
5'3035204,o 
5'253624390 

5.2963033,8 

5'1521017,g 
5'3595762,3 
5.2904721~1 
5-1729501,5 
5'2372906,g 

5'2348758,g 
j'2758807,o 
5'1929886,4 
5'3539327,g 
5'3913665,o 

5'3612570,3 
5'4170790~3 
5-z649801,4 
5.3893465,g 
5.3745593,5 

5.09444763 
5.2748801~2 
5.2716664,s 
5.4286544,5 
5.5202689~4 

5.4461775~8 
5'3898201,2 
5'2241816,3 
5'1634193,a 
5'2652770,6 

5.2286982,2 
~ '4389456~8 
5'4321683~6 
5.4971919,g 
5.3769684,1 

5.4617675,9 
5'4143939,~ 

drimuth at B 

0 1  4 

270 38 15.48 
247 55 44-48 
185 45 35.01 

121 30 58.56 

204 12 40'13 
263 17 21.04 
216 9 47.57 
151 26 53.09 
139 29 45-19 

193 10 49-45 
81 57 43.59 

256 34 25.61 
148 29 7.96 
208 17 37.80 

197 25 8.32 
138 11 15.50 
169 2 23.92 
84 20 7.69 

264 0 33.59 

132 25 5.21 
182 57 36.62 
234 26 57-17 
196 21 7'77 
229 55 15.27 

126 0 47-02 
187 25 8.28 
152 45 52.22 
224 14 6.03 
283 56 21-27 

I 58 47 7'7 j 
225 17 1-57 
252 47 12-29 
130 13 58 68 
183 57 40.30 

123 13 9-14 
262 5 23'76 



S I N G 1  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 

The following table gives, first, the usual data of the observed vertical angles and the heiglits of the signal and instrument, 
&c., in pairs of horizoiital lilies, tlie first line of which gives tile data for the 1st or the fixed station, and tile second line the data 
for the 2nd or the deduced statioa. This is followed by the arc contained between the two stations, aild then by the terrestrial 
refraction and the height of the 2nd statioll above or below tile Ist, as computed from tlie vertical a~igles 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. 
Usually tliere are two or three independent values of tile heigllt of the deduced station; the details are so arranged as to  
show t11ese consecutively arid their mean in the columns of "Trigonometrical R e s ~ l t s . ~ ~  T l ~ e  mean results thus obtained are 
liowever liable to receive corrections for tlie errors generated in the trigonometrical operations, which are shown up by the 
spirit levelling operatiol~s, wherever a junction between the two has beell effected. The spirit levelled determinations are always 
accepted as final, and the trigonometrical heights of stations lying between those fixed by the levelling operations are adjusted 
by simple proportion to accord with the latter. In  the tai~le the spirit levelled values are printed thus, 613'96, &c., t o  dis- 
tinguish them from the adjusted trigonometrical values. The column in which the mean trigonometrical heights are given is 
barred across where necessary, as after deduction of Stu. XVII from Stn. XVIII, page64-,, to indicate that one set of adjustments 
ends and another begins. The trigonometrical heights always refer to the upper mark or to the upper surface of the pillar or structure 
on which the theodolite stood ; when a spirit levelled height does not refer to either of these surfaces, i t  is given in combination with - 

a correction, thus { '!8:72 , and the sum of these two quantities, in this case 165- 22, represents the value with which the come- 
\ 

sponding trigonometrical mean height I 69 - 4  is comparable. Descriptions follow tliese tables, exactly indicating the surfaces on 
which the levelling staff stood during the determinations of the spirit levelled heights. 

When the pillar of the station is perforated, the height given in the last column is that between the upper snrface of 
pillar and the ground level mark-stone in the floor of the passage; otherwise, i t  is the approximate height of the structure above 
the ground at  the base of the station. 

The heights of the fixed stations above Mean Sea Level are as follows :- 

XXIX (Tdna) From the Kardchi Longi- 
tudinal Series of the North- 

XXXII (Lakarwh) west Qu&ilateral. 

XXVI (Pdmer) From the Bombay Longi- 

XXX (Singi) tudinal Series of the South- 

XI1 (Jithrhbhor) 798. I feet 
XI11 (Pathngri) 921 '9 ,, 
XIV (Kigarol) 595 ,J From the Guzerat Lon- 
XV (Wmdhari) j56 , ,, gitudinal series. 
XVI (Ghorkio) 323 J J  

XVII (Bhor) 1037.3 ,, 
XVITI (Rencha) 541 8 ,, 

Norx.-3tstiom XXIX (Tba) and XXXII (Lakarwb) appertain to the Karkhi Longitudinal Series of the North-West Quaddated 

- 

.- * 
E 
4 
2 
bS 

$ 
5 
A 

4 
8 

4 
8 

Astronomical Data 

Number and Name 
of Ststion 

SXIX (Th) 
I (Anjini) 

XXXII (Lakarwie) 
1 (Anjini) 

lS6' 

Mar. 15 
,, 18,19 

9 )  12 
,, 18,19 

Observed 
Vertical Angle 

0 I If 

Do 17 1'4 
D o  8 31.9 

D o 26 55-7 
E o 5 47.1 

Mean of 
Timea 

orober- 
vation 

h m 
2 35 
2 21 

2 32 
2 33 

Height in feet 

L 

r= 

WJ Final % a a Result 5 n 
tion 

2-6 
2.6 

2.6 
2'6 

"' 
5.2 

5'1 

5.2 

11 

1722 

1447 

97 

93 

-057 

'064 

fect 

3.1 

-214'8 

-697.0 

1876.0 

1871.5 

1877'4 

1875 



PRINCIPAL T E ~ G U L A T I O N .  HEIGHTS ABOVE lKEAN SEA LEVEL. 
63-H. 

Horn.--Station X n I  (La]rarwb) sppertsiar to the -hi Longitudinal aerier of the Nod-Weat Quadrilate& 

. 

N u m h  and Nuns 
of Station 

X X X I I  (Lakarwb) 
I1 (Sisa) 

I (Anjini) 
I1 (Sisa) 

I(Aojini)  
111 ( T u k w h )  

11 ($ha) 
111 (Tukwhea) 

I1 (Sisa) 
I V  (Dbngarpur) 

111 (TukwLa) 
I V  (DGngarpur) . 

111 (Tukwha) 
V (Sagwbra) 

I V  (Dbngarpnr) 
V ( S a p h a )  

111 (Tukwbaa) 
V I  (LohBria) 

V (SapBra) 
V I  (Lohiria) 

V (Sagwhra) 
V I I  (Amjio) 

V I  (Lohiria) 
V I I  (Amjio) 

v ( s a g w h )  
V I I I  (Kua) 

V I I  (Bmjio) 
V I I I  (Kua) 

V I I  (Amjio) 
IX (Deokotla) 

V I I I  (Kua) 
I X  (Deokotla) 

V I I I  (Kua) a 

X (Tembla) 

I X  (Deokotla) 
X (Tembls) 

Observed 
Vertical Angle 

o r  I 

D o  17 14.7 
D o  I 4'9 

D o  20 7.3 

D o  29 18.9 
E o 1 2  29-3 

D o  36 17'4 
E o 14 42'4 

D o  31 54.4 
E o 1 1  47'5 

D o  2 28-7 
D o  15 '1.4 

D o  14 38.0 

E o 0 55'5 

D o 2 1  41'5 
E 0  5 41.5 

D O  2 0  1.9 

E o 7 59.6 

D o  11 16.4 
D o  o 0.6 

D o  7 51.8 
D o  6 2 2 . 2  

D o  t 9'1 
D o  10 27-7 

D o  14 47'8 
E o 2 37'9 

D o  13 45'5 
D o  2 25'5 

E o 6 46.9 
D o  19 1'6 

D o  23 38.9 

D o 6 44.0 
D o  6 31.0 

D O  2 4  36.0 

E o g 55.0 

Admnomical Dste 

i l e a n  of 
Times 
f obser- 

Mat. 12 
22 a# 

91 19 
31 22 

,, 18,19 
,, 29,31 

1 f 22 
,, 29,31 

P, 22 
,, 25,26,27 

,, 29,31 
,, 25,26 

,, 29,31 
Apr. 2,4 

Mar. 26,27 
Apr. 2 

Mar. 29 
Apr. 8,s 

,, 2,4 
9 9, 

,, 2,4 
10,ll 

9 I, 

,, 10~11 

91 2 
14 I? 

,, 10~1 
14 )I 

99 11 
17 81 

9 g  14 
n 17 

n 14 
19 ~9 

19 17 
9,  19 

-3 . 
C 
g 

* " 
B 
A 

4 
4 

4 

8 
8 

4 
8 

4 
12 

8 
8 

8 
8 

8 
4 

4 
8 

8 
4 

8 
8 

4 
8 

4 
4 

8 
4 

4 
4 

4 

4 
4 

4 
4 

vation 

h m 
2 41 
2 27 

2 45 
2 40 

2 46 
2 17 

2 53 
2 33 

3 o 
a 39 

2 50 
2 47 

2 37 
2 35 

2 37 
2 25 

2 48 
2 25 

2 49 
2 27 

a 35 
2 49 

2 33 
2 44 

3 4 
3 I I 

a 40 
2 35 

2 35 
2 17 

3 3 
2 27 

2 55 
2 24 

2 36 
a 44 

* 
-2 
f rn 

YIY 0 m 

- 3  5 I a 
45.2 

.I 

4 

- 

+ 

- 693.0 

-1095.4 

+ 221.6 

- 206.9 

- 417.5 

331.5 

123.6 

21.0 

+ 102.5 

- 201.6 

181.9 

+ 306.5 

+ 

2.8 

- 490'9 

3 
% 
3 
B 
0 

m 

1223 

1372 

. 
I 129 

1458 

1362 

1182 

go6 

1059 

804 

743 

95' 

840 

787 

1087 

809 ' 

1046 

858 

964 

Height 

" 
B a 

2'6 
2.6 

2 ' 6  

2'6 

2.6 

2.5 

2 '7  
2'6 

2.6 
2.6 

2 '7  
2.6 

2.6 

2'5 

2.6 

2.7 

2.6 
2.6 

1.7 
2-6  

2.6 
2'6 

2-6 
2.6 

2.5 
2'6 

2.6 
2 '6 

2.6 
2.6 

2.6 

2'5 
2 - 5  

2.6 
2.6 

1 

66 

87 

64 

85 

82 

65 

48 

54 

47 

40 

54 

48 

35 

63 

44 

59 

37 

47 

in feet 

3 
I-I 

"I 

5.2 

5'2 

'5s2  

5'2 

5 ' 2  

5'2 

5.2 
5'2 

'" 
5.2 

5.2 
5'1 

5 '2  

5 '1 

5.2 
5 '1 

5.1 
5.1 

5.1 
5-2  

5.1 
5.2 

5.1 
5 '1 

' 

5 - 1  

5.2 
5'2 

"I 

5.2 

5.1 
5.1 

5 -2  
5'1 

& M o o  

"3 
43 
-3 
ad 

,054 

-063 

'057 

.o58 

-060- 

.o55 

'052 

.051 

,059- 

'054- 

'057- 

-057 

-045 

-058- 

-054 

'056 

'044- 

'049 

* 

1 
g 
S 
il 
2 
% 

g 
G 
fd 

4.4 

4-9  

3.6 

4.6 

2'8 

4 

5 '0  

5 

Height in feet of h d  
Megn 

P'inal 
h u l t  

2282 

1184 

1406 

976 

851 

953 

772 

1258 

Stetion above 
Sea Level 

7 7 4 - 5 1  767 

By& 
Y u o -  
tion 

290.32284.1 

407.92283.9 

1183.0 

1188.6 

873'91q10.1 

1407.4 

978'9 

981.3 

854'3 

856.5 

959" 

957'9 

778'5 

776.6 

1265.0 

487.91265.5 

774'8 

774'3 

TrigonometricsI 
Beaulta 

M a v  

2284'0 

1185.8 

1408.8 

980.1 

855-4 

958.5 

777'6 

1265.2 



Astrowmid Date " Height in feet B ." 
Y 

l e a n  of E m b e r  and Name Observed 
Timen of Station Vertical Angle % 3 

of obser- Final 2 " iz 
ration d 1 

Apr. 17 
,, 21,22 

$9 19 
,, 21,22 

8 ,  19 
81 25 

,, 21,22 
11 25 

,, 21,22 
9, 23 
1860-61 

Jan. 15 
,, 6,6 

Dec. 19,20 
,, 21,27 

Jan. 6,6 

t; 2 

Dec. 19,20 

~t 1 

,, 21,27 
NOT: N, ~ e c .  i 

Dec.21,27,28 

,, 8,4 

PI 1 
91 8,4 

Jan. 6,6 
t, 19 

81 2 
IJ  19 

Dec. 81 
~9 12 

Jan. 5,6 
9 ,  20 

Dec. 21,27 
,, 14,15 

,, 10,ll 
,, 14,15 

15 9n 

2 qg 
2 20 

3 5 I 
3 9 

2 35 
2 50 

2 44 
2 39 

2 44 
2 5 I 

2 22  

2 46 

2 30 
2 33 

2 41 
2 21 

2 41 
2 38 

2 35 
2 45 

2 28 
2 20 

2 I 2 

2 7 

2 39 
2 31 

2 36 
2 20 

2 25 
2 42 

2 24 
2 25 

2 38 
2 50 

2 32 
2 41 

I X  (Deobotla) 
X I  (Uchak) 

X (Tembla) 
X I  (Uchak) 

X (Tembla) 
XI1 (Jhthribhor) 

X I  (Uchak) 
XI1 (Jbthnibhor) 

X I  (Uchak) 
XII I  (PatBngri) 

XI1 (Jithrhbhor) 
XI11 (Pathgri) 

XI1 (Jbthrtibhor) 
XIV (Ggarol) 

XI11 (PatQngri) 
XIV (Kigarol) 

XI1  (JQthrhbhor) 
S V  (Wardhari) 

XIV (KBgarol) 
xv (wardhaxi) 

SIT (Khgarol) 
XVI ( ~ h ~ r i ~ o )  

XV (Wardhari) 
XVI (Ghorhrbo) 

XI11 (Pathgri) 
XVIII (Bencha) 

XIV (Kbgarol) 
YVIII (Bencha) 

XVI (Gho&do) 
XVIII (Rencha) 

XI11 (Pathngri) 
XVII (Bhor) 

XIV (Kdgarol) 
ST11 (Bhor) 

ST111 (Rencha) 
XVII (Bhor) 

0 I I1 

D o  8 3 1 . 6  
D o  7 2 2 ' 1  

E o 11 58.1 
D o  25 2 - 7  

D o  6 59.7 
D o  g 6 .6  

~ ~ ' 7  
E o 3 19.1 

D o  19 27'2 
E o 6 46.0 

D o  2 18.3 
I) o 11 23.3 

D o  17 35 '4  
E o g 37 .3  

D o  2 0  1 . 2  

E o 7 58.0 

D o  l6 47'7 
E o 6 1.1 

D o  8 2 9 ' 8  
D o  5 46.2 

D O  16 42.8 
E o 2 2 ' 2  

D o  15 39 '6  
E o 2 3 1 - 2  

D o  20 2 . 9  
E o 3 23'6 

D o  55 '1  
D o  2 42.1 

110 o 52 '0  
D o  14 54'5 

D o  I 6.5 
D o  10 47.3 

E o 7 31.6 
I) o 2 2  26.0 

E o 19 0.1 

D o  29 23.7 

R 

4 
8 

4 
8 

4 
4 

4 

8 
4 

4 
8 

8 
8 

8 
4 

4 

8 
8 

1 2  

8 

4 
8 

8 
4 

4 

4 
4 

8 
4 

8 
8 

8 
8 

2.6 
2 . 6  

2 ' 6  
2.6 

2.6 
2 '6  

2 '6  

2 - 6  

3.5 
2 '6  

2 .6  
2.6 

"6 
2.6 

2.6 
2.6 

2 '8 
2 - 6  

2.8 
2 .7  

2 .7  
2 - 7  

2 - 6  
2 . 8  

2 .7  
2.6 

2 ' 7  

2 .7  

2 '7  
2 '7  

2 .7  
2.6 

2 .7  
2 - 7  

2.8 
2.6 

5 ' 2  

5 ' 2  

5 ' 1  
5 '2  

"I 

5 '2  

5.' 
5 '2 

5.2 
5.2 

5.1 
5.2 

5" 
5 - 1  

5 - 2  
5'1 

5" 
5 ' 2  

5 .1  
5 '2  

5.1 
5 ' 1  

5 '2  
5 .1  

5 ' 2  

5 .1  

5 '1  
5 ' 1  

"I  

5 ' 1  

5 '2  
5 - 1  

5'1 

tt 

1040 

866 

1058 

1198 

815 

925 

511 

792 

724 

962 

979 

875 

1095 

688 

I052 

797 

5.1 
5 ' 1  

48 

47 

51 

58 

32 

57 

27 

41 

,6 

58 

54 

49 

52 

33 

58 

48 

4 

'046 

'054 

'048 

.049 

'039 

'062 

.052 

'052 

.063 

-060 

- 17.7 

+471'5 

+ 32'9 

-438.4 

-314'5 

+123'7 

-204.2 

-327'4 

-243.8 

- 38.7 

tion 

1247.5 

1246.0 

807'4 

808.4 

932'3 

931 '6  

593-9 

594'5 

5 j 4 . 3  

555'5 

323.3 

321.4 

543.7 

541.5 

540.1 

1035'1 

1035.6 

1238 

7 9 8  

922 

595 

556 

323 

542 

I037 

1246'8 

807 '9  

931'9 

594'2 

554'9 

322'4 

541.8 

1036.6 

0 5 5  -270.9 

d 

fGsf 

5.2 

5 

2 

5 

5'8 

5 

5 

t 

' 0 j6  

.048 

.o48 

'055 

'060 

-233'5 

-378.2 

- 52.7 

+217'7 

+113'2 





(1) The mean of observations taken on 26th, 27th and 28th February, and 1st and 10th March, 1861. (2) The mean of obsemtions taken on 21st April, 1861, 
cud 144k Apnl, 1885. (3) The mean of observations taken on 25th April, lNl, and 4th April, 1888. * Not forthcoming. t Bee description of this station, page 7-z 

Astronomical 

lsel 

Apr. 8,9,10 

Mar. 27 

$ 9  19 
Apr. 9,10 

Mar. 10 
Apr. 8,9,10 

M a .  27 
Apr. 8,9,10 

(1) 
Apr.12,13,16,17 

,, 2,5  
,, 12,13,16,17 

?Jar. 28,29,30 

A .  21 

9,  17 
9 )  21 

,, 13,16,17 

8 9  25 

(2) 
(3) 

1885 
Apr. 14 
Mar. 30 

Apr. 4 
Mar. 27 

Apr. 7 
a .  21 

1, 27 
9, 16 

Apr. 14 

09 23 

Mar. 29 
Apr. 23 

Mar. 80 

May 13 

Apr. 22 

May 8,10 

Date 

Mean of 
Times 

of obeer- 
vation 

h 7n 

2 41 
2 29 

3 2 

2 41 

2 18 

2 25 

2 29 
2 41 

2 24 
2 28 

2 30 
2 52 

2 37 
2 14 

2 44 
2 26 

2 42 
2 24 

a 10 

2 16 

2 13 
2 14 

2 2 0  ' 

2 2 0  

I 53 
2 13 

I 46 
I 48 

I 41 
I 42 

2 I 

2 19  

I 24 
I 46 

2 23 
2 49 

Number and Name 
. of Station 

XXVII (Blamwhri) 
XXVI (Shgbira) 

SXIV (Bibhirij) 
XXVII (Alamwdri) 

XXV (Kesarwa) 
XXVII (Blamwiri) 

XXVI (Shgbira) 
XXVII (Alamwiri) 

XXV (Kesama) 
XXVIII (Phthal) 

SXVI (Shgbha) 
XXVIII (Phthal) 

XXVI (Sdgbka) 
XXIX (Dophi) 

XXVIII (Pdthal) 
XXIX (Dopiri) 

XXVIII (Pdtbd) 
YXX (TarbhBn) 

XXIX (Dopiri) 
XXX (Tarbhhn) 

SSIX (Dopdri) 
XXXI (Pilwa) 

XXX (Tarbhdn) 
XXXI (Pilwa) 

XXX (Tarbhh) 
XXXIII (Pbrnera) 

XXXI (Pilwa) 
=XI11 (Phrnera) 

XXIX (Dophri) 
XXXII (Sdler) 

XXXI (Pilwa) 
XXXII (Siler) 

XSXI (Pilwa) 
XXXIV (Bhorgarh) 

XXXII (Shler) 
XXXIV (Bhorgrrh) 

.- 
4.4 

E 
4 
2 
8 

1 
R 

1 2  

4 

4 
8 

1 2  

I 2  

2 0  

16 

8 
16 

12 

4 

4 

I0 

4 

10 

I 0  

6 

' 8  
6 

6 
12 

6 
6 

6 
6 

8 
6 

8 
8 

6 
6 

Observed 
Vertical Angle 

o r  * 
E o 32 54.1 

D o  47 8 . 9  

D I 4 ; 8 - 7  
E o  41 1 0 . 4  

37 59.5 
E o 26 27.7 

D o  47 8 ' 9  
E 0 32 54 '1  

D o 30 32.4 
E o 8 5.7 

D o 36 14.7 
E o 6 45.2 

D o 16 38.3 
D o  g 28.7 

9 '5  
D o  32 59.0 

O 24  
E o 2 52.7 

D o  41 13.2 
E 0 7 51.0 

D o  " l  

D o  18 38.5 

E o 2 4 4 9 . 3  
D o  49 57.8 

D o  3 11.1 

D o  22  6 . 9  

D o  42 7.2 

E o 19 45.9 

E r 6 48.8 
D I 28 34.4 

E 0 43 4 . 9  
D 1 1 o 3 5 . 6  

E o 6 57.8 
D o  39 27.6 

D O  40 3 5 - 3  
E o 7 13.2 

a 

S 
cn 

-4.7 

O Z z  
3 I s 
.%?a u ,.g 
!43 

' CI 

+111r.gxg60.1 

-2421.8 

- 714.3 

-1111.9 

861.1 

-1258.7 

- 187.6 

+1068'1 

- 559.2 

-1633.3 

; 245.2 

f18gg .ozo18 .5  

474.3 

-068-1403.8 

+336718 

+3r t1 .g5139 .5  

+1526'13543'7 

-1598.2 

I 

7 ' 
3 
8 

m 

941 

1557 

754 

941 

1516 

1 ~ 8 4  

1777 

1953 

1405 

2262 

1929 

1707 

1698 

1542 

1472 

1866 

2233 

2271 

Height 

';d 
k, 
B 

2 ' 7  
2 - 7  

3 ' 0  
2 .6  

2 ' 9  
2 .7  

2 ' 7  
2 . 7  

3 . 9  
2 . 8  

4.0 
2.7 

3.5 
2 . 7  

3 '3  
2 ' 6  

2 '6  
2 . 6  

2 ' 3  
2 .6  

r ' 8  
2 . 8  

1 .7  
2 . 4  

2 . 2  

5.2 

1 .3  
1 - 6  

1 ' 3  
2 . 6  

1 ' 3  
1 ' 8  

1 - 7  
2 ' 5  

1 ' 7  
1 ' 3  

Terrestrial 
Rehetion 

~t 
1 
a - 
48 

88 

37 

48 

87  

109 

108 

114 

66 

133 

108 

104 

92 

105 

88 

1x2 

I 4 j  

138 

in feet 

1 4 
a 
n 

5'2 
5 '2  

'" 
5.2 

5 '1  
5 ' 2  

5 ' 2  

5 ' 2  

"I 

5 '2  

5 ' 2  

5 ' 2  

5 ' 2  

5 ' 9  

"' 
5 ' 9  

'" 
5 ' 1  

5 ' 8  
5 ' 1  

5 '8  
5.2 

"I 

5 ' 2  

5 ' 1  
5 . 3  

5 ' 2  

5 . 3  

5 '8 
5 .1  

5 2  

5 .1  

5 ' 2  

5 ' 1  

5'1 

- 

0 

7 
4% 
2 . 2  
e: no 

'051 

.056 

.o50 

. O ~ I  

-058-  

-055 

,061 

'058 

.0)7 

-059 

'056 

.061 

.o54,+ 

-060 

'060 

'065 

.o61 

8 
$ 

h 
% 

5 ." 
6 

fwt 

# 

I 

t 

2'7 

0'8 

0 

0 

2.4 

Height in feet of h d  
Mean 

Final 
k d t  

8 4 8  

701 

1771 

140 

2018 

613'96 

5x40 

3543 

Station above 
Sea Level 

Trigonornetrid 
Resulta 

Byeacll 
deduc- tion 

850.1 

846.3 

848.6 

699.5 

701.7 

1772.8 

1768.7 

141.4 

137.5 

2016.0 

613.8 

613.5 

5138.8 

3541.03541-1 

Mean 

848.3 

700.6 

'770'8 

'39.5 

2017.3 

613.6 

5139.2 



PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 67-i:, 

NOTE.-Station XXX (Singi) appertains to the Bombay Longitudinal Beriea of the Bouthem Trigon. 
t Bee  deacriytionn of these stationo, pege 8-=, 

E 
4 

" % a  
g 

3 0 s  

' 
I: 
k 

h 

2 
pc 

% 
j; 
.9 
6 

3 
8 m 

W Y  0 m - = 
8 1 * 
.a&s 
!a .- 1 

g cv 

." 
.a 

E 
4 
u, 
8. 

$ 
E 

O b ~ n n d  
Verticel Angle 

, 

11 

2342 

2434 

1819 

2342 

2582 

2422 

1229 

1847 

1862 

2761 

1440 

2652 

1656 

1821 

2425 

2674 

2716 

2355 

Refraction Height in feet of 2nd 

6 
6 

6 
6 

8 
6 

6 
6 

6 
6 

6 
6 

6 
6 

6 
10 

6 
6 

6 
6 

6 
4 

6 
8 

6 
6 

6 

6 
6 

6 
8 

6 
4 

6 
4 

0 1  4 

E o I 51-9 
D o  35 30 '1 

D o  14 33.0 
D o  21 4.3 

E o 17 21.4 
D O  43 45.3 

D O  35 30'1 
E o  1 5 1 - 9  

D o  45 14'4 
E o 7 6 . 9  

1) o 23 16.8 
D o  12 25.0 

D o  29 15.2 
E o 11 9.6 

D o  19 51.4 
D o  7 2 0 ' 2  

E o  20 11.5 
D o  47 29.4 

E o 18 39.6 

D o  58 39 '9  

E o 50 27-6 
D I 11 36.9 

D o  21  15 '7 
D o 17 40' 7 

D o  8 0.1 

l ) o 1 6 1 8 . 1  

n o  57 51.0 
E o 31 12 - 4 

D o  19 5 '5  
D o  15 49.4 

D I o 39'5 
E o 22 10.7 

D o 4 39.8 
D o  35 13'2 

D o  33 58.1 
D o o 26.3 

Height 

" a iz 2 
" 

XXXVI (aambhgarh) 
XXXIV (Uhorgarh) 

XXXI (Pilwa) 
XXXVI (Bmbhgarh) 

XXXIII (Phnera) 
XXXVI (Bambirgurh) 

XXXIV (Bhorgarh) 
XXXVI (Qambirgarh) 

XXXII (Sder) 
XXXV (Ankd) 

1IXXIV (Bhorgarh) 
Z V  ( h k a i )  

XXXIV (Bhorgarh) 
XXXVII (Sinner) 

XXXV (Ankai) 
XSXVII (Binnar) 

XXXIV (Bhorgarh) 
XXXlX (Kalsubui) 

~ V I  (Gambirgarh) 
XXXIX (Kalaubai) 

XXXVII (Sinnar) 
XYXlX (Kalsubaij 

I XHXV (Axlkai) 
YXXV1I1 (Hewargaon) 

XXXVII (Sinnar) 
XXXVlII(Hewnrgaon) 

XXXIX (Kaleubai) 
XXXVIII (Hewargaon) 

XXXVI (Qambhgarh) 
YL (Khmandrug) 

XXXIX (Glsubai) 
XL (Khmandrug) 

XXXVIII (Hewergson) 
XXX (Singi) 

XXXlX (Kalsubai) 
XXX (Singi) 

Number and Name 
of Station 

in feet 

I 
w 

'3 
3 1  
31 da 

Mar. 8 
May 8,10 

Mar. 28 

39 10 

39 16 
9 )  8 

May 8,10 
Mar. 8 

Apr. 22 
80 ,) 

May 8,10 
Apr. 30 

May 8,10 
Feb. 3 

Apr. 30 
Feb. 3,4 

May 8,10 
Feb. 9,10 

M 6 
Feb. 9,10 

JY 3 
8 It 

Apr. 30 
Jau. 27,28 

Feb. 8 
Jan. 27 

Peb. 8 
Jan. 26 

Mar. 6 
Feb. 28 

2) 9,10 
,, 2234 

Jan. 26 

23 19 

Yeb. 8,10 
Jan. 19 

4 

Antmnomical 
e m  

Final 
Result 

i o n  h e  
Sea Level 

feat 

t 

3.7 

1.4 

4 ' 3  

I ' 7  

t 

0 

1.7 
3 . 3  

3 ' 0  
1 .3  

3 '3 
2 . 0  

3 '3 
1 .7  

1 ' 3  
1.3 

1 - 2  

1.7 

1 - 3  
1 .8  

1 .7  
1 ' 7  

1 - 7  
1 '7  

1 .8  

3 ' 2  

2 . 7  
2 - 5  

1 '3  
I - 7  

1.9 
1 . 9  

1 ' 9  
I 7 

3.0 
2 ' 5  

3 - 0  
1 .8  

I 5 
2.0 

1.5 
1 .8  

h m 
I 59 
I 56 

I 54 
I 53 

I 52 
I 46 

x 56 
I 59 

I 49 
r 56 

a 19 
2 20 

I 42 
I 41 

I 32 
I 24 

a 36 
I 47 

2 41 
I 57 

2 9 
z I 

r 44 
2 10 

I 56 
5 

I 31 
I 56 

a 19 
2 32 

I 48 
I 50 

I 37 
I 26 

I 57 
I 46 

Date 

Meen of 
Times 

of ober- 
vation 

~gonometrieal 
Resultu 

By etwh 
dedua- 

tlon 

6 . 7  
5 '1 

5.2 
6 . 7  

5 ' 3  
6 . 7  

6 - 7  

5 '1  
5 ' 1  

5'1 
5 ' 1  

5 '1 
5.0 

5'1 
5 ' 0  

5 - 1  
5 ' 1  

6 ' 7  
5 '1 

5 ' 0  
5 . 1  

5 ' 1  
5 - I 
5.0 
5.1 

5 '1  
5 -1 

6 - 7  
-7 .2  

5 '1  
7 '2  

5 ' I 
5'2 

5.1 
5.2 

2252 ' 

3154.11 

2e18~4.4 

5400 

3017 

2138 

4243 

Mean 

2250.6 

3151.7 

2811.1 

- 

3014'6 

2135.9 

I /  I 
165 

I51 

122  

165 

150 

143 

78 

1x2 

116 

184 

89 

161 

103 

116 

169 

186 

164 

149 

+1289*3~3538'7 

+ 232'1 

f1635.1 

- 1 ~ 8 9 . 3  

-1990*03149*2 

- 

- 7 3 0 ' ~  

- 

+1854-3 

+3142*7 

+2587'45402'8 

- 

+ zoz.2 

-2386'53011'8 

117'2 

-3261.6 

+ I Z ~ I  -6 

. O ~ O  

.062 

-067 

-070 

'058 

'059 

.063 

'061 

'062 

'067 

'062 

'061 

.062 

'064 

'070- 

.070 

.060 

'063 

2249'7 

2 ~ 4 9 . 1  

2253.1 

387,03154'1 

2810.7 

340.32811-4 

5397.1 

5395'05398'3 

139-73014-4 

3017'6 

2135'1 

2136.7 

4236.2 

-1161'94236'44235'9 



68-E. 
8INGI MERIDIONAL SERIES. 

Nom.-Stationr XXVI (Pkner) and XXX (Singi) appertain to the Bombay Longitudinal Series of the Southern Trigon. 

When determining the Spirit-levelled heights, given on pages 66-H. to 67-=., the levelling staff stood 
on the surfaces hereafter described. 

XXIII (Sidpur) On a peg at the foot of the sL~tion, height=162.88 feet. To this value, 8-84  feet 
(the height of the upper surface of the rectallgular protecting pillar above this peg) 
being added, the height of the upper surface of the protecting pillar was found 
to be 168.72 feet. 

XXXIII ( P h e r a )  On a peg below the station, height=565 ~ 6 2  feet. To this value, 48 .34 feet (the 
height of the station mark cut on the rock in 82'122 above this peg) being added, 
the height of the station mark was found to be 613.96 feet. 

htronomical Date Height in feet 

XXXV (Ankai) 
On the upper mark-stone. 

XXXVII (Sinnar) 

Feb. 28 
Jan. 20 

*I 25 
8 2, 

Feb. 8 
Jnn. 11 

n 19 
8 9) 

v 

3 
g, a 

3.0 

1 ' 2  

1 . 8  

1 . 2  

1.7 

2'8 
1 . 8  

For further particular8 of the8e statimra, gee page8 6, to 8_, 

.- 
4.2 

E 
2 

po 
.Y, 
L 

2 
2 
R 

6 

6 
6 

4 
6 

4 
6 

&umber and Rame 
of Station 

XL (KBmnndrug) 
XXX (Singi) 

XXXVIZI (Hewrwg~on) 
XXVI (PBrner) 

XXXIX (Kabubai) 
XXVI (PBmer) 

XXX (Singi) 
XXVI (Phler) 

Mean of 
Timee 

oiobser- 
vation 

h 4n 

2 24 
2 18 

I 42 
I 35 

I 18 

I 45 

I 8 

I 3 j 

April, 1890. 

Obrerved 
Vertical Angle 

0 1  * 
E "  9 '9  
D o  45 37 '1 

D o 7 49-7  
D o 1 6 5 4 . 0  

D 0 4 6  22.9 
I3 o o 58.6 

D o 31 57.3 
D o  5 30.3 

Z 
-4 

d 
li; 

Final % 
Ei 

01 

7 2  
5 - 2  

5.1 
5.1 

5 '1 

5 ' 2  

5 '1  

It 

2863 

1674 

3106 

2567 

xgx 

99 

193 

162 

.059 

.062 

.063 

. 0 6 y + t o g 9 . 1 4 ~ 3 j . o  

+ 223'8 

-2164.4 

- 999.6 

3239 

fed 

3.2 

- 

3238'4 

3233.9 

3236.3 

3236.2 



S I N G 1  M E R I D I O N A L  S E R I E S .  

PRINCIPAJJ TRIANGULATION. AZIMUTHAL OBSERVATIONS. 

At XI11 (PatBngii) 

h m  r 
Lat. N. 22' 52' 15".7O; Long. E. 73' 55' 49".52 = 4 55 413.3; Height above Mean Sea Level, 923 feet. 
December 1861 ; observed by Lieutenant C. T. Haig, R.E., with Troughton and Simms' 18-inch Theodolite No. 2. 

Star observed 
Mean Right Ascension 1861.0 

S Uraa Minoris (East and West). 
18" 17rn 11' 

Mean North Polar Distance 1861.0 3' 23' 51*-55 

Local Mean Times of Elongation, December 21 Eastern 1 8 ~  2om 
Weetern 6 10 

f, n 

n 

Q 
4 

Dec.21 

,, 22 

Beduced Observation 
bf. Mark - Btu 

at ~ O U @ D  

o r  n 

- 3 57 29-62 
29-29 
32'95 
32'62 

+ 3 24 57-46 
57-09 
55.02 
56.18 

Observed 
Horizontal Angle : 
DB. of ~ a s d i u p  
R a f . h k k - s t a r  

0 "  

- 3 56 47-13 
56 54-87 
57 17-20 
57 23-66 

+ 3 24 43-70 
24 46.40 
24 40'20 
24 36-50 

E. 

W. 

* 

- 3 57 30.08 
30' 76 
31 '1 j  
30'89 

+ 3 24 58-76 
59-93 
56.90 
56.12 

- 3 9 19-00 
57 21-27 
5711.60 
57 6-80 

+ 3 24  13'50 
24 17-40 
24 59-07 
24 57'43 

Observed 
Ho-ntal : 

of Besding 
pd. f i k - ~  

o r  

- 3 57 21-24 
57 2 6 . ~ 3  

+ 3 23 4 '40 
2 3 5 . 9 3  8 
zq 56'54 
aq 55-60 

0.E 

$3 
Y 

0 I 

179 44 
& 

359 44 

179 44 
~i 

359 44 

PACE LEBT 

.s a g 

22 

n 23 

9 o 
7 9 

1 1 2 0  
12 38 

18 59 
17 43 
I 17 
0 9 

PAOX 

B a a 8 3 
$ 
i 

m a  

6 54 
o 57 

22  48 
2052 

I 32 
o 1 2  

3 8 
j 0 g 
c$G 

W S S  

18 23 
16 33 
6 45 
8 25 

ro 26 
9 12 

10 51 
ra 30 

2 1  37 
19 28 

I 25 
3 6 

8 24 
7 9 
7 59 
9 1 5  

Reduction in 
to of 

ilooU.tion 

n 

- o 42-49 
0 34'42 

0 5'75 
o 8'96 

+ o 13-76 
o 10.69 
o 14'82 
o 19.68 

- o 58'78 
o 47'66 
o 0.25 
o 1 - 2 2  

+ 0 8.89 
0 6.46 
0 8-03 
0 1 0 . 7 9  

E. 

W- 

- o 10.22 

0 6.45 
016.20 
o 20'15 

+ O 45'52 
0 39-63 
o oa21  
0 0.00 

BIQET 

Reduction in 
Am to Time of 

Elon@on 

I w 

- o 6.00 
o O . I I  

+ I 5.69 
055 .00  
o 0'30% 
o 0.01 

zqg 55 - 3 56 31-30 
& 

I 
56 43-10 

69 55 57 30'90 
57 29.67 

249 55 + 3 24  49-87 
& 24  53-47 

69 55 24 48-87 
2445 '33 

-- 3 57 29-22 
27-72 
27-80 
26-95 

+ 3 24  59.09 
57-03 
59-18 
57-43 

Beduced Obsenstio~ 
Ref. m k -  Btar 
U Elon@n 

o r  u 

- 3 57 17-24 
26-14 

+ 3 24 55.09 
53.93 
56.84 

55-61 



SINOI MEBIDIONAL SERIES. 70& 

Reduced Observation 
B ~ L  ~uix-  tar 

at Elongation 

o f  e 

- 3 57 28.81 
28-04 
30.80 

29'95 

+ 3 24 56'94 
57'14 
56.16 
55.9' 

- 3 57 28.45 
29.28 

30'09 
30.67 

+ 3 24 55.85 
54'86 

54'85 
54'74 

- 3 57 32-47 
32'74 
28.96 
31-45 

+ 3 24 53-58 
52-30 

54-70 
51'11 

- 3 57 33'93 
33-14 

35'81 
35'57 

+ 3 24 53.27 
57-68 
56-14 
56-20 

- 

LEFP 

~ u c t i o n  in 
~ r c  to Time of 

Elongation 

I * 
- .I 21.87 

I 8.17 
0 0'37 
o 0.01 

+ o 14-07 
o 10.08 

0 12-29 
o 16-07 

- o 39-92 
0 31-58 

o 0'22 

o 1.07 

+ 0 15-49 
o 11.69 

o 9.85 
0 13-97 

- I 12-64 
o 56.34 
o 0.12 
o 1-19 

+ 0 10.22 
0 7'74 
o 9.06 
0 13-37 

- I 18-09 
I 6.64 

o 2-01 
o 14-31 

+ 0 6.63 
0 4-51 

o 5.98 
o 8.36 

FACE BIGHT 

Obsened .e 6 g 
Horizontal Angle : '3 Reduction in Reduced Observation 

0 -  FACE 

n 

Dii of Radmps 

0 "  

- 3 57 3.80 
57 6.27 

57 17-06 
57 9.67 

+ 3 24 6.60 
24 ~ z ~ z o  
24 56.30 

24 55'97 

- 3 57 25-06 
572j.07 

57 18-50 
57 13-90 

+ 3 23 56-53 
24 8.50 
24 59'23 

24 59'74 

- 3 57 13-27 
57 18-60 

57 7-16 
57 0.87 

+ 3 24 19.83 
24 27.64 

25 0.43 
24 59'40 

- 3 57 9.13 
57 25-80 

56 42'44 
56 16.96 

+ 3 24 27.63 
24 32-43 
25 0.27 

24 59'50 

Dec.23 

,, 21 

,, 24 

.,, 35 

,, 25 

,, 26 

,, 26 

,, 27 

E: $ 

m 8  

14 24 
12 37 

9 8 
1 1  15 

19 33 
18 16 
o 20 

I 26 

7 37 
6 8 

9 23 
1 1  17 

21 19 
19 28 
0 16 

I I 

10 1 5  

8 22 

12 45 
14 29 

17 45 
16 8 

o 25 
1 46 

13 o 
4 52 
I9 22 
24 39 

15 36 
I4 2 
o 44 

o 32 

E. 

TV. 

E. 

TV. 

E. 

TV. 

E. 

W. 

ArctoTimeof 

I n 

- o 26-10 
o zo'oz 

o 10.52 
o 15.98 

+ 0 48-27 
o 42'1~ 
o 0.01 

0 0-26 

- o 7-32 
0 4'74 
o 11.13 
o 16'06 

+ o 57-41 
o 47-85 
0 0'01 

0 0.18 

- o 13-25 
o 8.82 

0 20'54 
o 26.46 

+ o 39'91 
o 32.87 

o 0.02 

0 0'39 

- o 21-27 
o 2.98 

0 47'39 
I 16-76 

+ o 30.74 
0 24-86 
o 0'07 

o 0'04 

o I 

320 6 
& 

140 5 

320 6 
& 

140 6 

30 12 
8; 

210 I 1  

30 12 

Ref Mark-Star 

0 1  * 

- 3 57 29-90 
26-29 

27-58 
25'65 

+ 3 24 54-87 
54'32 
56-31 

56.~3 

- 3 57 32.38 
29.81 

29'63 
29'96 

+ 3 24 53-94 
56-35 
5gm24 

59'92 

- 3 57 26-52 
27'42 

27.70 
27'33 

+ 3 24 59'64 
60.51 

60.45 
59'79 

- 3 57 30'40 
28.78 

29-83 
33-72 

+ 3 24 58'37 
57'29 
60.34 

59'54 

o r  v 

- '3 56 6.94 
56 19.87 
57 30'43 

57 29.94 

+ 3 24 42'87 
24 47-06 

24 43-87 
24 39'84 

- 3 56 48-53 
56 57-70 

57 29.87 
57 29-60 

+ 3 24 40.36 

m e  

25 32 
23 17 
1 43 
o 16 

10 34 
8 56 

9 53 
1 1  18 

17 49 
15 51  

I 19 
2 54 

1 1  5 
9 37 
8 51 
10 32 

24 3 
21 10 

I 0 

3 5 

9 o 
7 50 

8 29 
1 0  18 

24 56 
23 2 

4 o 
10 39 

7 15 
5 5 9  

6 53 
8 g 

& 1 24 43.17 
210 I 1  

100 23 
& 

280 22 

100 23 
85 

280 23 

170 34 
& 

350 33 

170 34 
& 

350 33 

zq 45.00 
24 40'77 

- 3 56 19'83 
56 36-40 

57 28.84 
5730.26 

+ 3 24 43.36 
24 44.56 

24 45-64 
24 37'74 

- 3 56 15-84 
56 26-50 

57 33-80 
57 21-26 

+ 3 24 46.64 
2453'17 
24 50.16 
24 47'84 



PRINCIPAL TltIANCIULATION. AZIMUTHAL OBSERVATIONS. 

Abstract of Astronomical Azimuth observed a t  XI11 (Pathngri) 1861. 

1. By Eastern Elongation of 6 Ursa Minoris. 

Face L R L R L R L a L R L R 
Zero 180° 0° 250' 70' 320' 140' 30' 210' 100° 280' 171' 331' 

Date December 21 December 22 Docember 23 December 24 December 23 December 26 

n n n I n N n I n v n I )  

Observed difference 29.62 27-24 30.08 29-22 28'81 29-90 28-45 32.38 32-47 26.52 33-93 30.40 
of Circle-Readings, 29.29 26-14 30.76 27'72 28'04 26'24 29.28 29'81 32-74 27-42 33-14 28.78 
Ref. M. - Star 32'95 31.15 27-80 30'80 27-58 33-09 29-63 28.96 27.70 35-81 29.83 

reduced to Elongation 32-62 30.89 26.95 29.9j 2j.65 30.67 29-96 31-45 27-33 35-57 33-72 

Means 31-12 26-69 30'72 27-92 29-40 27-36 29.62 30'4j 31.41 27'24 34'61 30.68 

o I PI n t, m I I 

Meansofbothfaces - 3 57 28-91 29-32 28.38 30'03 29-32 32-64 
Az. of Star fr.  S., by W. 183 41 13-19 13'52 13.84 14.17 14.60 14-93 
Az. of Itef. M. ,, 179 43 44-28 44.20 45-46 44.14 45.28 42-29 

2. By Western Elongation of 6 Ursa Minoris. 

Face L R L R L R L  a L R L B 
Zero 180' .OO 230' '70' 320' 110° 30' 210' 100° 280' 171' 331' 

Date December 22 December 23 December 24 December 23 December 26 December 27 

u II n w II rt n n n n I n 

Observed difference 57-46 55-09 58-76 59-02 56'94 54'87 55'85 53'94 53'58 59'64 53'27 58-37 
of Circle-Reading, 57'09 53'93 59'93 57'03 57'14 54'32 54-86 56'35 52-30 60'51 57-68 57-29 
Ref. hi.-Star gj.02 56.84 56.90 59.28 56.16 56-31 54-85 59-24 54-70 60'45 56.14 60.34 

reduced to Elongation 56.18 55-61 56.1~ 57-43 55-91 56-23 54-74 59-92 51'" 59-79 56-20 59'54 

Meam 56.44 55-37 57-93 58.19 56-54 55-43 5j.08 57-36 52-92 60.10 55-82 58-89 

o r  n n n n n n 

Means of both faces + 3 24 55-91 58-06 55'98 56.22 56'51 57'35 
Az. of Star fr. S., by W. 176 18 46 59 46.27 45-94 45-62 45-18 44-86 
Az. of Itef. hi. ,, .179 43 42-50 44.33 41-92 41 '84 41-69 42-21 

by Eastern Elongation . . . 
Astronomical Azimuth of Referring Mark ... by Western ,, ... . . . 

&lean ... ... 
Angle Referring Mark and XVII (Bhor) see folEowi?tg page . . . ... 
Astronomical Azimuth of Bhor by observation . . . ... . . . 
Geodetical Azimuth of 22 by calculation from that 

adopted (Vol. 11, page 141) at  Kalihnpur : see page 60,, attte ... 
Astronomid - Geodetical Azimuth at  XI11 (Pathgri) . . . . . . 



7% 8INGI MERIDIONAL SERIES. 

NOTE.-B: M. denotes Referring Mark. 

At XXXII (Stiler) 

At XI11 (PatBngri) 

December 1861 ; observed by I;ieutenant C. I! Haig, R.E., with Troughton and Simme' 18-iwh 
Theodolite No. 2.  

h m  r 
Lat. N. !20° 43' 18"-44; Long. E. 73' 58' 49".11 = 4 55 55.3; Height above Mean Sea Level, 514Q feet. 
March l a 5  ; observed by Lieutenant H. Rivers, with Dollond's 15-inch Theodolite. 

Star observed I a Ursae Minoris (East and West). 
Mean Right Ascension 1846.0 x h  3m 3 9  
Mean North Polar Distance 1846.0 lo 31' 1 ~ ~ 4 1  

Local Mean Times of Elongation, March !B Eastern 18Q40" 
Western 6 38 

llZ = Mean of Gmu 
to Relative Weigc 
C - Concluded h g l e  

M =  1 2 ~ ~ 7 1 '  

w = 2 '16 
I _ - - o -46 
w 
C = 1 6 2 ~ 5 6 ' 1 z - " , ~  

Angle 
between 

B.3.f. 
and 

XVII (Bhor) 

Circle readings, telescope being set on R.M. 
359 44' 179'46' 69'66' W 6 5 '  14006' 8200 6. 210' 11' 300 12' 2800 23' 1 W  23' 8500 34' 174 

n II n n II n n n n II II ' 
111.96 t!13'30 h 11.60 h 10.23 h 12'53 h 17-07 h 15-73 h 13-47 hI2'04 h 10'33 h 15'27 A 10'30 
112.16 113.10 h 11-70 h 1e.m h 10.83 h 17.40 h 15-20 h 14-23 h11.14 h 9.53 h 15-33 hxo-53 

12.06 13-20 11-65 10.22 11'66 17'24 15-46 13.85 11'59 9-93 15-30 10'42 

u.0 

S 

Mar.28 

29 

, 

Obeerved 

~ ~ ~ d & ~ ~  
~ . f . ~ a r k - 6 ~ 1  

o r "  

- z 53 9-00 
53 33'34 
54 16-00 
59 38'66 
59 44'00 
59 52'33 

+ 0 13 0.66 
1 2  57'33 
1 2  56-33 
I3 0.00 

12 59.67 
1 2  56'67 

- 2 60 27-34 
60 28.00 
60 36-00 
60 36.66 

E. 

w' 

E. 

* 
T! $ +$e 
- 

m e  

94 44 
92 2 
88 9 
42 47 
41 0 

39 4 

5 12 
6 45 
8 19 
9 49 

11 I 
12 o 

28 6 
26 57 
24 41 
23 43 

PACE LEPT 

Reduction in 
drr lo Time of 

Elongation 

I w 

- 8 8.46 
7 41-39 
7 3'89 
I 41 .ox 
I 32-78 
I 24-31 

+ 0 

0 2-53 
o 3'83 
0 5'34 
o 6-73 
o 7-98 

- o 43-67 
o 40.17 
0 33'73 
o 31-11 

Observed 
Ho.izonLll bnglls. 
Diflm of 
ILeL Yuk- lltu 

o r  9 

- 2 55 45'33 
56 1-00 

5620.66 
58 27'33 
58 39-00 
58 49.66 

+ c, 59'33 
12 59'33 
I3 3'34 
13 3'67 
12 Z I . ~  
1 2  21'00 

- 2 58 28'67 
58 4 4 ' 0 0  
58 51'00 
5859 '67 
60 58.00 
60 58.67 

o I' 

200 o 
& 

2 0  o 

& 
2 0  0 

220 o 
& 

40 1 

Educed O h m t i o n  
Bef. Mark-8- 
nt ElonfPtion 

o t W .  

- 3 I 17-46 
14-73 
19-89 
19'67 
16.78 
16.64 

+ I 2  62.16 
59'86 
60' 16 
65'34 
66.40 
64-65 

- 3 I I I ' O I  
8.17 
9-73 
7-80 

BIGHT 

Reduction in 
Arc to Tinlo of 

Elongation 

I w 

- 5 21-13 
5 5'56 
451.12 
2 43-19 
2 32-70 
2 23-51 

+ 0 1.77 
0 1'13 
0 0.70 
0 0'39 
o 40.11 
o 44-60 

- 2 36'07 
2 24.60 
2 13.11 
2 3'55 
o 14-93 
o 13.36 

PACR 

.s E g - 2 2 
E & 

m e  
76 42 
7 4 4 1  
7 2 5 3  
54 27 
52 39 
51 2 

5 39 
4 31 
3 33 
2 39 

26 56 
28 24 

53 14 
51 14 
49 8 
4 7 2 0  
16 25 
15 32 

Reduced O h L i o .  
Ref. &rk-Bhr 

at Elongation 

o t w  

- 3 I 7-46 
6'56 

11 -78 
10.52 
11.70 
13-17 

-k 0 12 61.10 
60.46 
64-04 
64.06 

61-11 
65 -60 

- 3 I 4'74 
8-60 
4-11 
3-22 

12-93 
12.03 



PRIRCIPAL ~IBNGULATIOX. AZIMUTHAL OBSERVATIONS. I- r3, a. 

Abstraot of Astronomical bimuth observed at XXXII (SAler) 1846. 

1. By Eastern Elongation of a Ursaj Minoris. 

, b  
.O- PACE LEFT 

.S 5J Obeerved 
Borisontal Angle: 
DB,ofX-binp 

Mark-tlb 
4 

PACE 

.2 0 g 
2 3 

3 ,z 8 dbEI 

m s  
18 28 
16 54 
15 46 
14 41 
13 44 

0 34 

0 57 
I 46 
2 42 
3 34 
4 22 

31 22 
2 9  47 
28 41 
27 22 
26 7 
24 53 

Msr.81 

9, 81 

,' 81 

C 

Face L II L R L B 

Zero 2000 20" 220" 40" 2400 600 

Date March 28 March 80 March 81 

It U w , U U 

Observed difference 17-46 7-46 I 1.01 4-74 18-58 9-39 
of Circle-Readings, 14'73 6.56 8.17 8.60 17-91 12-03 
Ref. M.-Star 19'89 11-78 4-11 17-00 9-86 ;:g reduced to Elongation 19'67 10'52 3-21 17-44 7'44 

16'78 11-70 '2'93 15-73 11-41 
16.64 13-17 12.03 12.36 8'59 

14-96 
14.92 

Means 17-53 10-20 9-18 7.61 16-11 9'79 

0 1  * t, U 

Means of both facer - 3 I 13'87 8-39 12'95 
Az. of Star fr. S., by W. 181 37 7-46 8-10 8-42 
Ar. of &f. M. ,, 178 35 53'59 59-71 55'47 

BIGHT 

Reduotion in 
Arctolimeof 

Elongation 

I . 
+ o 18.91 

o 15'83 
o 13-77 
o 11-97 
0 10.47 

4- 0 0.02 

0 0.05 
o 0'17 
o 0.40 
0 0'70 
o 1.06 

- o 54-39 
0 49'03 
o 45'53 
o 41-44 
0 37'74 
0 34-26 

W. 

W. 

E. 

Beduced Oboemation 
Ref.Yark-Star 

at Elongation 

O f * ,  

+ o 12 65-25 
65-50 
70. 44 

+ 0 12 69.02 

69-17 
69 '05 

69.40 
70.03 
f"'39 

- 3 I 9-39 
12.03 
9-86 
7-44 
11-41 
8-59 

0 I 

240 I 
& 

60 o 

220 0 
& 

40 0 

240 o 
& 

60 o 

0 ' 1  

+ o 12 10.33 
12 16-66 
1218.00 
12 aomoo 

+ 4s.33 
12 48.33 
12 7'33 
12 3.00 

- 2 58 32-67 
58 45-00 
58 57'66 
59 8'33 
60 52'00 
60 52-34 
60 58-34 
61 1'34 

m s  
31 18 
29 55 
2844 
27 53 

I4 28 
16 23 
31 I 
32 23 

54 54 
52 41 
50 17 
4824 
20 42 
19 I 
17 20 

15 39 

1 9  

+ o 54-32 
o 49.61 
045.76 
o 43-09 

+ ll.(l 
o 14-86 
o 53-21 
o 58-00 

- 8 45-91 
2 32.91 
2 19'34 
2 9-11 
o 23-73 
0 20'02 
o 16-62 
o 13-58 

0 1  '1 

+ o 12 64-65 
66.27 
63'76 
63.09 

+ 59.94 
63-19 
60' 54 
61 -00 

- 3 I 18-58 
I7'9I 
17-00 
17'44 
15-73 
12-36 
14-96 
14-92 

0 ' .  

+ o 12 46-34 
12 49-67 
12 56'67 
12 57-67 
12 58-34 

+ 0 13 9.00 

I3 9-00 
13 9-00 
13 9.00 
13 9'33 
13 9'33 

- 2 60 15-00 
60 23'00 
60 24'33 
60 26.00 
60 33'67 
60 34-33 



SING1 MEBIDIONAL SE31IES. 7.4- a. 

Abstract of Astronomical Azimuth observed at XXXII (Sgler) 1845-(Continued). 

2. By Western Elongation of a Ursae hlinoris. 
I 

Face L I1 L 21 L .It 

Zero 200° 20° 220° No 2400 60' 
- .  1 

- 'Date March 29 March 81 March 31 

n n m n n * 
Obderved difference 62-16 61-10 59'94 69-02 64-65 
of brcle-Readinge, 59-86. 60.46 63-19 69'05 66.27 

65 '25 

Ref. M.-Star 60.16 
65-50 

64-04 60'54 69-17 63'76 70'44 
reduced to Elongation 65'34 64.06 61 .oo 69.40 63-09 69 -64 

. d  66-40 61-11 70'03 68-81 
64.65 65-60 70'39 

- 
~ e a h s  63-10 62-73 61.17 69-51 64-44 67'93 

, . 
0 1  W N rn 

Means,of both faces . + o rz 62-91 65'34 66-19 
Az. of St& fr. S., by W. 178 22 52.38 51 '74 
Az. of Ksf. M. ,, 51'74 

178 35 55'29 57'08 57'93 - 
L 

4 , . ., 
by Eastern Elongation 

Astronomical Azimuth of Referring by Western ,, 
Mean 

Angle Referring Mark and XXIX (Dophi) see page 3 0  ante ... 
Astronomical Azimuth'of Dopari by observation ... ... 
Geodetical Azimuth of ,, by calculation from that 

adopted (Vol. 11, page 141) at KalUnpur, seepage 6 L B  ante 

Astronomical - Geodetical Azimuth at XXXII (89rler) . . . ... 



\ 

PRINCIPAL !L%IILNGULATION. AZIMVFHAL OBSERVATIONS. 

At XXXIII (Phrnera) 

h n ,  r 
Lat. N. 20' 32' 56".85; Long. E. 72' 59' 23".60 = 4 51 57-6; Height above Mean Sea Level, 614 feet. 
February 1843 ; observed by Lieutenant H. Rivera with Dollond's 15-inch Theodolite. 

Star observed 
Mean Right Ascension 1843.0 
Mean North Polar Distance 1843.0 

Local Mean Times of Elongation, February 6 

Draconis (1135 A. S. C.)* (East and West). 
gh 1 4 ~  I I @  

7' 59' 21"-08 
Eastern 6h 22m 
Western17 56 

* The Sku in identical with No. 908 of tho Greenwich 0-yew C&alogno for 1872 from which itu elements have been computed. 



SING1 MEBIDIONILL SERIES. 

Abstract of Astronomical Azimuth observed at XXXIII (Phrnera) 1843. 

1. By Eastern Elongation of Draconis (1135 A.S.C.). 

Face L B L R L B 

,%I% 355O 175' 15' 195O 85" 215' 

Date February 6 February 7 February 8 

w v n w 4 4 

Observed difference 56.85 31'48 59'67 30'27 
of Circle-Readings, 32.61 

56'97 33'07 
58.50 59' 19 34'99 

60.04 
56-25 
52-11 

33 '09 
Ref. M.-Star 58-94 34-03 37'89 34-01 

reduced to Elongation 53'25 28'91 59'77 34.46 49-20 33.35 

Means 56-89 31-76 59'67 34-40 53'63 33-13 

0 1  n 4 4 

Means of both faces - 4 9 44-32 47-04 . 43-38 
Az. of Star fr. ti., by W. 188 32 18-04 17'7s 17'40 
Az. of Ref. M. ,, 184 22 33-71 30.68 34.02 

2. By Western Elongation of Draconis (1136 A.S.C.). 

Face L R L 11 L B 

Zen, 855' 1750 15" 1950 3 So 215 

Date February 6 February 7 February 8 

a n w w 4 n 

Observed difference 44-07 65-96 46-55 62-54 43-15 50'46 
of Circle-Readings, 40.60 66.41 44.62 61.70 42 '02 60.06 
Ref. M. - Star 41 '28 62.24 45-51 59-13 43'77 

rduced to Elongation 43'49 61-13 42.31 59-48 44'73 57.11 
59-18 

Means 42 '36 63'94 44-75 60.71 43'44 56-70 

O I  n w 4 

Means of both faces + 12 54 53'15 52'73 50'07 
Az. of Star fr. 9., by W. 171 27 42.07 42'39 41-71 
Az. of Bet  M. ,, 184 zz 35-22 35'12 32 '78 

1 
by Eastern Elongation 

Astronomical Azimuth of Referring Mark ... by Western ,, 
Mean.. . 

Angle Referring Mark and XXXVI (Gambirgarh) see following page 
Astronomical Azimuth of Qambirgarh by observation . . . ... 
Geodetical Azimuth of 93 b~ calculation from that 

adopted (Vol. 11, page 141) at Kalihnpur, seepage 61-*, ante 

Astronomical- Geodetical Azimuth at XXXIII (Phera)  ... 



PRINCIPAL !I!RIANGTJLATION. AmMUTHbL. OBSERVATIONS. 

Norp.-EM. d e n o h  Referring Mark. 

> 

At XXXIII (Phera)  

F e h m y  1843 ; obsemed by Lieutenant H. River8 with Dollond's 16-inch Theodolite. 

At XXXIX (Kalsubai). By Cephei 51 (Hm.). 

Angle 
between 

B.M. 
and 

XXXVI ( k b i r g a r h )  

F 

h m  # 

Lat. N. 19" 36' 1".76 ; Long. E. 73' 45' 2"-44 = 4 55 0.2; Height above Mean Sea Level, 5400 feet. 
December 1842; observed by Lieutenant H. Rivers with Dollond's 15-inch Theodolite. 

Star observed 
Mean Right Ascension 1842.0 
?dean North Polar Distance 1842.0 

Circle readings, telescope being set on B.M. 

8%" 23' 176" 23' 1Li0Bj3' 195.22' 86" 28' 21S0 28' 

* v w # # n 

R65-oo 151.67 A5o-33 h57.33 h44.67 h65-00 
h 56.66 h48.34 h50moo  h57.67 h44-67 h 54'33 
h58.00 h49-66 h55'33 
h55.67 h54-* 

58-83 50.92 50'17 57'50 44-69 58-22 

Cephei 51 (Hev.) (East and West). 
6h 2qm 27. 
2 O  qq' 2 1 U ' ~ 0  

M - Mean of (3roupe 
w - Relative Weight 
C - Concluded Angle 

M = 53".38 

w = o -18 
I 
- = 5 ~ 5 6  
w 

C = 164' 37' 53".38 

Local Mean Times of Elongation, December 28 
53 (Emtern 6h 3m 

PACE 

'' .g 
if $ $ 
J f 3 

21 54 
23 31 

9 31 
10 37 
11 45 

12 43 
11 32 
10 34 
g 35 

4 

D ~ c .  28 

as 

n 29 

PACE LEFT 

Raduction in 
Arc b Time of 

Elongation 

I 11 

- 0 9 - 1 0  
o 0.61 
0 31-71 
0 36-19 

+ Om03 
I 1 5 . 0 ~  
I 19-34 

- 0 2.31 
o 4.90 
o 13-47 
o 15-98 
I 13-33 
1 2 1 . 1 8  

BIQRT 

Reduction in 
Arc C Time of 

Elongation 

I 11 

- 0 47'75 
o 55'06 

+ o 9'01 
o 1 1 . ~ 1  

0 13-73 

- o 16.08 
0 13'23 
o I I - I I  

0 9.14 

E. 

W. 

E. 

Reduced Obeervation 
Raf. Mark- Star 

at Plongation 

0 I 11 

- 3 2 2  12'75 
14.40 

+ 2 26 36'67 
39'54 
43 '06 

- 3 22 16.75 
21  '90 
23.11 
21-80 

, 

m u c d  obwmtio  
Ref. Mark- Star 
at Elongation 

' 0  I I1 

- 3 2 2  7-10 
12.27 
I I '04 
13-52 

+ 26 57.O3 

51 '36 
47.01, 

- 3 22 3-37 
9'56 
7-14 
7'98 

13-66 
15-51 

Observed 
Ho-nt.l bnyle : 
Ds. of ,. , - , 

0 1  11 

- 3 2 1  2 j . 0 0  

21 19-34 

+ 26 27.66 
26 28.33 
26 29-33 

- 3 22 0.67 
22 8.67 
22 12.00 
22  12'66 

V 

0 I 

79 33 
& 

259 33 

79 33 
& 

259 33 

9 9 3 1  
& 

279 31 

o r  11 

- 3 22 7-00 
22 11-66 
2 1  39'33 
2 1  37'33 

+ 26 57'a, 

25 36-34 
25 27-67 

- 3 22 1.00 
22 4.66 
21 53-67 
21 52-00 
21 0 '33 
2054.33 

m g  

1 2 

a 29 
17 51 
'9 4 

0 35 

27 30 
28 17 

4 49 
7 I 

11 38 
. I Z  40 
27 8 
2 8 3 3  



78-IT. 
SING1 MERIDIONAL SERIES. 

Abstract of Astronomical Azimuth observed at XXXIX (Kalsubai) 1842. 

1. By Eastern Elongation of Cephei 61 (Hev.). 

Fece L B L B L R 

Zero 80' 260° 100" 280° 1200 8o0° 

Date December 28 December 29 December 80 

a a I Q a 8 

Obeerved difEerence 7'10 12'75 3-31 16-75 8-71 7.12 
of Circle-Readings, 12-27 14-40 9'56 21-90 10.36 11-30 

Ref. M.-Star 11.04 7'14 23-11 18-05 
reduced to Elongation 13-52 7 - 9 8  21 '80 18-32 

13-66 
'5.51 

M88n8 10.98 13'58 9'53 20.89 9' 54 13.70 

o r *  Q 

Ibfsns of both face8 3 22 12-28 15-21 11-62 
Az. of Star fr. S., by W. 182 54 30.36 39-98 29-60 
Az. of Ref. M. ,, 179 32 18-08 14-77 17-98 

J 

4 U 

Observed aokontal : 

hf. Mark -Bhr 

o r  * 
+ 2 25 40.00 

26 15.33 
26 26'33 
26 ZO'b7 

- 3 22 1-00 

22 2-67 
22 7-67 
22 4-67 

+ 2 26 1-33 
26 7.00 
26 30.67 
2638.33 

EeducedObservation 
PcL Muk-8tu 
at Elongation 

0 I * 

+ 2 26 38-85 
39' s2 
41 '33 
44-92 

- 3 22 8-71 

10'36 

+ 2 26 46.69 
45'79 

45'96 
47-76 
42-57 

PAOl 

'' a " 
$1 

23 4 
13 56 

13 5 
I4 35 

7 51 
9 19 
10 13 
1 1  43 

18 24 
17 7 
4 49 
3 3 1  

0-  

FI 

Observed 
Horizonul Angle : 

I 
.!I a B 
t i  2 

m u  

X I  4 
9 47 

9 30 
1047 

o 41 

o 36 

28 38 
26 58 

8 46 
18 21 
20 3 

Y 

q 

D e c . 2 9  

,, 30 

,, 80 

PACE LBPT 

Reduction in 
Lo rime of 

Elongation 

I * 
+ o 12-18 

o 9.52 

0 8'99 
011.58 

- o 0-05 

o 0'03 

+ I 21'69 
I 12-46 

o 7.63 
0 33'43 
o 39-90 

BIGHT 

Beduotion in 
Arc to Time of 

~onEP.on 

I a 

+ o 52.97 
o 19-32 

o 17-03 
0 21.16 

- o 6-12 
o 8'63 
o 10'38 
o 13'65 

+ o 33'74 
o 29-20 
o 2.31 
o 1-23 

Raduced Obserntion 
Bof. Mark-Star 

at Elonktion 

0 1  

+ 2 26 .3t-97 
34'65 

43'36 
41 '83 

- 3 22 7-12 
11.30 
18.05 
18-32 

+ 2 26 35-07 
36-20 
31'98 
39'56 

W. 

E. 

W. 

V 0 

0 I 

99 31 
& 

279 31 

119 31 
& 

299 31 

119 31 
& 

299 31 

I 

o r n  

+ 2 26 26-67 
26 30'00 

26 32'34 
2633'34 

- 3 22 8.66 

22 10.33 

+ 2 25 25-00 
25 33.33 

26 38-33 
26 14-33 
26 2-67 



PEINCIPAL TRIANGULATION. IL1;IMUTHAL OBSERVATIONS. 

Abstract of Astronomical Azimuth observed at XXXIX (Kalsubai) 1%2-(Cotatinued). 

2. By Western Elongation of Cephei 61 (Hey.). 
b 

L B Face L B L B 

Zero 80" 260° 100" 280' 120° 300" 

Date December 28 December 29 December 30 

1 a a 1 a 1 

Observed difference 57'03 36-67 38-85 32 '97 46.69 
of Circle-Beadings, 

35'07 
51-36 39'54 39'52 34'65 45 ' 79 36-20 

Jtef. M.-8tar 47-01 43 '06 41 '33 43'36 45'96 32-98 
reduced to Elongation 44' 92 41-83 47 ' 76 39' 56 

42.57 

Meane 51.80 39'76 41' 16 38-20 45'75 35'95 

o r  a 1 a 

Means of both faces + 2 26 45.78 39'68 40'85 
AZ. of Star fr. Y., by W. 177 5 39.83 30.~1 30.59 
Az. of Itef. M. ,, 179 32 15-61 9-89 11-44 

0 # Y 

by Eastern Elongation ... ... 179 32 16.94 

Astronomical Azimuth of Referring Mark . .. by Western ,, ... ... $9 12-31 

Mean ... ... 91 14'63 

(For deduction af Aetrmanical - Geodetical AzimwtW d XXXIX (Kalwbai), see page B L , )  



SING1 MERXDIONAL SERIES. 

December 1842 ; observed by Lieutenant H. Rivers with Dollond's 16-inch Theodolite. 

Star observed , 6 Ursse Minoris (East and West). 
Mean Right Ascension 1842.0 1 8 ~  23m 18' 
Mean North Polar Distance 1842.0 3" 24' 27"'ojr 

Local Mean Times of Elongation, December 28 Eastern 1 7 ~  59m 
Western 5 51 
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Horizontal Angle : 
Diff. of Beedinga 
Ret MBTkL8ter 

0 1  * 

- 29.00 
4 29-67 
4 29.67 

+ 5'00 
g 7'66 

9 9'34 
9 5.00 

- 4 3 38.66 
3 45'67 

4 31-33 
4 29-67 

+ 3 8 43'33 
& 

299 31 

11931 
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299 31 
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Horizontal Angle : 
Diff. of Readinga 
Ref. Mnrk-Stsr 

o f  * 
- 4 4 37'34 

4 4'33 
4 6-00 

+ 3 9 7.67 
g 2-67 
7 30.00 
7 17-67 
7 1.00 

- 4 4 40'33. 
4 39'33 
4 38-66 
4 40.00 

+ 3 g 13'00 

.S S g? 

5 3 

I n 8  

1 41 

16 45 
17 43 

10 14 
1 1  1 5  

29 50 
31 14 
33 21 

10 18 
g 18 
8 10 
6 56 

o 18 

Reduced Obsemntion 
Ref. Mark-Star 

at Elongation 

o r  1 

- 4 4 42'54 
45'97 
48.62 

+ 11.48 
11'54 

14.81 
12-49 

- 4 4 53.j8 
52'72 
51.82 
54'51 

+ 3 9 9-88 

PACB EIffaT 
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rc to Time of 

9 12-34 ' 
7 0.00 
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o 38.90 
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o 15'63 
I 49.63 
2 0.13 
2 16.90 

- o 13-11 
0 10.69 
o 8.2j 
o 5.94 

+ o 0.01 
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I Y 

- 0 13-54 
o 16.30 
o 18.95 

+ O 6'48 
0 3.88 

0 5'47 
0 7'49 

- 1 14-92 
1 7'05 
o 20.49 
o 24-84 

+ o 26'55 
I 52 
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34 50 

28 47 
27 23 

7 33 
8 39 
1739 

b ~ ~ . ~ " , " ~ ~ ~  
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0 1  w 

- 4 4 37-69 
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44'90 
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12'47 
14-32 
1 1 - 5 0  
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- 4 4 48.34 
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54'26 
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1548 
28 55 
30 43 
31 46 

18 5 
16 54 
15 55 
15 a 

030'81 
I 42'99 
I 56-17 
2 4.22 

- o 40.34 
0 35-23 
o 31-26 
o 27.69 

0 0'43 
. a 18-10 

a 29'28 

- I 42-03 
I 32'34 
0 7'06 
0 9-17 
038'60 

841.66 
18-10 7 31-33 
19-28 

- 4 4 43'03 
40.01 

42-75 
42'94 
49'93 

7 15-33 
7 5.67 

- 4 4 8.00 
4 13-67 
4 23.00 
4 21.33 



PRINCIPAL TRIANGULATION. AZIMUTHAL'OBSERVATIONS. 

Abstract of Astronomical Azimuth.observed at  XXXIX (Kalsubai) 1842. 

1. By Eastern Elongation of 8 Ursse Minoris. 

Face L B L E L R 

Zero 80° 2600 100" 280' 1200 800" 

Date December 28 December 29 December 30 

H w n w ,I m 

Obeerved difference 37'69 42-54 53'44 53'58 . 43'03 48-34 
of Circle-Beadinge, 39'10 45 '97 50.02 52-72 40.01 48-90 
Ref. M. -Star 44.90 48.62 46-91 51-82 42'73 54'26 

reduced to Elongation 45'94 54.51 42 '94 49-22 
49'93 

Means 40'56 45 '71 49-08 53-16 43'73 50.18 

o r *  v Y 

Means of both faces - 4 4 43.14 51'" 46.95 
Az. of Star fr. 8., by W. 183 37 1-91 2'25 2'59 
Az. of Ref. M. ,, 179 32 18-77 11-13 ' 15-64 

2. By Western Elongation of S Ursae Minoris. 

Face L R L R 

Zero 100" 280' 120° 3000 

Data December 29 December 30 
I " 5 .  

Observed difference 20.61 11-48 13-01 9'88 
of Circle-Readings, 18.30 11-54 12'77 12.47 
Ref. M.-Star 19'63 14-81 18.10 14'32 

Reduced to Elongation 17-80 12.49 19.28 11.50 
17.90 9-89 

Means 18-85 12-58 15-79 11.61 

o f w -  m 

Meane of both faces + 3 9 15-72 13.70 
Az. of Star fr. 8., by W. 176 22 57-92 57'58 
Az. of Ref. M. ,, 179 32 13'64 1r.28 

... ( by Eastern Elongation 

Astronomical Azimuth of Referring Nark ... by Western ., ... ) Mean ... 
... Concluded by both Stars, eee page 79-=. ... ... ... 

Angle Referring Mark and XL (Khmandrug) see following page ... 
Astronomical A~imuth of Khmandrug by observation ... ... 
Geodetical Azimuth of 3s by calculation from that 

adopted (Vol. 11, page 141) at KaMnpur, see page 6lkR. ante 

Astronomical- Geodetical Azimuth at XXXIX (Kalsubai) ... 



SING1 MERIDIONAL SERIES. 

NOTE.-EM. denotes Befening hta~k. 

dpri2, 1890. 

At XXXIX (~alsubai) 

December 1842 ; obseruet2 by Lieutenant H. Rivers z'oith Dotlond's 15-inch Theodolite. 

W. H. COLE, 

In charge of Cmputing Ofice. 

M = Mean of Gronpe 
to - Relative Weight 
C - Concluded Angle 

M E 60". 06 

w = 8 -27  

I - - 3 -80 
U, 

C = 106' 30' 0'" 05 

Angle 
between 

R.M. 
and 

XL ( m ~ a l ~ g )  

Circle readings, telescope bsing set on R.M. 

79' 34: 259" 33' 99" 31' 279" 30' 119'31' 299' 81' 

n 0 w w t q 

h 64-00 R 58-66 R 58-66 h  61 .oo h 58.66 h 59-33 
5 6 1 . 3 3  h 6 4 - o o  h 6 1 . w  h 58-00  h  62 .66  h  60'66 
h 59.67 h 6 1 . 6 7  h 6 1 . 0 0  h  56'67 h 55'67 h 58-34  

6 1 - 6 7  6 1 . 4 4  60.22 58. j6 59.00 59'44 
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ABU MERIDIONAL SERIES. 

INTRODUCTION. 

The Abu Meridional Series of the South-West Quadrilateral is the small chain of 
principal triangles that follows the meridian of 72%' from the parallel of 24v to that of 
23". It starts from Jedj-Mhrd, a side of the Kadchi Longitudinal Series, situated im- 
mediately south of Mount Abu and it closes near Ahmedabad (Amdhvhd) on the side Sanoda- 
Mirhpur of the Guzerat Longitudinal Series : it consists of three hexagons and one single 
triangle, and extends over a distance of 95 miles. 

The Abu Meridional Series was designed in 1860 for two purposes : Jirstly, it was to 
conneot the Kadchi Longitudinal Series with the Gulf of Cambay (Khambhat) and thus fur- 
nish an independent check on the heights of the former: and secondly, it was to afford a 
trigonometrical basis for the topographical surveys of Gujar4t and the Khthihw6.r (Khthiavhd) 
Peninsula, countries not then incorporated in the Indian Atlas. As moreover the accurate 
delineation of the Coast Line from Cambay southwards was a matter of great importance, it 
was originally intended to carry the Abu Series not only to the parallel of 23" as has been 
actually done, but down the Shbarmati river through Kaira (Kheda), and thence along the 
Coast Line through Cambay and Broach (Bhartich), until it should join a, little south of Surat 
on the side Tarbhh-Dophi* of the Singi Meridional Series. 

During the summer of 1850 the Bombay Trian,oulation Party, then located at Neemuch 
(Nimach) under Lieutenant Harry Rivers of the Bombay Engineers, received orders to dis- 
continue their work on the Gurhhgarh Meridional Series, and to take up instead the trian- 
gulation on the meridian of Mount Abu. Captain A. Strange had by this time carried the 
principal work of the Kadchi Longitudinal Series from Sironj to within a few miles of Mount 
Abu and the approximate work some 40 miles to the westward beyond, and Lieutenant Rivers 
had to select a base from the latter. 

On receipt of Strange's chart of the approximate work Rivers decided to make his 

* The aide Tarbhb-DopM was in 1860 the northern extremity of ,the sin Meridional Series : many unauccesafd efforts had 
been made to carry the latter further north i it N erontually canntwted with the &dohi Longitudinal &riel in lsBa by a nerien m- 
ning parallel to the Abu Series and 70 milee diatant to the eaet. 



I V Y .  
ABU MERIDIONAL SERIES. 

now series start from the side Jedj-Mrird of the G6ru Sikkar-Belka Double Pentagon*, both 
of which stations were on the edge of a range of hills and possessed a commanding view. 

On the Singi and Khhnpisura Series, Rivers had always worked with Dollond's 
Searon 1850-61. 15-inch Theodolite, but this had now been discarded; 
PB~ONNEL. its results had of late been very unsatisfactory and it 

Lieutenant H. Riven, Bombay Engineem, 1st had become from constant use and occasional accidents 
Ansistsnt, G. T. Surve 

lfr.  J. Frnser, Benior ~ug:bssiatant. thoroughly out of repair. . In its stead was to be used ,, T. Snnger, Sub-Assistant. 
,, J. DaCosta Ditto. an 18-indl theodolite? by Troughton and Simms, which 
,, John McGill, (Probationer). had been employed with considerable success on the Amua 

and Budhon Series, and which airived a t  Neemuch from Dehra D6n in September 1850. 

I n  the middle of October the party set out from Neemuch for the field, but owing 
to very heavy rain that lasted without intermission from the 20th to the 25th, their progress 
mas much delayed. Rivers himself left Neemuch on November 5th and proceeded to Mount 
Abu where Captain Strange mas passing the recess season. 

As no approximate work as yet existed on the Abu Meridian south of his side of 
origin Kivers had himself to undertake the selection of stations. At the outset he met 
with but few obstacles, and by December 5th he had constructed a polygon round Gori 
as a centre. The northern portion of the Series was situated in a mountainous district, 
where the Skbarmati, Banhs, and other Gujarht rivers rise. The few inhabitants that 
there were mere Bheels; they were quite lawless and in fact professional robbers. In- 
dividuals if travelling singly were not safe and even parties were liable to be robbed 
and molested. South of the side KArdo-Kainzith the country became very difficult and 
unsuitable for triangulation: it was absolutely flat and covered with trees; t o ~ e r s t  had 
to be built at all the stations, and many delays mere encountered in clearing the rays: 
if Rivers could have seen the country before commencing work he would have recom- 
mended the adoption of a single series instead of a double one, but now that he was on 
the ground i t  mas too late to get his instructions changed. The advantages of a double 
series did not, he thought, compensate for its additional expense; for, owing to tlie great 
number of towers that had to be built and to the vast quantities of fruit trees that llad to be 
cleared, triangulation in such a country mas most costly. Rivers was very averse to adopt- 
ing Everest's system of ray-tracing ; lie regarded it as a slow and laborious process, and, in 
order to avoid its necessity, he endeavoured to so select liis stations that large fires a t  the 
two extremities of his rays mould serve as sufficient guides for the clearance : this method 
however involved much loss bf time in the cl~oice of the stations, and had consequently to 

* The principal angles at JerLj nnd Mkrd which form part of the GGnl Sikkar-Belka Double Pentagon and appertain to tlie Karrichi 
Longitudinal Series were observed by Mr. C. Lane in Februnry and March 1861 with Troughton and Simms' 36-inch Theodolite. 

t Troughton and Simms' &inch Theodolite No. 2 :  for a full description of this instrument and tlie work performed by it, see Ap- 
pendix KO. 2 of Volume ZI of the Account of  the Operations of the Great Trigonometrical Survey of India. 

f A tower twenty-five feet high hsd to be built s t  each extremity of a twelre mile ray in order to enaure mutual ~iaibility of the 
heliotropes. 



be abandoned : he tried in its stead, in order to obtain the line of a ray, the plan of lighting 
'fires at close intervals over the whole distance between the two stations, but this invarbbly 
failed also. 

Neither Rivers nor his assistants possessed any experience of systematic ray-tracing, 
a fact that had greatly increased his reluctance to adopt it, but towards the end of December 
he decided that he had no alternative but to resort to it. He commenced the new system 
on the PBra Polygon, all the rays of which with the exception of K4rdo-KainBth had to be 
cleared, and the whole of December was spent on this work. The ray-traces, however, 
proved moat unsatisfactory ; the country was intersected with ravines which caused errors 
in the perambulator readings, and the angles of the traverses were not observed with suffi- 
cient care : the line first cut invariably had to be altered, and immense loss of time, double 
expense, and great additional injury to the trees of the oountry were entailed. 

By January lst, the approximate work had only reaahed L a k w h ,  but after that, in 
spite of the lines laid off from the ray-traces at Rakhihl being far from true, better progress 
waa made: on the eastern flank of the third hexagon there was some rising ground and 
advantage was taken of this, which obviated the necessity of towers. By the end of January 
the approximate work, with the exception of the tower-building, had been carried down to 
the stations of LakwBra-Rakhi4l-Amalyha, and the h a 1  angles had been commenced. 

The *st station visited was Wantm and then M o f i ,  and observations were a m -  
pleted at both. Only the northern angles at Rakhibl and Amalyhra were observed, as the 
stations of Sanoda and B4rdoli were not selected till the following year. At Warsora 
Rivers was delayed by Dhhanwa not being visible and he eventually had to leave with- 
out observing it: several trees had been cut on the line, but the ray had proved untrue. 
At P h  also Dhhanwa was invisible and remained unobserved. Rivers was unable to 
waste time in waiting for the successful clearance of the rays, as dust-storms and smoke 
come on with the hot weather, and he wished to make sure of the northern stations during 
this season, the more especially as they are dangerous to visit immediately after the rains. 
During March he aompleted the observations at Kherwa, Kaidth  and Mhd, and in April he 
finished those at Gori and JerBj : he also visited the stations of K4rdo and Sinitha, but at 
each he was troubled with dust-storms and prevented from observing all the ctngles. 

The soil of the country was very sandy and afforded no foundation to such massive 
structures as the towers. Two of these, the external portion of which consisted of sun-dried 
mud bricks, fell, and it was found necessary to face them and others with burnt bricks set 
in lime to a foot in depth. 

On the Abu Series, .Rivers adopted a slightly different method of changing zero to 
the one that he had employed before. . On the Khhnpisura and Gurh4garh Series he had 
followed the established practice of the Great Trigonometrical Survey in the case of three- 



-1. 
ABU MERIDIONAL SERIES. 

microscope instruments and had worked with the ordinary six pairs of zeros,* viz.:- 

I n  order to bring the zero of the micrometer over every 10 minutes of the degree and to shift 
the reading so as to cancel error of " run " he employed the following zeros on this Series :- 

The party closed the field season towards the beginning of May, and proceeded to Ahmed- 
abad where they established their recess-quarters for the summer. 

I n  August, 1851, Mr. Fraser resigned his appointment: he had entered the Bom- 
bay Survey Department in 1822 and had been employed from 1828 to 1834 on the Trigono- 
metrical Survey of the Bombay Presidenoy, which was being. carried out by Lieutenant R. 
Shortrede under the orders of Captain J. Jopp. On the amalgamation of this Survey in 1834 
with the Great Tripnometrical Survey of India, he had been transferred to the latter and 
had workod for the last seventeen years of his service under Lieutenants W. S. Jacob and 
H. Rivers. He was succeeded by Mr. McGill, who l a d  been working with the party as a 
probationer during the field season of 1860-61. 

I n  October, 1861, Mr. J. W. Rosaenrode was appointed an additional assistant to the 
Bombay Party: his services were at  the time in much request in Bengal and he was ill-able 
to be spared, he had had great experience of trigonometrical operations in flat and wooded 
muntries, and was sent at the urgent demand of Lieutenant Rivers to instruot the assistants 
of the Bombay Party in the ray-trace system and to thus prevent a repetition of the 
failures of the previous season. He left Calcutta in October, but owing to the immense 
distance that he had to march, he did not join Lieutenant Rivers till the middle of February; . 

when it was too late for him to be of muoh use. 

The main body of the party were not in a fit state to leave Ahmedabad for the field 

8- 1851-68. 
before November, owing to the native portion having suf- 
fered so much from fever towards the end of the rainy 

Prrra0m.1, 
season. During October, however, Rivera himself suc- 

Lieutenant H. Riven, Bombay Engineem, bt 
h t m t ,  a. T. Burrey. ceded in selecting a few stations of the Guzerat Longi- 

Ggp'L''-t Nmm~th* Bombay hginw- tudinal Series in the neighbourhood of Ahmedabad. In 
Xr. T. Banger, Senior Sub-histant. 
, J. a ,  Sub-Assutant. 

November, he regularly took up the approximate work 
,, J. W. Boemnrode, Ditto. of this latter series and proceeded westward from the 
,, J. McGdl, Ditto. meridian of 71i0 along the parallel of 23". Messrs, 

* Thin method of changing rem ru altered in 1860 by Colonel Waugh for reasons which will be found f d y  explained at pageo 
xii to xrii of the Introduction to the Great Indm Beriecl, aids Volume III of the Account of the Operatwrr of tAe Oreat -ricaC 
&rcrq 01 I& Sinoe that dab the rem-setting for theodoliter, with three m i o ~ p e u  hare alwuyr been u follow8 

o0 o' 70" I' 140' a' aloO 3' 180" 4' 350° 5' 
,800 o, ' aSOo I )  t jto" a" - 7, fbnd - 30.3' 1 0 0 4  r7oo5" 

the changer in the minutw ware introduced with riew to uncelling the effectr of m y  erron in the conrtruotion of the thread8 of UI. 
miorornetem. 
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Sanger and DaCosta were left behind on the Abu Series north of Ahmedabad clearing the 
lines by the ray-trace system. They were the only two assistants with the party available 
for work, but as the nature of the country was such that every line required a ray-trace 
survey, and numerous fruit trees of great value had to be cut, Rivers considered it advisable 
to place them both on this duty. Rivers returned to the Abu Series on December lEith, in 
the hopes of finding sufficient rays cleared to allow him to commence the observations of . 

the final angles, but he was disappointed, as only a few were ready. 

On December 22nd, he went to Sanoda as being the station at which the Meridion+ 
Series of Abu and the Longitudinal Series of Guzerat meet, and observed 6 Ursse Minoris 
for azimuth. He was joined here on December 29th, by Lieutenant Nasmyth, a young 
Officer of the Bombay Engineers, who had been appointed to the Great Trigonometrical 
Survey of India a few weeks previously. At the beginning of January, Rivers proceeded 
to tlhe head of the Gulf of Cambay to make arrangements for connecting the heights of 
the stations of the Guzerat Series and thence those of the Abu and Kadchi Longitudinal 
Series with mean sea level: his plan was to erect a tidal station near the mouth of the 
Eltibarmati river and to then connect it by levelling with the nearest principal station of the 
Guzerat Longitudinal Series : he found however afterwards that such operations would occupy 
him entirely to the exclusion of trigonometrical work, and as, too, he had much difficulty in ob- 
taining a level capable of such accurate observations as were required, he abandoned the enter- 
prise and substituted for his line of levels a minor series of triangulation, the approximate 
work of which Mr. DaCosta proceeded to take up*. On his return from Cambay he took up 
the final angles of the Abb Series : his progress was again much impeded by finding lines not 
properly cleared and by having to set to work and do it himself : the result was that by the end 
of January he had been only able to observe at the two stations of Khdo and Warsora. Dur- 
ing February he succeeded in completing the observations at all the stations of the series with 
the exception of Sinihna, notwithstanding that the height of the towers at several had to be 
increased on his arrival &cause the effect of refraction on which he depended for the visibi- 
lity of his stations was less in April than it was in November when they were built. From 
the 1st of March to the end of the field season he was employed in observing the h l  angles 
of the Guzerat Longitudinal Series : in April, however, an opportunity offered, ctnd he visited 
Sinidna and observed the two angles at that station, thus finishing the principal work of the 
Abu Series. Mr. Itossenrode had joined him in February, but the clearance of the rays, the 
special work for which he had been sent, had by that time been carried out withmuch annoy- 
ance and trouble in the most diflicult parts of the country, and so he was detached on ap- 
proximate work to the western extremity of the Guzerat Longitudinal Series. The party 
established their recess quarters for the summer of 1852 at Ahmedabad. 

When the results of the past season came to be computed out it was found that the 
geometrical conditions of the P4ra Hexagon could not be ~atisfied-f unless a correction ex- 
ceeding 3" in amount was applied to the angle KBrdo-Dh6manwa-Ph. 
- - 

Vide Introduction to the (3uzerat Longitudinal Berim. 
t The geometrical eonditione of the +urn of the triangulation wen, in these days &Xed br Colonel Evereat's method of an6 

oowive approrimationr, oids page 108, Volume II of the Accmst 01 tbs Operatiow, Qs. 
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On this account Lieutenant Rivers decided to re-visit the station of Dhdmanwa, and 
observe the faulty angle again. He left cantonments accompanied by Nasmyth on Novem- 
ber lst, 1852, and completed the observations on November 4th. The final angle Ktirdo- 
Dh4manwa-Ptira as derived from the observations taken on the former occasion was 55" 16' 
29".69, a value that had been shewn by the computations to be somewhat over 3" in defeot. 
The result of the second visit to Dhtimanma was to make the angle 55" 16' 32".96 which 
agreed within a quarter of a second of arc with the computed value. Rivers however did 
not feel justified in rejecting the earlier result irn toto, and he therefore combined the two. 
The concluded angle finally adopted was equal to 

the quan t i t i ~  0.68 and 2-01 being the respective weights of the two observed results. 

By November 6th the party had returned to Ahmedabad, and were preparing to 
start for the Ktithitiwtir Peninsula to commence the triangulation there. As Rivers llad 
applied for furlough, and had every expectation of its being granted, he handed the party 
over to Naamyth, and when they left for the field he remained behind: on November 22nd, 
however, he received official intimation that his furlough. had been refused ; he left Ahmeda- 
bad the same evening for Khthi&wb, and on overtaking Nasmyth some weeks later he again 
resumed charge of the work. 

The closing errors at Mirzlpur in latitude, longitude, a zku th  and side may be ex- 
hibited as follows :- 

To detmmhe the e m r  of the geogrsphid mition of Midpar in feet it should be noted that 1 foot - 0"-01 rnpprox&t+ 
both on meridian a d  @el. 

t The tide b f i r s 6 p w ~ o d . .  

V A L U R B .  

When calculated from the 
side Jer6j-MBrd of the Ka- 
rachi Longitudinal Series wid 
the Abu Series. 

When calculated from the 
side TBna-Lakarwb of the 
Kar4chi Longitudinal Series 
Vid the northern section of 
the Singi Seria and the cen- 
tral section of the Quzerat 
Longitudinal Seriea. 

Closingerrors ... 

Longitude. 

7 z'J 51) 34w. 694 

7z0 52' 34"- 708 

-o".orq* 

Latitude. 

2P 59' 7X 

2s0 59' 17"- 708 

+ o."rgr* 

Azimntht. 

1540 36( 047 

154' 36' 47".090 

+ at'.957 

Side in feet+. 

53857' 2 

53859.5 

2'3 



IN~ODUCTION. 
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On the completion of the Simultaneous Reduction of the South-West Quadrilateral, 
it was found that the portions of the corrections which had actually fallen to the Abu 
Bleridional Series mere : - 

I n  Latitude of Mirz6pur (XVI) ... ... - o'"070 

... ,, Longitude of ,, ... + o -005 

,, Azimuth of Mirz4pur (XVI)-Sanoda (XIX) + o 843 

... oarithm of feet ... ... 
n side lLOe 

+ 0 ' 0 0 0 , O I O I , ~  

giving a ratio of about I 48 inches per mile. 

Astronomical observations for azimuth have never been taken at any of the sta- 
tions of the Abu Meridional Series: Sanodta, where Rivers observed 6 Urm Minoris, now 
appertains to the Guzerat Longitudinal Series' 

80 many difficulties were encountered in selecting the statione and clearing the rays 
for the principal triangulation of the Abu Series, that Rivers had been obliged to employ 
all his Assistants on that work, and consequently there had never been any one available 
for secondary operations. The result was that not nearly so many points were laid down 
trigonometrically as was desirable : this was the more to be regretted as the Topographical 
Survey of the country had yet to be carried out. 

I n  the Gori Hexagon some half-dozen hill peaks, a few temples, and a dome in PA- 
lanpur were fixed, and the position of a point in the large town of fdar near the principal 
station of Kaidth  was determined. I n  the PBra Hexagon the Harsol Residency and four or 
five trees were laid down : a point in a village two miles from Ahmednagsbr (Ahmadnagar) 
was intersected from two principal stations, but neither in this important town nor in the 
great fort of Bijbpur* was any secondary station established : these omissions are probably due 
to the Rajput chiefs refusing to allow the Surveyors to enter their strongholds. Between 
the principal side Warsora-Morbli of the Abu Series and the Ouzerat Longitudinal Series, 
though seven principal triangles intervened, no secondary station was established and no 
intersected point laid down. 

* The principal atstion of P b  ww only two miles distant from Bijbrpur. 

June,. 1889. 
S. Q. BURRARD. 





PRINCIPAL TRIANGULATION. ALPHABETICAL LIST OB STATIONS. 

. . . XII. 

. : XIV. 

. . . . VIII. ' 

. XLIII. 
(Of the K d o h i  Longitudinal Series). 

. IV. 

. V. 

11. 

q • 8 . XIII. 

MBrd 

Mirz4pu.r 

ModV 

Pgra 

Rakhi4l 

Sanoda 

E?in;ana 

Wantra 

Warsora 

.. XL. 
i 0 f  the'KadoG Longitndlnal Seriea). 

. XVX. 
(Of the Gumst Longitudinal Series). 

IX. 

VI. 

XI. 

. XIX. 
(Of the Guzeret Longitudinal Serim). 

VII. 



A B U  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. NUMERICAL LIST OF STATIONS, 

XL 
(Of the KB& I.enit.&i &rim): 

XLIII . 
(Of the K d c h i  Longitudinal Beried). 

VII . 

Mhrd. 

Jer6 j. 

Gori. 

Kherwa. 

Sinitha. 

Kainbth. 

Khrdo. 

Ptira. 

Wantra. 

VIII . d . . Dhdmanwa 

XI1 . . Amalyh. 

XI11 . . Lakwha. 

XIV . . BBrdoli. 

XVI . . Mirzdpur. 
(Of the awerat Longitudinal Series). 

XIX . Sanoda. 
(Of the Gumrat Longitudinal Series). 



A B U  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. DESCRIPTION OF STATIONS. 

Of the 14 Principal Stations of this Series those numbered I to V and VII, I X  and XII,  as also XL 
and XLI I I  of the Karhchi Longitudinal Series from which this triangulation emanantes, are situated on hills. 
A11 these save XLIII  consist of. solid, circular and isolated pillars of masonry, from 3 to 10 feet in height, hav- 
ing marks engraved either on the rock in aitd or on stones imbedded at  about the ground level and one or more 
other marks cut on stones inserted in the normals of the former marks. Around the pillars and level with their 
surfaces, platforms of loose stone masonry or of sun-dried bricks and mud were constructed for the observatory 
tent to rest on. At Station XLIII, where the rock rises sufficiently above the surface of the hill, there is no 
other mnrk than that on the rock. The remaining stations, together with the two of the Ouzerat Longitudinal 
Series on which this triangulation terminates, being situated in the plains, it was found necessary to construct 
towers to overlook the curvature of the earth. These are solid structures-either circular or square, built of sun- 
dried .bricks and mud and faced with kiln-burnt bricks-18 to 32 feet in height, enclosing central, solid pillars 
of mmonry which carry marks a t  top, bottom and intermediately, the upper portion of each pillar being 
circular and isolated. 

The following descriptions have bee11 compiled from those given by the Officers who executed the Series, supplemented 
ss regards adjaceht villages from information obtained from other original records of the Series, and corrected in respect to the 
locnl sub-divisions in which the several stations are situated from the latest Auuual Reports furnished by the District Officera to 
whose charge the stations have been committed. 

XL.-(of 'the Karhhi Longitudittat Series). Mdrd, locally known as Mad, Hill Station, lat, 24' 24, 
long: 7a0 0-observed at in February and March 1861-is situated on one of a group of high hills forming a 
portlon of the southern face of the Aravrrlli range, in lands appertaining to the town of P o s h  from which the 
ascent to the station is long and tedious : Edar State, Mahi K h t a  Agency. 

The station as built for the Karbhi Longitudinal Series consists of a platform, 3.76 feet in height, enclosing a solid, 
isolated pillar of masonry which hss a mark-stone at level of the foundation, another at the top and a third 2 feet above the 
former. When again visited in March 1851 for originating the Abu Meridional Series no alteration appears to have been made 
in the construction of the station. 



4-1. ABU MERIDIONAL SERIES. 

XLII1.-(Of the Kardehi Longitudiaat Series), J e d j  Hill Station, lat. 24" 25', long. 72" 32'-observed 
at  in 1851-is situated on the summit of a high and extensive hill lying between Mount Abu and Deesa and is 
on the boundary between the Sirohee and Pblanpur States. The hill is locally known as J h o r  but is named 
Jerhj from a deity mid to reside at its foot : sub-division Dhntiwara, Phlnnpur State. 

No pillar and platform could be built and the station in  marked by a circle and dot' engraved on a large rock crowning 
the hill. 

I. Gori, locally known as Gori Dun,@, Hill Station, lat. 24" lo', long. 72" 6l'-observed at in 1851- 
is on a high peak of a mountain range running S.W. and N.E. The station is in lands appertaining to the 
of Kaiwad : .Dhnta State, Mahi Khnta Agency. 

The station co~rsists of a platform enclosing a solid, circular and isolated pillar of masonry, containing two marks, the 
lower engraved on the rock in sitl and the upper (level with the surface of the platform) 2.78 feet above it. The directions aud esti- 
mated diatauces of the circumjacent villages are:-PunBdra W., nliles It; Kaiwad W., at foot of hill; and Dbnta N.W., miles 6. 

11. Kl~erwa Hill Station, Int. 24" 7', long. 73" 8'-observed at  in 1851-is situated on a small, round 
hill appertaining to the lands of Kherwa village, and about 9 miles E. of Unchi Dhunal : Edar State, Malli H h t a  
Agency. 

The station consists of a platform enclosing a solid, isolated pillar of masonry, containing two marks, the lower engraved 
on the rock in sitd and the upper 3 feet above it. The directions atrd estimated distances of the circumjacent villages are :- 
Wurtol S., miles 4; Kherwa E., miles la; aud Bramancl~i Kheri S., miles 7. 

111. Sinidna Hill Station, lat. 2 C  7', long. 72' 35'-bserved at in 1851-524s on a small hill capped 
with immense masses of rock, in lands appertaining to Sinihna village : pargana and State Phlanpur. 

The station consists of a platform enclosirrg a rrolid, isolated pillar of masonry, 3.93 feet in height, whiclr contains two 
marks, the lower engraved otr the rock in Bitla alrd the upper 3-92 feet above it. The directio~rs aud estimated distances of the 
circumjaceut villages are :-Siuiiiua N.W., miles 14; and Gola N., miles 2. 

IV. Kaidth,  locally known as Kulnhth, Hill Station, lat. 23" 61', long. 73" 1'--observed a t  in 1861- 
is situated on a large, flat-tapped hill composed of granite and porphyry, and .called Ksindth from its being 
dedicated to a deity of that name ; the station is about 3 miles N.W. of the town of Edar : Edar State, Mahi 
Khta Agency. 

The station consists of a platform of loose stones and earth enclosing a solid, isolated pillar of masonry, which contains 
two marks, the lower engraved on the rock in sitl and the upper 2.92 feet above it. 

V. K&rdo Hill Station, 1st. 23" 57', long. 72" 46'-observed a t  in 1851 and 1 8 5 2 4 s  situated on the 
western extremity of a small, steep hill of that name which is crowned with enormous masses of rock ; the hill 
though detached forms part of tlre range on which are several temples called T h n g a ,  Ajitdth, h., lying about 
4 miles to N.E. of the station : sub-division Khedu ,  Baroda State. 

The station consists of a platform enclosing a solid, isolated pillar of masonry, 3.75 feet in height, which contains two 
marks, the lower engraved on tlre rock in sitl and tlre upper 3.75 feet above it. The directions a~rd estimated distances of the 
circumjacent villages are :-Wauri N.E., miles 4; Kadi S., miles 2; Chotia S.W., miles 4; and Dabhoda W., m*s 2. 

VI. Phra Tower Station, lat. 23" 35', long. 72" 50'--observed at  in 1861 and 1862-stands on the rising 
ground about 2 of a mile W. of the village of Pha ,  and 2.16 miles E.N.E. of the town of Vijhpur : sub-division 
Kadi, Baroda State. 

The station consists of a tower faced with burnt bricks, 20 feet in height, enclosing a solid pillar of masonry of which 
the upper 4 feet is circular and isolated. The azimuths and perambulated distauces of the circumjacent villages are :-Ganeshpur 
181" 8 , mile 0.46 ; and Ranchirpnr 5" 8', mile 0-42. 

VII. Wantra Hill Station, lat. 23" 37', long. 73" ?'--observed a t  in 1861-is situated tomrds the 
western edge of a flat hill detached from the table-land lying to the eastward of it. The station obtains its 
name from the small village of Wantra which is in one of the valleys on the southern side of the hill : Edar 
State, Mahi 3Gnt.a Agency. 



PRINCIPAL TRIANGULATION. DESCRIPTION OF STATIONS, 5-1. 

The station consists of a square platform, 4 feet in height, enclosing a solid, isolated pillar of masonv which contains two 
marks, the lower engraved OII the rock in  sitd and the upper 2.92 feet above it. The directions and estimated distances of the circum- 
jace~it villages are :-Gamri S.S.W., miles 2; Virawira W., miles 2 ;  and Kamp N., mile 1. 

VIII.  Dhtlmanwa Tower Station, lat. 23" 32', long. 72" 33'--observed at  in 1862--stands on a low, 
sandy ridge about 9 of a mile S.E. of the village Dhtimanwa, and the same distance N. W. of that of Puraria : 
Baroda State. 

The station consists of a tower of sun-dried bricks and mud and faced with burnt bricks, which encloses a solid pillar 
of masonry 32 feet in height the upper 5 feet of which is isolated; it has a mark-stone at the ground level, another at top 32 feet 
above it, and five others placed iutermediately. Four small pillam with mnrks there011 are built outside the tower, the iutersec- 
tion of liues joiuing these marks iudicates the exnct position of the mark-stone at the summit. 

IX. M o d i  Hill Station; lat. 23" 25', long. 73" Of+Bserved at  in 1851-is situated on a small piece 
of rising ground composed of iron ore, which appertains to the land of Morhli village : taluka P a h t i j ,  district \ 

Ahmedabad. 

The station consists of a platform of sun-dried bric1;s enclosing a pillar of masonry, 10 feet in height and witli 1.25 feet 
foundation; the pillar, of which the upper 5 feet is isolated, c o l ~ t a i ~ ~ s  three marks, one at the top and the others at 5.25 and 
10.00 feet respectively below it. Tlie directions and esti~~iated distauces of tlie circumjacent villages are :-Gari N., miles 13; 
aud Mor4i N.W., mile 1. 

X. Warsom Tower Station, lat. 23" 25', long. 72" 47'--observed at in 1851-63-stands at the southern 
extremity of the village of Warsora. The spot is somewhat above the general level, having been the site of a large 
building of which however no trace remains above ground. The land in the neighbourhood is much cut up 
with deep ravines which drain' into the Sftbarmati river, about a mile E. of Warsora : sub-division Saber Ktinata, 
Mahi Einta. Agency. 

The station consists of a tower faced with burnt bricks, 25 feet in height, enclosing a solid pillar of masonry of which 
the upper 4 feet is isolated. 

XI. Rakhi61 Tower Station, lat. 23" 16', long. 72" 57'+bserved at  in 1851-62-stands on the rising 
ground about 6 furlongs N.W. of the village of Rakhibl : sub-division BBwisi, Mihi HBnta Agency. 

The station consists of a tower of sue-dried bricks and mud and faced with burnt bricks, 18 feet square at base and 13 
feet at top, which encloses a solid pillar of masonry, 22 feet in height, dimiuishitig from 41 feet square at base to 33 feet square near 
summit; the pillar, of whicli the upper 4 feet is cil-cular and isolated, hr~s a foundatio~~ of 5 feet, and mark-stones are fixed in i t  a t  
6, 12, 18 and 22 feet respectively above the one at the g r o u ~ ~ d  level. Four small pillnrs with marks thereon are built at 20 yards 
from the central pillar, and the intersection of lines connecting them indicates tire position of the upper mark. The azimutlls and 
perambulated distances of the circumjacent villages are :-Pipria 92' 31', mile 0.75; Nawbagar 111' l', miles 1.78; and Bhad- 
rnnda 196" l', mile 0.68. 

- XII. Amalyhra Hill Station, lat. 23" 14', long. 73" Gf+bserved at in 1851-534s situnted on the 
rising ground about of a mile N.E. of the village of AmalyBra : sub-division Whtrak Kirnta, Mahi K h t a  
Agency. 

The station consists of a platform of sun-dried bricks enclosi~~g a circular, solid pillar of masonry, 5 feet in height, which 
contains two marks, one at the grouud level and the other 6 feet above it. The village of Chaudrej lies to tlie N.E. at a distance 
of about 1 mile. 

XIII. Lakwhra, Tower Station, lat. 23" 16', long. 72" 44'--observed at in 1852---stands close to the left 
bank of- the Slibarmati river and some 200 yards N.E. of the village from which the station obtains its name : 
sub-division Degiim, Baroda State. 

The tower is built like the others of this Series, nnd is 22 feet high. Four small pillars were 1)nilt ontside the tower and 
the intersection of the lines engraved on them defi~ied the position of the station mark at the level of the ground. When the tower 
was finished, the upper mark did not agree with this intersectio~i arid it was therefore moved ill Ja~iuary 1852,2*9iaches ill a direc- 
tion forming an angle of + 26" with Warsora Station. Tlie only angle observed in seasol1 1850-51, cori~iected with tlie old upper 
mark, was that at Warsora between Rakhiil and Lnkwhra stations, und a smnll correction has therefore bee11 applied to this angle 
to reduce it to the present station mark : should this mark ever be removed it cnn be recovered by the mnrks on the outer pillars. 
The present mark at  the level of the ground, is 0.9 of an inch east of t l ~ e  mark used. 



XIV. Bhrdoli Tower Station, lat. 23" 5', long. 72" 68'--observed at  in 1852--stands on the rising 
ground about 9 of a mile W. of the village from which it is named : sub-division Atarsumba, Barodrr State. 

The station co~~sists  of a tower of suu-dried bricks and mud and faced with burnt bricke, enclosing a solid pillar of ma- 
sonry, 22 feet in height, which contains mark-stones at  every 5 feet. 

XV1.-(Of the Guzerat Aongitudinal Serie8). Mirz6pur Tower Station, lat. 22" 59', long. 72" 53'- 
observed at in 1852 and 1858-is situated on a sandy hill about a mile W. by 8. of the village of Mirzhpur, 
and 4 miles N.N.W. of the large village of Haldarwh on the right bank of the Watrak @ver : taluka Dashi ,  
district Ahmedabad. 

The station consists of a tower enclosing a solid pillar of masonry, 18 feet in height, which has a mark-atone at  top and 
others at  3, 8, 13 and 18 feet respectively below it, the lowest being at the ground level. The directions and estimated distances of the 
circumjacent villages are :-Chhndivel Bhhtpura W.N.W., mile 2 ; Whrod (on the left bank of the Meswo river) W.S.W., miles 21 ; 
Kaniel S. by E., miles 14 ; and Patiiwat (on the western bank of the Wiitrak) S.E., miles 3. When visited in 1858 in the course 
of Guzerat Longitudiual Yeriea operations, no alteration appears to have been made in the construction of the station. 

X1X.-(Of the Uuzerat Aongitudinat Seriee). Sanoda Tower Station, lat. 23" 7', long. 72" 48'- 
observed at in 1862-stands on the rising ground about $ of a mile S.E. of the village from which the station 
has been named. The whole country in the neighbourhood is much covered with large trees : sub-division 
D e g h ,  Baroda State. 

The station consists of a tower (most probably built in a manner similar to'those at the adjacent stations) et~closing a solid 
pillar of masonry. Four small pillara have been built outside t l ~ e  tower, and the intersection of lines engraved on them will give 
the position of the upper station mark. Other mark-stones have also been fixed at  every 5 feet in the pillar. 

J. B. N. HENNESSEY, 

I n  charge of h p u t i n g  Oflee. 



BBU MERIDIONAL SERIES. 

PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 

Kan--Sktionr XL and XLIII appertain to the -hi Longitudinrl8arim of the North-Wwt Q u d r U a d  

At XL (Mhd) 

dllirch 1861 ; observed by Lieutemnt H. Rivers with Froughtolz and Simme' 18-inch Thodotite No. 2. 

between 

I1 & I 

I & XLIII 

Cirole readings, teleecope being set on I1 

Q 1' 180" 1' 10'19' 190" 1% 200 20' 200°W 800 89' 210' 29' 400 88' W 8 8 '  So0 50' m0 W 

I I m I I ? m I " I ? " 
h 18.50 i 20.40 h 25'00 h 24.40 h 29'17 h 22-83 h 32'93 h 28.80 t 29.70 1 27-73 1 25-53 t 24.10 
h 19-07 h a1.14 h 27-40 h 24.06 h28.93 h 23'96 h33-14 h 27-70 1 29-10 Z 37-14 1 26.63 1 2 5 ~ 0  

18-79 20-77 26-20 14-23 19-05 23'39 33-04 28-15 29'40 a?-43 16.08 14-55 

k 9.26 h 9-76 Z 5-54 Z12.46 113.16 111.23 1 0'07 113'17 1 7.87 1 7'47 1 3.60 1 7-73 
h 11-63 h ~ o ' a o  1 5-60 1 13-04 1 9.00 Z 13.20 Z 0.53 1 13'10 Z 10.14 1 6.04 Z 4.74 1 7.50 
h I 2.67 1 11.20 12'23 

11-19 ,9'98 5-57 I?-75 , I I ' I ~  11'22 0'30 13-14 9-00 6.76 4.17 7-61 

Jf - Mean of &-on 
ro - &lstive 
C - Concluded Angle 

M=a5"'93 

w 0 -78 
I - a I ' 2 9  
w 
C =51~34 '25~ '93  

M = 8"-65 

W = 0 ' 77  
1 - = I '31 
w 
C=63°z9'  8".66 



8-1. ABU MERIDIONKG SEBIES. 

At XLIII (Jenij) 

April 1861 ; observed by Lieutenant H. Rivers with Troughton and Simme' 18-inch Theodolite No. 2. 

Angle 
between 

Circle readings, telescope being set on XL 

0'1' 180°1' 10012' 1W012' 2O02O' 200'20' 80°29' 210029' 40038' 220088' 50°60' 2W5W 

Jf - Mean of Oron 
a - Relative w e i g K  
C - Concluded Angle 

At I (Qori) 

April 1861 ; observed by Lieutenant E. Risers with Troughton and Simms' 18-inch Theodolite No. 2 .  I 
M - Mean of Qron 
ro - ReLstive 
C - Concluded Angle 

Angle 
between 

Circle readings, telescope being set on XL 

0° 1' 180°1' lo0 13' 190" 12' 20° YO' 200°20' 30° 29' 210°29' 40038' 220'38' SOo W 2W0W 

XL & I1 

11 & IV 

IV&V 

Nm~.-BLtionr XL and XLIII appertain to the guichi Longitudid &ria of the North-Wert Qrudril.bd 

v w v w w w v v a v • N 

35 23 1 33'93 h 39'87 h 34 17 h 35.50 h 33'93 A 37'44 h 38.00 1 39'77 h 38.20 1 37'94 1 42'20 
1 35'97 1 36.56 h 41. I 7 h 37.40 h 36'00 11 30.73 A 38'00 ?I 39. I 7 1 38.94 h 39.77 1 39.33 1 42-93 

h 35.20 d 36.17 h 32'76 h 37'67 . 1 41.60 

35.60 35.25 40.52 35'59 35.89 32-47 37.72 38.28 39-35 38'99 38-63 42.24 

148.24 1 51.44 h 43'93 h 47'77 h 48.84 h49.37 h48.63 h 51-67 144.06 h47.50 145.73 148.30 
1 45-76 1 49.30 A 43.83 h 47.66 h 47.27 1h48-94 h 49-03 h 49.30 1 45-00 h 45-90 1 46.50 2 45'83 

1 48-70 d 48.48 h 51.16 1 44.53 
- 

47'00 49-81 43.88 47-71 48.20 49.15 48-83 50.71 44.53 46-70 46.12 46.22 

122.10 1 14.80 h 17-37 h 15.27 h 17.23 h 18.66 h23.40 h 14.m 1 15-60 h 16.90 1 16-83 1 9.60 
1 21.07 1 13.26 h 15.43 h 14.60 h 18.63 h 17.70 h 22-70 h 15.96 1 15.66 L 15.17 1 15.14 112.04 

113.33 

21.59 14.03 16.40 14-93 17.93 18.18 13-05 14-98 15'63 16-04 15.98 11-66 

M =  37"'54 

= p 59 
I _ - - o -63  

w .  
C = 7%' 4'37"'54 

&f = 47'"41 

w = 2 -60  
I - = o -38 
W 

c = 530 18. 4 7 ~ . 4 2  

M =  I~"'~o 

W =  1 - 1 7  
I - - - o -85 

W 

C =460 7'16M.70 
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Nan--8trtionr XL and XLIII appertain to the Garbchi Longitudid Beria of the North-W& Quadrilsbd 

- 

At I (Gori)-( Ccintinued). 

Angle 
between 

v & I n  

I11 & XLIII 

XLIII Q XL 

. . 
Circle wadil~ga, telescope being set on XL 

00 1' . 1800 1' lo" 1 I 190°1P' 20° 20' 200'20' 80°29' !41O0ZS' 40'88' zzo"!J8' W60' So" W 

I I n e I n u w I n I 

114.90 114.56 h14-56  h19.67 h 9'44 h16.60 h 8.87 h19-56  116.14 h14-40 215.30 216.13 
16.20 1 16-07 h 15.67 h 18.56 h 14-33 h 14'27 h 10.50 h 17-51 1 17'17 2 14'37 15-03 1 '5 '16 
13-93 h 13-20 

15'01 15-31 15-11 19.11 12'32 15-43 9-69 18-55 16.65 14-39 15-16 15-65 

1 10.33 1 16-60 h 16-84 h 13-76 h 22.90 h 17-10 h 21-30 h ~ q - o o  1 20-00 h 2o.00 1 17.27 Z 18.84 
I 11'43 h 17'40 h 16'57 h 16.60 h 19-54 h 16'23 Lao-oo h 15-20 Z2r-37 1 11.27 1 14.83 2 18-17 

h I 5.74 h 20.40 

10.88 17.00 16.71 15-37 30.95 16.66 20.65 14.60 . 20.69 20.63 16.05 18-51 

1 52-94 2 48.67 A 50'56 h 49.04 h 43.63 h 47-50 h 39-20 h 42.67 142.56 h 44'16 1 46-50 1 45.50 
2 50.44 1 49-00 h 48-13 h 46-97 h 42.46 h 49-31 h 40 23 h 42.83 141.06 1 41-90 1 47-47 146'37 

h 48.10 

51-69 48'84 48'93 48.00 43-05 48.42 39-71 43'75 41.81 43-03 46.99 ,45'93 

M - Mern of Gmn 
w - &elatire 
' COnO1*ed hngle 

M = 15"-20 

= 1 - 7 9  
I 
- =; o -56 
w 
c = 57°33'15*'19 

M v ' ' 9 ~  

w = I -24 
1 - - - o - 8 1  
w 
c = 5s0 23' ,7nm39 

M = 45"- 76 

w = o -89 
i_ 1 - I ' I 2  
W 

C = 7 7 ° 3 2 8 4 5 u - 7 6  

At I1 (Kherwa) 

~ a r c h  1851 ; observed by Lieutenant H. Rivers with T,-oughton and Simnu' 18-irrch .Theodolite No. 2. 

M - Mean of Qmu 
w - Relstive ~ e i g f f t  - ConcludedAngle 

M = 4lu.6;1  

w = o -84 
I - - - I -19  

W 

C = 8 0 ~ 2 3 ' 4 1 ~ . 6 7  

M = ~ 6 ~ ~ 5 9  

w = 5 ' 4 1  
1 - - - o -18 
w 
C = j 6 ° 2 0 ' 5 6 u - 6 0  

Angle 
between 

IV&I 

I & XL 

Circle readings tslewope being aet on IV 

O0 1' 1800 1' 1v 12' 190° 12' Z O O  20' 20 0 O  21' 80°30' 210°W 40'88' 220°88' SO0 50' S O 0  W 

v w . I I . w I I .  * v I 

A41.17 h37-67 139'73 137'33 146.73 133'93 t 46-17 143'37 145.30 143.74 h42.37 hro .93  
h 43-03 1 40.10 1 39.83 136.60 1 45.73 Z 35.37 1 47.64 1 43 80 1 43.93 h 44-46 h 40.33 h 42.10 

1 36.90 

42.10 38-31 39'78 36.97 46.23 34'65 46-90 43'59 44-61 41-10 41-35 41-52 

h 54-43 1 55.00 157.04 156.17 2 55.10 158.40 1 54-87 1 60.10 155.14 1 59-66 h 57.30 h 58.47 
h 58.30 1 56'67 1 57'87 1 55'56 2 55'27 Z 56.00 1 5 5.27 1 56.84 2 54'87 h 58-94 h 56.53 h j 5-97 
h 54.85 1 57'67 h57.00 

55'85 55.84 57'45 55'87 55'18 57.30 55-07 58.20 55-01 59.30 56.91 57-15 



lo-, ABU MERIDIORAL 8EBIE9. 

#--*tion XLIII 8ppsrt.inr b the W h i ] ; o w  of 
- 

--- 

At III (8hiha) 

April 1852 ; obsemed by J5iet.d-t H. Bivers with Troughtm and Simme' l & k h  Theodolite No. 2 .  

x - Mean of h n p  
v - Belatire Weight 
C - Concluded dngle 

M =  5"'" 

= 0 -99 
1 - - - 1 ' 0 1  
w 
C = 83O55' j R * 1 1  

M = 61".39 

w = o ' 9 2  
I - - - 1 -09 
w 
C = 5 4 0 ~ ~ '  l U . 3 9  

hfi / Circle 3.1, teleacop bin1 aet on XL111 
betasen ii78.7' Q@ 6' 28@ 17 i06' 17' 29@ 25' 11s" 26' W 54' 1 s  84' 81s" 48' 186'48' 82b 66' 146064' 

XLIII & f 

I & V  

v I I # # w I w I v I w 

h6.67 27*ao 1 13.87 2 7'43 17.30 1 5-60 h 1.57 h 1-83 ho-20 h 2.37 h3.07 h 5.90 
k 7-67 1 6.00 1 11.27 1 6.94 1 9-40 1 2-60 h 1.07 h 3.73 h 1-17 h 1.94 h 2-03 h 4.24 

1 5'00 

7-17 6-60 12-57 7-19 8.35 4-40 I 3-28 0.68 2.16 2'55 5-07 

h 57-87 h 57'84 1 57.66 1 58-73 2 65-34 1 55-70 h66.26 866.34 h 64.93 h 65'00 h 60.66 h63.70 
h 58.03 1 59'90 2 59'23 158.43 2 61-40 1 56.00 h68.40 h60.84 h63.60 h64.23 h 59-90 h 6 1 9 3  

2 58-07 165'54 h 64.30 

57-95 58.60 58'45 58-58 64.09 55'85 67'33 63-83 64.26 64.62 60.28 62.81 

At IV (KainBth) 

March 1851 ; obeemed by Ziezctenant H. Rivers with Troughton and Sirnms' 18-inch Theodolite No. 2. 

Angle 
between 

VII & 

VI & V 

V & I  

r 

Circle readinge, telescope being set on VII 

1W 16' 6 16' 19S027' 16'27' 2060 86' ZS084' 2U0 W 86' 43' 225°W Go 68' tSB.6' Sf? 8 

I I w w I 8 v v I v w I 

A60.96 h 64-47 1 63-53 h 60.30 1 64.40 Z 67.33 h 60.67 A 60.24 h 59-87 h 64.20 2 51-66 1 56.73 
h 61.43 h 64-17 1 60.44 1 62.17 1 64.20 1 68-00 h 60'20 h 59.03 h 60.60 h 59.77 1 55-56 1 56-73 

164.17 h 60.07 h 60.90 1 52'77 

61.20 64-32 62'71 61.23 64-30 67'67 60'43 59.78 60.24 61.62 53-33 56.73 

h 24.47 h 19'00 1 25.64 h 22.40 1 27.20 2 17.84 h 21-03 h 14.30 h28.03 h 26.87 127.50 126'37 
h 24.97 h 18-87 1 26.16 1 18.00 1 23'73 1 18-84 h 23'57 h 27.17 h 30'80 h 31-20 123.07 124'24 

2 17.03 2 24.60 h 25'13 h 27-80 h 31.16 1 27.13 

24-72 18.94 25-90 19-14 25-18 18-34 22-30 25.53 28-88 29.74 25.90 25'30 

h 60.93 h63-66 1 58.40 h 59-36 1 55.63 1 60.83 h 57-23 h 53.36 h 54.03 h 52-20 1 56.60 1 58 53 
h 59'80 h64.66 1 57'60 161.56 1 59-90 163'50 h 57'90 h 55.83 h 54.64 h 50.37 1 59.20 156 27 

161.57 1 58.30 h 56'30 1 54'40 

60.37 64.16 58-00 60.83 57-94 62-16 57'57 55-16 54.33 51-29 56-73 57.40 
- .  

2f - Mean of Group 
w - Relatire Weight 
C - Concluded dsgle 

M = 61". 13 

= o - 8 5  
I - = 1 - 1 7  

W 

C = 53' 30' I ~ -  I 2 

M =  2 4 Y ' ~ 6  

w = 0 - 8 1  
I - - - I -24 
W 

C = 80' I' 24"- 1 8  

M = 58".00 

w = o '91 
I - - - 1 ' I 0  
W 
C = 4 1 ~ 1 3 ' 5 8 * * 0 0  



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 
11-, 

2 

At IV (~ain6th)-(~o&inued). 

dngle 
between 

I & I1 

Circle readings, telescope being set on VII 

185O16' 5' 16' 196O27' 16'27' 20503b1 25'34' 216'44' 35"43' 22b0b3' 4.5O63' 236'5' 56'6' 

" * m I Y I Y 4 T )I I n 

h 27'27 h 28.07 1 33'00 h 30'90 1 36.00 1 29-53 71 37'44 h 37'34 h 33'47 h 31'30 1 37.50 I? 33'00 
h27.27 h26.27 131 '47  2 32'47 1 33'30 1 31'14 h 37'73 h 35'04 h 31'30 h32.00 1 35.57 2 34.46 

1 29.96 h 34'34 1 38.93 

27'27 27:17 32-24 31-68 33'09 30'34 37'58 35'57 32'39 31-65 37'33 33'73 

M a  Mean of  Group 
w - Ralative Weight 
C - Concluded Angle 

M = 32"-50 

= I .02 
I - = o -98  
W 
C = 4 6 ° r 7 ' 3 z " ' 5 ~  

At V (Kiirdo) 

*March 1861 ; and ?January 1852 ; observed by Lieutenant E. Rivers with I'l*oughton and Simms' 18-inch 
Theodolite No. 2. 

Angle 
between 

* 
I11 & I 

* 
I & I V  

* 
IV & VI 

L- circle readinga 

t 
VI A VIII 

Circle readings, telescope being set on 111 

O0 1' laOD 1' 10°14' 190" 12' 20°20' 20O02(3' 30°29' 210°29' 40'38' 220°38' b0°50' 230'50' 

M - Mean of Gmu 
w - Relative ~ e l g g ( l t  
' 

n n n II n I n m I II I u 

h 40.63 h 40.13 h 47-16 h 45-54 h 43.06 h 39-83 1 48.64 1 44-97 1 44.56 1 46.63 h 50.70 h 44.74 
h 42'40 h 42.73 7 ~ 4 4 . 8 3  h 45.17 h 45'37 2 39'70 1 46-56 1 45'87 h 47'70 1 46.60 h 49'93 18 46.13 

h 38-17 

41.51 40.34 45'99 45.36 '44'21 39.77 47'60 45.42 46.13 46-61 50.33 45.43 

h 46.14 h42.54 h45.80 7b 41.76 h48.90 h 47'17 1 50.24 1 50'13 1 51.57 146 '73  h 40'53 h42.80 
h 47'34 h39.57 h 45'97 h43.83 k47.03 h 46'53 147 '67 1 4 9 ' 1 7  1 50'94 145.93 h 43'57 h 4 1  43 

h 40.26 1 49'70 h 52-30 h 41.04 

46.74 40'79 45.89 41.79 47'97 47-80 48'95 49'65 51'60 46'33 41 '71 42-12 

h28.80 7132.74 h 3 1 - 6 0  7'34.40 h30.67 131 '40 124.73 130.50 h 2 5 . 1 6  h37.40 h27.27 h26.43 
h 28.73 h 32.03 h 28'97 IL 32'14 h 29'53 1 32'33 1 26.00 1 31-43 h 25'47 11 35'47 h 2 j ' 13  h 26.84 

h 28.20 

28.77 32.38 30'29 33.27 30.10 31-86 25-37 30.96 25.32 36.43 26.87 16-64 

O0 1' 180' 1' 10' 13' 100°13' 20°20' 200Q20' 30'30' 210'29' 40'38' 220'38' 50°60' 230°50' 

h 10.80 h6.50 h7.43 h 12.90 h 11.64 h 14.44 h 14'oo h 8.10 h 13'76 h 15'23 15.96 h 14.44 
h 10.60 h 7 . 6 0  h 6 - g o  h 10.13 h 12.86 h 13'10 h 13'70 h 10 47 h 14'44 h 15.60 h 17 23 h 13'40 

. h 11.36 h 9'47 h 16.20 

M = 44w'89 

= I , 2 2  
1 - = o - 8 2  

b w  
C = 68' r5'44"*88 

M = 4(jW.03 

w = o -96 
I - - - I - 0 4  
w 
C = 9%' 38'4(iW'03 

M =  29*'86 

w = I '01 

I - - 
w - 0 ' 9 9  

= ~ 9 ~ 4 ~ ' ~ 9 ~ ' ~ ~  

M =  12"'12 

w =  1 . 2 6  
I 

10.70 7.05 7-17 11.46 12.25 13'77 13-85 9'35 14 '10  15'41 16.46 13'92 C = 33' 4' 12"- I 2 l v =  0 8 0  



ABU MERIDIONAL 0EEIES. 

At VI (Ph) 

*.March 1861 ; and tFebmary 1862 ; observed by Zieutenant H. Rivers with 5oughton and Simma' 

Jf - Mean of Gmn 
a - Relative R'eigK 
C - Concluded Angle 

M =  6 f . 8 9  

= o - 8 5  
I - - - I - 1 8  
w 

=(j8' 8' 5""9 

= ~ 7 ~ ~ 9 5  

w = 0 .59 
I - - - 1 - 7 1  

w 
= 9 , ~ 4 0 ~  , 7 ~ .  95 

M = 7"-58  

w = I -16 
I - = o - 8 7  
w  
C = qoO 10' jrY'5g 

M = 33"'13 - 
w =  1 - 6 7  
I - = o - 6 0  
w  
C = 4 7 O 5 6 ' 3 3 " . ~ 3  

M = 64w.88  

w =  1 - 1 9  
I - = o . 8 4  
w 
C = 5a040' 4 " - 8 7  

M = 50"-42 

w = o -43 
I - - - 2 -30 w  
C = 59' 24' 5oU'43 

P 

Angle 
between 

t 
X & VIII 

t 
VIII & V 

* 
& IV 

a 

IV & vn 

a 
VII & IX 

i b  

IxhX 

18-inch Theodolite No. 2. 

Circle readinge, teleecope being set on X 

0°2' lW8' 10013' 190018' 80°2(Y 4W020' 80030' 210°W W88' 820038' W W  280'50' 

8 8 W 8 I I I 8 W W W I 

h 67.26 h 66.30 1 70-27 Z 62-36 h 67.50 Z 55.87 h 63.84 h 65.83 1 64.73 15 66.60 1 67.20 1 70.26 
h67.20 L65.20 169.10 163.17 h68.53 1 56.00 h65.36 h64.26 168.57 h67.67 169'76 167.40 

l 6 9 . 1 0  168.20 

67:23 65.75 69.69 62.76 6 8 - 0 2 .  55.93 64-60 65.05 67-47 67-13 68.48 68.62 

h I 1-70 h 13-60 Z 16.86 1 16.43 h 17.77 1 25.30 h 21.60 h 19.90 h 26.84 h 20.30 1 12.63 Z 15-50 
h I 2.47 h 1 1 .20  1 17.57 1 16.24 h 17.80 1 22.80 h 20.97 h 20.84 1 25-10 h 19'16 1 12.90 1 I 5.40 

12-09 12-40 17'21 16-34 17-78 24'05 21'29 20'37 25-97 19-73 12-76 15.45 

h 9.70 h 8.63 1 5-76 Z 9'97 Z 0 '17  Z 4.26 h 7'67 h 6.53 1 5.93 h 1 1 . 1 0  1 12.93 h 10.07 
h 10.46 h 7-90 1 5'57 1 7'97 1 1.60 h 5.10 h 6.20 h 7-54 1 6-54 h 9.23 1 11.80 h 10.60 
h 12-57 h 3'30 h I 1.36 

10.91 8-27 5.66 8.97 0.89 4.68 5-72 7-03 6.24 10'16 12-03 10.34 

h32.70 h 37.13 1 34'57 z 35-76 1 31-83 1 35'44 h 34-10 h33.20 1 29.00 h 30.13 1 36.73 131'07 
h32-00  h36-93 135'50 136'77 130.07 h34.50 h32.84 h 31-46 128'36 h 30.17 1 33.90 130'87 

1 34.00 h 36'37 

32'35 37'03 34-69 36'27 30.95 34'97 33'47 32'33 28.68 30'15 35'67 30.97 

h 59.84 h63.34 164.23 165.74 1 73.27 Z 69-94 h62.90 h64-44 164.40 h66.10 1 61-67 163.86 
h63.90 h63-37 168.17 1 64.33 1 74-10  1 62.83 h 62'53 h 65'00 165.63 h65-27 1 63'04 162.47 
L 61.80 1 67.50 h 63-10 1 66-10 h 63-60 

61-85 63.36 66.63 65-03 73-69 63.62 62.71 64-72 65.38 65.69 62.77 63-16 

h 56-50 h 56.10 1 52.24 155.76 142.87 158.70 h 46-60 h47-83 151 '43  h46-67 1 46.97 Z 46.04 
h 56-90 h 56.00 1 47'83 1 54.47 1 43-83 1 60.73 h 45'83 h 47'44 1 47.24 h 48.30 1 49.56 1 47-93 
h52-94 148.23 h 63'37 1 46.60 h 47.63 

55'07 

55'35 56-05 49'43 55-11 43'35 60'93 46-21 47.64 48.42 47-48 48-05 46.99 



PRINCIPAL TRIAISQULATION. OBSERVED ANQLIM. 
13-x 

At VII (Wantra) 
Jmuary 1861 ; observed by Lieutenant H. River8 with Troaghton and Simma' 18-inch Theodolite No. 2. 

Angle 
betmen 

IX 

Ql & IV 

Circle readings, teleecope being set on IX 

' 001' 1800 1' 10' 1 r  190018' 40020' W&Y 80'89' 810029' 40'58' 220088' 60'60' WSO' 

I I I m I w I v I I I I 

134'34 1 33-40 2 32'20 135'26 136'27 134'60 135.20 132.16 132.07 1 32-74 1 31.47 Z 34-33 
134.63 1 35.66 2 31.30 137.36 135.27 1 32.07 1 37.90 1 35.33 131.07 130'33 1 35-54 132-83 

h 29.30 1 36.90 1 35-97 131'43 132'50 
8 32-50 

34'49 31-79 31-75 36-31 35'77 33'33 36-67 33'99 31'52 31-54 33.17 33'58 

1 22-73 1 25-60 1 22.57 126.40 122.83 Z 24.33 1 26'00 131.04 127-1.3 1 26.86 134.76 2 31.04 
122.64 123'34 123'47 128.06 132'63 1 22.36 124.10 2.28.13 2 30.10 l30.00 131.76 128.00 

h 24'77 125'60 . 125.00 1 26'10 1 28.07 1 33'73 

22-69 24-57 23'02 26-69. 12-73 13-90 25'05 28.42 28.61 28.31 33-41 29.52 

df - Yean of Qrou 
o - Relstive weigG 
C - Concluded ,Angle 

M =  33*'74 

t.P = 3 ' 0 1  
I 
- = 0 '33 
w 
c = 52O 15' 33#'74 

M = 26".41 

w =  1 - 0 3  
1 - - 
w - 0 ' 9 7  
C =./8°33'26#*42 

At VIII (Dhhmanwa) . 

$ Febmary ; and 9 November 1852 ; observed b.v Lieutenant H. Bivercr with Troughton and Simme' 
18-inch Theodolite S o .  2. 

Angle 
between 

3 v&vI 

~aa.  ,,imle- 

2 
V & V I  

2 
& 

. , 

Circle readings, telescope being set on V 

804" 46' 124°CLZ' 814" 67' I S #  67' 826" 6' 1%" 4' 835' 16' 165' 14' 346°22' lW2ZD 35' 1?5936' 

I v I n n n n I w I I v 

129.34 134'46 134'13 132.66 135.80 1 38'97 134'56 131 '24  I 31.70 1 32-6d 1 31-63 131.64 
1 31.20 136.57 1 33.64 1 30'43 1 32.13 137'36 1 32.33 130'13 1 29.93 131.27 132.64 132.83 

133'93 839'00 835.36 

30.27 35-52 33-88 31-55 33'95 38-44 34'08 39-68 .30a82 31-93 32-14 32.23 

267'1' 810 1' 2770 12' 97'12' !287'20' 107'20' zs7" 2 l  1110 29' 307O 38' 1270 38' 817'60' 1 8 7  60' 

h 32'97 h 22.90 h 34-50 h 34-84 h 29.50 h 34-70 h 36.10 h 31.04 h 22.66 h 26.27 h 26.23 h 27.04 
h 28.47 h 24-77 h 33'57 h 34'37 h 30'40 h 35'40 h 35'97 h 29.70 h 2 1-33 h 26-33 h 26.90 h 36-40 

34'04 
h 32'76 
h 35'83 

30.72 23.84 34.03 31-56 29.95 35-05 34.94 30.37 21.99 26.30 26.57 26.72 

h 52.10 h 55'83 h47-  6 h 45.00 h 51-00 146.06 1 43.13 E 41-27 h 4 8 . p  h48.63 h 46-70 h47-96 8 h 52.53 h 53.90 1 4 6 .  7 645.03 h49.43 1 44-97 h 42.24 1 41.14 h49.00 h 48-84 b 46.16 h 47.17 
h 46.33 h 4 ~ 2 0  

h 41.76 

52.32 54-86 47.12 45.01 48.92 45-52 41.83 41-20 48.95 48'74 46.43 47'56 

di - Mean of Gron 
.D - Relative W'eigE. - COnoludeddngle 

* -1aw1 '96  
v - ) '01 

w =. I 3 '59 - 
w - 0 ' 3 9  
C = 55O15'32"'23 

f12z*:ig 

M =  q 7 ~ . 3 7  

W = 0 -78  
I - = I -29 

w 
c = 37' 41' 47"'37 



ABU MERIDIONAL SERIES. 

At IX ( M o f i )  

Februuy  1861 ; observed by Lieutenalzt H. Rivers with Trozlghtm alzd S imm'  18-inch Theodolite No. 2. 

iK - Mean of C)ro 
w - Relathe ~ e i z  - 
M = z1"*08 

= .47 
I - - - 2 ' 1 2  

W 
=4°036'21Y'08 

= 60". 23 

w = o -80 
I - - -  - I '25 
w 
c =72O42' oM.23 

M =  24"'99 

W = 
I 

0 '99 
- - - 1 '01 
W 
C =44°~2'24"'99 

M =  20"'93 

w = o '71 
I - = I '40 
W 

C = 75O 4' 2oH.g4 

Angle 
between 

XI1 & XI 

XI & X 

& 

VI & VII 

Circle readings, telescope being set on XI1 

@' 1' 180°1' 10'12' IQO012' 20'20' U)00 20' 30°28' 210° 29' 40°38' 220°S8' 60'49' fY0°60' . 
11 11 11 I1 I t  I1 I 1  11 I1 11 11 I1 

1 12.16 Z 12.90 1 17-23 1 18.87 h 26.27 h 15.53 1 23-97 122.63  1 2 6 ' 7 7  1 26.00 h 22-60 h 24-04 
1 15.20 1 15-23 2 15.30 h 18.87 h 23'46 h 15.76 1 25.97 1 23.44 1 29.16 2 27'67 h 20'87 h 24.47 
j 15'73 h 19.37 h 24'83 

14.36 14.07 16-26 19.04 24.85 15-63 24-97 23-04 27.96 26.84 21 -73  24-26 

2 64.94 Z 62.23 164.87 1 62.40 h 59.30 h 58.74 1 53.83 1 65.87 1 53.27 162 '43  h 58.53 h 58.66 
165.90 160.90 1 6 4 ' 2 3  h 6 1 . 3 3  h60.30 h 59'97 1 54.23 163.66  1 53-40 161.36 h 57'63 h 5s-43 
1 63'77 2 62'27 

64.87 61-57 64.55 62.00 59.80 59-35 54-03 64.77 53'33 61 '90  58.08 58.54 

1 24.06 1 23.57 h 22'23 h 22.36 h 25-33 h 25'16 1 30.67 1 20.10 2 32 '80  1 24.60 h 27.84 h 26.84 
1 21.00 1 2 4 ' 3 0  h 23.06 IL 20.57 11 25'60 h 24-93 l 2 9 . 2 0  1 19.00 1 29.74 124 .24  h 27-27 h 26.30 
121.80 1 22.20 

1 21.80 

22'29 23.94 22-32 21-46 25.47 25-04 .29 '94  19'55 31-27 24.42 27-55 26'57 

1 23mo  124 '30  h26 .93  h z 5 - 5 0  h 17.80 h23.00 Z 15 -03  122.07 1 14.80 2 18.97 h 17.26 h 17.86 
126.27 124.44  h24.47  h 25'50 h 19.90 h z1 .60  1 15-70 125.77 2 15.00 1 18.23 h 17'83 h 19'34 
1 26.47 1 24.70 

zg'ag 24-37 25'70 25'50 18.85 22.30 15-37 24.18 14.90 18.60 17-54 18.60 

At X (Warsora) 

Janwary 1852 ; obset*ved by Lierctenant H. Rivers with T?-ouglzto?$ and Simms' 18-itzch Theodolite No. 2. 

Angle 
between 

VIII & VI 

Circle readings, telescope being set on V I l I  

285' 64' 105" b# 296" 6' 116. 6' 906' 1 3  126' 13' S16Q 22' 1 8 6  22{ 326O 31' 1 6 '  31' 3 3 6 ; ~ ~  156"43' 

11 11 11 11 I1 I1 11 11 I1 11 11 11 

h 14-30 h 14.30 h 9.50 h 7'20 E 10.17 1 11.80 1 5.57 1 2-07 h 2'63 h 6.00 7, 1.00 h 7.23 
h 14 '54  h 15'46 1 9-90 h 8.96 1 8.83 Z 12'40 1 3-40 1 4-94 h 2.67 h 5.30 h 0.77 h 7 -03  

h 9 '40  1 3'76 

14-42 14.88 9.70 8.52 9.50 12.10 4-49 3.59 2.65 5.65 0.88 7 - 1 3  

M - Mean of Qrou 
w - Relative 

M =  7"'79 

= 0 '57 
I - - 
W 
- 1 - 7 4  

C = 74O 7' 7"- 79 



PRINCIPAL TRIANGULATIOPJ. OBSERVED ANGLES. 
15-1. 

At  X (Warsora)-( Continued). 

I Harch 1861 ; deemed  by Lieutenant Z. S&ivere with Troughton and Sipms' 18-inch Theodolite No. 2 .  

I I 
Angle Circle readings, telescope being set on VIII 

28S06+' 106"M' 59606' 116" 6' 3M018' 1260 13' 816022' 136'22' 326O31' 1460 31' 836'&3' 156'48' 

M - Mean of Qtou I 
to - Relative weigh,  
C - Conoluded e g l e  I 

February 1852 ; obeerved by Lieutenant H. Biaere with Tl.ozrghtpn and Simms' 18-inch Theodolite No. 2 .  

M - Mean of arou 
w - hlat ive  
C - Col~cluded Angle 

I 

Angle 
between 

I 

* I n I w II n Y I .? I II 

71 51.73 h 53.37 h 53-46 h 5 0 . p  h 50.37 h 50.26 h 52.17 h 54.23 h 59'37 h 56'83 154'94 152.43 
XI1 & XIV h 51.87 h 53-43 h 53.67 h 49.53 h 51'40 h 46-87 h 51-83 h 54.36 /c 58.97 h j7.13 1 sz.90 1 52.16 

h 5 1.80 

Circle readings, telescope being set on XI1 

0'1' lSOOl' lo"12' 190°12' 20'20' 20O020' 8O05V 210°29' 40°38' 220'38' 50060' 230°50' 

d 4'93 d 7.53 d 12'14 d 12.98 h 17.03 h 19.24 h 8-13 h 10.90 h 7.37 h 7-33 1 9.10 110.57 
XIV & XIX d 3'70 d 7-47 d11.93 d 13'9j h 15'17 1'. 17.17 h 10.33 ?L 8-23 h 7-53 h 8.37 111 30 E 8.84 

h.1 j.60 h 12.13 

1 I 
Correction to reduce to position of present station mark ; see description of station XIII. 

Nan.-Station XIX appertainm to the Gmerat Longitudinal Seriw. 



ABU MERIDIONAL SERIES. 

Nm.-Blrtion XI8 a p p e b  to the Quorat Longitudinal Seriem. 

At X I  (RakhXl)-( Co~ltinued). 

* F e h a r y  1851 ; m d  +February 1852 ; observed by Jieutenant H. Bivers with Troughton and Sinam' 
18-inch Theodolite No. 2 .  

Bf - Mean of Qmn 
w - Elelative W'eigfft 
C - Concluded Angle 

M=39"'97 

= I '5.5 
1 - = o -65 

W 

C =47O ~ ' 3 9 ~ ~ 9 7  

= '7"'99 

w = I -89 , 

I 

Angle 
between 

- 

t 
XIX & 

t 
XI11 & X 

Circle readings, telescope being set on XI1 

ooll 1 8 o 0 y  ]0°12' 1 g 0 ~ 1 2 ~  20°m' 2oO0PO' 30°¶9' Z10°29' rLO038' 240°38' 60°6u 23O06O' 

I w n I I m H w e n 'I * 

h 37.34 h 35'93 1 35-33 li 41-27 h 40.50 h 36.70 ?t 42.57 h 42.17 h 44.00 h 43.60 14a.00 138 30 
h 37'63 h 35-30 h 38.20 h 42.00 h 41.43 h 40.63 h 41.74 h 42.63 h 42 27 h 43.73 2 39.43 2 36.66 

37-49 35.61 36'77 41.63 40.97 38.66 42.16 42.40 43.13 43.67 39.71 37-48 

h 28'27 h 28.90 h 23.50 h 27.03 h 29.80 h 26.86 h 24.06 h 30.90 h 27 60 h 30 84 126.20 129 26 
h 26.97 h 28.70 h 25.97 h 27.03 h 32.20 h 26-53 h 23.73 h 32.07 h 27 27 h 30.40 126.33 131'90 

129.60 

-circler- 

# 

X & IX 

- 0 ' j 3  
27-61 28.80 24.74 27'03 31.00 26.69 23.90 31'48 27.44 130.62 26.26 30'25 c =45031127*.-99 

299'58' 119'59' 310°9' 130'9' 320'17' 140'17' 330°26' 150'26' 310°35' 160'35' 350°4f' 170°4f' 

i v -  

w v 'I 'I w n )I w 'I n w n 

43'34 2 44-23 2 44.50 1 44-50 35.43 h 46.63 h 43.47 h37.56 h 38 27 h 36'43 1 29'53 134'90 M = 39".65 
h 42'23 1 44-24 1 41'83 1 45.44 h 36 93 h 46.80 h 38.44 h 36.23 h 35.67 h 40'1 3 2 33'20 13 j'04 
h41.77 143'54 h 35'17 h 40'43 h 36.97 2 29.76 w = 0 - 5 1  

1 - - 
tu - 1 - 9 7  

42.45 44.24 43.29 44.97 35.84 46.71 40'78 36.90 36'97 37.84 30.83 34.97 C = 60° 2'39"'64 

# h 60.10 1 60.03 1 69.84 164.83 h 66.83 h 58.27 h 64.23 h 67.84 i 66.93 h 72-00 1 77.14 2 71-47 

IX BG XII h 63'70 1 59.24 167'33 163.16 h63.47 h 59 34 h67.20 h 67'57 h 68.47 h 70.10 1 73'77 171'80 
h 62.90 165-23 h 64'33 h 68-54 h 6 8  I 6 1 76.07 

62.23 59-64 67'47 63.99 64.88 58.81 66.66 67'70 67.70 70.09 75'66 71.64 I M =  66"'37 

w = o -49 
I - = 2 -03 
w 
c = 860 I zt 6W.38 

At XI1 (Amalysra) 

February 1852 ; observed by Lie?ite~tant H. Rivers with Troughton a?ld Simms' 18-i?lck Theodolite ATo. 2. 

Angle 
between 

- 

XIV &XI 

. 
Circle readinge, telescope being pet on XTV 

295'40' 115'40' 306'61' 125O 51' 315'59' 135' 59' 326'9' 14G08' 3360 18' 156' lit 346'29' ICGO 29' 
I 

n I m w n I I w v 

h 57'63 71 57.80 1 55'96 1 59.07 2 56.10 160.84 7 55.50 1 54'77 1 54.37 1 56-93 160.93 1 55-56 
h 57.93 h 54.00 2 56.20 158.23 1 55.20 161.40 1 55.70 1 54.40 1 55.57 1 58.56 2 61.86 1 59.03 

1 57'l3 154'00 

57-78 56.31 56.08 58.65 55-65 61.12 55.60 54.59 54.97 57-74 61.40 56.20 

M - Mean of Clmu 
w - Relatlre 
C - Concluded Angle 

M =  57"'17 

W =  P -17 
1 - = o -46 
w 
C = E4°20'57"'~7 



NOTZ.--Stetions XVI and XIX appertain to the Quremt Longitudinal Series. 

- 

At XI1 (Amalydra) -(Continued). 

Pebruary 1851 ; observed by Xiez~tenant H. Rivere with T9.otcghton and Simms' 18-inch Theodolite No. 2. 

Angle 
between 

XI & IX 

- Circle readinge, telescope being set on X I V  

2 9 i 0 W  l l k 4 0 '  806'61' 125"611 315°L9' 13i0S9' 326"9' 1.LH08' 836" 1 6  16fi" 17' 546029' 16602P 

1 

w n w w w n w w w w 4 w 

h32-03 h 31-37 1 33.16 h 31.10 h 33.66 h32-27 h 41-56 h 33.30 1 27-80 137.23 2 31.80 1 35.57 
, h31 .47  h31.07 135.56 1 28.50 h34.60 h30-27 h38-60 h34.06 132.13 137.33 133.40 1 3 4  10 

1 34'97 1 29.97 h 33'03 h 39-46 134'47 

31-75 31.22 34.56 29.86 33-76 31-27 39-87 33-68 31.47 37.28 32-60 34.84 

M - Mean of Grou 
UJ - Relative B'eigR 
C - Concluded Angle 

= 33*'51 
W = 1 '37 
I - - - 0 '73 
W 
c = 53°11'33"'51 

At XI11 (Lakwdra) 

February 1852 ; observed by Jbu t enan t  H. Rivers with Troughton and S i n ~ m '  18-inch Theodolite No. 2. 

Angle 
between 

x & x I  

XI & XIX 

Circle  reading^, telescope being set on X 

221°44' $1'44' 231°65' 61'56' 242'3' 69'3' 2 j r 1 1 1  72'19' 262OZ1' 820211 27Z032' 92'32' 

t n I I w w t n w w w H 

h 18-33 h 20.73 h 20.20 1 24.46 A 20.83 h 17.73 h 21.80 h 20.77 h 26.07 1 I 5.56 1 28.20'2 27-94 
h 21.86 h 20.87 1 23-83 121.66 h 18.50 h 18.36 h 22.13 h 20'53 1 26-43 1 14-47 1 25.40 127.97 
h 22'43 h 20.80 1 14-43 1 25'77 125 '30  

20.87 10.80 22.82 23.06 19.67 18.04 21-97 20.65 26.09 15.01 26.30 17-96 

h 1 8 - 8 7  h16.07 h14-40112 .87  h 1 9 ' 1 7 h 2 1 . 3 7  h 1 ~ ' o ~ ' h 1 ~ ~ ~ o h 1 6 ~ 5 0 ~ 1 ~ ' ~ 0 ~ 1 6 ~ 8 0 ~ 1 5 ~ ~ 0  
h 18-50 h 19 '13 L? I 1 '50 1 15'47 h 2 1-30 h 20.00 h 14.44 h I 3'60 1 14'70 1 I 7'03 1 I 3 87 1 I 2 40 

h 17'70 1 14.83 1 13'73 1 1 6 . 3 3 1 1 1 . 4 0  

18.69 17.63 13-57 14-17 20.23 20.69 14.23 13-95 14.98 16.47 15-67 13'03 

M - Meen of Gma 
w - Relative ~ e l g f f t  - lLngle 

= 21"'94 

w = o -86 
1 - - - I - 16 
w 
c = 73O38' 2lU'95 

M = I ~ ~ ~ I I  

w = I -60 
1 - - - o -62 

W 
C = 64' 39' 16"'Io 

At XIV ( B k d o l i )  

February 1852 ; obeerved by Lieutenant EI. Rivers zoith Tt*ozcghton and Simme' 18-inch Theodolite No. 2. 

M - Mean of Qmu 
to - Rslative weigK 
C - Concluded Angle 

M = 47". 80 

, = I -28 
1 
- = o .78 
W 

C = 6 2 ° 3 ~ ' 4 7 n * 8 0  

Angle 
between 

XVI BG 

- 

Circle rendings, telescope being ~ e t  on XVI 

227" 17' 47" 16' 237" 28' 67" 28' 2.17'36' 67' 36' 267' 46' 77O 46' , 267O 54' 8 i0  64' 278'6' 98O 6' 

n I( I w w " I w I " 
h 47-50 h 43.54 h 50'87 h 43-46 h 48.33 1 44.73 1 5 1.80 147.90 h46.60 h 49.93 h 51-77 h 47.97 
h47.93 h 40.74 h 48'77 R 44.33 h48.56 1 46.34 1 51.50 144'90 h 46.27 50.67 h 50.20 h 51'00 

h 43-36 h 50.93 244'70 h50.76 
h 54'34 

47-72 42.55 49-82 43'89 48.45 45'53 52'14 45'83 46'44 50'30 50'98 49-91 



Noxx.-Stotion, XVI and XIX appertain to the Gluerat Longitudinal Serier. B.M. denoter Beferring ACsuk. 

k 

At XIV (~~rdo1i) - ( 'con  t imed) .  

Af - Mesn of h a  
w - Relative Wei$ 
' COmcluded 

M = 4 1 ~ ~ 5 9  

w = 0 '73 
I - = 1 - 3 8  
w 
C = 70' 12' 41".5y 

M = 

W = 0 .44 
I - - - 2 -25 
W 

C = 43'13' lon.oq 

Angle 
between 

xIX&XI 

& XII 

Circle readings, telescope being set on XVI 

227' 17' 47' 16' 235'28' 670 28' 2570 86' 67' 36' 255' 43' 77' 45' 2670 64' 87' 54'. 278' 6' 9S06' 

n 4 Y n I, ,I I n n w e 4 

h 47.83 h 46-76 h 38'20 h 42-67 h 40.27 1 48.43 2 38-97 Z 39.60 h 3g'46 h 35.67 A 40.13 A 44.40 
h qj .8o h 49.73 h38.97 h 40.77 h 39'84 1 46.13 h 38.24 Z 39.50 h 42'00 h 34'83 h41.33 h39.46 

h 48.14 h 36.30 h43.14 
h 37'70 

46.82 48.21 38.58 41.72 40.06 47'28 37.80 39.55 40.73 35-25 40'73 42-33 

h 2.90 h 4'07 h 9'70 h 12.50 h 12.90 I? 2-77 1 13.13 1 15.50 h 19.00 h 13-63 h 5 '10  h 9.06 
h 4-70 h 3.17 h 10.10 h 9.27 h 13'16 Z 2-37 2 16.77 1 16.80 h 16.16 h 14.a7 h 7 34 h 5 60 

. h 15.36 h 16.00 k 9.97 h 5.80 
h 15.27 

3'80 3.62 g'CjO 10.89 13'03 2-57 15'13 16.15 17.05 13'95 7'47 6.82 

At X I X  (Sanoda) 

4'ebr.lcai.y 1852 ; observed by Xkutenant H. Rivers with I'roughton and Sim.ms' 18-inch I'heodolite No. 2. 

M - Uesn of Grnnpr 
w - Rektive Weight - 

M = 2 7 N . 7 0  

w = 0 '89 
I - - - 1 -13 
W 

C = 2 s 0  7 ' 2 7 " - 7 0  

M = 6zW.95 

w = = - 9 0  . 
I - - 
W - 0'53 
C = 68'18' 2 @ - g j  

M = 7 H .  73 

W = 2 ' 4 0  
I - - - 0 ' 4 2  

W 

C = 61' 2' gY'73 

Angle 
between 

'a 'M'  

XIII & XI 

XI & XIV 

Circle rendings, telescope being net on XI11 

33C 56' 154" 64' 945'5' 165'5' 355" 13' 175" 13' 6'2%' 185'22' 15'31' 195°31' 25'43' 205"4S1 

n I I n 4 4 n n n 4 4 v 

h 30'67 h36.93 128.44 Z 27.44 h 24'73 h 28.53 1 25-73 h 23.47 h 24.33 h 26.97 Ti 25-77 h 25.90 
h 29.06 h 37.50 h 29.90 1 30.50 h 23.33 h 28-27 h 23.26 h 25.77 h 24-93 1~27 .14  h 2 j'83 h 27-17 

h 28.07 6 27'67 1 30.44 

29'87 37.21 28.80 28.97 24-03 28'40 24.50 24'62 24.63 27.05 26.42 27'84 

h 60.74 h 66.73 d 59'06 d62.37 h62.36 h 63.77 1 68.43 d62.76 h63.90 h 61.64 d61.49 d62.01 
h60.53 h68.27 d61.14 d h j . 3 3  h61'6.0 h62.47 h65.86 d65.06 h 6 3  73 h61.40 d61.22 d 5 9 0 0  

h 6 7 - 5 4  d 6 1 . 1 3  d63 .91  d 5 9 5 0  
d 60'33 

60.64 67.51 60.41 63.87 61.98 63.12 67 '15  63.91 63.81 61.52 61.36 60.17 

h 9'93 h 1c.54 h 10.54 1 6-56 h 4.80 It 8.86 1 8.07 7~ 4.20 h 4.93 h 9.76 h 6.26 19.03 
h 8'70 h 7.93 h 11.83 h 8.50 h 6.73 h 10.27 h 5 6 0  h 5.30 h 6.53 h 10.24 1 3.70 16.24 

h 7 '57 

9-32 9.23 11.19 7.53 5'76 9'57 7.08 4.75 5.73 10.00 4-98 7 -63  



X~m.--8btiow XVI md a X  rppertrin to the Gluerat Longitudinal Eerier. 

w 

J. & N. HINNESSEY, 
Angvrt 1870. 

In c k y d  of Chputing Oflao. 

At XIX (Sanoda) -( CON t inued). 

Angle 
between 

XIV & XVI 

Circle readings, tele~cope being set on XIXI 

554"6S1 164'64' 848°K' 166O6' 856-13' 176O13' b02!2' 18b0~1!2' 16"81' 196°31' 26'43' 206°43' 

n w w 4 4 i* w w w 4 v " 
h63-50 h 58-70 h 55.90 163.00 A 63.40 h63.04 1 57.13 h63.00 h60.14 A 59-54 164.27 2 60.04 
h64.17 h 60.47 h 57-54 163.60 h 61-34 h60.93 h 57.36 L 59.86 h 59'37 h 57.74 1 64-74 1 63.20 

h 55'93 h 58.60 h62.64 

63-84 59-58 56-72 63.30 62.37 6 1 . 9 ~  56.81 60.49 59.75 58.64 64.51 61.96 

" .  
Bf - Mean of (froup 
w. - Relative Weight 
C - Concluded Angle 

M=60M.83 

, , I .66 
I 
- = o -60 
w 
C = 4g052' oY.82 

At XVI (Mirztipur) . 

Febmcary 1852 ; observed by Zieuteprant H, Rivers with l'flotrghtota and Simme' 18-inch Theodolite No. 2. 

M - Mean of Qm 
ar - Rulative ~ e i x  
C = Concluded Angle 

M = roM.g4 

I = 'I2 

- = 0 '47 
W 

c = 67O36' l0"*73 

Angle 
between 

XIX&XIV 

Circle readings, telescope being set on XIX 

68'34' 248'84' 780 4' 25S0%' 89'69' 263'68' 94'2' 274"Z 104' 10' e&LO 10' 114' 22' 294'28' 

w * w * 4 w w 4 4 w w w 

A 11.20 h 12.17 7 ~ 1 1 ~ 2 7  h r4.16 h 9-10 h 4-17 h 9.47 h 8-57 h ~ z ' a o  h 9.97 1 I z ' r q  111.93 - 
~ I I - 1 7 h 1 4 . 1 o h 1 1 - 3 4 h 1 4 - 8 6  h 7 - 0 3  h 7 ' 9 3 h 1 0 ' 0 0  h g ' 3 7 h 1 3 ' 0 4  h 9 ' 7 4 1 1 4 ' 2 0 8 1 1 ' 4 3  

h 7'27 110.g4 1 8.54 

11-19 13-13 11.31 14.51 8.06 6.46 9.74 8.97 12.63 9.85 12.43 10.63 





PRINCIPAL TRIBNGtULATION. SUMB OF S Q U A R ~  OF APPABENP ERRORS. 
21-I. 

Nore.-B.M. denoter Ilefemng Mark. Btations XVI and YIY opportain to tho amorat Longitudinal Seriee. 

at8tioo of 
O b e e d o n  

V 

IY 

19 

)J 

VI 

1) 

1) 

11 

11 

1) 

VII 

11 

VIII 

11 

11 

IX 

11 

11 

11 

' X 

91 

11 

11 

XI 

11 

11 

11 

11 

11 

XI1 

11 

XI11 

y1 

XIV 
11 

1J - 
XIX 

11 

1) 

91 

XVI 
t 

Sum of 8 uares of 
b n  01 unglo 

Observations 

26.22 

26-32 

'5'53 
10.87 

24' I3 

9-40 

21'87 

11.18 

25 ' 16 

54'63 

55-83 
42-77 

24.24 

24-07 . 
18.95 

24-35 

8-80 

14'53 

22-83 

11-36 

39'91 

7.28 

23-75 

20' 12 

24'48 

16'22 

11-88 

40' 77 

50'48 

25-04 

40' I7 

33'48 

35-88 

29'39 

32'59 

40,36 

28.22 

20.82 

22.30 

26.80 

25.27 

O h r v e d  Angle 

111 & I 
I & IV 
IV & VI 
VI & VIII 
X & VIII 
VIII & v 
V&Iv 
IV & VII 
VII & IX 
IX&X 
IX & VI 
VI & IV 
V & VI 
V&VI 
VI&X 
XI1 & XI 
XI & X 
X & VI 

, VI & VII 
VIII & VI 
VI & IX 
IX&XI 
XI & XI11 
XI1 & XIV 
XIV & XIX 
XIX & XI11 
XI11 & X 
X&IX 
IX & XI1 
XIV & XI 
XI & Ix 
X&XI 
XI & XIX 
XVI & XIX . 
XIX & XI 
XI & XI1 
XI11 & BY. 
XI11 & 31 

XI & XIV 
XIV & x\'I 
XTX BC XIV 

Numbor of 
O b s o n r  

tiona 

25 
2 8 

as 
27 

2 6 

24 

27 
26 

29 

30 

30 

30 

27 

27 

27 

27 

a 6 

27 

26 

2 6 

29 

26 

29 

25 

26 

24 

25 

30 

30 
26 

29 

29 

29 

29 

28 

29 

27 

29 

as 
2 7 

27 

Number of 

I2 

12 

1 2  

12 

12 

12 

12 

1 2  

12 

I 2 

I2 

I2 

1 a 

12 

1 2  

12 

12 

12 

12 

12 

1 2  

12 

1 2  

12 

1 2  

12 

1 2  

12 

1 2  

12 

I 2 

12 

12 

I2 

12 

I a 

12 

12 

12 

I2 

1 2  

Sum of Squnres of 
Errom of ~inglo  

Z e m  

102'05 

132.06 

127.86 

102.88 

150'37 

223.22 

110'00 

76.81 

106.84 

294.98 

35'07 
I21 '79 

60.93 

223'86 

166.11 

275 '61 

163.00 

131.11 

180.51 

227.63 

194'72 

159'51 

. 85'70 
82 - 1 6  

155.15 

81 '53 
67'26 

253.81 

260.20 

55-51 

89'29 

146.97 

76.41 

97-89 

175'72 

290.27 

143.16 

66-00 

50'08 

74-40 

57.26 

Rmlane  

1 

i 

Troughton and Bimme' 16-inch 
Theodolite No. 2. 

\ 



ABU MERTDIO&'AL SERIES. 

From the preceding data of the sums of the 0 uares of the apparent errors, in the measurement of each angle, we mny eecertsin the S em 8. (error'of mean aquare) of o h m a t i o n  of a sing e menaure of an nngle, and the e.hr.8. oj graduation and obamatwn of the mean of the 
qessures on a uingle zero, for each group of angles measured with the Bame instrument, by the same observer, and under similar circum- 
stances. 

The instrument employed wan Troughton and Simme' 18-inch Theodolite No. 2, having 3 microscopes to read'the azimuthal circle; 
observations were taken on 6 pairs of zeros Vaca kfi and face right) giving circle reading0 a t  lo0 apart. 

Y~lm of squnres of apparent errors of obrervations. 
The s.m.8 of o h m a t i o n  of r single measure of an angle = S o .  of observations-30. of allgles x No. of changee of zero. 

The a.m.#. of gradwtwn and ohmoation of the mean of the Sum of squares of apparent errors of zero. 
meaeuree on a single zero ] = 2/ No. of anglea x (No. of changes d zero-1). 

J.  9. N. HENNLSSEY, 

*UP 

In ohargs of Cbmputing Oflco. 

observation of a single ~ n ,  

8. m. 8. of +nation and Inetmment and 
Observer 

4057.61 * 
348-29 

] - & 8 * 6 6 6  

Number of 

I [ r ~ingle meaeure 
8 m. 8. of o b ~ m t i o n  of 

.- 
m 

O ?  

Troughtan and Simmr' 18 inch 1 Theodolite No. 2;  Lieutenant 
11. Biren. 

Hi& 

Plain* II Ditto. 

10 0 

1 0 0  

2 . M  

2-11 

SO 

29 

807 

186 

860 

840 

785.27 f [ BO1-lltio ] - + 1;26 
705.63 

{ , m - 3 4 8 j * - + 1 . 2 6 9 [  



ABU MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. REDUCTION OF FIGURES. 



24L I, 
ABU MEBIDIONBL SEBIES. 

Figure No. 15. 

Observed Angles 

.g a 
Value e +  

No. .- "'@ 

%i= 
Fr; 

Equations to be satisfied Factor 

actors Equatio~ls between the 1' 

Co-efficienta of 
No. of / Vi~lue of 1 

I Values of the Factors I Angular errors in seconds 

X4 = - '43 x,, = + 25  x16 = - - 1 8  

x, = + ' 42  xll = + -09 X17 = + ' 07 

I I 
In the tables of the eq~~atione Iletween the facton the w-e5cienb of the terms below the diagonal rn omitted for conveniencq the co-e5cient of the pi 

tarm in the 9th line being alwayn the w e  (H the co-efficient of the qth term in the pth line. 



PRINCIPAL TRIANGULATION. REDUCTION OF FIGURES. 

. Figure No; 16. 

t 

Observed Angles 

.-. 
g u  

NO. Value . 5 ' G  z-"M 
:s 
P; 

0 I ll 

1 40 I 0  7'59 0.87 

z 80 I 24-18 1.24 

3 59 48 29.86 0.99 

4 9' 40 '7'95 "7' 

5 33 4 ~2.12 0.80 

6 55 '5 32-23 0'39 

7 68 8 5-89 1.18 

8 37 44 47'37 1-29 

9 74 7 7'79 "74 

10 59 24 50'43 1-30 

1 1  76 22 44-23 1-53 

I a  44 1 2  24.99- 1-01 

13 52 40 4-87 0.84 

14 75 4 20.94 1.40 

' 5  5" 1.5 33'74 0'33 

16 47 56 33.13 0.60 

'7 78 33 26-42 0'97 

18 53 30 1-12 1-17 

Values of the Factors 

A = - 0.3687 

X, = - 0.8108 

x , = -  0'3954 

x, = - 0'4214 

A, = - 0.9895 

X, = - 0'4477 

= + 0.5470 

= - 0.0367 

Equations to be satisfied Factor 

x1 + =a +xs 
- - el = - 0.92, Xl 

x4 + *6 + x, - - e 9 =  -0.69, Xp 

X7 + '3 + "9 = % -  - - 0.12, Xs 

110 ' + XII + "la = e, = - 1-32, A, 
XIS + *ir + "15 = s e i = -  9 

'16 + X17 + "18 - e 6 = -  1.44, A6 
- 

x1 + x4 .+ &I + x10 +xls + x10 = e7 = - 0-14, X7 
12 xs - 4=% + '5x6 

-32 xi + 6x, -27 xe - .  . - e, = I -98.5 ,  + 22 x12 + I 6 s,, 
A8 - 5x11 ' 

- 6x1, + 16 x,, - 4 X17 

, 

Equations ljetwee~i the Factors 

Co-efficients of 
- -- 

A, h, A~ h4 hi '6 h7 % 

+3'10 +0.87 + d.92 

+ 2'90 $1'71 - 19.75 

+4'21 +1.18 - 24'39 

+4'84 +2.30 + 14.57 

+ 2-57 +oV84- 3-12 9 

$2'74 +on60 + 14-84 

1-7-50 . . . 
+3049'47 

N ~ .  of 
e 

I 

2 

3 

4 

5 

6 

7 

8 

Angular errors in second8 

t l = +  -16 x7 = + - 1 8  x1s = - '37 

xp = - '28 xs = + '77 xl4 = - 1-08 

xs = - -80 xg = - 1.07 x15 = - '52 

x4 = - '45 xlO = + '28 x,, = + -06 

xi = + ' 29 xll = - -36 xl, = - ' 29 

x6 = - '53 xl, = - 1'24 XIB = - 1.21 
[mxq = 7.63 

- 

\Talue of 
e 

- 0.92 

- 0 . 6 ~  

- 0'12 

- I -32 

- 1-97 

- 1-41 

- 0.14 

- 98'5 



ABU MERIDIONAL SERIES. 

figure No. 17. 

J. 9. N. HENNESSEY, 

In charge of Cbtnpding O$Eos. 

Observed Anglea 

d 

C. ;% 
NO. value D4.8 . - zs  

Pi 

o f u 

I 60 z 39-64 1 - 9 7  

2 72 42 0'23 I .25 

3 47 15 21-09 1 .22  

4 45 31 17-99 0'53 
5 60 50 10.73 0.68 

6 73 38 21-95 1.16 

7 47 2 39'97 0.65 

8 64 39 16-10 0.62 

9 68 18 2-95 0.53 

lo 48 45 10.48 1 . 2 1  

11 61 2 7'73 0'42 

I Z  70 12 41.59 1-38 

13 7 2  25 53-28 0-66 

14 43 13 10'04 2 - 2 5  

15 64 20 57.17 0.46 

16 86 12 6.38 2-03 

'7 53 J' 33'5' 0'73 

18 40 36 21-08 2 - 1 2  

Values of the Factors 

Equations to be satisfied Factor 

X l  +xs +xs = e, = - 0.03, X, 

x4 + x, +X6 
= e p = -  0.30, Xp 

X7 + X e  +%I 
- - % = -  1-86, X, 

x10 +XI]. + x1s = e 4 =  - 1-02, X4 

XIS + Xl4.  + =,s = e 6 = -  0.24, S 

'16 + X17 + xle ' = e6 = + 0.25, hd 

x1 +=4 +X7 +X10 +x1s + X l 6  = % = - 2.26, X, 

19 xs - 7 %  
-12 X6 + 8x9 - 10 X8 

= e , = + 3 8 . 6 ,  X, 
-C 7 XIS -11 xll + 10 x16 

-22  xlr + 24 XIB -16 x,? + "  t 
Equations between the Factors 

X, = + 0.0519 

& = - 0.0757 

& = - 0'9390 

h, = - 0.2683 

As = + 0.1343 

S = + 0.0472 

x , = -  0.2229 

X, = + 0.0122 

Co-efficient8 of 

x1 b & '4 '6 6 % % 

+4'44 +1 '97 + 14-43 

+ 2'37 +0'53 - 0.04 

+1.80 +0.65 - 1-96 

$3'01 + I - ~ I  + 5.04 
* +3'37 +0.66- 44-90 

+4.88 +2.03 + 39-20 

+ 7-05 ... 
+ 3413'79 

No. of 
e 

I 

2 

3 

4 

5 
6 

7 
8 

x1 = - '33 x, = - '75 xIS = - -06 

xS = - '04 x, = - -66 x14 = - -30 

Xs = + '34 X9 = - '45 XIS = + '12 

x 4 =  - '16 x l 0 =  - . 6 0  x 1 6 = -  .36 

X6 = - * I j  XI1 = - . ' 7  X17 = - . I 1  

x6 = + '01 XIS = - ' 25 x l e =  + ' 72  

[wxg) =3-00 

Angular errors in seconds 

TTalue of 
e 

- 0.03 

- 0.30 

- 1-86 

- 1 - 0 2  

- 0.24 

+ 0'25 

- 2-26  

+ 38.6 



A B U  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. TRIANGLES. -- 

NoTR~.-1. The values of the sidea are given in the anme lines with the opposite angles. 
2. &ations XL (W) and XLUI (Jerij) appertain to the Karichi Longitudinal Serier of tbe North-West Qudrilsted. 

& 

No. of Triangle 

Number and Name of Station 

XLIII (Jerij) 
XL (MBrd) 
I (Gori) 

X L  (Mhd) 
I (Gori) 
I1 (Khema) 

I 1  (Kherwa) 
I (Gori! 
IV (KainBtth) 

I (Gori) 
IV (Kainhth) 
V (KBrdo) 

Oimtli 

87 

88 

89 

90 

Non- 
'circuit 

208 

- 
.$ 
m 

I 

1.04 
1-04 
I.oj 

3'13 

'67 
'68 
6 7  

2 '02 

'73 
'73 
7 2  

2-18 

'59 
'59 

2 9 -  . .. 
1-77 

XLIII (JerBj) + '57 
I (Gori) + -23 
111 (Sini&na) '84 + '79 - .80 

2-50 

+ '15 + '66 - -01 

+ -80 

Corrections to Observed Angle 

17'929 
21'224 
26.~92 

Diehoe 

42 41 38.52 
53 23 17.22 
83 55 4-26 

180 o 0.00 

~ o t a l  

n 

+1'54 
-1.16 
-118 

- .80 
+2'j1 
- '13 
- '43 
+1'95 -- 

+1'43 + '07 
- '93 
+ '57 
+ -02 

+Im30 
- '28 -- 

+1'04 

2 ~ : ~  
i)  

Miles 

18.479 
26'292 
28.691 

17'391 
P I - I Z I  

18'479 

23'721 
19.292 
17.391 

17-116 
15'652 
23.721 

X i p e  

w 

+ I ' I ~  
-1'38 
-0.61 

Corrected Plane 
Angle 

Feet 

4-9761913,7 
5.0494583~6 
5.1424568~8 

+1'84 + '67 + -18 - -31 
- '07 1 - '36 1 
+ .98 + '45 + 'I7 
- 8 1 
- '25 + .27 
+1'38 - '08 
- 0 9  - I 9  

Circuit 
----- 

+ '35 + -22 
- -57 

0 1  w 

38 58 10.01 
63 29 6-46 
77 32 43-53 

180 o 0.00 

51 34 27.77 
72 4 36-73 
56 20 55'50 

180 0 0'00 

80 23 42-37 
53 18 46.76 
46 I 3087 

180 o 0.00 

46 7 16.13 
41 I3 58-71 
92 38 45-16 

180 o 0.00 

94665.43 
112062.00 
138821'56 

4.9893075~5 
5.1424568~8 
5.1803796~3 

4.9629541~6 
5.0473571~6 
4'989307585 

5.0977631~3 
5~0080204,4 
g 6 g 1 6  

4.9560453,~ 
4'9171924,j 
5097763l.3 

97568.03 
138821'56 
151488'48 

91823.57 
II I ~ Z I ' I Z  

97568'03 

125245'79 
101863.93 
91823'57 

903'74.38 
82640.41 
125245.79 



28-, ABC MERIDIONAL SERIES. 

No=.-Station XXY (Banode) spperteins to tho auaomt Longitudinal Scriee. 

- 

No. 

Circuit 

91 

Number and Bame of Ststion 

I11 (Siniha) 
I (Gori) 
V (Khdo) 

V (Kbdo) 
IV (Kainhth) 
V I  (l'irra) , 

ofTrisngle 

Non- 
cvcuit - 

209 

Corrections to Observed Angle - @! rn 

.; g 2 

m 

n 

-52 
'52 
.52 

I - 56 

'85 
'85 
8 5  

Corrected Plane 
Anglo 

o r  n 

54 I I  0'61 
57 33 15'23 
68 15 44-16 

180 o 0.00 

59 48 30.15 
80  I 23'82 
4 0  10 6 .03  

92 

93 

94 

95 

96 

97 

98 

210 

211 

212 

Figure 

n 

- '65 
+ '08 
+ '67 

Log. feet 

4'9171924,j 
4.9345184~3 
4'9761913~7 

5.0831504~3 
5.1398441~8 
4.9560453~2 

zgi 
w 

+ '39 + '48 
- '87 

Circuit 
----- 

n 

180 o 0.00 

53 30 1.92 
47 56 32'38 
78 33 25-70 

180 0 0 .00  

52 15 34-08 
52 40 4-72  
75 4 21.20 

180 o 0.00 

59 24 50.14 
44 12 25.68 
76 22  44.18 

180 o 0.00 

33 4 10.95 
91 40 17.52 
55 15 31-53 

180 o 0.00 

37 44 46.28 
68 8 5.44 
74 7 8.28 

180 o 0.00 

72 42 0 - I I  

t -92 

+1 '50  
- '05 - 'or 

+1 '44  

+ '84 
+ .36 + '77 

+1 '97  

+ '03 
+ I . O I  

+ 
+1'32 

- '18 
+ .57 + .30 

+ .69 

- '70 

Total 

)I 

- -26  
+ -56 
- - 2 0  

+ -80 + '34 + '28 + .21 
- 1 6 1 -  * 5 j l  

IV (Kainhth) 
VI (PBra) 
V I I  (Wantra) 

Distance 

Feet 

82640.41 
86003.95 
94665'43 

121101.76 
137988.91 
90374'38 

+ -10 

+ I - 1 4  
+ '49 - I 

VTI (Wnntra) 
VI ( t'hrn) 
Ix (Mordi) 

VI (Pkra) 
IY  (Rforhli) 
X (Warsora) 

V (Kbrdo) 
VI (Phn) 
VII I  (DhBmanwa) 

4'9970515,3 
4 .962549~~7 
5.0831504~3 

4'9x00222~7 
4'9124013~8 
4'9970515,3 

4'8573475*5 
4.7658033,~ 
4g100~22,7 

4.9620342,~ 
5.2249280,3 
5'1398441~8 

4'76j8033,~ 
4.9465124~5 
4.9620342,~ 

4.8995182~6 

.1 

Miles 

15.652 
16'289 
17.929 

22.936 
26.134 
17.116 

V I  (PBra) + - 1 2  - -06 
X (Warsora) '39 4-1'07 - .19 + '88 

Y (Warsora) - .07 47 15 20.69 4'7855507,o 
4.85734755 

4.8585993,~ 
4'7708929,5 
4'8995182,6 

4'8465645,g 
4'754~607,2 
4s8j959931~ 

4.7491444~6 
4.8149672,5 
4'8-165645~9 

4.6955860~6 
4.881151~~6 
4'7855507~0 

VIII  (DhBrnanwij + '07 

2 ' 1 1  

'50 
5 1  
'51 

1.52 

'32 
-32 

-- 3 3  

'97 -- 

1.17 

XI  (Hslkhill) 

X (Warsora) 
XI (Ilakhiil) 
XI11 (LakwLa) 

XI11 (Lakwhra) 
XI (Rltkhihl) 
XIX (Sanoda) 

XI  (Rakhihl) 
YIX (Sanoda) 
9 I V  (BBrdoli) 

IX (MorBli) 
X I  (Rnkhihl) 
XI1 (Amal yhra) 

99323'39 
91737'99 

121101.76 

81287'22 
81733.74 
99323'39 

72C02.49 
58318.09 
81287.22 

91629.28 
167852.60 
137988.91 

58318.09 
88412.26 
91629.28 

79344'76 

+ '52 + '32 
+ 3 7 -  0 1 1  
+1 ' 08  - '31 

- '28 + .31 
+ I - 2 4  - 
+ 3 6  1 - 1 

+ - 1 2  

18.8" 
'7'375 
22.936 

15 -39 j  
15.480 
18'811 

13'637 
11 '045 
15.395 

17'354 
31.790 
26.134 

11.045 
16.745 
17'354 

15.027 
61031'03 
72002'49 

72210.33 
59005'56 
79344'76 

70236'77 
56880'15 
7'2210.33 

56123.46 
653~8 .13  
70236.77 

49611.93 
7 b j 9 ' 1 5  
61031.03 

+ -11 
1.00 + -45 + ' 12  

I '00 f '53 - -23 

2'99 -- 

IX (Moritli) + a 2 1  

. X I  60 2 39'20 
11.559 
13'637 

13'676 
"'175 
15'027 

13.302 
10'773 
13.676 

10.629 
12'369 
13.30' 

9'396 
14.405 
11.559 

'99 + '03 180 o 0.00 

60 50 10.94 
45 31 27.51 
73 38 21.55 

180 o 0.00 

64 39 16'82 
47 2 40.13 
68 18 3.05 

180 o 0.00 

48 45 11-01 

61 2 7 -92  
70 12 41.07 

180 o 0.00 

40 36 20.08 
86 12 6-90, 
53 11 33.02 

180 o 0.00 

+ -53 - .16 
'33 - - .07 

'97 

.29 
'29 
3 0  

-88 

-27 
'27 
.28 

'82 

'24 
2 4  
'24 

'72 

+ '66 + '35 
'75 - -30 

+ 4 5  - OL- - 

+ '60 + - 2 0  

+ '17 + 
+ - 2 5 1 - ' ~ ~ 1  

- '72 -04 
+ 3 6  1 1; 4 0  + '11 - *36 

+ '30 

t 1.01 
+ -45 
- + 4 0  

+1.86 

+ - 80  
+ -46 
- ' 2 4  

- -76 
+ 7 6  

-25 - 
- - 2 5 ,  



PRINCIPAL TRIANQULATION. TRIANGLES. 29% 

No. of Triangle ~rrectiom to Oherved Angle Dintance 
Corrected Plane 

Log. feet Feet 

+ ' 2 4  180 o omoo 

 nor^.--Stations XVI (Miniipur) end XIX (Isnoda) sppertnin to the Quzerat L o n g i t u U  Series. 

July, 1890. 
W. H. COLE, 

Itt charge of Computing Ofice. 



A B U  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. LATITUDES, LONGITUDES AND AZIMUTHS. 

NOTE.-Btstiona SL (Mhd) and SLIII (Jerij) nppertnin to tho l i d c h i  Longitudinal Series of the N o r t h - f  eat Quadrilnbrnl. 

2f?:,",","$,"ht 
0 1  '1 

72 59 48-01 
19 

19 

72 31 29'86 
1 9  

72 51 24.66 

IS 

1 9  

1 9  

73 7 39-15 

72 34 46-84 
73 I 18.93 

9 1  

99 

72 46 20.06 

1 9  

72 49 35.98 
91 

91 

9 1  

73 7 9.60 
72 33 24.00 
73 0 12'14 

1 9  

39 

Azimuth a t  A 

o r  n 

ga I 19-17 
28 32 11.67 

336 57 43'23 
310 48 13.23 

353 29 52'58 

280 33 22-06 

77 32 42.02 
333 52 9-55 

19 59 26.27 
2 0  16 17.55 

311 36 55.10 
112  42 12-08 

32 40 47.41 
339 10 44'79 
352 24 38.84 

z j  28 50'78 

260 32 37.75 
80 45 39'27 

313 12 42.98 

12 37 33.44 

28 24 4.97 
298 23 57'50 
89 4 30'65 ! 

16 2 2  30.21 

335 46 9.89 

Latitude North 

- 
0 1  1 

24 24 9.27 
91 

11 

24 24 59.77 
11 

24 9 59.83 
89 

9t 

Is 

24 7 12-30 

24 6 36.64 
23 51 25-42 

9 1  

)1 

23 57 10-29 

9) 

23 34 35.02 
9 1  

99 

19 

23 37 15.71 
23 32 8.41 
23 25 23-18 

9) 

11 

Circuit 
No. 

.M) 

11 

4,l 

,, 
91 

,) 

42 

11 

4 

99 

9 9  

a* 

Station A 

Number sad Name 
of Gtation 

XL (Mird) 

99 9 1  

9 1  99 

S L I I I  (Jerij) 

11 I) 

I (Gori) 

9 1  9 1  

11 99 

99 19 

I1 (Kherwa) 

111 (Sinitha) 
IV (Kainirth) 

11 99 

99 91 

V (Kbrdo) 

$9 1 9  

VI (PBra) 

19 9 1  

9 1  I1 

99 99 

VII (mantra) 
VII I  (Dhimanma) 
IX  (Mordi) 

9) 1 9  

99 11 

Side A B 

Log. Feet 

5.1803796~3 
4.9893075~5 
5'0473571,6 
5'1424568~8 
sm0494583,6 

4.9629541~6 
4'9761913,7 
5'0977631~3 
4'9171924,5 
5 . 0 0 8 0 2 0 ~ ~ ~  

4,9345184~3 
4.9560453,~ 
5.0831504~3 
4'9625492,7 
5'1398441~8 

5.2249280~3 
4'9970515~3 
4,96203~2~2 
~ ~ ~ I c o ~ z ~ , ~  

4.7658033~1 

4*9124013,8 
4,9465124~5 
4.8~73475~5 
4.7855507~0 
4 861 I 514~6 

I 

Stntion B 

Azimuth at B Number and Name 

0 1 8  

271 50 2-18 
208 28 44.65 
'57 0 56'82 
130 56 0'07 

173 30 48'87 

ICO 40 0.65 

257 25 53'97 
153 56 11'38 
199 57 22'09 
2 0 0  13 42-97 

131 41 37'41 
292 36 7.84 
212 36 4.67 

'59 '3 5-96 
172 2 j 57'79 

205 23 38.30 

80 39 39-55 
260 39 10.83 
I33 16 56.65 
192 36 38.87 

208 21 18.36 
I 18 29 30'20 
268 59 23'38 
196 21 17.10 

I 55 48 22-43 

of Station 

XLITI (JerBj) 
I /(fori) 
11 (Kherwa) 
I (Gori) 
111 (Sidna)  

I1 (Kherwa) 
111 (Sinitha) 
IV (KainPth) 
V (Kirdo) 
IF (Kainith) 

V (Kirdo) 

,, ,, 
VI ( P h )  
VII (wantm) 
VI (Pira) 

VIII (Dhhmanwa) 
VII  (Wantra) 
VIII  (Dhtimanwa) 
IX (Morili) 
X (Warsora) 

I X  (lforili) 
X (warsora) 

99 ,, 
XI  (Rakhiirl) 
XI1 (Amalyira) 



PRINCIPAL TRIANGULATION. LATITUDEB, LONGITUDES AND AZIMUTHS. 
31-I. 

Non.-Stationr XVI (Mirz6pur) and XIX (Sanodn) appertain to the Guse~t Longitudinal 8aries. 

W. H. COLE, 

In clarya of Computing 0s~. 

Station A Btation B 

Number and Name 
of Btrtion 

X I  (RnBhiB1) 
X I I l  (Lakwirn) . 
X I 1  (Amalyira) 
XI11 (Lakwbra) 
XIV (Bkdoli) 

XIX (Smodn) 
X I V  (BBrdoli) 
X I X  (Sanoda) 
XVI  (Mirdpnr) 
XIX (Sanoda) 

(Sanoda) 

~ $ ~ ~ w ~  

0 1  11 

72 47 19-10 
11 

72 57 7.61 
,, 
31 

t l  

73 5 46.86 
72 44 13'11 
72 58 8-71 

9 )  

72 52 34'70 
72 48 17-32 

Bide A B 

I I 

Azimuth at A 

. o r 1 1  

316 14 44'40 
17 4 55.66 

282 33 24-14 
go 47 9'74 

354 59 18.04 

43 44 19-32 
38 15 52'22 

335 21 20.99 
42 15 12.39 

104 47 0'74 

I54 36 50'89 

Lstitude N&h 

0 I I1 

23 25 11-13 
#I 

23 15 41-94 
,, 
sf 

$I 

23 13 55-83 
23 15 52-23 
23 4 58.28 

$8 

2 2  59 17-79 
23 7 19-89 I 

Oireuit 
No. 

1) 

45 

46 

Number and Name 
of Station 

X (Wamora) 
19 a )  

X I  (Bakhiil) 

I ,  11 

1, 91 

1) l s  

X I 1  ( Amrtlybra) 
XI11 (Lakwira) 
X l F  (BSrdoli) 

28 1) 

X V I  (Minipur) 
X I X  (Sanoda) 

Log. Feet 

4'8995182~6 
4.7708929~5 
4'6955860,6 
4.8585993,~ 
4'8149672,5 

4'8465645,g 
4*8392820,2 
4'7549607,2 
4.6666128,~ 
4'7491444,6 

4'7312541,o 

Admuth at B 

0 I 11 

136 18 37'57 
197 3 42'00 
102 36 49-17 
270 42 3'88 
174 59 42-09 

223 41 4-42 
218 1 2  52.07 
155 23 1-07 
a22 13 1.69 
284 43 12-61 

334 35 14'01 



A B U  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 

The following table gives, first, the usual data of the observed vertical angles and the heights of tlie signal and instrument, 
kc., in pairs of horizontal lines, the firat l i t~e of which gives the d a t ~  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, a l ~ d  then by the terrestrial 
refraction and the height of the 2nd station above or below the lst, as computed from the vertical atlgles in the usual m.anner. 
This difference of height applied to tlie 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 
nhow these consecutively and their mean in the columns of "Trigonometrical Results." The mean results thus obtained are 
I~owever liable to receive corrections for the errors generated in the trigonometrical operations, which are sl~own up by the 
spirit levelling operations, wherever a junction between the two has bee11 effected, or,. which are developed on the completion of a 
trigonometrical chain forming a circuit or lying between poirits &heady fixed. The last mentioned case is the one presented by 
the present series, which is adjusted between the stations of Mird and Jeri.i of the Karichi Longitudinal Series of the North- 
West Quadrilateral, and Sanoda and Mirziipur of the Guzerat Longitudinal Series. The trigonometrical heights always refer to 
the upper mark in the surface of the circular pillar on which the theodolite stood. 

The height given in the last column is the approximate height of the structure above the ground at the base of the 
atation. 

The heights of the initial stations above Mean Sea Level are taken from the Kariichi Longitudinal Series of the North-West 
Quadrilateral, and are as follows :- 

XL (Mbrd) 3 0 8 0 . 3  feet; XLII I  (Jeri?j) 3  575.2 feet. 

Astronomical Date 

Nean of 

ration 

6 
L. 

r - - 
G 
'lo 
2 
M .- 
S 

Number and Name 
of Station 

feet 

2 . 8  

Height in feet Height in fret of 2nd 
0 .- Refraction .Z 

.Ad @ 
Station nbore Yeau 

01 sea Level 

9 9  7 i 2 40 

H 

A N Lion 

I (~tor i )  

Final 
Result 

2817 

0 I I1 

D o  16 2 8 ' 7  
E o 2 1 . 6  

D o  28 54.0 
E o 8  3 6 . 8  

4  

4 

4 

3 ' 7  
3 . 7  

3 - 7  
2 . 6  

5 ' 3  

I1 

965 
5 . 3  I 

1 3 7 1  80  '059 
5 . 3  

53 
2817 .4  

I I 
. o j4  -262 .6  2817.7  



PRINCIPAL TR1,ANGULATIOX. HEIGHTS ABOVE MEAN SEA LEVEL. 33-L 

iYol%.-Stations XL ( X a )  and YLIII (Jarij) appertain to the Kurbhi Longitudinnl Series of thc North-Wesb Quadrilateml. 

Ob~sned  
Vertical Angle 

0 I 11 

I0 59'4 
E 0 54 31.0 

I I 2  59'5 
E 0 59 41'5 

D I 28 40'2 
E I 12 4.6 

36'2 
E 1 046.9 

D o  42 8'3 
E 0 23 52'9 

n o  48'4 

D O  26 39'4 

36'4 
D o  21 48.8 

D I 12 46'2 
E I 0 37'5 

8'3 
D o  16 46.5 

D o  21 48.8 
E 0 8 36.4 

41 40.7 
E o 24 1.7 

D o  2s s6" 
E o 8 36-8 

D o  37 39'9 
E 0 24 10'7 

3 57" 
D 0 18 47'3 

D o  28 14'5 
E o 4 0.4 

D o  "3 

l) 0 j 41'7 

D o  37'9 
D o  7 2:7 

D o  19 39'1. 
E 0 7 40'2 

'l'errestrial 
2 Heigl~t in feet Hsflrrction .z Height in feet of 2nd 
6 .- 
Y 

Btation above Mean 

8 
Result 

Number and Name 
of Station 

Astronomical Date 

?i 

4 

4 

4 
4 

4 

4 

4 

4 

4 
4 

4 

4 
4 

4 
8 

4 
4 

4 
4 

4 

8 

4 
4 

' 4 

4 

4 
4 

1861 

Mean of 
Times 

of obeer- 
vation 

3'8 
3'7 

3'9 
5'2 

2'5 

3'6 
3'7 

3'8 
3'6 

3'8 
3'7 

3'7 
3.9 

3'9 
3'6 

3'9 
3'9 

3-13 
3'7 

3" 
3.7 

3'9 
3.9 

3'9 
3'9 

3'9 
3'8 

3'9 
3'8 

3'8 
13.8 

3'9 
j's 

3.8 
3'9 

$9 28 

Apr. 7 
Mar. 28.  

Apr. 18 

$9 11 

Y Y  7 
YY 10 

Y Y  7 
Mar. 22 

~9 25 
99 22 

Y Y  18 
89 22 

Apr. 6 
Mar. 18 

Apr. 10 
Xar. 18 

19  22 
I J  18 

9s 22 
,, 12,13 

n 18 
$9 13 

89 22 
Jan. 29 

Mar. 12 
Jan. 29 

1852 
Jnn. 23 
,, 31, Peb. 2 

Feb. 5 

9 2  2 
1851 
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No~~.-Stationa XVI (Mirz6pur) and XIX (8snoda) appertain to the Gurenrt Longitudinal Beriea.' f Not forthcoming. 
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KATTYWAR MERIDIONAL SERIES. 

INTRODUCTION. 

The Kattywar (Ktithidwir) Meridional Series of the South-West Quadrilateral is the 
chain of Principal Triangles that follows the meridian of 71" from the parallel of 24" 40' to 
that of 20" 40'. It originates in the deserts of Sind, crosses the Ran and eastern districts of 
Cutch (Kachh), and thence runs straight down the centre of the Kattyvar peninsula termi- 
nating in the island of Diu (Div). It emanates from the side Bhilgaon-Akoria of the Kardchi 
Longitudinal Series: it is joined in latitude 23" 30' from the west by the Cutch Coast Series 
at the ~ i d e  Chitror-Whdia, and in latitude 23" from the east by the Guzerat (Qujarht) 
Longitudinal Series at the side Chalarma-S&pakm : south of this it has no further con- 
nection with any exterior Principal !Triangulation. I n  the simultanms reduction, therefore, 
of the South-West Quadrilateral, the portion of the S e i h  under review between Bhilgaon 
and Whdia  entered into the two circuits of triangulation situated m e  on either side of it, 
the next portion between Whdia  and Stipakra entered into the eastern of these circuits, 
whilst the southern half from Dlingarpnr to DangarwBri did not enter into the reduction at 
all, being only an exterior pendent of the Quadrilateral without any closing check to shew 
the errors accumulated in length or direction. 

The Kattywar Meridional Series consists of three compound figures, one hexagon, 
one pentagon, three quadrilaterals and seven single triangles, and extends over a distance of 
275 miles. The portion south of latitude 23" was designed in 1860 in conjunction with the 
Abu Meridional and the western section of the Guzerat Longitudinal Series, for the purpose 
of affording a trigonometrical basis for the Topographical Survey of Kattywar. The northern 
portion, that lies between the Guzerat and Kartichi Longitudinal Series, was afterwards added 
with the double object of checking the triangulation of the former, and of enabling the 
borders of the Ran to be delineated. 

During the winter of 1861-52 the Bombay Triangulation Party, under Lieutenant 
H. Rivers of the Bombay Engineers, was employed on the final work of the Abu Meridional 
and Guzerat Longitudinal Series; and by the end nf that field season the former series 



*-J; 
KATTPWBa MERIDIONAL SERIES. 

had been hished and all the angles of the kt ter  between the stations of Mirzkpur and 
Ingrori had been observed. I n  March and April 1852 during the prosecution of the 
principal work by the main body of the party, Mr. J. W. Rossenrode, the senior assistant, 
carried the approximate work of the Guzerat Longitudinal Series to its western extremity 
and also selected the station of Rangpur of the Kattywar Meridional Series and constructed a 
hexagon round it. 

I n  November, 1852 the same party resumed work on the Guzerat Longitudinal Series 
at  the side Ingrori-DegAm, with the purpose of com- 

&morn 1862-53. pleting it to the westward. On arrival at the station of 
PEESONXXL. Ingrori it was found that the heights of the tomers would 

Lieutenant H. Bivem, Bombay Engineere, 1st have to be considerably increased to render the Deg&m Assistant. 
Lieutenant D. J. Nssmyth, Bombay Engineem, heliotrope visible. While this was being done, Lieutenant 

2nd Assistant. 
~ r .  T. Ganger, sub-~ssietant. Nasmy th of the Bombay Engineers, who was temporarily 
,, J. DeCosta, ,, 
,, J. McCtill, in charge of the party, decided to make a reconnaissance 

81 

of the country to the westward with the object of im- 
proving Mr. Rossenrode's approximate series. The hexagon of the Kattywar Meridional 
Series, that had been constructed around the station of Rangpur was, owing to the smallness 
of its sides, an eyesore he especially wished to remove ; and as the part of the country 
in which it was situated was comparatively open and favorable for triangulation, there 
seemed no real necessity to limit the sides to five or six miles in length as Mr. Rossenrode 
had done. The result of the revision was, that the triangles were made more symmetrical 
and only seven stations were required to span the same extent of country as had under the 
original arrangement taken ten. By December lst, Nasmyth, who had in the meantime 
been rejoined by Rivers, had in addition selected all the stations of the hexagon round 
Dbgarpur. The party then returned eastwards to Ingrori to take up the final work of the 
Guzerat Longitudinal Series. 

Mr. DaCosta, who had been detached from the main body of the party, commenced 
early in the same month to carry the approximate work of the Kattynar Meridional Series 
southwards from the side W&nkBner-Chatrikhera towards the island of Diu, and by tlie first 
of January he had selected sites for stations as far south as Mumaiya ; four weeks later he was 
within a short distance of the sea coast. Here his progress was checked by the Portuguese 
authorities of Diu who were jealous of a British Officer even landing on their island, and greatly 
objected to a tower being built and observed from. It was, however, considered a matter 
of importance that a station should be established on the island, and Rivers, to whom 
DaCosta had referred the matter, explained to the Governor that his work was being carried 
on purely in the interests of science, and had no military or political aspects: he also 
offered, if he were allowed to erect and visit a station at  Diu, to give the Portuguese the 
co-ordinates of their town, a gift however that they do not seem to have valued, as his request 
was refused. He then wrote for assistance to the Political Agent of Kattywar and to the 
Chief Secretary to the Bombay Government, through whose representations Mr. DaCosta was 
at  length allowed to build the station of Dangarwhri. 



INTRODUCTION. V, 
J. 

Early in January 1863 the principal angles of the western section of the Guzerat 
Longitudinal Series were completed, and those of the Kattywar Meridional Series com- 
inenced: the stations of Chalarwa and Dhgarpur  had already been visited during the 
previous month and the angles at  them observed. Observations of 8 Ursm Minoris for 
azimuth had also been taken at Dlingarpur during the last week in December. By the sixth 
of February the angles at fourteen more stations had been observed, when the operations 
were suddenly brought to a stand-still a t  Mumaiya through the towers at Rangpur (south)* 
and Konk4mbo which Mr. DaCosta had reported to be indispensable not yet having been 
built. It seemed from the appearance of the country that no towers were required, and 
while endeavours were being made to dispense with them, operations with the large the- 
odolite were stopped. As, however, the surrounding stations had not a sufficiently com- 
manding view, it was found impossible 'to make any new arrangements that did not reject 
many at which final work had already been completed. It was therefore thought best to 
continue the building of these stations and, until they should be ready, to proceed with 
the angles south of the difficult ray. Before starting southmards it was found necessary 
to substitute the station of Jitori for Piplia, although tlie latter had been observed from 
Mumaiya and Chitblia. I n  spite of these delays by the 19th of March all the principal 
angles had been observed as far south as the sea coast ; the party then returned to Rangpur 
(south)* where, under Mr. J. McGill's directions, a tower 36 feet high had been built as well 
as one 30 feet high at KonktiwAo, but on setting up the instrument it was evident that all 
chance of observing to the KonkAm40 signal had vanished with the cold weather. A short- 
lived glimpse of the heliotrope in the early morning and an unsteady glimmer of the lamp in 
the evening, faintly struggling over the heated table-land, were all that were seen. 

I n  the meantime Mr. DaCosta had been despatched to the neighbourl~ood of Mumaiya 
to start the western branch of a minor longitudinal series across Kattywar. The first step that 
he found necessary was to change the site of Mumaiya, and having done that he selected a 
quadrilateral on the side Mumaiya-Konkbw6o ; but he subsequently found that by means of a 
station a t  Tr6kura he could construct a somewhat symmetrical hexagon round the new sta- 
tion of Mumaiya, and he consequently abandoned the quadrilateral. At the suggestion of Mr. 
Sanger who Lad been conducting the approximate work of the eastern section of the Kattywar 
Longitudinal Series, the stations of Rangpur (south)* and Mnjyhar were then omitted from 
the principal work; and the large compound figure as it now exists round Mumaiya and 
Jitori was decided upon: tlie symmetry of the triangles was thus greatly improved, and 
no grazing rays l~ad  now to be observed. These new arrangements, however, necessitated 
the revisiting of the stations of Manbwa, Sarkala, M.umaiya, Bhbykar and Chitblia, and also 
final observations at two new stations, Deo-ki-Gal01 and Tdkura, and as the season was well 
advanced these mere serious drawbacks : the observations also to and from Rangpur (south)* 
and Mujybsar were rendered useless except for secondary work. 

I n  March, Rivers received intimation that furlough had been granted him, and he 
handed over charge of the work, and his connection with the Great Trigonometrical Survey, 

* Now s Secondary Station. 
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which had lasted for nine years, now terminated. The field records of tlle triangulation of 
the South-West Quadrilateral, the greater portion of which are due to him, bear witness to his 
conspicuous abilities and his great talents as an observer. He eventually rose under the 
Bombay Government to big11 office in the Railway Department: he died in England in 1889. 

After Rivers' departure Nasmyth was much delayed by cloudy weather, fogs and 
storms ; and a t  the end of April he found that he had the observations at  the two stations of 
Itria and Sakpur still to h i s h ,  ere the hiatus in the southern section of the principal series 
would be iilled. An interval of h e  weather enabled him to observe from both ; and by the 10th 
of May the Kattywar Meridional Series had been completed from its junction with the 
Guzerat Longitudinal Series in latitude 23" to the island of Diu on the southern coast of the 
Kattywar peninsula. Nasmyth now took up the work of the eastern branch of t l ~ e  Kattywar 
Longitudinal Series, and closed the field season at Gogha on May 26th. He  was here joined 
by Mr. J. H. Smith, who had been examined a few weeks previously by Lieutenant Rivers 
at Bombay and had just been appointed to the Department. The party passed the recess 
season at  Rhjkot. 

The character of the country traversed by the past season's operations was as follows :- 
The northern portion was flat and a, few of the rays about Rangpur and Chalarwa had only 
been visible with the aid of considerable refraction. I n  the neighbourhood of Dhgarpur  is 
an extensive and high table-land, much intersected by streams-perhaps more numerous here 
for tbe extent of country than anywhere else in I n d i e a n d  to the south of this table-land 
were numerous peaks rising to 2,000 or 3,000 feet. The southern and south-western portion 
of the Kattywar peninsula is known as the Gir; it is a wild mountainous and deserted tract 
and its soil is poor, unproductive and stony: the water is bad, causing dropsy rand disease of 
the spleen. Prior to 1800 the country had been disturbed for centuries and had never been 
long enough under one Government to derive the advantages even of a bad one, till at  last i t  
became deserted except by robbers and outlaws, to whom it secured but too safe a retreat. 
I n  1860 these latter were removed, but even now in I809 the Gir can boast of no civilisation 
or productiveness. 

Early in October 1863, the party took the field and marched to Konksiwtlo, where 
Semm ISSB-S~L. Lieutenant Nasmyth wished to observe Polaris at  both 

P ~ s a o m ~ ~ .  elongations for azimuth. A dense fog prevailed and pro- 
Lieutenant =. J. Nwrnflh- Bomber En8in-a tracted the work from six days, the normal number, to ten ; 

2nd Aseistant. 
Mr. T. Sanger, sub-~~.ist.nt. and though excessive heat by day and heavy dews by night 
,, J. DnCostq ,, 
,, J. MCGU, ,, fostered fever and ague, the observations were successful. 
,, J. H. Smith, ,, The party returned to RBjkot on October 19th. 

I n  November Mr. DaCosta left for Cambay (Khambhat), to complete the approximate 
work of the S4barmati Minor Series: a few platforms had to be built, a few rays cleared, 
and in one or two instances the symmetry of the triangles required improvement. Towards 
the middle of December he crossed the Gulf to Clogha and took up the approximate work of 



the K a t t p a r  Coast Minor Series. I n  the meantime Xr. Sanger had been despatched north- 
wards to the Ran with orders to select stations for a minor longitudinal series through Cutch, 
to provide for the geography of that province; on completing which he was directed to 
carry the approximate work of the Kattywar Meridional Series northwards from Rangpu 
and Khkraji and connect it with a side of the K d c h i  Longitudinal Series. 

On November 8th, 1853, Nasmyth himself resumed work on the Kattywar Minor 
Longitudinal Series, and was occupied with it till December 25th. He then took up the find 
observations of the Stibarmati Minor Series, which employed him till the middle of February. 
Having completed these he returned to Kattywar, and on February 18th set up his theo- 
dolite at Chalarwa, a, station of the Kattywar Meridional Series, with the intention of 
carrying the Principal Triangulation across the Ran into Cutch. He now met with a 
series of grievous delays : hardly any of the rays were cleared, and on one of them when 
he had spent much time in cutting down the trees a village appeared in the way and the 
tower had to be raised. At KAkraji he was overtaken by a violent storm, and after that till 
the last week of April, when the weather became more suitable, the air waa seldom olm. 
When the storm was over he hurried back to Pangasia and then crossed the Ran to KhBn- 
mir. Water had been gradually extending over the Ran, the mud was soft, and quicksands 
existed in many places, and numerous dead bullocks and carts stuck fast afforded unanswer- 
able proofs of the difficulties of crossing, while camels could only travel with half loads. The 
water was particularly salt and caused any lacerations on the wayfarers' feet to smart severely. 
The field season was closed at Chitror in the middle of May, the Kattywar Meridional Series 
having been completed to Pata-i-Shtih. The party, who had experienced intense heat during 
April and May, remained in MBndvi on the Cutch Coast till the rains set in: they then 
moved to Bhbj, where they established their recess quarters ; but finding it unhealthy, they 
returned to MBndvi in September. 

During the early part of the field season 1854-55, Lieutenant Nasmyth and Mr. McQill 

&CUM 1854-66. 
were at Kadchi taking part in the measurement of the 
Base-line, that was being carried on under Major A. Strange 

with the Colby apparatus of compensation bars and microscopes, while Mr. Smith had lately 
quitted the party and joined Lieutenant J. I?. Tenmnt, R.E. ; thus Messrs. DaCosta and Sanger 
were the only two officera available for trigonometrical work in Kattywar. 

Mr. Sanger's approximate work of the preceding year had made the Principal Series 
through Cutch to depend, at its junction with the Kattywar Meridional Series, on one single- 
triangle and one quadrilateral, in the latter of which were two angles of less than 30" ; and 
this was a flaw that Lieutenant Nasmyth wished to remove. He therefore on leaving for 
Karhhi placed both his remaining assistants on the duty of improviag Mr. Sanger's original 

I 

design. The district of Wagan in which they were to operate is bounded on tlie one side 
by the sea a d  on the other by the Ban, whilst its breadth is too inaonsiderable for symme 
trical triangles. The proposed triangles that resulted from their joint labours were approved 
by Nasmyth though they were still wanting in symmetry. On completion of this work Mr. 
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Sanger took up the approximate work of the Guzerat Longitudinal Series east of Ahmedabad 
(AmdBvBd), and Mr. DaCosta continued his observations of the angles of the Kattywar Coast 
Minor Series, which he had been unable to finish the previous year. 

Towards the end of the measurement of the Kar4chi Base-line Lieutenant Nasmyth hav- . 

ing fallen ill, was detained on this account for some weeks at Karhchi, and when sufficiently 
recovered to be moved, was taken to Bombay and thence to Mahhbaleshvar. No final obser- 
vations were in consequence made on the- Kattywar Meridional Series during the season 
1854-55. Mr. DaCosta completed the angles of the Kattywar Coast Minor Series on Janu- 
ary 26th, 1856, and then took up the work of connecting the triangulation with mean 
sea level*. His first tidal station was selected in Mi&ni Harbour, 38 miles south-east of 

* The tide gau e with an Index 2 feet long waa erected about one mile up the Vartho River, where them WM a depth of n b r  
sul3cient to indicate t i e  rise and fall of tides, 676 feet from its left bank, and close N. W. of the town of MiLni, Porbandar State : the posi- 
tion was the most sheltered in the neighbourhood, free from the influence of waves, and protected by a bar a t  the mouth of the river 
which is remarkably narrow. The box contrivance of the gauge further protected i t  from tlle undulations in the water when there hap- 
pened to prevail high wind during the observations. The m e  and fall of tides were satisfactorily registered to '06 of a foot. The zero of 
the gnuge was tested almost after every registration oE the tides, with a 12-inch theodolife duly adjueted for the observations and found 
conetant. A maaonry pillar had been built at  the distance of 70 feet up the bank in wlrich two stones were imbedded, one at  the level of 
the ground having the numeral 39 engraved thereon and the other 1 foot nbore i t  at top haring the numeral 40 engraved. This latter wae 
found aftorwards by spirit-levelling with Qravatt'e level to be 38'0800 feet above the lowed water mark, or 36.6560 feet above mean sea 
level as shewn a t  the end of this synopsis. 

Synoprir of the Tidal Obaermatwnr taken at Mibni Baniiur munth a Fixed Scale and Floating Indes 2 feel long. 

D A T E  Mean Time 
of 

Observation 

h m 
13 15 
19 55 

3 15 
1 1  10 

15 55 
11 5 

3 5 
11 40 
I7 50 
ar 50 

3 50 
13 55 
'9 45 

0 35 
4 55 
I535 
ax o 

Month 

lES5 
February 

19 

PI 

11 

II 

n 

II 

91 

IS 

11 

11 

II  

#I 

91 

81 

9s 

II 

d 

Day 

8 
11 

9 
, 
19 

8 s  

10 
I9 

IB 

II 

11 
I9 

n 

l a  
11 

91 

18 

Reading on 
the Fixed 

Gauge 

feet 
5 - 1 0  

3'30 

6-75 
3'19 
4'85 
3.55 

6.40 
1-98 
4'75 
3'90 

5'85 
1.70 
5 "'5 

4-48 
5-70 
1'67t 
5'95 

Bange of 
Tide 

feet ... 
I -80 

3'45 
3-56 
1.66 
1-30 

1-85 
3.4, 
l'i7 
0.85 

1-95 
3.15 
1-35 

' 0'57 
~ ' a a  
3-03 
3-38 

Y e a ; p l  

Water 

f e d  . . . 
4. zoo 

5'035 
4'950 
q'ozo 
4' 200 

4'975 
4'690 
3'865 
4'325 

4'875 
4.275 
3'875 

4'765 
5 '090 
4' 185 
4'310 

Tempenrture 
Fahrenheit 

o 

... .. . 

... . . . 
" ... 
... 
... 
68 ... 

56 
84 ... 

,.. 
... 
81 
69 

REPARKS 

Clear. W.  wind. 
II IB  

Very cloudy. Calm. 
High S.W. wind. 
S.W. wind. 
Calm. 

~ i ' i h  S.W. wind. 
S.W. Wind. 
N. wind. 

Very foggy. Calm. 
Calm. 

II 

91 
Clear. Calm. 
Sul~ry.  ,, 
Very calm. 



Dmtirka (Dvhrka). His tide-gauge, which was self-registering, had been previously pre- 
pared at MBndvi under the direction of Lieutenant Nasmyth : it consisted of two boxes in 
one of which the float rose and fell with the surface of the water, while in the other a coun- 
terpoise to the float left cork indices at the highest and lowest points whioh it had reached. 
These indices, which were originally of card, slid up and down on a tightly stretched brass 
wire, and were held by their own friotion in the places to which they were czsrried by the 
oounterpoise: oork had to be substituted for card, as the friction of the latter upon wire 
was not sufficient to support its own weight. The gauge mas supported on a scaffolding of 

&qp& of the !lWuZ Ohs*wtiocu taken at 211tXm Bamdu+(Continued).. 

D A T E  

Yonth I Dai 

Mean Time 
of 

Observation 

h m 
2 10 
6 o 
16 45 
2.l 5 

4 o 
7 5 
17 20 
13 10 

5 20 
8 30 
18 ao 
13 25 

6 35 
9 50 
I9 0 
24 0 

7 '5 
'1 5 
19 35 

o 30 
7 15 

1 1  45 
to 10 

0 33 
8 50 
12 28 
20 35 

1856 
Febmtq 

81 

11 

11 

t8 

11 

11 

81 

t8 

11 

91 

II  

19 

I8 

IS 

11 

11 

11 

I1  

11 

I I  

11 

I8 

11 

n 
I8 

I1 

18 
II 

11 

11 

14 
91 

n 
11 

15 
11 

,, 
11 

16 
PI 

II  

I I  

17 
19 

IS 

18 
11 

18 

11 

19 
11 

,, 
,, 

Reading on 
the Fixed 

Qaugo 

f e d  
4'64 
5'73 
2'73 
6' 74 

4-46 
6'05 
1-85 
7'45 

4'45 
6.67 
3-11 
7'78 

4-15 
1-03 
3-18 
8.00 

4.06 
7-25 
3-15 

8-30 
4'09 
7'43 

. 3.42 

8.28 
3'90 
7'15 
3'40 

Benge of 
Tide 

feet 
1'31 
1 ' 0 9  
3-00 
4-01 

2-18 
1'59 
3-20 
4.60 

3-00 
2'22 

3'55 
4.66 

3'53 
1-78 , 

3'85 
4'82 

3'94 
3'19 
4-00 

5'05 
4'21 
3'35 
4.01 

4-86 
4-38 
3'25 
3'75 

Fahrenheit 

o 

63 
61 ... 

, 64 

65 ... ... 
,.. 

... 
71 
73 
70 

... ... 
70 
60 

... ... 
70 

68 
70 .. . 
... 

... 
,.. ... 
* .a  

Mean,mel 
Water 

feet 
5'295 
5'185 
4' 230 
4'735 

5.600 
5'255 
4-45'' 
5'150 

5'950 
5'560 
4'895 
5'450 

6.015 
5.640 
5'"-'5 
5'590 

6.030 
5'655 
5'250 

5'775 
6.190 
5'755 
5'425 

5'850 
6.090 
5'525 
5'275 

* 

IlBlltaBns , 

Calm. 
N. breeze. 
8.W. wind. 
Calm. 

N. wind 
Cloudy. High B. wind. 

Calm. 
cl& ,, 

Some clonde about the horizon. Calm. 
Cloudy. C h  a Perigee 1 5 ~ ~ 6  
8 . W .  breeze. 
N. breeze. 

calm. 
High S. wind Perigee. 
Calm. 

11 

I I  S.W. nind. 
Calm. 

W. breeze. Spring Tide. 
Very calm. 

. N.E. wind. 
Cslm. 

8. breeze. 
E. breeze. 
W. wind. 
C h  
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piles, which were forced into the ground by the ordinary plan of lashing boats to them 
at high-water and thus enabling their weight to exert a downward pull as the tide fell. 
These piles were securely strutted and cross-bars fixed to them, on which cradles rested at 
intervals of a foot for the support of the gauge. The tidal observations at Mifini extended 
from February 8th to 23rd inclusive, and exhibited a rise of 3.2050 feet as the extreme 
height of the tide above mean sea level. The zero of the gauge was referred to a stone 
masonry pillar which was connected both trigonometrically and by levelling with the adjoin- 
ing station of Sarsad M&ta of the Longiturlind Series of Kattywar. 

-- - - 

Syaoprir pl the Tidal Obwroatiou taka of M i h i  Badat-(Continued). 

By obmmtiom during s mi-lnnstion from 8th to Drd F e b m q ,  being the mean reding on 
the huge of high and low tideo ... ... ... ... ... ... 

B u b h t  length of Index bar clvr~ing s float at ib lowar end ... ... ... 
Trne height of mean cm level above the zero of the graduated wsle ob the Ghnge ... ... 
Bubtnrct for diftmce of height betreen zero of the wsle and the Z o w t  water mark, lu deduced 

by the Index bar ... ... ... ... ... ... ... 

Bsnge of 
Tide 

pet  
4-71 
4'45 
3-13 
3-40 

D A T X  

Height of mean cm level above &ad water muk ... ... ... ... 
Height of rummit of level datum pillar above locosrt water mark ... ... ,en 

Mean Time 
of 

Observation 

h m 
o 53 
9 45 
13 5 
21 13 

Month 

1866 
Februarg 

n 
II 

u 

Ditto ditto rbore mean oea level ... ... .ern 

Beading on 
the Fixed 

Gauge 

fed 
8-12 
3'67 
6-80 
3-40 

Day 

20 
II 

IS 

n 

II 

#I 

II  

II 

I1 

II 

9s 

II 

SI 

11 

BrY*nn8 

Calm. 

E.W. -a. 
Calm. 

Meanokel  

Water 

5.760 
f d  
5'895 
5'235 
5.100 

II 

V& high W. wiud. 
Calm. 

W: wind. 
V e y  high W. wind. 
Calm. 

PI 
W. b?Wm. 

Temperat- 
Fahrenheit 

... ... ... ... 

5'6.30 
5'655 
4'900 
4'915 

5'475 
5'315 
4 ' 4.10 
4'685 

5.190 
4'795 

14 a8 6-35 2'96 
II  21 13 3-46 2-67 

I. .  

.a. ... ... 

..* ... ... ... 

... 

.a. 

aa 
#I 

II 

II 

aS 
IS 

7.47 
3.16 
5'72 
3'65 

1 45 
11 13 
15 40 
21 33 

a 8 
11 SO 

3'99 
4-31 
2.56 
2-07 

2-86 



Similar observations were taken a t  Diu*, in the creek which separates t b t  island from 
the mainland ; and the means adopted for putting up the pug0 and fo; observing the range of 
the tide were identical with those followed at W Bandar. As the Portuguese authorities 

The gauge with the floating Index 8 feet long mu set up in Din Cmk,  66.6 feet N.E. of the mined and malleat tower on the 
westernmoat curtain of Din fort 8. W. of Clogla (Portuguese Settlement) where there wan s sulcient de th of water for the p 
making Tidal Obmxvatione.. Tbe poaition wan further the moat ~ h e l t e d  in the locality and h from tEe influence of w a v r  z z  
and fall of the tiden were &isfactonly reqistered to '05 of a foot. Upon the tower, on a slab level with the flap, is e ved the 
numeral 141, that being the height of the tower an obtained by levelling above the mean sea level deduced fmm the mean T b g h  nnd 
low tide o k m t i o n a  made nnintermptedly during s semi-lunation from the 8rd to 17th Marchy 1865. 

Synqprir of t& TtU O h a d i o u  taken at D i m  Crssk a'tl o ZVxd 8& and Bloating Idex 8 fad Zmg. 

T,m 
M n h e i t  

..I 

,a. 

-,. 
n e e  

.., ,.. ... .., 

.., ,.. ... ... 

... ... 
as. ... 
... ... ... ... 
,.. 
1.9 

::: 
1.1 ... 
,.. 
0.. 

.I. I.. 

.,a 

..a 

Rly*8na 

calm. 
YY 

n 
I# 

s 0 Ap0gee. 
83 

V& & - 
oalm. Spring Tidm. 

PY 

Very calm. 

Clear. Very& 
Cloudy. C h  
8.W. wind. 
Calm. 

Olondy. Very calm. 
Calm. 
8.W. wind. 
C&. 

Clgudy. W. wind. 
H' h 8. wind. 
C& W. w i d ,  

W. wind. 

~ $ 6  S.W. w i ~ ~  

%3!! 
1s 

n 

Mean Time 
of 

Observation 

i n, 
0 '5 
6 15 

X I  33 
18 8 

0 40 
6 50 
12 5 
18 30 

I 13 
7 20 
1 2 5 0  
19 3 

I 30 
7 45 
13 28 
19 50 

1 53 
8 15 
14 5 
20 10 

1 48 
8 50 
14 36 
20 46 

1 33 
9 20 
1 7 2 0  
21 53 

2 15 
9 45 
18 s 
22 50 

D A T B  

Month 

1866 
Mamh 

sr 

rr 

n 

n 
~r 
YI 

as 

a* 

n 
n 
II 

YI 

as 

YI 

n 

IS 

n 
n 
n 

YY 

YI 

IS 

sr 

n 
u 
n 
n 

YY 

n 
n 
n 

Mean Level 

W$ter 

fmt 

6:650 
5'815 
5.085 

6.015 
6.490 
5'810 
5'5x0 

6.310 
6.630 
6.070 
5'845 

6.360 
6.360 
5 '865 
6.040 

6.460 
6.060 
5'635 
6.170 

6'550 
5'685 
S'aSO 
6.380 

6.620 
5.460 
5.435 
7.- 

6.825 
5'440 
5 '605 
7'405 

Resding on 
tlie Fixed 

Gauge 

fed 
8.69 
4.61 
7-02 

3-15 

8-88 
4-10 
7.52 
3-60 

9-12 
4-14 
8.00 
3-69 

9'03 
3'69 
8-04 
4-04 

8-88 
3'24 
8.03 
4'51 

8-59 
a.78 
5-71 
5-04 

8'20 
2-72 
8-15 
5-85 

7-80 
3-08 
8-13 
6.68 

Day 

8 
II 

n 
rr 

4 
19 

IS 

I, 

6 
PI 

SY 

Y Y  

6 
IY 

II 

IY 

7 
IY 

IS 

YI 

8 
19 

rr 

11 

9 
n 
la 

IS 

10 
IY 

rs 

n 

aenge of 
Tide 

Jest 

4:.& 
1-41 
3-87 

5'73 
4. 7s 
1-42 
4.02 

5.62 
4-98 
3'86 
4'31 

5'34 
5'34 
4'35 
4'00 

4'84 
5'64 
4'79 
3'52 

4-08 
5 '81 
4'94 
2.68 

3-16 
5.4 
5 '43 
2-30 

' 1-95 
4'72 
5 '05 
1 '45 
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refused to allow a pillar to be built, the mark to which the zero of the gauge was referred wm 
engraved upon the stone pavement of a martello tower that guarded the ferry, and was con: 

Synopsis of the h'dal O b r m a t i o ~  taken at Diu Creek-(Continued). 

Beading of lowsst water mark. 

By observations during a mi-Innation from 8rd to 17th March, being the mean reading on the ... Gauge of high and low tides ... ... ... ... ... 
Subtract length of Index bar carrying a float a t  its lower end ... .., ... 
True height of mean nea level above the zero of the graduated acale of the Gauge ... ... 

Mean Time 
of 

Obaervntion 

h a 
3 0 

9 55 
19 5 

o 8 
3 45 
1 0  33 
20 58 

2 o 
4 55 
11 30 
21 25 

3 a8 
5 30 
I3 45 
21 35 

4 10 

7 40 
15 30 
23 30 

4 56 
9 35 
1 6 4 0  
23 45 

5 15 
10 40 
17 10 

24 0 

D A T Z  

, Month I Day 

Add for difference of height between zero of the scale and the h u t  water m&k an deduced by 
the Index bar ... ... ... ... ... ... ... 

1865 
March 

II 

IY 

1y 

11 

IY 

1 )  

IS 

IS 

II 

II 

II 

I#  

11 

11 

n 
11  

9 s  

IS 

n 
I,  

II 

YI 

II 

I# 

II 

Yl 

Height of mean aea level above b w u t  water mark ... ... ... ... ... Height of instrument on summit of level datum tower above loweat water mark .., 

MeanofLavol 

Water 

feel 
7.140 
5'4iO 
5'795 

7 '805 
7'445 
5'640 
6.215 

8.055 
7'315 
5.270 
6.060 

7'705 
6.755 
5.110 

6.245 

7'625 
6'550 
4.950 
6.050 

6.965 
6.015 
4'825 
5'850 

6'525 
5'875 
5.100 
5'9"' 

Reading on 
the Fixcd 

Gauge 

feet 
7-60 
3'34 
8'25 

7-36 
7.53 
3'75 
8.68 

7'43 
7-20 

3'34 
8-18 

6-61 
6-88 
3'34 
9'15 

6-10 
7-00 
1-90 
9.30 

4.73 
1-30 
2.35 
9'35 

3-10 
8-05 
2'15* 
9.67 

Tempersture 
Fahrenheit 

... ... 

... . 
, . .  ... ... ... 

.., 

... 
,.. 

... ... 

.,. ... ... ... 

... ... ... 

..a 

... ... 

... ... 

11 
PI 

II 

l a  
II  

8s 

I, 

18 
PI 

81 

II 

14 
II  

II  

II 

16 
18 

81 

II 

16 
II 

11 

# I  

' 17 
11 

11 

IY 

Height of instrument on eummit of level datum tower above mean sea level ... ... 
Deduct for height of instrument ... ... ... ... ,.. ... 

Bsnge of 
Tide 

feet 
0.9~ 
4-26 
4-91 

0.89 
0'17 
3-78 
4'93 

1.25 
0' a3 
3'86 
5-44 

2.15 
0.25 
3'54 
5-81 

3-05 
0.90 
4.10 
6'30 

4-47 
2.57 
4'95 
7-00 

5'65 
4'35 
5'90 
7-52 

Rrrarme 

Very calm. 
N.E. wind. Neap Tide. 
Celm. 

]I 

N.;. wind. 
Calm. 

18 

11 

FLsshee of lightning on the E. Cloudy. 
[W. breeze. 

S.W. wind. 
II 

Oalm. 

~ i ' i h  S.W. wind. 
Very rough. 

Calm. a Perigee 15~-23 
IS 

B.W. wind. 
S.W. breeze. Very rough. 

Very calm. 
N.1. wind. 
Calm. 

I*  

Height of level datum tower above meur reo level ## I  a.1 ..I ... 
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Khlunjhar-Vidwhh completed, it became evident that an error had crept into the work ; 
so he revisited Bela, and took observations from the lower station mark, h d i n g  differencee 
in both angles between the later and earlier results sufficiently large to prove the necessity of 
the repetitions. At Pata-i-ShBh a mistake appeared in the approximate work, one of the 
surrounding stations named Bhhjnari, situated to the north-west, not being visible. Ulti- 
mately it was found necessary to substitute Dhjka for it, a change that entailed the necessity 
of again visiting IwAlia and Uela. I n  March Nasmyth and many natives of the party were 
attacked by dysentery, a disease always prevalent on the borders of the Ran, owing to a 
peculiar property in the water, and an interruption in the work ensued. 

From Bela he went to Ghgta, which is situated on a small preserve of grass in the 
midst of the Ran ten miles from the nearest drinking watar; and which was formerly a 
-stronghold of marauders by whom the district of Vdgad was overrun. The station is at the 
.western angle of the Ddjka pentagon, and the angles between Bela and D6jka and D4jka 
and Kanduka were now observed. This station was, also, afterwards utilized in the principal 
work of the Cutcll Coast Series as one of the stations of the Kakarwa pentagon, and the two 
angles on either side the Ghngta-Kakarwa ray were observed. As the Kattywar Meridional 
and Cutch Coast Series both consisted of principal triangulation and were of equal value, 
the employment of Gdngta as a principal station in each rendered the figure at their junction 
one of great complexity. If the figural reduction had been carried out rigorously all tlie 
triangles within the periphery G6ngta-Bela-Iw~a-Pata-i-ShfLh-Khdnmir-Kesmbra-K~kraji 
M&lia-Wg4dia-Sakpur-RAhida-Ran-G&ngta would have had to be regarded as belonging 
to one compound geometrical figure : the fact too that tlie interior angles of the quadrilateral 
GBngta-Kanduka-Chitror and Nara had not been observed would if anything rather have 
increased the complication. The reduction mas, however, not carried out rigorously: the 
Dhjka pentagon was first reduced independently of any exterior observations, and then in 
the following order the Kanduka-Khhnmir quadrilateral, the Mondba hexagon, and the 
Nara-WBndia quadrilateral were taken in hand. When therefore it came to the turn of 
the Kakarwa pentagon, three of its angular points, GBngta, Nara and Sakpur had already 
been fixed : in addition thus to the seven geometrical conditions that have to be satisfied in 
the case of every complete simple pentagon, two others entered into this figure ; the sum of 
the two angles at Nara had a fixed value, and the side Sakpur-Nara had to bear a fixed ratio 
in length to the side Nara-G-tingta. 

Nasmyth was very anxious to carry the northern section of the Kattywar Meridional 
Series as far as the parallel of 23", and to also connect it with its southern section before the 
close of the field season and thus to complete the circuit of the trian,dation formed by the 
sections of the KarBchi and Guzerat Longitudinal Series that lay between the meridians of 
71" and 73" with the northern section of the Series under review and the Abu Meridional Series, 
and test the accuracy of the triangulation. Towards the end of April the weather was very un- 
favorable: the dry loam of the Ran was raised by the least breeze, the atmosphere clouded 
by it and signals obscured. The observations both at WAndia and Modba extended over a 



week. Work had e v e n W y  to be brought to a close at Kesmslra, at the beginning of May, 
and the junction between the northern and southern sections of the Series postponed till the 
following year. During the summer of 1856 the party recessed at Bhfij. 

On August 31st, 1866, the party again took the field and was employed on the Cutch 

B w o r  1856-57. Coast Series till the middle of October; Nnsmyth then 
resumed the final observations of the Kattywar Meri- 

h a a o n m .  dional Series; and aa the triangle on the north side of the 
Lieutenant D. J. Naemyth, Bombay Engineerr, 

1st Assistant. ray MonBb+Wtindia, which was one of the last completed 
Mr. J. DaCosta, Sub-histant. 
,, T. Santzer, ,, in the previous season, had exhibited a large error, he ob- 
, J McGil, ,, served two of its angles again, on the same parts of the 

0. McGiU, ,, limb as before. The new values, however, came out almost 
identical with the former but with smaller weights. 

At all the stations in Kattywar the platforms were found destroyed, and the mark- 
stones carried away. At WBnkAner and Dhgarpur the lower mark-stone had to be dug down 
to and was found intact, but at Rangpur and Chalarwa great m c u l t y  was experienced in 
recovering the original positions of the marks. WhiLst these platforms were being re-built, 
Nasmyth returned to Cutch and took up the observations at stations north of the Ran. 
Throughout November the signals were very bad : different hours during the night were tried 
but the lamps were at all times unsteady. One triangle exhibited an error of 5", another of 4", 
-and a third of 3" ; but as repetitions of observations did not seem to improve the results, Nmmyth 
decided that he had no alternative but to push on. He afterwards attributed these errors to 
an earthquake that occurred in November 1856. On December 21st he completed the obser- 
vations of the Kattywar Meridional Series at W h k h e r ,  and again took up those of the 
Cutch Coast. 

All the angles of the Kattywar Meridional Series were observed with Troughton and 
Simms' 18-inch Theodolite No. 2*, and were taken on six pairs of zeros. The method 
adopted of changing zero was one that had been invented by Lieutenant Rivers and first 
employed by him on the Abu Meridional Series ; by it each change of zero was made to fulm the 
following conditions :-(1) In  the degrees each zero was 10" in excess of the preceding ; (2) 
At each zero a different 10' graduation in the degree was intersected ; (3) Each zero was a, 

different number of minutes from the division to be intersected, being in three cases to the 
right of that division and in three to the left. The method is fully described in the Introduc- 
tion to the Guzerat Longitudinal Series. 

On the completion of the simultaneous reduction of the South-West Quadrilateral, in 
.which the northern half of the Kattymar Meridional Series was included, it was found that 
the errors that had actually been dispersed between the side of origin Bhilgaon (LXIV)- 

For a description of thin instrument and itr performsnoes, see Appendix No. 2 of Volume 11 of the Aocount of the Operatiow of 
Us Orsot T+igoaondM Swoq oJ IlcZicr. 
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Akoria (txr) and 'the terminus Chalarwa (xvm)-€38pakra (XXI), a distance of 132 miles, 
were :- 

In Latitude of Chalarwa (xvm) . . . .a* .. + of'*o83 

,, Longitude of ,, o e o  o . o  + o -060 

,, Azimuth of Chalarwa (xv111)-Shpakra (XXI) - 3 -097 

Logarithm of feet ... ... ... - o - O O O , O I I ~ , ~  
I n  Side[ 

giving a ratio of about I 67 inches per mile. 

htronomical observations for azimuth have been taken at two stations of the 
Kattywar Meridional Series, vL., Dhgarpur  and Konk8who. 

Kattywar Mimr Lmgitudinat Series. 

This Series cuts the Kattywar Meridional at right angles in latitude 22" : the figure 
at the junction is the great compound figure round the stations of Mumaiya and Jitori 
which appertains to the meridional chain and forms the connecting link between the eastern 
and western branches of the longitudinal. The eastern branch starts from the principal 
side Itria-Sakpur and extends to Gogha on the gulf of Cambay, a distance of 63 miles: it 
consists of two quadrilaterals and one single triangle. The western branch starts from the 
principal side Tdkura-Deo-ki-Gal01 and extends to Sarsad M4ta on the sea coast, a distance 
of 84( miles : it consists of three quadrilaterals. The angles of the Longitudinal Series were 
taken, like those of the Meridional Seria, with Troughton and Simms' 18-inch Theodolite 
No. 2, but on only three pairs of zeros instead of six : in consequence of this change from the 
orthodox method of observing, the Longitudinal Series has had to be regarded as Secondary. 

I n  February, 1863, Mr. Sanger, on return from sick-leave, joined Lieutenants Rivers 
and Nasmytli at  Mumaiya, and was directed to take up the approximate work of the eastern 
branch of the Kattywar Longitudinal Series. By April lst, he had selected five stations 
which brought him to Gogha on the Coast; he then returned to the centre of the peninsula 
and commenced the approximate work of the western branch, and before the end of the field 
season he had constructed three quadrilaterals and reached the terminal station of Sarsad 
M&ta. 

By May loth, 1863, Lieutenant Nasmyth having completed at  Itria and Sakpur the 
observations of the final angles on the southern section of the Kattywar Meridional Seriea, 
proceeded to Chamhrdi to commence the final work of the Longitudinal Series. He w a ~  
at first so much delayed by bad weather that he decided to take the angles on but three 
pairs of zeros instead of six, a change that he considered justifiable owing to the shortness of the 
branch series, but even then his progress was bad. At PAlitBna the station had been selected 
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on a-temple, and there was in consequence no isolation for the instrument and the move- 
ments of the observer affected the levels. Another spot had to bo chosen, but, owing to the 
lateness of the season and the consequent unfavorableness of the weather, the distant signal of 
Itria could not be observed. With this exception all the observations on the eastern branch 
of the Series were completed. 

On November Sth, 1863, Lieutenant Nasmyth commenced the final work on the 
western branch of the Kattywar Longitudinal Series : as this was to be also a short chain he 
decided to work as before with only three changes of zero. At starting he had much difii- 
cdty  in procuring bearers for his instrument; there were none to be had in Ujkot  ; exorbi- 
tant wages were demanded by those at Ahmedabad, and he had eventually to send to the 
Deccan for them. He completed the western branch without meeting with any interruptions, 
and he then proceeded to Pllithna to observe the one absent ray of the eastern branch, when 
he found that all the stations near Pgliana had been tampered with and several destroyed. 
By December 26th, 1863, all the angles of the Kattywar Longitudinal Series from Sarsad 
MBta to Gogha had been observed. 

Kattywar Coast Minor Seriee. 

This Series, which is of great geographical value, starts from Gogha on the Gulf of 
Cambay in the very east of the peninsula, follows exactly the Coast-line of Kattywar by Diu, 
Porbandar, Dwhrka and NavSnagar, and ends at the head of the Gulf of Cutch at its junction 
with the Ran. I t  may be compared to a rhombus, one diagonal of which runs north 
and south, the other east and west, and one side of which-the north-eastern-is mis- 
sing. At both extremities of its meridional diagonal it is connected with points of the 
Kattywar Meridional Series, and similarly at both extremities of its longitudinal diagonal with 
points of the Kattywar Longitudinal Series. Each of its three sections, the south-eastern, 
the south-western and the north-western, have had their own individual errors dispersed 
over their respective lengths, and the error accumulated in one has not been carried on into 
the next. 

The Coast Minor Series emanates, at its eastern angle, from the side Qogha-Trimbak 
of the Kattywar Longitudinal Series, and terminates at its northern corner on the side 
Mdia-Pangasia of the Kattywar Meridional Series. At its southern corner at Diu the 
two fixed principal stations of the Kattywar Meridional Series, viz., Nh t e j  and DangarwSri, 
have been utilised also as stations of the Coast Minor Series, and at the western corner 
the same procedure has been followed with regard to the three stations Patelka, Sarsad 
M6ta and SBtbagar of the Kattywar Longitudinal Series. The Series for the greater part 
of its length is a simple chain of single triangles with sides from six to eight miles long ; at 
the western corner however it loses this form for a short space and becomes a network, the 
change having been made with the object of fixing the island of Aj& and the headland8 
on the rugged coast of the Dwkrka Peninsula. 
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The Coast Minor Series was begun in December, 1853, by Mr. DaCosta who took up 
its approximate work a t  Qoglia. By March 27th, 1854, he had selected all the stations on the 
three sides of the rhonibus, built the pillars and cleared tlre rays. He then began to observe 
the final allgles, which. he had been instructed to do with a 12-itlcli theodolite on one 
pair of zeros. I n  April the winds were scorching and the heat overpowering ; i t  was rarely 
that any t Iring animate except the surveyors was seen stirring during the day ; two of the 
part,y died of sunstrol<e i~nd there mere fourteen cases of guinea worm. Mr. DaCosta closed 
work on June 1 8tl1, 1 65L, having finished the 01)sorvations of tlre angles from Dwbrka to Diu 
and from Diu to Gogha. Tlie final angles on the north-western section of the Coast Series, 
a few of which had to be revise11 i~r November, 1859, from Dwlirka to the Ran of Cutch, were 
observed by the same officer during November and December, 1854, and January, 1855, lris 
average triangular error being 13". 

The tria$gulation on the Coast of Kattpwar to tlie north-west of the Gulf of Cambay 
has not been inco~-~)ol-ated in the Kattywar Coast Minor Series : the stations of Gogha and 
Bhdvnagar belong to the Rattymar Longitudinal Series, those of Bharbhir and Haibatpur to 
the Kattywar Minor Meridional Series No. IV, and the triangles thenceforward as far as the 
head of the gulf to the SJbarmati Minor Series. 

The Kuttywar Minor Heridionat Seriee. 

There are four Minor Meridional Series traversing the peninsula of Kattywar, numeri- 
cally designated from wcst to east No. I ,  No. 11, No. I11 and No. IV. Tl~ey follow respectively 
tlre meridians of 70°, 70h0, 7 1 g  and 72O, and as the Principal Meridional Series itself runs 
down tile meridian ot' il", they divide the t~llole of Kattymar into strips half a degree of 
longitiicle in brc-adtli. Kos. I and 11 each start at  their southern extremity from a sitle of - 
tlie south-western section of the liattywar Coast Minor Sei~ies, and join on to its north- 
western section eac:h at  two sides of tlie latter : the station Gop G:~var, of tlre I<attywar'Minor 
Longitudinal Series, has 1)een utilized as a station of No. I Minor Series, and though no 
stations of the former could be incorporated in No. I1 Minor Series, yet checks on tlie work 
were obtained by signals a t  Mevzisa, Oshnm being intersected from the stations of tliis 
series. No. I Minor Series is GO miles long and contains 12 single triangles and one 
quadrilateral. No. 11 JIinor Series is 112 miles long and contains 19 single triangles and 
one quadrilateral. 

The Minor Meridional Series No. I11 starts near Rhjula from a side of the south- 
eastern sect io~~ of tlle Kattywar Coast Minor Series and closes on the principal side Kiirechina- 
Chariri of tlie Guzerat Longitudinal Series : two of the stations, Itria and Sakpur of the 
Kattywar Mrridion:~l Series, situated too at  tlie extremities of one ray, were incorporated. 
It is 123 miles long, and consists of one pentagon, three quadrilaterals and 16 single triangles. 

The Minor ~e r id iona l  Series No. I V  starts from the side BhBvnagar -CWdi  of 
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the Kattywar Longitudinal Series and closes on the principal side Ingrori-K4rigBngar of 
the Guzerat Longitudinal Series. It is 80 miles long, and consists of one compound and 14 
eingle triangles. 

The average length of the side in these four minor series is from 10 to 14 miles : all the 
angles were obselaved with Troughton and Simms' 18-inch Theodolite No. 2 on two pairs of 
zeros, the average triangular error being no larger than that on triangulation observed with 
the full number of zeros. 

The approximate work of the Minor Meridional Series No. I was begun in February, 
1859, by Mr. DaCosta ; the observations of the final angles were made by Lieutenant Nasmyth 
between April 1st and 28th, 1659. On the completion of this series a check was obtained 
for the Coast Minor Series executed, by Mr. UaCosta five years previously with a 12-inch 
theodolite : comparisons of the values of common sides shewed an error of 0.60 of an inch per 
mile generated in the 250 mile circuit by Gop Gavar, Mumaira, Diu and Bagasra,-an error 
of 3.04 inches per mile in the 130 mile circuit by Gop Gavar, Bagasra and Sarsad M&ta-- 
of 2-43 inches in the 3 10 mile eiFcuit Gop Gavar, Mumaiya, Diu and Sarsad M&h-and 
of -18 of an inch in the 140 mile circuit Gop Gavar, Gurgat and Navinagar. 

Whilst Nasmyth was observing the angles of the Minor Meridional Series No. I, 
Mr. McGill mas following him laying down secondary points, and Mr. DaCosta was engaged 
on the selection of the stations for the Minor Series No. 11. 

I n  September, 1859, Lieutenant C. T. Haig of the Bombay Engineers was appointed a 
Second Assistant in the Great Tri~onometrical Survey, and a few weeks later joined the 3 
Bombay l'riangulation Party at  ItAj kot. On arrival he found orders attaching l~ im temporarily 
to the Okhiimandal Field Force with which Captain Nasmytli was also serving, and for the 
next two months both officers were employed as military el~gineers at  the siege of DwBrka. 
On tile fall of t l ~ a t  place in December, 1859, they rejoined the Bombay Survey Party and 
for the next month were employed in completing some minor triangulation on the south 
coast of Cutch. 

I n  January, 1860, Captain Nasmytli commenced observing the angles of the Minor 
Series No. 11, followed as before by Mr. 31cGill or] secondary W O I * ~ :  he completed it on 
February 29th and then ha~ided over tlle party to lieutenant Haig, anci on March 10th he left 
for Bombay prior to proceeding to England on furlougll. Mr. DaCosta llad in the meantime 
selected and built all the stations of the Minor Series 111. On taking over charge Lieu- 
tenant Haig took up the final work of Minor Series No. 111, which he completed on April 
29th. The party then retired to Rhjkot where they had established their recess quarters. 

I n  November, 1860, Mr. DaCosta was cletacl~ed by Lieutenant Haig to Blidvnagnr 
with orders to conncact the eastern estl.c1mity of the Kattywar IAongituciinal Series with the 
southern extrerr~ity of the SB1)armati Minor Series by rllenns of a smnll chain of single 
triangles. The stations of the  Kattywar %or Meridional Series So. 1V had been previously 
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selected as far north as Haibatpur by Mr. DaCosta, and the pillars both a t  Haibatpur and 
Bharbhir had been built. By January 13th, 1861, he had completed the angles of the 
connecting chain, and had thus carried tlie final work of the Minor Series No. IV up to 
the side Haibatpur-Patna. 

I n  April, 1863, an accident happened to the great theodolite on the Mangalore Meri- - 

Bsruon 1863-64. dio&l Series, which put a temporary stop to all Principal 
P E E ~ N N E L  Triangulation in t l ~ e  Bombay Presidency : Captain Haig 

Csptain 0. T. Haig, B.E., 1st Assistant. 
and his assistants were therefore set free the following 

~lr. John McGIiU, Civil 2nd Aseiatant. season to organize the new party, that had been sanctioned ,, GI. A. Anding, 2nd Clasa Sub-Assistant. 
,, J. E. Donohoe, 8rd ,, )I and was now to be trained for the purpose of carrying out 
,, A. D. Christie, 3rd ,, I S  the topographical survey of Guzerat, Kattywar and Cutch. 

The party started from Poona for Kattywar early in November, 1863 and arrived at Gogha 
on November 141th : Captain Nasmyth who was expected from England in t l ~ e  course of the 
field season, was t,o have command of the new topographical party, leaving Captain Haig 
in independent charge of the trigonometrical work. 

The Kattywar Peninsula was now intersected, except on the meridian of 72", at half 
degrees of longitude by Minor Meridional Series; it was also traversed hy a longitudinal 
chain running east and west, and the whole was included by a Coast Series. On arrival, 
therefore, Haig himself took up tlie Minor Meridional Series No. IVY which was regarded as 
particularly important as it ran along the boundary between our own territory and that of 
the Chiefs of Kattywar. Commencing from Mr. DaCosta's side, Haibatpur-Patna, Haig 
proceeded north, selecting the stations and building the pillars, everywhere meeting with 
great obstruction from the villagers. Having closed the approximate work on the principal 
side KhigBngar-Ingrori of the Guzerat Longitudinal Series, he began about the middle of 
February observing the final angles, working southwards. At the southern extremity of 
the Series he re-observed Mr. DaCosta's angles, fiuishing the work on May 2nd, 1864. 

A few days after, accompanied by Messrs. Christie and Donolloe and five of the native 
establishm~nt, he left Bhavnagar in a steamer bound for Surat intending to thence proceed 
by rail to Poona. Before reaching Surat the party experienced considerable danger from the 
steamer leaking ; in fact so critical mas their position that the master of the ship, a Parsee, 
wanted Captain Haig and Mr. Christie to escape stealthily wit11 him in the boat and leave the 
others to their fate. Captain Haig refused, and took steps to prevent anyllody from loosening 
the boat, the Parsee Captain giving himself up in tears to despair. To lighten the ship the 
passengers' kit xas then thrown overboard a ~ d  also some articles of Government property. 
The steamer ultimately stranded at  the mouth of the Tdpti and all hands were saved. Mr. 
Donohoe died of cholera on board the steamer on May 4th. 

Secoptdary Triangulation. 

At the upper extremity of the Kattywar Meridional Series north of the Ran one 
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or two cupolas of temples and a few hill peaks were intersected from principal stations, aria 
the positions of some marks on the borders of the Ran laid down. On crossing the Ran from 
Vkimdh to Bela, a platform was built on each of the small islands Nara Bet and Karir, and 
though none of them were visited, yet signals at all were observed from four principal statione. 

The eastern end of Cutch when being traversed by the Principal Meridional Seriee 
was covered with secondary stations and intersected points : marks in the towns of Fatiagad, 
Rahpur, Omia, Shtalpur and Shikhrpur were accurately laid down : the positions of the small 
islets in the Ran were determined, and sufficient points were fixed along the actual edge 
of tlie Ran so that its border might be definitely delineated. A 1  the principal triangles were 
broken up into numerous small ones, and it would be difficult throughout the whole area, to 
find a spot that was not within a mile of some known point. 

South of the Ran the secondary work on the Principal Meridional Series was very 
much more scanty, and below the Kattywar Longitudinal Series l~ardly any exists at all. 
The palace of Halvad, the fort of Sara and temples in Morvi, Arnreli and Chotila were 
laid down: the church spire of Mjkot and two other points in that city were fixed. For 
the rest some hundred trees and a few temples and peaks were the only objects, between 
the parallels of 21" and 23", whose positions were determined by secondary work from 
principal stations of the Meridional Series, the island of Diu was fixed by a principal 
station itself. 

From the Longitudinal Series, the positions of Gogha, Bhhvnagar, Pfihina, Umrhla, 
Dhnagar ,  Jetpur and Mi&ni were determined. By means of secondary work from the Coast 
Series the position of every cape, creek and bay was made known and the important sea- 
ports of MAngrol, Navibandar and Porbandar, the celebrated town of Dw4rka and numerous 
other villages were fixed. From the four Minor Meridional Series points were intersected in 
Navhgar ,  Judgad,  Mfili, Wadhwh (Vadhvh) and Chhda, and immense numbers of 
trees and natural objects, observed. 

During the seaaon 1863-a, when Captain Haig was engaged on the Minor Meridional 
Series No. 4, Messrs. McGill and Anding remained wholly employed on secondary work in 
the Kattymar peninsula. McGill commenced by breaking up the large triangles of the 
BhSvnagar-PAlitBna, and PBliana-Itria Quadrilaterals into a network and then covering the 
space between the meridians of 71" 30' and 72" with triangulation : having oompleted this he 
threw a network over the space between 71" and 71" 30'. I n  the' meantime Anding had 
done the same to the untriangulated areas between 70" and 70" 30' and between 70" 30' and 
71". By means of these networks the whole of the Kattymar peninsula was covered with 
secondary stations and intersected points, and all the large triangles of the Meridional and 
Longitudinal Series were broken up. 

The heights of the Principal Stations of the Kattywar Meridional Series depend in 
the first instance on the values of the stations of Jhund, Bhilgaon and Akoria of the K h h i  
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Longitudinal Series, which were finally fixed in the reduction of the North-West Quadrila- 
teral ; next, on the heights of the stations of Pata-i-ShAh, KhQnmir, Modba, W h d i a  and 
MAIia, of which the values were determined by spirit-levelling operations in 1874-6 ; thirdly, 
on the heights of Tarkia and Kakha,  also determined by spirit-levelling during 1876-6 ; and 
lastly, on a determination of sea-level at  Diu made in 1866. The intermediate heights, of 
which the values were obtained trigonometrically, shewed in the northern portion of the series 
a cumulative error of - 2.4 feet and in the middle section an error of + 0.5 of a foot and 
in the lowest portion of - 1.6 feet. These errors were dispersed by simple proportion accord- 
ing to the number of removes from the origin of each section. 

A considerable number of secondary stations were connected with in the spirit-levelling 
referred to above and their values thus finally fixed, and a further determination of sea-level 
at Mi4ni Bandar made in 1866, has also been utilized in obtaining the final heights of .se- 
mndary stations. 

S. a. BURRARD. 

September, 1889. 
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PRINCIPAL TRIANGULATION. ALPHABETICAL LIST OF STATIONS. -- 
LXI. 

(Of the Earbhi Longitudinal Beriee). 

. XXVIII. 

. LXIV. 
(Of the Xruichi Longitudinrl Series). 

I , XVIII. 

. XXIII. 

. XXIX. 

XI. 

VI. 

. . XLII. 

. XXXII. 

XX. 

VII. 

. XXXV. 

IV. 

XL. 

. LXVI. 
(Of the Karhchi Longitudinal Series). 

.' XXXIII. 

. XXVI. 

XV. 

IX. 

. XIII. 

Rangpur . p . . . 
Sakpur . . . . . 
SBpakra . . . . 
Sarkah . . . . 
Tarkia . . 

XXVII. 

xxx. 

VIII. 

XXXVI. 

XXXVIII. 

XIV. 
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PRINCIPAL TRIAKGULATION. NUMXRICAL LIST OF  STATIONS. 

. Shpakra. 

-xx- 

LXI . 
(Of the X&hi Longitudind aerier). 

Akoria. 

XXII Virpur. 

XXI 

LXIV 
(Of the K d h i  Longitudinal Seriea). 

Jhund. XXIII . . Chatrikhera. LXVI . . 
(Of the gUg,hi Longitudinal series). 

XXIV . WhnkBner. 

XXV Tarkia. 

XXVI . Kakhna. 

XXVII . . Maidhar. 

XXVIII . . B M y h .  

Virhw4h. 

Khhsar. 

Kglun j har. 

Iwiilia. 

Bela. 

Diijka. 

a n g t a .  

Pata-i-Shtih. 

Kanduka. 

Khi.nm. 

Chitror. 

Monhba. 

XXIX Chit4lia. 

XXX ' , . . Mumaiya. 

XXXI . TAkura. 

XXXII . . Deo-hi-Galol. 

XXXIII . Jitori. 

XXXIV . . Konk&wtio. 

XXXV . Itria. 

VII  . . I 

, . 
VIII  . . 

XXXVI . Sakpur. 

XXXVII . . Manhwrs. 

X I I I  . . 
XIV 

XXXVIII . Sarkala. 

XXXIX . . Nandivela. XVI . 
Rangpur. 

Chalarwa. 

Pangasia. 

XVII . . 
XLI XVIII . , 

XLII XIX 

Dhngarpur. 1 
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PRIRTCIPAL TRIANGULATIOK. DESCRIPTION OF STATIOXS. 

The Principal Stations of this Series, with 8 exceptions, are all situated on hills or rising ground. 
These, save stations I11 and VI, have solid, circular pillars of masonry 1 to 8 feet in height carrying marks a t  
top and bottom: at stations I11 and VI, where tlie rock rises sufficiently above the hill, no pillars were built, 
and only a mark was engraved on the rock. Around the pillars and level with their surfaces, solid platforma 
of stones or earth-work were constructed for the observatory tent to rest on. The 8 exceptions are the 
stations IX, XV to XIX, XXI and XXXIV, at which, they being situated in the plains, it was found necessary to 
construct towers to overlook the curvature of the earth. These are solid structures of sun-dried bricks or stones 
set in mud cement, 12 to 36 feet in height, enclosing solid pillars of masonry, which carry marks at  top, bottom 
and intermediately, the upper 5 feet of each pillar being circular and isolated. 

The following descriptions have been compiled from those originally supplied by. the Officers who executed the Series and 
from the records of Captain BairdJs Levelling Operations in 1874 to 1876, supplemented as regards the position of the adjacent 
villages from the Topographical maps of the country traversed. Some information regarding the heights and construction of the 
etations have been gathered from reports, continger~t bills and other records of the Series. The information, as to the local sub- 
divisions in which the several statior~s are situated, has been derived, where practicable, from the lutest Annual Reports received 
from the Civil Authorities to whose charge the statioiis have been committed. 

LX1.-(Of the Eardchi Zongitudinal Series). Akoria Station, lat. 24' 4l', long. 71° 19'-observed 
at  in 1861 and 1866-is upon a small mound on the northern border of the Ran of Cutch, and derives its name 
from a village that formerly stood near this site : pargana Bautra, district Jodhpore. 

The station consists of a platform edged with stakes and filled in with sand, enclosing a solid pillar of mnsonry, 8 feet 
in  height, which has a mark-stone at the level of the foundation, and others at  1, 3, 7 and 8 feet respectively above i t :  the pillar is 
isolated by an annular wall of masonry. When again visited in 1856, no statement of any alteratioo. in the construction of the 
station is forthcoming. The large village of Khijriati is distant,about 6 miles. 

LX1V.-(Of the Eardchi Zongitudhal Seriee). Bhilgaon Hill Station, lat. 24" 42', long. 71" 7'- 
observed at in 1861 and 186$--is situated on a sand hill appertaining to the village of Dedrai, in that part of 
the Thar, or Little-desert, which appertains to Bhuj : thtina Halla, taluka Nagar, district Thar and Phrkar. 

The station consists of a platform enclosing a solid, isolated pillar of masonry, 4 feet in heiglit, which has a mark-stone at  
bottom, and otliers at 2, 3 and 4 feet ,respectively above it. Wben again visited in 1856, no statemelit of ally alteration in the con- 
struction of the station is forthcoming. Sammari village, bearing 16' E. of the ray to Jhund Station, is distant about 2 miles. 

LXV1.-(Of the Eardchi Longitudinal Series). Jhund Hill Stat8ion, lat. 24'' 48', long. 71" 1'- 
observed at in 1851 and 1856-is situated on a sand hill in that part of the Thar, which appertains to Bhuj : 
thana Halla, taluka Nagar, district Thar and Phrkar. 

The station consists of a platform edged with stakes and filled in with sand, enclosing rr solid pillar of masonry, 8 feet in 
height, which has a mark-stone at bottom, and otliers at 2 and 3 feet respectively above it:  the pillar is isolated by an annular wall 
of masonry. When again visited in 1856, no statement of any alteration in the construction of tlie station is forthcoming. 
The village of Jhund is distant about 2 miles, and the villages of Borli, Chucha aud Gundi are nearest to the station. 

I. Virhwhh Hill Station, lat. 24" 26', long. '71" 9'-observed at in 1866-is situated on the summit of 
one of a group of high hills lying about 3 miles W. of the village. of Churia ; the hills are surrounded on three 
sides by the Ran which is not fordable to'the eastward : taluka Nagar, district Thar and Pkkar. 

The station consists of a platform which is a few inches in height on one aide nnd 14 feet on the other, encloeing a 
small, isolated pillar of masonry built upon a granite rock. The nearest villages to the station are Wandia and Bernna. 
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11. Khdrsar E l l  Station, lat. 24" 34', long. 70" 60'--observed at in 1856-is on the highest point of one 
'of a group of hills composed chiefly of hard granite, the rock being very much broken ; that on which the station 
is, has several deep fissures. The hill is in the lands of Khhrsar village from which there is an ascent to the 
station : taluka Nagar, district Thar and Phrkar. 

The station consists of a loose stone platform enclosing an isolated pillar of masonry about 2 feet in height. K h k  
village lies E., a little short of a mile; and VirBw61i to S. by W., about 4 miles. . 

111. Kaunjhar Hill Station, lat. 24" 20', long. 70" 48'-observed a t  in 1866- is on a peak called Godar 
Takia of the Klunjhar group of hills composed of granite. The hill lies to the south of the village of Nagar . from which there is an ascent to the station : taluka Nagar, district Thar and Phkar. 

The station mark is engraved on a solid mass of rock which is so hard that i t  was found impossible to smooth its surface : 
hollows were cut for the feet of the instrument : a small quantity of rubble woik surrounds the rock as a platform for the observa- 
t o y  tent to stand on. 

IV. Iwhlia Hill Station, lat. 23" 62', long. 71" 9'-obserired at  in 1 8 6 6 4 s  situated on the highest part 
of the hill called after the village of Iwrilia to which it belongs. The Ran extends on three sides, though on 
the south it is many miles away : sub-division Shntalpur, Palanpur State. 

The station consists of. the usual platform about 5 feet in height, enclosing an isolated pillar of masonry. The direc- 
tions and estimated distances oE the following villages are :-IwBlia E., close; and Jakotra S., mile 1. 

V. Bela Hill Station, lat. 23" 64', long. 70" 48'-observed a t  in 1866-is situated on a hill locaIly 
called Nilma, lying towards the west and north of the village of Bela, at  a distance of about 3 miles : it is in the 
lands appertaining to Bela village, pargana Whgad, Cutch State. 

The station consists of a platform about 5 feet in height, enclosing an isolated pillar of masonry. 

VI: Dhjka Hill Station, lat. 23" 42', long. 70" 62'-observed at in 1 8 5 6 4 s  on a hill appertaining to 
the lands of the village of Fathiagad : pargana W&gad, Cutch State. 

The station mark is engraved upon a large stone which on three sides is hewn into the shape of a pillar, on the fourth 
side, the stone was l~ewtl out as much as its hardness would allow, and the hollow as well as more than 2 feet of the depth on the 
other three sides was filled with sand. The directions aud distances of the following buildings are:-Fathiagad round tower 
E.N.E., miles 1-44; and Dulka temple S.W., miles 4-89. 

VII. ~ k n ~ t a  ~ i i l  Station, lat. 23" 41', long. 70" 32'-observed a t  in 1856-is situated on tbe highest 
part of a hill in the Ran. The road from the village of Rau, at the time the station was visited, was dry but the 
Ran generally around the station was muddy : i t  is in the lands of Rau village, pargana WBgad, Cutch State. 
The ruins of a tower and walls are to be seen here, the place having once been the stronghold of freebooters. 

The station consists of a ~)lntform about 5 feet in height, enclosing an isolated pillar of masonry which is built in a 'man- 
ner similar to those at the adjacent stations. The approximate directions and distances of the following villages are :-Ran S.E., 
miles 6; and Dauri N., miles 9. 

VIII.  Pata-i-Shtih Hill Station, lat. 23" 33', long. 70" 69'4bserved at  in 1864 and 1556-is situated 
on an isolated hill rising some 160 feet above the surrounding country : the tomb of a Muhammadan devotee, 
called Pir Pata-i-Sh&h is about 120 links 5. of the station: i n  lands of Bangerah village, pwgana Adesir, Cutch State. 

The station consists of a platform of stones acd earth encloaillg a solid, isolated pillar of masonry, about 5 feet in height, 
which has a mark-stone at top. Wheu again visited in 1856, 110 statement of any alteration in the co~lstruction of the station is 
forthcoming. The directions and approximate distances of the following villages are :-Lakhgad N.N.W., miles l a ;  Bangerah S., 
mile 1 ; and the town of Adesir E., miles 3. 

IX. Kanduka Hill Station, lat. 23" 3#, long. 70" 44'-observed at in 1856-is situated on a hill 
appertaining to the village lands of Rahpur : pargana WAgad, Cutch State. 

The station consists of a platform of rubble, about 12 feet in height, enclosing a pillar of masonry of which the upper 5 feet 
ia isolated. The directions and distances of the following places are :-llahpur tow11 W., miles 24; and Omia fort E.N.E., miles @. 

X. Khhnmir Hill Station, lat. 23" 24', long. 70" 66'--observed at in 1854 and 1856-is situated on 
the highest part of the hill locally called Gur, which rises some 260 feet above the level of the plain, and isone 
of a range of low hills-running N.W. and S.E. and terminating soutbwards near the Ran : it is in the lands of 
the village of Khhnmtr which lies about 19 miles to N., parganq Whgad, Cutch State. 

The station consists of a platform of loose stones enclosing a solid, isolated pillar of masonry, 5 feet in height, which 
has a mnrk-stone at top. When again visited in 1856, no statement of any alteration in the construction of the station is forthcoming. 
The kill fort of Khhmir ia to N.W., about l a  miles. 
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XI. Clritror or Chitrod Hill Station, lat. 23" 24', long. 70" 44'-observed at in 1864 and 18564s  situ- 
ated on the highest point of the called Dhia which is within a couple of miles of the town of Chitrod t 
pargana W@d, Cutch State. 

The station consists of a platform enclosing an isolated pillar of masonry, but as it was not sufficiently large for the 
w d  of the instrument, it had to be increased, in effecting which the height of the pillar was increased a little. . This addition of ' 

about 6 to 7 inches was made after the 30th March 18M. When agaiu visited in 1856, no statement of auy alteration in the con- 
-&ion of the station ia forthcoming. 

XII. Mon4ba Hill Station, lat. 23" 17', long. 70" 6l'-observed at in 18664s  situated on the highest 
point of the Dhar hill, a conspicuous and elevated pasture ground on the verge of the Ran called Bhk Mandad, 
about 4 miles E.S.E. of the village of Modba, and N.W. of Bhimdeoka. There are a few huts close to the 
&ation which are occupied during the cold season by people who graze cattle along the margin of the Ran : 
p g a n a  Whgad, Cutch State. 

The station consists of a mud platform, about 6 feet in height, enclosing the nand, isolated pillar of mesonry. When 
visited in 1875.76 by Mr. 'k. H. Rendell in the course of tire Levelling Operations, the upper mark-stone was found to have been 
destroyed, but a portion of the upper surface of the pillar could be traced, and one of the three flat stoues (gwerally placed for the 
feet of the theodolite stand to rest upon) was found intact. 

XIII. Kes* Hill Station, lat. 23" 17', long. 71" k'--observed at in 1856-is situated on the higheet 
point of a hill in tlre island of Bet in the Ban between Palanswa in Cutch, and Gantila or Tekar in Kattywar ; 
the island is used as a Bhfr or pasture land : pargana Whgad, Cutch State. 

The station consists of a platform, abont 6 feet in height, enclosing the usual, isolated pillar of masonry. 

XIV. WBndia Station, lat. 23" 15: long. 70" 39'-observed at in 1856-is on the middlk tower or 
bastion at the reentering angle on the western face of the town wall of Whndia: pargana Wtigad, Cutch 
State. 

The station consists of a mud platform, about 6 feet in height, built on the centre of the solid bastion, enclosing an 
&la&d pillar of masonry, which has a mark-stone at its upper surface. The village of Janghi is to 9.W. by W., about 34 miles. 

XV. KQkraji Tower Station, lat. 23' 5: long. 70" 68'--observed at in 1864 and 1866-stands on a 
mound immediately E. of a tank which is close S. of the village of Khkraji. The station tower is built having 
ite northern face abutting against a temple dedicated to Siva : taluka M$lia, district Hhllh. - 

The station consists of a solid tower of sun-dried bricks and mud cement, 36 feet in height, enclosing a solid pillar of 
b m t  bricks and mortar, the upper 5 feet as usual being isolated. Four outer marks were made, and tlre intersection of the lines 
joining them indicated the position of the upper mark. When revisited in 1856, the upper mark was found displaced 2.44 inches 
to S.S.E. of the point indicated by tile intersection of lines joining the outer marks, the observations were then taken not from the 
mark but from the point thus indicated. The directions and distances of the circumjacent villages are :-Vejalpur E., miles 24 ; 
ghamMria N.E. by N., miles 3i;  Sultsnpur W., miles 34 ; and Aniali S. by W., milea 3f. 

XVI. Mtilia Tower Station, lat. 23" 6', long. 70" 47'--observed at in 1854 and 1866-stands on the 
embankment of a tank about a mile W.S.W. of the large village of Mhlia, and 1+ miles N.W. by W. of Captain 
Mwkenzie's tomb near the western bank of the Machhu river : taluka Mas, district H6l.k. 

The station consists of a solid tower, 18 feet in height, enclosing a pillar of otone and mortar, the upper 5 feet of which 
m isolated. Four outer marks were made, and the intersection of the lines joining them indicated the positio~~ of tile upper mark. 
When visited iu 1856, no statement of any alteration in the constnlction of the station is forthcoming, but the outer marks having 
been destroyed, the positiorr of the upper mark could not be verified. When again visited in 1874-75 in ttre course of the Level1in.g 
Operations, the upper mark-stone wan found tolerably perfect, but the circle and dot had disappeared. The directions and distances 
of the circumjacent villapa are:-NBni Barsrl S.W. by W., miles 3f; Moti Bard S.S.W., miles 4; aud Virwadar S.E. by E., miles 3. 

XVII. Rangpur Tower Station, lat. 22" 65', long. 70" 66'--observed at in 1863, 1854 and 1856- 
stands on the mound of a tank abont half a mile nearly 8. of the village of Rangpur, and 13 miles N.E. by N. 
of Bela on the left bank of a branch of the Godadhroi river : taluka Morvi, district HhIl6.r. 

The station consists of a solid tower 16 feet in height. There are four outer marks on stones deeply embedded in th$, 
ground, and the iutersection of linen connecting them diagonally indicated the position of the station mark. .When agaiu visited in 
1856, the up r mark was found displaced by 1.57 inches to N.E. The directions and distances of the circumjacent villages are :T 
Haripur md 5 erda N.W., miles 8; Sa116la S.E. by S., miles 24 ; and JiwBpur N.N.E., miles 4. 

XVIII. Chalarwa or Chafadwa Tower Station, lat. 22" 67', long. 71" 6'--observed at in 1868, 1854 and 
1856--stands on the bank of a small dry tank near junction of roads from Kariand, Suswho and Chalarm, and 
about 29 miles N.B. of the town of Chdarwa : taluka DMgadra ,  district Jhalawad. I 
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The station consists of a tower of stones set in mud cemeut, 11 feet square and 16 feet in height, enclosing a pillar of 
stone and mortar. Four pillars are built outside the tower, and the intersection of the lines engraved on them indicated the position 
of the upper mark on which the tlleodolite was centered ; the mark at the groui~d level is 0.65 of an inch to E. of the upper one. 
When again viaited in 1856, the upper mark-stone waa found displaced by 0.95 of an inch to N.E., but no statement of any al- 
teration in the construction of the station is forthcoming. The directious and distances of the circumjacent villages are :-Snsrio 
N.E. by N., milea 34; Kariana S.E. by S., miles 2i.  

XIX. Pangaaia Tower Station, lat. 22" 57', long. 70" 46'-observed at in 1854 and 1866-stands on 
an embankment at the northern side of a tank named Bora, immediately south of road from NhByan-kavillage 
to that of Pangasia, and about + of a mile E.S.E. of the latter : taluka Morvi, district HAW. 

The station consists of a solid tower of stone and mud cement, 20 feet in height, encloai~~g a pillar of stone and mortar, 
the upper 5 feet of which is isolated. When again visited in 1856, no statement of any alteration in the construction of the station 
is forthcoming. The directions and distances of the circumjacent villages are :-Dedla (on the western bank of the Machlln river) 
N.E., miles 24 ; NMyan-ka E., miles 2; Khewhlia S., miles 2f ; aud Sarwad N.W., miles 3. 

XX. Dlingarpur Hill Station, lat. 22" 48', long. 71" 2'-observed at in 1852 and 1856-is situated on 
one of the knolls on the table-land, about 3 of a mile W.S.W. of the village from which the station is named, 
and +f miles in the same direction from the village of Mathak : taluka Dhdngadra, district Jhalawad. 

The station consists of a platform of loose stones, enclosing a pillar of stone and mortar, wliich contains a mark 5 feet 
above the ground and another at  top. Wl~eri again visited in 1856, the upper mark had been destroyed and a new one was placed 
by reference to the mark 5 feet above the ground. The directions and distances of the circumjacent villagee are :-Gidach S.W., 
miles 2; 0 1  S.E. by E., milea 23; and RdtBbhe N., miles 3. 

XXI. S4pakra Tower Station, lat. 22" 52', long. 71" 17'--observed at in 1853-stands on the rising 
ground south of the village of SBpakra : taluka Dhrbgadra, district Jhalawad. 

. The station consists of a tower of loose stones with a broad base, 26 feet in height, enclosing a pillar of done and 
lime cement. The directions and distances of the circumjacent villages are :-Bhalgimda N.W., miles 3) ; Digaria W. by S., miles 
8; Ratewdia E.S.E., miles 24 ; and Chitrori (on the right bauk of the BBmbhan river) S. by W., miles 2f. 

XXII. Virpur Station, lat. 22" 46', long. 70" 51'-observed at in 1853, 1854 and 1856-is situated on 
the rising ground about a mile E. of the metalled road from Tankhra to Morvi, and 13 miles N.E. of Virpurvil- 
lage ; the highest point in the neighbourhood is about 1: miles to E.S.E. : taluka Morvi, district Htillhr. 

The station consists of a platform of loose stones, about 5 feet in height, enclosing a pillar of stone and mortar. 
When again visited in 1854 and 1856, no statement of any alteration in the construction of the station is forthcoming. The 
directions and distances of the circumjacent villages are + S a n a a  (on the metalled road) N. by W., miles 21; m j p n r  W.N.W., 
miles 24 ; and Hamirpur or Nawagim E. by S., miles 3. 

XXIII. Chatrikhera Hill Station, lat. 22" 40', long. 71" 11'--obsemed at in 1863-is situated on the 
northern extremity of a small m k y  hill, about 1+ miles S.S.E. of the village of Chatrikhera, and 29 miles E. 
of Lunsar : taluka WAnkBner, district Jhhwad.  

The station knsista of a platform of loose stones, 8 feet in height, enclosing a pillar of stone and mortar; the lower 
mark is engraved on the rock in sitd. The directions and distances of the circumjacent villages arb :-Uudwi N.E. by N., miles 24; 
Vijalia S.E., miles 14 ; and Mandhar S.S.W., miles 13. 

XXIV. W&n&er Hi1  Station, lat. 22" 36', long. 70" 68'--observed at in 1863 and 1866-is situated 
on a hill, about 9 of a mile S.W. of the town of Wgmkher on the Machhu river; a temple which is overhung 
by a tree is 300 yards E. of the station: talukrt Wgnkber, district Jhalawad. 

The station consists of a platform of loose stones, about 5 feet in height, enclosing a pillar of stone and mortar which has 
a mark at top and another at the surface of the ground. When again visited in 1856, the upper mark-stone had been destroyed and 
a new one was placed by refereilce to the ground level mark. The directioi~s and distances of the circumjacent villagee are r 
Deoli or RBtideoli N.N.W., miles 2; RgjBwadla S.E. by S., milea 2; and Panch DwBrka W.S.W., miles 3f. 

XXV. Tarkia Hill Station, lat. 22" 29', long. 71" lY-observed at in 1863-is on a small peak of 
the ridge, about 1+ miles S.E. of the village of Tarkia, and 4+ miles N.N.W. of the town and D& Bungalow of 
Chotila on the road from Ujkot  to Ahmedabad : taluka Wthkher, district Jhdawad. 

The station consists of the usual platform, about 5 feet in height, enclosing a circular pillar masonry. The 
directions and distances of the circumjacent villages are:-RBmpam nearly E., milea I f ;  PBjniili S.S.E., miles 2; JBniwadlr 
8.W. by S., miles 3 ; and P4ndal N.W., miles 33. 

XXVI. Kakha  Hill Station, lat. 22" 26', long. 70" 69'-observed at in 1853-is situated on the rocky 
table-land, about 9 of a mile S.S.W. of the village of K a k h ,  and 4+ miles N. of the large village or tom of 
K u w h a  on the metalled road from R&jkot to Ahmedabad : Wuka Rdjkot, district EALUr. 
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The station consists of a platform of rubble of the naual dimensions, enclosing a circular pillar of masonry. When 
again visited in 1875-76 by Captain Baird in the course of the Levelling Operations, he found the station to consist of the 
usual, circular pillar surrounded by a platform of rubble stone, and aurmmnted by a 3-foot rectangular pillar of the Kattywar 
Minor Triangulation. The directions and distances of the circumjacent viliagea are :-Sulia N.W., mile 0 ; Jhissa S. by W., miles 
10 ; Shthra (on the Machhu river) E.S.E., miles 20; and Sanoeara W., miles 34. 

XXVII. Maidhar Hill Station, lat. 22" 17: long. 71" 14'-observed at in 1858-is situated on a small, 
oonica.1 hill on the eastern edge of the high table-land which divides the drainage of the whole peninsula : the 
eastern face of the plateau is well defined for a considerable distance to N. and 5. of the station : taluka Limri, 
district Jhalawad. 

The .station consists of the nsnal platform about 5 feet in height. The directions and distances of the circnmjacent vil-. 
l a p  are :-Sanosra E.N.E., miles 26 ; Khehna N., miles 2; Chobhri S. by E., miles 1% ; and B h o j p h  W. by S., miles 2%. 

XXVIII. BhdyBsar Hill Station, lat. 22" lo', long. 70' 66'-observed at in 1863-is situated on a 
smalli conical, rocky hill which rises immediately above the old site of the village of Bhhyhr, and 3+ miles N. 
by E. of Ujpura ; the station is about 4 yards 8. of a shrine: taluka Sirdhar, district H W .  

The station consists of a platform about 5 feet in height. The directions and distances of the circumjacent villagea 
are:-Ktitrota E., mile 1; Piplha W.S.W., milea 2 f ;  Bhhybar S.S.W., mile 4; and PMhan N.E., miles 24. 

XXIX. ChiMia Hill Station, lat. 22" 3', long. 71' 12'-observed at in 1863-is situated on a small, 
isolated hill, about 24 miles N.N.E. of Adkot on the metalled road from Rhjkot to Qogo; a temple was in course 
of construction close to the S.E. comer of the platform : taluka Jasdhn, district Gttywar. 

The station consists of a stone platform, about 5 feet in height, enclosing a pillar of stone and mortar . The directions 
and distances of the circumjacent villages are :-Jaad6n (on the right bank of the Bhadar river) E., milee 8; Chit&lia W., mile 0; 
Ldkh6w6r N.N.W., miles 14  ; and Samadiala (on the metalled road) nearly W. by S., milea 34. 

XXX. Mumaiya or Mumaia Hill Station, lat. 21" 64', long. 70" 54'-observed at in 1853-is situated 
on the hilly ground, about 1+ miles 8. of the village of Mumaiya, and miles S.E. by 5. of the town of Gondal 
on the Gondli river : taluka Gondal, district HtiIUr. 

Y The station consists of the usual platform about 4 feet in height, enclosing an isolated pillar. The directions and dis- 
tances of the circumjacent villages are :-Bandhia N.E. by E., miles 4 t ;  Kudla S. by E., miles 34; and Khokhri S.S.W., milee 43. 

XXXI. Wkura Hill Ststion, lat. 21°58', long. 70" 3W-observed at in 1063-is situated on a hill 
midway between the villages of TrBkura, and Harmaria lying 2+ milee respeotively to E.S.E. and W.N.W. : taluka 
Gondal, district H&ll&r. 

The station consists of a platform, about 4 feet in height, enclosing an isolated pillar. The directions and distances of the 
circumjacent villages are :-Amrali S. by W., miles 23; Mespur W., miles 4; and Garnth  N.E. by E., miles 83. 

XXXII. Deo-kiGtalol Hill Station, lat. 21" 38', long. 70" 44'--pbserved at in 1853-is on one of the 
knoUa of a ridge running nearly E.S.E. and W.N.W., about 14 miles W.N.W. of the village of Deo-ki-Galol on 
the metalled road from Jetpur to Mhnakwha : taluka Jetpur, district Kattywar. 

The station consists of the usual platform built to a height of 4 feet to isolate the pillar. The directions and disd 
tances of the circumjacent villages are :-Khambhslia S., milee Sf;  Mhndwa S.W., milea'2i.; Bamangh W., miles 2 f ;  and Pipli. 
(on the metalled road) N. by W., miles 14. 

XXXIII. Jitori Hill Station, lat. 21°44;, long. 71" 9'-observed at in 1853-is situated on the eastern 
extremity, but not on the highest point, of a ridge running E. and W., about a mile N.N.W. of the village of 
Jitori, and 63 miles W. of the large village of Chital : taluka Gtondal, district Hgilltir. 

The station consists of the usual platform 5 feet in height. The directions and distances of the circumjacknt villagee 
are :-Pipria N.E. by N., miles 2; Sdrangpur N.W., miles 2 ;  Mhyhpadar nearly W., miles 24; and L6ni S., miles 23. 

XXXIV. KonkBwh Tower gtation, 1st. 21" 39', long. 70" 69'-observed at in 1863-is situated on a 
table-land, about 32 miles N.W. by W. of the village of Konktiwtio Moti, and 44 miles N.E. of that of Tori : 
pclrgana Bilkha, district Sorath. 

The station consists of a tower 30 feet in height, enclosing a pillar of which the upper 5 feet is isolated. Outer marks 
have been made by which the position of the upper mark of the station can be determined in case it is lost. The directions and 
distances of the circumjacent villages are :-Anids N. by W., milea 2; A rjaneakh W, by S., milea 24; and N6japur S., milea 2%. 

XXXV. Itria Hill Station, lat. 21" 5% long. 71" 27'--observed at in 1863-ia situated on the highest 
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@ of 8 pm~&nent hill, about 2 miles 8. by W. of Itria village on the right bank of the Qhela river, and 6 milea 
N.E. of the Iwge village of Kariana on the KBlubhBr river: taluka Itria Ghadala, district Gohelwtid. 

The station consiets of a platform, 1 foot in height, enclosing bn isolated pillar. The directions and distances of the cir-. 
cumjacent villages are :-Khanbaa W.N.W., miles 3 i  ; lswaria S.W., miles 84 ; and Shirwhia S., miles 8. 

XXXVI. Sakpur Hill Station, lat. 21" 33', long. 71" 33'--observed at' in 1853-is situated on the cen- 
tre of the highest of a number of scattered hills, about a mile S.W. of the village from which it takes ite name*. 
and 4 miles nearly W.N.W. of the large village of Gkiadhk : taluka Bhaunagar, district GohelwAd. 

The station consists of a platform, 1 foot in height, which is built on the solid rock. The directions and distances of the 
circumjacent villages are :-KalBnpur W. by N., milea 24; RBijkot N.E., miles 2; and Wauri NBni E. by S., miles 19. 

XXXVII. Mantiwa Hill Station, lat. 21" 22', long. 71" 8'--observed at in 1863-is situated on the 
hilly ground 5. of the village from which it has been named, and about 5 miles E.N.E. of the viuage of D M  

, oli the right bank of the Shetrunji river : taluka Gondal, district H U r .  
The station consists of a stone platform, 5 feet in height, euclosing an isolated pillar of stone and mortar. The directiom' 

and distances of the circumjacent villages are :-ManBwa N., mile 1 ; Jhar E. by S., miles 14; and Chhatardia S. by E., miles 2. 

XXXVIII. Sarkala Hill Station, lat. 21" 12', long. 70" 63'-observed at in 1863-is situated 60 yarda 
from the highest part of the lofty and conspicuous hill known as Sarkala, lying on the northern boundary of the 
wild country called the Gir, ascent to the summit being dX6cult. The surrounding country is a waste, the only 
village is the small one of Dodalia about 3 miles to the N.E. ; a few huts, near the ruins of a wall and tower 
indicating the site of the fort of Sassi, are about 2 miles to E. : taluka Una, district Sorath. 

The station consista of the usual platform, 5 feet in height. 

XXXIX. Nandivela Hill Station, lat. 2i" 2', long. 71°9'-observed at in 1853--is situated on the 
western extremity and on the highest part of one of the largest, isolated hills in the Gir, about 29 miles N.E. of 
Wadli village : taluka Una, district Sorath. 

The station consists of a platform, 5 feet in height, which has been built in a manner similar to those at the neighbouring 
stations. The directions and distances of the circumjacent villages are :-BarwBla S.S.W., mile 1; Kantsla E.S.E., miles 8; 
Nitli S.S.W., miles 2 f ;  and Chilrhal Koba (on the left bank of the Rdwal river) W.S.W., miles 34. 

XL. J&ia Hill Station, lat. 20' 68', long. 70" 66'--observed at in 1863-is situated on a hill about 1 
mile N.E. of J&ia village, and about 200 yards N.W. of a rocky knoll on the same ridge on which there ie 
some object of worship indicated by flags : tnluka Una, district Sorath. 

The station consists 04 a stone platf6rm enclosing a circular pillar of masonry, about 5 feet in height, which carries a mark 
at top. The approximate directions and distances of the circumjacent villages are :-Gadra S., miles 8; Babria N.W., miles 14;. 
and Farera S., miles 14. 

XLI. Nghntej Hill Station, lat. 20" El', long. 71" 8'--observed at in 1853-is situated on the rising 
ground about 300 feet S. of the cart road from Nh te j  to SBmter : taluka Una, district Sorath. 

The station consists of a platform, 8 feet in height, enclosing a solid, circular pillar of masonry which contains two 
mark-atones. The directions and distances of the circumjacent villages are :-SBmtet E., miles 14; Amodra S., miles 2; K d r i  
W., milea 24 ; NBntej W. by N., mile 4 ; aud the town of Una S.W. by W., miles 34. 

XLII. Dangarwlri Hill Station, lat. 20" 43', long. 70" 69'--observed at in 1853-is situated on a 
rocky hill almost in the centre of the island of Diu, which belongs to the Portuguese, and about 33 miles 
W. of the town. This part of the island is mostly sandy, and throughout the whole length across its centre,. 
occasional patches of lime-stone rock appear. A few huts of the village of Dangarwhi are to the west of the 
platform, and others in the cocoanut gardens at the foot of the hill are on the N. side. 

The ststion consists of the usual platform enclosing a circular pillar of masonry which contains three marks, one flash 
with the ground, another nt top and a third intermediately. The direction0 and distances of the following places are:--St. 
Bemedio's Church aud the Phrsi's Cemetery S.E. by E., miles 2; and chief flag of Diu Guard House N., miles 14. 

J. 6. N. HENNESSEY, 

In charge of hput ing  O$m. 



KATTYWAR MERIDIONAL SERIES. 

PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 

h ' 0 ~ ~ . - 8 h t i 0 ~  LXI and LXIV crppertain to the KmicLi Longitudinal Series of the North-West Qudrhkrral. 

9 

At LXI (Akoria) 

J w w y  1866 ; ohimed by Lieutenant D.J. Nasinyth, R.E. ,  with Tiroughton and S h m 9  18-inch Theodolite No. 2.  

Angle 
between 

I & LXIV 

Circle readings, telescope being eet on I 

295O26' 115O26' 805'36' 126'86' 816O 47' 136' 47' 325' 58' 145°5s' 896" 4' 156" 4' 8- 14' 166" 14' 

n II n n n n II n n I )  4 n 

257'00 2 53'90 152'77 155.04 2 51-66 2 59'36 149.84 153'46 151.86 152.64 252-90 255.70 
156'33 154'00 152'50 153'60 15a-40 159.00 151.36 153'26 151.54 1 52-90 155.23 1 57-16 

1 49'76 154'40 155'13 

56.67 53-95 52-63 54.32 52-03 59.18 50.33 53.36 51.70 52-77 54.18 56.00 

M - Mean of Ghonp 
w - Relative Weight 
C - Concluded Angle 

M =  53"'93 

w = 2 '00  
I - = 0 -50  
W 

C = 64" 34' 53"- 93 

At LXIV (Bhilgaon) 

J a n w y  1866 ; obsemed by Lieutenant D.J. N m y t h ,  R.E. ,  with Troughton and Simm' 18,inch Theodolite No. 2. 

Angle 
between 

LXI & I 

Circle readings, telescope being set on LXI 

280016' 100°lB 290026' 110'26' 800'87' 1 W 8 T  810'4!2' 130°42' 320'58' 140'53' 331'4' 151°C 

n II n II II n n II N n B n 

h24.87 hzz-60 h23.30 h22.27 h 16.80 h24.13 h 17.96 h 18.13 1 15.43 1 23.80 1 20'90 1 23.33 
h 23.80 h 23.33 1 20.67 h 22.77 h 16.40 h 25'00 h 17'06 h 16.73 1 14-33 1 22.97 1 21'97 1 23'36 

1 22'20 2 22'53 

24'34 22.96 22.06 22-52 16.60 24.57 17'51 17-43 14.88 23.38 21.44 23-34 

3f = Mean of Group 
w P Relative Weight 
C - Concluded Angle 

M =  20"'92 

W = 1 ' 0 5  
I - = 0 . 9 5  

C = 79' 45' 20*'92 



NOTE.-4btionr LXI, LXIV and LXVI appertain to the Kmkhi Longitudinnl Seriw of the North-West Quadrilateral. 

At LXIV (Bhi1gaon)-( Continued). . 

Angle Circle readings, telesco~e being set on LXI df - Mean of (frou 

betrwn UJ - Relative ~ e i $  
28V15' 100'15' 290026' 110°26' 300037' 120O 37' 310042' 130042' 320063' 1053' 3.31'4' 151°4' C - Conclidedbngle 

4 II w n n n 
M = 51'"69 

I A 111 h 45.23 h 49'77 h 49'44 h j3.36 h 53'37 h 50'90 1' 
h 46-90 h 50.43 1 50.93 h 53'13 h 54'67 h 50.54 h 5 I -64 

1 50 7 3  A 52'63 I - = o -61 
w 

46.07 50.10 50'37 53.04 54-02 50.72 

111 & I1  

h 53.06 h 47'87 h 51 go h 43'94 h 41.90 h 43.70 1 47-60 14 46.67 1 47.90 1 48.20 1 47.40 1 50.83 
h 51 j4 h46.30 I 50'j7 h42.20 h41.47 h43.26 1 4 6  60 1 15 86 147 '73  147 '53 147 '56 150 '53  
]1 52.00 1 52.13 1 42.20 

h 42-83 

M = 47tt. '8 

w =  1 - 0 6  
I - - =  0.54 
w 
C = 26' l0'47"' 18 

= I7 

W = 0 '97 
I - - - I -03 
W 

c = 7 + O  19' 49Y. 17 

52.40 47.09 j I ' j 3  42'79 41.68 43.48 47.10 46'27 47'81 47'87 47.48 50'68 
I 

I1 & LXVI 
h 41.70 h 52.56 1 43.30 1 52.30 h 48.70 h 48.24 1 51.04 h 50.10 1 50.76 1 52.03 1 50.70 1 49.80 
h 43'03 h 52'87 1 42'00 1 53.47 h 46 70 h 47.07 1 49.77 h 50.50 1 50.94 1 51.47 1 52.24 1 49'44 

h 51'77 

42'37 52-71 42.65 52.51 47'70 47.66 50'40 50'30 50.85 51-75 51.47 49-62 

At LXVI (Jhund) 

January 1866 ; observed by Zieutenant D.J. N a m y t h ,  X.E., with Z'rozcghton and Simm' 18-hch Theodolite No. 2. 

Angle 
between 

I' 

Circle readings, telescope being set on LXIV 

OoO' 18O" 0' 100 11' l!NO 11' 20'22' 200°22' 30°28' 2100 28' 40039' 220'39' 50" 50' 230'50' 

I n n m n n n w v n 'I w 

h 53.86 h49.44 h 51.77 h 49.23 1 47'70 h43.93 1 54-77 1 51-40 h 54.93 h 54-94 h 52'34 h 51-50 
h 54.50 h50 '00  h 52 87 148 .84  1 47.90 1 44.50 I j z  23 1 52.40 h 54.96 h 5 j . 00  h 50.40 h 52.50 

h44.40 1 53'33 h 52.20 

54.18 49.72 52.32 49.04 47.80 44.28 53.44 51.90 54.94 54.97 51.65 52'00 

M - Mean of Gmnp 
w - Relative Weight 
(2 ' Concluded h g l e  

df = 5lW'3j 

w = 1 -18 
I - =  0.8; 
w 
C=77'57'5lu'35 

At I (Virtimtih) 

January and Febt-uary 1856 ; observed by Aieutena~zt D. J. N m y t h ,  R.B., with Troughton attd Simms' 
18-i~zch l'l~eoclolite flo. 2. 

Angle 
between 

I V b V  

Circle readings, telescope being set on I V  

241°30' 61" 30' 251'40' 71'40' 261°61' 81°61' 271°5i' 91°67' 282'8' 102'8' 29L92018' 112'18' 

w I w u n tl n w n m n v 

h47.13 h 48.40 146.26 147.17 1 50'20 1 4 9 ' j o  1 53'27 h 51-87 1 56.66 152.40 h 58.97 1 49.64 
148.04 148.07 148.03 146.34 I 49.84 149.87 1 54.10 154.13 157.14 1 52.97 h57.93 1 50.53 

h 53'67 

47-59 48.23 47-15 46.75 50.02 49'69 53.68 53'22 56.90 52.69 58.4j 50'08 

i+f - Mean of Group 
w - Helntire Wright 
(2 ' C0ncludedbgle 

M = 51"- 20 

w = o - 8 2  
1 - - - 1 -23 
w 
C=32°2"~1R'20 



PRINCIPAL TRIANGULATION. OBBERVED ANGLES. 11-J, 

NOTE.--Station8 LXI, LXIV and LXVI appertain to the Earkchi Longitudinal Seriea of the North. Weat Quedrilrrted. 

I 

At I (VirBm&h)- ( Contitzzled). 

M - Mean of Grou 
so - &latire we igE  
C - Concludedhgle 

M = 4 1 U ' 0 2  

w =  1 - 2 9  
I - - - 0 ' 7 7  

Angle 
between 

'I1 

Circle readings, telescope being set on IV  

241°30' 61°W 251°4(Y 71°0(Y 261°61' 81°61' 271'67' 91'57' 2tW 8' 10208' 2920 1 6  112"18' 

n n w n I n I ,I n n n n 

h 44-54 h 40.20 1 43.00 1 42.20 1 40.04 1 34.10 h 38.64 h 39.47 t 41.74 1 44-73 2 36.73 2 44-16 
h 45.90 h41.30 143 '17  1 40'93 1 40.60 1 34'13 h39.57 h 40'57 1 42'30 143'23 h36.94 844.20 
1 45.30 h 36.47 h 36.83 

37'77 

111 & I1 

I1  & LXIV 

LXIV& LXI 

C = 43°4:'4rY.02 
45.25 40.75 43.09 41.56 40'32 34.90 39.11 40.02 42-02 43.98 37'07 44-18 I 

1 36.90 h 39.73 1 37.77 1 39.96 1 41.00 1 46.44 h 36.60 h 36.36 1 32.70 1 33.40 h 33.03 1 35.74 
1 35-37 h 39'36 1 36.50 1 40'47 1 39.10 1 4 5'87 IL 3 5'40 h 37 0 3  1 32-30 1 33'27 h 32'03 1 35'53 

h 44'73 h33.13 h35.23 

36-14 39'54 37-14 40.21 40.05 45.67 36 00 36.70 32'50 33'33 32'73 35'50 

1 34.93 h 37'97 1 37.73 1 35.17 1 39.13 1 33.70 h 40.36 h 39'77 2 38.80 1 34.37 h 38-46 2 35.50 
1 35-90 h 37.40 1 37'93 1 36.66 1 39-46 1 34'83 h 41'93 h 39.30 1 38.16 1 35.10 h 39'37 1 34'44 

h 33'23 h 38.40 

35-41 37'68 37'83 35.92 39'29 33'92 41.15 39'53 38-48 34'74 38'74 34'97 

1 47-20 h 43.76 1 45.87 2 4 j.80 1 48.07 1 47.93 h 49.04 h 52-43 1 49-83 1 53'23 1 46-30 2 53.86 
146.80 h 43 64 1 46'34 1 46'40 1 48'10 1 46'37 h 48'30 h 51.63 149 '14  1 51'23 1 46.53 1 53-80 

1 51'57 h44.57 

47-00 43-70 46.11 46.10 48.08 47:15 48'67 52.03 49'49 52'01 45'80 53.83 

At I1 (Khhsar) 

Jastuay 1856 ; obsmed by Ziezctenant D. J . N m y t h ,  R. E., with T~oughton and Sintm' 18-inch Theodolite No. 2. 

M = 37O.13 

W = 0 '83 
1 - = I ' 2 0  
w 
C = 4z0 14'37"'13 

M = 3 7 W ' 3 ~  

w = z ' 29  
I - = 
w 0 '44 

C =55Oqg'37'"31 

M = 48'"33 

w = I -30 
1 - - 
w - 0 '77 
C = 35' 39' 48*-33 

Angle 
between 

LXVI & LXIV 

Circle readings, telescope being set on LXVI 

210'54 80'69' 221GY 41'9' 231°21' 61°21' !M0a7' 61'27' 251'88' 71°88' 261°4Sf 81'48' 

n 4 n N n II n n I) It N " 
1 24.80 2 24.24 2 24.23 1 26.84 1 18.06 1 22-47 h 17-70 h 16.66 h 16.67 h 17.34 h 20'23 h15.63 
123.64 124'67 124.57 125.86 1 19.06 123.66 h 17.87 h 17.53 h 16.37 h 16.07 h 20.03 h 15.40 

24-22 24'46 24-40 26'35 18.56 23.06 17'79 17'09 16.52 16.71 20.1 j 15'51 

3f - Mean of &oupr 
w - Relative Weight 
' COncl*edBngle 

M=20'"40 

W = 0 ' 8 0  
1 - - - 1 ' 24  
W 
C = 27'42' 20''-40 



n'o~~.-s tat ions  LYIV and LYBI appertain to the Karichi Longitudinal Series of the North-Wost Quadrilateral. 

* 

At I1 (K.hhr)-( Cont imd) .  

Angle 
between 

LXIV & I 

I & 111 

Circle rendings, telescope being set on LXVI 

2100 69' 300 69' 221'9' 41°Y 231°21' 61°21' 241" 27' 61' 27' 251" 38' 71°88' 261°48' 81° 48' 

n n n n n n. n I I n I N 

h 42.27 h 46.16 h 46.97 h 45'67 1 49'47 1 46-33 1 52.53 1 46.80 1 47-90 h 46-97 h48-03 h 45-30 
h 42'63 h46.00 1 46.60 h 44'67 1 49.83 1 45'64 1 50.64 147.93 2 48-13 h45.06 h 47'70 h46.50 

h 51'33 

42'44 46.08 46'78 45.17 49'65 45'99 51.50 ' 47'36 48.oa 46.01 47'87 45.90 

h62.90 h60mgo h59.80 h62-46 158.96 161.73 152.97 1 60.34 160.57 h6z-oo  h61-ao  164.50 
h62.40 1~61.97 1 58-03 h62 .13  1 58.74 1 63.13 1 52.90 1 59.24 1 59'87 h63.24 h61.17 h64.57 

h 5 2'94 

62.65 61'44 58.91 62.30 58.85 62.43 52.94 59'79 60'22 62'62 61.18 64.54 

M = Mean of Omn 
so = Belative w4E 
C - Concluded Angle 

M = 46".9o 

= z -25 
I - - - 0 '44 
w 
C = 53" z146**90 

M =  6 0 ~ 6 6  

w = 1 ' 3 5  
I - - 
w - 0 '74 
C = 68'16' 0 ~ ~ 6 6  

At I11 (Ktilunjhar) 

Janua y 1856 ; observed by Zieutenant D. J. N w y t h ,  R.E., with ~ r o i ~ h t o n  and Simm' 18-inch Theodolite No. 2. 

Angle 
between 

I1 & LXIV 

LmV 8t I 

I & I V  

Circle readings, telescope being set on I1 

290031' 1100 31' 5000 H 120° U 3100 63' 130°53' 3200 68' lmO 68' 331' 9' 151°Q' 341'201 161°W 

n n n 4 n n I n N n n n 

h 33-97 h 27.10 h 26.40 h 26.80 h 26.00 h 27.20 h27.26 h 30.04 h 31-10 h 31.67 1 31.27 Z 32.73 
h32'40 A 28.87 h 26'47 h 25'46 h 25-37 h 25.83 h 26.50 h 29'20 1 28.77 h 32'70 1 30.57 1 34-47 

h 26.46 1 28.94 

32.69 27.98 26.44 26-24 25.68 26'52 26.88 29.62 29.60 32.18 30-92 33.60 

h 54'30 h 58.60 h 56'24 h 58-43 1~ 58'30 h 62-67 h 50'84 lr 55-83 h 54.17 h 55'30 1 55'10 1 55.80 
h 54'87 h 59'53 h 56'70 1 61.00 h 59.57 14 62.50 h 51'43 h j 5.37 1 55'26 h 55'10 1 55'73 1 54.96 

h 61.14 
I' 59'97 

54'59 59.06 56-47, 60.14 58-93 62.59 51.13 55.60 54.72 55.20 55.41 55.38 

h 10.40 h 8.76 h 13'90 h 7.10 h 8.90 h 5.97 h 13.03 h 8.23 h 12-76 h 8.23 1 11.13 Z 10.74 
h 9-80 h 10.13 h 13'33 1 6'57 h 9'20 h 6.14 h 13.03 8'03 1 .1o.g7 h 9'30 1 12.57 1 12'94 

1 10.87 

10.10 9.45 13.61 6.84 9.05 6-05 13.03 8-13 11.87 8.76 I 1'85 11-52 

M - Mean of Qmn r w - Relative Weig t 
C - Collcluded h g l e  

M = 29"'03 

lo = .50 
I _ - - o -67 
w 
C = 3z030'29"~3 

M = 561t-60 

w = I '26 
I - = 0 '79 
w 
c = 36° 58'56"'60 

M =  loW'oz 

W = 2 '03 
I - = 0 ' 4 9  

W 
C = 6cj0 33' 1 0 " ' ~ ~  



PRINCIPBL TI1IANGULATION. OBSERVED ANGLES. 
I3-J. 

+ 

I 

At 111 ( K h l u n j h a r ) - ( C m t h d ) .  

Angle 
betwsqn 

IV & 

Circle readings, telescope being set on I1 

890"81f 1lO081' 800'42' 12D'U 810068' 130068' 820068' 140069' 3a1°9' 151°9' W O W  l 6 l 0 W  

n x x v n n w I )  v w x * 
h 25-23 h 26.60 h 26-43 h 28.04 h 27-57 h 31.70 h 26.93 h 32-27 h 25-00 h 31-40 1 26'27 1 28-36 
h 26-14 h 26.27 h 28-00 h 29.86 h27.13 h 31-86 h27.80 hgg.20 h 26.30 h31.10 126.26 127.53 

25-69 26-43 27.22 18-95 27'35 31.78 27.36 32'74 2565 31.25 26.26 17-95 

iK-MesnofC)rou 
to - -tire ~ e i g E  
C - DonoludedAngle 

M = ~ 8 ~ .  22 

= I -98 
1 - = 0 '51 
w 
c = 3 5 ~  3 ' 2 8 ~ . 2 2  

At IV (IwiUia) 

*February ; and tFebruay and March 1866; observed by Lieuternfit D. J. N m y t h ,  R.E., with Thn~ghton 
md Simm' 18-inch Theodolite No. 2. 

Angle 
between 

t 
VIII& VI 

t 
V I  & V 

V & 111 

1) 

'I1& I 

Circle readings, telescope being set on VII I  

88004' 1W4' 840°16' leo" 16' 35o" 26' 170°26' 0" 38' lso" 32' 10°48' l9O0c13' 80068' 2000 63' 

I v X n w w X X v N N w 

h 16'13 h 15-86 1 14.66 h 1 6 . p  1 12.86 1 I -04 h 8.20 1 6.84 h 8-30 h 8.57 1 13-60 Z 7'73 
116.97 115.66 l14 .60  Z 16.47 t 13-57 1 1 $ m  h 7.97 1 9.20 1 9.60 Z 8-40 Z 14.63 1 7-10 

1 16-97 1 9.07 
1 17.90 

16-55 15.76 14-63 16-69 13.21 18-03 8-09 8-37 8.95 8-48 14'11 7-41 

h 30'70 133.44 2 32-94 h 32'63 139.34 1 33 .w  h 38'27 2 38-43 h 40.13 h 33-83 1 35'20 Z 33'90 
h 32-13 h 34.20 1 32.93 h 34'84 1 37'43 1 33 17 h 36'76 1 38-40 h 38'43 1 35'14 1 35.40 1 35'67 

1 34'07 

31-42 33-82 32'93 33-85 38'39 33'08 37'52 38.41 39'28 34-49 35-30 34-78 

Circle readings, telescope being set on V 

~ 4 '  2 ~ 4 '  80014~ 86001~ 90024' 270024' iwaif 280031' 1 1 0 0 ~  ~ 4 1 '  12006i~ 8 0 0 9 ~  

# W II V N U R W N R I W 

L 32.13 ;A 34.57 A 28.94 1 33'53 1 32.86 1 38.83 h 32.87 1 34'74 h 28'37 h 32.23 h 31.33 A 30.90 
h 33'03 h 35'53 h 29-43 1 34-80 1 31-20 h 39'40 h 32-50 h 32.70 h 29.87 h 32'84 h 29-77 h 30'86 
h 34'96 h 35-23 h 29'37 h 35'03 h 31-57 h 37'53 h 32'67 h 32'77 
h 32.64 h 27-67 h 35'33 

33.19 35-11 28'85 34'67 31.88 38.59 32.69 33'37 29'12 32-61 30.55 30.88' 

h 17'47 h 21'23 h 18 97 h 21.80 h 2 2  87 1 23.14 h 26-33 1 26'47 h 29.36 h 27.96 h 28.70 h23.23 
h 16-23 h 19'13 h20.47 h 2 1  24 h 24.03 r? 23'j7 h 26.33 1 27-70 h 31'37 h27'33 h 29.76 h 23'17 
h 16-44 h 2006 hro.53 h 22.10 h 24'46 h 26.36 h 30.34 

h 19.33 

16-71 19-94 19.99 21.71 23.45 23.72 26.33 26.84 30'36 27-65 39-23 23-20 

M - Mean of Qrou 
to - Relatire 
C - Concluded Angle 

M  1 ~ " ' 5 2  

W =  0 . 7 5  
I _ - 
w - 1 - 3 3  
C = 29'56' 1 2 ~ ~ 5 2  

M =  3!iYS27 

w = I -80  
I - - 
w - 0 ' 5 5  
C =40°  6'35"'27 

M =  32w'63 

w = I -58 
_ I - - o -63  
w 
C = qyO 29' 3aW-64 

M = 24u-09 

w = o -70 
1 - - - I '42 
W 
C = 34' 10' 24u'09 



1%. 
KATTPWAE MERIDIONAL SERIES. ' 

At V (Bela) 
* February ; and t March 1886 ; observed hy Lieutenant D. J. Nasmyth, B.Z., with Troughton and Simme' 

Angle 
between 

II 

111 & I 

Imeroircle reding@ 

t 
I11 & I 

Lesm dmb d i n @  

- 
I & I V  

L-mr wmh@ 

t 
I & Iv 

t .  
I V  & V I  

t 
VI & VII  

18-inch Theodolite No. 2. ' 

Circle readings, telescope being set on I11 

198'32' 13'32' 203'42' 23.42' 213'53' 83' 53' 223'59' N59' 234'9' 64'9' 4 4 4 " M  64'20' 

H n I)  n n N n N n I I H 

h 41-90 h 39-43 h 44-30 1 45-13 h 47'97 h 51- jo  h 47 50 h 48 60 h 38'47 h 47.17 h 41-84 h 41.47 
h 43-07 h 41'47 1 46'37 h 44 63 h 47 34 11 50.37 h 46 97 h 49.40 h 39'84 h 47'40 h 41-23 h 40.70 

1 45 07 45'23 
h 45'36 

42.49 40.45 45-27 45.00 47.66 50.93 47'24 49'00 39.15 47-29 41.53 41.09 

197035' 17" 34' W45' 27045' 217" 56' 370 56' 228'1' 48'1' 238'13' 58'13' 24E023' 68'23' 

h42.90 h 41-77 149'73 h49.97 147  90 148'43 h 46'07 1 50.83 h41.13 h43.27 h42.14 h42.76 
h 41 76 h 42.90 h4g.10 h 48.33 146.20 1 49'50 h 45-44 h 51.36 h 40.67 h 44.07 h 43'07 h 42'53 

h49  10 151'57 
h 50'03 

42-33 42-34 49'31 49.15 47'05 48.96 45-76 50.95 40'90 43'67 42-60 42-65 

225'7' 45' 7' 235' 18' 55' 18' 245' 28' 65" 28' 255' 35' 75' 35' 265' 46' 85" 46' 275' 56' 95' 56' 

hrz.50 h17.57 h 11.03 1 19-34 h 16.73 h 15.43 h 16-23 h1g .w h 13.27 h ~ o - 9 3  h 19.53 h 16.36 
~ I I - 4 0  h16.03 1 11.73 h18.80 ?L 15.90 h14.00 h16.33 h11.84 h13.26 hr1.40 h17-93 h16.16 

h 17-20 

11.95 16.80 11.38 18-45 16'32 14-71 16.28 12-42 13'27 11-16 18-73 16-26 

2290 10' W 10' 239021' 5S021' M032' 69'32' 259°87f 79'37' 269'48' 89'48' 279069' 9g059' 

h15-16 h18.66 h 1 8 ~ 8 0 h 1 4 ~ 1 3 1 1 5 ~ 7 0 1 1 4 ~ 5 4  hz1.37 h 1 0 ~ 1 o h 1 7 ~ 3 7 1 1 2 . 8 0 h 1 6 ~ ~ 6  h17.27 
h14.77 h 1 7 ~ g 7 L 1 6 ~ 5 7 h 1 3 ~ 0 4 1 1 4 ~ 3 0 1 1 3 ~ 3 3  h z o . 4 0 1 ~ 1 2 ~ 4 0 h 1 7 ~ 0 6  h13.03 h16 .57h1810 

h 17-27 h I 1'44 h 13-13 

14-97 18.31 17.55 13'59 15.00 13.93 20.89 11-31 17'21 12'99 16.42 17-68 

1621.03 h17-20 116'63 122.77 1 16.80 1zq.10 11j .40 119.94 118.17 121.60 119.67 123'17 
h 19.54 h18.00 1 16.86 1 21'13 1 17'24 1 24.47 1 14-47 1 19.64 1 17'13 1 21-46 1 18.63 1 22-07 
h 21-23 

20.60 17-60 16.75 21'95 17'02 24.28 14.44 19.79 17.65 21-53 19'15 22.62 

i 11-73 h 10.44 I 15-90 z 6.03 z 9.66 1 4.97 1 12-10 I IO.:O I 13.33 I 11.50 1 12.76 1 10.96 
h1a.90 h 10.93 1 14'67 1 7'27 1 9.93 1 4.83 1 9'70 1 I I ' j 3  F14.50 1 11-37 1 13'36 1 11-80 

1 9 4 7  

12-31 10.68 15.29 6.65 9'79 4-90 10.42 10.82 13'91 11'44 13.06 11'38 

M - Menn of Groap 
w - Relative Weight 
C - Concluded Angle 

M - ~ " ' 7 6  - ,,.g4 

w = I -az 
- = 0 -55 
W 
C = 31'35'45"'14 

af = 45".47 
w - 0.98 

M - 1 4 ~ ~ 8 1  - .b1 

w = 3 ' 2 5  

; - - o -31 
c = 63'51' 15"'32 

M = 1 5 " ' 8 a  
w - I -64 

M = 1yu '45  

W x 1 - 4 4  
I 
- = o - 6 9  
w 
C = 6 6 ° 5 9 ' ~ 9 w ' 4 5  

M = 1o".89 

w = I - 4 2  
I - - - 0 '71  
W 
C = 7 1 ~  40' 10" .8~  

C 





K ATTYWAR MERIDIONAL SERIES. 

- 

At VII (G4ngta)-(Continued). 

Angle 
between 

VI & IX 

Circle readings, telescope being set on V 

0'0' 1W0' 10011' 1900 11' W22' 200022' 80028' 210°28' M39' 2WS' 60'40' 2SOo4Q' 

I1 11 11 I1 I1 I1 I1 11 I1 11 N I1 

h 30'80 h 26.27 1 26'43 h 21.77 1 21-73 1 23.80 1 26-40 1 24 57 1 22.14 h 30.13 hza-60 132.20 
h31-57  h 26'27 1 25'10 h21.43 1 22.90 1 23.44 1 25.30 1 23 66 h 23'27 h 27'97 2 13-94 128.94 

2 23-90 h 22.63 h 29.20 13O.37 

31-19 26.27 25.08 21.60 22.81 23.62 25'85 94-12 22.68 29.10 23.27 30'50 

M -  Yean of Gh.0~ 
w - Relatire Wei& 
C ' Concludedbngle 

M =  25n.51 

w = I -15 
I - = o -87  
W 

C = 3 6 ° 5 1 ' 2 5 W ' ~ l  

At VIII (Pata-i-sll&h) 

*Harch 1854 ; and t Febrzur y 1856 ; observed by Lieutenant D. J. N a m y  th, R.E., with Troughton and Simme' 

M - Mean of Group 
w - Rclative Weight 
C = Concluded Angle 

- 54"'99 
I .oI 

w = 2 -17  
1 - - o -46 

C = 3 4 O  21'53"'85 

i4f - ~1" .85  
u, - . r 6  

5 0 ~ 0 ~ 9  

W = 2 ' 8 2  
1 
- = 0 '35 
W 

C =35013'50w.70 

M =  3'"'30 

w = 1 ' 2 2  
1 - - - o - 8 2  
W 
c = 50027*31u'30 

M =  7"'42 

= 
1 

= '35 
- = 0 ' 7 4  
C , 6 4 ~ 5 0 ~  , . v . ~ ~  

Angle 
beLween 

1) 

X & X I  

Lawrdrderwhp  

t 
X & X I  

t 
XI & IX 

t 
IX & VI 

. t 
Bt IV 

18-inch Theodolite No. 2. 

Circle readings, telescope being set on X 

802" 1' W 1 '  812°11' 1820 11' 88F 23' 142023' 832°!N 16ZoZS' 84F 39' 16F 89' 86F W 1 7 2 ° ~  

II n I tl II I, II ,I H v Y " 
1 52'54 1 49.43 153.66 151'97 h 54-54 1 58.40 160.30 1 59-24 155.57 156.53 150.76 155'04 
1 51-93 1 50'30 1 52-23 1 51-44 155.26 1 59.86 1 58.90 2 59-20 1 56 90 157.80 1 51-80 1 56.57 

h 49-14 

51-24 49-61 52'94 51-71 54'90 59-13 59-60 59'22 56-23 57'17 51-28 55.80 

001' lwl' lCf'12' 190011' W22' 200022' 300%' 210027' 40'88' 220088' 60'49' 290049' 

h 49.76 h 50'03 h50.43 h47.90 1 5 3  oo h49.43 h j5'13 h 54-14 155'57 1 55'00 1 59.06 1 52-30 
h49.60 h 50'07 h 52-07 h 46.43 153.47 h 51.34 h 56'24 1, 53-93 156'60 2 55'47 2 57.27 1 53.27 

h 5 1 - 1 3  h 54 47 

49.68 50'05 51'25 47-17 53-23 50.62 55.69 54'18 56.08 55.24 58.16 52-79 

h 51-10 h 51.63 h 54'83 h 50.70 150.80 h 48 70 h 50.50 h 49.20 150.33 1 47.23 1 50.67 1 54-67 
h 52'94 1 53'36 h 53'43 h 49 47 1 5 1-03 h 46'90 h 49'63 h 5 1 40 1 48'33 1 48.43 1 50.13 1 52-13 

h 5 1'06 h 49'67 54.m 

52'02 52'02 j4.13 50.09 50'91 47.80 50'07 50'09 49'33 47.83 50'40 53.60 

h 33.47 h 34.40 h26.04 h 34.64 130  60 h 36 53 h 26.83 h 31.93 131.53 1 33.47 1 28-57 1 27-47 
h31.96 1 3 3  24 A26-77 h 3 5  37 131.73 h36-16 h27.03 h29.90 131.44 132'14 128.30 130'46 

h 3' 93 1 29.93 

32.72 33'82 26.40 35.01 31'16 36.35 26.93 31.25 31.47 32'80 18-39 29.29 

h 7'47 h 4-14 h 10.80 h 8'70 h 11.40 h 0'90 h 10.34 h 6.53 1 ' 6.07 h 5.64 1 9-73 1 5-60 
h 8-20 h 2'83 h I 1-06 h 7-04 h 10'67 h 2'80 h 11-44 A 7.56 1 7.00 1 6'90 1 9.93 1 5-40 

7-84 3'48 10.93 7-81 11-04 1-85 1 o 8 g  7-04 6-54 6.27 9-83 5.50 



PRINCIPAL TRIANQULATION. OBSERVED ANGLES. 
. 17-.t 

At I X  (Kanduka) 

2 a r c k  1866 ; obseroed by L i e u t e m t  D. J. ~ a m n i t h ,  R.E., with Trwghtom and S h '  1 8 - k h  
Theodolite No. 2. 

Angle 
between 

VII 8t VI 

VI & VIII 

vlll' 

X & XI 

I 

Circle readings, telescope being aet on VII 
1!# 91'12' %lo 24' 101" 24' 291°35' 111°86' 801" 41' 121°41' 311" 52' 18l062' 8280 8' I@ 8' 

w n n n n n n n n n u u 

Z ~ o - z o  Z 14'23 1 11.16 h 10'50 1 9'44 1 12'60 h 3'47 1 5'73 h 4'87 1 6-00 1 4.03 1 11-47 
1x1'50 116.27 h r 1.23 h 9.84 1 9.87 112.50 h 2.37 1 5'06 h 4-56 1 5-80 1 2-83 1 11-10 

h 12-53 
1 12-07 . 

10.85 15.25 11-75 10'17 9.66 12-55 2'92 5.39 4-72 5-90 3-43 11-28 

115'53 1 15'10 1 22.00 h21.93 b 21.76 1 18'40 h28.96 123'87 ha7-37 122.80 122.64 1 18'30 
1 15-40 1 14'53 h 22.97 h 21.60 1 22'80 1 17'50 h 28'90 1 24.80 h 25.74 1 23.36 2 23.30 1 18-27 

1 21.77 

15-47 14.81 22.58 21-77 22'28 17.95 28'93 24'33 26.56 23.08 32-97 18-28 

161.13 W62.67 1 55'37 8 54'04 157'54 153.17 157'00 l$9.20 h55.83 l61.90 159.06 165.06 
1 59-20 162.34 1 56.93 h 53.56 1 56.13 1 54.70 h58.46 159.17 h 55.06 160.00 1 58.74 163.63 

60'17 62'50 ~ ~ ' ~ 5  ~ 3 ' ~ ~  ~ ~ ' ~ 4  13-93 57.73 59.I9 55.44 60.95 ~ ~ ' 9 ~  64'35 

h 67'24 h 65'30 1 63'97 h 68'90 1 63-03 1 67-66 1 59'26 1 62.53 h 68-33 1 64-13 1 67-00 1 64.87 
1 66.64 1 65'70 1 64'80 h 67-87 1 62.87 1 67-93 h 58-00 1 61.63 h 68.24 1 66.34 1 67.03 1 66.03 
1 67-50 1 64.93 164.40 

67-13 65-50 64-57 68.39 62.95 67-79 58-63 62.08 68-29 64.96 67-01 65'45 

M-Meanof &on 
* - hlative wdgE 
0 - Concluded Angle 

M =  8a-66 

W = 0 '74 
1 - - 

w - 1 - 3 5  

C = 88'47' tY.66 

M =  2 1 ~ ~ 5 8  

w = o -66 
I - = I -52  

w 
C =47'  2'2rf'.58 

M = 58"-33 

= .08 
I - = 

W 0 '93 
c = 420 ,gf j8N.3 

M =  6sn. 23 

w = I '42 
I - = o -71 

W 

C = 48' 36' 5"- 23 

At X (~hhnnml;) 

* Harch m d  Apri1'1866 ; t November 1856 ; observed hy Lieutenartt D. J. N a m y t h ,  12. E., with 
Doughton and Simms' 18-inch Theodolite No. 2. 

Angle 
between 

XI11 & XII 

Circle rendinga, telescope being aet on XI11 
1100 8' 290'8' 1200 14' 8000 14' 130025' 810°25' 1400 80' 8200 30' 150°42' 88@'&?' 1600 62' 8400 62' 

n n 0 n n n n n n n n n 

A 7 x 4  h 8-90 h 6.10 h 6-80 h 6.90 1 4.80 1 7'53 Z 2.77 I 5'34 h 6-30 I 9-66 h 9.07 
h 7-43 h 7.70 h 6 37 h 6.10 Z 7-64 1 2'76 1 6-33 2 2.77 h 6.17 h 7'63 h 10.00 h 8.60 

Z 2'63 

1-29 8-30 6-23 6-45 7-17 .3'40 6-93 2-97 5-76 6.96 9'83 8-84 

M - Mean of Orou 
IO E. Relative WeigE 
C - Concluded h g l e  

M =  6".67 

= -8% 
I - = 

W 0 '35 
C = g5Ozrf 6u*67 



At X (KhBnmfr) -( Contitwed). 

M E  ~ e a n  of ~ n m p  
co Belatire Weight 
C - Gnolnded Angle 

M =  46"*83 

to = "93 
1 - - - 0 '52 w 
c =6'O37'46"83 

M =  gW*,5 

= 1 'oq 
I - = 
w 0 '97 

c = 4 4 O  54' 9#'75 

= ~ ~ ' 9 3  

W = 1 -74 
1 - - - o -58 w 
C =68O 4 '2d.92 

Angle 
between 

I) 

XI1 &XI 

t 
XI & IX 

t 
IX & V m  

Circle readings, telescope being set on XI11 

110°8' 2900 3' la00 14' 8 W  14' 130°25' a10025' l U W  8200 SO' 1W42' 880'42' 160062' 840" 52' 

n n n w v v M n n v M v 

h 47-80 h 50.56 h 47.27 h 50.20 h 44-20 1 48'43 1 41.34 147.13 h 43.86 h 48.70 h 45-54 h 47 96 
h 46.87 h 48.94 h 46'70 h 51-46 2 44.16 1 48'60 143.50 1 46'50 h 44'86 h 47-70 k 45-13 h 46-96 

141'77 

47-34 49-75 46.98 50.83 44.18 48-52 42.20 46-81 44.36 48-20 45'34 47.46 

Circle readings, telescope being set on XI 

24701 6702 2670 18' 77" 18' 267" 23' 870%' 277080' 97"W 2870 40' 107040' 297061' 1170 61' 

n a I I n n w v a n u I 

h 5.90 h 8'74 1 12.87 1 6-40 1 11-77 1 10.67 h 15'87 h 8.14 1 9'80 112.83 1 5-90 1 6.90 
h 6.46 1 6.97 l 13-26 I 6-24 h 13-40 1 11.10 h 17.84 h 7-03 1 11'33 2 11.60 1 6.33 1 7-30 

1 7'94 h I 5.83 

6.18 7-88 13.07 6.32 12.58 10.89 16.51 7.58 10.57 12-21 6.12 7-10 

h23.86 hao-06 1 18.50 2 22'73 Z20.76 124.43 h 14-80 119.83 119'90 1 20.37 123'10 Z21:90 
h 22'54 2 22'90 1 20'40 1 22'53 h 21-50 2 23-77 h 14.33 h 20-30 1 18-10 1 21-47 1 23'50 1 21.80 

1 2 0 . 2 0  h 14-10 

23.20 21-05 19'45 22.63 21'13 24.10 14'41 20'07 19-00 20'92 23.30 21-85 

At XI (Chitror) 
4 

$May 1864 ; $March 1856 ; and TNmember 1866 ; obeerved by Lieutenant D. J. N q t h ,  22, 
with 5oughton and Simms' 18-inch 5eodo t i t e  No. 2 .  . 

Angle 
between 

§ 
IX & VLZI 

TI$/& X 

Circle readings, telescope being set on IX 

!&'3030' 98"81' 283O41' 103*41' 293062' 113"62' 803"58' 123°68' 814'9' 184"W 824'20' 14kW 

II w I w n v v N 4 n 

h 70'63 167'77 168'17 2 66-37 h 63'37 h 59'67 2 66'44 2 67.80 1 66.34 1 69-17 h 61-27 h 72'80 
h 70'94 h67.47 166.80 1 66.67 h62.97 h 60.77 1 67.34 1 69-04 1 65-90 1 69'56 h 62-30 h 72.30 

70'79 67.62 67.48 66.52 63.17 60.22 66.89 68.42 66.12 69.37 62.28 72-55 

h 40'30 h42.36 1 38.43 144.40 h 40.33 h 46.66 1 35.70 Z 34.76 1 34-93 1 35-17 h38.43 h 35'33 
h 41.10 h (2.73 h 3 ~ 0 0  142.30 h 41.60 i u . 8 3  I 34-96 1 33.73 1 33.74 1 34-04 h 37.27 h35.04 

2 42.63 

40.70 42'55 3 7 7  43.11 40.97 45'74 35'33 34-25 34'33 34-61 31-85 35-18 

M - Mean of Qronp 
to = Relative Weight 
C - Oonoluded Angle 

M = 6 6 H - 7 9  

= o -96 
I - - - I -04 
W 
c =53~50t 6 ~ . , ~  

M - 38'"53 , - - 



PRINCIPAL TI1IANGULBTION. OBSERVED ANGLE& 
lg-J. 

L 

At X I  (Chitror)-(Oorrthd). 

df - Mean of Qron 
to - ~ t i v e  
C-Conaladedhgle 

w = I -85 

u, = 0 '54 
C = 32°39'39''17 

f 1 3::: 

M = 2 ~ ~ ' 5 4  

w = I '18 
I - = o '84 
w 
C = 4 6 O  7'27"*54 

M = 34"'23 

w =  I'W 
I - =  1 - 0 0  
w 
C =69O37'34"-23 

angle 
botwesn 

t 
VLZI & X 

L m w e w  

l J  
X & XU 

7T 
XI1 & XIV 

Circle readinge, telescope being set on VIII 

87"lV 217"W W8(Y 421081' 67'42' W W  77061 1II7068' 8809' W V  

n n N N n n n N n N n n 

1 38.90 1 38.74 1 43-87 1 39-93 h 35-80 1 37-90 h 36-20 h 34-93 1 36.33 1 41-74 1 43-14 143.76 
1 38'37 139'57 1 46.33 1 41'00 h36.87 1 38-90 h 36-17 h35.83 1 37'97 1 40.80 Z 42'64 2 45-13 

1 46.07 143'17 

38-61 38.90 45-12 40.47 36.33 38-40 36.19 35.38 37-15 41-27 4 9 4  44-05 

001' lEW'1' 10~11' 190'11' W W  m22' 80028' 210028' 40'89' 220°89' W48' 230960' 

h 24.70 h 23.34 h28.33 h 27.24 h 31.30 1 22.87 h 32-90 1 29.80 1 30'10 h 29.56 1 27-97 1 24-77 
h 23.23 h 23-83 hn8-ao h 38-27 h 29-17 1 22-10 h 32-50 h 29.30 1 30.30 1 28-84 1 21-33 1 24-80 

h 30'13 1 28.87 

23.97 23-58 28.27 27'75 30'24 22.48 32'70 19-74 30-20 29-09 17'65 14-79 

h 39'86 h37-50 h 35-50 h 37-33 h 3 3 . w  1 37.10 h28.73 h 35-64 1 27-50 h 34-40 1 32-66 1 35-20 
h 39'34 h 36-80 h 35-17 h 34'57 h 32.97 1 36'40 h 28.56 h 35'47 Z 27.76 1 31.00 1 31.67 2 35.20 

h35-70 34'27 2 34-00 

39'60 37'15 35'34 35-87 33-41 36.75 28.64 35.56 27'63 33'47 32.16 35'20 

At XI1 (Montiba) 

millarch; aad IINmember 1866 ; ob8erved by Lieutenmt D. J.  Naenzyth, R.E., wa'bh 50ocgAton afld Simm' 
18-kwh Fheodotite No. 2. 

Angle 
between 

111) 

X & XI11 

&ILIIII 

Circle readinga, telescope being eet on X 

0'1' lW 1' 100 11' 19V11' W22' a00.22' 800 28' 2100 28' 40'89' 2 W W  SOO MY 230°5W 

n n n n R n n n N n R n 

h27'10 1 17-47 130.20 125'73 2 30-60 h23-17  1 28. 6 131 '37  131'34 129'00 133'10 128'17 
h 27'76 1 28.26 1 30.50 1 27'74 Z 31-37 h 22.43 1 29- 8 3 1 17.70 1 29-70 1 28-04 1 32.46 h 28'70 

127.70 1 28.03 

17-43 27.87 30.35 26-73 30.99 22.80 28.83 29-03 30.52 28.52 32.78 28.43 

226.73 t 26.90 h28.36 hag-06 232.17 126.66 h 28-64 125'46 129.37 h25.87 130'66 h26.34 
1 26.47 1 26.57 h 27-80 h 25.54 1 32-17 1 2 1 . p  1 27-10 h 27-13 h 29.20 h26.33 1 29.73 h 26.83 

h 27'13 
h 26.63 

16-60 26.74 28-08 25.30 32.17 21-28 17'87 26.69 29.28 26-10 30.20 16-58 

di - Mean of h u  
a - hlative Wei$ 
C - Conoludeddngle 

M - a8"-69 
, I .82 

= I 3 '44 
- =  0 ' 3 9  
w 
C = 62'46' 28*.01 

M - 27".a4 , , , .6a 



KATTYWAR MEBIDIONAL SERIES, 

Angle 
between 

I)+ 

XI11 & XV 

II 
XI11 & XV 

I)+ 

XV Bi XVI 

II 
XV & XVI 

+I 

XV1 

II 
XVI & XIV 

+I) 

XIV & XI 

At XI1 (Mon&ba)-( Continued). 

Circle readinge, telescope being set on X 

0'1' 1800 1' lCf'llf 19O011' 200 22' 200022' 80'28' ' 210'28' 40'39' 420039' MP W 4W6W 

m . I I I * 4 I n 4 I 4 

h46.30 1 50.70 247.90 150'77 144.17 848.80 147'20 149.10 2 47-90 1 53-30 h 45-07 h 53-43 
h 49'47 1 49.60 1 4 5.90 1 49.76 1 44.60 h 51-00 2 44.60 b 48.40 1 48'96 1 52.30 h 46'47 h 53'30 
1 50'10 1 45'07 h 51'16 146.00 

48.62 50.15 46-29 50.27 44'38 50'32 45'93 48'75 48'43 52'80 45'57 53'37 

1 48.17 1 52-20 h 47'74 h 51-27 1 42-13 1 49.17 h 45.96 1 46.70 1 47-30 h 50.33. I? 47-04 h 50'13 
1 49'43 1 5 1.86 h 47'17 h 53.06 1 42-40 1 49.00 1 45'80 h 49.07 h 46.70 h 50'37 147'90 h 52.74 

1 4 1.90 h46.14 
. 

48'80 52.03 47.46 52-16 42.14 49-09 45'88 47.30 47-00 50.35 47'47 51'43 

A 53'30 1 51-73 1 56.23 2 54'43 1 59'80 h 58-70 1 62.44 150'20 1 54'80 1 57.20 h 50'86 h 48'17 
h 52.04 1 53.10 1 58'77 154'64 160.63 h56.74 163-74 1 53.40 1 53-80 1 55'93 h 52-27 h49.40 
1 53'10 1 58.60 1 65.04 1 54.20 

156.03 

52'81 52-42 57'87 54'53 60.22 57'72 63'74 53'46 54'30 56-56 51-57 48'78 

h 52.93 h 51.17 h 57'00 1 52.27 160'24 1 58'77 h 63-57 h 53'80 1 57.30 h 53'60 1 53.20 h 53'70 
h 50'50 h 52'96 h 5 5.67 1 54.73 1 56.70 1 59'23 1 62.10 1 54.40 h 56'50 Ir 53'63 1 53.83 h 51 80 

154.27 1 59'56 163'43 

51-72 52.06 56'34 53-76 58-83 59.00 63-03 54.10 56.90 53.61 53'52 52'75 

h60.80 1 54-50 1 49-17 154.57 148.80 h 54.20 145.23 162.27 1 52.73 153'14 h 55.'64 h 52-60 
h60.73 1 52.04 148.06 155'26 h 47.87 h 54.96 1 47'76 158.60 1 51.93 152'87 h54.20 h 53-87 
1 58.77 2 5 1'77 h 48'53 147'26 1 55'94 

1 57'47 

60.10 52.77 48.62 54.91 48.40 54-58 46.75 58.57 52.33 53.01 54.92 53-23 

h 59'00 h 53'13 h 50'66 1 55.07 1 52-30 1 49.86 1 47-60 h 59'10 1 50.26 h 54'93 2 54'43 155'13 
h 59.24 h 53'36 h 49-13 1 54.90 1 56-67 I 50383 1 47'43 h 59'86 h 49'96 h 54.27 2 52.76 2 54-50 

h 5 4'00 1 51-97 1 57-70 

59.12 53'50 49'90 54.98 53.65 50.35 47.51 58'89 50'11 54'60 53.60 54-81 

h 3.23 1 4'30 110.90 2 6-20 1 h 7 '13 1 14-07 1 2-60 1 14-44 1 7.46 1 13.06 1 8.74 
h 2'80 1 6-80 2 10.90 1 5-87 h 11'33 h 8.80 1 12.14 1 5. 7 1 13'33 1 7'33 1 11.86 h 7.03 
Z 3-40 1 8-33 h 9'80 1 I 1-84 1 5-86 

I 6.48 10.90 6-04 10~02 7.96 12-68 q 8 1  13.89 7-39 12-46 7.89 

M - M a n  of Gron 
u, - Itelatire ~ e i g g t  
' COncludedBngle 

M - 4v-74 
, I .& 

w =  2 . 8 5  
I - - 
w - 0 ' 3 5  
C = 63O 43' 48"-58 

M - 4V.43 
, , .4, 

M - ~~"'33 
ID _ 0 . 6 9  

w =  I -69 

- = 
w 0 ' 5 9  
C = 45' 26' 55"'42 

M - 55'"47 - 
, I .- 

M - 53".18 
w 0 '75 

w = I - 6 9  , 
- = 0 -59 
w 
C = 61'54' 53"'31 

v 0 531"41 o '94 

M - 8"-64 _ I.ol 





. ,  

22-J. 
HaTTYWAI1 MERIDIONAL SERIES. 

At XIV (Whdia) 

*Illarch; and +November 1856; observed by Lieuteaant D. J. Nasmyth, R.E., with Troughton md Sincms' 
18-inch I'heoclolite No. 2 .  

Angle 
botween 

XI 8i XI1 

t 
XI&XII 

XI1 & XVI 

Circle readings, telescope being set on XI 

00 1' 180" 1' 10'11' 190" 11' 200 22' 2000 22' 300 28' 510028' 40' 39' 2200 39' 60050' 230" SO' 

n 11 II n n n I/ I! n N II II 

1 8-53 l14.03 112.80 l10'23 115.57 1 8-43 119.67 1 1 j m j 4  115.74 113.03 l12 '13  1x2'34 
1 8.77 1 10.80 1 15.67 1 9.96 1 16.03 1 8.30 120.54 1 15.87 1 14.86 1 12-80 1 13-30 Z 11-33 

2 13'30 1 15.26 

8.65 12-71 14-58 10.10 15.80 8.36 20'11 15.70 15.30 12.92 12-71 ' 1 1 . 8 ~  

1 13-40 1 17-70 h 14'70 1 I3'3@ h17.80 1 10.93 1 16.67 1 14.00 1 I 5-46 h 1z.50 1 16.40 h I 1-77 
1 1 ~ ~ ~ ~ 1 1 6 ~ ~ ~ h 1 ~ ~ 6 o h 1 ~ ~ ~ o h 1 ~ ~ ~ l 1 1 ~ ~ o Z 1 ~ ~ ~ o l 1 ~ ~ 1 ~ l 1 ~ ~ ~ o h 1 ~ ~ 1 ~ 1 1 6 ~ 8 ~ h 1 2 ~ ~ ~  

h 13-23 

13-87 16.97 15-15 14'00 17.63 11.17 17-03 14-59 14-00 12.83 16.62 12'07 

Z 25'94 1 21-97 1 21'27 1 23'97 1 18 70 1 26'33 1 16'13 1 17'93 1 21.10 1 22.67 1 23-17 1 22-26 
Z 26.67 124'27 120'23 125'20 1 16.97 125.94 1 14.73 1 17 07 120.90 123'87 1 21.16 l 23*60  

1 23'40 

M = Mean of Qmu 
w = Helstive weigE 
C -- Concluded Angle 

M -. 13"'23 
w - I -05 

w = 
I 

3 - 7 1  

- -  - o -27 
W 

C = 56' 29' 14"'26 

M -- 14".67 
w - 2 - 6 6  

. 

M a  21"-76 
w - I -or 

W =  2 ' 7 2  
I - - 
W 
- 0 '37 

C = 63' 9'2lU'45 

M - a1"-26 
w - I . 7 1  

i 26-31 23-21 20.75 24-58 17-84 26-13 15-43 17.50 2 1 - 0 0  23-27 22-17 22-93 

t 
XI1 & XVI 

1 23-10 1 19-64 h 21-oo 1 19-50 h 16.07 1 23.73 1 18.40 1 19-70 1 18.84 h 26-30 1 23-80 i~ 22-86 
1 ZZ'ZO 1 20.87 ~ Z Z ' I O  h 21'67 h 16-96 1 23-70 1 18.30 1 19.67 1 19.57 h 2 j'40 h 23 13  h 23'10 

h 21.60 

22-65 20'26 21'55 20'92 16.51 ~23.72 18'35 19.68 19.21 25'85 23-46 22.98 

At XV (Kitkraji) 

:April 1854 ; and §November 1856 ; observed by Lieutenant D. J. Nasnzyth, R.E., ecith 5oughton and ~imma'  
18-inch Theodolite No. 2 .  

M - Menn of Group 
w - Relat~ve Weigllt 
C - ~oncludedAngle 

M - 54"'17 
w 0 1 . 0 ~  

Angle Circle readings, telescope being set on XVIII 
between 

W 6 5 '  12T55'  318'5' 13805' 328016' 148"16' 339022' 158'22' 348'33' 168033' 3.58'44' 178'44' 

2 
XVIII & XVII 

* 

II n n II n I II 11 n II u 

h 54'93 1 58.04 156.13 1 58.26 7b 54-87 157'93 152'20 152'93 153.50 150'36 149.50 150'60 
2 54'30 157.96 E 57.37 159'83 h 55.87 158'73 150'93 1 j1.W 154'07 Z50.10 148.80 1 51.34 

2 57.56 h 55.43 
h 56.90 

54-61 58.00 56'99 59'04 55'39 58-33 51.57 51.96 53'79 50.23 49.15 50'97 



PRINCIPAL TBIANGULATION. OBSEBVED ANGLES. 23-3. 

At XV (K&kraji)-(Cmtiltued). 

Angle 
between 

§ 
XV1ll&XV1l 

$ 
XVII & XIX 

§ 
XV1l&XIX 

3 
XIX & XVI 

§ 
XIX & XVI 

9 ' 

I 
XU &XI11 

Circle readings, telescope being set on XVlII 

307055' IW65' 318'5' 138O 6' 328" 16' 14B016' 338'22' 15622 3a0 33' 16s033' 35fjo44 178°4-f 

n n n n n n II tr I n w n 

h 56.40 1 54.54 1 51.30 1 5 8 . 2 3  155 .77  h62 .67  1 5 j ' 1 0  1 5 6 ' 1 3  1 5 5 . 4 7  156.17 h 5 2 . 2 0  h 55.57 
h 5 5 . 9 3  1 j3.50 h 5 2 . 5 0  h 5 7 . 7 3  156 .77  h61 .96  1 5 6 ' 2 0  154 '60  1 5 6 ' 8 3  1 5 5 . 3 0  h 5 2 . 3 0  h 5 5 . 3 7  

- - 

5 6 - 1 7  54-02  51-90 57.98 56.27 62.31 55.65 55-37  56-15  55.73 52.25 55.47 

h 2 0 . 7 7  1 17-63 1 2 2 ' 9 0  1 2 0 ' 2 4  h 25.67 1 21'30 1 28-60 1 2 9 - 2 0  1 2 8 . 1 3  124.97 1 2 8 * 3 0  1 2 2 ' 7 7  
1 22'70 1 18'63 1 20'87 1 2 1 . 5 7  h 2 5 . 1 3  1 2 1 - 9 0  1 2 7 ' 6 3  128 .56  1 2 8 ' 3 7  1 25.74 127.37 123 .63  

t? 16.07 1 21-53  h 24'50 

21-74  17 '44  21-77 20'90 25.10 21.60 28.12 28.88 28.25 25-35 27-84  23.20 

h a w 6 4  1 25'00 1 25.63 h 28.27 1 2 7 - 8 3  h 20'73 1 3 1 ' 3 3  1 28.37 126 .27  1 24-77  h 25'60 h 20-50 
1 21.90 Z 26.93 h 25-10 h 27-90 1 25.96 1 22.60 131 .33  228.60 126 .64  1 24.93 h 26.50 h 21.66 

21.27 25.97 25.36 28.09 26-89  21.67 31 .33  28.48 26.46 24.85 26.05 2 1 - 0 8  

t? 22'00 1 19.97 1 17-67  116.03 h 14.43 h 15.43 1 20.30 1 16.00 1 19.67 121.60 1 17-77  1 2 3 ' 9 0  
l 2 0 ' 9 0  h20.40 1 17-16  115 '46  h 15'50 1.15'07 1 19.27 1 16.90 Z 19-63  1 2 2 ' 8 3  1 I ' 9 7  123.30 

h 20'94 h 14.13 1 14-53  h 1 8 . 8 ~  
h 20.27 

21'45 2 ~ 4 0  17-41 15-75 14.69 15'01 19-78  16-45  19.65 2 2 - 2 2  18-87  23.60 

h 20-63 1 14.76 1 13.80 h 7 - 6 0  1 12 '23  h 10.33 1 I 5.03 1 I 5 '93 1 10.07 1 20.13 h I 5'77 h 17'37 
1 19.43 1 14.50 h 1 3 . 7 6  h 7.93 1 1 2 . 3 7  ,!11'44'1 16.07 114.96 110.57 119 .27  h 15-53  h 1 8 . 5 4  

20'03 14-63  13-78 7 ' 7 7  12 '30  10.88 15.55 15-45 10.32 19.70 15-65 17-95 

h 19-40 h 21-50 1 21.10 1 2 3 . 6 6  1 22.10 h23.37 1 20.00 125.04 1 26.33 l r ~ . r o  h 28.33 h 28.26 
h x y g o  h25.20 h 20 87  h 25.27 1 21-43  h 22.74 1 19.56 126 .74  1 26.20 1 2 5  20 h 2 8 . 7 3  h 26.96 

19-65  24-85  20.99 24.46 21-77 2 0  19'78 25 '89  26-27 2 4 - 7 0  28.53 27.61 

h 6 5 - 2 7  h60 .84  1 67'44 h 6 3 . 6 0  1 63.30 h 62.53 1 58'80 156.33 1 6 0 ' 5 0  258.73 h 57'33 h 60.50 
h64.80 h 6 1 . 2 4  166.76 h 6 2 . 1 7  1 64.64 h 6 2 - 2 0  160.24 155.66 1 58.80 1 5 7 ' 8 3  h 57.57 1160.54 

h 6 1 . 3 4  

65'04 61.14 67-10 62.88 63.97 62.37 59-52 56.09 59.65 58.28 57.45 60.52 

' M - Mean of Group 
cc - Relative Weight 
C - Concluded Angle 

w = 2 '67 

5 = .37 w 
C = 52' 5'551f*16 

M - 5s1"77 
ta - I ~ 6 5  

M - 24"-18 
ur .. o.go 

w =' 2 -13 

5 = .47 w 
C = 46' 44' 25". 02 

M u  15".63 
tQ - I .23 

X - 1 8 ~ ~ ~ 7 7  - 1 '39 

w = 2 - 2 4  
I 

= O '45 
C = 38'48'17"'15 

M a  14"'50 
w - o .85 

= 23X'g6 

1, = 1 '37 
I - - 
w - 0'73 

=60036,z3X.g6 

M = 61"- I 7 

w = I -13 
I __ - - o .89 
W 

C = 52' 11' I"' 17 



K.ATTYW,QR KERIDIONAL SERIES. 

At XVI (M&l;a) 

*April  1854 ; and +November 1856 ; obeerved by Zieutenmt  D. J. N a m y t h ,  B.E., with 50ughton 

M - Mean of Qma 
w - Relative 
C = Concladeddsgle 

M = 42"'30 

w = 
I 

1 '55 
- - - o - 6 4  
W 

C = 5 4 O  5$42"'30 

M = 44"'46 

w = o '8j 
1  _ - - 1 - 1 8  
w 
C = 73°56144"46 

&f 41n'15 " - 
w =  1 . 6 6  

1 = .60 

C = 4 6 ° 3 9 ' 4 ~ Y ' 4 9  

i l f  - 43"'71 
to 0 . 8 4  

M - 51'"31 
w - 2 . 9 0  

w = 4 '07 
I E0 - - o '25 

c = 450;8 '5~Y-16 

M - 47"'19 

dngle 
between 

t 
xv &XII 

t 
XI1 & XV 

XV &XVII 

t 
XV & XVII 

XVII & XIX 

t 
YVII & XIX 

and Simms' 18-inch Theodolite No. 2. 

Circle readings, telescope being set on XIV 
291'8' 61°8' 241°19/ 61°19' 261°29' 71'30' 261'35' 81°35' 271°46' 91'46' 281'57' 101°67' 

n w w n w ~l n m w n w w 

1 39-63 h 40'50 1 38.00 1 43.60 1 43'06 h 39'34 h 46'1 3 h 37.66 h 44.70 h 44'44 h 42-24 1 43.60 
1 39'63 1 41.33 138.84 143'64 142.10 1 42'94 h48.14 h 39'34 h46.47 h 43'57 1 44'24 142'24 

1 4 1 . 1 7  h 46.87 h 42-40 

39-63 40.92 38-42 43-62 42.58 41'15 47-13 38-50 46.0: 43'47 43'24 42.92 

1 47-24 h 50'84 1 46-14 143.40 139.80 h 56.60 h 37.77 h 41-57 h42.03 h 42'20 h'45.50 147.33 
1 47'34 1 47-60 1 45.86 2 43-20 142.go 2 49.70 h 38.46 h40-16 h40.36 h 44.26 1 44.90 147'33 

1 49'73 1 ~ Z ' Z O  h 40'07 h 43-93 

47.29 49-39 46.00 43-30 41.63 50.15 38-12 40.86 40.82 43'46 45.20 47.33 

Z 35-06 136.10 138.23 139.44 143 '20  137.13 146.27 145-36 145.40 144.70 142'80 141.03 
136.60 1 36.60 1 38.76 138.80 141.76 1 35.94 1 46.80 1 45.16 1 46.50 1 43.43 2 41-83 142'20 
1 36-13 1 36'43 ' 
1 37'07 

36-22 36.38 3 8 . 4 ~  39-12 42.48 36.54 46.53 45.26 45.95 44.07 42-31 41'62 

h41.43 h41.20 146'50 142'36 141.90 h38.20 h 50.27 h46.13 h47-27 h45-16  h 4 5 - 1 6  135.80 
h40.77 143.67 146.60 145.70 143'33 1 37.80 1449.64 h44-87 h49.40 h44.24 1 45.03 138 '13  

141 '07  1 44'57 143'20 h47.70 h43.84 1 43-23 138.13 

41.10 41.98 46.55 44-21 42'81 38-00 49'96 45'50 48-12 44'41 44.47 37'35 

h 52'33 149 '63  149'37 148'33 149'77 1 51'67 150'03 1 53'04 149'67 1 53'14 152'97 1 54'97 
h51.77 1 49'97 1 49'94 149.17 1 50'14 1 jo.93 149.13 1 54-84 I jO.90 1 52-93 1 53'94 1 54-60 
1 50.80 
1 50'40 

51-33 49'80 49'65 49'75 49'96 51-30 49-58 53'94 50-28 53'04 53'45 54'79 

h 45-04 h 49'80 1 45-10 145'54 149  87 h 46'76 h 45.36 h 49.67 h 43'60 h 49.60 h 42.50 1 54.04 
h46.23 1 49.23 1 44'00 143'03 149'23 h 46.44 h46.26 h 50'07 h 45.77 h49.96 1 44'70 152.74 

142.83 h 42.76 1 44 87 154'80 
hq4.10 1 45'53 

45.64 49-51 44'55 43-80 49'55 46.60 45-81 49.87 44-06 49-78 44-40 53-86 





At XVII (Rangpur)-( Cmthued). 

M = Mean of Cfmn 
w - nelstire 
C -- Concluded Angle 

M - j iN*oo  , , o . 5 j  

M' 54"'la 
w -- 0 . 7 8  

= I .38 ' r- - 0 '72 
W 

= 67°28'55u'62 

M -- 56"'77 , - o .60  

Y - , ~ ~ " ' 8 1  , 

= 3.85 
I - - - o - 2 6  
w 
C = 670 51'23"'~4 

Y - zj"'52 

.30 
i 

Angle 
between 

5 
XVI & xv 

3 xv & XVIII 

t 
XV & X V I I I  

+ 
X V I I I  & XX 

§ 
X V I I I  & X X  

Brcle readings, telescope being set on X X I I  

U'V 180"l' 100 12' lWl2' 200 22' 200022' 30'28' 2100 28' W38' 220038' 60°50' 230°W 

w w n n I, w u N v n v a 

132.37  1 3 5 . 5 0  1 3 4 . 7 4  h 3 3 . 5 0  142 .33  1 34'30 h 4 5 - 5 0  1 30'73 1 4 3 ' 2 0  1 38'04 140.87 h 3 8 . 2 4  
1 31.33 h 34.26 1 33 '63  1 34'57 1 39 '50  1 32 '43  lli 44.20 1 29'77 1 4 3 ' 8 0  1 3 7 ' 4 7  2 4 1 ' 5 3  h 3 9 ' 1 6  

2 33'03 1 3 3 . 0 3  1 3 8 ' 4 7  

31.85 34.88 33.80 33-70 40.10 33'37 44'85 30'25 43'5: 37'75 4 1 - 2 0  38-70 

1 5 5 ' 6 3  1 5 6 . 1 7  159 .46  1 6 2 . 7 3  1 5 1 - 2 0  1 5 5 ' 0 7  h 50'97 1 57 '17  h46 .93  1 5 2 ' 8 3  1 5 1 ' 0 7  h 5 6 . 2 4  
1 55 '94  1 56.20 1 57'94 1 58 '73  1 53.63 1 55.20 h 50'37 1 60'47 h 47'87 1 54'47 1 49 '17  h 56'30 
1 5 7 ' 5 0  1 59'67 h 57'77 1 5 4 ' 4 7  1 59'37 1 47'24 

56-36 56.19 59'02 59-74  53-10  55.13 50.67 59.00 47'35 53.65 50.12 56'27 

Circle readings, telescope ,being set on XVI 

312013' 132013' 322024' 142024' 332034' 152034' 3U'401 162040' 352051' 172051' 3'2' 18302' 

n n n n II II N n ' N  n a .  n 

h 5 1 . 6 3  h51.40 157 .57  1 50.46 1 5 4 ' 7 0  1 51 .24  1 58.30 1 6 2 . 0 0  h 58.20 h 58.90 h 6 3 . 4 0  1 6 1 . 1 3  
h 52.60 h 51.07 157.20 1 52.77 1 54 '57  1 51.27 1 5 7 ' 3 3  1 6 3 ' 3 7  h 59 07 h 59-70  h 6 1 . 6 3  h 6 z - 5 3  

1 52'36 

52.12 51.23 57'39 51.86 54'63 51.26 57.81 62.69 58.63 59-30  6 2 - 5 2  61.83 

Circle readings, telescope being set on XVII I  

292" 10' 1120 10' 8020 21' 122" 21' 3120 29' 1320 %' a820 38' 1420 38' 3320 47' 1520 47' 342O 59' 1G2" 69' 

n n u n v n v n n a n a 

h 2 4 - 4 3  h 3 0 . 1 0  h 24.40 h 25.80 19.40 1 2 3 . 1 7  1 19.70 b 20.97 b 21-83  ,? 22.27 h 19.60 h22.40 
h 2 5 . 4 4  1 ~ 2 7 . 5 7  124 .73  h 2 3 . 3 7  1 2 1 . 9 6  1 2 3 . 3 3  1 1 9 7 0  1 18.90 1 22.66 1 2 5 . 1 7  h 17.84 h 22-36 

h 27'56 h 2 3 ' j o  1 2 2  53  126 .00  
h 23'17 

24-94  2 8 - 4 1 .  24.56 24'22 21'30 23-25 1 9 ' 7 0  19'94 22 '24  24-15 18-72 22'38 

Circle readings, telescope being set on X X I I  

000' 180"l' lo018  190°12' 20'28 r n 2 2 '  30'28' 210028' 40'38' 220938' 50050' 230°50' 

n n II a n n n . tt I 'I I1 a 

Z 22.90 h 26.54 1 22.24 1 23.64 1 25.90 1 23.10 h 23.33 1 19.30 h 23-90  1 24-50 1 25.30 1 22-80 
1 2 3 . 1 3  h 2 5 . 7 7  1 2 5 ' 3 3  120 .04  126.07 123 .57  h24 .50  1 17.76 h 23.83 123 .46  1 2 6 ' 4 3  121 .76  

1 2 5 ' 2 3  1 20.76 t 17.63 
t 20'96 

23'02 26.1 j 24.27 21-35 ' ~ 5 . ~ ~  23-33  23-92  18-23 23-86 23-98  25-87 22'28 



PRINCIPAL !FRIANGULATION. OBSERVED ANGLES. 

h 

At XVII (Rangpur)-( Continzbed). 

Angle 
between 

• 
XX & XXII 

§ 
XX & X X I I  

-- 

Circle readings, telescope being set on XVIII 

298010' 112°10' 802021' 122°21' 812029' 132°29' 322'38' 14z036 332'47' 152147' 842059' 1 W 6 W  

m II n w n n n .  n n a n n 

h 42-14 h 40.20 h 46'33 h 44-57 1 55-70 1 43-10 1 45.26 1 46.86 146.67 1 44-10 h 49-77 h 40'57 
h 42-46 h 39.1 6 h 45-60 h 45-56 1 50.87 1 43.67 1 43'93 1 44-70 1 47.90 1 42.03 A 50'60 h 43-64 

154'27 1 44'43 h 44.63 h 44-70 

42-30 39.68 45.97 45-06 53-61 43'39 44'54 45'78 47'28 43'59 50'19 42-97 

Circle readings, telescope being set ou XXII 

0'0' 18001' 10012' 190~12' 20'22' 2Oo022' 30028' 210028' 40'38' 220'38' 60060' 230'60' 

a n n w w w n Q 9 w v w 

145.70 A43-36 142.43 144'53 141.30 153'47 h42'17 148.20 h46-36 147'40 147'96 146.63 
1 47.06 h43.77 142'37 144'80 142.20 1 52.56 1 43-33 148'70 h44.37 145'04 146'84 145'07 

1 46.50 h 46-90 1 45'73 

46.38 4-3-57 42-40 44.66 41'75 53'02 42'75 47.80 45-88 46.06 47-40 45-85 

, 

itf - Mean of C+mu 
w - Belatiire ~ e i g &  
C - Concludedhgle 

2f - 45a'36 , , o . g 4  

w = 2 -10 
1 _ - - o * 4 8  w 
c = 63039*45u.52 

- 4sN'63 
w - 1 . 1 6  

At XVIII (Chalarwa) 

IlDecember 1852 ; obsemed by Lieutenant H. Rivers with Troughton and Sincms' 18-inch Theodotite No. 2. 
TFebmary 1854; (a)  Nouember 1856 ; and ( I r )  December 1856 ; obserued by Lieutena~tt D. J. Nasntyth, B.E., 

with Troughton and S i ~ t m '  18-inch l'heodolite No. 2. 

Angle 
between 

II 
XSIBGXX 

11 
XX & XVII 

(6) 
XX & XVII 

> " ,  

Circle readings, telescope being set on XXI  

276'60' 96" 60' 28701' 107O 1' 297910' 117" 10' 307'18' lW 18' 317' 27' 137027' 327"39' 147O39' 

T 4 w n I' n Q n n w n n 

1 68-47 1 64.60 h 62-46 1 65-20 h 58.90 h 66'53 1 59-83 1 58.53 1 59-77 1 63-90 1 62.34 1 65.50 
166.47 163.74 h61.87 164.14 h 58'97 h63.14 163.70 159.07 160.56 166.46 161.10 167.16 
166.84 h 67.24 h 6 z e j 3  162.20 160.16 

h 66.56 

67'26 64.17 62.17 65-78 58.94 64.07 61.91 59-25 60.16 65.18 61.72 66-33 

1 65.43 1 66.20 h 65.50 h63.06 h 66.70 h 59'74 1 68.97 166.70 h 65.87 1 64.77 164.20 1 61-07 
1 61.56 1 66.36 h 64.17 h 65.36 h 68 '87 'h  64.46 1 68-20 1 64'33 h 66-77 1 6 5.00 1 62-13 1 63.23 
164.40 h 64.33 h 63' j6  h 62.47 166.74 

63.80 66.28 64-67 63-99 67-79 62'22 68.58 65-92 66-32 64.89 63-16 62.15 

161.87 165'73 168'37 165'90 h64.60 h j9.77 11.68'83 863.23 h65.07 h63.77 A63.23 h61.80 
161.83 166.20 1 68.87 164.37 h64.97 h61.03 h69.16 h63.33 h64.27 863.80 h6z -87  h61-53  

61.85 65.97 65-62 65.13 64'79 60.40 68'99 63'28 64.67 63-79 63.05 61.66 

df - Mean of Chon 
w - Relatire WeigR 
C ' Concluded Angle 

= 63"'08 

w =  1 - 4 4  

- 1 = o '69 
w . 
C = 83O11' 3".0g 

iU - 64"-98 
' a -5s 

w = 4 -25  

1 - - - 0 - 24  

C = 54'31' 4" *71  

iU = 64"-35 , , 
Z 



2%. KATPYWAR BfERIDIONbL SERIES. 

At XVIII (Cha1arwa)-( Continwed). 

Angle 
between 

l T  
xV1ldtXV 

(4 
XVII & XV 

Circle readinge, telescope being set on XVII 

299" 85' 119" 36' 3090 46' 129" 46' 819' 57' 139" 57' 830" 3' 1600 3' 8400 14' 160° 14' 360° 24' 1700 24' 

n n M M n I I n u M I w 

h 11.47 h 13. jo I? 15.67 h 13.07 1 10.76 1 14.50 1 7'83 I? 8-83 1 8.24 1 8-10 1 8-17 1 4.70 
h 12.90 h 15-71 1 15.83 h 13-31 1 8.96 1 14.73 1 7-13 1 8.63 1 9.67 1 9.80 1 7.64 1 5.39 

12'19 14.62 15.75 13-20 9.86 14.62 7-48 8-73 8-95 8.95 7.91 5.00 

h 13'23 h 12'60 h 12-60 h 14'40 1 9'93 1 15.57 1 13-90 1 11.80 1 10'47 1 15-23 h 12-33 I? 15-47 
h 11'50 h 12.00 h I 1'44 h ~ 5 ' 7 7  1 8.36 1 15.87 1 12-37 1 10.87 1 10.86 1 14-90 h 13-10 1 14.34 

h14.40 

12'37 12'30 12'02 15-08 9-15 15-72 13.13 11-34 10.66 15-07 12.71 14-74 

M - Mean of Gmn 
w - BekLire weigE 
C - Concluded h g l e  

M - 1on.61 
'O3 

w = 3 '94 
- - - 0 '25  

C = 60' 25' I 2". 27 

dl = 1an'.86 - a -91 

At XIX (Pangasia) d 

*Aprit 1854; iNmernber 1856; and $December 1856; observed by Lieutenant I) .  J. Nccemyth, B.E., 
with Troughton and Simm' 18-inch Theodolite No. 2. 

Angle 
between 

# 

XVI &XV 

t 
XVI & xv 

3 
BVI & BV 

Circle readings, telescope being set on XVI 
O" (Y 1800 (Y 100 11' 1900 11' 200 22' 2000 22' 800 28' 210° 28' 400 3 4  2W 39' so0 4 4  230" 49' 

I n n n I M I I n ,I I M 

I? 3-16 I? 4'33 1 8.30 1 9-10 1 8-13 h 7'57 z17.07 h15.60 1 14.20 Z16.03 113.43 I? 12.83 
1 3.50 1 5.36 1 6.86 2 7-80 I? 10.86 h 6.90 1 17-20 1 16.00 1 15.17 1 16.47 1 15'40 1 12.97 

h 10.60 1 I4.74 1 12.43 

3-33 4-85 7-58 8-45 9.86 7'23 17-14 15.45 14.68 16.25 13.75 12-90 

h 8.77 h I 1'16 1 15'17 1 12-30 1 12.97 1 I 1.20 h 18.20 7t 13.87 1 13.63 h 12.46 1 12-84 I? 12-97 
h 9-06 h 11-57 1 13.87 1 10.67 1 13-10 h 10.53 h 17.80 h 16.07 1 13.80 1 13.60 1 I 1.10 1 10.70 

1 11'73 h 20.10 h 14'37 1 11-74 

8.92 11.36 14-52 11.57 13-04 10.86 18.70 14-77 13.72 13-03 11-97 11-80 

h 9.10 h 12-43 h 14'94 1 13-80 I? 10.83 1 7'97 1 23'73 I? 14.00 1 12.87 I? 12.90 1 10'04 1 10.20 
h 7-50 h 11'60 1 14.80 1 12.90 1 12-74 1 8'00 1 20.27 1 14.46 1 13.00 1 11-80 1 10.33 h 10.30 

1 13'66 120-17 h 9.80 

8.30 1t.02 14-87 13'35 12-41 7'98 21-39 14'23 12-94 12-35 10'18 10'10 

M - Mean of Group 
w - Relative Weight 
C - Concluded bgle  

' 0 " ' 9 ~  
w 0 . 5 4  

w = 3 '39 

2 - - o ' 2 9  

C = 49' 3' 12"'47 

f .I 

M - 1 t W . 5 1  

, 0 . 9 4  







PRINCIPAL !l%iANGULATIOR. ' OBSERVED 'ANGLES. 

b 

At XX (Dhngarpur)-( Continued). 

Angle 
between 

5 
xyu &XVIII 

T 
XVII&XVIII 

Circle readings, telescope being set on B. M. 

001' 1800 1' 100 12' 1W 12' W 2 1 '  a00021' 80029' 21002f~' 40038' 220088' 60°60' 250°6(Y 

n w il v u I a u I I n w 

h 30.16 h 40'63 Z 35'63 h 33'87 h 33'34 h 31'33 133.93 1 38-90 h 35'47 h 35'80 71 35'97 A 37-24 
h 29-07 h 39'70 1 37-37 h 31'63 h 33.27 h 33.50 1 32.63 1 37'06 h 36.10 h 36.37 h 36'86 h 36-13 

h 30.87 

29-62 40.16 36-45 32-12 33.31 32.41 33-28 37.98 ,35.79 36.08 36.42 36.68 

h 29.00 h 43 03 h 39-03 h 34'57 138'06 134.24 h 33'73 h 36'07 h 36-40 h 34'57 h 33'33 h 33.06 
h31.30 h41 .53  h40.24 h 34'90 137'86 135'33 h32.23 h37.07 h 36.24 h 33'87 h 34'63 h32.23 
h 30'93 

30.41 42:28 39-64 34'73 37'96 34'79 32.98 36'57 36'3a 34-22 33.98 32'64 

M - Mean of Group 
w - Relative Weight 
C Concluded Angle 

df' 35"'03 
w - I -36 

w =  2 . 4 8  
I - - - o .40 w 
C = 57' 37' 35"- 26 

- 3s1"54 
w - I -12 

At XXI (Shpakra) 

January 1853 ; observed by Lieutenant E. Rivers'with Troughton and S h m '  18-inch Theodolite No. 2. 

Angle 
between 

xmn[ & XX 

XX & XVIII 

Circle readings, telescope being set on XXIII 

001' 1800 1' 100 12' 1900 13' 20020' 200'20' 300 29' 2100 29' # 38' 220938' W60'  m 5 0 '  

n * il n v I I I II n * .  * 
A 13'10 h 9.84 h 17-06 1 10-go 1 19.04 1 16.04 1 21-74 1 I 5'76 h 14.50 h 16-17 h 14'23 A 9-77.  
h 15-13 h 13'70 1 15 83 1 9'80 1 18-23 1 14'54'1 19'73 1 I7'OO h 13'63 h 19.06 h 13'84 h 13.47 

h 13.07 h 16.46 h11.36 

14'12 12 .20  16.44 10'35 18'64 15'29 20.73 16.38 14-07 17'23 14.03 11'53 

h 30.03 h 32-23 h'z7.77 1 32-06 1 32.23 1 29 44 1 24-76 1 37'47 h 33.70 ' h  36.50 h 32.97 h 36'30 
130'74 h 27.93 1 26.97 1 37 43 1 34.54 1 29.63 1 27.03 1 35.57 h 34'53 h 35.24 h 33.33 h 36-70 

h 29.93 1 32'17 h 36'30 

30'39 30'03 27'37 33-89 33-38 29'54 25-89 36'52 34-12 36-01 33-15 36-50 

df - Mean of Grou 
w - BBlaLive ~ e i g g  
C - Concluded Angle 

M = I j'"08 

w = I . 26 
I - - 
W - 0 . 7 9  
C = 51~3%~.15"-07 

M = 3%". 23 

w = o .91 
I - = I ' 1 0  
W 

C =42°5,+'3z"-23 

At XXII (Virpur) 
* January 1853 ; observed by Lieutenant E. Rivers ~oith Troughton and Simms' 18-inch Theodolite ,Vo. 2. 
t April 1654; and $ December 1856 ; obsemed by Liezcte~zat~t D. J.  Nasmyth, R.E., zoith I'roughton and 

Sim~n8' 18-inch Theodolite No. 2. 

Angle 
betrwn 

t 
XIX & XVII 

Circle readings, telescope being set on XIX 

312'43' 13F43' 322'64' 142064' 333'4' 153'4' w10' 163'10' 353'21' 173'21' 3'31' 183'31' 

w u w I w u il I 0 n I il 

539.90 h 41-66 1 38.53 2 43.14 h45-47 1 45.67 1 38-34 1 39-30 Z 35'20 2 37'40 1 33-94 h 33'03 
h42-40 h42.70 1 41.46 1 43'13 h46-44  1 46 07 1 37.70 2 39'46 1 35'76 1 35 2 0  h31.56 h 3 1 - 1 7  
h 41'44 L39.67 142'13 h 46.83 1 35.47 h 32'80 h 31.90 

41-25 42-18 39'89 42.80 45'96 46.19 38.02 39.38 35.48 36.02 32.77 32.03 

df - Mean of ~ r o u p  
w - Relative Weight 
C -- Concluded Angle 

M - 39.-33 - 0 ' 5 5  



At XXII (Virpur)-( Coutinwd). 

Angle 
between 

2 
XIX & XVII 

$ 
X m I  & XX 

~-ci~erea. i ingr 

XV'I' xx 

XX & XXIV 

t 
XX & XXIV 

Circle rendings, telescope being lret on XIX 

26600' 8600' 276'10' 96' 10' 286" 21' 106" 21' 2960 27' 1160 27' 806"%3' 120088' 316'49' 186'48' 

II II I I  !I N N 11 rr  II II II II 

h 42-23 h 36-73 h 43-80 h 36.00 1 42-23 1 36-17 h 37-80 h 36-07 h 41-97 h 38-46 137'43 144.40 
640.80 h 36'90 h 42'23 h 36'17 h 40.20 1 j6.90 h 38'94 h 35.90 1 41.10 h38-90 138'34 141.07 

h 40'07 *Ia87 

41-52 36.81 43.02 36.08 40.83 36-54 38.37 35'98 41-54 38'68 37'88 42-45 

h 14.20 h 16.23 1 10'43 1 17'90 1 14.87 1 23.23 h 14.23 h 17-23 h 10.36 h 16.37 115.67 112'73 
h 14-33 h 17-30 1 9'44 1 18'33 h 16.80 1 22.86 h 12-93 h 16-07 1 13'40 h 13-24 t? 13-93 1 1  1-54 

h16-30 l z 4 . 2 0  1 10.46 h 13-60 

14-27 16-76 9.94 18.11 15-99 23.43 13.58 16.65 11.41 14.40 14.80 .12.14 

813'18' 138'18' 323'29' 1 4 3 O 2 9 '  333'37' 163'37' 348°46' 168046' 85a0651 173'55' 4'7' 1EWY 

h 13-50 h 20.00 h 13.76 h I 5-90 lr 16.10 h 17'13 1 10.63 1 8-77 1 8-87 1 11-54 1 6-04 1 11-33 
h 12.63 h 18-34 h 12.50 h 16-40 h 15-80 h 16-90 1 12.24 1 9 7 7  1 I 1-53 1 13.37 1 7.57 1 9-93 

13-07 19-17 13'13 16.15 15'95 17.01 11-44 9-27 10.20 12.45 6.81 10.63 

h 44-70 h 35'87 h 45'27 h 41.80 h 37-70 h 39'90 1 39-90 1 45.83 1 43.40 1 44'40 1 45.60 1 47'84 
h 4 5.04 h 37-83 h 46'17 h 41-10 h 38.57 h 40 33 2 39-03 1 44'53 1 41.43 1 43'73 1 47-50 1 48'27 

h 38.87 • 

44-87 37-52 45'72 41-45 38-14 40.11 39'47 45'18 42-41 44'07 46-55 48-05 

Circle readings, telescope being set on XIX 

26600' 8600' 276'10' 9&'10' 286021' 106021' 296027' 116027' 806038' 126'88' 316'49' 136'48' 

I I I I I 4 If 4 4 ,I I I 

h 41'80 h 41'50 1 48.50 1 38'53 1 42-27 1 36-43 h 43-43 h 42-07 h 41-04 h 41.03 1 40.96 139'77 
h43.30 h 40.30 1 49.36 1 39-57 h 41'60 1 34.84 h 43.40 h 40.86 1 43.90 h 42.10 1 39.97 142-63 

l34.57 142'27 141'33 

42'55 40'90 48.93 39'05 41'94 35'28 43-41 41-47 42-40 41-56 40'47 41'23 

ilf - Xean of &on 
w - m i r e  WE$ 
C -- Concluded Angle 

w = 2 -27 
I - 0 '4 ; - 
c = 47' 17'!39'*19 

Y - 39"' 14 - I ,,, 

f-1 'z:;: 
W = I '86 
I - - - 0 ' 5 4  

C = ~ 6 ' 4 3 ' 1 4 ~ ' ~  

M - 1zN.g4 
co - - 9 2  

M - 4zN*80 
a, - .98 

w =  2 . 1 8  
I - = o -46 

W 

= 7 0 ~ 3 7 t  4,m.14 

Af - 41"-60 
w - ~ . z o  

At XXIII (Chatrikhers) 

January 1853 ; observed by Lieutenant H. Rioere with I'rougl~ton and Simm' 18-inch Theodolite XI. 2. 

Angle 
beLween 

XXV&XXVI 

Circle readings, telescope being set on XXV 

221'65' 41' 66' 2890 6' 63" 6# 242" 14' ti20 14' 25Z0 23' 7e0 23' 2620 32' 82032' 2720 44' 9P44' 

n N N N I 4 4 4 H 4 I " 
h16.53 h18.34 h r o  87 h17.40 112.63 114.50 Z 14-24 l 1 9 ~ 0 0  723.83 112.10 h21-27 h21.83 
h 17'80 h 16 04 h I 1.43 h 16-67 1 14.23 1 12  30 1 14'76 1 17.34 120 10 1 12.77 h 21-13 h 21.44 

1 19'40 

17-17 17-19 11.15 17-03 13-43 13-40 14.50 18-17 21.11 12-44 21 '20  21.63 

M Mesn of Cfr'JuP8 
co - &lativo Weight 
C - conoluded &lo 

M = 1 6 ~ ~ 5 4  

w = 0 '90  
I - = 1 ' 1 1  
w 
C = 43' 7 ' ~ ~ " g  



PRlNCIPAL TI1IANQULATION. OBSERTED ANGLES. 3 3 4  

h60.07 h66.64 h70.06 h65.53 Z58-13 Z 71-07 Z 59-10 Z 62'54 161.67 163.97 h64.16 h61.66 
XXIV &XX h59.23 h64-76 168.67 h67.10 1 57'86 170'13 160.57 161'50 165.10 163 '13  162.10 h64.80 

d 56.64 1 6 1-90 h61.94 

Angle 
between 

M - Mean of &on 
co - h l s t i v e  WeigE 
C = Concluded Angle 

Circle readings, telescope being set on XXV 

221°55' 41°55' 28206' 5206' 242'14' 620 14' 252'23' 72023' 26F 32' 82'32' 272°44' 92'44' 

At XXIV ( W h k h e r )  

*Janzla y 1853 ; observed by Lieutenant H. Rivers ~ ~ 4 t h  5oughton and Simms' 18-inch meodolite No. 2. 
*December 1856; obsemed by Zkzctenant D. J .  N m y t h ,  R.E., with 2'1.oughton and Simm' 18-inch 

I1heodoZite No. 2 .  

Angle 
between 

Circle readings, telescope being set on XXII 

30YW 1!@'49' 818'0' 138.0' 328' 9' 188' Y 338' 17' 168'17' 348' 26' 168O26' 358" 38' 178'98' 

M - Mean of Groups 
w - Xekrtive Weight 
C - Concluded Angle 



34-J. 
RlLTTPWAR MERIDIONAL SERIES. 

At XXIV (Wtink&er)-( Continued). 

n n n N n N n n w n n n 

• h 51.56 h 52'04 h 51'70 2 47'20 1 53'04 1 52.67 1 53-46 1 52.50 h 54-33 h 50-16 A 50'70 h 47'93 
XX & XXIII h 50.76 h 50.43 h51.23 1 51.46 155.47 1 52-53 1 j5.23 155.16 h 55.16 h51.03 h49.30 h 49-30 

h 53'34 1 50.96 153.70 152'10 h 55'10 

- -  - - 

Angle 
between 

II = Mean of h a  
ur - Relative wei$ 
C - Concluded Angle 

. . Circle readings, telescope being set on XXII 

8 W W  12748' 81800' 13800' 328'9' 111809' 838017' 158*17' 348926' 168026' 358'38' 178088' 

+ h 57'73 h 57.20 h 54'57 161 '90  163'60 153.30 1 58.70 155'67 h63.80 h 57'57 h60.04 h 57-03 
XXV & XXVI h 57.83 h 59-03 h 55.83 162.74 1 65'47 1 54'90 1 58-96 1 55'34 h63.73 h 58-04 h60.06 h 58-73 

h 61.30 

57'78 58-12 55.20 62.32 64-53 54.10 58-83 55.21 63-76 57-81 60'47 57-88 

At XXV (Tarkia) 

January 1853 ; observed by Lieutenant H. Rivers with Troughton and Simms' 18-inch Theodolite Xo. 2. 

I Angle ( Circle readings, telescope being set on XXVII 
between Oql' 180'2' 10°13' 190'12' 20°20' e00020' 30029' 210°W 40'38' 220038' 60050' 230°50' 

N - Mean of Q m a ~  
WJ - Relatire Weight 
C -- ConcluddLlngle I 



PRINCIPAE TBIANGULATION. OBSERVEB ANGLES. 35-r- 

At XXVI (Ka,k&na) 

January 1853 ; observed by Lieutenmt H. Rivers with Troughton and Simtw' 1Sinch Theodolite No. 2.  

dngle 
between 

XXIV & 
XXTII 

Circle readings, telescope being aet on XXIV Af - Mean of GItou 
VJ - &latile Wei$ 

0'1' lW'1' 100 13' 190°13' 20020' 200°!20' 30'29' 2100w 400 89' 220°3Y SOO W 280050. C - ConcludedAngle 

13XV & 
XXVII 

XXVII & 
XXVIII 

At XXVII (Maidhar) 

I January arcd February 1853 ; observed by Lieutenafit E. Rivers with Trwghton and Simms' 1Sincit 
Theodolite No, 2 .  

Angle Circle readings, telescope being set on XXIX I M - Mean of Omu 
to - Ilektire Wei$ ( 1 19619. 16%' W 3 Y  2 e d l '  216 47' 8646' 226  N1 C 5 5 '  4 SY4' UT 16' 67'16' 0 - Concluded *ngle 

XXIX & 
XXVIII 



36-J. 
KATPYWAR MERIDIOXAL SERIES. 

, 

At XXVII (Maidhar)-( Cmtilzzced). 

Bf - Mean of @.mupa 
w = Relative Weight 
C " Concluded dngle 

M = 36#.17 

= I .48 
1 - - - o -68 
w 
C = 54' 35' 36'.17 

M = 57"'25 

w =  1 - 6 5  
I - = o -61  
w 
C = 5 1 °  4'57'-25 

Angle 
between 

XXmII & 
XXvl 

XXVI $ 
XXV 

Circle readings, telescope being set on XXIX 

196028' 16028' 206" 39' 260 38' 216047' 360 46' 226' 65' 860 65' 23704' 5704' 247'16' BP 16' 

u .  n n 4 w ,I n n w v 4 u 

h 36-33 h 33'33 1 39'96 h 31.57 1 36'47 1 34.07 1 36.70 1 36.70 1 37-57 1 34.63 h 42.33 h 36.70 
h 32'83 h32  97 1 3y.80 1 31.26 1 38.54 1 34'87 1 35'27 1 34-40 1 37'40 1 35'43 h 41.07 h 37'03 

. h 35.80 

34'99 33'15 39'88 31.42 37'50 34'47 35'99 35'55 37'48 35'03 41.70 36'87 

h 59.70 h 58.97 h 55.33 h 55.40 Z 60.70 1 60.37 1 56.87 1 57.94 Z 55.33 1 58.87 h 53.53 h 54.30 
h61.60 h 58.67 h 52.73 h 56.37 1 61.33 1 61~00  1 57.40 1 56.87 1 5 5'54 1 57'74 h 54'10 h 52.90 
h 60.10 1 55'27 

60.47 58.82 54-44 55.89 61.01 60.69 57.13 57-41 55'43 58-31 53'81 5360 

At XXVIII (Rhhyhar) 

*January 1853 ; observed by Zieutenant H. Rivers with I'roughton and Simrns' 18-inch Theodolite No. 2. 
+April 1863; obsemed by Lieutenant B. J .  Nasrnyth, B.E., with Troughton and Simms' 18-inch 

Angle 
between 

# 

gXVI & 
XXVII 

t 
XXVII & 
XXIX 

t 
XXIX 
XXX 

I'heodolite No. 2 .  

Circle readings, telescope being set on XXVI 

0" 2' 180" 2' 100 12' 1900 13' 20'20' 200021' 30029' 210'30' @38' 220'38' 50°60' 2300 60' 

4 n n 4 n n v I 4 II 4 n 

h 41.23 h 41-00 h 42'06 h 41'93 1 48.17 1 39'97 1 45-90 1 41'90 1 42.70 1 40'10 1 40.83 1 38'37 
h42.24 h42.00 1 42.43 h 41.90 145.87 140'17 144.20 140'46 142'30 14r.10 138'36 1 39'73 

1 41'04 

41'74 41-50 42.24 41.92 47.02 40'07 45.05 41-18 42-50 40.60 40.08 39-05 

h 45-30 h42.84 h46.20 h 47.34 1 42.10 1'48.20 1 46'34 1 49.60 1 45.80 1 49.90 1 49.53 t 46.73 
h 44.60 h 41.70 1 47.50 h 47'46 1 42.67 1 48.76 1 47.00 1 51.64 1 45-60 1 48.27 1 49.07 1 47-90 

6 

44'95 42'27 46'85 47.40 42'39 48.48 46.67 50.62 45.70 49'08 49-30 47-32 

Circle readings, teleecope being set on XXIX 

286'22' 106021' 296032' 116032' 306'40' 196040' 816049' 136049' 826068' 146068' 337010' 167°10' 

I 4 4 n w n v 4 4 n 4 v 

h 16.30 h 16.30 h I 1-47 h 8.86 h 12.97 1 17.00 1 9.14 1 10.50 1 10.27 1 12.40 1 11.13 1 13-84 
h 13.53 h 16'14 6 12'10 L 10.67 1 12'27 116.60 1 8'43 1 10.70 1 9.16 113-90 1 9'5.4 114'47 
h 15'37 

15-07 16-22 11.79 9'76 12-62 16-80 8.79 10.60 9-71 13'15 10.34 14-15 

M - ~ e a n  of (imu 
m - Relative WeigE 
0 ' Collcluded h g l e  

M = 41U-91 

w = 2 '34 
I - - 

w - 0 '43 
C = 56O53'41"'91 

M = 46'" 75 

w = I '74 
I - - 
W 
- 0 '57 

c =500 1'46".15 

M =.12"'42 

= I -61  
I - =  0 . 6 2  
W 
C = 73'40' 12"'42 



I 

At XXVEII ' (Bh4yhar) -(Con tinued). 

Angle 
between 

f 
XXX & 
XXXI 

Circle readings, telescope being set on XXIX M - Mean of Qmu 

286022' 106021' 296'32' 116032' 306*40' 126'40' 316049' 136"49' 326'58' 146068' 3370 10' 157°10' 

n n n n w $1 n n n 4 4 4 

h40.60 h41.14 h 46-00 h46.24 147.60 139'94 1 51.16 152.24 148.43 149.26 149.40 147'53 
h42-33 h40.20 h45-80 h 47.86 146.87 139.30 152'00 1 51.93 147.94 149.37 149'06 145.70 
841.26 

41-40 40.67 45-90 47.05 47.24 39.62 ' 5 ~ . 5 8  52.08 48.19 49-31 49-23 46.62 

At XXIX (Chima) 

$April 1853 ; observed by Lieutenant 3. J. Nasmyth, R.E., with Troughton and Sitnnrs' l b i n c h  meodolite No. 2. 

M  =' 46n-57 

= 0 '71  
I - - - I -40 
W 

C =44' g46"'57 

Theodolite No. 2. 

M - Mean of Qronpe 
w = Relative Weight 
C - Co~lcludcd Angle 

M = 44"'51 

= I .27 
I - - 

W - 0 ' 7 9  
C = 76°54'44H.51 

M =  15"'21 

W = I '30  
I - - 
w - 0 ' 7 7  
C = ~ ~ ' 4 2 '  1 . 5 ~ ~ 2 ~  

M = 64"'21 

w = 1 '02 
1 - - - 0 '50 
W 

C = ~ 2 ~ 2 7 '  4n.21 

M = 48** 84 

u, = 
I 

1 '99 
- - - 0 . s o  
w 
C = 72' 4'48n. 84 

A 

$Februay 1853 ; observed by Ziezdenant H. Bivers with Troughton and Simm' 18-inch 

Angle Circle readings, telescope being set on XXXV 
between 

283" 7' 103' 6' 293' 18' 113'18' 303'26' 123'26' 313'34' 135035' 323'44' 143'4.3' 833"66' 153'66' 

- 

t 
XXXV & 
XXXIII 

? 
XXXIII& 

xxx 

$ 
XXX & 

XXVIII 

§ 
XXVIII & 

XXVII 

n 4 

ii 45'70 L 49.j7 143'10 1 43-00 1 40'86 1 47.80 h 41.10 1 41-33 h41'20 h 44-13 h 44-63 h 46-74 
147.74 1 50.67 1 43-53 1 45-30 1 42-07 1 49-40 h 42'50 1 41-90 h 39-36 h 44.40 h 45.80 h 46-73 
h 45.87 144.34 

46'44 50.12 43.32 44-21 41-46 48-60 41.80 41.62 40.28 44.31 45-22 46-73 
# 

h 11'50 h 11.80 1 15-63 111.53 1 19-17 1 12.53 h 18.50 1 17-87 h 16.10 h I 5.57 h 14-27 h17.40 
h 1 ~ ~ j 0 l 1 1 ~ 0 6 1 ~ 5 ~ 3 0 1 ~ ~ 3 3 1 I 9 ~ 3 3 1 I 2 ~ 5 0 h 1 9 ~ 6 7 l 2 0 ~ I 3 h 1 7 ~ 1 4 h 1 3 ~ 5 0 h 1 3 ~ 6 0 h 1 6 ~ 8 0  
h 12.40 1 11-23 t! I9.33 

12.13 11-36 15-47 11.43 19.25 12.51 19.09 19.11 16-62 14-53 13-94 17'10 

h 61-07 1 61.97 1 67.84 1 66.77- 1 65-53 1 66-10 h 58.90 1 66.00 h 64.63 h 66.50 h 62-20 h 64.30 
h60.90 h 63.1 7 1 66.94 1 66.04 1 6 5-54 1 6 j.17 h 59.86 1 64'53 h 63'83 h 66-63 h 63-83 h 63'03 

h 62-07 

60.99 62.40 67-39 66.40 65.54 65.63 59.38 65'27 64'23 66.56 63.02 63.66 

Circle readings, telescope being set an XXVIII 

2870 57' 10f0 67' ~ 8 ~ 8 '  118"8' 808" 15' 128" 15' 3190 25' 138O25' 328'34' 148033' 338046' 168046' 

n n n n n w 4 n H w n n 

h53.67 h 52-50 ii 49-33 % 46-20 1 49-67 1 j1.70 147.30 1 46.90 147.67 1 45-90 1 45-93 148.20 
h53.66 h 5 1'40 h 47.06 846.50 1 47'40 1 52.56 1 48.00 1 46-94 146.17 1 47-33 1 48.54 Z 48-63 

h 48'13 

53-67 51.95 48-17 46.35 48-53 52.13 47.65 46.9a 46.92 46-62 48.73 48.42 



3 8 7  KA!ll!YWAR MERIDIONAL SERIES. 

- 

At XXX (Mumaiya) 

April 1853 ; observed by Lieutenant D. J. Namnyth, R.E., with Troughtola and Simrna' 1 8 - h h  

M - Mtwn of Uroop 
w - Relative Weight 
C - Concluded Angle 

M = 40"- 65 

w =  1 - 6 0  
1 - - - o -6% 

w 
C = 60°io'40"'65 

M =  63''-66 

w = 0 ' 9 4  
I - =  1 - 0 6  

w 
C =38'37'  3"'65 

M = 3 f . 6 5  

w =  1 - 8 8  
1 - = 

w 0 ' 5 3  

C = 4 7 ° 5 6 3 5 " ' 6 4  

M = 62"-64 

w = o -58  
I - - 
w - I ' 7 3  

c ~ 7 7 ' 2 5 '  2"65 

M = @".56 . 

w =  1 - 1 9  
I - =  0 . 8 4  

w 
C = 81'59' 48w'56 

M = 4 i n . 9 3  

w = 1 - 7 9  
1 - = o -56  
w 
C=53O52 '4?"93  

Angle 
between 

XXIX 
XXX1ll 

xXX1'l ' 

*~~~~ 

'%",g' 

XXXI 
XXvIII 

Xx&yi' 

t 

Theodolite No. 2. 

Circle readings, telescope being aet on XXIX 

0'1' 38001' 10012' 190'12' 20'21' 200021' 30°3(Y 210°29' M 3 8 '  220'38' 6O06(Y !xF 

N v n n n .  n a N N n a N 

h39.27 540'67 1 39'90 136.60 h44-70 h35-00 h38.00 h42-70 143.47 140.13 141'24 141-34  
1 42-57 1 42.44 h 42.53 1 36.77 h44.50 h 35.73 h38.46 h 42-77 1 42.04 1 42-40 1 42.30 1 41.97 
138.13 142.13 h40.67 

39'99 41.75 41'03 36.69 44.60 35'36 38'23 42-74 41'75. 41.27 41.77 41-65 

158.76 h5g.77 l61.17 167.17 h63.37 h63-57 h68.10 h67-44 165'63 268.94 l 6 1 . 7 0  161.43 
l 6 1 . 8 0  158.50 h 58.20 166.96 h60.66 h 6 j . m  h67.17 h67.40 164.76 168.67 162.03 161.67 
h 59.20 1 58.80 h 58-20 h 62-03 

59.92 59'oa 59-19 67-07 62.02 64-98 67.64 67-42 65-19 68-81 61-86 61-55 

h34-27 h39.80 1 32-80 1 32.04 h 31.06 h33.27 h 34-80 h 38.66 1 35.90 1 36.06 1 41'36 1 36.50 
h33.43 h 37.30 h 33.90 1 34.87 h 3237  h 34.43 h 36.33 h 37.60 1 35.67 ! 36.83 1 39.23 1 35.86 

d35.13 1 33'47 

33.85 38.55 33'94 33'46 3 1 . 7 ~  33-85 35-56 38.13 35'79 36.44 40.30 36.18 

h68.00 h 60.20 1 72-33 1 66.16 h65.97 h 65-13 h 61.30 h 59'10 1 57.34 1 59.57 1 54-97 1 61'47 
h65.03 162.60 170-40 164.04 h66.20 h65.33 h63.00 h60.33 159.30 159.57 155.17 160.10 
h 65.87 d 73'1 5 

66-30 61-40 71-96 65-10 66.09 6 5 . 2 3 .  62.15 59.71 58.32' 59'57 55'07 60-79 

1 50.04 h 49-96 1 46.67 1 j o 1 3  h 46.03 h 47'43 h 47.97 h 46'50 1 50'36 1 43.87 1 56.77 1 49.00 
1 51.07 1 47'27 i 46'57 149.70 h47.43 h47.64 h45-50 h45.77 149'17 144'20 2 56-50 149.54 
A 49.47 h 58.10 

s o 1 9  48.61 46.62 49.91 46.73 47.54 47-22 46.13 49.77 44.03 56-64 19-27 . 

148.23 h49.87 147'36 146.00 h49.14 h 54.74 h 47.46 h46.30 147'20 h 47.60 142*70 148.86 
1 49-30 h48.24 146.83 1 48.36 148.07 h 53.40 h 46.97 h45.90 1 46.76 148 .  6 1 43.63 149.16 
h 49'53 1 49'57 , 1 45' f 

49'02 49-23 47'10 47.18 48-60 54-07 47-22 46.10 46.98 47.45 43-16 49.01 



r 

At XXXI (Tdkura )  
April 1853 ; observed by Lieutenant D. J. N m y t h ,  R.E. ,  with Troughton and Simm' 18-inch Theodolite No. 2 .  

Angle 
between 

XXVIII & 
XXX 

XXX 
X X m  

Circle rendinga, telescope being set on XXVIII 

8060 11' ' 1260 11' 3160 21' 136021' 326029' 1WW 8860 38' 1660 38' 3460 47' 16G047' 366068' 176068' 

u N I )  e I) 4 v I )  I )  I )  I 

h27.84 hag'oa 129-oo 132.23 130.30 134.13 128.50 127'36 1 28.97 126'74 1 22.60 123.63 
h28.84 h29.67 Z 27.60 1 32-30 1 29'47 1 34.13 1 29'63 1 29.40 1 28 04 1 25-17 1 22.23 1 23 67 . 

28.34 29.34 28.30 32'26 29.89 34-13 29.06 28.38 28.51 25'95 22-42 23.65 

h 58.80 h56-70 1 57.97 155'84 163.97 1 53-63 1 59.56 162.37 163'63 163'76 164.23 Z62.40 
860-90 h58.47 159'34 1 j5 93 1 6 4 6 3  156.40 159'40 161'77 163.00 164.90 h65oo  162.70 

1 53'50 

59-85 57-59 58-65 55-89 64'30 54'51 59'48 62-07 63-31 64'33 64.62 62.55 

M - Mean of Group 
u, = Relative Weight 
C - Concluded Angle 

M = 2 8 " . 3 5  

W = I ' 13 
1 - = 
w o - 8 9  

C =53051'28"-35 

M = 60".60 

to = 0 ' 9 9  
1 _- - - I '01 
W 
C = 60'56' 0"-60 

At XXXII (Deo-ki-Galol) 

April 1853; observed by Zieutenant D. J. N m y t h ,  R.E., with Troughton and Simm' 18-inch Theodolite No. 2.  

Angle 
between 

XXXI & 
XXX 

XXX& 
XXXIV 

Circle readings, telencope being set on XXXI 

318" 23' 13S028' 328' 38' 148' 89' 838' 41' 158'42' 348" 60' 168" 60' 369'0' 179'0' 9' 10' 189" 10' 

n I )  I )  w 4 rn w w I )  v I )  " 
1 58.30 1 63'07 1 59.70 1 62.00 Z 8 ' 4 7  1 64.80 1 55-04 1 54'66 h 50.50 h 51'27 h 50'87 h 52 23 
1 59.54 163.30 1 60 67 1 61.77 1 59.27 165 63 1 55.24 1 54;73 h51-20 h 51.50 h 50.47 h 52.10 

58.92 63-19 60.18 61-89 58.87 65.21 55.14 54.70 50.85 51'38 50.67 52'17 

1 9 ~ 7 6 1 1 3 ~ 0 3 1 1 0 ~ 4 4 1 1 2 ~ 3 0 1 1 2 9 7 1  9 ~ 1 4 1 1 8 . 4 6 1 1 ~ . 8 4 J ~ 1 2 . 2 3 h 1 1 . 4 0 h 1 1 ~ 4 6 h 1 1 . g 7  
1 I 1'14 1 12-80 1 I 1-83 1 12'97 1 I 1.90 1 9.00 1 I j'80 Z 13'70 h 12.00 h 11.30 h I 1.06 h 10.50 

h 1 8 . ~ 3  

10.45 12.92 11.13 12.64 12'43 9'07 17.43 13.27 12-12  11'35 11'26 11.23 

dl - Menn of Girou 
to - Relative weigfflt 
0 - G~ncluded Angle 

M = 5 6 * . 9 3  

W = 0 '46  
I - - - 2 * I 9  
W 

C = 4 i 0  38' 56"-93 

b i = 1 2 * ' 1 1  

w =  2 - 7 7  
I - = 
w 

o -36 

C = 55' 5' 12".12 

At XXXIII (Jitoli) 

itlarch 1853 ; obeerved by Lieytenants H.  River8 and D.  J.  Namyth ,  R .E . ,  with Trozc~hton and S h '  
18-inch Theodolite No. 2 .  

M = Mean of Glmup~ 
w - Relative Weight 
C - ConcludedAngle 

M = 63X-80 

= o - 7 6  
I - = 1 -31 
W 

C = 65' 7' 3".80 

b 

Angle 
between 

XXX & 
XXIX 

Circle readinge, telescope being aet on XXX 

368089' 17S08Y 8961' 18S061' 18'68' 198'58' 29'8' 209'8' 39" 16' 21Q0l6' 49O28' 229"28' 

I )  n I )  I )  I )  n n n 1 I )  n I )  

h 54'40 h62-80 h64.57 h62-30 h70.24 h61.36 165.40 164.84 164-33 163.60 h66.53 171-oa 
h55.83 h5g.10 863  94 h61.97 h68.17 h60.43 165.30 167'80 165'90 161.43 h64.26 169.03 

h 60.34 h 66.26 h 64.90 

j5.12 60.75 64.25 62.14 68.22 60.90 65-35 65.85 65.11 62.52 66-39 70.02 



KATTYWAR MEEIDIONAL SERIES. 

Angle 
between 

XXTS & 
XXXV 

XXXV & 
XYXVI 

XXXVI & 
XXXVII 

XXXVII & 
XXXVIII 

XXXVIII & 
XXXIV 

XXXIV 82 
XXX 

At XXXIII (Jitori)-( Continwed). 

Circle readings, telescope being set on XXX 

858'89' 178039' 8'51' 1W51' 18058' 198O68' 29'8' 209'6 39" 16' 219" 16' 49" !28' 229'28' 

W ,# V N v N' V R W + W N 

h 43-23 h42.27 1 4 7 3 0  1 44-37 145.80 1 47-90 h49.30 h 51.17 151'10 h 53.27 144.23 150.97 
h39.96 h44.44 2 44.87 145.24 145.10 h 46.97 149 '67 h 53'84 1 jo.30 h49.90 h 4 6 . j ~  151.17 
h 40.56 44.66 h 45.34 2 54.50 

h 42'37 h 4 j ' j 0  

41-25 43.36 44.80 45 '11 45'45 47'43 49'49, 53 '17 50.70 51-58 45-40 51'07 

h 13'47 h 14.37 h I 1 '64 h 13'03 h 14'30 h 15-70 h 1'6'83 h 1 r 8 3  1 9.63 h 12'13 h 10.07 1 7 -03  
h 13.64 h 11.13 h 12.80 h 11.80 h 12.53 h 17.60 h 15.53 h 11.33 1 9.30 h 10.67 h 8.67 1 7'00 

h 11-53 A 12.34 2 12.64 
1 10.23 

13-56 12-34 12 '22  12.39 '13 '41 14.04 16.18 11'58 9'47 '11'40 9'37 7 -01  

h 4 j.63 h 46.20 h 39.73 h 40'50 h 38-44 h 34'94 h 33'20 h 41'37 1 39-60 h 37'10 h 40.j4 1 36-44 
h 45.43 h 48.5" h42.20 h 43-36 h 36'44 A 37'44 h 34'30 h 40.70 1 39.23 h 36'43 h 41'64 1 41-30 

h 45.60 h36 '44 .1  42.10 . 134.26 
1 40.84' 

45.53 47.35 40'97 43-15 37-11 3 8 8 3  33.75 41.03 39-42 36.76 41.09 37.33 

h 52'84 h 56.57 h 5  j.70 h 52.90 h 58-30 h 56.23 h56.87 h 57.70 1 62.90 h 54'40 h j9.13 h62.26 
h 53.30 h 57.j3 h j j.03 h 54-36 h57.13 h 53.66 h j8.87 h j6.80 h62.00 h 56-43 h60.07 1460.66 
d 52.94 d 55-06 h 55.60 h 56-70 d 54'34 h 57'93 d64.23 
d 54'30 d 52'93 d53.77 d j6.63 

d55.83 
d53 .86  

53'35 55'52 54'96 53'63 57'38 54'74 57.58 57'25 .62'45 55'41 61-14  61'46 

h 18.66 11 19.70 h 20.73 h 2 1 ' 2 0  h 23'10 h 20.73 h 2 2 ' 0 0  h 21.53 1 18.67 h 24'07 h 17'70 h 20'97 
h 17.30 k 16.70 h 18.67 h 20.97 h 23.67 h 20.04 k 21.53 h 21.06 h 18.90 h 25.50 h 19.03 h 23.64 
d 18.76 h 20.30 h 20.64 d 1 9  78  h22.07 d 23.00 
d 18.30 d 16.33 d 18.80 d 20.61 

d 15'37 d 19'47 ' 

d I 8 -90 

18.26 17.68 19'53 21'09 23'38 20.,18 21-55 21-30 18-78 24'79 19.91 22.30 

h 6 7  87 h 56-07 h64.50 h65.43 h 5 1 . 8 3  1 6 3  84 160.37 1 57.50 1 54.40 1 59.37 L 50.93 1 53.70 
h 67.37 h 58.23 h 62 60 h 64.33 h 55'27 h 63'23 1 59'30 1 56.07 1 j3.70 1 57'66 h 56.20 E 5j .20 

h 55.30 h 50.17 A 50.23 

67.62 56.53 63-55 64.88 52-43 63-54 59-83 56.79 54.05 58-51 52'45 54.45 

,?f - Mean of Omup 
w - Relative Weight 
C - Concluded Angle 

= 4i"'40 

w = o I' 83 

- I - - 1 ' 2 1  
w 
C = 4 3 O 5 1 ' 4 7 ~ ' 3 9  

= 1 1 ~ . 9 1  

w = I - 8 1  
1 - - - 0 ' 5 5  
w .  c = 63' 7'IlN'91 

M = q o ~ .  

w = 0 '74 
. 1  - - 
W 
- I '35 

C = 67' 9'4oU'l8 

M = 57"'07 

w =  1 - 1 9  

I - = 0 . 8 4  
10 

C = 22O 3+'57"'05 

M = 20"'73 

w = 2 '44  ' 

- I - - 0 '41  
W 
C = 38' 5' 2ow:69 

M = 5 g N ' i 2  ' 

w = o ' 44  
1 - =  2 . 2 8  

C = 6 0 °  3'j8"'7' l w  / 



PRINCIPAL TRTANOULATION. OBSEBVED ANGLES. 
41-J. 

At XXXIV (Konkhwho) 

April 1853 ; observed by L i e u t e ~ n t  D. J. N m y t h ,  R.E., with l'roughton and Simm' 18-inch Theodolite No. 2. 

Angle 
between 

XXXII 8t 
XXX 

XXX1ll 
XXXVII 

At xxxv (Itria) 

ApriZ and May 1853 ; obeerved by Aieutenant D. J. Nasmyth, R.E., with Troughton and Simm' 1 8 - h h  
Theodolite No. 2. 

Circle readings, telescope being set on XXXII 

265'1' 85O1' 275" 13' 95'12' 286"W 106'20' 295"'Q' 116O2W 8m038' 125~38' 316O64 135~50' 

' w  n w n n 0 w n I )  n I n 

h10.83 h11.97 115'40 1 14-34 1 18.00 117'57 115.86 1 13-47 112.16 118.50 1 12-60 114.67 
h 11.93 h 9'83 1 17-37 1 14'70 1 17'57 1 18.17 1 16'57 I? 1 2 - 0 0  1 11 '00  2 16.80 1 12.56 1 11'90 

1 12-53 

11-38 10.90 16.39 14.52 17.78 17.87 16.22 12.73 11-58 17-65 12.58 13-03 

XXX $ E.M. 

M - Mcan of Groa 
a - Rclatirs ~ r i $  
C - Concluded Angle 

M =  14"'39 

= .62 
I - - - o -62 
w 
C = 77' o' 1qU"j5 

h 16.17 h 14.14 h 14.87 h20.70 h 19.37 hzq 'oo  1 25.60 h24.50 124.90 127.13 125.80 1 24-67 
h15.10 h 14-27 h1r.47 h 18.10 h 17.87 hr1.40 126.94 122.$o 125.03 125.40 126.80 1 24.47 

h 19.03 h 24.83 

15-64 14-20 14.67 19-28 18.62 23-41 26-27 23-65 24-97 26'26 26-30 24.57 

Nw~.-lL&f. denote6 Beferring Mark. 

M =  21U'49 

w = 
I 

0 '53 
- - - I -89 w 
,C = 8954712~a*49 

1.52'43 h 56.60 .h 44.84 h 43.93 h 50.47 h 50.97 1 47-40 h 46-40 1 49.20 1 43-40 1 49.10 1 55-07 
h 53-20 h 55.13 h 44.46 h 45.30 h 49.03 h 50.74 1 47'63 h 49.13 1 48'97 1 43.36 1 48'77 1 53-27 
h 53'63 1 47'00 

53.09 55-87 44'65 44-61 49'75 50'86 47'51 47'51 49.09 43-38 48'93 54-17 

Angle 
between 

M = 49u' 12 

w = 
I 

0 '77  
- - - I -29 
W 

C = 1 7 ~ 5 9 ' 4 9 " - 1 2  

Circle readings, telescope being set on XXXVI 

0'2' 1800 2' 100 13' 190" 12' W2(Y W20' 30029' 210029' 40088' 220038' M)~@' m049' 

M - Mean of QTOU 

w - Relative weigK 
0 - Concluded Angle 



KATTYWAR MERIDIONAL SERIES. 

At X X X V  (Itria)-(Conthued). 

Angle 
between 

XXXIII & 
SXIX 

I 

Circle readings, telescope being set on XXXVI 

O" !2' 118002' 100 13' 190" 12' 20"w 200020' 300 29' 21O"B' 4@ 86 %?@IS' 60°49' 230049' 

w n H n n If n * .  * n v 

h 27-17 h 29-24 1 31-67 1 30-76 1 30.40 1 31.66 h 26-37 h 31.27 1 32'26 h 33'37 1 13-97 1 30-30 
h28.37 hzg.yo 1 30'00 130.33 1 28.93 130.57 1'26.40 h2g-07 131'73 h31.77 1 25-50 129.53 

27-77 29-57 30'84 30'54 29'67 31.11 26.39 30.17 31'99 31-57 24-74 29'91 

M-MecurofOron 
UJ - Relative FVeigK 
C - Concluded Angle 

M=2gU.61  

W = 2 '23 
I - - 
w - 0 '45 
C =59O13'29"-6, 

At X X X V I  (Sakpur) 

Hay  1853 ; observed by Lieutenant D. J. Nasmyth, R.E., with Troughton and Sincms' 18-irach Theodolite No. 2. 

M - Mean of Gmupn 
w HBlative Weight 
C - Concluded Angle 

M = c/".90 

w =  1 . 0 3  
I - - 
W - 0 ' 9 7  
C =51032'  7',90 

M = 52''-26 

w .  = 
1 

' 5 5  
- - - o -65 w 

=5002a,52u,2,j 

Angle 
between 

XSXV1f & 
XXXIII 

XXXIII & 
XXXV 

Circle readings, telescope being set on XXXVII 

139" 3' 319'3' 149' 14' 329' 13' 169'22' 339" 2 2  169'30' 3 W  30' 179' 39' 369'39' 1W W 9'60' 

II 11 II rr 11 rr II rr rr 11 11 11 

h 9.80 h 5.73 h 14.90 h 12-67 h 2.87 h 7.66 h 7-83 h 7.20 1 4-83 h 6-10 h 6.56 h 8-44 
h 8-60 h 5.60 h 15.03 h 13.10 h 2.63 h 7.93 h 8.83 h 8.93 h 3-03 h 6.73 h 6.77 h 7.37 

h 7.16 

9.20 5'67 14-96 12.89 2-75 7'79 8-33 8.07 3'93 6-41 6.83 7'91 

h 50'90 h 56'27 h 46'97 h 53.50 h 54'73 h 55.13 h 54.13 h 51' 3 1 50.07 1 50.10 h 52.50 h 49-40 
h 52.20 h 56.54 h 48.17 h 53 10 h 55'70 h 56.87 h 53'57 h 49 1 3 1 49'27 1 50.97 h 52-23 h50.20 

51-51 56'41 47'57 33-30 55-21 56.00 53'85 50.88 4967  50.54 52-36 49.80 

7 At X X X V I I  (Manlwa) 

Febmary 1853 ; observed by Lieutenant H. Risers with Troughton and S h m '  18-inch Theodolite No. 2. 

Angle 
between 

XXXIX ' 
XXXVlII 

XxxVT1l ' 
XXXIV 

Circle rendings, telescope being ~ e t  on XXXIX 

2309 63' 60" 63' 241'4' 61'4' 251' 12' 71' 12' 261°21' 81'21' 271' 30' 91°29' 281°42' 101' $2' 

n n n n a H n n n n w w 

h 6.66 h 6.17 h 5.87 h 7.00 h 6.00 li 5-70 1 11.66 1 2-53 1 4.63 1 6.90 h 9.87 h 2-96 
h 5.67 h 5.27 h 6.47 h 5-03 h 4.60 h 4.37 1 10 76 1 2.47 1 6.23 1 7-90 h 12.47 h 5.30 

h 2.90 h ~ ~ . o o h  3.93 

6-17 5-72 6'17 6.00 5'30 4'32 1 1 - 2 1  2'50 5'43 7.40 I I ' I I  4.06 

d 58.84 d67.26 h 58.70 h 63.46 h 58.66 h 64.80 2 60.17 1 64.07 1 67-00 1 65-00 h65.43 h 63.90 
d61.00 d69.30 h 57.73 h 56.60 h61.13 h63.10 1 61-50 1 68.73 1 67.50 1 68.50 h64.43 560.83 

h 57'90 1 62.77 h 65-74 

59.92 68.28 58.22 59-32 59-89 63-95 60.84 66-40 67-25 65.42 65-20 62.36 

M - Yean of @mops 
w - ~elat ive  Weight 
C Concludedbngle 

M = 6"-28 

w = 1 ' 7 '  
I _ - - o ~ 5 8  
w 
c = j9035' 6.~28 

M = 63"'og 

w = o .92 
T - - - i -09 
W 
c 3".09 



PEINCIPAL TRIbNGULA!LTON. OBSERVED ' ANGLES. 
4r3-J. 

C 

At XXXVIE (Man&wa)-(Continued). 

Hctrch 1863 ; obeerved by Lktenarc t  D. J. Nasmyth, R.E., zoith Doughton and Simme' 18-inch Theodolite No. 2 .  

Angle 
between 

XEvIp 

XXXIII & 
XXXVI 

kt XXXVIII (Saskala) * 

*April 1863; obeerved by Lieutenmt D. J. Namyth ,  R.E., with Troughton and Sirnm' 18-inch Tkodolite No. 2 .  
t F e h a y  1863 ; observed by Liezltenant 8. Rivers with Troughtom am? Simm' l&inch 5eodol i te  No. 2. 

Circle redinge, telescope being set on XXXIV 

002' l W I  l V l P  1900 1Z 200 20' (Yo 20' SO0 W 210° 29' P00 38' 220" 38' 50°61' a800W 
I 

w w w n n n II w w n n 

h 21-07 h 19-60 h 19.86 h 19-53 h 19.80 h 11-36 1 27.06 1 2 i . 20  1 27-06 Z 24.70 127.10 120.03 
h 19-77 h 18.93 h 19.04 h 19.37 h 2o.m 117.67 1 29.40 I 27.06 1 27.14 1 2 6 m  126.96 1 18.93 

h 16'17 1 26.97 1 27-04 

20'42 19'.27 19.45 19.45. 19-90 17.07 27.81 26.10 27.10 25-35 27.03 19-48 

h 13'17 h 18.70 h I 1-24 h I 1'47 h 17.40 h 15-13 1 10.70 1 14.16 1 11.77 Z 16-47 1 I 1'60 121.80 
h 14.80 h 17.47 h 13.30 h 10.23 h 16-17 h 17.90 1 10.33 1 13.97 1 12-96 1 15-96 1 11-30 122.80 

13'99 18-08 13-77 10.85 16'79 16.51 10.52 14.06 12'37 16.21 11.45 22'30 

Angle 
. between 

* 
XXXIV & 
XXXIII 

SX%III 
XXXVII 

t 
XXXVII & 
XgXIX 

df - Mean of h n  
ca - Relative w e k c  
C - Concluded Angle 

= 22"'37 

= 0 ' 77  
I - - - I '30 
w 
C="032 '22u '37  

M =  14"-66 

= 0 -98 
I - - - I ' 0 2  
w 
c = 610 18r 14w.66 

Circle readings, telescope being eet on XXXIV 

815'8' 13S08' 825'19' 145'19' 335'27' 165O27' 345'36' 16S036' 365°%' 175'46' 6'67' 186O67' 

n n I) n n a n 0 n n II " 
h 17-50 A 20'53 h 17.23 A 19.20 h 20.84 h 20.66 h 23.24 h 26.60 h 19-63 hz4.93 hr8.10 hz4.07 
h 1 ~ ~ ~ ~ h z o ~ 2 ~ h 1 8 ~ ~ ~ h a z ~ 6 o h ~ o ~ ~ o h ~ 1 ~ ~ o h 2 2 ~ 1 ~ 1 ~ ~ ~ ~ o h 1 ~ ~ ~ ~ h a ~ ~ ~ ~ h i 8 ~ 8 ~ h 2 ~ ~ 1 ~  

17-39 20'38 17.88 20.90 20'52 21.03 22'69 25.50 19-48 24-43 18-47 24-62 

h 42'00 h 45'24 h 44-80 h 43'47 h 42.63 h 49-00 h 37-66 h 38.24 h 38-07 h 36-17 h36-14 h30'83 
h 43-13 h 45'77 h 44-30 h 43.24 h 42-43 h47.20 h 39.00 h 37'83 h 36'46 h35-50 836.27 h31-03 

42-57 45'50 44'55 43'36 42'53 48.10 38'33 38.03 3 7 7  35'83 36-21 30'93 

Circle readinga, telescope being eet on XXXVII 

46" 28' 22S027' 66'38' 286°38' 66O46' 245'46' 76O56' 256O5b' 8604' 26804' 96016' 276016' 

n n 4 I n n n n ? tt n n 

h62.43 h 59'37 h 54'86 h 56.17 h 53'47 h60.24 1 49.86 h 57'84 1 52'90 1 59-53 159'74 156'10 
560.97 h 60.37 h 57'83 h 56-23 h 55.07 h 59-10 1 51.74 1 57.23 1 51.10 1 55'74 158'03 156'50 
h 61.20 h 56.70 1 58-30 

61-53 59.87 56.46 56-20 54.27 59.67 50'80 57'54 52'00 57-86 58.88 56-30 

M - Mean of Gma 
w - Relative 
' oOncludedAngle 

M =  ZI'.II 

W =  1 - 6 0  
I _ - - o - 6 3  
w 
C =1qOzz'21'-11 

M = 40"'z;r 

= 0 .49 
I - = 
w 2 '04 

c = 3 0 0 3 0 ~ 4 0 ~ . 2 7  

M =  56'078 

w = I 14 
I - - - o -88  
w 
C = 67' 21' 56*' 79  



. KATTYWAR MERIDTONAL SERIES. 

At XXXVIII (5arkala)-( Continued). 

II - Mean of Orou 
so = Relative IVeigKf 
C - Concluddbngle 

M = 9"-86 

= I 
I _ - - o -87 
w 
C =46'41' 9u-85 

Angle 
between 

t 
X X X I X & X L  

Circle readings, telescope being set on XXXVII 

45'28' 225'27' 66'38' 235" 38' 65" 46' 246'46' 75' 56' 255' 65' 860 4' 26604' 960 16' n60 16' 

n n v I n w n I I v )I v 

h 7.16 h 10.83 h 6.34 h 6.33 h 11.50 h 7.43 1 15-74 h 7-76 1 15-03 1 9.87 1 6-73 112.60 
h 6.23 h 10.23 h 6.20 h 7'83 h 10.80 h 9.87 1 13.26 h 7.33 117.03 1 11.80 1 8.27 11x .13  

h 7 '30 1 5'53 

6-70 10 '53 6.61 7.08 11-15 8.65 14.50 6.87 16.03 10.83 7-50 11.87 

At XXXIX (Nandivela) 

illarch 1853 ; observed by Lieutenant H. Rivers with Troughton and Simme' 18-inch Theodolite No. 2. 

Angle 
between 

X L l  & X L  

XL & 
XXXVIII 

XXXVIII .t 
XXXVII 

Circle readings, telescope being set on XLI 

001' 18091' 10012' 190012' 20020' 200020' 90030' 210'29' 40"38' 220038' 60061' ZW61" 

n v II n v n .  n "f v I n ~f 

h 47-94 h 46-00 h 51'03 h 48'47 h 53.20 1 38.87 1 46-37 1 45.60 1 47.87 1 45vbo 1 48-70 143'60 
h 4 7 . w  h46.13 h 5 2 ' 6 7 , h  50.30 h52.63 141.83 145 '13 144.00 146.93 146.90 150.27 143 '60 

139 '16 
h 43'00 
h 42.60 

47'47 46-07 51.85 49.38 52.92 41-09 4 j . 7 j  44-80 47.40 46-15 49 48 43.60 

h 40.13 h 45.20 h 33.47 h 36-06 h 35.63 1 48-30 2 38.96 1 45-37 1 38.40 1 40'77 1 35.53 1 39.67 
h 40.30 h 43-43 h 32'03 h 36.10 h 37.67 1 46-50 1 41'30 1 44.20 1 36.40 1 40.74 1 34'23 1 38.67 

40.22 4 32-75 36.08 36-65 47.40 40.13 44-19 37-40 40'75 34.88 39-17 

154.77 h 53.80 h 57-50 h 59.34 h 6 1 . m  h 57.50 169.54 163.40 1 59.46 1 5 9 m  158.20 162.60 
h 55.80 h 55.40 h 57.30 h 57.07 h60-67 h 57'66 2 69'63 1 62.20 1 60'64 1 57'80 2 59.04 1 62.93 

h 56-70 

55-29 54.60 57-40 57-70 60.83 57'58 69-59 62.80 60.05 58-40 58.62 62-76 

iK - Mean of Gmnp 
w = Relative Weight 
C ' ConcluddJ%le 

M = q7#.. I6 

w = 1 - 0 2  
I 
- = o -98 
w 
C = 65O23'47"15 

M =  39"'g4 
w = o -63 
I - - 
W - "59 

= 5 2 ~  3t39v.54 

M =  59"'64 

w = o -73 
I - - - I -38 
w 
C = s 3 0  2159w-64 

At XL (JBkia) 
March 7 853 ; obsemed by Zietlte~lant H. Rivers with Trozcghton and Sirnms' 18-inch Theodolite Yo .  2. 

Angle 
between 

X",%y:i' 

Circle readings, telescope being set on XXXVIII 

001' 180' 1' 100 12' 190°12' 200 20' 400020' 90030' 210030' 40'38' 420°38' 50°6V 230" W 

I v n v n n n v w c 

h 14'33 h 11.w h 7'50 h 10'33 h 8.73 h 4-70 118.07 71 17'33 1 13'74 1 15'57 1 16-67 114'37 
h 15.70 h 10.04 h 9.53 h 8.10 h 9.17 h 5.60 1 16-50 h 14-47 1 10.80 1 15-93 1 14.60 1 15-80 
h I 5.60 h 7-80 h 14.50 1 12-96 1 15'74 

15-21 10.52 8-52 8-74 8.95 5-15 17'28 15-43 12'50 15'75 15-67 15'09 

dl - Hean of Gmup 
w - &latire Weight 
C - Co~~cluded Angle 

M =  12"'40 

= .,8 
I _ - - I -29 
w 
(,' = 81' 15' 12"40 

d 



PRINCIPAL TRIANGULATION. OBSERVED AXGLES. 45-=; 

J. B. N. HENNESSEY, 

It8 churge of Gbmpding 0 8 c e .  

At XL (J8kh)- ( Cmtitmed). 

Angle 
between 

XXXIX 
XLI 

XLI 82 XLII 

Circle readings, laleecope being set on XXXVIII 

001' 18001' 10012' 19001!2' 200W 8000M 80030' 210030' 40038' 220038' 60060' 280060' 

N N n w N I n n I v n n 

h 58'00 163.30 h 66.93 h66.83 h64.54 h 61.67 1 60.93 h 59'80 160.83 1 62.73 1 65-17 1 65.10 
h6o.96 h64.46 165.17 h 6 8  07 h64.43 h60 97 161.46 h61-27 163'63 163'10 1 6 j  57 166.33 
h 60.50 h 64-84 162.04 164'10 

59-82 63.88 65-65 67.45 64.49 61.32 61.19 60.54 62.17 62.91 64.95 65 72 

h z ~ . z o  h 20.83 h t1 .27  h 17.77 hz4-53  h24.00 122.84 h21.97 1 2o.10 2 19.57 120'63 2 19.63 
h 18.90 h ~ 1 . 0 4  IL 20.10 h 15.76 h 24 93 h 22.40 1 22'24 6 21.30 1 18-60 1 19.43 1 17.57 1 16 17 
~r 21-06 1 20.33 z 20.60 

20.39 20.94 20'68 16.77 24-73 23.20 22.54 21-63 19'35 19-50 19'51 18.80. 

M - Mean of Groups 
w - Relatire Weight 
C - Concluded Angle 

M = 63K*34 

w = 2 '01 
I - - - 0 '50 
w 
C = 50' 35' f.34 

M =  2 0 ~ ~ 6 7  
= '38 

1 - - - 0 -42 
W 

C = 48' 48' 2oH.66 

At XLI (Nintej) 
Harch 1853 ; observed by Aiezctenant E. Rive9.s with Troughton-arcd Simms' 18-inch Theodolite No. 2. 

M - Mean of Qrou 
w - Relative weigG 
C - Concluded Angle 

M = 31'"37 ' 

w = 2 '10 
1 - = o -48 
w 
C = 72' 22' 31n038 

LW = 9"-20 

w =  0.87 
I - = 1 - 1 5  
W 

c =640 9%.zo 

Angle 
between 

XLII & X L  

gxfx 

Circle readings, telescope beillg set on XLII 

223"88' 98" 88' 238049' 63'49' 248' 67' 6a0 67' 254'6' 74'6' 264"15' 84" 16' 274'27' 94'27' 

I n n w n .7 rn n n n v n 

h28.24 h 2  '17  h31-60 h30.24 134'60 131.27 132-30 128.60 132'83 128'60 h33.60 h32.67 
h 28.46 L z % a63 h 31'50 h 32-53 1 37'33 129'60 1 34'04 129-40 1 30'03 1 29'97 h35.00 h 33'10 

135'26 

28'35 28.90 31.55 31.39 35'73 30'43 33.17 29.00 31.43 29'29 34'30 3a-88 

h 15-50 h10.17 h 10.50 h 12.43 1 4-90 b 11-43 1 8.60 1 10.20 1 3.73 1 9-13 h 6.86 h 9-00 
h17.07 h 11.30 h 10.40 h 1 1 - 6 0  1 3.04 1 12-67 1 6-10 1 8.27 1 2.84 1 9.17 h 4-86 h 10.80 

1 3-40 1 8.10 

16.29 10.73 10.45 12.02 3.78 12.05 7'60 9-23 3'29 9.15 5.86 9-90 

At XLII (Dangarwiri) 

March 1863 ; obeemed by Lieutenant H. Rivers with Troughtonand Simme' 18-inch ~heodoli te  No. 2. 

Angle 
between 

XL & XLI 

Circle readings, telescope being set on X L  

00 1' 18001' 1618' 1900 12' W20' 200020' 30029' 210929' 40038' 220038' MP W 280060' 

I I e N n n n n N ? n I 

h 9-60 h 9-50 h 10.83 h 8-37 1 14'97 1 6.46 1 7-90 1 14-17 1 Iomao 1 8-77 1 11.10 1 8'47 
h 9.37 h 11-34 h 10'17 h 8.40 1 15-67 1 7.30 1 12.23 1 14.50 1 12-20 1 11.80 1 9.63 2 11.53 
h 10.34 1 11'60 t 12'34 I 9'57 

9-77 10.4a 1050  8.39 15.32 6 8 8  10.58 14.33 11.20 10.97 1037 9.86 

M =  Mean of Gh.Ou I 
a - Relative weig!t 
C = ConcludedAngle 

M = 10~772 

w = 2 13 
I - = 0 '47 
w 
C =58°49'~~Y'72 



K A T T Y W A R  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. SUMS OF SQUARES OF APPARENT ERRORS. 

Sum of Square8 of fipparelct %-0?8 of S h g b  Obsemath8, and of dppa~en t  Errom of Silagle Zeros. 

Nora.-Stations &, LXIV sud LXVI appertain to the Ksrlchi Longitudinal Serier of the Norlh-West Quadrilateral. 

Station of 
Obaervstion 

LXI 

LXIV 

'9 

99 

99 

LXVI 

I 

$9 

19 

91 

YY 

I1 

99 

99 

111 

99 

99 

n 

R ~ m n n e  Oboewed Angle 

I & LXlV 

LXI L I 

1 & 111 

I11 & I1 

11 & LXVI 

LXIV & I1 

IV & V 

v & 111 

111 & 11 

I1 & LYIV 

LXIV & LXI 

LXVI & LYIV 

LXIV & I  

I 8t 111 

I1 & LXIV 

LXIV 8t I 

I & I V  

IV & V 

7 

J 

8um of Bqusm of 
E m m  of single 

Zeros 

64'53 
124'17 

79-15 

123'45 

134'64 
110.70 

160.47 

100.47 
157'10 

56'49 

99'91 
163'36 

57'30 

96.44 
86'17 

103~27 

63-17 

65.42 

Number of 
Observa- 

tions 

27 
2 6 

27 
28 

25 

27 

25 
2 8 

27 
2 6 

26 

24 

25 

25 
2 6 

26 

25 

24 

Troughton and Simme' l8-incb 
Theodolite No. 2. 

# 

8um of Bqusres of 
Errom of single 

Observations 

8-38 

7-80 

7-41 * 

7-21 

8.29 

7'82 

6.92 

9-20 

7' 45 
6.15 

7-01 

3-80 

6 '03 

4.91 
10- 14 

1-65 

7'76 

5.51 

Number of 
Zeros 

12 

12 

I2 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

I a 

12 



PRINCIPILL TRIANGULATION. 8UMS OF SQUARES OF APPARENT EREOB8. 47-=; . 
Sum of Bqmm of 
Errors of ringle 
Okenatiom 

8-04 

10.68 

17-77 
11-00 

7-91 

7'36 

7'95 
8-87 

5'27 
8-85 

13-38 
12.72 

12'98 

7-40 

8-44 

13-97 

14-39 

7.79 
8.18 

17-31 
11-82 

7.02 

6.25 

3'83 

9'65 
6.38 

6-41 

7.12 

8'59 

10.99 
3-21 

10.92 

9'32 ' 

5-25 

9-50 

15-85 

5-40 
22-38 

11-58 

3a-38 

19.~3 

Number of 

12 

12 

12 

12 

12 

12 

12 

12 

I a 

12 

12 

12 

I a 

12 

12 

I a 

12 

12 

12 

I2 

12 

12 

I a 

12 

I a 

12 

12 

12 

I a 

12 

I a 

12 

I2 

12 

12 

I a 

12 

12 

12 

I2 

I2 

Number of 
Ohm- 

tiom 

27 

25 

3 5 

32 

27 

27 

25 

27 

25 

25 
28 

2 8 

29 

17 
2 6 

27 
a8 

25 
a6 

27 
2 6 

2 4 
26 

15 

2 4 

27 

95 

25 
26 

26 

2 4 
26 

25 
2 6 

27 
26 

2 6 

2 8 

26 

29 

2 7 

Station of 
O b o e ~ o n  

IV 

JS 

s t  

19 

V 
9s 

n 

I)  

99 

I* 

VI 
)9 

8s  

s t  

3s 

VII 
n 

VLII 

s t  

s t  

t s  

Is 

IX 

n 

99 

*S 

x .  
39 

n 

~9 

XI 

~1 

*t  

n 

t 9  

XI1 

81 

t s 

I# 

1% 

91 

Obaerred Angle 

VIII & VI 
VI&V 
V& 111 
111 & I 
111 &I 
111 & I 
I&IV 
I&IV 
IV & VI 
VI & VII 
V & IV 
IV & VIII 
VIII & IX 
IX & VII 
VII & V 
V & VI 
VI & IX 
X&XI 
X&XI 
XI & IX 
IX & VI 
VI & IV 
VII & VI 
VI & VIII 
VIII & X 
X&XI 
XI11 & XI1 
XI1 &XI 
XI & IX 
IX & VIII 
IX & VIII 
VIII & X 
VIII & X 
X & XI1 
XI1 & XIV 
X & XI11 
X & XI11 
XI11 & XV 
XI11 & XV 
xv & XVI 
xv & XVI 

8- of Bquarer of 
Emom of ringls 

Zemm 

173'99 
70.80 

81.25 

186.47 

156'43 

I33 '05 

80' 47 

78-92 

90.44 
91. 10 

77'27 
185'40 

211.05 

72-81 

79-61 

153.23 
I 12.04 

128'36 

112'00 

43'45 

105 ' 5 5 
96-11 

177'18 

199'32 
120- 50 

91 '99 

45'22 

66.73 
125.66 

73'77 
136.80 

I 17-36 

173.70 
r 1o.40 

130.69 

69-16 

80'31 

87-81 

91 '38 

185'37 
128.85 

Bsumna 

1 

1 

T ~ O U  hton md Simme' l&mch 
he~dolite NO. 2. 



KATTYWAR MERIDIONAL SERIES.' 

Number of 
Observa- 

tionr 

30 

27 

29 

2 9 
2 6 

2 6 

26 

26 

26 

25 

25 

25 

27 

a 4 

27 

2 4 

29 

2 4 

24 

25 

27 

2 8 

27 

3 I 
2 6 

30 

35 
2 8 

30 

27 ' 

30 

as 
27 

as 
30 

29 

2 8 

28 

27 

30 

29 

Station of 
Observation 

XI1 

91 

9s 

99 

91 

99 

XI11 

99 

=IT 

#9 

91 

99 

XV 

19 

19 

19 

I# 

99 

19 

IS 

XVI 

93 

11 

91 

19 

99 

XVII 

I9 

99 

99 

99 

91 

19 

99 

99 

99 

99 

99 

99 

SVIII 

99 

> 

Obwmed Angle 

XVI & XIV 
XVI & XIV 
XIV & XI 
XIV & XI 
XI & X  
XI&X 
XV & XI1 
XI1 & X 
X I  & XI1 
XI & XI1 
XI1 & XVI 
XI1 & XVI 
XVIII & XVII 
XVIII & XVII 
XVII & XIX 
XVII & SIX 
XIX & XVI 
SIX & XVI 
XVI & XI1 
XI1 & XI11 
XIV & XI1 
XI1 & XV 
XV & XVII 
xv & XVII 
XVII & XIX 
XVII & XIX 
XXII & XIX 
XXII &XIX . 
XIX & XVI 
XIX 8 XVI 
XVI & XV 
XVI & xv 
XVI & XV 
XV & XVIII 
XV & XVIII 
XVIII & XX 
XVIII & XX 
XX & XXII 
XX & XXII 
XXI & XX 
XX & XVII 

Sum of 8quam of 
Erron of mingle 

Zeror 

170'82 

135'95 

124'41 

105'20 

124'74 

95-60 
100.83 

126'75 

123'20 

47'90 

128.86 

75'78 
128.08 

78.89 

145'36 

105-31 

94.01 

154.08 

95-35 

115.79 

81.38 

152'62 

160.13 

154.76 

44.06 

109.92 

286.93 

93'01 

199.85 

116.1g 

297'84 

93'38 

245'45 

216'39 

165'07 

80'35 

54'11 

150'73 

102.25 

86 - 29 
46.65 

. 
Sum of B q m  of 

E m m  of single 
Obsewationr 

36'39 
20.13 

' 25'94 

21-70 

9'77 
8.26 

12-56 

9-78 

12'75 

7-70 
10.84 

6.10 

6-85 

5'3a 
10.87 

7'54 

7.11 

3'63 

S'O7 

5'48 

18'77 

17'25 

7'17 
12-03 

6'59 
19-01 

15'89 

14-86 

7-69 

25.j~ 

15'38 
13-06 

16-06 

8.28 

32'83 

27.16 

18-18 

31'15 

13'53 

32-56 

34'63 

- 

I Rlarrans 
. J  

Number of 
zeMr 

12 

12 

I2 

12 

12 

12 

12 

12 

I2 

I2 

12 

12 

12 

12 

12 

r a 
12 

12 

12 

I a 

I a 

12 

12 

12 

12 

12 

12 

12 

I2 

12 

12 

I2 

12 

12 

12 

12 

12 

12 

12 

12 

12 

7 

Trouahton and Simm' 18-inch 
Theodolite No. 2. 

J 



PBJNC1PA.L TBIANGULA!CION. [JUlKS OF SQUARES OF APPARENT ERRORS. 4 9 7  

Ststion of 
0 bserration 

XVIII 

89  

98 

XIX 

19 

n 

98 

99 

89 

99 

n 

XX 

n 

n 

98 

19 

n 

99 

19 

$9 

98 

X X I  

n 

XXII  

n 

n 

98 

99  

91 

XXIII 

n 

n 

99  

XXIV 

n 

88 

98  

98 

XXV 

19 

89 

Observed Angle 

XX & XVII 
XVII & XV 
XVII & xv 
XVI & xv 
XVI & XV 
XVI & XV 
XV & XVII 
XV & XVII 
xv & XVII 
XVII & XXII 
XVII & XXII 
R.M. & XVIII 
XVIII & XXI 
XXI & XXIII 
XXIII 8t XXIV 
XXIV & XXII 
XXIV & XXII 
XXII & XVII 
XXII & XVII 
XVII & XVIII 
XVII & XVIII 
XXIII & XX 
XX & XVIII 
XZX & XVlI 
XIX & XVII 
XVII & xs 
XVII & XX 
XX & XXIV 
XX & XXIV 
XXV & XXVI 
XXVI & XXIV 
XXIV & XX 
XX & XXI 
XXII & XX 
XXII 82 XS 
xx & =I11 
XXIII & xxv 
XXV & XXVI 
XXVII & XXVI 
XXVI L XXIV 
XXIV & XXIII 

Number of 
Zeros 

I2 

12 

12 

I2 

12 

12 

12 

12 

12 

I. 
12 

12 

12 

12 

12 

I2 

12 

12 

12 

I2 

I a 

I a 

12 

I2 

12 

I2 

1 2  

1 2  

12 

12 

12 

12 

12 

I2 

12 

12 

12 

12 

12 

12 

12 

Number of 
Obaerva- 

tione 

24 

24 

25 

27 
2 8 

27 
26 

27 

25 

a7 

27 

25 

2 4 
26 

27 

27 

25 

26 

26 

25 

25 

27 

27 

31 
26 

2 4 
2 8 

25 

27 

25 

25 

27 

27 

27 
26 

29 
.a 4 

25 

27 

27 
26 

Sum of Bqueres of 
Errola of mingle 

O ~ O M  

2-75 
8.26 

7'4I 

13'19 
13-00 

15'30 
16-80 

13'93 

7'43 

"'93 

13-58 

15'45 

9-84 
21 -65 

30.57 

32'44 
9.26 

31'58 
11'90 

13'48 
8.64 

28-62 

37'14 

17-76 
13'08 

11.90 

19-69 . 

I I .o7 

14.91 

20'75 

13-79 

23-51 

25'74 

30'38 
16-63 

28'79 
10.03 

8'53 
2a.15 

21-29 

15'86 

A 

Sum of Squares of 
Emrm of single 

Zeros 

75'5' 
125.96 

43'78 
240' I 0  

66-66 

138'03 

85.82 

91 '08 

I45.93 

28'75 

159.42 
112'68 

59'34 

75'25 
98.02 

111'12 

112'83 

106.80 

141 '07 

93'99 
116.44 

99 '09 
138.71 

239.00 

74-23 
141 '18 

136'97 
131.60 

107.04 

141'78 

97'63 

164'37 
170'5a 

91-37 
124.66 

4a.44 

76'25 
123.85 

163'33 

69-37 

86-79 

R x x ~ ~ g e  

7 

J 

, Tron hton and Sirnuis' 18-inch 
Tfeodolite No. 2. 



NOTE.-B.M. dmotee Refemng Mark. 

- - 

Sum of Squares of 
Emrn of single 

ObserraL~ol~s 

36-25 

23-67 

27-13 

23-70 

Numher of 
Observa- 

tlons 

28 

27 
2 8 

25 

Station of 
Obervstion 

XXVI 

9 9  

9 9  

9 

Obsened Angle 

XXIV & XXIII  

X S I I I  & LYV 

xxv & XXVII 

XXVII & XXVIII 

Number of 
Zeros 

12 

12 

I2 

I2 

12 

1 2  

12 

12 

12 

12 

1 2  

I a 

12 

12 

12 

12 

I2 

12 

12 

12 

12 

I a 

12 

12 

1 2 

12 

12 

I2 

12 

12 

12 

I 2 

I a 

12 

12 

12 

12 

I2 

12 

12 

12 

XXVII 

9 9  

# I  

XXVIII 

9 9  

s t  

9 3  

XXIX 

9 9  

99 

9 9  

XXX 

99 

99 

¶ I  

y 9  

99 

XXXI 

I ?  

XXXII 

I 3  

XXXIII 

99 

99 

I S  

?I 

9 )  

99 

XXXIV 

9 9  

9 9  

9 9  

I )  

XXXV 

99 

XXXVI 

) I  

Sum of Squarcrs of 
Errors of single 

Zeros 

204.51 

184-11 

89'75 

59-69 
XXTX A XXVIII 

S Y T I I I  & XXVI 

. XXVI &XXV 

XXBI & XXVII 

XXVI I & XXIX 

XXIX & XXX 

xxx a XXXI 

SXXV .& XXXIII 

XXXIII & XXX 

XYX & XXVIII 

XXVIII ,k XXVII 

BXIX & XXXIlI  

XXXTII & XXXIV 

XXYIV & XXXII 

XXXII & XXXI 

XXXI & XXVlII  

XXVIII ,% S X I X  

XXVIII & XXX 

XXX & XXXII 

XXXI & X X S  

X x x  & X x X I v  

XXX & XXlX 

XXlX & SXXV 

XBXV & XXXVI 

XXXVI & YYXVII 

XXXVII & XXXVIII 

XXXVIII & SXXIV 

XXXIV & YYX 

XXXII 8 XXX 

XYX & XXXIII 

XSXTII & YXSVII 

XXXVII & XXXVlII 

XXX & R.M. 

XXXVI & XXXIII  

XXxI I I  XXIX 

XXXVII & XXXIII  

XXXIII & XXXV 

27, 
25 

2 6 

25 

24 

25 

25 
2 6 

27 

25 

25 

27 
2 8 

26 

2 6 

2 6 

27 

24 

25 

2 4 

25 

27 

30 
2 8 

29 

37 

3 7 

27 

25 
26 

2 6 

25 
2 6 

2 4 

24 

25 

24 

RW~ABEB 

I 

60'34 

85.99 

78.17 

53'80 

74-08 

79'84 
183'64 

IOI '78 

100'17 

64'04 

64-49 

78-32 

'36'73 

66'75 
224'08 

108-10 

71-18 

"5'59 
131.00 

288.42 

45'72 
166.73 

153'43 

65-33 
164.02 

105'87 

48.69 

292.55 

78-63 
104'15 

245'69 

126'37 

168.74 

86'93 

56.92 
127'26 

83-65 

1 22'30 

14'5s 

9.82 

12-16 

6.48 

9.61 

6-04 

11-48 

7'42 

6-00 

8'71 

20'86 

17-79 
16.25 

18-90 

11'72 

12-65 

6-50 

11.65 

2-30 

8'37 

30'55 

37-08 

44'23 

80.93 

45'77 
46 -66 

46-56 

12-82 

18-57 
16'01 

10.94 

9'73 

14-23 

9'4O 

5-44 

7-08 J 

Troughton and Simma' 18-inch 
Theodolite No. 2. 

d 



PRINCTPAL TR1ANQOI;ATION. SUM9 OF SQUARE8 OF APPARENT ERROM. 61-5. 
L 

Station of 
Observation 

XXXVII 

#9 

19 

s 

XXXVIII 

19 

99 

99 

XXXIX 

9~ 

' 9  

XL 

9) 

99 

XLI 

9 9  

XLII 

B n w  ' 

Sum of Squares of 
Errors of single 

Observutionu 
Obeerved Angle 

XXXIX & XXXVIII 
XXXVIII & XXXIV 
XXSIV & XXXIII 
XXXIII & XXXVI 

XXXIV 8 XSXIII 
XXXIII & XXXVII 
XXXVII & XXXIX 
XXXIX A XL 
XLI & XL 
XL & XXXVIII 
XXXVIII & XSXVII 
XXSVIII & XXXTX 
XXSIX & XLI 
XLI & XLII 
XLIf & XL 
XL & XXXIX 
XL & XLI 

Number of 
Observe- 

tiom 

27 

27 

27 

2 4 

2 4 

2 4 

27 

2 6 

27 

2 4 

25 

29 

2 8 

27 

25 

2 6 

2 8 

16-32 

70' I4 

13'35 

9'45 

11 '59 
5-08 

20.73 

17-67 

23-58 

13-09 

8-56 

21-48 

16-42 

25'48 

16.01 

14-28 

29-32 

Number of 
Zem 

Sum of Bqnanw of 
Errors of single 

%roe 

12 

I2 

12 

12 

I2 

I a 

I2 

12 

I a 

12 

12 

z 2 
I a 

12 

12 

12 

I a 

74'03 

129.64 

169.48 

132.01 

79-94 
268.14 

112'20 

110.94 

124'93 

207'22 

180'23 

166.49 

62-57 

50-62 

59'19 
148.76 

56-58 

7 

J 

Theodolite No. 2. 
Troughton and Simma' l&inch 



KATTYWAR MERIDIONAL IJERIES. 6 2 7  
From the preceding data of the sums of the squares of the apparent erroka, in the measurement of each angle, we may necertain the 

e.m.6. (error of mean square) of obeervation of a single measure of an angle, and the e.m.8. of graduation and o h m a t h  of the mean of the 
measures on a single zero, for each group of angles measured with the same instrument, by the same observer, and under eimilar circum. 
stancee. 

The instrument employed was !houghton and Simms' 18-inch Theodolite No. 2, having 8 microscope8 to read the azimuthal d e ;  ' 
obeervationa were taken on 6 pairs of zeros (faca &j? and face r ight)  giving circle readings at  10' apart. 

The s.m.6. of obsarvation of a aingle measure of an angle = Sum of squares of apparent errors of observstions. 
d N o .  of obsemtiom-No. of anglea x No. of cbangea of m. 

The e.m.8. of graduation and 06aervation of the mean of the Sum of squares of apparent errors of zero. 
measures on a single zero No. of angles x (No. of changes of zero - 1). 

J. B. N. HENNESSEY, 

In charge qf Campding O$;& 

Qmnp Instrument and 
Obeerver 

Piumber of 

I 

bo" 

s.m.8. of observation of 
a aingle measure 

s.m.8. of graduation tnd 
observation of a ain~le  rapo 

Rongbtonnnd Bimm' 18-inch 
Theodolite No. 2; Lieutenant 
D. J. Naamyth. 2501-1152 { 1162-96 

] - * 0.957 
630.76 f i leu-6s2 ;;iz jt - * 8.465 

Hills, 

PLine, 

H ,  

I1 

111 899.60 f 1 1U52-m - * 1.211 

Ditto. 

Tmnghtonand Simma' 18-inoh 
(Thedolib No. 2; Licutsnnnt 

H. Bivera 

IV 

i 4284.79 ] ' - i 8.lU 
480-40 

o t 

10 0 

10 0 

10 0 

Ditto. 247.20 
EN-10 

Tmughton and Simms' 18-inch) 
TheodoliteNo.2; Lioutnunta 
D. J. Nasmyth and H. Rivera. 

Hillo, 

2-17 

2-26 

2-19 

,I0 0 

46 

40 

2.66 

2501 

l24l 

1052 

llK2 

652 

480 

7 216 M 
331.78 f 1 IU-BL ] - t 1.691 1' - * 8 - 6 9  



KATTYWAR MERlDlONAL SERIES.. 



KATTYWAR MERIDIONAL BERIES. 

Figure No. 18. 

t The fixed data here given are obtained from figure No. 21 of the &&hi Longitudinal Series of tho North-West Quadrilstoral. 
* In. bhe tsbles of the equations between the factors the co-efficienta of the terms below tho diagonal are omitted for convenience, the 00-eficient of t"m 

in the pth h e  belng always the same as the co-e5cient of the qth term in the pth line. 

. ----- - -- - - -  

+ 

Observed Angles 

d 
cd Ea 

No. Value . a.5 r( 

o r I/ 

1 79 45 20'92 0'95 

3 6 4 3 4 5 3 ' 9 3  0.50 

3 35 39 48'33 0 ' 7 7  

4 4 4 5 6 5 1 . 6 9  0.61 

5 55 49 37'3' 0'44 

6 42 14 37.13 1 - 2 0  

7 36 58 56-60 0.79 

8 26 10 47-18 0.94 
1 

9 32 30 29-03 0.67 

10 68 16 0.66 0.74 

11 53 z 46.90 0-44 

1% 74 I9 49-17 1-03 

13 27 42 20'40 1.24 

'4 77 57 51-35 0'85 

Values of the Factors 

XI = + 0.7363 

& = - 0.4776 

& = - 0.1425 

X4 = + 0.4845 

X, = + 0.4861 

X, = + 0.0463 

X, = + 0.0028 

b = - 0'0314 

Fixed datat 
Log. Ratio of side A to side B (see diagram) = 0' I I ;7875,2 

Sum of angles I, 4, 8 and I 2 = 225O 12' 4 7 a - 6 ~  

Equations to be satisfied Factor 

XI + X a  +Xs = e , = + 1 * 6 3 ,  X, 

x4 + X6 +=a + X l l  
= q =  + 0.70, x, 

+Xis + Xlr  
- 

x1s - q = -  0.27, )5 

Xa +% f *9 +=lo = e, = +1 '14 ,  X4 

X8 +xe + XI0 + x11 = e5 = + 1.94, Xs 

XI + X4 +Xa + KIP = e 6 =  + 1-36, X, 
10% -29xs +14X6 - 6 x l 1  1 = el = -11'4, A, 

+40 xis - 5 

7 Xo - 1 4 ~ ~  + q x 6  = e, = 
- "1 -50.9, % 

-36x8,  +25% 

Equations between the Factors 

Co-efficients of 

Xl x, '3 X4 X6 X6 xl x, 

+2 .22  +0'95 - 17'33 .. . 
+ 2-43 + I - 3 8  +1'55 - 0.88 - 35'73 

+3'".2 +"03 4 45.35 ... 
$3'40 + I W 4 I  ... ... + 38.03 

+2'79 i-0.94 - 7'04 - 1 7 ' O 9  

x- +3'53 . . . - 29'57 

+2901.70 - 86-24 

+ ~ 4 3 8 . 4 ~  

No. of 
e 

I 

2 

3 

4 

5 
6 

7 
8 

Angular errors in seconds 

x1 = 3- *75 x6 = - -28 xl, = - -01 

% =  + -38 4 = + .58 xlP = - ' 10 

x3 = + '50 xS = + I * I I  xlS = - -04 

x4 = - '40 x, = + '1% xi, = - ''3 

x6 = -00 xi,= + ' 72  

[wsS] = 4'02 

/ 

Value of 
e 

+ 1-63 

+ 0.70 

- 0 ' 2 7  

+ 1-14 

+ 1 ' 9 4  

+ I - 3 6  

-11.4 

-50.9 



PRINCIPAL !I'RIANQULA!L'ION. REDUCTION OF FIGURES. 

Pigure No. 19. 

Observed Angles . 
l a  

No. Value r h o  
F4'G 

4 B  

o r a 

1 3' 35 45-14 0.55 

z 35 3 28.22 0.51 

3 69 33 10'02 0'49 

4 43 47 4J.02 0'77 

5 32 28 51'20 1-23 

6 34 10 24.09 1.42 

7 49 29 32-63 0.63 

8 63 51 15'3% 0.31 

Values of the Factors 

X1 = -1.0188 

'x, = +1.9874 

X, = -2.1265 

a, = +o-ooII 

. 
Equations to be satisfied Factor 

XI ' +X, +X8 +X4 = e , =  + o * x r ,  X, 

x, +% +Xs +% = e , =  + o W 8 9 ,  X, . 

X6 +% +% +% = e 8 = - 2 ' 3 2 )  

-34x1 - 5 %  
-I3%) = e4 = + 7.3, x4 

+ 29 x6 - 2 %  +I1 % 

Equations between the Factors 

No. of 
e 

I 

2 

3 

4 

Angular errors in seconds 

X1 = - -58 X( = - "7 

x, = - '52 s = -  ' '5 

Xs = + '47 9 = -1'34 

x 4 =  + '74 x, = - 966 

[wxP] = 6.60 

Value of 
e 

+ o-11 

+ 0.89 

- 2'32 

+ 7'3 

Co-e5cienta of 

X, x, x, x4 

i-2'32 +lo26 ... - 27-62 

+3'91 +2-65 + 34-81 

* +3'59 + 43-33 

+1965*61 



KAT27YWAB MERIDIONAL SEIES.  

Agure No. 20. 

- 

Observed Angles 

A 

2 - 
NO. Value PI'@ 

za 
.r( 

8s 
& 

0 # I/ 

I 72  54 7-80 0.60 

2 40 6 35-27 O . j s  

3 66 59 19.45 0.69 

4 65 o 34-85 0.62 

5 71 40 10.89 0.71 

6 43 19 16.98 1-18 

7 54 21 27'42 0.56 

8 36 51 25.51 0.87 

9 88 47 8-66 1-33 

10 82 30 7.03 1-62 

11 47 2 21-58 1.52 

12 50 27 31-30 0.82 

13 85 13 43'09 1-42 

I4 64 50 7-42 0'74 

15 29 56 1 2 . j ~  1-33 

Values of the Factors 

\ = + 0.2495 

h, = + 0'4243 

Xs = + o.o1:1 

A, = - 0'2j43 

X6 = + 0.5274 

)Lb = - 0.1181 

X, = - 0-0082 

Equations to be satipfied Factor 

xl +% + X~ = el = + 0'45, x, 
X4 +Xs  +xa' = C+ = + 0.81, X, 

X7 + Xe +XQ - - es = + 0.17, X, 

x10 + X l l  + Xls - - e 4 = -  "7, '4 

X1s + Xl4 + XIS - - e, = + 1-33> X, 

X1 + X4 +&l + Xlo +xIS = e, = + 0.19, A, 

9x3 -2.5% +23% - 7% 
+ ")=.=- 

-28x0 +18 xla - ~ O X , ,  +37 x,, -~ox , ,  
4 " ~  

Equations between the Factors 

NO. of 
e 

I 

2 

3 

4 

5 

6 

7 

Angular errors in seconds 

x1 = + -08 x, = + -28 x = - -14 

= + '2.5 q = - -06 Xia ' - '33 

X3 = + '12 Xg = + ' 2 2  XIS = + 058 

x, = + ' I9  x9 = + -01 Xu = 4- '45 

xi = + '34 xlO = - -60 xi, = + '30 

[wx2] = 1-44 

Value bf 
e 

1-0-q j  

+c.81 

+ o m l y  

-I -07 

+"33 

So -19  

-4'0 

Co-efficients of 

X l  h, X3 X4 6 Xa x, 

+ I - 8 4  +0.60 - 7.54 

$2'51 +oe62 + 22.17 

+2.78 +oa56 - 23-01 

+3'96 + I -62  - 15-64 

* $3'49 +"42 + 41'81 

+4'Xz . . . 
+451oa53 



P.RINC1P.A.L TRIANQULA!FION. REDUCTION OF FIGURES. 

F v e  No. 21. 

Obaerved Angles 

'3- 
No. Value Z %  xe 

o n w  

1 53 50 6.79 1-04 

2 48 36 5'23 0'71 

3 42 19 58'33 0'93 

4 35 13 50'70 0'35 

5 34 21 53-85 0.46 

6 68 4 20.92 0.58 

7 44 54 9'75 0'97 

8 32 39 39'17 0'54 

Valum of the Factors 

= -0'3233 

X, = +r.3172 

% = + 0.2369 

A, = +oS0226 

2 

Equations to be satisfied Factor 

XI +% +X8 +x4 = e l =  -0.19, X, 

x, +x4 +X6 +X6 - - ep  = + 3-62, A,, 

X, +% +xl + *8 = e, P + 2-81, 

-16 xi -% 

-247 - - e, = +43*4, X4 
+ i8x ,  +9% +33 Xe 

Equations between the Factora 

Co-efficienta of 

x, A,, x, A4 

+3'03 +1*28 ... - 39'67 

+ 2'3'2 +1'04 - 11.88 

+2'55 + 36.99 * 

+1657*18 

No.of 
e 

I 

2 

3 

4 

Angular mom in seconds 

x1 = - : 71 x , =  + '71 

x, = -  ' 25 X6 = +1*14 

x8 = + '42 LI = + '43 

x4 = + '35 x , = + . 5 3  

[wxy = 5-16 

Valueof 
e 

- o-rg 

+ 2-62 

+ 2-81 

+43'4 



K A P W A R  MERIDIONAL SERIES: . . 

Figure No. 22. 

Observed Angles 

I* 

No. Value E %  a'$ . C 

4s 
0 1  1 

1 72 14 45-40 0'4% 

a 61 37 46-83 0-52 

3 46 7 27'54 0.84 

4 53 53 8-73 0.45 

5 69 37 34'23 1-00 

6 56 29 14-26 0.27 

7 ?I 54 53-31 0'59 

8 63 9 31-45 0'37 

9 54 55 42-30 0'64 

10 45 26 55'42 0'59 

II 73 56 44'46 1-18 

I %  60 36 23-96 0.73 

I3 63 43 48-58 0.35 

I4 52 I1 I 0.89 

15 64 5 12-31 0.78 

15 62 46 28.01 0.29 

17 41 52 28'42 0.98 

18 75 21 6.67 0-35 

Values of the Factors 

x1 = - 0'9775 

% = - 2.0087 

X, = - 2.8168 

X, = + r-0015 

h, = + 0.5451 

h = + 2.1917 

= + 0.3751 

h, = + 0.0625 

Equations to be satisfied Factor 

x1 +% +% - - e l = -  0.893 X, 

x4 + '5 +x, = q = -3.55) h 

x, +=a +X9 - - g = -  3'98, X, 

x10 + X l l  + x19 = e4 = + 2-83) k4 

Xu + '14 + X16 
- - e, = + 0-83, X, 

XI, + '17 + Xie 
- - e, = + 2-36) X, 

XI +x4 + X I  + X i O  +xu = g =  - O.55~ 

20 % -11 x'J +'4X, 

- 8x, +14X9 
= q =  + 12 x,, + ro xl, 

- I .  t +40-7, - 6x11 
x, 

-16 x14 + 5 Xia - 23 XI? 

Equations between the Factors 

No.of 
e 

I 

2 

3 

4 

5 

. 6  

7 
8 

Angular errors in seconds 

Xi = - ' 25 % = -  1 '44 xis = + -32 

x , = -  '87 xs = - 1'30 x14 = - '40 

x , = +  -23 ~0 = - 1-24 xlS = '+ '91 

x, = - '73 xlO= + -81 Xi, = + ' 74 

X, = - 2'51 %I = + ' 74 Xu - - +  '74 

x , = -  -31 xis= + 1-28 x,, a + ~ 8 8  

[wxqj =30.01 

T 

Value of 
e 

- 0.89 

- 3'55 

- 3'98 

+ 2.83 

+ 0.83 

+ 2.36 

- 0'55 

+ 40'7 

Co-e5cients of 

h h, % '4 '6 '6 % h! 

+1.78 +oS42 + 11-08 

+1.72 - +ow45 - 4.22 

+1.60 +0'59 + 4-89 

+ 2.50 +o.;9 + 1.68 

+ z - 0 2  +oS35 - 6-44 
* +I-62 +0'29 - 20'79 

+ 2.69 ... 
+ 1666.66 



PRINCIPAL TRIANGULATION. REDUCTION OF FIGURES. 

A p e  No. 23. 

Observed Angles 

33 
No. Value .%.a k ha 

sB 
FG 

o r a 

I 47 47 35"3 O.43 

2 46 44 25'02 0'47 

3 38 48 7 5  0'45 

4 46 39 42'49 0.60 

5 45 28 50.16 0-25 

6 49 3 12'47 0.29 

: 47 43 26-87 0.26 

8 37 44 31'11 e 5 7  

9 7.5 27 48-35 0'54 

10 57 14 31-54 0.20 

11 47 17 39-19 0'44 

Equations to be satisfied Factor 

... ... ... X1 +X, 3-XS +X4 = q  = -  1 '05, X, 

... ... ... '6 +% +% +% = % = - 0.07, %I 

..a ... ... ... X, + X ~ o  + 3 1  = e, = - 1-81, AS 

... ... ... ... x19 + Xl3 + Xl4 = e4 = + 1-06, A4 

... ... ... ... X 1 ~  + xi6 + '17 = e5 = + 2.60, A, 

... ... ... ... + Xl9 +% = e6 = + 2-36, A6 

... ... ... ... Xel + xnr, +XsJ = e, = - 1-20, x, 

... ... ... % +Xs + Xss ... = e, = + 1-91, h3 

... ... ... ... X3? +%a +% = e, = + 0.25, % 
. . . .  ... ... ... Xso + Xsl + Xss - el, = - 1.96, %o 

- 
... ... Xe +X4 +% + X6 . . . = ell = + 1-56, 41 

... XI + '8 +XD + '1s + =IS + Xi8 = q s = -  1'03, X, 

... XI, + Xi6 + $1 +XPC +%7 + xso = q, = - 0-29, X, 

2% -igx, +21x6 -24% +27% + 3% ... = q4 = -36.9, 4 4  

I9 XI -20x1) +soxn -13xl0 +8x14 -20xlS = e15 = + 1.3, ... 4 6  

+15Xe -14x16 +17% -12x19 

a x16 - Is X17 +20x18 - 1 1 ~ ~ ~  +16+ ... = q6 = +51*2, 4 6  

+ I 1  $6 -14% + 1 7 %  - 8 %  + 2 x S 2  -23xSl 

2-  
No. Value .r( E% 

E B  
FG 

O I U  

1% 63 39 45'52 0'48 

13 46 43 14'04 0'54 

14 69 37 2-23 0.48 

15 67 51 23-24 0.26 

16 57 37 35-26 0'40 

17 54 3' 4 7  0'24 

18 67 28 j5-62 0.72 

19 60 25 12-27 0-25 

20 52 5 55-16 0'37 

21 57 9 43-42. 0'44 

22 70 37 43-14 0.46 

a* 
No. Vahe . 19 r( 

EB 
FG 

0 1  1 

23 52 I 2  34-20 0'4% 

24 62 4 7'53 0'79 

25 56 24 51-91 0.36 

26 61 31 3.61 1-28 

27 59 37 7'59 0.60 

28 68 50 38-85 1-33 

29 51 32 15'07 0'79 

30 53 -54 23-68 .om4ir 

31 42 54 32-23 1-10 

32 83 I1 3'09 0.69 



6o-J. Kd!l?I!YWAR MERIDONAL BERIES. 

Figure No. 23- (Continued). 

Equatiom between the Factors 

No. of 
e 

I 

2 

3 
4 

5 
6 

7 
8 

9 
10 

11 

12 

13 
14 

15 
16 

Value of 
e 

-- 

- 1.05 
- 0.07 

- 1-81 

+ 1-06 

+ 2-60 

+ 2.36 
- 1 ' 2 0  

+ I - ~ I  

+ 0.25 
- 1'96 

+ 1;56 
- 1 ' 0 3  
- 0.29 

-36.9 
+ 1'3 

+51'2 

, 

Co-efficient8 of 

4 & 4 4 A, 43 h, 43 &! 4 0  %I Alp An 4 4  '16 

+1'95 . +1'05+0'43 - 18'03 - 9-40 ... ... 
+ I ' 3 7  +0'54+0.57 ... + 22.26 + 4.94 ... 

3-1-18 ... +0'54 ... ... + 6-20 ... 
+1'50 ... +0'48+0-48 ... - 6.96+ 5'52 

+ o a p  ... +0'26+0'40 ... - 2.00- 1 - 5 2  

+I '34 ... +0'72 ... ... + 3-29 ... 
+1'32 ... ... +Oa44 ... ... + 3'50 

+2*43 ... ... +0'79 ... ... + 9'04 
+2'72 ... ... +pm6o ... ... + 2.79 

+2'26 ... ... +0'47 :.. ... - 23-92 

+x's9 ... ... - 4-71 ... ... 
+3.00 ... + 7-22 ... - 3'20 

+3*18 ... - I -76 ... 
$962'07- 3-98 ... 

+ 1013'71- 270'00 

+1598'31 

Valuea of the Factore 

.& = -2'1850 
= +I'0314 

& = -1.1253 

X4 = +1'1414 

& = +3*5061 

43 = +2'2149 

h, = -0.6738 

4, = +oe9g72 
= +0'2594 

Alo = -0.5225 

Ill = +1'8124 
= -0.8121 

A,, = -0'8347 
Xl4 = -0'0882 

AIS = -0'0070 

A16 = +0'0162 

d 

Angular errors in seconds 

X1 = - ' 5 7  x* = + '07 xI = - S I B  
x, = -1-04 x = + '87 xH = + '13 

X, = + -78 X14 = + ' I 2  x = + '28 

x4 = - ' 22  XI, = + '73 xpg = 1.1'50 

x6 = + '71 X16 = + I ' I I  Xn = - '35 

x, = + '29 x,, = t '76 x, = + -17 
x, = + '16 xI8 = + 1-01 xpg = + '43 

Xs = -1'23 x1,l = + '57 x, = - '64 

xp = -1.04 xm = + '78 xS1 = - '98 

xl0 = - '21 q, = - '66 xs = - '34 

xl1 = - '56 % = - -36 

[wx'] = 31.59 

e 



PRINCIPAL 'I'RIANGULATION, REDUCmON OF FIGURES. GI-J. 
Figure No. 241. 

< 

Observed Angles 

38 
NO. Value &.? 

'% 2 

0 r #I 

I 40 37 51-08 1.60 

a 58 21 58.83 0.95 

3 47 32 16.03 0.60 

4 33 27 55'27 0.76 

5 43 7 16-54 1 - 1 1  

6 55 52 32'jI 0.68 

7 44 36 34-36 0.56 

8 36 23 39'57 1'43 

Values of the Factors 

X, = +0*8292 

X, = -0.7868 

X, = +0'3382 

X4 = +dSO343 

Equations to he satisfied Factor 

XI +% +xs +x, = e, = + 0-09, X, 

* 
Xs +X4 +Xs +Xs = % =  -0.84, X, 

+=a XS +% +4 ' = % =  +I'74, X, 

- 25 XI -6 x, - 25 xs 1 = e , =  +64'9, X, 
+18% +4% +28 

Equations between the Factors 

Co-efficient8 of 

x, x, x, X4 

+3'9I +1'36 . . . - 60.70 

+3'15 +1'79 - 2-76 

* +3'78 + 54'52 

+ 2759 60 

No.of 
e 

I 

2 

3 

4 

Angular errors in seconde 

XI = - ' 04 X6 = - '49 
Xe = + '59 X6 = + '11 

xS = - -48 q = + -27 
x,= + -02 x, = +1*85 

- [wxB] = 3 '55 

Valueof 
e 

+ 0.09 
- 0.84 
+ "74 

+64'9 



KATIIPWAB MERIDIONAL BEBIES. 

Awe No. 28. 

# 

1 

2 

Observed Angles 

d 

+ 

No. Value esb 
P..G .- 
88 
@I 

o I u 

25 51 32 7'90 0'97 

26 63 7 11-92 0.55 
27 50 22 52-26 0.65 

28 66 29 59'42 0.68 

29 43 5' 47-39 I'2' 

30 59 13 29-61 0'45 

31 76 5 4 4 4 ' 5 1  0.79 
32 97 22 3-09 1-09 

33 30 30 40'27 2.04 

34 14 22 21-11 0.63 

35 37 44 59-02 0.98 

ll; 
No. Value e M 

-Ti 
Frt 

o r I 

1 53 5 2 4 7 ' 9 3  0'56 
52 27 4-21 0'50 

3 73 40 12-42 0.62 

4 81 5 9 4 8 . 5 6  0.84 

5 44 tI 46e57 I.4O 
I 

6 53 51 28.35 0.89 

7 77 25 2-65 1-73 
8 60 56 0.60 1-01 

9 41 38 56-93 2-19 

lo 47 54 3sa64 0'53 
11 55 5 12-12 0.36 

12 77 o 14-39 0.62 

Equations to be satisfied Fador 
... ... ... ... X1 +4 + Xa = e ,  = +  2.38, h, 

... ... ... x4 +x6 +=6 . .a  = %  = + "57~ h 
... ... ... =7 +% +x9 . . a  

= q  = -  "95J % 

... ... ... ... Xlo + X11 + XIS = e 4  = + 0.36, )c, 

... ... ... Xu + =l4 + '16 ... = es = + 1-96, x, 
... ... ... x16 +X17 . +xi8 ... = e 6 = -  2.89, h 

... ... ... x10 +%I -I- $1 +% = e , = -  0.27, X7 
... ... ... ..a % +%4 +% = e 6 = -  7 4  % 

... ... ... ... %6 +%7 +% =e, = -  0.48, h 

... ... ... % +%I + 41 ... = q , =  - 0.84, b~ 
... ... ... X, +xS, + X a  +xu = ell = + 0.65, hl 
... ... ... '19 + "11 +% + 46, = q 4 =  + 0'23, h,t 

... XI +X, +xl + 40 + X1s + Xla = e l , =  - 0.92, XU 

X16 + '17 + X19 + % .  +% + 4 6  +% - - e14 = - 0.26, h4 

6% -17q +16x6 -22x, +24x, 
- I z q ]  ... = el, = +1g6-I, hr 

+ 4 x ,  -$Xll +12x16 -3X14 +14x18 -loxl7 

3x14 -z6xls +rzx16 -4x18 +38% -ox, ,  - - el, = + 62.0, ... h6 
+16x, - I I ~ ,  + g x ,  -18% + 5 x ,  -IZX,  

... lsx19 -12% +385,  +3x , ,  + Z I X ,  -61x, = q , =  - 11'9, xl7 

33 
No. Value n.3 h M . r( 

8 8  
Frt 

o t u 

13 38 37 3'65 1-06 

I4 81 19 1-05 0.82 

~j 60 3 58-71 2-28 

16 60 l o  40.65 0.62 

I7 65 7 3-80 1'31 

18 54 42 15-21 0.77 

19 38 5 20.69 0.41 

ao 22 3 4 5 7 - 0 5  0-84 

21 89 47 21-49 1-89 

22 29 32 92'37 1-30 

23 67 9 40.18 1-35 
24 61 18 14-66 1 - 0 2  



PRINCIPAL !I!RIANGULA!L'ION. REDUCTION OP FIGURES. 

Rgwe  No. 25-(Continued). 

W. H. COLE, 

In charge of Cbpting O*. 

Equations between the Factors 

No. of 
e 

I 

a 

3 

4 

5 
6 

7 
8 

9 
10 

II 

11 

I3 

14 

15 
16 

17 

Vdue of 
e 

+ 1-38 

+ 1.57 

' I.95 
+ 0.36 

+ 1-96 

- 2-89 
- 0.17 

- 1'74 - 0.48 

- 0.84 

+ 0.65 

+ 0.23 

- 0.92 

- 0.26 

+196.1 

+ 61.0 
-11.9 

Co-efiicienta of 

A1 2 ha h As % hl A, % A10 41 h a  A,, &IS A17 

+xS68 ... ... ... ... ... ... ... ... . . . . . . . . .  +0.56 ... - 4-18 ... ... 
+3'13 ... ... ... ... ... ... ... . . . . . . . . .  +oa84 ... - 16.56 .... ... 

... . . . . . . . . .  ... ... ... ... ... ... +4'93 ..a +1'73 + 40.44 ma, 

+ 1-51 ... ... ... ... ... . . . . . . . . .  + 0.53 ... - 1.91 ... ... 
+4-16 ... ... ... ... . . . . . . . . .  +I-06 +a.28 + 24.90 - 15-10 ... 

+ 1.70 ... ... ... . . . . . . . . .  +o.6a + 1-31 - 1-31 - 3-34 ... 
. . . . . .  ... ... +4'44 ... ... +lS3O +1'25 + 49-40 + 45'47 

+ 3'34 ... . . . . . . . . .  ... + 1'35 ... + 4'30 ... 
... ... + 1-88 . . . . . . . . .  +0.55 - 5-58 ... 

+ae45 . . . . . .  ... +I-21 ... - 1.45 ... 
+4'74 +la61 ... ... ... ... + 1-68 

... ... ... * +3'91 +0'41 -31.28 
+5'34 ... ... - 20.11 ... 

+7'95+ 14-26 ... - 3'93 

+3187-68 - 158.30 .... 
+ 3563'31 + 1877.10 

+ 5344.09 

Valaee of the Factors 

A, = + 1.6229 

h, = + 0'9155 

A, - 1.1036 
= + 0.3678 

A, = - 0.0016 
= - 1'11q4 

h l - -  0'58% 
hs = -  0.6753 
h9 - -  0.1407 
Am -- - 0.4613 

All + 0.0451 

h, .P + 0.30'23 

A,, = + 0.0865 

AM 0 + 0.1787 

his + 0.0816 
Ale 3 + 0'03%4 

AS - - 0.0066 

Angalar errors in seeondm 

XI - + '96 x18 - - -81 .a - - '14 
x, - + -10 Xi4 - '14 x, - + -01 
x, -- + 1.32 x,, + 2.91 % ' - '55 
4 - + '84 x1e = - -39 x, - + '05 
q - - 1-27 XI, = - aaao % - - .22 
x, -- + 1.00 ' xu = - '30 xm = - '38 
q -- - 1-76 x,, - - -05 4 1  - - ' U  

X, a - 2-13 xs rn - '18 X~ 1 + -03 
q - + 1.94 x, - - '54 x a  3 - -10 
Xl0 - + .=4 q, - + -50 xm - + '4 
x,, - -31 %B - - -54 x, = + 
x, = + .q4 x, - - 1-06 

[-'I I 30.~7 



K A T T Y W A R  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. TRIANGLES. 

Born.-1. The values of the sides are given in the same lines with the o p p i t e  anplea. 
2. Stationa LXI (Akoria), LXIV (Bhilgaon) and LXVI (Jhund) appertain to the Karichi Longitudinal Series of tho North-West Q&& 

Dktance No. of Triangle 

Log. feet 

5*0061437,4 
5'0433819,7 
4'8160424,8 

5.0759511~1 
5'2225406,5 
5.0061437,~ 

5'0212179~3 
5'0144223,4 
4 .698~549~6  

5'0795327,7 
5 m 0 ~ 2 1 7 9 , 2  
5'0061437,4 

5'0759511,1 
4.9355261~7 
5.0795327,7 

Cin2.t 

125 

126 

A Corrections to Observed Angle 
Corrected Plane Number and Name of Station Angle 

0 1  w 

LXI  (Akoria) -52 - '38 + '35 - '03 64  34 53.38 
LXIV (Bhilgaon) '52 - '75 + ' I 3  - '62 79 45 19-78  

Eit 
-- 

214 

215 

216 

I (-ViriiwAh) 

LXIV (Bhilgaon) 
I (ViriwBh) 
I11 (Kdunjhar) ' 

LXVI (Jhund) 
LXIV (Bhilgaon) 
I1 (Khhrsar) 

LXIV (Bhilgaon) 
I (Virimih) 
11 ( K h b )  

I1 ( K h h a r )  
I (ViAwih) 
In (Kilunjhm) .. 

Feet 

101424.71 
IIOj05 '01 
65470.03 

119110.80 
166932.40 
101424.71 

105006-92 
103376.63 
49917.74 

120097.17 
1ojor6.91 
101424.71 

119110.80 
86203.75 

120097.17 

Mea 

19'209 
20.929 
12'034 

22'559 
31.616 
19'209 

19.888 
19.579 
9'454 

~ 2 . 7 4 ~  
19888 
19'209 

22.559 
16.326 
~ 2 . 7 1 ~  

2 

1'55 

'94 
. 9 j  
'94 

2.83 

'40 
4 0  
'39 

1.19 
-- 

'80 
'79 
'79 

2.38 

.76 
7 6  
.76 

2.28 

+ ' 40  + '39 + -28  '00 

- 5 8  1 - 3 9  1 
+ ' I 3  + -85 + ' l o  1 - '40 + '04 - '45 

- '71 + '27 
0 0  1 - 0 3  + '01 - -24 

- '72 + '82 + -281 1 + 
'03 - '70 - -85 

- .98 

-1'63 

+ '79 + '28 
- 9 7  

+ -10 

+ -98 
- '30 
- '41 

+ -27  

- .44 - 0 3  
- -23  

- '70 

+ -10 

+ '31 
- -1-55 

-1.14 

35 39 46'84 

180 o 0.00 

44 56 51.54 
98 4 13.77 
36 58 54.69 

180 o 0.00 

77 57 51-93 
74 19 48 '47 
27 42 19.60 

180 o 0.00 

71 7 37-63  
55 49 36.49 
53 2 45'88 

180 o 0.00 

68  16 0.00 

42 14 36.68 
69 29 23-32 

180 o 0.00 



PRIRCIPAL mImGULATION. TRIANGLES. 6%. 

No. of Triangle 

knit Non- 

, -jc 127 

128 

217 

129 

130 

181 

218 

219 

182 

la3 

220 

la4 

Distenatl 

Feet 

zo6ooa -63 
198696.23 
11gr10.80 

118865.25 
'57338'97 
206002 '63 

118865.25 
219994.14 
198696.23 

114465.79 
801zo.01 
118865.25 

63113.44 
I 2603 I '06 
114465'79 

85504'18 
66506.48 
63113'44 

110852-65 
105845 ' 10 
801zo-or 

66506.48 
90106'65 

I 10852'65 

86388.99 
62071' 17 
85504- 18 

64924' 16 
610 6-33 P 863 8-99 

61096.33 
105896.56 
85504' 18 

59983'27 
49140.61 
64924' 16 

Oormcted Plane 
angle 

Log. feet 

5'313872714 
5'298189615 
5'075951151 

5'07505491' 
5'1968362,7 
5'31 3872714 

5'075054910 
5'34241 1110 
5'298189615 

5'058675710 
4'903740917 
5'07505491' 

4.8001218,3 
5'100477595 
5'0586757,0 

4'931987354 
4'8228639,7 
4~8001218~3 

5'044746059 
5'024670795 
4'903740917 

4*8228639,6 
4.9547~68~4 
5'0447460J9 

4'936458314 
4'791896910 
4'931987354 

4'8r240'5399 
4.7860151~3 
4'936458314 

4'78601 5113 
5-0248818,8 
4'931987394 

4'778030195 
4'6914406,1 
4.812406399 

V (Bela) 
IV (Iwtilia) 
VI (Dhjka) 

V (Bela) 
VI (Dhjka) 
VII (Ghgta) 

VIII  (Pata-i-ah&) 
IX (Kanduka) 
X (-1 

I X  (Kanduka) 
X ( K h h m h )  
XI (Chitror) 

VIII (Pats-i-ShBh) 
IX (Kanduka) 
X I  (Chitror) 

x ( m e )  
XI (Chitror) 
2uI (Mon8be) 



KA'ITYWAR BEERIDIONAL SERIES. 

Corrected Plane 

0 1  * 

69 37 36-96 
53 53 8-70 
56 29 14'34 

180 o 0.00 

63 9 22-73 
61 54 54'33 
54 55 42'94 ---- 
180 o 0.00 

No. of 

" 

135 

124 

Triangle 

Non- 
cimait 

I Correctione to Observed Angle I I 
Number and Name of Station '5 ' 

Total 

. I 

Log. feet 

4.8~89333~4 
4'7643143,~ 
4'7780301,5 

4.8664308,6 
4.8615404~3 
4*8289333,4 

X I  (Chitror) 
XI1 (Moniba) 
XIV (Whdia) 

XIV (Wbndia) 
XI1 (Moniba) 
XVI ( U i a )  

4.7791380~3 
4'9090328,6 
q.8664308,6 

4'8526397,9 
4.8159955,~ 
4'6g14406,r 

4'9090028,4 
4'9076800,2 
~8526397~9 

4'7712053,o 
4.9081677,9 
4'7791380,3 

4'7289670,2 
4.7974112,8 
4'7712053,O 

4'7690545,6 
4'7131122,3 
4'7289670,2 

4'8434547~ 
4.9329313,6 
4.7690545,6 

4.9007042,1 
4.6980428,o 
4'7791380,3 

4'7643089,6 
4.7712053,1 
4.9007042,1 

4s82z8w~,8 
4.8839826,8 
4*7643089,6 

123 

122 

121 

120 

119 

. 

Dhtanoe 

Feet 

67442'45 
58118'49 
59983.27 

73514.30 
72701'00 
67442'45 

221 

222 

223 

224 

225 

XI1 (Moniba) 
XVI (Milia) 
XV (Khkraji) 

X (Khhnmir) 
XI1 (Moniba) 
XI11 ( K e s h )  

XI11 (Kesmtira) 
XI1 (Monbba) 
XV (Kzkaji) 

XVI (Maia) 
XV (Kbkraji) 
XVII ( h g p u r )  

XV (Kikraji) 
XVII (Rangpur) 
XVIII (Chalarwa) 

XVII (Rangpur) 
XVIII (Chalarwa) 
xx (DfiWar~ur) 

XX (Dhgarpur) 
XVIII (Chalarwa) 
XXI (Shpakra) 

XVI (Mhlia) 
XV (Kakraji) 
XIX (Pangaaia) 

XV (Kikraji) 
XIX (Pangasia) 
XVII (Bangpur) 

XIX (Pangaaia) 
XVII (Rangpur) 
XXII (Virpur) 

+2'99 + '22 
+ '34 

J 

Miia 

12'773 
11-oo7 
11.360 

13'925 
13'769 
12.773 

60136.48 
81096.64 
73524.30 

71226.20 
65462.94 
49140.61 

81096.64 
80850-00 
71226'20 

59048'01 
80940.85 
60136.48 

53575'59 
62720.75 
59048.01 

58756.32 
51654.98 
53575'59 

69735'63 
85690.25 
58756'32 

79561.73 
49893'37 
60136.48 

58117.77 
59048.01 
79561.73 

66510.50 
76556.61 
58117.77 

'77 

'35 
3 5  
-34 

I -04 

11.389 
15.359 
13'92j 

13.490 
12.398 
9.307 

15'359 
15.313 
13'490 

11'1s3 

15'330 
11.389 

IO"47 
11.879 
11.1~3 

1r'128 

9 . ~ ~ 3  
1°'147 

1 3 ' ~ ~ ~  
16.~~9 
11'128 

15.0~9 
9'4s0 
11'389 

1 1.~7 
11.1'3 
15.0~9 

12'597 
14'499 
11.001 

, 

+1'30 + '33 
i1'441- 071 
+1'24 - .a6 

I '01 

- -56 45 26 54-53 - '64 73 56 43.48 

+3'55 

+ I  '63 
+1'37 + -98 
+3*98 

-34 -1.28 

-2'83 180 o 0.00 

-1.63 60 36 21.99 

'25 - '88 - -07 
+ .26 

'24 - '74 - ''9 
'74 

'41 - -91 - -06 
+ ~2.4 

'41 + '40 - -18 
I 

- '95 - '48 
- -93 
-2.36 

- '97 - -08 
+ -22 
- '83 
+ -60 
+ '17 + 2 8  
+1'05 

- '63 
- '93 - .80 
-2.36 

.28 

.28 
2 8  

'84 

75 2.1 5-47 
62 46 27.28 
41 52 27.25 

180 o 0.00 

64 5 10.93 
63 43 48-09 
52 1 1  0.98 

180 o 0-00 

46 39 42.81 
85 32 42.06 
47 47 35.13 

180 0 0.00 

52 5 54-30 
67 28 54.46 
60 2.5 11.24 

180 o 0.00 

+ -22 + -38 + '26 
+ 5 7  1 

67 51 22-46 
54 31 3.72 
57 37 33'82 

180 o 0.00 

53 54 04-26 
83 1 1  3-09 
42 54 32'65 

180 o 0.00 

92 8 32.41 
38 48 16-02 
49 3 11.57 

180 o 0.00 

46 44 25-82 
47 43 26.73 
85 32 7.45 

180 o 0.00 

57 14 31-66 
75 27 49-11 
47 17 39.13 

180 o 0.00 

'69 

- '57 
'20 - '79 

-1'24 

-61 -2.60 

+ '90 + -32 + '74 
.96 -- +1'96 

'00 
- '90 
- '66 
-1'56 

+ I  '07 + a13 
+1'48 

+2.68 

+ '42 
+I-06 
+ - 3 3  

+1.81 

+ -49 
-24 - '29 - -37 
'71 

+ -03 
+ .29 

-27 +1'80 - 
-81 

'30 
3 0  
.29 

' 89 

+ -21 + -21 

+1'04/ 1 + 
.o2 + a56 - -23 



PRlNCIPBL TRIANGULATION. TRIANGLES. 

> 

&rreoted Plane 
Angle 

0 1  N 

63 39 45-17 
46 43 13.01 
69 37 1-72 

180 o 0.00 

7G 37 42-27 
57 9 43'78 
52 12 33'95 

Number and Name of Station 

XVII (Rangpur) 
XXII (Virpur) 
xx ( D h g ~ m )  

XXII ( ~ q n r )  
XX (Dbngar ur) 
XXlV (w&er) 

No. of 

Oircait 

3 -  Oorrwtionn to Observed Angle 

'8 

a 

'24 - '07 + -06 - -01 
'24 - -87 + '08 - '79 
-25 .12 '14 - -26 

228 

229 

289 

Trisngle 

Non- 
k u i t  

226 

227 

XXIV (WBnk4ner) 
XX (Dbugarpur) 
XXIII (Chatrikhera) 

XXIII (Chatrikhera) 
S X  (Dhngarpur) 
XXI (Shpakra) 

XXIII (Chatrikhera) 
XXIV ( WQnkhner) 
XXV (Tarkia) 

Log. feet 

q8033750,o 
4.7131122~2 
4~8228901~8 

4'8802972,7 
4'8299944,7 
4.8033750~0 

-1.06 

+ '45 + -68 
+ -07 

'73 

'32 + '18 
-96 +I-20 180 o 0.00 

+ .IZ - -16 56 24 51'37 
-38 '15 62 4 7.00 
'38 -1'50 -10 -1.60 61 31 1.63 

281 

232 

283 

2% 

285 

236 

237 

4.8570041~3 
4.88~5394~1 
4.8802972~7 

4'9329313~6 
4,8990847~5 
4.8570041~3 

4.9525915~5 
4'8324962,4 
4'8825394,1 

Distsnoe 

Feet 

63587'97 
51654.98 
66510'50 

75909'69 
67607'43 
63587'97 

+ '09 + -02 - - 1 1  

1-14 

::: 
'42 

1.26 
A 

4.89396663 
4'8103283~6 
4.9525915~5 

4.8103283~5 
j.0518868,~ 
4'882539411 

5'0002128~8 
4.855111~~8 
4'8939666,3 

5.0458550~4 
4'9883293~4 
5~ooozr28,8 

4'9951560~0 
4.9518920,9 
5*0458550,4 

4'9872444,o 
5'0701789,o 
4'9953560~0 

~9229933~7 
5.0758244~5 
4.98724~4~0 

Milen 

12'043 
9.783 
12'597 

14.377 
12'804 
12'043 

71945.58 
76302'61 
75909'69 

85690'25 
79265.60 
71945'58 

89658.52 
67998'02 
76302'61 

+ '11 : 1 1 + I - '43 - 12 

13.626 
14.451 
14-377 

16-229 
15.012 
13.626 

16.981 
12'878 
14'451 

78336:95 
64614'26 
89658.52 

64614'26 
112690.36 
76302'61 

~~~~~03 
71632.70 
78336'95 

~~~~~~~07 
97348'52 
1ooo4g'oj 

98936'38 
89514.23 
111136.07 

97105.62 
117538'16 
98936'38 

83751'65 
119076'05 
97105'62 

'40 + '47 
-40 - '11 
I. 19 

XXIV (WBnkhner) 
XXV (Tarkia) 

14'837 
12.238 
16.981 

12.238 
21.343 
14.451 

18.949 
13.567 
14'837 

21.048 
18.437 
18'949 

18'738 
16.953 
21.048 

18'391 
22.261 
18'738 

15'862 
22.552 
18'391 

+ a84 
- '59 - -27 
-1.81 

-2.67 

- '02 - '11 
+ '04 
- .09 
- .36 - '20 - .17 
- '73 
- .18 
- '29 - a19 
- .66 
- -94 
-1.09 
- '95 
-2.98 

-1.91 

- -06 
+ 3 6  - '55 
- -25 

XXVI (Whna)  

XXIII (Chatikhera) 
XXIV ( Winkiner) 
XXVI (Kakha) 

XXV (Tarkia) 
XXVI (Kakhna) 
XXVII (Maidhar) 

XXVI (Kakhna) 
XXVII (Maidhar) 
XXVIII (BhByBear) 

XXVII (Maidhar) 
XXVIII (Bhiyisar) 
XXIX (Chitslia) 

180 o 0.00 

58 21 57-85 
44 36 33.70 
77 I 28.45 

180 o 0.00 

33 27 54.88 
105 54 14-37 
40 37 50'75 

180 o 0.00 

83 33 48'72 
45 21 14-64 
51 4 56.64 

180 o 0.00 

68 3043'83 
54 35 35-17 
56 53 41-00 

180 o 0'00 

57 53 27.78 
50 I 45-00 
72 4 47.22 

180 o 0-00 

180 o. o'oo 

68 50 38.37 
59 37 7-53 
51 32 14-10 

180 o 0.00 

+ -47 
+ .48 - .Ir 

52 27 3-39 
73 40 10.37 
53 52 46-24 

180 o 0'00 

76 35 11.88 
47 32 16-12 
55 52 32-00 - 

XXIX (Chithlia) 
=\'I11 (Bhh~hsar) 
XXX (Mumaiya) 

-- 

1.17 
-- 

'37 
-38 
'37 

I - 12 

- - 1 + '04 

XXVIII (BhhyBsar) 
XXX (Mumaiya) 
XXXI (Trikura) 

'44 - '36 
'44 - 'I7 

I -32 

-72 - -18 
-72 - '19 

2.15 

'67 - '95 

1'99 

.IO 
-1.32 

'73 - '96 
2.18 -. 

-- 

-2.38 

44 8 47-21 
81 59 47.08 
53 51 25.71 

180 o.m 

'63 
6 4  
.64 

1.91 

+1'?7 - 841 ' 1 
- z a m  

+rS27 
- -84 
-a.m 

[-I.I7 



No. of 

circuit 
-- 

L 

Triangle 

::;it 

238 

239 

240 

241 

242 

a 3  

a 5  

246 

298 

249 

Number and b e  of Station 

XXXI (Tdkm)  
XXX (Mumai a) 
XXXII ( ~ e o - H ~ a l o l )  

XXXII (Deo-ki-Qalol) 
XXX (Mumaiya) 
XXXIV (Konkhwh) 

S X X  (Mumaiya) 
XXXIV (Konkiwh) 
XXXZII (Jitori) 

XXX (Mumaiya) 
XXIX (Chittilia) 
XXXIlI (Jitori) 

XXIX (Chithlia) 
XXXIII (Jitori) 
XXXV (Itria) 

XXXV (Itria) 
~ 1 1 1  (Jitori) 
XXXVI (Sakpur) 

XXXVI (Sakpur) 
XXXIII (Jitori) 
XXXVII (Manhwa) 

XXXIII (Jitori) 
XXXIV (KonkBwb) 
XXXVII (Manswa) 

XXXIV (Konkhwb) 
XXXVII (Manhwa) 
XXXVIII (Sarkala) 

Corrected Plane 
Angle 

0 1  * 
60  56 2 - 0 2  

77 25 3 - 7 0  
41 38 54-28 

180 o 0.00 

55 5 11-84 
47 54 34.81 
77 o 1 3 . 3 5  

180 o o * o o  

38 37 3.98 
81 19 0 . 7 0  
60 3 55'32 

180 o 0.00 

60 10 40.19 
54 42 14.66 
65 7 5 - 1 5  

180 o 0.00 

76 54 43-96 
43 51 46.83 
59 13 29-21 

180 o 0.00 

66 29 58.01 
63  7 10.54 
50 za 51.45 

180 o 0.00 

51 32 6.55 
67 CJ 3 9 2 2  
61 18 11-23  

180 o 0.00 

60 40 17.35 
89 47 21-40 
29 32 21.25 

180 o 0.00 

37 44 57-74 
97 2 2  2 - 1 1  

44 53 0.15 

180 o 0.00 

22  34 56.36 
126 54 24-05 
30 30 -39.59 

180 o 0.00 

59 35 5 .41  
67 2 1  55.89 
53 2 58-70  

180 o 0.00 

46 41 9.27 
52 3 38. 3 
81 15 I I - ~ O  

180 o 0.00 

y s 

# 

'71 
'71 
'71 

2 - 1 3  

ma 

20'863 
23'295 
15.862 

17'557 
15'889 
20'863 

12.645 
20'028 
17'557 

21'289 
20'028 
22'261 

24'135 
17'170 
21'289 

28.733 
27,946 
24.135 

~ 5 ' 6 4 ~  
3 0 ' ~ ~ ~  
28.733 

za.360 
~ 5 . ~ 4 ~  
12'645 

19'399 
31.4~5 
~ 2 . 3 ~ ~  

19.399 
40'394 
~ 5 . ~ 4 ~  

30.934 
22'405 
19'399 

15'4" 
16'704 
20'934 

4 

~ o g .  feet 

5'04zm17,2 
5'0899033~5 
4 '9~29933~7  

4.9670948~4 
4 .923727~~2 
5'0420017,~ 

4.8245480~1 
5'0242720,7 
4'9670948,4 

5'0507929~1 
5.0242720,8 
5.0701789,o 

5'1052779~2 
4'9574015,7 
5'0507929,I 

5'1810132,6 
5.1689588~4 
5'1052779,~ 

5'1316810,6 
5.ion665.8 
5.1810132,6 

5*07ar135,8 
5.1316810~6 
4.8245480~1 

5 m ~ ~ ~ 4 ~ 3 7 , 6  
5'2199142,3 
5'0721135,8 

5 m ~ ~ 0 4 ~ 3 7 , 8  
5.3289514~6 
5.1316810~6 

5~0434803~8 
5'0729735,6 
5'0104137,7 

4.9104558~8 
4 .9454526~ 
5.0434803,8 

Corrections to Ob~erved Angle 

+ -18 
- -53  + -20  

- '15 

- '05 - '07 - - 1 2  

- '24 

- -02 - -05 
- -04 

- -11 

XXXIII (Jitori) 
XXXVII (Maniiwa) 
XXXVIII (Sarkala) .88 + '20 

Distance 

rest 

110154'37 
122999.50 
83751.65 

92703'22 
83893.99 

110154'37 

66764.86 
105747.97 
92703'22 

112406.89 
105747.97 
117538.16 

127431'82 
90657.05 

112406'89 

151709.67 
1 ~ 7 5 5 6 . 6 8  
1 ~ 7 4 3 1 . 8 2  

135419.45 
1 ~ p 3 9 2 0 1  
151709.67 

118062-93 
135419.45 
66764.86 

102426.83 
165925.92 
118062.93 

102426'83 
213280.66 
135419.45 

110530'04 
11b96.96 
102426.83 

81368.42 
88196.76 

110530.o4 

XXXVII ( W w a )  
XXXVIII (Sarkala) 
XXKTX (Nandivela) 

XXXVIII (Sarkala) 
XXXIX (Nandivela) 
XL ( J h )  

 my^. 

Q 

+2'13 
+1 '76 
-1.94 

+ .32 - .24 
- - -44  

- '36 

+ -81 
+ ' I 4  
-2.91 

-1.96 

+ '39 + '30 
+ 2 . 2 0  

+2 .89  

+ '24 + ' 2 2  

+ '38 

+ '84 

- '05 - -02 

+ '55 

+ -48 - 
+ '14 + 5 4  
- +1.06 

- +1'74 

+ '23 + -54 - '50 

+ '27 

- '34 - '03 
- -28 

- -65 

'60 - '44 

2 - 6 3  

.82 - + 12 

2 - 4 7  

056 - .04 

I -68  

+1'95 

c~rcuit 
----- 

w 

*On- 

v 

1 - 7 9  

'48 
'49 
~ 4 8  

1 ' 4 5  

~ o t a l  

Q 

+ z - 1 3  
+1 '76 
-1.94 

+ '81 
+ I 4  1 
-2.91 

'85 + 2 ' 2 0  

2'55 

-78 + -38 

2'35 

1.36 
1 3 6  
1.36 

4.08 

1 ' 4 9  
1 5 0  
1'49 

4.48 

- '05 . 
- 0 2  ( 1 
+ '55 

+ '14 
+ 5 4  1 
+1.06 

'62 + '23 

-62 - '50 

I '87 

-95 - '28 

2.84 



PRINCIPAL !l!RIANGULATION. TRIANGLES. 
, "-J. 

W. H. COLE, 

In charge of Cbmptcting Osee. 

No. of Triangle 

Circuit 
- 

zit 
-- 

250 

251 

Comected Plane 
Angle 

0 I 11 

65 23 47'31 
50 35 3'23 
64 I 9-46 

180 o 0.00 

48 48 19.79 
72 22 30.43 
59 49 9.78 

180 o 0.00 

Distance - e m  Cbrrectione to Obaerved Angle 
lumber and ~ u n e  of station & 

maFil Figure Circuit 1 Total 
-- 

=IS (Nendivela) .41 + '57 + .57 
XL (JBkia) '40 + -29 + '29 
XLI (Nhtej) '41 + '67 + '67 

L>g. feet 

4'915388813 
4.844656~~1 
4.9104558~8 

'4.8596426,9 
4'9622686,g 
4.9153888~3 

XL (Jhkia) 
XLI (NBntej) 
SLII  (Dangarwhri) 

Miles 

82297.91 75'587 
69928.79 13.244 
81368.42 15'411 

7238+'01 13.709 
91678.75 17.363 
82297'91 15'587 

1.22 1 +1.53 

'45 - '49 
- '43 - -50 
- '49 

1-34 -1.42 



K A T T Y W A R  M E R I D I O N A L  a f i l t ~ a s .  

PRINCIPAL TRIBNGULATION. LATITUDES, LONGITUDES AND AZIMUTHS. 

NoTP.--Btatiom LSI (blroria), LXIV (Bhilgron) and LXVI (Jhund) appertain to the Knrffihi Longitudinal Brier of the North-West Quaddated 

~ $ ~ ~ ~ ~ , " h t  

0 1  0 

71 18 58-74 
11 

71 7 X I  'oo 

11 

11 

11 

71 I 20'38 

71 9 1.65 
11 

11 

J Y  

70 49 57.12 
70 48 11-05 

11 

71 9 6-14 

91 

11 

70 47 52'62 
19 

70 52 3.81 

91 

1, . 
70 32 22-49 
70 59 8-72 

11 

Cinuit 
No. 
- 

67 

58 

69 

So 

Btation B 

Number md Kame 
of Station 

LXIV (Bhilgaon) 
I (VirBwBh) 
LXVI (Jhund) 
I (VirhwW 
I1 (Khhaar) 

111 (KBlunjhar) 
11 ( K h )  

JJ 

I11 (KBlunjhar) 
IV (Iwfi)  

V (Bela) 
I11 (Khlunjhar) 
IV (Iwhlia) 
V (Bela) 
1, I, 

'TI (Dijka) 
VIII (Pata-i-Sha) 
VI (DBjka) 
VII ((+&@a) 

n 19 

VIII (Patai-Sh&) 
lX(Kanduka) 
11 11 

,, 91 

x (IChsnmir) 
* 

Azimuth at A 

o r  w 

94 32 23.18 
29 57 29-28 
139 40 15.19 
354 12 47-90 
65 20 26.32 

39 9 40.38 
37 35 40'76 
118 23 56.60 
76 9 19.16 

359 52 47'33 

32 21 38.89 
6 32 2.84 

325 33 52.85 
o 37 21.76 
961251.61 

56 6 16.80 
26 10 4.51 

343 3 35-44 
54 43 46.14 
98 4 42.36 

321 13 7'33 
43 43 15'15 
314 48 12.75 
90 48 26.28 
21 12 42'90 

Btation A 

Number and Kame 
of Station 

LXI (Bkoria) 
11 n 

I;XIV (Bhilgaon) 
11 ' 11 

11 n 

91 Y Y  

LXVI (Jhund) 
I (VGwiih) 
11 n 

11 19 

19 n 

I1 (KhBmar) 
111 (Uunjhar) 
91 n 

IV (Iwhlia) 

11 11 

19 JI 

V (Bela) 
91 J J  

VI (DBjb) 

19 11 

91 I1 

VII ((3hgtti) 
VIII (Pata-i-Shhh) 

1) 11 

Latitude North 

o r  n 

24 40 43-31 
91 

24 41 34-19 
11 

11 

I1 

24 47 51-07 
24 24 54-47 

11 

JI 

JJ 

24 34 19-16 
24 20 10.65 

YJ 

2352 5'86 

19 

19 

23 54 11-88 

I* 

23 41 32-43 

1 I 

11 

23 44 S'j3 
23 33 24-78 

)I 

Bide A B 

Lag. Feet 

4.8160424~8 

5.0433819~7 
4.698~549~6 
5'0061437~4 
5.0212179~3 

5,2225406~5 
5.0144223,4 
5'0795327,7 
5'0759511~1 
5.2981896~5 

5'3424111,O 
4.9355261~7 
5.3138727~4 
5.1968362~7 
5'0750549,I 

5'0j86757~0 
j'1004775,5 
4.9037409~7 
5'0246707~5 
5'044746099 

4.8001218~3 

4'8228639~7 
4'954756814 
4.9319873~4 
4'7928969,o 

Azimuth at B 

0 1 0  

274 27 27.60 
209 53 21'23 

319 37 48'43 
174 13 33.88 
245 13 15.41 

219 I 47.38 
217 30 55'42 
298 16 2.08 
256 o 43.01 
179 52 49-17 

212 12 59'50 
186 31 18.93 
145 42 25.40 
180 37 14'23 

276 415.94 

235 59 24.56 
206 6 4.24 
163 5 16'80 

234 37 30'51 
277 56 47-28 

141 15 57-60 

223 39 57'I3 
134 s2 48'39 
270 42 18.97 
201 1 1  6.85 



PRINCIPAL !l!RIANGULA!CION. LATITUDES, LONGImTDES AND AZIMUTHS. 

-- - 

J. 

~~~~w~ 

0 1  * 

70 59 8-72 
70 43 49'72 

,y 

70 55 7-60 
JJ 

JY 

70 43 30'95 
9 )  

70 51'11'75 

1) 

JJ 

n 

71 3 55-70 
$9 

70 57 45-28 

SY 

1) 

JJ 

70 47 1-77 
yy 

70 56 28'83 
lp 

8) 

8s 

71 5 41-08 

I) 

70 46 19'25 
71 a 6'62 

#Y 

$9 

lt 

71 16 46.83 
70 51  17'93 
71 11 24.18 

>Y 

12 

70 58 29-59 
JJ 

71 12 az.oa 

9) 

Station B 

Number and Name 
of Btstion 

X I  (Chitror) 
X (KhB.nrna) 
X I  (Chitror) 
,, n 

XI1 (Modba) 

XI11 (Keemba) 
XI1 (MonBbn) 
XIV (WBndia) 
XI11 ( f ( e m h )  
X I 7  (WBndia) 

XV (KBkraji) 
XVI (M6lh) 
X v  ( m a j i )  
XVI ( u a )  

8) 

XVII ( b g ~ ? u r )  
XVIII (Chalama) 
XIX (Pangmi&) 
XVII (Rangpur) 
XIX (Pangab) 

XVIII (Chalarwa) 
XTX (Pangwia) 
XX (Dhgarpur) 
XXII ( V i r p ~ )  
XX ( D h g a r ~ ~ )  

XXI (SBpakra) 
XXII (Virpur) 
XXI (Sdpahra) 

(Virpur) 
XXIII (Chatrikhera) 

X U V  (WBnkher) 
XXIII (Chatrikhera) 
XXIV ( W u e r )  

,, 9 9  

XXV (Tarkia) 

XXVI (Kakha) 
SSV (Tarkin) 
XXVI ( K a k b )  

,, ,, 
XXVII (Maidhar) 

- 

Latitnde North 

0 1 .  

23 33 24-78 
23 33 35-97 

Jy  

23 23 51-36 
18 

JY 

23 23 30'84 
JY 

a3 16 35-86 
JJ 

YJ 

jt 

23 16 43'60 
19 

23 4 39'35 

JJ 

9) 

,, 
23 5 4'94 

JJ 

a2 54 58-53 
y9 

1) 

9) 

22 57 20.81 

jy 

22 56 52-11 
22 48 13.~4 

JY 

99 

JI 

22 52 9-05 
22 45 5-79 
22 40 2.79 

#Y  

,, 
za 36 8.76 

9 2  

aa 28 51'10 
3) 

Circuit 
No. 

61 

62 

! 

- 

A ~ h u t h  at B 

0 1  n 

235 28 22.66 
133 6 47-24 
181 38 15.30 
268 8 1-57 
206 33 17-18 

131 17 14-10 
134 18 31.70 
203 51 26.50 
89 24 46.61 
260 20 41-10 

153 6 8-09 
198 28 49.66 
205 17 9'48 
143 33 6-38 
272 25 33-48 

186 56 33-55 
I34 54 14-92? 
233 37 1.31 
139 8 58-14 
184 33 49-50 

74 29 3.45 
281 20 28-31 
142 19 2.13 

205 54 35-77 
199 56 36'15 

116 51 15-31 
158 36 56.25 
73 56 42.34 

252 37 49-02 
133 31 44-17 

195 30 52.30 
202 22 22.96 
I43 18 18.03 
251 55 44.05 
175 25 52.08 

218 27 59'89 
119 33 19-68 
177 50 8.77 
254 51 37.61 
171 23 39.96 

Station A 

Number and Name 
of Btation 

VIII (Pata-i-ShBh) 
I X  (Kanduka) 

9y ,y 
x (-1 
JJ JJ 

9~ JJ 

X I  (Chitror) 
1 )  , tp 

XI1 (Modba) 
y) JJ 

YJ JY 

9) JJ 

XIII ( K e m b )  
XIV (WBndia) 
XV (KAkraji) 

9) 13 

$8 JJ 

,, ¶ Y  

XVI (Mdia) 
. JJ yy 

XVII @W3Pur) 
,J yy 

Jt 3s 

YJ 99 

XVIII (Chalarwa) 

JJ $9 

XIX (Pangaaia) 
( D ~ w P u ~ )  

YJ 99 

JJ J Y  

J Y  19 

XXI (Sgipakra) 
XXII (Virpur) 
XXIII (Chatrikhera) 

91 I) 

,) JY  

XXIV (Whkhner) 
99 I J  

XXV (Tarkia) 
93 1) 

A ~ h u t h  st A 

0 1  n 

55 34 36-20 
313 2 17.16 

I 38 22.77 
88 12 38-18 
26 34 53-61 

311 13 44.89 
314 15 29-18 
23 53 6-40 
269 19 44.71 
80 25 22.75 

333 3 33.21 
18 30 28.07 

2 j 19 35-27 
323 30 4-18 
92 29 45'76 

6 57 3'42 
314 51 8-89 
53 41 29.51 
319 5 16.57 
4 34 6.13 

254 25 28.24 
IOI 24 25.85 
322 16 50'91 
25 56 36.42 
19 57 59.53 

296 46 56.12 

338 35 0.27 
253 51 0.73 
72 42 0.16 
313 28 8.68 

15 32 16.06 
az 24 27.82 
323 I5 31-61 
72 o 42.16 

355 25 29'88 

38 32 46.91 
299 28 0.56 

357 49 58.80 
74 56 45.59 
351 22 56-43 

Side A B 

Log. Peet 

5'0z48818,8 
4'9364583,4 
4-7860151,3 
4'8124063,g 
4'6914406,1 

4,8159955~2 
4'7780301~5 
4.76431434 

' 4'8526397,g 
4'8289333,4 

4'9090028,5 
4'8664308,5 
4-go76800,~ 
4'8615404,a 
4'7791380,a 

4'7712052,g 
4.79741 I2,7 
4.9007042~0 
4.9081677~8 
4'6980427,g 

4.7289670~1 
4'7643089,5 
4'7131122,2 
4'8228901,7 
4'7690545,5 

4'8434547,r 
4.88398~6~7 
4'9329313,j 
4,8033749~9 
4.8570041,~ 

4.8802972~6 
4.8990847~4 
4.8299944,6 
4.88~5394~0 
4'8324962,3 

5'0518868,o 
4'9j25915,4 
4'8103283,j 
4'8939666,~ 
4'8551 I 1a,7 



KATTY WAR NERIDIONAL SERIES. 

W. H .  COLE, 

In charge of Computing OJM. 

Station B 

Number and Name 
of Station 

XXVII (Maidl~ar) 
XXVIII (Bhiybar) 

11 91 

XXIX (Chitilia) 
11 2s 

XXX (Mumaiya) 
XXXI (Trrikura) 
XXX (Mumaiya) 
XXXIII (Jitori) 
XXXV (Itria) 

XXSI (Trskura) 
XXXII (Deo-ki-Qalol) 
XXXIII (Jitori) 
XXXIV (Konkdwh) 
XSXII (Deo-ki-Qdol) 

SXXIV (Konk4wh) 
,, 19 

'XXXV (Itria) 
XXXVI (Sakpur) 
XXXVII (&dw&) 

XXXVIII (Sarkala) 
XXXVII (Maniwa) 
XXXVILI (Sarkala) 
XXXVI (Sakpur) 
XXXVII ( M J u I ~ ~ ~ )  

XXXVlII (Sarkala) 
XXXIX (Nandivela) 

,, 1) 

XL (Jtikia) 
,, ,, 

S L I  (Nhntej) 
,, ,, 

XLII (Dangarwhri) 

,, 99 

Circuit 
No. Azimuth at A 

0 1  4 

300 12 52.69 

8 43 37'24 
65 43 7'00 
7 49 38.56 

295 38 5'01 

9 18 16.11 

53 27 3-95 
63 16 57.66 
8 34 42'15 

291 39 57'40 

I07 17 25-86 
29 52 21'45 
303 20 41.59 
341 57 46.05 
348 8 I 1-26 

264 53 58-24 
63 22 34.05 
232 25 ~ 3 . ~ 6  

295 32 35-36 
2 42 16-08 

25 17 13'31 
333 6 2-16 
1 0  51 0.84 
346 2 3.28 
64 9 22.26 

55 47 26.31 
356 12 20.08 

303 3 58-04 
349 45 7'87 
71 6 10.96 

5 42 23'24 
301 36 93'43 
350 24 43'66 
49 18 16-29 

Station A 

Number and Name 
of Station 

XXVI (&kina) 
11 1) 

XXVII (Maidhar) 
91 11 

XXVIII (Bhriy4~ar) 

ll 19 

9 9  )a 

XXIX (Chitslia) 
29 $9 

St  la 

XXX (Mumaiya) 
I1 N 

~t 1) 

ll ll 

XXXI (Traura) 

XXXII (Deo-ki- Galol) 
XXXTII (Jitori) 

1, $9 

12 11 

$8 29 

i ll )I 

XXXIV (Konkdwh) 
13 91 

XXXV (Itria) 
XXXVI (Sakpur) 

XXXVII (Mandma) 
)I l9 

SXXVIII (Sarkala) 
13 99 

XXXIX (Nandivela) 

91 st 

XL (J&ia) 
91 I) 

XLI (Ndntej) 
XLII (Dangarwhi) 

Iartitude North 

0  I  I1 

22 25 28.91 

11 

22 17 9-23 

11 

22 9 35'34 

91 

)I 

22 2 30.38 

11 

1l 

21 53 45-63 
I> 

19 

I) 

21 57 51 -72 

21 37 58.70 
21 44 8'82 

11 

12 

>) 

1) 

21 39 11-96 

91 

21 56 58-01 

21 33 18-74 

21 21 48-18 

SF 

21 12 16-78 

91 

21 2 18-28 

11 

20 57 56'54 
11 

20 50 48-60 
20 43 0'53 

Longitude East 
of Ureenrlch 

0 I  11 

70 58 55.63 
)I 

71 14 16-32 

93 

70 s6 1 ~ ~ 4 8  

1s 

ll 

71 12 6.72 

2) 

18 

70 53 31.75 
91 

YI 

1p 

70 39 22 I 1 

70 43 50.16 
71 9 8-86 

11 

11 

,S 

l~ 

70 58 36.07 
I1 

71 27 I '80 

71 33 19-10 

71 8 I '25 

1) 

70 53 5-94 
!I 

71 g 23-90 

91 

70 55 51'52 
11 

71 8 10.58 

70 58 32'39 

Bide A B 

Log. Feet 

5*0002128,7 

4'9883293,3 
5'0458550~3 
4.9518920~8 
4'995355919 

4'9872443,9 
5m0758244,4 
5'0701788~9 
5'0507926~~0 
4.9574015~6 

4~229933~6 
5'042W1711 
5'024272017 
4.9670948~3 
5'0899033~4 

4'9237272,I 
4.8245480~ 
5'1052779,I 
5'1810132~5 
5'1316810~5 

5'3289514,~ 
5'0721135,7 
5'219914a12 
5'1689~88~3 
5.2024665~7 

5.0104137~6 
5'0729735,5 
5'043480317 
4'945452692 
4'910455837 

4'844656020 
4'915388812 
4.962268698 

4.85964~6~8 

Azimuth at B 

0 1 "  

120 18 42.88 
188 42 37'63 

245 36 19'35 
187 48 49'66 

115 44 1.77 

189 17 13.58 
233 20 42.18 

243 10 0.55 
188 33 35.85 
1 1  I 45 32.64 

287 12 8.53 
209 48 45.80 
123 26 29-85 

161 59 38'94 
168 9 50.81 

84 59 14.99 
243 18 40'13 
52 32 2-65 

1 1 5  41 30.30 
182 41 51.24 

205 I I 20.85 

153 9 29.37 
190 49 0.22 
166 4 23-11 
244 o 6.96 

235 42 1-32 
176 12 49-97 
123 9 50.45 
169 46 7.44 
251 I 19.80 

185 41 57-04 
121 40 47.17 
170 25 40.91 
229 14 51.14 



K A T T Y W A R  M E R I D I O N A L  S E R I E S .  

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 pai1.s of horizontal lines, the h t  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 follbwed 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 angles in the usual manner. 
This diflerelrce 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 aa 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 trigonometrical operations, which are shown up by the 
spirit levelling operatio~ls, wherever a junction between the two has been effected. The spirit levelled determinations are always 
accepted as final, and the trigonometrical heights of stations lying between those fixed by the levelling operations are adjusted 
by simple proportion to accord with the latter. In the table the spirit levelled values are printed thus, 284'00, kc., to dis- 
tinguish them from the adjusted trigonometrical values. The column in which the mean trigonometrical heights are given is 
barred across where necessary, as after deduction of Stn. XXVI from Stn. XXV, page 7 7 ,  to indicate that one set of adjust- 
ments ends and another begins. The trigonometrical heights always refer to the upper mark in the surface of the circular pillar 
on which the theodolite stood. Descriptions follow this table, exactly indicating the surfaces on which the levelling stsff stood 
during the determinations of the spirit levelled heights. 

Tlle height given in .the last column is the approximate height of the structure above the ground at the baae of the 
station. 

The heights of the initial stations above Mean Sea Level are taken from the Kar4chi Longitudinal Series of the North-West 
Quadrilateral, and are as follows :- 

LXI (Akoria) 5 5 -  g feet; LXIV (Bhilgaonj 100'4 feet ; LXVI (Jhund) 373.8 feet. 

Xorn.-Stations LXI (Akoria) and LXIV (Bhilgson) appertain to the M h i  Longitudinal Seriea of the North-Went QuaclrilabreL 

htronomical Date 

Jan. 28 
,, sosi, Pea 1 

,, 21,22,25 
,, SOBI. F C ~ .  1 

M88n of 
Times 

of obser- 
vation 

h m 
2 47 
2 57 

2 30 
a 47 

.r: 
3 

~efractibn .- 
d 

Height in feet Height in feet of 2nd 
station above ~ e a n  

Number and Name 
of Station 

LXI (Akoria) 
I (Virirwtih) 

LXIV (Bhilgaon) 
I (PirAwBh) 

' 
2 
M 

F3 

% 

g .- 
ti 

f d  

1 

Sea Level t 8 m 
4 .,. * 02."' * 4 O 4  l P 

Vertical Angle 2 " 

$ ha Y .&, 0 2  S ;; S u a 
'4 

0 I 11 

E o 5 9.3 
D O  21 31'5 

36'1 
D o  30 30.1 

Final 
Bwult 

485 

Tripnometrical 
bulb 

Byeach 
deduo- 

tion 

484.7 

485.5 

8 
14 

I2 

14 

Mean 

485.0 

2.6 
2-6 

2'6 

2.6 

5'6 
5'7 

5'6 
5.7 

If 

1092 

rm2 

61 

60 

-056, 

-060 

+428.8 

+385.1 



7%. KATTPWAll MEUIDIONAL SERIES. 

Number and Name 
or Station 

Astronon~ical Data 

Observed 
Vortical Angle 1866 

Height in feet 

Mean of 
Times 

of obaer 
ration 

Jan. l5,16,17 
, $031, Feb.1 

,, 21,22,25 
,, 15,16,17 

P J  18,19 
$8 lti,17 

., 8001, Feb. 1 
,, 15,1G117 

,, 21,22,25 

,¶ l l ,12 

,, 31, Feb. 1 

,I 11,12 

,, 15,16,17 
I, 11812 

,, 31, Feb. 1 
Feb. 8 3  

Jnn. 11,12 
Feb. 8,9 

11 4,516 
9, 889 

Jan. 31, Feb. 1 

Feb. 4,5,6 

Jan. 11,12 
Pab. 4,5,6, W. 5 

19 8,9 
,I ' 4,696 

,, 29, Mar. 1 
,, 26,27,28 

Mnr. 3,1,5 
Fob. 26,27,28 

3, 819 
,, 15,18,21,23 

,, 26,27,28 
,, 21,23 

., 15J%l8,2lS3 

Apr. 1,2 

I1 (Khirear) 
I (FirBwJh) 

LXIV (Bhilgaon) 
I1 (Khirenr) 

IIXVI (Jhund) 
I1 (Khhrsar) 

I (Viriwhh) 
I1 (KMmar) 

LXIV (Bhilgaon) 
I11 (rcirlunj har) 

I (Vihwih) 
1 111 (Khlunjb)  

I T  (Kh6nrar) 
I11 (KBlunjhar) 

I (Virhwhh) 
I V  (Iwhlia) 

I11 (Khlunjhar) 
IV (Iw6lia) 

V (Bela) 
IF (Iwfia) 

I (Virhwhh) 
V (Bela) 

1 I11 (Khlunjhar) 
V (Bela) 

IV (Iwilia) 
V (Bela) 

IV (Iwhlia) 
1 VI (Dhjkn) 

V (Bela) 
VI (Dhjka) 

, IV (Iwhlin) 
' V I I l  (Pata-i-Sh4h) 

VI (Dhjka) 
VII I  (Pata-i-iUh) 

VII I  (Pata-i-SMh) 
X (Kh6nmh) 

No~~.--Stntiona LXIV (Bhilgaon) and LXYI (Jhund) appertain k, t h o  Korrloli Longituchld Soricri of tko Nortk.Woat qU8rkildad 
No p k  buiU st tkme atetione, aoo doscriptioas, lwge 4- 

J.  



t 

7 5 4  

L 

g 
8 
s 
L 

g 
% 

.- 
6 

feet 

5 

5 

1 2  

5 

18 

5 

Height in feet of 2nd 
Station above Mean 

22nd 
and 

TRIANQULATION. 

April, nnd 21st and 
U c h ,  aud 13th 

(1) Tho moan of 
(9 Do. 

a 
2 
S 

dstmnomicnl Date 

PRINCIPAL 

obverrationa taken on 1st and 2nd 
do. 1 4 h  and 16th 

HEIGHTS ABOVE MEAN SEA LEVEL. 

Norembcr, 
20th 

Ternstrial 
afnrotion 

z 
.u, 
L a 
R 

12 

10 

4 

20 

8 

16 
16 

8 
8 

4 
8 

14 
1 4  

8 

12 

14 

8 
14 

20 

8 

8 

12 

8 

14 
8 

4 
10 

10 

10 

10 

14 
10 

a o ." .. 
0bemv.d 

Vertical Angle 

0 1  w 

E o 13 30.5 

D o  2 31.5 
D o  8 36.9 

D o  I 11.1 
D o  14 38.5 

E o 4 55'4 
D o  14 45-8 

E o 20 23.6 
D o  29 23'9 

E o 17 31'5 
D o  26 36.8 

E o 12 29.3 
D o  22 50-2 

o O 44'2 
l) o 13 45-0 

D o  o 7.5 
D o  13 IG-7 

D o  6 17.9 
D o  3 32-6 

D o 25 26.6 
E o 9 59'0 

D o  14'9 
D o  1 1  8.2 

D o  16 21.9 
E o 3 0.3 

D o  6 12'8 
D o  6 1.5 

D o  8 46.9 
D o  2 48.9 

D o  
E o 6 35.1 

D o  4 21.3 
D o  7 7.1 

D o  7 9-4 
D o  5 30.8 

1856. 
Korombcr, 1856. ' Not forBconring. 

Height in feet 

I 

Number and Name 
of Station 

X (Khbnmir) 
XI1 (Moniba) 

XI1 (llonbbn) 
XIV (JVBndia) 

TI11 ( Patn-i-Shbh) 
X I  (Chitror) 

X (Khinmir) 
X I  (Chitror) 

XI1 (Monhbn) 
X I  (Chitror) 

XIV (Wbndin) 
X I  (Chitror) 

VI  (DBjka) 
I X  (Kanduka) 

VIII (Pnta-i-Shbh) 
I X  (Kanduka) 

S (KhBumir) 
I X  (Kanduka) 

X I  (Chitror) 
IX (Kandukn) 

V (Bela) 
VII  (Gbngta) 

VI (DBjka) 
V l I  (Gtingta) 

I X  (Ktmduke) 
VII  (GtQugta) 

XI1 (Bfodba) 
YVI (Miilia) 

XIV (Wbnclia) 
XVI (MBlin) 

X (Rhiinmir) 
XI11 (Kesmhrn) 

XI1 (Monirbtr) 
XI11 (Kesmka) 

XV (Kbkraji) 
XI11 (Kesmka) 

Nov. 21,22 
,, 11,12,13 

,, 12,13 
88 17 

peb. ~ s , ~ a , l e , n p  

Mar. 14,18 

(1) 
(2) 

NOV. 12,18 

2, 19,20 

9 ,  17 
,, 19,20 

Feb. 26,27,28 
Mar. 8,10,12 

Feb. 18,21 
b. 10,12 

Apr. 1,2 
Mu. 8,10,12 

,, 14,15 
8,10,12 

Feh4.5Ab.4.5  

3 1 ~ .  6,7 

Fob. 26,27,28 
Mar. 6,7 

,, 8,10,12 
,# 6,7 

NOV. 11,12,13 

,, 8,10 

~1 17 
,, 8,10 

,, 21,22 
,, 23,24 

,, 12,13 
,, 23,24 

,, 25,26,27 

,, 23,21 

7i 
ko 
Zi 

2'6 

2-6 

2-6 
2.6 

3'2 

2.6 

3-2 
2-6 

3-0 
2.6 

3.2 
2.6 

2.6 
2-8 

2'6 

10.6 

2-6 
2.6 

2'6 

3.2 

2.7 
2.6 

2'6 

3.5 

2.6 
2.6 

2'6 
2.6 

2.6 
2.6 

2'6 

2'6 

2'6 
2'6 

'2-6 
2'6 

LIcan of 
Times 

of obser- 
ration 

h m 
2 59 
2 51 

r 51 
3 3 

3 5 
3 5 

3 I 3 
3 g 

2 47 
3 5 

3 13 
2 57 

3 2 

3 I z 

3 21 
2 57 

3 5 
3 37 

2 43 
3 27 

3 12 
' 2 57 

3 25 
3 8 

3 26 
3 10 

3 24 
3 36 

2 36 
2 49 

2 50 
2 50 

a 56 
3 13 

3 I 

3 I 

find 
Zleeult 

56.72 

116'37 

490 

468 

211 

53'57 

84 

O m 7 -4 

Bes Level 

5'6 
5.6 

5.6 
5.6 

5'7 
6'2 

5'6 
6.2 

5.6 
6-2 

5.6 
6.2 

5.4 
5'6 

5'7 
5.6 

5-6 
5.6 

6.2 

5.6 

5'6 
5-6 

5'4 

5'6 

5.6 
5.6 

5.6 
5.7 

5.6 
5'7 

se6 
5.6 

5.6 
5.6 

5.6 
5.6 

ti 

486 

666 

1047 

642 

593 

574 

657 

S45 

854 

604 

1046 

1096 

891 

727 

718 

647 

704 

799 

27 

8 

55 

35 

37 

25 

27 

30 

35 

17 

65 

31 

52 

5 

20 

36 

17 

2 8  

a056 

-012 

'0i3 

'055 

,062 

,044 

-041 

.036 

-041 

-028 

.062 

-028 

.058 

'007 

-028 

.056 

.024 

.03j 

-247.7 

+ 59.7 

+206-7 

+185-3 

i-433'9 

+372'6 

+341'6 

+184.2 

+164.o 

- 23.9 

-545'4 

+ 79.1 

-253'9 

- 2'0 

- 63'1 

-219.6 

+ 28-7 

- 19'3 

56.8 

116.4 

490.7 

489.8 

490'6 

489.0 

467'9 

468.2 

468.5 

466.1 

212.8 

205.4 

213'8 

54'7 

53'3 

85.4 

82.6 

56.8 

116.4 

490'0 

467.7 

210.7 

54'0 

84.3 



7 6 - 7  
KATTPWAR MEBIDIONAL SERIES. 

(1) The mean of observations taken on 4th and 91h April, 1854, and 7th, 8th, and lot11 No~ember, 1856. (2) The mean of observations taken on loth* 
11th 1 5 t h  16th and 17th April, 1854, and 25th, 26th, and 27th November, 1856. (3) The mean of observations taken on 16th, 16th, and 17th April, 1854 md 
%th, 46th and 27th November, 1856. (4) The mean of observalions taken on 20th and 23rd April, 1854, and let, 2nd and 6th December, 1856. (5) The 
of observations token on 27th and 28th A ril, 1854, and 14th December, 1866. (6) The mean of observations taken OII 23rd and 24th A ril, 1854, and 2nd ud 
6th December, 1856. (7) The mean o f  observations taken on 9th April, 1864, and 8th and 10th November, 1856. (8) The mean of observations On 

27th and 28th April, 1 S 4 ,  and 6th November, and 14th December, 1856. (9) The mean of observations taken on 27th and 28th April, 1854, and 14th Decemborlw- 
(10) The moan of observations taken on 26th April, 1864, and 16th December, 1856. * Not forthcoming. t Bojected. 

Obmrved 
Vertical Angle 

o r  n 

D o  4 25.9 
D o  8 18.1 

D o  2 20.7 
D o  7 48.2 

D o  5 30'8 
D O  7 9 .4  

D 0 0 47.1 
D 0 9 38'3 

D o  I 26.1 
D o  8 52'1 

D o o 18.3 
D 0 9 4 '7  

D o  8 52'1 
D o  I 26.1 

E o I 2 . 0  

D o  I I  31'1 

D 0 a 4'6 
D O  7 6.9 

E 0 10 49'7 
D o 19 29'6 

E 0 6 4 .9  
D o  15 26.2 

D O  1 4'3 
D o  10 36.8 

D o  ro  6 ' 9  
D o  2 49'3 

D o  2 21'7 
I) 0 9 21.7 

D o  13 25.2 

E 0 3 15'7 

D o  0 33'2 
D o  13 15.6 

Height in feet 
.- 
Y 

E F! Sea Level 
4 

4 
% 
h 

aeeultd 
42 .- 
e m 

Number and Name 
of Station 

XI1 (Modba) 
XV (Ktikraji) 

SVI (MBlia) 
XV (Klkrnji) 

XI11 (KesmQra) 
XV (KBkraji) 

XV (Ktikraji) 
XVII (Rangpur) 

XIX (Pangash) 
XVII (Rangpur) 

XVI (Maia) 
XIX (Pangasia) 

XVII (Rangpur) 
XIX (Pangasia) 

XV (KBkraji) 
XVIII (Chalarwa) 

XVII (Rmngpur) 
XVIII (Chalama) 

SVII (Rangpur) 
XX (Dbngarpur) 

XVIII (Chalarwa) 
XX (Dbngarpur) 

XVIII (Chalarwa) 
XXI (SQpakra) 

XX (Dbgarpur) 
XXI (YBpakra) 

XVII (Rangpur) 
SXII (Virpur) 

XX (Dbngarpur) 
XXII (Pirpur) 

XIS (Pangasia) 
XXII (Virpur) 

Bstronomicsl 

la6 

Nov. 11,12,18 

,, 2836 

(1) 
(2) 

,, 23,24 
,, 25,26,27 

(3) 
(4) 

(5)' 
(6) 

(7) 
(8) 

(6) 
(6) 

NOV. 27 
,, 29,30 
1862-53 

Jan. 17 
Dec. 16 

Jan. 17 
Dec. 25 

11 16 

91 25 

81 16 
Jan. 6 

Dec. 25 
Jan. 6,7 

99 17 
yY 18 

Dec. 25 
Jan. 18 

(9) 
(10) 

E 
, G 

14 
14 

26 

45 

10 

34 

34 
42 

2 0  

32 

31 
30 

32 
20 

4 
ro 

4 
4 

6 
4 

4 
6 

4 
4 

4 

8 

4 
4 

4 

4 

18 
24 

Date 

Mean of 
Times 

o t o t m r  
vstion 

h m 
3 10 

3 o 

3 38 
3 29 

3 1 

3 I 

3 26 
3 21 

3 30 
3 17 

3 33 
3 2 0  

3 17 
3 30 

3 42 
3 41 

4 27 
4 22 

2 52 
3 46 

3 I 

3 10 

3 2 I 

3 53 

3 18 
3 13 

3 40 
3 31 

3 37 
2 43 

3 24 
3 23 

2.6 
2.6 

3 .3  
3'2 

2.6 
2.6 

3'3' 
3'2 

3 '2  
3.2 

3-2 
3.2 

3.2 
3-2  

2.6 
2.6 

4 '3  
3.8 

3 ' 7  
4.0 

3.9 
4.3 

6 '9 
3 '8  

3.8 
3.9 

3 - 8  
3 '9  

3 .8  
3 '7 

3'2 
3 - 2  

5.6 
5.6 

5.6 
5'5 

5 - 6  
5.6 

5'5 
5'5 

5 '5  
5 -5  

5'6 
5'5 

5.5 
5 '5  

5'6 
5'6 

5 '4  
5 '4 

5 '4  
5 - 4  

5'4 
5.4 

5'4 
5.4 

5 '4  
5.4 

5 '4  

5 '4 

5 ' 4  

5'4 

5 ' 5  
5 - 5  

n 

801 

594 

799 

583 

574 
I 

493 

574 

620 

j30 

27 

28 

-13 

-25 

-14 

5 

- 

'034 

'035 

' 0 2 2  

-14.024 

'051 

.o24 

-008 

6 '011  

* 

z6 

5 

689 

847 

657 

628 

,756 

+ 45.6 

0 ~ 0 0 0 + 4 7 ' 8  

+ 19'3 

+ 76'0 

f 62.8 

+ 63'7 

- 62.8 

+114'5 

+ 39.0 

- 

-18 

15 

-30 

7 '010 

39.046 

,027 

' 0 2 4  

.o40 

102'3 

101.4 

104'5 

178.7 

180'1 

117'3 

115'9 

217.2 

218.4 

102.7 

179'4 

116.6 

217.8 

103 

'79 

117 

218 

f i t  

36 

' 6  

20 

16 

+ 95'3 

- 90.9 

+ 67.7 

-154'4 

+141'5 

313.5 

248'7 

313.1 

313.8 

247.1 

250.3 

t 
258.1 

313 

248 



PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAX'? SEA LETEL. 

Not forthcoming. 

- 
, 

~ n o m i c n l  

\ 

1852-63 

Dec. 26 
Jan. 21 

$9 6 
SI 21 

Jan. 20 

9 )  21 

Dec. 27 
Jan. 20 

H 18 
n 20 

8) 21 
n 20 

19 21 
3s 24 

n 20 
2, 24 

JP 20 
26 )) 

19 24 
,, 2627 

n 27 
n 81 

n 24 
8 )  81 

n 27 
n 29 

98 31 
n 29 

n 81 
Feb. 8 

29 
Feb. 8 

Apr. 25 

,, 15,16 

n 28 
, ,, 16,16 
\ 

Xnmh and Name 
of Ration 

XX (Dhngarpur) 
XXIII (Chatrikhera) 

XXI (56pakra) 
XXIII (Chatrikbera) 

XXIV (Wbkhner) 
XXIII (Chatrikhera) 

XX (Dfingarpur) 
XXIV (WBnkBuer) 

XSII (Virpur) 
XXIV (WBnkber) 

XXIII (Chatrikhera) 
XXIV (WBnkber) 

XXIII (Chatrikhera) 
XXV (Tarkia) 

XXIV (Whnkiiner) 
SXV (Tarkia) 

XXIV (Whkhner) 
XXVI (Kakha) 

XXV (Tarkia) 
XXVI (Kaktina) 

XXVI (Kakha) 
XXVII (M.aidhar) 

XXV (Tarkia) 
XXVII (Maidhar) 

XXVI (Kakhna) 
XXVIII (Bhhybar) 

XXVII (Maidhar) 
XXVIII (Bhsyhsar) 

XXVII (Maidhar) 
XXIX (Chitslii) 

XXVIII (Bhsyhr)  
XXIX (Chitfia) 

XXVIII (Bhhphar) 
XXX (Mumaiya) 

XXIX (Chitiilia) 
XXX (Mumaiya) 

Dste 

Mean of 
Times 

of obser- 
vation 

h m 
3 24 
3 10 

3 5 
3 21 

2 42 
3 41 

2 55 
2 49 

a 53 
2 58 

3 41 
2 42 

3 29 
3 o 

3 7 
2 51 

3 20 

3 7 

3 16 
3 16 

3 16 
3 31 

3 7 
3 5 

2 54 
2 55 

3 13 
3 32 

3 20 

3 16 

3 20  

3 7 

3 37 
3 50 

3 31 
3 50 

 eight in feet Height in feet of 2nd 1 5? Befraotion 3 
3 d 

Stetion above Mean 8 
Berr Level 

i 
PI 

Final % 
R e d t  $ ." 

8 
0 I 11 I1 feet 

D o  I 47'3 3'6 5 '4  1 1  33 -046 + 77.0 481'7 
D o  g 8 ' 3  6 3 - 8  5'5 

E o I 11.0 6 3 .7  5.4 783 31 -040 +167*6 481.1 481.3 481 8 
D 0 13 21.4 4 3 '7 5'5 

D o  11 0.4 6 3 '8  5 - 4  754 46 '061 -120'0 481.1 
D o o 11.7 4 . 3.8 5.5 

E o 3 18.1 4 3.7 5.4 
750 45 '060 +196.0 600.7 

D 0 14 26.9 4 3'7 5'4 

39" 3 '9 5 '4  668 22 .o33 +352.7 601.4 601.2 601 5 
D o  23 13'3 4 3 '9 5 '4 

D o  o 11.7 4 3.8 5.5 754 46 .061 +120'0 601.4 
D O  X I  0.4 .6 3.8 5.4 

l5  5 '3  3'8 2 ' 5  672 38 -057 +398.2 879.5. 
D o  25 10'9 6 3'7 5'5 

879'4 877'66 5 
E o 4 8.0 6 3 '8  5.4 886 55 .062 +278.1 879.3 
D O  17 11-8 4 3.8 5.5 

D O  8 7.5 6 3 - 8  5.4 639 2 0  '031 - 57'2 544'0 
D o  2 2.3 4 3.8 5.4 

544'9545'68 * 
26'8 

3.9 5'5 774 43 -056 -333.6 545.8 
E o 8 50'1 10 3 - 8  5 - 4  

E o 1 2  6 .8  4 3.8 5.4 989 36 -036 +576-8 1122.5 
D o  27 31.7 4 3.8 5 '4 

1117'9 1x18 5 
0.4 3'8 5 ' 5  708 41 -058 +235.6 1113.3 

D o  16 36.3 4 3.8 5.4 

E o 4 4.2 6 3 '8 5.4 962 46 .048 +32zS2 867.9 
D o 1 8 4 1 . 3  4 3.8 5'4 

868.1 868 5 
'5 53'6 ss8 5'* 1098 6 2  a056 -249.6 868.3 

D O  o 27'2 4 3.7 5.4 

D o  I 7  3'8 5'* 8B4 39 -044 - 2 8 4 . ~  833.8 
E 0 4 7'8 4 3 '9 5'5 

834'0 834 5 
D o  8 35.4 6 3 '8 5 - 4  
D o  6 14 .2  4 3.8 5 - 5  

978 48 -49 - 33'9 834'2 

D o  '9 ''I 3 '8  5'* 960 45 -047 -332.1 536.0 
E o 4 26-7 10 3 - 9  5'4 

536.2 537 4 
? O  l7 33'4 3'6 5') 1161 53 .046 -297.6 536.4 
D o  o 8.9 10 3.7 5.4 



. 
K A T T Y  W A R  M E R I D I O N A L  SERIELS. 

(1) The mean of obserratiom taken on 23rd April, and 6th and 6th December, 1853. 
(2) Ditto ditto 20th ditto 3rd December, 1853. * This height M to be combined with negative sign on acooant of ohsnge in the height of the pillar a t  Station XXX ('Mumsip). 
t These heighb ue to be combined with nee t i r e  sigm on account of chsuge in the height of the pillar s t  Station XXXII (Dm-ki--1). $ mj4 

r 

htronomicsl 

Apr. 26 

IS 23 

I) 16 
I9 23 

99 28 
Mar. 24 

Apr. 16 
Mar. 26 

Apr. 16 

11 20 

(1) 
(2) 

A .  8 

Is 21 

11 16 
6 91 

19 21 
It 8 

Mar. 21 
Apr. 6 

Is 28 
It 30 

91ar. 21 
Apr. 30 

Dec. 12,13 

IS 10 

Mar. % 
May 6 

Dec. 10 

,, 12,13 

Mar. 21 

11 28 

Apr. 5 
Mar. 28 

May 6 
a .  30 

Height in feet Refraction 2 Terrent"d Height in feet of 2nd 
' 

." 
4 

Btstion a b 0 ~ e  Mean 8 
E 4 w 8e.a Le~d 

$ 
% 

% @ 

Number and Kame 
of Btntion 

XSVIII  (Bhdyhsar) 
XXXI (Trbkura) 

XXX (Mumaiya) 
XXXI (Trhkura) 

XXIX (Chitilia) 
XXXIII (Jitori) 

XXX (Mumaiya) 
XXXIII (Jitori) 

XXX (Mumaiya) 
XSXII  (Deo-ki-Qalol) 

XXXI (Trdkura) 
XXXII (Deo-ki-Galol) 

XXXIV (Konklwb) 
XXXII (Dm-ki-Galol) 

XXX (Mumaiys) 
XXXIV (Konkdwio) 

XXXII (Deo-ki-Galol) 
XXXIV (Konkslwdo) 

XXXIII (Jitori) 
XXXIV (Konkiwio) 

XXIX (Chitilia) 
XXXV (Itria) 

XXXIII (Jitori) 
XXXV (Itria) 

XXXVI (Sakpur) 
XXXV (Itria) 

XXXIII (Jitori) 
I 

XXXVI (Sakpur) 

XXXV (Itria) 
XXXVI (Sakpur) 

XXXIII(Jitori) 
SXXVII (Mandma) 

XXXIV (Konkiwdo) 
XXXVII ( M d w a )  

XXXYI (Sakpw~) 
XXXVII (Mdsrm) 

Date 

Mmn of 
Timee 

ofobser- 
vat ion 

A ' m  
2 52 

3 25 

3 28 
3 9 

2 52 

3 27 

3 14 
3 59 

3 40 
3 I 8 

3 48 
3 5 

4 20 
3 20 

3 3 
3 29 

3 20 
4 20 

4 8 
2 56 

3 14 
3 54 

3 31 
3 19 

2 50 
2 50 

3 58 
3 21 

2 50 
a 50 

4 27 
3 39 

3 16 
3 a6 

3 I 

4 5 

z 

6 

4 

* 
4 

6 

4 
6 

I4 

10 

6 
6 

6 

6 
6 

* 
4 

8 

4 
4 

10 

4 

4 
6 

4 
10 

4 
4 

4 
4 

4 

4 

Obaerved 
Vertical Angle 

0 I 11 

'7 "'9 
D o  o 32.3 

35'5 
D o  8 5'9 

D o  15 '9.5 
D O  2 10.3 

D o  35'8 
D o  1 1  8-5 

D o  9 12'3 
D o  7 20.4 

D o  7 1.1 

D o  1 1  15.0 
D o  I 57-0 

D o  lo 11.1 

D o  I 57.0 
D o  1 1  15'0 

D o  "I 

D o  5 39'8 

o I 9'5 
D o  12 25.1 

D o  026-0 
D 0 19 30.9 

D o  2 48.4 
D o  18 32'9 

D o  11 27'8 
D o  12 0.6 

3"9 
D O  2 48.4 

D o  4 58.7 
D o  15 1.9 

D o  3 14.6 
D o  14 20.3 

D o  8 2'4 
D o  15 10.0 

3'7 
3'9 

3'6 
3'7 

3'8 
3.7 

3'8 
*oS2 

3'8 
3'7 

3'8 
3.8 

t0.2 
4.0 

3 ' 9  
3.9 

4.0 
to.2 

3'8 
3.7 

3'7 
3'8 

3'7 
3.8 

2.3 
3-8 

3'1 

3.8 

3'8 
2.3 

3.8 
3'7 

3-8 
3.8 

3'7 
3.7 

5'4 
5'4 

5'4 

5'4 

5'4 

5.4 

5'4 

5'5 

5'4 

5'5 

5'4 
5.5 

"* 
5.4 

5.5 
5.4 

5'4 

5'4 

5:4 
5.4 

5'4 
5'4 

5.4 
5'4 

5'4 

5-4 

5'4 
5.4 

5'4 
5'4 

5.4 
5.4 

5'1 
5-4 

11 

1177 

828 

I I I  

I 

1088 

1216 

829 

916 

829 

660 

896 

1260 

1458 

1499 

1458 

1338 

1167 

1575 

59 

38 

34 

24 

51 

68 

23 

40 

23 

14 

45 

34 

92 

48 

92 

71 

59 

94 

,050 

-046 

,031 

.023 

.047 

.056 

'028 

'044 

.o28 

.or1 

a 0 5 0  

.o27 

'063 

-032 

-063 

.054 

.051 

.060 

-288.5 

+ 42.7 

-215.1 

+ 83.3 

- 29.9 

- 72.7 

-111.4 

+ 85.2 

+ I I I . ~  

+ 6.1 

+148.6 

+353'7 

+338.6 

+ 12.4 

-338.6 

+198.0 

+190*5 

+165'2 

f& 

4 

5 

I 

30 

1 

1 

5 

-C 

580 

620 

509 

622 

972 

634 

815 

579.6 

578.9 

618.9 

619.5 

506.3 

506.6 

512'0 

621.4 

617.9 

615.3 

2 
982.6 

972'9 

970'2 

631.6 

634-3 

817.2 

812.0 

$ 
794.0 

579'3 

619.2 

508.3 

621.5 

971'6 

633.0 

814'6 



PRINCIPAL TLtILUQGULATION. BEIGHTB ABOVE XEAN 8EA LEVEL. 79-7 .  

This M an auxiliary Station for the debrmhtion CI£ height only, snd ita data are net publirhed in t b  volume. + Not forthcornink 

Oh-. 
Vertical Angle 

0 1  * 
E o 18 42.6 
D O  42 58.9 

E 0 35 50'9 
D o 50 58'9 

E o 18 9'7 
D o  35 35'5 

D o  19 38.8 
E O  342 '2  

D o  56 3'7 
E o 42 52.6 

D o  43 42.2 
0 32 0 .7  

D I 25 39'7 
E I 15 9'2 

36 49.7 
E o 2422.5 

D o  34 37'7 
E o 31 9.5 

D o  6 46'3 
D 0 5 40'3 

56'2 
E o 1 5 5 3 . 1  

e, 
8 
% 

$ 
5 z 

6 
6 

4 
4 

4 
4 

4 
4 

4 
4 

6 
4 

10 

4 

4 
4 

6 

4 
6 

8 

Number nnd Name 
of Station 

XXXIV (Koddwb) 
XXXVIII (Sarkala) 

XXXVII (Manhwa) 
XXXVIII (Sarkala) 

XXXVII (Manhwa) 
XXXIX (Nandivela) 

XXXVIII (Sarkala) 
XXXIX (Nmdivela) 

XXXVIII (Sarkala) 
XL (JBkia) 

XXSIX (Nandivela) 
XL (Jbkia) 

XXXIX (Nandivela) 
XLI (Nhntej) 

XL (JBkia) 
XLI (Nhtej)  

XL (JBkia) 
XLII (Dangarwbi) 

XLI (Nhtej) 
XLII (Dangarwiri) 

XLII (Dmgarwsri) 
*DiuLevelDatumTower 

Bstmnomical 

Apr. 6 

1) 1 

Feb. 26 
Apr. 1 

Peb. 26 
Ihr. 4 

Feb. 28 
Mar. 4 

Feb. 28 
M .  8 

9) 4 
I) 8 

19 4 
I# 9 

J J  8 
33 9 

J I  8 
Y )  11 

1y 9 
Y Y  11 
1855 

Mar. 13 

19 12 

Height in feet Retrsdion Height ih feet of 2nd Date 

Mean of 
Timen 

ofobser- 
vation 

L m 
3 59 
3 17 

3 a5 
3 3 

3 43 
3 37 

3 43 
3 43 

3 37 
3 7 

3 52 
3 14 

3 41 
3 2 

3 20 

3 9 

3 27 
3 14 

4 20 

4 50 

3 38 
3 26 

B 
bii 

3 '8  
3.8 

3 '8  
3 ' 8  

3.8 
3 '7  

3.8 
3.8 

3 '8 
3.8 

3 '8  
3 '7  

3.8 
3 ' 7  

j'8 

2.3 

3.' 
3.8 

3 - 8  
3 '9 

*" 
3-51 

Z m Sea Level 
-4 

5'4 
5 '4  

5 '4 
5 '4 

5 ' 4  

5 '5 

5 ' 4  

5 ' j  

5'4 
5'5 

5'5 
5'5 

5 '5 
5'5 

5.5 
5'5 

5 '5 
5.5 

5'5 
5'5 

5.I 
4'8 

n 

1640 

Io12 

1169 

1092 

871 

804 

691 

SI4 

906 

715 

160 

94 

55 

65 

71 

44 

56 

40 

39 

53 

-11 

- 3 

'057 

'054 

-056 

'065 

'051 

'070 

.058 

.048 

.058 

'015 

. O I 9 -  

OI 

f 

+1293-7 

+ 924.9 

- 375.4 

-1269.4 

- 896.2 

-1634.3 

- 733.4 

- 743.9 

- 11.6. 

82.1 

1489.02110'5 

2108.3 

1739'5 

1734.0 

840'0 

840.6 

102.5 

106.9 

96.4 

93'1 I 

12.7 

2109'4 

1736'8 

843.3 

104.7 

94'8 

12.7 

2110 

1738 

843 

106 

96 

14-38 

f d  

5 

5 

5 

8 

t 



KATPPWAR lKERIDIONAL SERIES. 

Descr@tioa of Spirit-levelled Poink. 

When determining the Bpiriblevelled heights, given on pages 74-, to 77-J,, the levelling sW shod 
on the surfaces hereafter described. 

VIII (Pata-i-SMh) On a peg at the foot of the station, height = 278.97 feet. To this value, 6-03 feet 
(the height of the upper mark-stone above this peg) being added, the height 
of the upper mark-stone was found to be 284*00 feet. 

X (Khhmir) On a peg at the side of the station, height = 300.84 feet. To this value, 3-67 feet 
(the height of the upper mark-stone above this peg) being added, the height 
of the upper mark-stone was found to be 304 61 feet. 

XI1 (Modba) On a peg close to the pillar, height = 55.15 feet. To this value, 1- 67 feet (the 
height of the upper surface of the pillar above this peg) being added, the height 
of the upper surface of the pillar was found to be 66-72 feet. 

XIV (WBndia) On the upper mark-stone. 

XVI ( M f i )  On a peg at the side of the station, height = 38 * 77 feet. To this value, 14.80 feet 
(the height of the upper mark-stone above this peg) being added, the height 
of the upper mark-stone was found to be 63-67 feet. . 

XXV (Tarkia) 
On the upper surface of the circular pillar. 

XXM ( W n a )  

Pa prtiier particular8 qf tk8e utatiom, uee pages 4_, to 7, 

The height of Diu Level Datum Tower above mean sea level, a&., 14- 28 feet, refers to the upper surface 
of the slab, on which is engraved the numeral 14, which is flush with the stone pavement of the tower. The 
height waa obtained by direct comparison with the adjoining Tide Gauge, wide pages XI- and XII~. 

June, 1890. 
W. H. COLE, . 

In charge of Computing 0 8 ~ .  



K A T T Y W A R  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. AZIMUTHBL OBSERVATIONS. 

h m  r 
Lat. N. 22' 48' 13"-54 ; Ldng. E. 71' 2' 6".62 = 4 44 8.4;  Height above Mean Sea Level, 444 feet. 
December 1852 ; observed by Lieutenant D. J. Nasmyth, a.E., with Troughton and Simms' 18-inch Theodolite No. 2. 

Star observed 
Mean Right hcension 1852'0 

6 Ursae Minoris (Weat and East). 
1 8 ~  ?om ja 

Mean North Polar Distance 1852.0 3' 24' 6'"38 

Local Mean Times of Elongation, December 22 

Observed 
Ho-ntal lLngle : 
DifF. of Readings 

0 1  11 

+ 3 40 14-07 
40 24-10 
41 43'27 
41 41-77 

- 3 39 15-76 
3921.90 
40 54'67 
41 6-63 

+ 3 40 22-33 
40 28.00 
41 32-47 
41 30.67 

- 3 39 0-97 
39 14.27 
4042.66 
40 54'00 

6. Y U 
0 0  , 

Obsewed 
Horizontal Angle : 
D 8 . o ~  M n g a  

Y Ref. Mark-Btar 

.!? El 

1 { 1 8 
4 ~ 4  

912 6 

14 28 
11 59 

9 12 
1 1  12 

20 17 
18 27 

I 3 
311 

17 3 
15 24 
I 30 
o 3 

22 33 
21 9 
3 32 
r 25 
I 2 

Dec. 22 

,, 22 

23 

,, 23 

FACE 

.! a 8 
q 3 % 

3 6 4 

25 48 
23 54 
2 48 
0 53 

30 5 
2823 
9 18 
7 o 

24 42 
23 24 
8 25 
7 5 

31 56 
30 22 
1333 
1 1  3 

FACE LEFT 

Reduction in 
to ,he of 

Elongation 

I I1 

+ o 26-45 
o 18-13 

o 10.65 
o 15.80 

- o 51-80 
o 42'85 

o 0.14 
0 1-28 

+ o 36'72 
o 29-94 
o 0.29 
o 0.00 

- I 3-95 
0.56'25 
0 1'57 
o 0'25 

o 0.13 

W. 

E. 

W. 

E. 

Reduced Obsewation 
Ref, Murk- stsr 

at Elongation 

0 I 11 

+ 3 41 42-58 
38.96 

38.92 
40'97 

- 3 40 63.64 
59'72 

65'97 
6 5 ' ~ ~  

+ 3 41 37'75 
36.37 
35'32 
32-40 

- 3 40 61-89 
69'45 
61 '44 
65-18 

66.69 

BIGHT 

Redudion in 
Arc to Time of 

Elongation 

I 11 

+ I 24-14 
I 12-17 
0 0'99 
0 0'10 

- I 53-66 
141.17 
o 10.89 
o 6.19 

+ I 17'11 
I 9-19 
o 8.96 
0 6-34 

- 2 8-08 
1 55'83 
023'10 
0 15.39 

Beduced Obaemtion 
Ref. Mark- Star 

at Elongation 

0 I 11 

+ 3 41 38-21 
36.27 
44'26 
41 '87 

- 3 40 69.42 
63-07 
65-56 
72'82 

+ 3 41 39'44 
37'19 
41 '43 
37.01 

- 3 40 69-05 
70- 10 

. 65'76 
69'39 

V 

0 I 

180 I 
& 
0 I 

180 I 
& 
0 I 

190 12 
& 

10 12 

190 12 
& 
10 12 

0 I I t  

+ 3 41 16-13 
41 2.0'83 

41 28'27 
41 25-17 

- 3 40 11.84 
40 16.87 

41 5-83 
41 4'30 

+ 3 41 1-03 
41 6-43 
41 35.03 
41 32.40 

- 3 39 57'94 
40 13~20 
40 59'87 
41 4'93 
41 6.56 



0 
Y 

U 
0-  

6 
Observed 

HorLanW Angle. 
Ds. of 

YUL -BUI 

0 "  

+ 3 40 49-40 
40 54-13 
41 40'96 

41 39-40 

- 3 39 22'86 
39 33-10 
41 1-26 
41 2-94 

+ 3 40 35'74 
40 49-13 
4141.33 
41 39-30 

- 3 39 30.27 
39 46.87 
41 6-07 
'41 1-33 

+ 3 40 47-14 
40 58'56 
41 39-07 
41 37'70 

- 3 39 56.90 
40 9.60 

40 51-27 
40 45'73 

+ 3 41 28-27 
41 31-80 

41 44-20 
4140.44 

- 3 40 6-17 
40 24-87 

40 53-27 
40 44-13 
40 15-53 
40 16'24 

4 

Dec. % 

,, 24 

,, 25 

,, 25 

26 

,, 26 

,, 27 

,, 27 

&docedObwmtion 
%f. bk-Bh. 
st Elongation 

0 1  U 

+ 3 41 40.38 
37'04 
40'65 
41-72 

- 3 40 66-16 
67'35 

67'73 
71 '80 

+ 3 41 37-91 
34-59 

38-25 
32'99 

- 3 40 64'64 
63-48 

70.19 
72'26 

+ 3 41 40'18 
39-25 
42 -01 
41 '70 

- 3 40 69-43 
68.11 

68.96 
67'99 

+ 3 41 49-63 
41 '45 

4I.53 
39-34 

- 3 40 70'96 
71 'I7 
69.54 

66-93 

PA- 

n ! 
E ) 

1 1 1 8  

20 23 
J 18 44 
2 10 

o 16 

28 21 
26 42 
2 22 

I g 

21 44 
'9 37 
3 1 2  
1 58 

27 36 
25 43 
2 46 
4 42 

20 18 
17 54 
3 0 
1 34 

23 56 
21 29 

10 59 
13 5 

10 32 
9 24 
2 2 

3 2 0  

21 39 
19 33 

9 31 
x r  17 
19 34 
20 14 

BIGHT 

Bedndion in 
Arc to !&mi of 

Elongation 

---- 
I I) 

+ o 52-53 
0 44'34 
o 0'60 

o o.01 

- I 40'94 
I 29-64 
o 0'70 
o 0'17 

+ 0 59-68 
O 48'59 
o 1-29 
0 0'49 

- I 35-68 
1 23-17 

o 0.97 
o 2'78 

+ 0 52.08 
0 40'45 
0 1-14 
0 0'31 

- I 12-07 
o 58-06 

o 15-25 
o 21-60 

+ o 14-01 
o 11-15 

0 0'52 
0 1'40 

- o 58-99 
0 48-09 

0 ~1.43 
o 16-08 
0 48'41 
o 51'78 

Observed 
Horizontal Angle: 
DZ. of Gtxi ing~ 
Ref. Mark-star 

0 1  w 

+ 3 41 24.26 
41 26.76 

41 37-00 
41 36-33 

- 3 40 42'73 
40 49-70 

40 56.03 
40 55'83 

+ 3 41 18-47 
41 19'53 

41 35'03 
41 27.23 

- 3 40 26.17 
40 32-06 

40 52.46 
40 49-63 

+ 3 41 25-43 
4128.47 
41 30.80 
41 25-94 

- 3 40 57-44 
40 59-46 
41 8.30 
41 5'97 

+ 3 41 48-00 
41 40-63 

4I 29.54 
41 23-93 

- 3 40 51-17 
40 55-57 
41 9-36 

41 6-93 

Beduced 0 ' 

Ref. &I!= 
at Elonption 

0 1 .  

+ 3 41 41-93 
38'47 
41.56 

39-41 

- 3 40 63% 
62-79 
61.96 
63-11 

+ 3 41 35'42 
37.v 
42-62 
39'79 

- 3 40 65'95 
70.04 

67.04 
64-11 

+ 3 41 39'22 
39.0' 
40.21 
38.01 

- 3 40 68'97 
' 67.66 

66.52 
67'33 

+ 3 41 42'28 
. @'9S 

44'72 
41 '84, 

- 3 40 65-16 
7" 96 
64.P 
60'11 
63'94 
68-02 

- 

W. 

E. 

W. 

E. 

W. 

E. 

W. 

E. 

a 
3s: . g ga 

I I ) 8  

1 1  18 
9 I 

5 23 
7 7 

13 38 
X I  50 

9 37 
11 '5 

12 24 
I 0  55 

5 3 
6 46 

17 29 
15 48 
1 1  51 
13 23 

xo 48 
9 1 4  

9 26 
1 1  11 

9 45 
8 17 

2 17 
4 o 

3 36 
2 33 

9 45 
11 4 

12 32 
11 8 
I 12 

0 x 1  

V v 

0  I  

200 20 
& 

20 20 

zoo 20 
& 

20 20 

210 29 
& 

30 29 

210 29 
& 

30 29 

220 38 
& 

40 38 

220 38 
& 

40 38 

230 50 
& 
50 50 

230 50 
& 
50 50 

PACE LBPT 

Reduction in 
Timeof 

Elow~on 

1  n 

+ o 16-12 
o 10.28 

0 3'65 
0 6-39 

- o 23'43 
o 17-65 

o 11'70 
0 '5'97 

+ o 19.44 
0 15-06 

0 3-22 
o 5-76 

- o 38.47 
o 31-42 

0 17-73 
o 22.63 

+ 0 14'75 
010'78 

o 11.21 
o 15-76 

- o 11.99 
o 8-65 

o 0.66 
o 2-02 

+ o 1-63 
o 0'8a 

0 11.99 
o 15'41 

- o 19.79 
o 15-60 
o 0'18 

o 0-00 



PRINCIPAL TBIAXGULATION. AZIMUTHAL OBSEBVATIONEI. 

Abstract of Astronomical Azimuth observed at XX (Dtingarpur) 1852. 

1. By Eastern Elongation of 6 Ursa Minoris. 

Face L B L R L B L B L I3 L B 

Zero 180' 0° 190' lo0 2000 20' 2100 30' 221' 41' 231' 51' 

Date December 22 December 28 December 24r December 26 December 26 December 27 

11 If I1 It I1 I1 11 11 I t  11 I t  'R 

Observed difference 63.64 69.42 61-89 69.05 66'16 .63'80, 64.64 65-95 69-43 68-97 70.96 65.16 
of Circle-Beadings, 59.72 63-07 69.45 70.10 67-35 62.74 63-48 73-04 68-11 67-66 71-17 72-96 
Ref. M.-Star 65-97 65'56 61-44 65-76 67'73 61.96 70.19 67'04 68'96 66.52 69-54 64-70 
reduced to Elongation 65-58 72-82 65-18 69-39 71-80 63-11 72"26 64-11 67'99 67'33 66'93 60.21 

66-69 63'94 
68.02 

Meane 63-73 67-72 64-93 68.58 68'26 62.90 67.64 66'79 68-62 67-62 69.65 65-83 

0 I 11 ft  11 I t  11 , 11 

Means of both faces - 3 40 65'73 66-75 65-58 67-21 68.12 67'74 
Az.,of Star fr. S., by W. 183 41 23.22 23'54 23 ' 97 24-41 24'73 25-06 
AZ. of ~ef. M. ,, 180 o 17-49 16-79 18-39 17-20 16-61 17-31 

2. By Western Elongation of 8 Ursa Minoris. 

Face L R L R L a. L B L I3 L R 

Zero 180° O0 l W O '  lo0 200' 20" 210" 30' 221' 41' 231' 61' 

Date December 22 December 28 December 24 December 25 December 26 December 27 

I1 I1 I t  11 If 11 I1 11 I1 I1 11 I t  

Observed difference 42-58 38-21 37-75 39-44 40.38 41-93 37-91 35-41 40.18 39-21 49-63 42-28 
of Circle-Beadings, 38.96 36.27 36'j7 37-19 37-04 38-47 34-59 37-72 39'25 39-01 41-45 42-95 
Ref. M.-Star 38.92 44-26 35-32 41-43 40.65 41-56 38-25 42-62 42-01 40'21 41'53 44'72 

Reduced to Elongation 40.97 41-87 32-40 37-01 42-71 39-41 32-99 39-79 41-70 38.01 39'34 41-84 

Means 40.36 40.15 32-46 38-71 40.20 40.34 35-94 38.89 40.79 39-11 42.99 42.95 

0 I I1 If I t  11 s I1 

Means of both feces + 3 41 40.26 37-11 40.27 37-41 39'95 42-97 
Az. of Star fr. s . ,  by W. 176 18 37-00 36'57 36 . 24 35'81 35'38 35-05 
Az. of Ref. M., ,, 180 o 17-26 13-68 16'51 13-22 15'33 18'02 

( by Eastern Elongation . .. ... 
Astronomical Azimuth of Referring Nark ... { by Western ,, ... . . . 

' ( Mean ... ... 
Angle Referring Mark and XVIII (Chalarwa), eee page 29,, ante . .. ... 
Astronomical Azimuth of Chalarwa by observation ... ... ... 
Geodetical Azimuth of ,, by calculation from that 

adopted (Vol. 11, page 141) at KsliBnpur, see page 71-, atrte ... 
Astronomical- Geodetical Azimuth at XX (Nngarpur) ... ... ... 



KATTYWAB MERIDIONAL SERIES. 

h m  r 
Lat. N. 21° 39' 11"-96; Long. E. 70' 58' 36".07 = 4 43 54.4; Height above Mean Sea Level, 622 feet. 
October 1853 ; observed by Lieutenant D. J. Naamyth, as., with l'roughton and Simms' 18-inch Theodolite No. 2. 

Star observed 
Meag Right Ascension 1853.0 
Mean North Polar Distance 1853.0 

Local Mean Times of Elongation, October 7 

a Ursae Minoris (West and East). 
Ih 5m 5qa 
1' 28' 26"-93 

Eastern 6" 5m 
Western 17 58 
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Observed 
Horizontal Angle: 

Ref. Merk- Star 

0 1 4  

Horizonhl 
Observed 

Diff. of Readinga 
BoL M.rk- BLu 

o r n  
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hro to Time of 

Elongation 

1 4  
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2 g 
-- 

m 8  
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m 8  

Beduction ip 
Arct.oT-eof 

Elongation 

I n 

Baduced Oburvstion 
Ref. Mark - Gh 
at Elongation 

O I Q  

180 I 

o I 

180 2 
& 
0 2 

190 13 
& 
10 13 

190 12 
& 

10 12 

290 21 

& 
20 21 

Badnced 0b.o ' 
R e f . M a r k - F  
at Elongation 

0 1 .  

3421.03 

- I 35 18.40 
35 19'50 

35 28'83 
3527'70 

35 2.87 

35 3-96 

- I 35 35'54 
35 31.76 

35 34'03 
35 20.56 
35 20.67 
34 37'30 
34 16'24 

+ I 33 40'86 
33 42'60 
34 18-47 
34 19'70 

34 26.87 
34 25-27 

- I 35 18.27 
35 26.00 

35 31-74 
35 32-80 
35 10'17 
35 12.00 
35 7'50 

9 6 

15 43 
13 46 

3 32 
4 4 6  

21 40 
22 51 

2 42 
I 21 

2 5 
I3 52 

15 I 
31 38 
37 I4 

30 29 
28 55 
11 56 
I0 41 

0 47 
2 2 

13 8 
11 44 

0 34 
2 8 
18 30 
20 19 
21 29 

o 4-48 

- o 13-39 
0 10'27 

o 0'68 
o 1- 2 3  

o 25'46 
o 28.32 

- o 0'40 
o 0.10 

0 0.23 
o 10'42 
o 12.23 
0 54'23 
1 15-17 

+ o 50'39 
0 45-33 
0 7-73 
0 6'19 

o 0.03 
0 0'22 

- o 9-34 
o 7-47 
o 0'02 

o 0.25 

o 18'55 
0 22.38 

0 25'03 

25.51 

-, I 35 31'79 
29-77 

29.51 
28.93 

28.33 
32.28 

- I 35 35'94 
31'86 

34'26 

30' 98 
32'90 

31 '53 
31 '4% 

+ 1 34 31-25 
27'93 
26-20 

25 .89 
26-90 

25 '49 

- 1 35 27-61 
33'47 

31'76 
33 '05 
28.72 

3 4 0 3 ~  
32'53 

34 30'04 
34 17.40 

- I 35 5-40 
35 1-53 
3523.80 

35 27'83 

35 12-53 
35 13'37 
35 12'60 

- I 35 26'77 
35 29'67 

3526.23 

35 21.27 
35 1.84 

34 51.34 

+ 1 33 14.06 
34 13'20 
34 11.83 
34 13.77 
34 24-83 
34 28-90 

34 25-13 
34 26-20 

- I 35 10.27 
35 12'20 
35 27-47 
35 28.87 

35 20'07 
35 22-37 

I 52 
I5 45. 

22 44 
21 40 
4 2 1  

3 I3 
13 38 
I4 52 
16 9 

8 58 
7 28 

7 2 4  
8 40 

21 37 
26 6 

36 43 
21 I 
18 52 
17 33 
5 47 
4 20 

9 7 
10 27 

19 30 
17 55 
6 38 
4 44 

11 6 
I2 25 

o 0.19 
0 13'43 

- o 28.00 
0 25'43 
o 1.03 
0 0'56 

0 10.07 
0 11.98 

o 14'15 

- o 4-36 
o 3.02 

o 2.96 

o 4.07 

0 25'34 
o 36-92 

+ I 13-07 
0 23'97 
o 19.31 
0 16-71 

o 1.81 

o 1- 0 2  

0 4-51 

o 5-91 

- o 20.57 
0 17'39 
0 2-38 

o 1'22 

o 6.69 
0 8'35 

30'23 

30'83 

- I 35 33.40 
26.96 

24'83 

28-39 

22-60 

25'35 

26-75 

- I 35 31-13 
32 4 9  

29.19 
25-34 
27.18 

28.26 

+ I 34 27'13 
37“7 
31.1, 

30'48 
26-64 

29 '92 
29-64 
32.11 

- I 35 30'84 
29'59 
29.85 

30'09 

26.76 

30'72 



PRINCIPAL !l!RIANBULATION. AZIMUTHAL OBSERVA!CION8. 
B5-, . C 
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23048 
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+ I 33 32-10 
33 41-06 
34 20'80 
3421'76 

34 25.20 
34 25'44 
34 24'60 

- I 35 20'36 
35 23-33 
35 32-56 
35 32'00 
35 8-03 
35 4'73 

- I 35 15-80 
35 18-20 
35 31-06 
35 33'Ob 

35 32.06 
35 21.46 
35 17-10 
35 17-83 

- I 35 28-97 
35 18-37 
35 30'60 

35 26-56 
35 23'93 
34 45-00 
34 41-34 
34 41.07 

f I 34 25'57 
34 23-40 

34 23-17 
34 23-03 
34 5-40 
34 5-30 

- I 35 22'47 
35 26-13 
35 30'46 
35 29'40 
35 27'27 
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1036 
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20 21 
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I 51 
9 47 

1 1  19 
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28, 42 
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I3 53 
11 29 
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4 20 
17 13 
18 42 

g 37 
8 I 

4 2 

5 7 
6 43 
21 42 

23 I 
24 22 

I R 

+ o 57-71 
o 52.30 
o 8-04 
o 6'10 

o 0'38 
0 1-04 
o 1-66 

- 0 13-14 
0 11-04 
o 0.02 

o 0'04 
0 22.47 
0 15-91 

- o 14'51 
0 11-15 
o 0.23 
o 0.03 

0 0.01 
o X I ' I ~  
o 13.66 
0 16-37 

- 0  1.14 

0 0'49 
o 0.18 

0 5-19 
0 6-94 
0 40'96 
0 44.67 
0 48-49 

+ 0 10.45 
o 7-14 

o 0.02 
o 1.02 
o 16-05 
o 18'94 

- o 5'01 
o 3.48 

o 0.88 
0 1-42 

0 2'44 
o 25-54 
o 28'74 
0 32-17 

o I 11 

+ I 34 29'82 
33'36 
28.84 
27-86 

25'58 
26-48 
26.26 

- I 35 33'50 
34'37 
32-58 

32-04 

30' 50 
30'64 

- I 35 30.31 
3O' 35 
31 '29 
33'09 

32-07 
32'60 

30' 76 
34'20 

- 1 35 30.11 
28'86 

30'78 

31-75 
30.87 
25'96 
26-01 

29 ' 56 

+ f 34 36-02 
30' 54 

23-19 
23 '05 
21-45 

24'24 

- I 35 27'48 
29.61 

31-34 
30'82 

29-71 
26-60 

30' 54 
30'87 

o r  tr 

+ I 33 3.40 
33 8-33 
34 5-66 
34 11-36 
34 14-50 
34 28.94 

34 35'00 

- 1 35 2'03 

35 7-77 
35 16-53 
35 27-77 
35 29.27 

35 24'97 
35 26.50 

- I 35 1-90 

3j 4'54 
35 24-43 
35 14-20 
35 26-34 
35 22'47 
35 21'26 

- I 35 15-93 
35 20'30 

3525.87 
35 26'76 
35 6-90 
35 6-53 

+ I 34 7-17 
34 11-63 
34 29-40 
34 29'60 

34 23-84 
34 22'30 

- I 35 13-37 
35 15.67 
35 26-10 
35 27.26 
3518'27 
3517'43 

35 14-53 

m a  

39 7 
38 43 
21 6 
19 21 
17 48 
5 2 
3 43 

22 24 

21 3 
8 28 
7 13 
5 48 

, 7 28 
8 56 

23 4 
21 28 

f :: 
7 6 
8 0 
9 15 

I3 7 
11 33 
2 4 7  

3 59 
19 53 
21 1 1  

21 7 
19 47 
6 21 
4 47 

9 3' 
12 8 

17 7 
15 20 

3 21 
2 3 
1 2 2 3  

1341 
15 7 

I A 

+ I at:90 
I 21.21 
o 24-14 
o 20'30 
o 17'20 
o 1-38 
0 0'75 

- 0 27-14 
. 0 24-00 

o 3.89 
0 2.83 
o 1-82 

0 3-03 
0 4'34 

- o 28.80 
0 24'94 

0 5'35 
0 4-00 
0 2-73 

0 3'47 
o 4-64 

- o 9'31 
0 7-23 

o 0.42 
o 0.86 
0 21-43 

- o 24-34 

+ o 24-19 
o 21-22 
o 2-18 

o 1.24 

0 4-90 
a 7-98 

- o 15-87 
o 12'73 
o 0.61 
o 0'23 

o 8.31 
010'15 
0 12'40 

o I 11 

+ I 34 26-30 

29'80 
29' 54 

31 '66 
31-70 
30'32 

35'75 

- I 35 Z9.17 
31-77 
30'42 
30.60 
31 '09 
28-00 

30.84 

- I 35 30.70 
29-48 

29'78 
28.20 

39-07 

25'94 

25-90 

- I 35 15'24 
17-53 

26'29 
27-61 

28-33 
30'87 

+ I 34 31.36 
32-85 
31-58 
30' 84 

28-74 
30' 28 

2 40 

- 35 

26-71 

27'49 

26- 58 
27' 58 
16-93 
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3 at4 
0-  PAOP LEFT PACE BIQHT 

o b ~ e n ~ d  a ~~~~d .s a g 
Bednotion in Reduced Obematio Horiront.l : - Reduction in Reduced O k  ' ~ ~ * i  ~~~b~~~ hra to a m 0  of Po(. ~ u t - g t u ~  I)z. of Resdinp g 9 1 hra to ale of m. H u h - .  g a .q ~ f . ~ k - B t s r  i& PlO@On PlOn@n psf. yuk- a Elongtion at Bldqption I 2 

0  I  0 ' .  m a  I  * 0 1  * 0 1 918 Y I * 0 1  1 

O d .  14 W. 180 0 + I 34 10'13 I4 16 + o II'Oj + I 34 21-18 + I 34 4-23 22 29 + o 27-39 + I 34 31'62 
& 34 11-70 1 1  25 o 7'06 18-76 34 5'54 20 57 o 23.81 29'35 
0 0 34 15'30 2 28 0 0'33 1 5 '63 34 25-96 5 22 o 1.56 27. j2 

3415'16 4 2 8  o 1-08 16.24 34 29.00 3 34 0 0'69 29'69 
34 16'40 5 49 o 1-83 18-23 34 21.23 12 32 o 8-51 29'74 
3355'16 2050 023'50 18-66 34 16-60 14 11 o ~o'go 27'50 
33 5a-53 22 20 o 26.98 19'51 

,, 15 W. 210 29 + I 34 14'00 16 20 + o 14-47 + I 34 28.47 + I 34 0'80 12 7 + o 26.53 + I 34 17.33 
& 34 15-46 ' 13 22 o .69 25'15 34 2'20 21 I o 23-95 16-15 

30 29 34 ro.10 12 9 o 1.m 28-10 34 29-63 6 37 o 2-37 32-00 
34 18-17 4 51 o 1-28 19-45 34 27'83 5 17 o 1-51 29'34 
34 17-23 6 8 o 2-04 19-27 34 ~4'40 4 7 o 0'92 25'3' 
34 4.80 18 31 o 18-57 23'37 34 ~0.00 11 j4 o 7-67 27.67 
34 0.10 19 43 o f 1-02 21-12 34 16-84 13 6 o 9-30 26.14 
33 58-50 20 44 0 23-25 21-75 

,, 16 W. 220 38 + I 34 11-93 8 51 + o 4-25 + I 34 17-18 + I 34 7-60 20 21 + o 22-45 + I 34 30'05 
8; 34 19-97 6 49 0 2-51 23-49 34 8-13 18 38 o 18.81 26-94 

40 38 34 16.60 8 54 o 4-29 20.89 34 27-80 I 8 o 0.07 27-87 
34 13-46 10 19 o 5'77 19-23 34 26-00 2 24 o 0.31 26-31 
3411.16 1x45 o 7-48 18-64 34 7-33 18 36 o 18-74 26'07 
33 41-30 26 40 o 38-44 19-74 34 4-87 19 58 o 21'56 26.43 
33 39-56 27 58 0 41-28 21 '84 

t 



PRINCIPAL TRIANGULATION. AZIMVTHAL OB8EBVATIOI4S. 

Abstract of Astronomical Azimuth observed at XXXIV (Konk&w6o) 1863. 

1. By Eastern Elongation of a Ursae Minoris. 

Face L El L R L R L .  B L R L B 

Zero 180" 0° 190' 100 200' 20' 211' 81' 221' 4d0 281' 61' 

L 

Date 0ctober 14 October 9 October 10 October 11 October 12 October 18 
u n # ? n w ? ? n * I v 

*29'32 *30'93 35'94 31-13 27.61 30.84 33-50 29-17 30'31 30'70 30'11 25-24 
*27'30 124.49 31-86 32-69 33'47 29-59 34'37 31'77 30.35 29'48 28-86 27-53 
127.04 122.36 34-16 29-19 31-76 29'85 32'58 30'42 31-29 2 '78 3 ~ ~ 7 8  26.29 
'26.46 #a5'92 30'98 25.34 33-05 30-09 3am04 30.60 33'09 2 % -20 31-75 27'62 
*25'86 *ao.rg 32-go 27.18 28-72 26-76 30'50. 31-09 32'07 29-07 30'87 28'33 

Observed difference 429'81 m22.88 31-53 28-26 34-38 30.72 30.64 28-00 32.60 25.94 25-96 30.87 
of Circle-Headings, 27.48 124.28 31.41 32-53 30.84 30.76 25-90 26-01 

Ref. M.-Star 29.61 29-24 34-10 
reduced to Elongation 31-34 28.40 

29'56 

30'82 26-71 

26.60 26.5 29'71 27'4% 
30'54 27-58 
30'87 26-93 

Means 28'77 25-99 32'70 28-97 31.65 29-64 31-27 30.27 31'83 28-44 29-24 27-65 

0 I 11 I1 I1 11 11 11 

Means of both facea - I 35 27-38 30.83 30.65 3r.27 30.14 28-45 
Az. of Star fr. S., by W. 181 34 57-44 59-48 59-16 58-73 58'30 
Az. of Ref. M. ,, 179 59 30'06 28.65 28.51 27-46 28-16 29-42 

57'87 

b 

2. By Western Elongation of a Ursae Minoris. 

Face L R L B L B L R L  R L It 

Zero 180' 0'' 190" lo0 2000 200 210' 80' 221' 4d0 1 51' 

Date October 14 October 9 October 10 October 15 October 16 October 18 
I1 11 11 11 N N I1 I1 I1 I1 I1 rr 

118.36 '23.35 31-25 27-13 29'82 26-30 28-47 27-33 17-18 30.05 36-02 31-36 
122.60 927.32 27.93 37-17 33.36 29.54 25-15 26.15 22-49 26.94 30.54 32-85 

Observed difference 2 1 - 1 8  927.92 26-20 31-14 28.84 29-80 28-10 32-00 20.89 27-87 23-19 31.58 

of Circle-Readinge, 18-76 31-62 25.89 30.48 27.86 31.66 19.45 29-34 19-23 26.31 23-05 30.84 

HBf. M.-Star 15-63 29.35 26.90 26.64 25-58 31-70 19'27 25-32 18.64 26'07 21-45 28'74 

reduced to Elongation 16'24 27.52 25-49 29-92 26.48 30.32 23-37 27.67 19-74 26-43 24-24 30.28 
18.2'3 29-69 29.64 26-26 35-75 21-12 26.14 21.84 
18.66 29'74 32-11 21 '75 
19.51 27.50 

Me- 18.80 28-22 27.28 30.53 28.31 30'72 23.34 27-71 20.00 27'28 26.42 30'94 

0 I I1 11 II I1 11 N 

Means of both face8 + 1 3 4  23-51 28-91 29-52 25'52 13-64 28-68 
Az. of Star fr. s., by W. 178 25 2-78 0.73 I '05 3-21 3-64 2.34 
dz. of Ref. M. ,, I79 59 26-29 29-64 30'57 28'73 27-28 3 1 '02 

NOTE.-Where observations oocurred on the same pair of rema on different nighb they are reduced in this abotrsot to one date-the most convenient-by 
allowing for ~ b r ' l  ohsnge of p h .  The drrte so adopted appe- st the heed of the oolumn, and the redwed o h a t i o n  is preceded by sn wteriok. 



8 L J .  gdlTPWAR MERIDIONAL SERIE9. 

Abstract of Astronomical Azimuth observed at XXXIV (Konk4w40) 1853-(Cotrtinued), 

by Eastern Elongation.. . .. . I79 59 28'71 

Astronomical Azimuth of Referring Mvk by* Western ,, ... ... ,S 28'92 1 
Mean ... ... ,, 28.82 

Angle Referring Mark and XXX (Mumaiya), Bee page 41,  ante . . . . . . - 17 59 49.12 

Astronomical Azimuth of Mumaiya by observation ... ... ... 161 59 39'70 

Geodetical Azimuth of . . ,, by calculation from that 
adopted (Vol. 11, page 141) at Kalihpur, Bee page 7272_J, m t e  . .. ... 161 59 38'94 

Astronomical- Geodetical Azimuth at XXXIV (Konk4who) ... ". + 0.76 

June, 1890. 
W:H. COLE, 

In charge of Cbmputing Om. 
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GUZERAT LONQITUDINAL SERIES. 

INTRODUCTION. 

The Guzerat (Gujarit) Longitudinal Series of the huth-West Quadrilateral is the chain 
of Principal Triangles that follows the parallel of 23" from the meridian of 75" to that of 71'. 
I t  starts in the VindhyAchal Mountain Range, some thirty miles west of Indore (Indor) and 
Mhom (Mau), traverses the plains of Gujadt by way of Ahmedabad (Amd8vM), and ends in 
the Khthi4wBr (Kfbthhlvfbd) peninsula near the southern edge of the Ran of Outoh (Kacbh). It 
emanates from Karsod-Indrtiwan, a side of the Khhnpisura Meridional8erie~~ and it closes 260 
miles to the westward on the side Chalazw.cc-8ripakra of the Kattywar (K6thihv4d) Meridional 
Series. In longitude 73" 60' it is cut at right angles by the Singi Meridional Series, and in 
longitude 72" 50' it is met from the north, but not crossed, by the Abu I\deridional Series, the 
side of junction being Sanoda-&&pur. 

At the junction of the Guzerat Longitudinal and the Singi Meridional Series is situated 
the Ksgarol compound figure: this figure has been allotted to the Wter series, a ~ d  the 
stations have been numbered accordingly; but in order to avoid a hiatus, the figure and all 
details connected with it are included in this Series. A pentagon round'the station of 
WastrAl has been constructed where the Abu Meridional Series meets the Quzefat : it has 
been apportioned to the latter. ' A pentagon, with one central angle wanting, exists on the 
Guzemt Longitudinal Series in longitude 74O 40' round the station of MehwBsa : its existence 
was unintentional and was due to an unsuccessful attempt to make Inddwan-GumBnpur 
the side of junction of the Ehthpisura and Gnzerat Series. With the exception of the 
Ktigarol compound figure and the Wa~t~r6.l and M e h m h  pentagons, the Series under review 
consists of single trianglee t&ughout, thirty -one in number. 

The Guzerat Longitudinal 0eries was designed in 1850, in oonjunction with the A h  
Meridional Series, for the purpose of affording a trigonornetrim1 basis for the tapogrtph~d 
surveys of Gujadt and the KAthi8wb peniwula, countries not then incorporated in the 
Indian Atlas. 

During the anmmer of 1860 the Barnbay Triangolatian Party, then located at Nee- 
much (Nimach) under Lieutenant Harry Rivers of the Bombay Engineers, reteived d e m  to 
discontinue their work on the Gurhiigarh Meridional Series,. and were dirscted instetld to 
wry a seriea down the meridian ~f Mount Abu asd on d i n g  $hmeciabad to & w e  iCs 
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direction and follow the parallel of 23" both to the east and west. Captain A. Strange had by 
this time carried the principal work of the Karhchi Longitudinal Series from Sironj to within 
a few miles of Mount Abu and the approximate work some 40 miles to the westward beyond, 
and Lieutenant Rivers had to select a base from the latter. 

During the Field Season of 1860-61 the approximate work of the Abu Meridional 
Beried was completed as far south as the stations of hkw&ra, Rakhsl and Amalyka, and 
several of the final angles had been observed, but nothing was done on the Guzerat Longi- 
tudinal Series. South of the side Urdo-Xainhth of the Abu Series, the country had proved 
very difficult and unsuitable for triangulation : it was absolutely flat and covered with trees, 
and towers had to be built at all the stations : many delays were encountered in clearing the 
rays and every line required a distinct ray-trace survey. If Rivers could have seen this 
country before commencing work he would have recommended the adoption of a chain of 
single triangles for the Abu Series instead of polygons, but now that he was on the ground 
i t  was too late to get his instructions changed. He asked lave, however, to make the 
Guzerat Longitudinal into a, single series, and to this the Surveyor General assented : as. 
high towers were required at all the stations and great numbers of valuable fruit trees had, 
to be cut down on every ray, a double series would undoubtedly have entailed enormous 
additional expenditure. 

The Bombay Party passed the summer of 1851 at Ahmedabad. Towards tbe end of. - - 

r g ~ o r ~  18~1.~2. the rainy season the native portion suffered so much from 

P ~ o ~ .  
fever, that they were not in a fit state to take the field 
before November. During October, however, Rivers himb 

Lientenmat H. Riven, Bombay Enghesrr, 1st 
~ ~ i s t . n t .  self succeeded in. selecting a few stations of the Guzerat 

Lieutenant D- J. Namfih~ Bombay Enginwrr, Longitudinal Series in the vicinity of Ahmedabad. In 
2nd Amistant. 

Mr. T. huger, Senior s u b - d s s h t .  November he regularly took up its approximate work, 
,, J. DaCosts, 8ub-bsistsnt. 
,, J. W. Ronenrode, Ditto. working westwards from the meridian of 7 2 g  along the 

J. MCG~U, Ditto. parallel of 23". Messrs. Sanger and DaCosta were left be- 
hind on the Abu Series clearing the rays. They were the only two assistants with the party 
available for work, Mr. McGill having only lately joined the survey; but as the nature of 
the country was such that every line required a ray-traca survey and numerous fruit trees 
of great value had to be cut, Rivers considered it advisable to place them both on this 
duty. Rivers returned to the Abu Series on December 16th, in the hopes of finding sufficient 
rays cleared to allow him to commence the observations of the final angles, but he was dis- 
appointed as only a, few were ready. 

On December 22nd he went to Sanoda, as being the station at which the Abn 
Meridional and the Guzerat Longitudinal Series meet, and observed 8 ~ r s &  Minoris for 
azimuth. He was joined here on December 29th.by Lieutenant D. Nasmyth, a young officer 
of the Bombay Engineers, who had been appointed to the Great Trigonometrical Survey of 
India a few weeks previously. . Towards the beginning of January Rivers proceeded to the 
head of. the G,ulf of Cambay (Khambhat) to make arrangements for connecting the heights 
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of the stations of the Guzerat Longitudinal Series and.thence those of the Abu Meridional 
and Kadchi Longitudinal Series with mean sea level. His plan was to erect a tidal station 
near the mouth of the Shba~mati river and to then connect it by levelling with the nearest 
principal station of the Guzerat Longitudinal Series: he afterwards found, however, that 
such operations would Wcupy him entirely to the exclusion .of trigonometrical work; as 
too he had much difEculty in obtaining a level capable of such accurate observations 
as were required, he abandoned the enterprise, and substituted for his line of levels a 
minor series of triangulation, the approximate work of which Mr. DaCosta proceeded to 
take up. This latter series is known as the Shbarmati Minor Series ; it appertains to the 
principal Series under review, and is described in detail at  the end of this Introduction. 

On Rivers's return from Cambay' he took up the final angles of the Abu Series ; and 
during February lie succeeded in completing tlie observations at  all the stations with the 
exception of Sinibna. I n  December he observed for azimuth at Sanoda station to 6 Ursa 
Minoris. He then took up the principal work of the Guzerat Longitudinal Series, com- 
mencing in longitude 72" 60' and working westwards : the stations of Jhinjhar, Bhagwttnji 
and Rundan had not yet been selected and were therefore not now observed from Mirzbpur, 
WastrBl or Pblri. It would in fact appear that the Wastrtil pentagon as afterwards 
constructed by Nzksmyth was foreign to the original intention of Rivers, who probably 
purposed to extend the Guzerat Longitudinal Series eastward from the side BBrdoli-Mirzi- 
pur : this explanation too would account for the one single triangle, that exists on the Abu 
Series of hexagons. By the end of March Rivers had carried a principal Series of single 
triangles from MirzBpur and Sanoda as far west as the side Hasalpur-I(&rig&ngar. I n  April 
he added two more stations, Por and Ingrori, and at the latter observed an astronomical 
azimuth of verification to a Ursse Minoris : he then returned to his recess quarters at  Ahme- 
dabad, which he reached about the middle of May. 

I n  October, 1861, at the urgent request of Lieutenant Rivers, Mr. J. W. Rossenrode, 
who had had great experience in trigonometrical operations in flat and wooded countries, 
was withdrawn from Bengal, and appointed an additional assistant to the' Bombay Party 
to instruct the assistants in the ray-trace' system. Unfortunately, however, owing to the 
immense distance that' he had to travel, he did not join Lieutenant Rivers till February 15th, 
when the clearance of the rays, the special work for which he had been sent, had with much 
labour and trouble been carried out in the most dif3lcult parts of the country. He was 
therefore on arrival despatched to the southern edge of the Ran of Cutch and was employed 
up to the first of May ip selecting stations, clearing rays and building towers both for the 
western extremity of the Guzerat Longitudinal Series and the central portion of the Katty- . 
war Meridional Series. He rejoined Lieutenant Rivers at  Ahmedabad on May 15th. 

The section of the Guzerat Longitudinal Series, situated between the meridians of 71" 
and 73", runs through a perfectly flat country, for the most part covered with trees : towers 
of twenty-five feet high. were required to command sides of 12 miles, and after mutual 
visibility had been obtained between two stations in November, three or four additional feet 
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had to be added in order to allow for the decreased effect of refraction in April. I n  the 
rocky table-land of KBthifLw&r, where the western end of the Series had now arrived, bricks 
were unknown, and the pillars had to be constructed of stone. 

When the party again took the field, Rivers having applied for furlough, and having 

Season 1652-58. 
eveq expectation of its being granted, handed the party 

PBBBOINBL. over to Nasmyth, who at once set out for the Kfithi6whr 
Lieutenant H. Birem, Bombay Engineem, 1st peIIiIlsult3 to resume operations on the Guzerat Longitudinal 

Assistant. 
Lieutenant D. J. Nasmyth, Bombay Engineem, Series, Rivers remaining behind. The personnel was fur- 

2nd dssistant. 
Mr. T. Sanger, Sub-Aseistant. 

ther weakened by the return of Mr. Rossenrode to Bengal 
,, J. D ~ C O S L ~ ,  Ditto. and by the absence of Mr. Sanger on sick-leave : the only 
,, J. McGill, Ditto. assistants that remained for duty were Mr. DaCosta and 

Mr. McGill, the latter of whom had been but one year in the Department. During the 
previous season Mr. Rossenrode had selected stations as far west as Rangpur*, and had built , 

the towers up to Kubia and Nkechha ;  but the hexagon that he had constructed round 
Rangpur was, owing to the smallness of the sides, not considered suitable for inclusion 
in a principal series, the more especially as the country in that part was comparatively open 
and no real necessity had existed for curtailing the lengths of the rays. On arrival at  
Ingrori, the first station visited, careful examination shewed that nothing less than adding 
20 feet to the De&m tower and 10 feet to that of Ingrori would render the stations mutually 
visible, and the work of raising the towers was therefore commenced at once. Nasmyth 
decided, whilst this was being done, to make a reconnaissance of the country to the westward 
to see whether he could not improve Rossenrode's approximate series and especially the 
hexagon round Rangpur, the stations of which were only some 5 or 6 miles apart; he was 
engaged on this work when he was rejoined by Rivers, who had in the meantime learnt that 
his application for furlough had been refused and who had, on receipt of the unwelcome news, 
set out post-haste in no easy frame of mind to resume charge of the triangulation. The 
result of the revision of the approximate series was that the triangles were made more 
symmetrical, and but seven stations were required to get over the same extent of country as 
under the original arrangement had taken ten. By December 1st the towers at  all the 
stations of the Guzerat Longitudinal Series, west of the meridian of 7 2 O ,  were in readiness 
for the final observations. 

The main body of the party with Rivers and Nasmyth now returned to Ingrori to 
take up the final angles, whilst Mr. DaCosta was detached to conduct the approximate work 
of the Kattywar Meridional Series. During December, 1862, five stations of the Guzerat 
Series were visited and observed from, and in January, 1863, the principal angles of its 
western section were completed. The party then took up the final work of the Kattywar 
Meridional Series. 

I n  November, 1854, Mr. Sanger was detached from the d n  body of the pasty, 

* RRngpur ia one of the centres of a compound figure eituatad at the junction of the G w m t  Longitudinal and the Kattpaar Meri- 
dional Series, wirich belongs to the latter. 



then employed in KgtU,wBr, with orders to carry the approximate work of the Guzerat 
Longitudinal Series eastwards from Ahmedabad : he began at Wastr&l, and before the season 
was over had selected all the stations as far east as K6ga.1-01: during the latter half of the 
field season of 1856-57, M i .  McGill followed over the same ground, building the pillars at 
Mr. Sanger's stations and clearing the rays. 

By May, 1858, the Kattywar Meridional Series and the Cutch Coast Series were both 
fully completed, and the only principal triangulation of 

Ssor~r, 1868.59. the South-West Quadrilateral that still remained to be 
PBBLIO~~U.. done vas the portion of the Series under review that lies 

Lieutenant D. I. Nasmyth, Bombsy En&-, between the meridians of 73" and 75". In  October, 1858, 
2nd Asaktant. 

&. J. DaCmta, sub-~~i~tant. as the Political Agents in Gujar4t reported that the 
,, J. McGill, * Ditto. 
,, C. McGill, Ditto. country had quieted down from the excitement of the 

mutiny, Nasmyth, who had succeeded to the charge of the 
party, considered it a favorable opportunity to take up the final observations of the central 
section of the Guzerat Longitudind Series, i.e., the portion that is situated between the 
stations of Mirzhpur and Khgarol. The mutiny had not yet died out in Malwa (Mglwa), 
and so the approximate work on the eastern section of the Series between Khgarol and 
IndFgwan had to be left in abeyance. Ground was broken in Gujadt on October %th, and 
as Mr. Sanger's approximate work appeared in parts defective, Nasmyth began by revising 
it : having definitely settled on the first two or three triangles in the vicinity of Mirzhpur 
he returned to P4lri to commence the final observations, leaving the revision of the approxi- 
mate series to Mr. DaCostzt. Early in November he received notice of a disturbance that 
had broken out among the Nkikr&s at N&rukot, and. shortly after he learnt that the Rao 
Sahib and Tantia Topi had appeared on the frontiers of Gujadt: armed bands of 
plunderers were often now to be met traversing the country, and the operations of detached 
surveyors became unsafe. Mr. DaCosta, who was on in advance at Khgarol received warn- 
ing from the Political authorities to retire at once to Baroda (Vadodra), which he succeeded 
in reaching in safety : he had been, though unaware of it, within 14 miles of the ubiquitous 
Tantia's camp. By the end of December, 1858, the final work had been completed as far as 
the side Rundan-Bhagwhji, and in January five more stations were observed at, bringing 
the Series up to GhonMo-Wardhari. News then arrived that the Bhils were rising, and 
the Political officers warned Lieutenant Nasmyth not to cross the Mahi. He had, therefore, 
no alternative but to leave off at  Ghodrh  and to withdraw to Cutch where he took up 
some minor triangulation. 

On the rays Poem-Weeri and Poe&Gohilia the signals were not visible till sunset, 
.and it therefore became necessary to determine the relative heights of those stations by 
simultaneous vertical observations to lamp signals from the two extremities of each ray : 
this was done on the former by Lieutenant Nasmyth and Mr. DaCosta and on the latter by 
Messrs. DaCosta and McGill who were both equipped with 12-inch theodolites. 

On December 3bt, 1868, some severe shocks of earthquake were felt all over Gujadt, 
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in consequence of which Nasmyth thought it advisable to check the position of the upper 
mark-stones at  all stations which had high towers : these stones had been plumbed over the 
lower buried marks by Mr. J. McGill. Nasmyth examined three towers, and found that 
Poera, Rhmesri and Gohilia had all slightly deflected. New marks were accordingly estab- 
lished to which all observations have been referred. 

The Bombay Triangulation Party passed the summer of 1869 at  Ujkot,  where they were 
joined in October by Lieutenant (now Major-General) Charles Haig of ,the Royal Engineers, an 
officer of the Bombay Engineers, who had lately been appointed to the Great Trigonometrical 
Survey. For two months both Captain Nasmytll and Lieutenant Haig were employed as Mili- 
tary Engineers at the siege of Dwhrka (Dvirka) ; but at the fall of that place in December, 1869, 
they resumed the trigonometrical operations, and the remainder of the field season 1859-50 
wa's spent in extending the minor triangulation of Cutch and Kbthi4wBr. On March loth, 
1860, Captain Naamyth proceeded on furlough and Lieutenant Haig assumed charge of 
the work : on April 19th, the party marched under Mr. DaCosta to their recess quarters at  
Rhjkot, and Lieutenant Haig set out for Murree (Mari) where he joined Major J. T. Walker's 
Party. 

The programme of work laid down for the Bombay Party, during this field season, 
was to take up the Guzerat Longitudinal Series at  the 

&orm 1860-61. side Wardhari-GhorArito, carry it eastward until it met 
P~XBONNXL the Khiinpisura Meridional Series, and then to return 

Lieatenant C. T. Haig, Bombay Engineem, 2nd and work southwards from a side of this new work down 
h i s t a n t .  

Mr. J. ~ ~ c o a t s ,  Civil 2nd Assistant. the meridian of 73i0 to meet the southern unfinished 
,, J. AlcQill, Genior Sub-Assistant. ,, s. a. 3rd Clsss portion of the Singi Meridional Series. The head-quarters 

, of the party quitted Rtijkot on Noyember 16th, and - - 
reached Wardhari on the 30th. Mr. M C G ~ U  had taken the fikld about a month previously to 
lay out the approximate work. Up to the middle of January, Mr. DaCosta was employed 
on the secondary triangulation in Kitthiirw4r: he then left for the Deccan to take up the 
approximate work of the Mangalore (Mangaltir) Meridional Series, on which he remained 
employed till the close of the field season. 

At the beginning of the season tho progress of the party met with some serious 
checks. The stations of JtithrAbhor, KBgarol and Rencha, which are situated at the junction 
of the Singi and Guzerat Series, had been selected some years previously. I n  the approxi- 
mate chart furnished to Lieutenant Haig the ray between Jhthritbhor and GlioritrAo was , 
laid down, but after several days had been spent in felling trees it was found to be imprac- 
ticable. Another delay was caused by a mistake of the mason wl~o instead of repairing the 
old Rencha station, built a new station at another village also called Rencha, and the 
signal-man shewed his heliotrope to GhorBdo from this latter. Lieutenant Haig himself 
too went to this new station and did not find out his mistake until he had put up his 
instrument. 

On al~iving at Bhor Lieutenant Haig found the ray Bhor-Pathngri impossible owing 



to a large hill intervening : having obsewed all the other rays he went to Pathngri and se- 
lected a new station there: whilst the pillar was being built he visited JhthrAbhor and 
Ktigarol, and then went back to GhoduAo and observed there the correct ray to Rencha : 
Ktigarol, PatBngri, and Bhor were then revisited, and on January 20th, 1861, the Khgarol 
compound figure at the junction of the two Principal Series was finished. 

I n  the meanwhile Mr. McGill, who had been carrying the approximate series south- 
wards on the Singi meridian, made excellent progress until he reached Kesarwa, when he and 
all his party were prostrated with jungle fever and had to retire to Broach (Bharhch) : he 
was unable to resume his work during the field season. Mr. McGill's absence necessitated a 
change of programme; for he was the only officer available for the approximate work and it 
had been expected that he would be able to select all the stations of the Singi Meridional Series 
and also make considerable progress with the approximate work of the Guzerat Longitudinal 
Series to the east of the Singi meridian before Lieutenant Haig had finished the observations 
of the K&garol compound figure, as he would have done, if all had gone right. Lieutenant 
Haig thus found no approximate work ready for him on the Guzerat Longitudinal Series and had 
to  commence selecting his stations himself; but his progress proved so slow, that towards the 
end of January he gave it up and returned to Bhor with the object of observing at the new I 

stations of the Singi Meridional Series already selected. On this work he remained employed 
for the remainder of the season of 1860-61. 

It may be mentioned that the cause of McGill's party being prostrated was due to his 
entering a tract of country which, earlier than the middle of February, is most deadly; but 
this fact was unknown to Lieutenant Haig or Mr. McGill till after the unfortunate experience. 

The party passed the recess season of 1861 at Poona (Puna), and in October following 

8ewon 1861-62. 
again took the field. The first stations visited were ~ 4 t h d -  

P~BsoRnnr, 
bhor and PatAngri of the KBgarol compound figure, and an 

Lientenant C. T. Haig, Bombay Engineem, Ist attempt was hade to prolong the Gueerat Longitudinal 
Assistant. Series eastwards from the side that joined them. The plan, 

Mr. J. DaCosta, Civil 2nd A~istant. 
,, J. McQill, Junior Civil 2nd Assistant. however, was found impracticable, and the side Paungri- 
,, G. A. Anding, 3rd Claes sub-Amistant. Bhor had to be substituted. At first Lieutenant Haig - 

himself took up the approximate work and carried it eastwards to the meridian of 74i0, 
where he left it in charge of M i .  McGill, and returned to Pathgri  to observe 6 Ursse Minoris 
for azimuth; and shortly after Christmas he commenced the observations of the final angles 
of the Series. By the end of January, 1862, he had carried the principal work eastwards to 
the side Samohi-Kukinda, and on February 22nd at Kamod he completed the Guzerat 
Longitudinal Series. During this season a verificatory h u t h  at the station of Pathgri  
was observed to 6 Ursae Minoris. 

Lieutenant Haig had instructed Mr. McGill, when carrying on the approximate work, 
to maintain the series single throughout and to close on the side .~ndr&wan-~umhp& of the 
ghanpisura Meridioml Series, and he had accordingly made the northern flank of his series 
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run via* the stations Kukinda, Mehwhsa, Tharkheri, and Indr&wan, and had chosen Samohi 
and Pipliabtin on the southern flank. When Haig had observed the angles at  Pipliabh he 
learnt from Mr. McGill that he was unable to close on the side I n d d w a n - G d n p u r  ; for 
the station of Gumtinpur had been selected during the progress of the Khhpisura Meridional 
Series solely with a view to its suitability for the Mograba hexagon, and without any regard 
to exterior use, it being concealed from the north and west by a ridge that rendered the rays 
Pipliabhn-Gumhpur and Tharkeri-Gumhpur impracticable. 

On hearing of this check Haig decided to try and close on the side Kaula-ka-MBta- 
Indstiwan of the Khhpisura Meridional Series, and to attain this object he added the station 
of Kuwbsa ; thus unintentionally constructing a pentagon round Mehwbsa. But Kaula-ka- 
MAta like Gumhpur had been selected with regard to its own series only and was situated 
on the roof of a temple, the spire of which intercepted all view from the west. It therefore 
became necessary to build a new station on the same hill,* which was the only one available 
in tbe vicinity, and to make the side Karsod-IndrSwan the closing side of the Guzerat 
Longitudinal Series, for which it proved admirably suited. 

The Mehwhsa pentagon is incomplete, the angle a t  M e h w h  between Samohi and 
Pipliabbn being wanting. When the observations at  Mehwha mere being taken, the surround- 
ing stations were observed in the following order, Samohi, Kukinda, Kuwbsa, Tharkheri, 
PipliabBn, and the mistake was made of not re-observing Samohi and of completing the 
round at  Pipliabhn. When the station of observation is at the centre of a polygon, a round 
of intersections is incomplete, and consequently no central equation can be formed, unless 
the first station in the round is intersected again at  the end of the round. 

All the angles of the Guzerat Longitudinal Series, mere observed with Troughton and 
Simms' 18-inch Theodolite No. 2t, and were taken .on 6 pairs of zeros. Rivers's method of 
changing zeros on the western section of the Series was one that he had introduced himself and 
first employed on the Abu Meridional Series : the zeros he used were as follows :- 

oO I #  1 0 ~ 1 2 '  20°20' 30'29' - -- 4000 8: and 
so0 50' 

180' I' ' 190" lz l  ' 200' 20" 21 o0 29' ' 220 38 230' 50:' 

Over the ordinary method, usually followed then in the survey, viz. :- 

o0 0) I o0 0' 20' 0' 3 o0 0' 40' 0' ----- 50' 0' 
and - ;80° of '  lgoO o" loo0 o" zloO 0'' 220°0' 230°0" 

he claimed the advantage for his system that it brought the zero of the micrometer over 
every 10 minutes of the degree and also so shifted the reading as to cancel error of " run ". 

Each change of zero was made in fact to fuliil the following conditions :-(1) I n  the 
degrees each zero was 10" in excess of the preceding one; (2) At each zero a dXerent 10' 

It therefore ensues that there are now in existence two Principal Stations of the name name, Kanla-ha-MLb, one appertaining to 
the Xhinpisura Meridional Series and the other to the Guzerat Longitudinal 8eries : they are hetwern 20 nnd 30 ynds apart. 

t For a deecription of thin instrument and ib performances see Appendix No. 2 of Volume II of the Account of the Opmtioar  of 
the &eat Tngonometrical Survey o j  India. 
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division in the degree was intersected; (3) Each zero was a different number of minutes 
from the division to be intersected, being in two cases to the right of that division and in 
three to the left. 

I 

Nasm h on the central section of the Series followed Rivers, as also did Haig in the st 
liagarol compound figure : in 1860, however, Colonel A. S. Waugh, for reasons which will be 
found fully explained at  pages XII to XVII of the Introduction to the Great Indus Series (vide 
Volume I11 of the Account of the Operatiom o f  the Great Trigonornetrical Survey c$-lndio) 
ordered the following to be the zero settings of theodolites with three microscopes :- 

oOo' 70°1' 140~2' 210'3' 280'4' 350'5' - -- - -- - and --- r80° 0' ' 250° I' ' 320' 2' 30' 3' ' 100' 4 170' 5' 
the changes in the minutes were introduced with a view to cancelling the effects of any 
errors in the construction of the threads of the micrometer screws. I n  consequence of this ' 

order Haig worked with the following pairs of zeros, viz :- 

on the eastern section of the Series, a system that combined Colonel Waugh's large sweeps 
in the degrees with Rivers's changes& the ten-minute divisions to be intersected and in the 
odd minutes. 

When tho triangulation of the South-West Quadrilateral was completed two values 
were obtainable for both the latitude and longitude of each of the three stations PatBsgri, 
MirzBpur and MonBba, and also for both the length and azimuth of each of 'the three sides 
Pathgri-Bhor, Mirziipur-Wastrtil, and Mon&b;c.Whdia : the closing errors in all these 
cases may be exhibited as follows :- 

* The geographical error in feet in s~silablsfrom these quantities, sr 1 foot - 0"-01, both on melidian and p a d e l .  ' 

When calculated from the 
side B414gara-Biida of the 
Kar4chi Longitudinal Series 
via the northern section of the 
Kh4npisura Meridional Series 
and the eastern section of the 
Guzerat Longitudinal Series. 

When calbulated from the 
side Tha-Lakamb of the 
K d c h i  Longitudinal Series 
vid the northern section of 
the Singi Meridional Series. 

Closing errors . . . 

PstLngri ' 

Latitude. 

22'52' 1gW.6o3 

22 52 15 ,671 

+ 0.068" 

Pdngri-Bhor. 

Longitude. 

73'55/ 4gH. 156 

73 55 49 '563 

+ 0'407" 

Azimuth. 

16'47' 34W'449 

16 47 27 ,336 

- 7.113 

Side in feet. 

80457 -2 

80453.2 

- 4.0 
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When calculated from the 
aide Jerbj-MBrd of the Ka- 
rfichi Longitudinal Series via 
the Abu Meridional Series. 

When calculated from the 
side TBna-LakarwL of the 
Kar4chi Longitudinal Series 
via the northern section of 
the Singi Meridional Series 
and the central section of the 
Guzerat Longitudinal Series. 

Closingerrom ... 

* The georphical e m r  in feet ia available from these quantitiw, M 1 foot 0".01, both on meridian and parallel. 
t I t  shoul be noted that Moniba is a station of the Kattywu Meridional Series, and situated some 25 miles north of the junction 

of that Series with the Owerat Longitudinal Briea. It is selected here an the point of comparison because i t  waa so cmployed in the 
6imult.neous Beduction of the South-West Quadrhtersl. 

Mirdpur. ~ i n a ~ - w s s t d l .  

* 

When calculated from the 
aide Bhilgaon-Akoria of the 
Kar4chi Longitudinal Series 
vi&. the Kattywar Meridional 
Series. 

When calculated from the 
aide Jenij-MBrd of the Ka- 
r h h i  Longitudinal Series via 
the Abu Meridional Series and 
the weatern section of the 
G w r a t  Longitudinal Seriea. 

Closing errors .. . 

Latitude. 

2 2 ~  591 1 7 ~ ~ .  859 

22 59 17  '708 

+ o-151" 

Monbbat. 

Longitude. 

720 52. 34tt.695 

72 52 34 -708 

- O ~ O I Q *  

Azimuth. 

9 1 ~  4l 29t,. 147 

91 4 26 ,190' 

+ 2.957 

Latitude. 

23' 16'35".909 

23 1 6 3 5 . 7 7 0  

+. o -  139j 

Yoniba-Wbndia 

Side in feet. 

56132'7 

56135.1 

- 2.4  

Longitude. 

70° 51' I I". 778 

7 0 5 1  11 '850 

- 0.072t 

Azimuth. 

80' 25' 2ot'.028 

8 0 2 5 1 6 . 9 8 2  

+ 3.046 

Side in feet. 

67441 - 4  

67442.4 

- 1 . 0  



, INTRODUCTION. 

On the completion of the simultaneous reduction of the South-West Quadrilateral, 
it was found that the portions of the errors which had actually fallen to the Guzerat 
Longitudinal Series were, and had been dispersed on it as follows :- 

The heights of the Principal Stations of the Guzerat Longitudinal Series depend in 
the first instance on the values of the stations of Karsod and Indramh of the Khhnpisura 
Meridional Series ; next on the heights of the stations of Poera, Jhinjhar, Wastdl, Sola, 
Shand, Khoraj, Hasalpur, and Ingrori determined by spirit-levelling operations executed 
during the seasons of 1876-76 and 1876-77 ; and lastly on the heights of the stations of 
Chalarwa and 88pakra which were' fixed in the adjustment of the Kattywar Meridional 
Series. The intermediate heights, of which the values were obtained trigonometrically, 
shewed at Poera a cumulative error of + 3 feet and at Jhinjhar and W a s t d  a further 
error of + 2 feet, and on the section Ingrori to Shpakra of: - 3 feet : these were dispersed 
by simple proportion. Between Jhinjhar and Ingrori the spirit-levelled heights are sufficiently 
numerous to give the heights of the remaining stations directly. 

On the eastern or Haig's 
section between Karsod and' 
PatBngri, length 75 miles. 

On the central or Naa- 
myth's section between Pa- 
tdngri and Mirztipw; length 
68 milea. 

On the weatern or Rivers's 
section between MirzBpur and 
Chalarwa, length 113 miles. 

Several stations of the Shbarmati Minor Series were also connected with in the 
spirit-levelling opeiations referred to above, and their values of height thus finally fixed. 

Secondary Triangulation. 

• I n  Latitude. 

a 

+ 0.061 

- 0.050 

- o .  I 25 

An important secondary chain of triangulation known as the Shbarrnati Minor Series 
appertams to the Guzerat Longitudinal Series. It starts from the side Bhnand-Pdri of the 
latter, 10 miles south-west of Ahmedabad, and follows the Shbarmati River to its mouth a t  
the head of the Culf of Cambay: from thence it runs along the western edge of the gulf 
until it joins the Kattywar Minor Meridional Series No. IV  at the side Haibatpur-Bharbhir. 
Some 6 milm north of the town of Cambay, the Quzerat Coast Minor Series, that emanates 

In Longitude. 

It 

- 0'331 

- 0'037 

+ 0'134 

In Azimuth. 

I/ 

- 0 ' 4 7 9  

- 1 ' 4 5 3  

- 5 . 0 4 8  

In  Side. 
Log. feet. 

+ 0 ' 000,0045,O 
oro-65inch 

per mile. 

-0~000,02or,6 
or2.9jinches 

per mile. 

-0-o00,0118,9 
or1.74inches 

per mile. 
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near Surat from a pnincipal side of the Singi Meridional Series, meets the Shbarmati Minor 
Series a t  the side Rhoni-OmliBla of the latter in latitude 22+O.  

The Shbarmati Minor Series is 75 miles long, and consists of' three quadrilaterals and 
twenty-one single triangles, the rays averaging 6 miles in length : it was designed by Lieu- 
tenant Rivers for the purpose of connecting the heights of the stations of the Guzerat Lon- 
gitudinal Series and thence those of the Abu Meridional Series and the Karhchi Longitudinal 
Series with mean sea level. 

This connection was originally intended to be made by a line of levels; but a 
chain of triangulation was ultimately preferred as the more suitable method; no suffi- 
ciently accurate instrument could be procured for the levelling operations, and an officer 
of special training mould have been required to conduct them : besides this a great advan- 
tage was gained by adopting triangulation, in that the position of the head of the Gulf 
of Cambay was geographically fixed. The angles were observed on two pairs of zeros, viz :- 

The work of selecting the stations was first taken up by Mr. J. DaCosta in February 1851, 
who by tlie end of the field season had carried the approximate work as far as the head of the 
gulf. I n  November, 1853, he had, however to return, and do some of his work over again: 
in the interval trees had grown and obscured a few of the rays, and here and there a platform 
had been destroyed: in one or two instances too the symmetry of the triangles required 
improvement. By the middle of December he had performed these duties and crossed the 
gulf a t  Gogha to take up tho triangulation on the Kattywar Coast. 

I n  January, 1854, Lieutenant Nasmyth having lately completed the Kattywar Minor 
Longitudinal Series decided to take up the observations of the final angles of the Shbarmati 
Series. Leaving the establishment to reach K h h  Bandar in a larger boat, Nasmyth 
hurried onward from Gogha in a smaller one to the mouth of the Stibarmati river, and com- 
menced at  once a reconnaissance of the locality, having in the meantime wandered over the 
whole tract of mud, through which the Stibarmati river finds its way to the sea, in search 
of a suitable spot for the tide gauge. But the party whom he had left behind were forced, 
owing to the inundation of tlie spring tides, to make a considerable detour before they could 
reach Sikotar-Mtita, and a week had elapsed before tents, horses and baggage had arrived 
at tlieir destination. DaCosta had brought the approximate work only as far south as the 
side Mitli-Rhoni, and had selected Sikotar-MBta as the site for the tide gauge. Nasmyth 
however, preferred Tarakpur to Sikotar-Mhta and built a trigonometrical station there : he 
then heard that at  Tarakpur during the neap tides cattle could drink from the Shbarmati, 
and fearing therefore that the spot was under the influence of the river and not suitable for 
tidal observations, he detached Mr. McGil to choose some point nearer the sea. The latter 
eventually chose the two stations, Pipli and Ambli, of the Stibarmati Series, from which could 
be fixed a more suitable site and one which Nasmyth approved for the tide gauge, the latter 
was situated 660 yards south by west of Sikotar-Mgita station, on what appeared hard, solid 
mud, that was unlikely to be washed away by the river. By the end of January Nasmyth 
had observed all the final angles from Sikatar-M8ta as far north as Nandhanpur, and by 
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February 13th he had joined on the principal side Sthand-PBlri of the Guzerat ,Longitudinrtl 
Series : this completed the minor series from ahmedabad to the head of the gulf. 

Tidal observations were taken by Mr. DaCosta in the early months of 1855 at M i h i  
Bandar and Diu (Div) on the K4thi4w4r Coast. Sikotar-M4ta proved a most ineligible spot 
for the gauge : sand silted over it, the mud bank on which it stood was gradually shifting, and 
it was exposed to the whole force of the current of the S4barmati ; it was thereupon decided 
that no tidal station could be erected nearer to the mouth of the SBbarmati than Gogha. The 
Kattywar Minor Meridional Series No. I V  was designed in 1855 to follow the meridian of 72" 
and to thus connect the Guzerat Longitudinal snd Kattgwar Minor Longitudinal Series, but 
by 1860 the work had not been carried out. The only means therefore of cpecking the heights 
of stations of the Abu Meridional Series by means of a tidal station at G o g b  was by computing 
the heights through the Kattywar Minor Longitudinal, Kattywar Meridional and Guzerat 
Longitudinal Series. This was considered too long a circuit, and consequently in November, 
1860, Mr. DaCosta was detached by Lieutenant Haig to Bh6vnagar wit11 orders to connect the 
eastern extremity of the &ttywar Minor Longitudinal with the southern extremity of the 
SBbarmati Minor Series by means of a small cllain of triangles. The stations of t l ~ e  Kattywar 
Meridional Minor Series No. IV had been previously selected as far north as Haibatpur by 
Mr. DaCosta, and the pillars both at Haibatpur and Bharbhir, the extremities of his side of 
origin, had been built. He left Rhjkot on November Sth, 1860, and by the 13th of January 
following he had selected the stations, built the pillars, and observed the angles. He effected 
a connection with Nasmyth's former work at the side Ambli-Pipli, and this connection 
completed the triangulation of the Stibarrnati Minor Series. 

Two Minor Series, known as Kattywar Minor Meridional Series Nos. I11 and IV, are 
connected with principal sides of tile Guzerat Longitudinal Series near its western extremity, 
the former with the side N4rechBna-Charhri, along the meridian of 71g, the latter with 
Ingrori-KBrig4ngar along the meridian of 72" : they close at their southelm extremities on 
sides of the Kattywar Coast Minor Series and Kattywar Minor Longitudinal Series respectively. 
They were of great value to the topography of Kbthibwbr. As they have been apportioned to 
the Kattywar Meridional Series and not to the Guzerat Longitudinal Series, and have been 
fully dealt with in the Introduction to the former, no further reference is necessary to 
them here. 

The Guzerat Longitudinal Series running as it does throughout its whole length 
through a flat and densely wooded country, had to be made a single chain owing to the great 
expenses of tower-building and ray-clearing : on these accounts too the amount of secondary 
work that was carried out during the principal operations was very limited. No secondary 
stations were built, not half a dozen peaks were intersected, and it was useless to lay down 
the positions of particular trees when the whole country Was covered with them. On the 
western section of the Series some fifteen intersected points exist, including the palace of 
Halvad: in Ahmedabad the clock tower and five or six domes and minarets were fixed, 
and four points in the city of Kaira were laid down from the Sbbarmati Xinor Series: on 
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the central sixtion of the Series the positions of the palace of B416sinor (Vhdashinor), of 
the town of Qodhra, and of eleven other points were determined. On the eastern section of 
the Series some 15 or 20 buildings of different kinds were intersected. 

I n  1869.72 when the Topographical Survey of Gujartit was in hand, a minor series of 
triangles was carried down the river Mahi. It started from the principal side QhorhAo- 
Poera and closed on the side Dhuvhan-Sbod of the Guzerat Coast Minor Series.* It was 
commenced by Lieutenants A. W. Baird and J. R. McCullagh and finished by Messrs. A. D. 
Christie and C. H. McA'Fee, an observer working at  each end simultaneously. The observa- 
tions were taken with 10-inch theodolites on four zeros, except at  one station where a 6-inch 
theodolite was used: the average length of the rays was 8 miles. 

* This series belongs to the Bingi Meridional Seriee. 

October, 1889. 
S. Q. BURRARD. 
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PRINCIPAL TK.IANGULATION. ALPHABETICAL LIST OF STATIONS. 

Bhagwbji . XIV. 

Bllor . . XVII. 
(Of the Singi Meridional Beried). 

Chalarw a . XVIII. 
(Of the Ksttywar Meridional Series). 

Chariiri . XXXII. I Nbreohhna . . 
Degam . b . . XXXI. / Pdld . 
Dhr4ngadra . 111, 1 Patengri 

(Of the Bingi Meridional Series). 

Ghorkho XVI. 
(Of the Bingi Meridional 8eriee). 

Gohilia . XIII. 

Hhjipur . . XXIII. 

Poera 

Por 

In& wan I (Of the Ehhpisura Meridional aeries). 

. I . XXX. 

Jhthrhbhor . XII. 
(Of the Bingi Meridiord Berier). 

Jhinjhar . . XVII. 

Kkgarol . XIV. 
(Of the Bingi Meridiond Seriee). 

Khpli . VIII. 

I(gil.ig&ngar . a XXVIII. 

h o d  . IX. 
(Of the ghanpiaurs Meridionel Seriw). 

Kaula-ka-MAta . I. 

Khoraj . . . XXIV. 

. . . XXXV. 

RRncha 
(Of the Singi Meridional Series). 

S h n d  

Sanoda . 
Skpaka 
(Of the Kattywer Meridional Series). 

, Sola . . 

Wardhari . 
(Of the Singi Meridional Beriea). 

Kukinda . . . VII. I WmtrSll . . . 

111. 

IV. 

XVI. 

XXXIV. 

XX. 

XIII. 

XXIX. 

IX. 

XII. 

XVIII. 

xv. 

VI. 

XXII. 

XIX. 

XXI. 

XXI. 

u. 

XXVII. 

xxv. 
xv. 

XVIII. 
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PRINCIPAL TRIANGULATION. NUNERICAL LIST OF STATIOKS. 

IX 
(Of the ghinpisura Meridionel Series). 

Rundan. 

I .Kaula-ka-MAta. I XVII . I 

XI11 IndrAwan. 
(Of the Kh6npbura Meridional Series). 

JhinjLar. 

Wastrd. 

Sanoda,. 

P&i. 

Sola. 

Shnand. 

Hhjipur. 

Khoraj. 

Whdrora. 

Hasalpur. 

XVI 

I1 Tharkheri. I XVIII . 
' I11 K u w k  I XIX . 

V . . .  . Pipliabh. I XXI . 

VII  

V I I I  

VI  . Samohi. XXII . 
Kukinda. 

Ktipri. 

XI11 
(Of the Bingi Meridional Series). 

XXIII  . 
XXIV . 

IX Pudkot. 

XII . JBthrCtbhor. 
(Of the Singi Meridional Series). 

XIV 
(Of the Singi Meridional Series). 

XXV . 
XXVI . 

XV . Wa,rdhari. I XXIS  . 
(Of the Bingi Meridional Series). 

Kdgarol. 

Por. 

XXVIII . 

Ingrori. XVI 
(Of the Bingi Meridional Series). 

XVII . . 
(Of the Singi Meridional Series). 

XVIII . 
(Of the Singi Meridional Series). 

Rencha. XXXII . I 
Bhor. 

Poem. I XXXIV . 

XXXI . 

(Of the Kattywar Meridiod Series). I Xvlll 
XIV . . Bhagwhji. XXI 

(Of the Kattywar Meridional aerie,). 



G U Z E R A T  L O N G I T U D I N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. DESCRIPTION O F  STATIONS. 

This Series is divided into two portions by the Singi Mericlional Series and in order to make it con- 
tinuous it has been necessary to include the data appertaining to Stations XI1 to XVIII of the Singi Series. 
Of the Principal Stations, the stations of origin, and those numbered I to X, XVII, XVIII, XX, and XXIII  as 
also tl~ose which belong to the Singi Meridional Series, are situated on llills or risin;; ground, and with the ex- 
ception of Station I X  of the Khbpisura Meridional Series, of which the construction is not known, and of 
Station XVII of the Singi Meridio~~al Series, where there is only one mark on a projecting rock, consist of iso- 
lated and perforated pillars of masonry from 5 t,o 7 feet high, having a n1a1.k engraved on the rock in &ti or on a .  
stone embedded at the ground level, and another mark at the surface in the normal of the first. Round these 
pillars, platforms of earth and rubble or earth and wood have been built for the observatory tent to rest on. At 
several of these atations an aperture through the platform and pillar was left for reference to the ground level mark. 
At  all the remaining stations which are situated in the plains it was found necessary to construct towers to over- 
look the curvature of the earth. These are solid, 1 2  to 40 feet in height, built either of sun-dried bricks or stones 
set in mud cement and in a few cases of loose stones, and having a broad base. Each encloses a central pillar of 
masonry, sometimes solid, sometimes perforated, which carries marks at the top and at  the ground level ; in the 
former, other marks are inserted generally at every 5 feet : the upper portion of these pillars, about 5 feet, is circular 
and isolated. Access to the mark at  ground level is obtained by an aperture whicll was left for the purpose. 

The following descriptions have been compiled from those given by the Officers who executed the Series, from the records 
of Captain Baird's Leveling Operations in 1874 to 1876, and from General Reports of the Kattywar Topographical Survey, supple- 
mented aa regards adjacent villages, &c., from the Topographical maps of the country traversed. Some details regarding the heighte 
and the construction of the stations have been gathered from reports, contingent bill, and other records of the Series. The local 
sub-divisions in which the several stations are situated, have been derived, where practicable, from the latest Annual Reports fur- 
nished by the District Officers to whose charge the stations are committed. 

1X.-( Of the Khhpkura Meridiorcal Series). Karsod Hill Station, lat. 23" 7', long. 75" 28'--observed 
at in 1848 and 1862-is situated on a small hill about 1Q miles W. of Chota Karsod, and 1 mile N. of Rojri vil- 
@e. It is towards the 5. extremity of the hill, and 119 (f t. ?) 8 (in. ?) S. of the southern wall of a pagoda 
(temple): pargana Barnagar, Gwalior territory. 

The station consists of a platform most prol~ably constructed in a manner similar to those at the adjacent stations and 
contains two marks, the upper 4.27 feet above the lower. When again visited in 1862, in the course of the Operations of this Series, 
the station was found to be about 5 feet in height. The nearest villages are Rasulabad and Maulana. 

XII1.-(Of the .EXdlzpkra Meridiorcal Series). Inddwan Tower Station, lat. 22" 49', long. 75" 13'- 
observed at  in 1847, 1848 and 1862-is situated on rising ground, about 1 mile N.E. of the village from wl~ich the 
station obtains its name, 1i miles from Barwsll, and 8 miles N.N.E. of Desi : pargana Bluln&war, district DhiiF, 
Bheel Agency. 

The station as originally built in April 1847 consisted of a solid pillar of masonry sunk to a depth of 6.3 feet, containing 
two marks, the upper in the surface of the pillar being at the ground level ; over this a platform of loose stones, 7-46 feet in height, 
with a mark at the top was constructed. I n  November 1848 an addition of 2.17 feet was made to the height of the platform. I t  was 
again visited in February 1862 in the course of the Operations of this Series, when it was simply stated that i t  is built 4.78 feet 
high. I n  1869 the loose stone platform was removed, and over the original mark at the ground level, a pillar of masonry 7.46 feet 
in height waa built surrounded by a platform of stones of the same height as the pillar. An arched aperture from E. to W. gives 
access to the ground level mark. I t  thus appears that the station as last constructed is 2.17 feet lower than that of November 1848. 

I. Kaula-ka-MQta Hill Station, lat. 23" 8', long. 76" 13'-observed at in 1862-is situated on an isolated 
and symmetrically shaped hill, about 20 yards 5. of the large temple of Kaula-Ntita from which the hill derives 
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its name. On the roof of the temple and E. of the spire is station " XI. Kaula-ka-lfhta" of the Khhnpisura 
Meridional Series; but as all view towards tlie west was intel*cepted by the temple, it became necessary to 
establish this station for the Guzerat Longitudinal Series : Saililna State of t l ~ e  Western Malwa Agency. 

The station consists of a platform of earth and rubble enclosing an isolated and perforated pillar of masonry, 5-93 feet 
in height, which contains a lower and upper mark, the former engraved on a projecti~ig rock about 10 inches above the grouud. 

11. Tharkheri Hill Station, lat. 22" 52', long. 74" 53'--observed at in 1862-is situated on a high table- 
land, about 2 miles S.E. of the village which gives its name to the station : Jhtibua State, Bheel Agency. 

The station consists of a platform enclosing an isolated aud perforated pillar of masonry, 4-81 feet in height, which 
contains a lower a l ~ d  upper mark-stone. 

111. Kuwha Hill Stsation, lat. 23" B', long. 74" 42'--observed at in 1862-is situated on the highest and 
about the centre of a group of low hills, about 4 miles W. of the town of Kuwha : Jhtibua State, Bheel Agency. 

The station consists of a platform of earth and rubble and logs of wood, enclosing an isolated and perforated pillar of 
masonry, 5.00 feet in height, with lower aud upper mark-stone. 

IV. Mehwiisa Hill Station, lat. 22' 55', long. 74" 40'-observed at in 1862-is situated on the highest 
point of the two S.E. hills about 2+ miles N.E. of the town BhAgor: Jh6bua State, Bheel Agency. 

The station of 1862 consisted of a platform nf earth and rubble and logs of wood, about 6 feet in height, enclosing an 
isolated and perforated pillar of masonry 2.37 feet in height which contained a lower and upper mark-stone. I t  was visited in 
1878-79 by Lieutenant Gore who rebuilt the platform 26 feet in height. 

V. Pipliabfin Hill Station, Id .  22" 42', long. 74" 49'-observed at in 1862-is situated on the site of 
the deserted village so called, and about 2 miles S. of Sonar : Jhtibua State, Bheel Agency. 

The station consists of a platform of earth and rubble, enclosing an isolated and perforated pillar of masonry, 5 feet in 
height, which contains a lower and upper mark-stone. 

VI. Samohi Hill Station, lat. 22" 39', long. 74" 28'-observed at in 1862-is situated on the eastern 
and highest part of a hill, about 1 mile S.S.W. of village so called : Jhhbua State, Bheel Agency. 

The station consists of a platform of earth and rubble, enclosing an isolated and perforated pillar of masonry, 6.47 feet 
in height, which contains a lower and upper mark-stone. 

VII. Kukinda Hill St,ation, lat. 23" 2', long. 74" 29'-observed at in 1862-ia situated on a high hill 
of that name about a mile W. of the small village of Morjeri : Jhtibua State, Bheel Agency. 

The station consists of a platform of earth and rubble and logs of wood, enclosing an isolated and perforated pillar of 
masonry, 5 feet in height, which contail~s a lower and upper mark-stone. Access to the lower mark is provided for. 

VIII. K&pri Hill Station, lat. 22" 65', long. 74" 13'--observed at  in 1862-is situated on a table-land 
of the Vindhyhhal range of hills wliich run N. and S. and partidly divide the BGya State from the parganaa 
of Dohad and Jhtilod, about 1+ miles N. of Khpri village, and the same distanoe S.W. of the village of 
DagBsia : sub-division Jhhlod, district Panch M W s .  

The station consists of a platform of earth and rubble and logs of wood, enclosing an isolated and perforated pillar 
of maaonry, 5 feet in height, which contains a lower and upper mark-stone. 

IX. Punslkot Hill Station, lat. 22" 37', long. 74" 12'-0bserved at in 1862-is situated on the ridge of 
a high hill to the S.S.W. of the village from which the station has been named. The.mcent from the 
village of Pudkot  is very gradual and is practicable for laden carts. Bhiya State, district RewBkinta. 

The station consists of a platform of earth and rubble, enclosing an isolated and perforated pillar of masonry, 5.08 feet 
in height, which contains a lower and upper mark-stone. 

XI1.-(Of the Singi M d i r m a l  S&8). Jkthrtibhor Hill Ststion, lat. 23" 2', long. 73" 43'-Observed 
a t  in 1860, 1861 and 1862-is situated on a range of hills, about 2 miles to S.W. of Jkthnibhor village: 
t h b  Lunfiwh, district ItewBkslnta. 

The station consists of a platform of earth and rubble, enclosing an isolated and perforated pillar of masonry 5 feet in 
height, with an aperture for access to the lower mark. The nearmt villages are K G  Gugulia and Sagarda. 

XII1.-(Of the Shgi  Meridwnal Series). Patangri Hill Station, lat. 22" 62', long. 73" 66'--observed 
at  in 1861-62-is situated on a high, flat-topped hill forming portion of a range, about + a mile S.E. by 5. of the 
village of PatBngri : t h h a  and state Bkiya, district Rew&khta. 
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The station consists of a platform of earth and rubble, enclosing an isolated and perforated pillar of masonrg 2 feet in 
height with mark-stones at top and bottom, aud an aperture giving access to the latter. The nearest villagee are Diwig&m, 
Nawtigh, Kupda and PQa. 

X1V.-(Of the Singi Meridional Series). KBga.ro1 Hill Station, lat. 22" 53', long. 73" 42'-observed 
st in 1860-6L-is situated on a low, isolated hill, about la miles N.W. of the village of Pipalia; the hill is also 
named Pipalia-ni-Dhgari, and is in lands of the town of Serah : pargana Qodlrra, district Panch Mhhhls. 

The station consists of a platform of earth and rubble, enclosing an isolated and perforated pillar of masonry 5 feet in 
height, having an aperture for acceaa to the lower mark. The nearest villages are Dharauln, Jhoj and NawhgBm. 

XV.-(Of the Singi Meridwraal Series). Wardhari Hill Station, lat. 23" 6', long. 73" 30'-observed at 
in 1860-is situated on one of the ranges of hills to S.E. of the village of Wardhari from which there is an 
asoent of a quarter of a mile to the station: t h h a  and state Ludwha,  district Rewhkhta. 

The station consists of a platform of earth and rubble, enclosing an isolated and perforated pillar of masonry, 5-88 feet 
in height, with an aperture giving access to the lower mark. The nearest village is KadPchla. 

XV1.-(Of the Singi Meridwnal Series). Qhor&& Hill Station, lat. 22" 52', long. 73" 24'--observed 
at in 1869 and 1860-is situated on a ridge of hills in lands of the village of Kuni which is a mile nearly N., 
the town of B&l&inor is about 6 miles distant in the same direction : taluka ThBsra, district Kaira. 

The station consists of a platform of earth arid r~bble,~enclosing an isolated and perforated pillar of maaonry, 5 feet in 
height, h a v i ~ ~ g  an aperture for access to the lower mark. The directions of the following villages are:-Mahi Itadi, Wauora 
and Rauja, N. ; Panch MBhQs villages, E. ; Sanjol and Menpur, S. ; and Rauja and Balara, W. 

XVI1.-(Of the Singi Meridwnal Series). Bhor Hill Station, lat. 22" 40', long. 73" 52'-observed 
at in 1860-61 apd 1862-is situated on the southern of two rocks on the high hill of Bhdapur to the 8. of 
the village of Bhor : t h h a  BBriya, district Rewhkhnta. 

As regards the coristruction of the station the following is all that is forthcoming :-((The platform for the observatory 
was made of bamboos resting on logs of wood fixed in the crevices of the rocks and the mark is made ou the rock". The ueareat 
villages are Virol, Kh~inpsAla, Jhab and Sagarmu. 

XVII1.-(Of the Singi Meridwnal Series). Rencha Hill Station, lat. 22" 42', long. '73" 39'--observed 
at in 1860-6L-is situated on an isolated hill locally known as Wagh Dlingar, having the village of Rencha at 
its western foot : pargana KBZol, district'panch MBh4ls. 

The atation consists of a platform of logs of wood covered over with earth, enclosing an isolated and perforated pillar 
of maeonry 5 feet i t1  t~eigtit, with marks at top and bottom, and an aperture for access to the lower mark which is cut ou the 
rock. The nearest villages are SBrangpur and ChalQi. 

X. Jbiria Hill Station, lat. 23" l', long. '73" 18'-observed at in 1869-is situated on a hill about 1 
mile W. of the villageof Hotwar and 6 miles N.W. of BBlBsinor : thBna, and state Bgl&sinor, district Rewakbnta. 

The station consista of a platform of rubble, 6 feet in height, enclosing an isolated and perforated pillar of atone 
and mortar, with an arched aperture on the S. aide for access to the lower mark. 

XI. Poera or Poeda Tower Station, lat. 22" 55', long. 73" 15'--observed at in 1869-stands about ;k of 
a mile E. of the villttge of ~hagwel Poeda, and 8 milea nearly W. of BUsinor : taluka Kapadwanj, district Kaira. 

The station conaiats of a tower of sun-dried bricks supported by earthwork and brushwood, enclosing a central, per- 
forated pillar of masonry 30.8 feet in height, the upper 5 feet of which is isolated, with an aperture on the N. side for access to the 
lower mark. The original lower mark, indicated by a circle and dot ellgraved on a stone, is in the intersection of lines drawn 
through marks at the outer part of small apertures, through and through the tower, left for the purpose. Subsequent to an earth- 
quake on the 31st December 1858, a new lower mark was engraved, 1.25 inchea to the S.W., and just without the circle of the 
original mark. The uew mark waa employed when the observations were taken. 

XII. Rtimesri Tower Station, lat. 23" O', long. '73" 10'-observed at in 1869-stands 8. of the village 
of Rhmesri to which it appertains : taluka Kapadwanj, district Kaira. 

The station consists of a tower of sun-dried bricks supported by earthwork and brushwood, enclosing a central, perforated 
pillar of masonry 30.82 feet in height, the upper 5 feet of which is isolated, with all aperture on the N. side for access to tile lower 
mark. The upper mark was displaced by the earthquake of the 31st December 1858, and a new mark to which the observations 
refer indicated by a dot, 0.6 of au inch E. of the original mark, which has been left undisturbed. 

XIII. Qohilia Tower Station, lat. 2'2" 63', long. '73" 7'-observed at in 1869-stands adjoining the vil- 
lage of Qohilia, hamlet of the Gaekwar village of Mahisa : taluka BBwisi, Mahi KBnta Agency. 
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The station consists of a tower.of sun-dried bricks and mud cement, enclosing a central, perforated pillar of masonry 
24.2 feet in height, with an arched aperture on the E. side for access to the lower mark. The earthquake of the 31st December 
1858 disl~laced the upper mark, anda new rr~ark, 0-8 of an inch to S.W. of the original, was made, both marks have circles engraved 
round them. T l ~ e  observatio~ls refer to the new mark. 'l'he directions and distances of the circumjacent villagea are :-Katana 
N., mile 4 ; Kaklia W., mile 1 ; and Bimida N.W., mile 1. 

XIV. ~ l l a ~ w h n j i  Tower Station, lat. 23"0', long. 73" 2'-observed at in 1858-stands within the limits 
of and about a mile S. of the village from wllicl~ it has been named: taluka Kapadwanj, district Kaira. 

The station consists of a tower of sun-dried bricks and mud cement, enclosing a central, perforated pillar of masonry 
23.12 feet in height, with an aperture on tlie N. side for access to the lower mark. 

XV. Rundan Tower Station, lat. 22" Ci3', long. 72" 67'-observed at in 186&-stands about + of a mile 
N. of the village of Rundan, and miles N.N.E. of the large village of S h j  : taluka Mehmadabad, district Kail-a. 

Tlre station consists of' a tower of sun-dried bricks and mud cement, enclosing a central, perforated pillar of burnt I~ricka 
and morter, 23.M feet in height, which has a mark at the level of the ground and anotlier at top ; access to tlre lower mark being 
obtained by an aperture on tlre N. side of the tower. The directions and distances of the circumjacent villages are :-Bilia 
Muw6ra W., mile 4 ; JBlia N.N.E., mile 9; Kaloli S.W., milea 1f ; and SBrasauni (on the WBtrak river) W.N.W., miles 24. 

XVI. Mirzhpur Tower Station, lat. 22" 59', long. 72" 53'-observed at  in 1852 and 1858-is situated 
on a sandy hill about a mile W. by S. of the village of Mirziipur, and 4 miles N.N.W. of the large village of Hal- 
darwh on the right bank of the Wtitrak river : taluka Daskroi, district Ahmedabad. 

The station consists of a tower enclosing a solid pillar of masonry', 18 feet in height, which ha8 a mark-stone at top and 
others at 3, 8, 13 and 18 feet respectively below it, the lowest being at the ground level. The directions and estimated distances of 
the circumjacent villages are :-4hiiudivel Bhitpura W.N.W., mile 4; WBrod (on the left bank of the Meswo river) W.S.W., mil- 
2) ; Kdniel S. by E., miles 14 ; and Patdwat (on the western bank of the WBtaok) S.E., miles 3. When visited in 1858 in the 
c o m e  of the operations of this Seriea, no alteration appears to have been made in the construction of the station. 

XVII. Jhinjhar Hill Station, lat. 22" 53', long. 72" 48'-observed at  in 1858-is situated on a hill, 
about I* miles S. by W. of the village from wlrich it takes its name, and 4+ miles N. of the city of Mehmadabad 
on the B.B. and C.I. Railway : taluka Mehmadabad, district Kaira. 

The station consists of a tower of sun-dried bricks and mud cement, enclosing a central, perforated pillar of masonry 10.04 
feet in height, with an aperture on the N. aide for access to the ground level mark. The directions a t~d  distarrces of the circumjacent 
viHages are :-Rohisa W. by N., mile 1 ; Dkjipura E. by N., miles 1 4  ; and Ghor l i  OBI the WBtrak river, S.S.E. miles 2. 

XVIII. Wastrhl Hill Station, lat. 22" 59', long. 72" 43'-observed at  in 1862 and 1858-1859-is situa- 
ted on a small sandy hill about half a mile S.W. of the village of Wasldl, and 2+ miles W.N.W. of Gtitdd on 
the western bank of the Khari river : Taluka Daskroi, district Atrmedabad. 

Tbe station consists of a solid platform 7 feet in height, enclosing a central, isolated pillar of maqonry. The directions 
and distances of the circumjacent villages are :-RBmol S.W. by S., mile 1 ; Mehmadpur S.E. by S., milea I f ;  Khokhra Mehrnada- 
bad W. by N., miles 3f : axid WBnch S.S.E., miles 34. 

XIX. Sanoda Tower Station, lat. '63" 7', long. 72' 48'--observed at in 1852-stands on the rising ground 
about f of a mile S.E. of the village from which the station has been named. The whole country in the neigh- 
bourhood is much covered with large trees : sub-division DegAm, Baroda State. 

The station consists of a tower (most probably built it1 a matrner similar to those at the adjacent stations) enclosing a solid 
pillar of masonry. Four small pillars have been built outside the tower, and the intersection of lines engraved on them will give 
the position of the upper station mark. Other mark-stones have also been fixed at every 5 feet in the pillar. 

XX. Pdri  Hill Station, lat. 22' 54', long. 72" 34'--observed at  in 1852 and 1868-is on a sandy hill, 
about f of a mile E. of the village from whieh it has been named, and 2+ miles E. by S. of the large village of 
K h n d r a  on the right bank of tlre SAbarmati river : talttka Daskroi, district Alrmedabad. 

The station consists of a platform 6 feet in height, enclosi~lg a central, isolated pillar of masonry. The directions and 
distances of the circumjacent villages are :-Miroli S., miles I )  ; Giramtlra S.E. by E., miles 2f ; and Ord N.E. by E., miles 19. 

XXI. Sola Tower Station, lat. 23" 5', long. 72" 34'-observed at  in 1852-is situated on a small sandy 
lrill about a mile N.E. of the village of Sola, 200 yards S. of a Bar or Banyan tree, and 1+ milea due N. of mile 
post No. 318 of the B.B. and C.I. Railway : taluka Stinand, district Ahmedabad. 

The station consists of a tower 25 feet in height, enclosing a pillar of masonry in which mark-stones have been placed 
at every 5 feet. Four small pillars are built outside on the p~-od~rction of the diagonal lines of the tower, and the intersection of 
the lines on tltese will give the position of the upper mark. T l~e  village of G o t h  lies to N.E. about jt of a mile, and the city 
of Ahmedabad to S.E., about 6 miles. 
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XXII. Shand Tower Station, lat. 22" 69', long. 72" 25'-observed at in 1862-is situated on a small 
bill, about a mile W. of the large and well known town of Sthand, and about 45 feet E. of n large temple called 
H w i  MAta. The hill is formed by the ruins of some old buildings : taluka Shand, district Ahmedabad. 

The station consists of a tower 12 feet in height, encloeing a pillar of masonry in which three mark-stonea have been fixed. 
The tower is towards the N.E. corner of the temple, and the mark is 49.2 feet from the S. E. comer and 45.9 feet from tlre N. E. 
coruer, measured at the height of the top of the tower, equivalent to a height of 9.9 feet measured on the corner of the temple. 

XXIII. H4jipur Hill Station, lat. 23" 9', long. 72" 26'-observed at in 1862-is situqted on a llill, 
about 1-g miles 5. W. of the village from which the station takes its name, and the same distance N. N. E. of the 
village of Thol: taluka Kadi of the Gaekwar's territory. 

The station consists of a platform about 5 feet in height, the lower mark is engraved on a large stone embedded in maeon ry. 

XXIV. Khoruj Tower Station, lat. 23" 2', long. 72" l'll--observed at in 1862-stands on a mound on 
the norbhern edge of a small tank, about 14 miles E. of the village of Klloraj NNgndoda, and 2+ miles W. by S. 
of the Railway Station of Cll4rori on the B.B. and C.I. Line: Gaekwar's territory. 

The station consists of a tower of sun-dried bricks and mud cement, faced with burnt bricks, 18 feet in height, enclos- 
ing  a central pillar of burnt bricks and mortar. When again visited in 1875-76 by Captain Haird the station was fouud tolerably 
perfect, but the upper mark-stone had disappeared : the upper course of masonry was imperfect, hut one portion of it appeared to be 
about the level of the upper mark-stone. The directions and distances of the circumjacent villages are :-Kalkna E.S.E., mile 1 ; 
S h i a w h  S., miles 2 f ;  Cllhrori E.N.E., miles 2; and Suthki  N., miles 24. 

XXV. Wddrora Tower Stat-ion, lat. 23" ll', long. 72" 16'--observed at  in 1862-stands on a mound 
some 12 fret in l~eigl~t,  at the N. E. corner of a small tank, about 2 of a mile E. by S. of W&om village : 
and 2+ miles E. of Kaipur  : Kadi taluka of the Gaekwar's territory. 

Tlie station consists of a tower 12 feet in height, enclosing a pillar of maaonry, the upper 5 feet of which is isolated. 
The directions and distances of the circumjacent villages are :-Melaj S. W. by W., miles 2) ; and Warkharia S. by W., milea la. 

XXVI. Hasalpur Tower Station, lat. 23" 6', long. 72" 7'-observed at  in 1852--stands on the north- 
western of two mounds wllicll are on the N. E. margin of a large tank, the other mound having a ruined temple 
on it, I t  is about 3 miles S. E. by 5. of the town of Viramgtim : taluka Viramgtim, district Ahmedabad. 

The station consistsof a tower 21 feet in height, having a mark-stone at the top : it was originally built 16 feet in height 
and was raised to its present height on the 5th April 1852. The directions and dist~ncee of the circumjacent villages are :-Hasnlpr 
Sareswar W.N.W., mile ) ; Soklai (on the S .  B. and C. I. Hailway) E.N.N., miles 24; aud Thori MuMrak S.W. by S., miles 3. 

XXVII. Thuleta Tower St,ation, lat. 22" 67', long. 72" 9'--observed at in 1862-stands on the eastern 
bank of a large tank which lies immediately N. of the village of Thuleta, and about 260 yards S. W. of the 
south-western bank of Hir tank : taluka ViramgBm, district Ailmedabad. 

The station consists of a tower of sun-dried bricks and mud cement, 16 feet in height, enclosing a central pillar of ma- 
sonry. The directions and distances of the circumjacent villages are :-Whwa N., miles 2; W h a n  E. N. E., milee 2 i ;  AsalgBm, 
miles 3 ; and Jetapur S. 9. E., miles 34. 

XXVIII. K4rig;ingar or Kh&rig&ngard Tower Station, Iat. 22" 68', long. 72" l'-observed at in 1852- 
stands on a mound some 12  feet l~igh on the 5. E. corner of a tank, about a mile N. of Khirigtiugard village 
and 2 miles S. of that of Vitalgarli or Wtitu : taluka Vitllalgarll, district Jhalawad. 

The station consists of n tower of sun-dried bricks and mud cement, faced with bnrnt bricks, 12 feet in height, enclos- 
ing a central pillar of burnt bricks and mortar, with rnarks at every 5 feet of height. The directions and distances of the 
circumjacent villages are :-Kalkpura N. E., miles 2); Kamijla S. E. by E., miles 3+; and Wardla S. S. E., miles 8. 

XXIX. Por or Porda Tower Station, lat. 23' 7', long. 71" 65'-observed at in 1852--.stands on a 
mound on the S. E. corner of the tank, about 200 yards S. of Porda village, and 4$ miles S.W. by W. of the 
&ilway Station of Jhirrld on tile B. B. and C. I._Railway : taluka Bajirna, district Jhalawad. 

The station consists of a tower 13.2 feet in height. The directions and distances of the circum,jacent villages are :-Cham 
rMa E. 8. E., miles 14 ; Khiikharla or Jorawkapura N. N. W., miles 2; and Shedla W. N. W., miles 2%. 

XXX. Ingrori or Ingrodi Tower Station, lat. 22" 67', long. 71" 611--observed at in 1852-stands on 
the western bank of a tank, about 1+ miles S. by E. of Ingrori village, and Y a  miles W. of the Railway Station 
of LiUpur on the B. B. and C. I. Line : taluka Lakhtar, district Jhalawad. 

The station, a tower of sun-dried bricks and mud cement, faced with bnrnt bricks, enclosing a central pillar of bnrnt 
bricks, was 16 feet in height ill March 1852. I n  August of the same year i t  appears to have been raised 8 feet 5 inches aud again 
in December a further addition of 10 feet was made ; it has marks at the top, bottom and intermediatelv. The directions and 
distances of the circumjacent villages are :-Kesaria S.S.W., miles 2; Shtrulha W. by N., luiles 2; aud Kkrela N.E., wiles 24. 
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XXXI. D e g h  Tower Station, lat. 23" 6', long. 71" 42'-observed at  in 1862 and 3 863-stands on 
the bank of a small tank in the plain south of the village of Degbm, about 8 miles W. by 5. of the town of 
Bajbna and 33 miles W.N.W. of Pipli village : taluka, Bajam, district Jhalawad. 

The station cansiate of a tower e~iclosing a central pillar 40 feet in height. "The upper mark which was used for the 
signals for the Por observation of season 1851-52 ar~d all the connectirig stations of 1862-53 was 12 feet lower than the present one. 
Outer marks had been fixed, the irltersectio~~ of which defined the position of the old one, but the mark from which the final 
angles were observed was found to differ 1-27 inches N. W. from that, or in a line forming au azimuth of 1264" less than Por." The 
size of pillar did not admit of a new rnark beillg made which would agree with the old, and it haa been necessary to apply to  
the angles observed at the surrounding stations, corrections to reduce them to the present upper mark. The directions and dir- 
tance. of the circumjaceut villages are :-Degiim N., miles 2 ;  Bhariida W.S.W., miles 4f; and Dhrumat S. by W., miles 34. 

XXXII. Ct~arhri Tower Station, lat. 22" 65', long. 71" 38'-observed at  in 1862-stands on the eastern 
bank of a small dry tank on the rising ground about 2 mile@ W.S.W. of the village of CharBri, and miles 
N. by E. of the town of Sitha on metalled road from Dhrbngadra: taluka DhrBngadra, district Jhalawad. 

The station corisists of a tower half solid and half hollow, built of stories and mud cement, 13 feet square and 30 feet in 
height, having a pillar of storie and mortar in its centre. The station as built in the previous season was o111y 22 feet in height 
and consisted of a solid tower of loose stones, ellclosing a central pillar of stotie and mortar. The directions a l~d  distances of the 
circumjacent villages are :-Btiarad S. by E., miles 2 i  ; Hhmpur S.W. by W., miles 14; and Law4na N.W. by N., miles 3. 

XXXIII. Dhrhngadra Tower Station, lat. 23" l', long. 71" 31'-observed a.t in 1852-stands on a, 
rocky table-land, about 2 miles N. of the town of DllrBngadra : taluka Dhrhngadra, district Jhalawad. 

The station consists of a tower of loose stones 16 feet ill height, enclosing a central pillar of stol~e and mortar. The 
directions and distances of the circ~~oijacent villages are :-Isadara f on the right bank of the Phulka river) B.N.E., miles 24; 
Haripur E.S.E., miles 3f;  R4jpur W. by S., miles 34; and Sathapur N.W. by N., miles 4. 

XXXIV. NhrechBna or Nkishna Tower Station, lat. 22" 63', long. 71" 26'-observed a t  in 1863- 
stands on a small rocky hill near intersection of roads, and about 3 of a mile N. of the country road connecting 
the villages of NBrechAna and Kodh : taluka Sbyla, district Jllalawad. 

The station consists of a tower of loose stones with a broad base, 22 feet in height, enclosing a central pillar of stone 
and mortar. The directions and distances of the circumjacent villages are:-Niirechhna E.S.E., miles 24; GiijanwBo N.E. by 
N., miles 2g; Kodh W. by N., miles 44; and Rauliawadar S. by E., miles 34. 

XXXV. Ku4ria or Kowaria Tower Station, lat. 23" l', long. 71" 20'-observed at  in 1852-stands on 
the rising ground about 14 miles N.  by B. of the small village of Kukia, and 7 miles E. of the town of Halwad : 
t a l u h  Dhrhngadra, district Jllalawad. 

The station consists of a tower of loose stones 16 feet in height, enclosing a central pillar of stone masonry, the upper 
5 feet of which is isolated. The directions and distances of the circumjacent villages are :-P4udtrnra W.N.W., milea 2; Pip&a 
E.N.E., miles 2f ; Chlili E. by S., miles a$ ; and Butora N.N.W., miles 3. 

XVII1.-( Of the Kattywar Meridional Series). Chalarwa, or CharAdwa Tower Station, lat. 22" 57', 
long. 71" 6'--observed at  in 1862, 1854 and lS56-stands on the bank of a small dry tank near junct,ion of roads 
from Kariana, Suswbo and Chalarwa, and about 2: mila N.E. of the town of Chalarwa : hluka Dhdngadra, 
distriot Jhalanlad. 

The station consists of a tower of atones set in mud cement, 11 feet square and 16 feet in height, enclosing a pillar of 
stone and mortar. Four pillars are huilt outside the tower, and the intersection of the lines engraved on them indicated the 
position of the upper mark on which the theodolite waa centered ; the mark at the gronlrd level is 0.65 of an ilicll to E. of the 
upper one. When again visited in 1856, the upper mark-stone was found displaced by 0.95 of an inch to N.E., but no statement 
of any alteration in the constrvdion of the station is forthcoming. The directions and distances of the circumjacent villages 
are :-Susw4o N.E. by N., milen 34; and Kariana S.E. by S., miles 24. 

XX1.-(Of the Xattywar Meridwnal 8~r-k-8). Shpakra Tower Station, lat. 22" 62', long. 71" 17'- 
observed at in 1863-stands on the rising ground south of the village of Sbpakra : taluka Dhrhgadra, 
district Jhalawad. 

The atation consists of a tower of loose stones with a broad baae, 26 feet in height, enclosing a pillar of stone and lime 
cement. The directions and distanc:es of the circumjacent villages are :-Bhalgimda S.W., miles 34 ; Digaria W. by S., miles 3 ; 
H.ntewMia E.S.E., miles 28 ; and Chitrori (on the right bank of the B h b h a n  river) S. by W., miles 2f. 

J. B. N. HENNESSEY, 

In charge of oomputing O&. 
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PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 

l m . - S t s t i o n s  IX and XIII appertain to the Khhpirurr Meridional Beries. 

At I X  (Karsod) 

February 1862 ; observed by Lieute~ant 0. T. Haig, R.E. ,  with Troughton and Simnas' 18-inch Theodolite NO. 2 .  

2f - Mean of CttOu 
w - Relative ~ e i g K  
C - Concludeddngle 

M = 4 5 " * 8 8  

'0 = 1 '3' 
I - = 
w o -76 

C =56°39'45Y-88 

Angle 
between 

' I 

Circle readinga, telescope being aet on XI11 

303'21' 129021' 13'32' 193'32' 83043' 2W43 '  163O48' 333'48' 22306Y 43069' 291L010' 114O10' 

I a a a a a n a w a a @ 

h 45.40 h 48.17 h 44.80 h 47-20 h 42.37 1 50.90 1 50.20 144'17 1 43.40 1 41-90 1 46'47 145'00 
h 45-87 148.33 h 45.73 h 46.37 h 41.60 1 j1.77 1 51.60 1 43.80 1 44.33 1 42.60 1 45.14 1 44-07 

45.64 48.25 45'26 46.79 41.98 51.34 50'90 43-98 43-87 42-25 45-80 44'54 

At XI11 (Indrdwan) 

February 1862 ; obaerued by -Lieutenant 0. T.  Haig, R.E., with Troughton and Shma' 18-inch Theodolite NO. 2 .  

Angle 
between 

'I 'I 

Circlc readings, teleacope being aet on I1 

00 1' 18001' 700 11' 2500 12' 1400 22' 320022' 210028' 80029' 280039' 100039' 3600 W 170060' 

a a n a n w t w a v II " 
166.46 165.84 164.00 168.93 164.60 159.94 166.47 162.60 172.50 173'80 h65.83 165.80 
166.60 1 6 5 - m  164.17 168.97 164.53 159.37 166.30 161.40 1gx.10 173.24 h66.90 165.17 

66-53 65.42 64.09 68.95 64.56 59'66 66.38 62.00 71-80 73-52 66'37 65.48 

X - Mean of Grou 
u, - Relative ~ e i g c  
C - Concludeddngle 

M = 66". 23 

W = 0 '81 
I _ - - I '23 
w 
C = 7 7 O  g1 6"-23 . 
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At XI11 (1nddwan)-( Cotatir~ued). 
- 

M - Bfesn of Qronp 
w = Relative Weight 
C = Concludedhgle 

M = 57"'35 

W = 0 ' 93  
1 - - - I -07 
20 

Angle 
beturrn 

Circle readings, telescope being set on I1 

(Pl' 1 W 1 '  70011' 450012' 1#'22' SZO"Z2' 2100%' 300%'28oOW lOCJ'WS50050' 170053' 

* 
A 59'07 1 6.00 h 59-50 160 '17 161.70 1 5 j . m  1 59.03 1 59.j7 149.93 1 51.27 h 56-97 1 56'37 
h j 7 . S ~  I j6.97 h 59.73 I 6 ~ ' j "  163'60 1 jS.33 1 55.37 160.17 I jo.06 1 52.16 h 5 j'30 1 56.67 

5s-47 56-49 5961  60.24 62.6j  57.66 5s-70 59.97 5 0 . ~ 0  51'71 56.14 56.52 C = 39039'57".35 . 
At I (Gula-ks-Nita) 

Februaiy IS63 ; obsei-ced by l;iercteiutitt C. T. Hrtig, B.E., rcith Trotrghton and Si~~lt~zs'  18-inch I'heodolite No. 2 .  

M - M a n  of Gror~pm 
r - Relative TTeipl~t 
C - ConcludedAngle 

Angle 
bet wen 

! . * C . . . * i .V = 18".2 j  

11 & ~ I I  ; h 1 5 . 3  h l 3 . F  1 1S.19 1 15-34 h 1S.20 h 13-27 h 23.43 h 21-13 1 17-53 1 23.53 1 19-94 1 20.10 
n h I j..h 1 13-13 1 17.23 1 10.6; h 1S.37 h 13.24 h 21-13 h 21.7 j 1 15.40 1 23.S6 1 22.63 1 19'43 1 

= ' I 7  

, - -  - 0 ' 8 5  
IP 

I j'-j 13.67 17.56 16.91 1S.jS 13.26 Z O . ; ~  11-43 1S.10 23-53 20'27 19.77 C = 83040' rX.U-25 

SIII b I1 h 2s.1;. h ;r'S: I ;+'?: I 53-46 h ~ S - 4 4  h 2 ~ - 4 -  h 25.'; h 26.2: 1 32.2: 1 2;-40 I 2 S . ~ 3  I 32-40 
h ~s.2: l34-5: I j 4 . 0 ;  1 29.23 h J;.J> h;:.q2 h ~ r . 3 2  h 2 c > ~ ;  1 29.;; 1 1 9 . x  1 2S.33 1 3 3 . ~ 4  . lr = I -66 

I , -. - - o -60 
1 5 . 2 2  3 3 j  1 . 2  32'1s z<.-.- -, 26.4; 32-27 2 2  28 61 32.72 a 

w 
, C = 5 1 O 3 6 ' ~ 9 ~ - 9 4  

LV = 21.. j 8  
I1 b I11 h 21.:: I I--A- 1 31-5- I2:-:4 h 24.2; & 21.6; & IS.<.; h 24.S; 125.73 & 16.15 4 zz-62 h 22.64 

h : 1 4 I 1 1 :  I 4 h 4 ;  k 2 :  h 2 j h 2 4  1 2 0  h 2 ;  h 1 h I = .58 
I - =  0 - 6 3  

3:-:S 1 ~ ' 6 j  I 4 14-5s 21-11 13'5S z4';p 2 ;  16.;-2 ~ 2 . 1 ~  ZC-87 u- 
C = 40'39' z lU -58  

At II (Thlihcri) 

Fr.brnw,, 192; okwrrcdfi? Li~*ntcr;arrt C. T. Hclij7, BX. ,  wijh Tro~t?hfc),t alld Siutnrs' IS-irrch Theodolite 3'0.2. 

-\-Se CYn-le xv*21r,% t e l e x ~ y  k c  s-eier on T Y - Ycrn of Gmnp 
w - Rc'hzirc Weight h-m 

$1' 1**lm XVll' S.-lr l k x . 5  ?.,.*s 3 . V S '  S?'w l ~ . X V . ~ ' ~ Y L Y  I>TkY 
C - C i s r : n d c d a l e  

. . . . . -V = j S w -  13 
& -:- ,.I i - .-;. .- . -. 7 -:s.-; & -:- :: ; -;- <I 7 ---;- 7 

'i- IY , >; J , 4 r - I -  : ;: .; r 42.:: ! 4 : . ? -  1 >; . r f .  1 2 c - 5 :  
i -:. -1% i 55.:: ; 5 -  ?: i4 55-15 ; 5: :: ,. - ::--? - i 4 -  :: ; a: >? : 41.:: I44.2; 1 3 4 . ~ 4  I 5" :: u- = 0 '99 

1 - - - 1 - 0 1  
If 

; -..-- - -  - .. - . - .- :> :: :- -- - - . :L :; a:-:- :> 1  4 4  54-22 4 C = P1';9'38w- 1 3  
i 

Cimle readings, telescope being eet on I S  

Or 1' lW1' *11' W 1 1 '  I U W  -23' 2 1 ~ f S  S c l c ~ '  m-39 ~CICFX)' l ; o c ~  



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 
1%. 

NOTX.--Station XI11 opprtcrins to the Khbpiaunr Meridionnl Series. 

At I1 (Tharkheri) -( Continued). 

M - Mean of 
w - RAIlative ~ e i g R  
C - Concluded Angle 

M = 28"'00 

w = 1 '34 
I - = 0 '75 
W 

C = 44' I 9' 28". 00 

M = 20"' 99 

w = I '11 
I - - - o -90 
W 
C =82°27'2~u'99 

M =  261"39 

W = I '01 

I - =  0'99 
W 
c = j10,4~26~.39 

Circle readings, telescope being set on V 
between 

IV & IIL 

I11 & I 

I XIII 

00 1' 1800 1' 700 11' 250'12' 140022' 3200 23' 2100 28' 30" 28' 280° 3gt 1 0 0 ~ 3 9 ~  3500 1700 50' 

I n I n I (I n n n n I n 

h 26.73 h 32'60 1 30.50 h 30.46 1 29.66 1 28.87 1 25.86 1 26.70 1 23.57 1 22.30 ,? 3 1 . 8 ~  1 26.67 
h 26.87 h31.37 1 30.33 h 30'60 1 29.36 1 28.90 h 27.33 1 26'84 1 23.30 1 23.04 d30.81 1 27.23 

d 26.73 

26.80 31'99 30'41 30.53 29.61 28.89 26.64 26-77 23.43 22-67 31.33 26'95 

d24.21 d 18.29 116.50 h 19-60 120.50 1 15.63 120.17 227.44 1 23.50 124.50 723.23 1 19.13 
d 24-24 d 18.25 1 17.37 h 19'03 1 21.37 1 16.87 h 20'77 1 2j.73 d 22.53 1 24.06 h 23.00 1 17.67 

d 20.60 

24.23 18.27 16.93 19.32 20'9.3 16.25 20.51 26.59 23.01 24-28 23.12 18'40 

124.34 1 32-10 128.93 h26.17 l21 .80  128.44 126.53 1 21.46 129.47 1 24.60 1-24.73 1 29.83 
1 22.64 1 31.66 1 28.30 d 26'15 1 20.80 1 28.30 h 24.87 1 22.10 1 29.80 1 25'00 1 24.13 1 31'30 

23'49 31.88 28.62 26.16 21-30 28.37 25.70 21.78 29.63 24.80 25-43 30'57 

At 111 (Kuwha) 

February 1862 ; obserued by Zieute~sant 0. T .  Haig, R.E., with Troughton and Simmir' 18-ilach Theodolite No. 2. 

Angle 
betweon 

"I1 

I1 ' IV 

Circle readings, telescope being set on I 

205°431 25'43' 275O53' 95"53' 34@19' 16604' bG"l(Y 23601V 126021' 306021~ 19603Y 16932' 

I I n n n II n I I I n PI 

h 18-10 h 26.70 h 18.76 h 19.57 1 22.00 1 21'94 1 19'50 1 17'27 h 20.60 h 17'23 h 19'97 h 22-44 
h 1 8 ~ m h ~ ~ ~ 6 7 h 1 9 ~ 7 ~ h 1 9 ~ ~ o 1 ~ 0 ~ ~ ~ 1 ~ o - ~ 6 1 ~ o ~ 7 ~ 1 1 6 ~ ~ o h ~ o ~ 1 ~ h 1 8 ~ r ~ h ~ o ~ 2 o h ~ 3 ~ o 3  

18-05 26.19 19.24 19-44 21'23 21.15 20.12 16.74 20.37 17-68 20.09 12-73 

h 64.40 h 58'96 h 65.30 h64.06 1 65.10 165'03 1 64-06 1 63'77 h62.13 h64.20 h60.67 ?a 62.30 
h65.63 6 59.16 h 64.10 h 65.00 1 66.20 1 64 44 1 62.40 1 64.47 h 62.26 163.06 h61.37 h 63-57 

65.02 59.06 64.70 64.53 65'65 64.73 63'23 6412  62.20 63.63 61-02 62.93 

M - Mean of Qmup 
w - Relative Weight 
C - Concluded Angle 

M = 20". 25 

W =  1 . 8 ~  
I - = 
W 0 '53 
C = 56'53' 20"'25 

M = 63"'40 

lo = 3 '25 
1 - - - o -31 
w 

= 430 361 3,,.40 



lo-, GUZERAT LONGIDTJDINAL SERIES. 

Norm.-Stations IX and XI11 appertain to tho K1~hpis~u.u Muridionul Serics. 

At XI11 (Indr4wan)-(Conti~iued). 

M - Mean of Qrou a 
w - Relative weigEt 
C = Concluded Angle 

M=57'"35 

W = 0 '93 
1 - - - r -07 
20 

C=39039'57"-35 

Angle 
between 

"IX 

Circle readings, telescope being set on I1 

001' 1W1' 70011' 250" 12' 140022' 320'22' 210028' 30028' 280039' 100039' 3500 50' 170050' 

4 tt m I n n I 4 n m n " 
h 59.07 156.00 h 59.50 160.17 7 61.70 1 57.00 1 59.03 1 59'77 119.93 1 51.27 h 56'97 7 56-37 
h57.87 156.97 1~59.73 160.30 163.60 158.33 158.37 160.17 150.06 152.16 h55.30 1 56.67 

58'47 56.49 59.61 60.24 62.65 57'66 58.70 59.9; s o m ~  51-71 56.14 56.52 

At I (Kaula-ka-Miita) 

Februafy 1862 ; observed by Zieutenant C. T. Haig, R.E., with Trozlghton and Sin~nls' 18-inch Z'hcoclolite No. 2 .  

df - Irean oE Gro~ipa 
to - Rell~tire Weiglit 
C - ConcludedAllgle 

M = 18".2j 

W = 1 ' 17 
1 - = 0.85 
W 
C = 83040' 18". zj 

M = 2gX'94 

= .66 

-' = 0 -60 

C = 51O36'29'"94 

M = 21~"58 

= I .58 
1 - - - o '63 
w 
C = 40' 39' 21"'58 

Angle 
between 

8i XTII 

XIII $ II 

II 8i 111 

Circle readings, telescope being set on IX 
001' 18001' 70011' 2500111 140022' 320023' 21Cf28' 30"28' 280039' 100039' 360°50' 1700j0' 

r )  I u n n u I n n n 4 * 
h I 5'70 h 13.90 1 18.10 1 I 5'34 h 18.20 h 13.27 h 20.40 h 2 1.13 1 17.80 7 23'80 1 19.94 1 20.10 
h 15.80 1 13'43 1 17'03 1 16.67 h 18.97 JL 13.24 h21.13 h 21.73 1 18.40 1 23.86 1 20.60 2 19'43 

15'75 13.67 17.56 16.01 18-58 13-26 20.76 21-43 18.10 23.83 20.27 19'77 

h 28'17 h34-87 1 34.07 1 30.46 h 28'44 h 29.47 h 28.83 h 26.27 1 30.27 1 27'40 1 28.93 7 32-40 
h28.27 134'57 134.63 129.23 k27'20 h30.90 h 27'30 h 26.67 129.87 129.00 .? 28.30 1 33'04 

28.22 34'72 34.35 29.85 27-82 30.18 28.07 26.47 30.07 28.20 28 61 32.72 

h 21 .20  1 17.90 1 21.37 1 25.04 h 24.23 h 21.63 h 18.93 h 24'83 1 23.73 h 16.13 7~ 20.60 h 20.64 
hzzago  1 17.40 1 21'90 1 14.83 h 24.93 h 22.60 h 20.23 h 24.76 1 24.16 h 17-27 R 19.60 h 21.10 

22.05 17.65 21.64 24.93 24.58 22.12 19.58 24.79 23-95 16.70 20.10 20.87 

At I1 (Tharkheri) 

February 1862 ; observed by Lieutevzant 0. T. Hdig, R.E., zvitA Troughton and Si~~zzms' 18-inch Theodolite No. 2. 

Angle 
between 

V & IT 

Circle readings, telescope brting set on V 

0'' 1' 1800 1' 70011' 2500 12' 140'22' 320023' 2100 28' 80028' 2800 39' 100°39' 8500 50' 170050' 

II v n n n ,I I v n I I 

h 37'90 h32.63 1 38-73 h 36.20 1 36.60 1 35'63 7 40'07 1 38.96 1 j2. jo 1 45.67 1 33'46 1 39.60 
h39.00 h33.50 1 39'60 h 35.13 1 36.20 1 33'76 h 40.27 1 40.36 1 41.20 1 44.23 1 34.94 1 39.07 

38.45 33'07 39'16 35'67 36.40 34'69 40'17 39'66 41.85 44'95 34'20 39'34 

M - Mean of Gronpa 
w - Relative Weiglit - COncludedAngle 

M = 38"' 13 

W = 0 '99 
I - - - I '01 
w 
C =82°39'38w'~3 



PRINCIPAL TRIANOULATION. OBSERVED AWGLES. 
11-K. 

No~~---Strrtion XI11 apperbhs to the Khhnpisura Mcridional Series. 

At I1 (Thazkheri) -(Continued). 

BZ = Mean of (fmn 
u, - Itelatire ~ e i g g  
C - ConcludedAngle 

M = 2 8 " ' ~  

w = 1 '34 
I - = o'p5 
W 

C = 44' 19' 28".oo 

M = 201/.99 

W = I 'I1 
I - - - 0 .go 
W 
c = 82'27' 2oU.gg 

M =  26U.39 

= I .oI 
I - - 
W - 0'99 
c = j1014126~/.39 

Circle readings, telescope being set on V 
between 

I V  & 111 

111 & I 

I XIII 

0" 1' 180" 1' 70°11' 25W12' 140022' 320023' 210028' W2st 280~39) 1o0°3gf 350050' 1700 50' 

n ,I n n I ,I n n n n I v 

h 26-73 h 32.60 1 30.50 h 30.46 1 29.66 1 28.87 1 25.86 1 26.70 1 23.57 1 22.30 1 31-84 1 26.67 
h 26.87 h 31'37 1 30'33 h 30'60 1 29.56 1 28.90 h 27.33 1 26.84 1 23.30 1 23.04 d 30'81 1 27.23 

d 26'73 

26.80 31.99 30.41 30.53 29.61 28.89 26.64 26.77 23-43 22.67 31.33 26.95 

d 24.21 d 18.29 1 16.50 h 19.60 1 20.50 1 15.63 1 20'17 2 27.44 1 23.50 1 24.50 1 23.23 1 19.13 
d24.24 d 18.25 1 17'37 h 19'03 121.37 1 16.87 h 20.77 125.73 d22.53 124.06 h 23.00 1 17.67 

d 20.60 

24-23 18.27 16.93 19.32 20.9.3 16.25 20.51 26.59 23.01 24.28 23'12 18-40 

124.34 1 32.10 228.93 h 26.17 121.80 128.44 h 26.53 1 21.46 1 29.47 124.60 2.24.73 1 29.83 
122.64 131.66 Z28.30 d26.15 120.80 128.30 h24.87 1 22.10 1 29.80 125.00 1 24.13 1 31.30 

23-49 31.88 28.62 26.16 21-30 28-37 25'70 21'78 29.63 24.80 24.43 30.57 

At I11 (Kuw8srr) 

Febrvlary 1862 ; observed by Liezlteltarzt C. T. Raig, R.E., with Troughton and Sin~ms' 18-irzch Theodolite No. 2 .  

Angle 
between 

I ' I' 

'I IV 

Circle readings, telescope being set on I 

205O43' 25'43' 275'63' 95'53' 346" 19' 166'4' 66'10' 2360 10' 126'21' 3060 21' 196'32' 16032' 

v m n n N n n I n I n 4 

h 18.10 h 26.70 h 18.76 h 19.57 1 22 .00  1 21.94 1 19'50 1 17'27 h 20.60 h 17'23 h 19'97 h 22'44 
h 18.00 h 25.67 h 19.73 h 19.30 1 20.47 1 20.36 1 20.74 1 16-20 h 20.14 h18.14 h 20.20 h 23.03 

18.05 26-19 19-24 19.44 21.23 21.15 20.12 16.74 20.37 17.68 20.09 22-73 

h 64.40 h 58.96 h 65.30 h 64.06 1 65.10 1 65.03 1 64.06 1 63'77 h 62.13 h64.20 h 60.67 h 62.30 
h 65-63 h 59.16 h 64.10 h65.00 1 66.20 1 6444  1 62-40 1 64.47 h 62.26 163.06 h61.37 h63.57 

65.02 59.06 64.70 64.53 65'65 64.73 63-23 64.12 62-20 63'63 61.02 62.93 

M - Mean of Groups 
w - Relatire Weight 
C Ooncluded Angle 

M = 2oH' 25 

w = 1 89 
I - = 
w 0 '53 
C =56'53'20".25 

M = 63"-40 

= 3 '25 
= - - - o -31 
w 

=43036, 31/.40 



GUZERAT LONGIDUDINAL SERIES. 

 NO^.-Stations IX and XI11 appertain ta tho Khiinpisuru Muridiolurl Serica. 

At XI11 (Indr6wan)-(Continzced). 

M - Mean of Qrou 
w - Relative lTeigK 
C - Concludedhgle 

M = 57"'35 

W = 0 - 9 3  
1 - - - I - 0 7  
2U 

~ = 3 ~ ~ 3 ~ ' 5 f " ' ~ ~ 5  

Angle 
between 

I& IX 

Circle readings, telescope being set on I1 

OG 1' 18001' 70011' 250' 12' 140'22' 820022' 210028' 80028' W 3 9 '  100039' 350'50' 170050' 

0 n q I n I I n n I I " 
h 59.07 1 56.00 h 59.50 160.17 161.70 1 57.00 1 59.03 1 59'77 149'93 1 51.27 h 56'97 I 56'37 
h 57.87 1 56.97 h 59.73 160.30 1 63.60 1 58.33 1 58.37 160.17 1 50.06 1 52.16 h 55.30 1 56.67 

58.47 56.49 59'61 60.24 62.65 57'66 58.70 59'9; 50.00 51.71 56.14 56-52 

At I (Kaula-ka-M4ta) 

February 1862 ; obeerved by Lieutenant 0. T. Haig, R.E., with Troughton and Sin~nts' 18-inch Z'heodolite No. 2. 

Jf - Afean of Group 
w - Relt~til-e Weigl~t 
C - Concluded Augle 

M = i 8 " . 2 5  

w = I '17 
1 _ - - o -85 
W 

C =83040'rX"-a;  

M = 29".94 

= I .66 
I 
- = o -60  
W 
c = 51O36'29".94 

M = 21"-58 

= I .5g 
1 - =  0 . 6 3  
W 

C = 4 0 ~ 3 9 '  2 1 ~ ~ 5 8  

Angle 
between 

& XIII 

Circle redings, telescope being set on I X  

001' 18001' 70011' 2500 11' 140'22' 320023' 210028' 30°28' 280039' 100039' 350~50' 170°W 

I I I v 4 1 4 ,I I I I * 
A 15'70 h 13.90 I 18.10 1 15.34 h 1 8 . ~ 0  h 13.27 h 20.40 h 21.13 7 17.80 1 23.80 1 19.94 1 20.10 

h15'80113'43 117'03116.67 h18.97 h13.24 hz1.13 h21.73 118 .40123.86  1 ~ 0 . 6 0  1 19.43 

15.75 13.67 17.56 16.01 18'58 13.26 20.76 21'43 18.10 23'83 20'27 19'77 

At I1 (Tharkheri) 

February 1862 ; obeerved by Lieutetzant C. T .  H&ig, R.E., with Troughtojt and Simms' 18-inch Theodolite No.  2. 

1 30.27 7 27.40 1 28'93 1 32'40 
1 29'87 1 2y.00 1 28.30 1 33'04 

28.22 34.72 34'35 29.85 27.82 30.18 28.07 26'47 30.07 28.20 28 61 32.72 

Angle 
between 

& IV 

II & 111 h 21.20 7 17.90 1 21'37 1 25.04 ?I 24.23 h 21.63 h 18.93 h 24.83 Z 23.73 h 16.13 h 20.60 h 20.64 
h 2 z . p  I 17'40 1 21.90 1 24'83 7r 24.93 h22.60 h 20.23 h24.76 1 24'16 h 17.27 h 19.60 h 21.10 

22.05 17-65 21.64 24.93 24.58 22.12 19'58 24.79 23-95 16.70 20.10 20.87 

Circle readings, telescope being set on V 

001' 18001' 70011' 250012' 140'22' 320023' 210028' 80028' 280039' 100039' 8500 W 170050' 

4 I I I 0 I I v I v * " 
h37.90 h32.63 1 38.73 h36-20 1 36.60 1 35'63 1 40.07 1 38.96 142.50 1 45'67 1 33'46 1 39.60 
h39.00 1~33.50 1 39'60 h35.13 1 36.20 1 33'76 W 40.27 1 40.36 1 41.20 1 44.23 1 34'94 1 39.07 

38.45 33'07 39'16 35'67 36.40 34.69 40.17 39'66 41'85 44.95 34-20 39'34 

M - Mean of Groups 
w - Relative Weight 
C - ConcludedAngle 

M = 38"'13 

= 0 '99 
I - - - I '01 
w 
C = 8 ~ ~ 3 9 '  3gU'  1 3  



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 
11-K. 

No~~.--Stcrtion XI11 apportuina to the Khinpisunr Meridional Sories. 

At I1 (Tharkheri) -(Continued). 

Angle 
between 

IV & 111 

I11 & I 

I XIII 

Circle readings, telescope being set on V 

0"l' 180"l' 70°11' 25031Y 140022' 320023' 210028' 30028' 280'39' 100039' 850050' 170~60' 

* q # I n v n t .( 

h 26'73 h 32.60 1 30.50 h 30.46 1 29.66 1 28.87 1 25.86 1 26.70 1 23.57 1 22.30 1 31.84 1 26.67 
h 26.87 h 31 '37  1 30'33 h 30 '60  1 29.56 1 28-90 h 27'33 1 26.84 1 23-30  1 23'04 d 30.81 1 27-23 

d 26.73 

26.80 31 '99  30.41 30'53 29.61 28.89 26.64 26.77 23-43  22'67 31.33 26-95 

d 2 4 . 2 1  d 18-29  1 16.50 h 19.60 t 20.50 1 15.63 t 20'17 t 27-44  t 23.50 t 24.50 t 23.23 t 1 9 ' 1 3  
d24 .24  d 18.25 2 17'37 h 1g.03 1 2 1 . 3 7  1 16.87 h 20.77 1 2 5 ' 7 3  d 22.53 124.06 h 2 3 . w  1 17.67 

d 20.60 

24'23 18.27 16.93 19.32 20.93 16.25 20.51 26.59 23.01 24.28 23.12 18.40 

1 24.34 1 32.10 1 28.93 h 26-17  1 21.80 1 28.44 h 26.53 1 21.46 1 29.47 1 24.60 T 2 4 . 7 3  1 29.83 
1 2 2 . 6 4  131 .66  128.30 d 2 6 . 1  j 1 20.80 1 28.30 h 24.87 1 22.10 1 29.80 125.00 1 2 4 . 1 3  1 31.30 

23'49 31.88 28.62 26.16 21.30 28.37 25.70 21.78 29.63 24.80 24.43 30.57 

M = Mean of (fmn 
ro - Relative weig%t 
C - ConcludedAngle 

M = 2 8 " ' o o  

w = 1 ' 34  
I - = 0 ' 7 5  
W 

C = 44' 19' 28".00 

M = 20". 9 9  

w = I ' 1 1  
I - - - 0 .go 
W 
C = 8%' 27' 2oU'99 

M =  26"'39 

W = I ' 0 1  
1 - - 
W - 0 ' 9 9  

c = j , 0 r 4 ~ 2 6 ~ ~ . 3 9  

At I11 (KuwBsa) 

February 1862 ; obeeraed by Lieutelzurzt C. T. Ruig, R.E., with Troughton mtd Si?mnd 1 8 - i d  Theodolite No. 2 .  

Angle 
betweon 

I I' 

I' ' IV 

Circle readings, telescope being set on I 

205'43' 25"43' 275'53' 95'53' 346019' 16604' 56010' 2360 10' 126°21f 306021' 196032' 16038 

I * n n tt t, II / v n II 4 

h 18.10 h 26'70 h 18'76 h 19.57 1 22 .00  1 21.94 1 19'50 1 17'27 h 20.60 h 17.23 h 19.97 h 22-44  
A 1 8 . m  1 2 5 - 6 7  h 19.73 h 19.30 1 20.47 1 20.36 1 20.74 1 16.20 h t o . 1 4  6 1 8 . 1 4  1 2 0 . 2 0  h 2 3 . 0 3  

18.05 26.19 1 9 ' z q  19 '44  2 1 ' 2 3  21.15 20.12 16.74 20.37 17.68 20.09 22'73 

h 64.40 h 58.96 h 6 5 ' 3 0  h64 .06  1 65.10 1 65 '03  1 64.06 1 63.77 h 62.1 3 h64.20 h 60.67 h 62.30 
h 6  j.63 h 59.16 1 6 4 . 1 0  h 65.00 1 66.20 1 6 4  4 4  1 6 2 - 4 0  1 64.47 h 62-26  163.06 h 61.37 h 63.57 

65 '02  59.06 64.70 64 '53  65.65 6 4 ' 7 3  6 3 - 2 3  64.12 62.20 63 '63  6 1 - 0 2  62.93 

M = Mean of Group 
m = Relative Weight 
C - Ooncluded Angle 

M = 20"- 25 

w = 1 a 8 9  
I - = 
w 0 '53  
C = 5 6 ' 5 3 ' 2 0 " ' 2 5  

M = 63'"40 

= 3 '25 
I - - - o -31 
w 
C = 43'36'  3"'40 



12-x. GUZERAT LOXGITCDMBL SERIES. 

At I11 (Kuw4sa)-(Continued). 

Angle 
between 

IV 'I1 

Circle readings, telescope being set on I 

20243' 2943' 2 7 5 O 5 3 '  9j053' 346019' 16604' 56'1V 236010' 126'21' 306021' 196032' 16032' 

8 8 8 . 8 8 I I . T 8 . 
h 40-97 h 41.87 h 40'07 h 43'20 1 39.90 1 44.93 1 40.1 7 1 36.80 h 3 7.77 h 3 5.3 j h 36.46 h 37-06 
h 40-47 I 42.34 h 42.03 h 4 2 - 2 0  1 3 S . p  1 44.10 1 39.36 1 36.40 h 37.27 h 35.40 h 37. j7 h 36.50 

40-72 42-11 41.05 42-70 39-50 44-66 39-77 37.60 37-52 35-38 37'02 36.78 

M - Mcan of amu 
v - &latire ~ e i $  
C - ConcludedAngle 

M = 3 9 1 - 5 6  

W = 1 -52 
I 
- = o -66 
to 
C = 53C48' 39"'56 

At IV ( M e h w h )  

Febrtray 1862; o b s m e d  by Lieutenant C. T. Eaig,  B.E., with Tf*mirghtorb and Sit~anre' l%inch 
Theodolite 3'0. 2. 

H - Mean of (h.oqo 
v P Relative Weight 
C - Concluded Angle 

M =  32"03 

= I ' 29 
I - - - o -78 
w 
C = 9 z 0  4 ~ 2 ~ ~ 0 3  

= 43*'02 

, = I 
1 - =  0 . p  
10 

= 420 , 9n  43w.o ,  

,If = 64". 46 

= .6a 
I - o -6a 

Angle 
betuecn 

111 d; 11 

I1 & T- 

1 6j.c9 66.59 66.29 67.81 65.93 67.23 66.29 63.31 62.j7 59-jo 61.73 61.15 

i ~lf  = 21'. 58 
TII & 111 h 17'33 h 21-54 h IS-c; h 19-S; I 2c.43 1 25-14 I 2o.S6 1 10-S; 1 21-37 h 23-43 h 23'03 h 24'33 

h 17.47 h 22 .43  h i i . ;~  h I 9 j i  1 .I.+; i 25.94 1 22.53 1 Z O I ~  i 2 1 1 4  h 23.67 h 2263 * 2j.67 , = , .CI 
I - 0 ' 4 9  

1 21.9; 19.04 19.63 2C.93 25-54 21.70 20.32 21.2 j 2 3 - j ~  22.83 25 .~0  C = 6403.+'2~"'j8 
a 

Circle readings, telescope being set on 111 

W1' 1 W 1 '  Wll '  e5(Pl% 1 U 2 2 '  W22' 21W28' 300% eso"39' lW39' W W  1700W 

# 8 I 8 8 * 8 .I 8 

129.57 h30-36 134.27 3I.m 1 34-57 1 2 5-53 1 37.44 1 33-73 1 3 5-66 32-47 A 33-37 131.23 
h 2S.40 h 29.40 h 31-63 h 30.67 1 33'23 1 25-33 135-10 1 32-46 I3j .96 I32.46 I33.73 129.87 

28.99 29-88 33-45 30.83 33-90 25.58 36'27 33-10 35.81 32-46 33-55 30.55 

h 47-40 1 46-37 h 45-80 1 40.60 1 39.43 1 43-57 1 37.80 1 42.67 1 38.67 h 4 5-87 h 39-97 h 46.00 
h 46.33 h 46-73 h4j.84 h 42-43 1 39-97 142.97 1 39'97 1 41.84 I 39.04 h 45.00 I 39-90 h 4j-70 

47.87 46-80 45.82 41-51 3 9 . ~  43.27 38.89 42-2 j 38-56 45-43 39-91 45-85 

Circle readin?, telescope being set on TI  

i m-w ZFW 2331' w31' w-1 IWU 65-17 ZWUY ISSIY XWSY ~ W Y  1 . 1 ' 1 ~  

* . W 8 . . 8 . W 8 

h 64-67 h 67.36 h66.23 h 6S.10 1 6 5 . S ~  167.33 166.67 162.80 1 62.4; h jg-13 h61.23 161.10 'I & 'I1 
, 

1 6  j- jo 1 6  j.63 166.37 h 6i . j3 1 60.16 1 6 7-10 I 6 j-go 263.83 h62-a6 h j9.67 162.14 161.20 
I 

I 



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 

- 

At V (PipliaMn) 

Febraary 1862 ; observed by Lieutenant C. T. Haig, B.E., with Troughton and Simms' 18-inch Theodolite Na. 2. 

Angle 
between 

' IV 

IV 'I 

Circle readings, teleecope being set on VI 

441°15' 61'15' 311'26' 131'26' 21'37' 201°37' 91'42' 271'42' 161'58' 341°53' 28204' 5204' 

4 Y w 4 n n n 4 v v Y w 

h j8.00 h ~ j . 1 7  h57.84 h58.33 h60.13 151'56 157'36 l 5 6 ~ 0  159'70 156.43 154.04 158'14 
h 58.23 h 54. j7 h 57.07 h 58.37 h 59.80 1 51.90 1 57.57 1 57-07 1 60.16 1 56.56 1 52.70 1 57-10 

58'12 54.87 57'45 58.35 59'97 51-73 57.46 56-54 59.93 56.49 53'37 57-62 

h 43'33 h42-23 h 39-23 h 40.87 h4z-70 1 47.17 1 41-77 1 41.87 141.37 1 39'37 1 4333  138.50 
h 43-10 143.33 h 40.47 h 39-90 h 42-00 1 46.17 1 40.83 1 39.93 Z 41-30 1 40.90 1 43.67 1 38-37 

43-22 42-78 39-85 40'38 42'35 46-67 41-30 40.90 41-34 40'13 43'45 38-44 

M = Mean of Grou 
a = Relative ~ e i g g  
C = ConcludedAngle 

M = 56". 83 

w = 
I 

1 ' 9 5  
- - - o -51 
W 
C = 6 3 Q 4 4 ' 5 6 Q ' 8 3  

M = 41"' 73 

= .5z 
I - c o -40 
W 
c = ~ ~ ~  0' 41'; 7 3  

At VI  (Samohi) 

Jant~cbry 1862 ; observed by Lieutenant C. T. Haig, B.E., with Troughton and Simms' 18- iwh  Theodolite No. 2. 

M = Mean of Grou 
w - b u i w  ~ e i $  
C = ConcludedAngle 

M = 43"- 7 0  

w = 1 -65 
I - = o n6r 
W 
C =56O 6'43"'70 

= 5 l W ' 7 5  

w =  I -28  
I - - - o -78 w 
C =43049' j ls .75 

M =  59"'67 

w = o - 8 9  
I - = I -13 
w 

= 3 1 ~ 3 4 f  59w.67 
-. . 

Angle 
between 

IX 

VIII I VII 

VII 

4 

Circle readings, teleecope being eet on IX 
!&?SOW 49029' 298"40' 1180 40' 8060' 188051' 78057' 258057' 149'7' 82908' 219018' 39018' 

T 4 t, n n 4 4 $1 I I II n 

h43.20 h 43.53 1 40.60 1 41.40 1 42'47 1 40.57 h 43'74 h 48'36 h 47'73 ?i 44.20 1 40.40 1 4 j'70 
h44.06 h 43-80 1 41.64 1 42.90 1 42.60 1 39.37 h 42-67 h 49.26 147.44 h44.84 1 41-87 1 46.46 

43-63 43.67 41'12 42'15 42.53 39.97 43.21 48.81 47.58 44.52 41.14 46.08 

h 54.10 h 54-50 147.06 149.80 146.80 151.30 h 51-53 h 51.94 h 57.97 h52.03 158.07 1 53-90 
h 53.40 h 53'53 146.90 I 49.00 1 46.54 1 51.03 h 51-87 h 50.90 h 52.16 h52.90 1 57.06 1 53'77 

53.75 54-02 46.98 49-40 46.67 51-16 51.70 51-42 52-07 52-46 57-57 53'83 

160.56 h60.50 1 62.44 l62.20 1 6 3 . 9 ~  166.03 h 57-13 h 53-23 h 58.00 h 57.83 1 54.97 1 58.90 
h60.07 h60.43 162.16 162'33 163.90 166 97 h 57.33 h 54.80 h 57.54 h58.20 1 54.84 1 57-77 

60.32 60.46 62.30 62.27 63.90 66.50 57-23 54-01 57'77 58.02 54'90 58.34 



12-x. 
CIUZERAT LONGITUDINAL SERIES. 

At I11 (Kuw6sa)-(Continued). 

If - Mean of Grou 
w - Relative weigffl 
C - OoncludedAngle 

M=39"*56 

W = 1 '52 
1 
- = o -66 
2 0  

C = 53O48'39"-56 

Angle 
between 

IV & 'I1 

Circle rendings, telescope being set on I 

205O43' 25O43' 275'63' 95O53' 346019' 166"4' 66010' 236010' 126021' 306021' 196032' 16032' 

tt n w v It n 0 I w I tt " 
h 40.97 h 41.87 h 40.07 h 43.20 I 39.90 1 44.93 1 40.17 1 36.80 h 37'77 h 35-37 h 36'46 h 37-06 
h 40.47 h 42.34 h 42.03 h 42.20 1 38.90 1 44.40 1 39.36 1 38.40 h 37.27 h 35.40 R 37.57 136 .50  

40.72 42 '11  41.05 42.70 39.40 44.66 39.77 37.60 37.52 35'38 37.02 36-78 

At IV (31ehmbsa) 

Febrzcaty 1862 ; obeerved by Lieutenant C. T.  Haig, R.E., with Trotcghtota and Simnts' 18-inch 
Theodolite No. 2. 

M - Mean of Group 
w - Relative Weight 
C - Concluded Angle 

M = 32''-03 

W = 1 '29 
1 
- = 0 -78  
W 
C = 9 z 0  4'32"-03 

M = 4f.02 

w = 1 -11 
1 _ - - o -90 
W 

=42019.43..02 

M=64'"46 

w = '62 
1 - - - o '62 
W 

C = 9 z 0  6' 4".46 

M = 21"-58 

= 2 '04  
1 - - 
W 
- 0 '49 

C = 64' 34' 2 1"-  58 

Angle 
between 

111 & II 

I1  & V 

'I "I1 

VII Bc 111 

Circle readings, telescope being set on 111 

001' 180"l' 70011' 250012' 140022' 320022' 210028' W28' 280'39' 1 W 3 Y  350060' 170060' 

n n n 'I n w I 4 .7 t I " 
h 29'57 h 3 0 - 3 6  h 34'27 h 31.00 1 34'57 1 25'83 1 37.44 1 33'73 1 35.66 h 32'47 h 33'37 h 37.23 
h28.40  h29.40  h32 .63  h30.67 1 33'23 1 2j .33  1 35'10 1 32.46 R35.96 h32.46 h33 .73  h29.87  

28.99 29'88 33.45 30.83 33.90 25-58 36.27 33-10 35.8: 32.46 33'55 30'55 

h 47-40 h 46.87 h 45'80 h 40.60 1 39.43 1 43.57 1 37.80 1 42'67 1 38.67 h 45.87 h 39-97 I 46.00 
h 48.33 h46.73  h45.84  h 42.43 1 39'97 1 42'97 1 39'97 1 41.84 h 39.04 h45.00  h 39.90 h45.70  

47.87 46.80 45-82 41.51 39'70 43.27 38.89 42.25 38.86 45.43 39.94 45'85 

Circle readings, telescope being set on VI 

203'20' 23'20' 273'31' 93"31' 343'42' 163'42' 63'47' 233'48' 123'59' 303O59' 194'9' 14O10' 

w t t, w 7 tl I r It I t * 
it 64.67 h 67'36 h66.20  h 68.10 1 65.82 1 67.30 166.67  162.80  1 62.47 h 59.13 h 6 1 . 2 3  h 6 1 . 1 0  
h65.50  h65 .83  h66.37  h67.53  166.16  167 .10  165.90  163.83  h62.66 h59.87  h62 .24  h61.20  

65.09 66.59 66.29 67.81 65.93 67.20 66.29 63.31 62.57 59.50 61.73 61 .15  

h 17.33 h 21'54 h 18.07 h 19.83 .? 20'40 1 25.14 1 20.86 1 19'87 1 21.37 h 23.40 A 23.03 A 24.33 
h 1 7 . 4 7  h 2 2 . 4 0  h20.00 h 1 9 . 5 3  1 2 1 ' j 7  125.94  122 .53  1 2 0 . 1 7  h z 1 . 1 4  h23.67 h22 .63  R25.67 

17'40 21.97 19.04 19.68 20.93 25.54 21.70 2 0 . 0 2  21.25 23.54 22.83 25.00 



PRINCISAL TRIANGULATION. OBSERVED ANGLES. 

2 

At V (PipliaMn) 

Pebrzcary 1862 ; obsemed by Lieutenant C. T. Eaig, B.E., with Troughton and Sinma' 18-imA Theodolite Na. 2. 

Angle 
between 

'I' IV 

''''I 

Circle readings, telescope being set on VI 

241'16' 61°16' 311°26' 131°26 21" 87' 201'37' 91'42' 271'42' 161°68' 341'68' 28204' 62" C 

n u Y Y n Y n n I Y n I 

hj8.00 h 55-17 h 57.84 h 58.33 h60-13 151.56 1 57'36 156.00 159.70 1 56'43 154-04 158.14 
h 58.2) h54.57 h57.07 158.37 h 59.80 1 51.go 1 57.57 1 57-07 l60.16 1 56.56 1 52.70 1 57-10 

58-12 54'87 57'45 58.35 59.97 51.73 57'46 56'54 59'93 56'49 53-37 57-62 

h 43'33 h 42'23 h 39.23 h 40.87 h 42'70 1 47-17 1 41'77 1 41-87 1 41'37 2 39'37 1 43-23 1 38-50 
143.10 143.33 h 40.47 h 39.90 h 42-00 1 46.17 1 40.83 1 39-93 1 41-30 1 40.90 1 43-67 1 38.37 

43-21 42.78 39'85 40.38 42'35 46-67 41-30 40'90 41-34 40-13 43-45 38-44 

iM = Mean of (fmu 
r, - Relative ~e igE"t  
C - Concluded Angle 

M = 56".83 

w = 
I 

1 ' 9 5  
- - - o '51  w 
C = 6 3 Q 4 4 D 5 6 Q 0 8 3  

M = 41"'73 

= 2 '52 
I - E: 0 '40 w 
c = ~ ~ ~  0' 41C; 7 3  

At V I  (Samohi) 

Jarctusy 1862 ; observed by Lieutenant C. T. Haig, R.E., with Troughton aad S h m '  18-iwh Theodolite No. 2. 

Angle 
between 

IX ' "I1 

VIII & VII 

VII 

Circle readings, telescope being set on IX 

2280W 48"29' 29804.0' 11640' 8060' 188061' 78'57' 268067' 149'7' 829'8' 219'18' 89O18' 

Y Y t, t1 n n n n I 'I n n 

h 43.20 h 43'53 1 40.60 z 41-40 142.47 140'57 h 43'74 h 48.36 h 47.73 h44-20 1 40.40 145.70 
h 44-06 h 43.80 1 41.64 1 42.90 1 42.60 1 39.37 h 42.67 h 49.26 h 47.44 144.84 1 41.87 1 46.46 

43-63 43'67 4 1.12 42-15 42.53 39.97 43.21 48.81 47'58 44-52 41'14 46.08 

h 54-10 h 54-50 1 47.06 1 49.80 1 46.80 1 51.30 h 51-51 h 51.94 h 51-97 h52-03 1 58.07 Z 5 y g o  
k 53.40 h 53'53 1 46.90 1 4g .m 1 46.54 1 5 1-03 h 51.87 h 50.90 h 52.16 h52.90 1 57.06 1 53-77 

53'75 54-02 46.98 49.40 46'67 51.16 51'70 51'42 52'07 52-46 57'57 53'83 

160.56 h60.50 162.44 162.20 1 6 3 . 9 ~  166.03 157.13 h53-23 h 5 8 . m  h57.83 2 54. 7 158.90 . P I 6 0 0 7  k60'43 1 62.16 162'33 163.90 166  97 h57.33 h 54'80 h57.54 h58.20 1 54. 4 1 57'77 

60.32 60.46 62-30 62.27 63-90 66.50 57.23 54-01 57'77 58'02 54'90 58.34 

M - Mean of (fronpo 
w - Balptive Weight 
C = Concluded Angle 

M = 43n- 7 0  

w = 1 - 6 5  
I - P o ~ 6 x  
w 
C = 56' 6' 43a. 70 

M =  5'"'75 

w =  I '28 
I - - - o -78 w 
c = 4 3 0 4 9 1 j ~ u . 7 5  

1 

M =  5gU'67 

w = o '89 
I - - - I -13 
w 
C = 31' 34' 59.'67 

-7 . - C 



12-x. 
CIUZERAT LONGITUDINAL SERIES. 

At 111 (Kuw6sa)-(Continued). 

M = Mean of Grou s 
w - Relative weigEt 
C - Concludeddngle 

M = 3 9 " * 5 6  

W = 1 ' 52  
I 
- = o .66 
W 

C = 53°48'39"-56 

Angle 
between 

IV & 'I1 

Circle readings, telescope being set on I 

205' 43' 25' 43' 275' 53' 95" 53' 3460 19' 166' 4' 66" 10' 2360 10' 126' 21' 306a 21' 1960 3 I  160 32' 

tl n w v o n t 1 w v ,I 
h 40.97 I41 .87  h 40.07 h 43.20 1 39.90 1 44.93 1 40'17 1 36.80 h 37'77 h 35-3 j it 36.46 A37.06 
h 40.47 h 42.34 h 42.03 h 42.20 I 38.90 1 44.40 1 39.36 1 38.40 h 37.27 h 35.40 A37.57 h 36.50 

40.72 42.11 41.05 42.70 39.40 44-66 39.77 37'60 37'52 35.38 37'02 36.78 

At IV (Mehmbsa) 

Februaty 1862 ; obeelaed by Lieutenant C. T. Haig, R.E., with T~oughtota and Simnzs' 18-inch 
Theodolite No. 2. 

M - Mean of Groups 
w - Rolative Weight 
C I Concluded Angle 

M = 3 2 " ) " 0 3  

W = 1 ' 2 9  
I - - - o -78 

W 

C = 9 z 0  4'32"'03 

M = 43f'moz 

= 1 
I - - - o -90  
W 

=42019 .43X .02  

M = 64"'46 

W = I ' 6 2  
I - =  0.62 
W 

C = 9 z 0  6' 4'"46 

M = 21"-58 

= 2 - 0 4  
- I - - 0 ' 49  
w 
C = 64' 34' 2 1''- 58 

Angle 
between 

111 & ZI 

I1 & v 

. 

'I1 

PII & 111 

Circle readings, telescope being set on I11 

OO1' 1 W 1 '  70011' 250012' 140022' 320022' 210028' 3P28' 280'39' 1 W 3 Y  3 W W  17OOW 

n H n e n w 11 II n Y n " 
h 29'57 30'36 h 34-27 h 31.00 1 34'57 1 25'83 1 37.44 1 33.73 1 35'66 h 32-47 I 3 3 3 7  h 31.23 
h 28'40 h 29.40 h 32'63 h 30.67 1 33.23 1 25.33 1 35.10 1 32'46 h35.96 h 32'46 h33.73 h 29'87 

28.99 29.88 33-45 30.83 33.90 25-58 36.27 33'10 35.81 32.46 33'55 30'55 

h 47'40 h 46'87 h 45.80 h 40'60 1 39.43 1 43'57 1 37.80 1 42.67 1 38.67 h 45.87 I39.97 h 46.00 
h 48'33 h 46'73 h 45'84 h 42.43 1 39'97 1 42'97 2 39'97 1 41.84 h 39.04 h45.00 h39.90 h45.70 

47.87 46.80 45.82 4 1  39.70 43.27 38.89 42.25 38.86 45.43 39.94 45.85 

Circle readings, telescope being set on VI 

203' 20' 23' 20' 273' 31' 93" 31' 843" 42' 163" 42' 63" 47' 233' 48' 123' 69' 303' 59' 194' 9' 14' 10' 

w 1 t1 w v n I I $1 1 ,I n 

h64.67 h 67.36 h66.20 h 68.10 1 6  5.82 1 67.30 1 66.67 162.80 1 62.47 h 59.13 h61 .23  h61.10 
h 6 5.50 365.83 h66.37 h 67.53 1 66.16 167.10 1 65.90 1 63.83 h62.66 h 59-87 862.24 h61 .20  

65.09 66.59 66.29 67.81 65.99 67.20 66.29 63.31 62.57 59.50 61.73 61.15 

h 17.33 h 21.54 h 18.07 h 19.83 I 20'40 1 25.14 1 20.86 1 19.87 1 21.37 h 23.40 h 23.03 h 24.33 
h 17'47 h22.40 h2o.00 h 19.53 I 21.47 125.94 122 '53  120 .17  h 2 1 . 1 4  h 23'67 h22.63 h z j . 6 7  

17.40 21.97 19.04 19.68 20.93 25.54 21.70 20 .02  21.25 23.54 22.83 25-00 



PRINCIPAL TRIBNGULATION. OBSERVED ANGLES. 

S 

At V (PipliaMn) 

Pebrzaay 1862 ; observed by Liefctenalzt 0. T. Haig, B.E., with Troughton and Simm' 18-inch Theodolite NQ. 2. 

Angle 
between 

IV 

IF ' I1 

Circle readinga, telescope being set on VI 

241" 16' 61" 16' 311°26' 131" 26' 21° 37' 201° 37' 91'42' 271'42' 161° 63' 841' 63' 232"'' 62" 4' 

4 u w u w w n u n u w q 

h 58.00 h 5 5-17 h 57-84 h 58.33 h60.13 1 51.56 1 57-36 1 56.00 1 59-70 1 56'43 1 54.04 1 58-14 
h 58.23 h 54.57 h 57.07 158.37 h 59.80 1 51.90 1 57.57 1 57.07 1 60.16 1 56.56 1 52'70 1 57-10 

58-12 54.87 57.45 58.35 59'97 51-73 57-46 56.54 59'93 56.49 53-37 57.62 

h43-33 h42.23 h3g-23 h 40'87 h42.70 1 47.17 1 41-77 141.87 141.37 139.37 143.23 138.50 
h 43.10 h 43.33 h 40.47 h 39.90 h 42.00 1 46.17 1 40.83 1 39.93 1 41-30 1 40.90 1 43.67 1 38.37 

43-22 42-78 39-85 40'38 42-35 46'67 41'30 40'90 41'34 40'13 43'45 38'44 

M a  Mean of (frou 
a = Relative ~eigg 
C - Concluded Angle 

M = 56". 83 

w = 
I 

1 ' 95  
- - - o '51 
w 
C=63'44'56*'83 

M = 41'" 73 

= 
I - = 0 -40 
fin 
c = 550 0' 4rC; 73 

At VI (Samol~i) 

Jamus y 1862 ; observed by Lieutenant 0. T. Haig, R.E., with Doughton and S h '  18-iach Theodolite No. 2. 

M - Mean of Grou 
w - BSUW weigE 
C = Concluded Angle 

M = 43''. 70 

w = 1 -65 
I - as o "61  
w 
C = 56' 6'43'"70 

= 5'"'75 

w = I '28 
I _ - - o .p8 
w 
c = 43°49f jlU. 75 

M =  59"'67 

w = o .89 
I - - - I -13 
w 
C = 31' 34'59Wm67 

I -- 

Avgle 
between 

IX & 

FIII & VII 

VII & 

Circle readings, teleecope being set on IX 

228029' @2!Y 298O4D' 118040' 8060' 188051' 78057' 268067' 149'7' 329'8' 219'18' 89'18' 

w o ,I w w n n w I n u u 

h43.20 h 43'53 1 40'60 1 41-40 1 42.47 1 40.57 h 43'74 h 48.36 h 47-73 h44-20 1 40.40 1 45-70 
h44.06 143.80 1 41.64 1 42.90 1 42-60 1 39.37 h 42.67 h (9.26 h 47-44 144.84 1 41.87 1 46.46 

43-63 43.67 41.12 42.15 42.53 39-97 43-21 48.81 47-58 44-52 41.14 46.08 

h 54.10 154.50 1 47.06 1 49.80 1 46.80 1 51.30 h 51-53 h 51.94 151.97 152.03 1 58.07 1 53.90 
h 53.40 h 53.53 1 46.90 1 49.00 1 46-54 1 51.03 h 51.87 h 50.90 h 52.16 h52.90 1 57.06 1 53'77 

53.75 54'02 46.98 49'40 46-67 51-16 51'70 51-41 52'07 52'46 57'57 53-83 

h60'56 h6w5o 161.44 162.20 1 6 3 . 9 ~  166.03 i 5 7 - 1 3  h 53-13 h58.00 657.83 1 54. 7 158.90 
h60.07 160.43 162.16 162.33 163.90 166.97 657.33 h54.80 h57.54 h58.20 154.!4 157.77 

60.32 60.46 62-30 62-27 63.90 66.50 57.23 54-01 57-77 58-02 54-90 58-34 



14-x. GUZEBAT LONGlITUDiNAL SERIES. 

At VI (Samohi)-( Contjnued). 

df - Mean of Qronp 
w - Relative Weight 
C = Concluded Angle 

M = 43"' 23 

W = 1 ' 22  
1 - = o - 8 2  
w 
C = 4 7 O i 9 ' 4 3 " - 2 3  

Angle 
between 

m'V 

. Circle readings, telescope being set on I S  

228029' 480w 298040' 118040' Bow 1880 51' 78057' 258067' 14807' 829' 8' 219' 18' 89'18' 

n w n w 0 w I w n I w ' 
2 36.83 2 39-93 h 43-23 h 44'10 h 43'77 h 42-93 h 45-80 h 48-47 h 44'53 h 46.70 1 40.10 1 42-43 
138.23 139.57 042.57 h44.44 h43.13 h42.13 h46.13 149.20 h45.20 h45.53 139.86 Z 42.70 

37'53 39-75 42'90 44'27 43'45 42'53 45'97 48'83 44-87 46.11 39'98 42-57 

At VII (Kukinda) 

J ~ l ~ t y  1862 ; obeerved by Lieutenant C. T. Haig, R.E., with Troughton and Simme' l b i n c h  ~heodol i te  No. 2. 

df - Mean of Grou 
w - Relative 
C - Concludeddngle 

M = 6 0 U . 8 r  

= 1 ' 13 
I - = 0 . 8 8  
W 

C = 6r037'  0".81 

M = 58".05 

, . g5 
I - - 
W - 0 ' 5 4  
C =560,8 '58X.oj  

M =  ' 1 ~ ~ 7 5  

w =  I ' 09  
1 
- = o ' 9 2  
w 
C = 64O54' 7" -75  

Angle 
between 

U[l & I' 

IV ' 

VI & VIII 

Circle readings, telescope being set on I11 

CP1' 18U'l' 7CPll' 260012' 14LP22' 320022' 210028' 80028' 280039' 1@7'89' 350050' 170050' 

w I w w I n a w w n " 
i60-63  h58.47 161.10 163'37 2 66-33 155'67 165'56 l61.00 h 58-07 h58-87 h58.13 h61.27 
h 58.70 h59.20 162.40 1 63.30 1 66.57 1 54-80 165.76 162.53 h 58.70 559.14 h58.54 h61.27 

59.67 58.83 61.75 63-34 66.45 55-23 65'66 61.77 58-38 59.01 58.33 61-27 

A56.97 h59.60 160.16 156.67 154.10 162'13 1 59.00 162.07 h57-00 h58.90 h56-40 h55.26 
157.13 h 59-10 2 58-97 1 55-24 1 54.93 1 63-10 1 58.44 1 60.80 h 56-37 159.83 h 56-00 h54.96 

57'O5 59-35 59'57 55'95 5 4  6 2 m 6 1  s8'7' 4 56'68 59'37 56.20 55.0~ 

2 8-47 1 7.60 1 6.24 1 7.66 1 12.27 1 3-70 2 0.67 1 5.70 1 7.90 h 8.73 1 12.47 1 13.20 
1 8.63 1 7'13 1 6.36 1 8.26 1 10.74 2 4'64 1 1.80 1 5.90 1 6.33 1 7'36 1 1 r 9 3  1 12.00 

I 8.64 

8-55 7-37 6.30 7.96 11.50 4.17 1.24 5.80 7-11 8.24 12.20 12.60 

At VIII (KBpri) 

January 1862 ; obeemed by Lieatenant C. T. Haig, R.E., with Troughto% and Simme' 18-inch Theodolite No. 2. 

M - Mean of Group8 
w - Relative Weight 
C ' Conc1udedAngle 

M = 6 . f .  15 

w = 1 ' 7 4  

_ I - - o - 5 8  
w 
c = 71'16' 3"'15 

Angle 
between 

VII 

Circle readings, telescope being set on VII 

167'89' 847039' 2870 50' 570 50' 808" 1' 1280 1' 180 7' 1980 7' 880 17' 2680 18' 1580 5Y 8380 59' 

w e I w w I w I 0 w w w 

h 6 7 7 0  h 66.83 h 64-53 h62.17 h59-77 1 62-03 h60-23 h 59.70 h63.84 h62.10 h 66.80 L62.03 
h67.50 h66.14 h64.06 h62.46 h60.27 163.07 h60.00 h60.50 h63.10 h62.34 h66.14 161.40 

h 63.2 4 
h 63'64 

67.60 66.49 64-29 62.32 60.02 62-99 60.12 60.10 63.47 62.22 66.47 61.71 



PRINCIPAL TRIANGULATION. OBSERVED AKGLES. 
lb-x. 

- 

N m . - - B t . t i o ~  XI11 and XVII appertain to the Singi Yeridioqal brier. 

At VIII (K4pri)-(Continzled). 

Angle 
between 

IX & 

Circle readings, telescope being set on VII 
I 
M - Mean of Umu 
eo - Rslstive ~ e i g &  

167'89' 847'89' 257050' 679 50' 8080 1' 1280 1' 1807' 1980 7' 880 1Y 2680 18' 158069' 3380 69' Conc'udedAngle 

4 n u I I 4 n w Y I n v M = 30'" 9 8  
h 26.10 h26.77 130'20 1 29.60 133.80 131'04 135'34 1'30.87 136.57 129'57 130.87 130.67 
h 26'14 h 26.80 1 31'70 1 28.90 1 33'87 1 30.03 1 35 80 h 30'64 1 36'13 1 29.60 1 31.00 1 31-47 w = I 26 

I - = o -80 
W 

26.12 26.79 30.95 29.25 33.83 30.54 35.57 30.75 36-35 29.59 30.93 31.07 C = 4 4 ° 5 3 ' 3 0 n ' 9 8  

h 58.26 h 57.53 152'33 157'10 1 51-17 156.76 151.30 h 52.83 151.63 154.46 157.70 155'93 M =  54'"!j8 
157.70 h 57.m 1 51-20 156.00 1 51-06 1 57.54 149.83 1 53.93 152.17 1 54.00 157.36 155.10 w = I .56 

I - - - o - 6 4  
w 

57'98 57'27 51.76 56-55 51'12 57.15 50'56 53'38 51-90 54'23 57-53 55'52 C = 76°11'5411-58 

At IX (Punhkot) 

Janwary 1862 ; obeerved by Zieutenant C. T. Haig, R.E., with Troughton arad Simme' 18-inch Theodolite No. 2. 

df = Mean of Qmup 
w - Relative Weight 
C - Concluded Angle 

M = 58."-46 

w = 0 ' 9 4  
I - - - r -06 
w 
C = 3 g 0  1'58".46 

= 49".9% 

a, = 
I - = o -46 
w 
C =47°13'49"e92 

= 481'' 78 

a = I 
I - - - o - 5 8  

' to 
c = 7 8 0 5 ~ ' 4 8 " ' 7 8  

A 

Angle 
between 

xvII BIII 

XIII VIII 

VIII VI 

Circle readings, telescope being aet on XVII 

001' iwil 70011' 260018 140028. awn1 210028' 30028' may iwav amw 1 7 0 0 ~  

w 4 n n II n n II w w w 4 

h 54-30 h 55.43 h 55-63 h 56.~96 1 61.07 1 55.60 166.27 l61.20 162.30 160.00 h 55-46 h 58-10 
h 54 04  h 54-43 h 56'67 h 56.80 160.80 1 55.43 1 64.73 1 60.63 1 63-34 1 60'47 h 55.80 h 57.50 

54-17 54-93 56-15 56.88 60.94 55.51 65-50 60.92 62.82 60.23 55-63 57.80 
I 

h 53.24 h 49.64 h 51.87 h 50.14 1 46.63 1 48.93 1 47-40 1 50.83 145.30 1 51.00 h 52-17 h 51-70 
h 51-83 h 50.50 h 51-03 149.43 1 47.73 1 48.47 1 47-60 1 50.80 1 45.50 1 50.77 h 53-40 h 50'76 

53'04 50'07 51.45- 49'78 47-18 48-70 47'50 50.82 45-40 50'88 52.99 51-23 

h 47.60 h 47.56 h 51-53 h 48-13 1 5 3-40 1 49-07 1 47.47 1 48.64 1 53-20 1 45-71 h 44.77 h 4T74 
147.60 h 46.10 h 51.80 048.57 1 53'54 1 49.50 1 47.70 1 49.24 2 5 1'96 1 46'90 h 44.33 h48.67 

47.60 46.83 51.67 48'35 53'47 49.28 47.59 48-94 52'58 46.32 44'55 48'20 



16-K. . 
GUZEUT LONGITUDINAL SERIES. 

Nan.--6tatio~ XII, XIXI, XIV, XVII and XVUa ~ppertain to the b g i  Meridional Seriw. B.M. denotea Referring bhk. 

At XI11 (Pattingri) 

*January 1861; t December 1861, and Jmuary 1862 ; obsemed by Lieutenant 0.. T. Haig, B.E., with 

M - Mean of Gmop 
w - Relative Weight 
C - Concludedhgle 

M =  29".68 

w = 1 - 7 4  
1 
- = o -58  
W 

C = 7 g 0 ~ o ' z g U s 6 8  

M = 1 9 ~ ~ 8 6  

w = z -65  
I 
- = o - 3 8  
W 
c = 5 6 ~ 3 4 t 1 9 Y . 8 6  

= 57"75 

w = I - 6 4  
I 
- = o  -61  
W 

~ = 6 ~ o ~ g * ~ ~ 1 j . ~ ~  

M =  7"'75 

w = o ' 6 0  
1 
- = I - 6 8  
w 
C = 3 9 ' 2 6 '  7""75 

iIf= 6z"'35 

w = o -64 
I - = 

W 1 '57  
c = 3 g 0 3 6 ,  

= 61u' 77 

w = o .go 
I - - - I ' I 1  
w 

= 3 ~ 2 3 t  

Angle 
between 

t 
R.M.&VIII 

I' 
VIII & IX 

t 
IX XVII 

I, 

XVII XVIII 

I, 

XVIII XIV 

I, 

XIV & 

Troughton and Simms' 18-inch Theodolite No. 2. 

Circle readings, telescope being set on R. M. 

35944' 17946' 69'56' 249" 65' 1400 6 3200 6' 2100 11' 900 12' 280'28' 100023' 3500 34' 170034' 

I ll I ll rn rn w ll I u If 

1 2 7 ~ 1 o 1 ~ g ~ 8 4 h 3 1 ~ 1 ~ h ~ g ~ 1 7 h ~ 7 ~ 7 3 A ~ 3 ~ 5 o h 3 o ~ g 4 h 3 1 ~ 8 6 h 3 3 ~ 3 o h 3 1 ~ 3 o h ~ 8 ~ 7 3 L 3 0 ~ 8 o  
1 27'60 1 30-20 h 30'54 h29.00 h 2 8 . j o  h 23-17 h 31'46 h31'00 h33.56 h32.17 h28.93 L 30'80 

27-35 30.02 30-84 29.09 28-11 23-34 31.20 31-43 33'43 31.73 28'83 30'80 

h 19'34 622.40 h20.73 h 19.10 h z o - 1 0  h21.80 h 19-37 71 19-13 1 15-70 1 19.76 1 17-20 122'43 
h 18.40 hzz .53  hz1.76 h 19.46 h 18.20 hzz.60 h 18.47 L 20.10 1 15.44 1 19.63 1 19.24 1 23-64 

18.87 22.47 21-24 19-28 19.15 2 2 ' 2 0  18-92 19'62 15.57 19'69 18.22 23-04 

d62.07 554.38 d 56-01 d 61-32 d 60.62 d 57-23 d 54.41 d 55.05 d 59-28 d 58.67 d 57-78 d55.86 
d61-37  d54'25 d56.51 d61.52 d61.52 d57-23  d54.42 d55.15 d59.54 d58.60 d57-52 d55.63 

61.72 54'32 56.26 61-42 61.07 57.23 54.41 55-10 59.41 58'64 57.65 55'74 

Circle readings, telescope being set on XVII 
OOO' 18000' 10012' 190011' 20922' a000W 30028' 210'28'40039' 220089' 6OOW 230060' 

ll ll w a u w 7 " I e w w 

h 3'20 h 3'53 1 6'33 1 4.20 1 12.00 1 8-36 1 I 5'34 1 11-77 Z 14.37 1 6.54 h 5'37 h 3'10 
h 2.10 h 2'13 1 5'63 1 4'93 l 1 1 ' 2 7  1 7.30 115'20 1 :2'70 114.06 Z 7.03 h 5.23 h 4-27 

- 

2.65 2.83 5.98 4'57 11-63 7.83 15-27 12'24 14.21 6.79 5'30 3.68 

1167.30 h65.37 162.94 161.87 1 56.90 155.80 1 56.60 160.06 160.40 166.23 h66.43 666.20 
h69.30 h66.33 1 63.07 1 61.53 1 57'43 1 57.23 1 56'50 1 59.20 1 60.00 1 65'97 h67.74 h65.97 

68-30 65'85 63.01 61.70 57-16 56.52 56.55 59.63 60.20 66-10 67-09 66-09 

A 57-97 h 59.40 1 63.66 1 64.40 1 64.74 166.77 1 63.66 1 66-34 1 60-73 1 56.93 h 57.50 h 59'57 
h 57.80 h 59'54 1 63.70 1 64.80 1 63.37 1 67.07 1 64-00 1 67-33 1 59'14 1 56-77 h 57.06 h 60.10 

57'89 59'47 63-68 64.60 64-05 66.92 63.83 66.84 59-93 56.85 57.28 59.84 



PRINCIPAL 'PIEIAXGULATION. OBSERVED ANGLEB. 

At XVII (Bhor) 

S December 1860 ; $.Tanmy 1861 ; a d  **Janm y 1862 ; obeemed by Z i e u t e m t  0. I! Haig, B.E., with 
(Lll'oughtm and Sirnm' 18-inch Theodolite No. 2.  

At XIV ( ~ b b o l )  

December 1860, and Janua y 1861 ; okerved by Lieutenant 0. T. Haig, R.E., with Trmghton and 
Simm' 18-inch Theodolite No. 2 .  

Angle 
between 

-- - 

No~z.--St&ioru XIII, XIV, XVII lrnd XVIII appertain to the Singi Meridiond Seriea. 

Circle readings, telescope being set on XVIII 

9S048' 272f6048' 10S064' e85°63' 116"" 29tT04' lW10' 806010' 186'11' 816'11' 1460a2' 3 W H  

M - Mean of Gmu 
w - h1sti.e weig& 
C - Concluded h g l e  

M = Mean of arou 
so - Belatire ~ e i g R  
C = Concluded Angle 

Angle 
between 

Circle readings, telescope being set on XI11 
71" 62' 26l062' 820 8' 262" 8' 92" 14' 2720 14' 10ZO 20' 282" 20' 112" 30' 292" 30' 1220 41' 3020 41' 



'GUZEBbT LONGITUDINAL SERIES. 
\ 

N m - U .  denoter Befarring Mark. Strrtiom XII, .XIV, XV, XVI, XVII .nd XVIII spperfrin to the Bingi M & d  aerier. 

A 

At XIV (Kggar01)-( Cmtinued). 

If - Mean of Groa 
w - Relative ~ e i $  
C ' Conoludedhgle 

M =  13#'37 

= O '83 
1 - - - I ' 2 0  
w 
c = 760 

= 4gU*33 

W = I '24 
I - - - o - 8 0  
w 
~ = ~ ~ ~ ~ ~ ~ ~ ~ n . ~ ~  

M =  ~ 9 ~ ~ 9 3  

w = I -61 

XI1 

Angle 
between 

XVIII Bt XVI 

XVI XV 

XV & 

Circle readings, telescope being set on XI11 

71°6!d' 251°6!d' 8203' 2620 8' 920 14' 2720 14' 1W20' 2S!Z'8(Y 112080' 2920 30' 12Z'411 808041' 

I w I I I T . 4  w I . I 

h 20.40 h 16-54 1 11-23 h 12'03 h 9-00 h 17-27 h 9-14 h 9.50 h 9-23 h 12-83 1 12'16 h 1 7 8 0  
h 1 9 ' 5 7 1 1 8 . 3 o k 1 3 ~ 1 7  h ~ a - ~ g  h 9 . 7 7  h16.60 h g ' ~ o k ~ o . j o  h 9.64 h12.93 kr3-3ohr8.00 

19.99 17.42 12.70 12.08 9.38 16-94 9.12 9.90 9-43 12.88 12-73 17'90 

h 47.86 h 48-60 1 51-31 h 4 g m  h 56.53 h46'80 k 51.30 h 51-46 h 50.34 h49.13 147.37 643.37 
h48.26 h 48.26 h 50.70 h 47-87 h 55-13 h 48.67 h 51-90 h 51'90 h 50.23 h47-97 146.84 h43.14 

48-06 48.4; 51'04 48'43 55'83 47'74 51-60 51.68 50'28 48'55 47-11 43-25 

h 59.40 1 57.43 h 58-86 h 59'00 h 55.53 161-oo k 58-70 h63-17 1 56-70 164'47 L 59.93 165.50 
k 59.67 h 56-84 159.03 160.30 h 56-44 h 59.83 h 58.73 h 62-36 157.93 h 6 3 . 9  h 60.00 163.56 

59'54 57"3 ~ ~ ' 9 5  ~ 9 . ~ 5  ~ 5 . 9 ~  60.42 ~ ~ ' 7 "  6z'77 57'3' 64'19 59'g6 64'53 

h 10.80 h 15'80 h 12.97 h 13'60 h 10'70 h 12-53 h 8'23 h 6'57 h 13'03 h 9'77 h 13'50 A 14-53 
h 11.90 1 16-06 h 11.90 h 12.70 h 10.10 112.90 1 7.34 1 6.84 h 12.34 h 10.50 h 12.66 h 14-97 

11.35 15'93 12-44 13.15 10'40 12-71 7'79 6.70 12-69 10'13 13'08 14'75 

At XVIII (Rencha) 

* D e c d e r  1860 ; and +January 1861 ; observed by Lieutenant C. T. Haig, B.E., with Troughton and S h m '  
18-kwh Theodolite No. 2. 

M = 11''- 76 

-68 
1 - = o ~ 6 0  
tu 
C = 15'42' 1in.76 

42 - M a n  of Groups 
w = blative Weight 
C - Concluded Angle 

M =  3luS67 

w = 1 * 1 4  

- I = o -88 
w 
C = 64O44'31'*67 

M = 49+'" 6 9  

= o 092 
I - = I -09 
w 
c = 920 33, 49u.69 

Angle 
between 

XVI di XIV 

XIV & 

7 

Circle ~adings ,  telescope being set on XVI 
896'16' 11S016' 8 0 6 O 2 7 '  126'27' alSOW 135°88' 8!2S044' 145°441 835'54' I~sOW 34606' 16@s1 

W I W U 4 4 I )  T W I I T 

h36.60 h 3 z - 1 3  h27.47 h35-70 226.37 234.30 2 28-40 130'60 h32.47 h31-76 h31-13  h 3  44 
h 35.43 h 32.40 h 27.60 h 34-13 Z 21-97 1 34.03 1 27-33 1 29.23 h 32.33 h30.70 h 31.80 h 3 & w  

1 24'77 , 

127'23 

36.02 32.26 27.54 34.91 26.59 34-16 27.87 29-91 31.40 31-23 31-47 35'72 

h 45'84 h46.54 h45.57 h46-33 h49.30 h44.40 Z 51'44 1 54'93 1 51.60 152'OO 150'73 1 54-17 
k 46.10 h 46-17 h 46.87 h45.63 h 49.80 hqg-47 1 53.00 1 54.70 1 53-13 1 53-86 1 51.46 Z 53'34 

4597  46.36 46-22 45.98 49'55 44.93 52-22 54'82 52.36 52'93 51.10 5 r 8 o  



PRINCIPAL TBIANGULATION. OBBERVED ANGLES. 19+ 

Nm.-Strtionr XII, XIII, XIV, XV, XVI and XVIU rpperbin to the Bhgi M eridiod Beria 

, 

L 

At XVIII (%ncha)-( Continued). 

Angle 
between 

t 
XIV & XIII 

Circle readings, telescope being eet on XIV ' 

001' 18001' 10011' 190011' 2002% 2437'22' 90028' 210028' W'SY zso"89' so"w 880060' 

I 1 I I a 4 a I Y I a 

1 52'17 1 51'77 1 53-50 1 54'97 1 55'44 h 55-10 h 57-66 h 55.90 h 58-60 h 54.83 h 56-07 h 52-87 
1 51'70 Z 51'23 Z 53'97 1 55'36 Z 55'37 h 55.20 h 57-66 h 57.23 h 58-23 h55.50 h 56-06 h 51.27 

51.94 51'50 53'73 55'17 55'40 55-15 57'66 56-57 58-41 55-17 56.06 52.07 

42 = Mean of (iron 
w - Relative 
C - ConcludedAngle 

bi=54u'90 

W = 2 '40 
I - - - 0 ' 4 2  w 
C = 4 6 O 1 3 ' s ~ - 9 0  

At XI1 (Jhthdbhor) 

$December 1860; a d  9 January 1861 ; obeerved by Lieutenant C. T. Haig, B.E., with 5 m g h t m  lund X h '  
18-inch Theodolite No. 2. 

Angle 
betasen 

0 
& XIV 

$ 
& XV 

Circle readings, telescope being set on XI11 

000' 18000' 10012' 190'12' W22' XKf22' 80028' 210028' 40089' 820089' 6Cf'w 280060' 

I a I I a I a n I I a a 

h 6.33 h 4-46 h 3-20 h 3-93 h 4.46 h 2-04 h 6.23 h 5'76 h 5-30 h 3-83 1 1-73 1 0.63 
h 6.37 71 4'73 h 3-10 h 4-27 h 5'67 k 1'63 h 6.27 h 6.24 h 5-63 h 3'33 Z 0-94 1 0.66 

6.35 4-60 3'15 4 . ~ 0  5-06 1.84 6.25 6-00 5-46 3.58 1-34 0'64 

Circle wadinga, telescope being set on XIV 

001' 18001' 10012' 190'12' 20022' zoo"22' 80028' 210028' 40"W W 8 9 '  6U'W 880060' 

I v I u I a I I a I " 
A54.77 h 53.93 Z 58.63 h 57.54 1 63'43 1 59'33 Z 63-96 160.70 1 60'66 1 67'10 h 55-94 h 58.47 
k54'76 h53-70 Z 59'07 156.63 Z 62.86 1 59-30 165  17 Z61.20 161-13  Z 66-76 h 56.00 h57-86 

54'77 53-81 58'85 57-09 63.14 59.32 64.56 60.95 60.90 66-93 55'97 58.16 

, 

H- Mean of Ghon 
w - Relative 
C - Ooncluded Angle 

bi= 4u'03 

W = 3 ' 1 1  
I - = o ' 3 2  
w 
C = 5 g 0  3' 4u-03 

M = 5 9 " * s  
W = 0 '76 - 
I - - - I ' 3 2  w 
C = loo0 43'59"-54 

At XVI (Ghorhh) 

Janrwy 1859 ; obeerved by Captain D. J. Nasmyth, B.E., with Troughton a d  Sirnms' 18-inch Theodolite No. 2. 

Angle 
beheen 

-3 

XI 8t 

Circle readinga, teleecope being set on XI 

8a0087' 14Y27' 850088' 1 W W  840049' 180049' BM)066' 170066' 1°6' l8l05' 11'16' 191°16' 

4 m a a a a a a a a a " 
h20-86 h25-40 h25.26 haq-go h23-30 h29-30 h21-70 h22.56 h21-27 h19-77 h 18'57 h 19'76 
h21-93 k 24.24 h24.57 h 26-10 h 22.90 1 28.10 h20.76 h21-57 h20.14 A19.83 haw27 h2o.10 

, 

21'40 24'82 24'91 25-50 23'10 28'70 21-13 22'07 20'70 19'80 19'42 19'93 

M - Mean of Ghon 
a - Eelative ~ e i $  
C = Concludedhngle 

~ M = 2 2 ~ . 6 3  

W = 1 '47 
I - = 

' w  
o -68 

C = 39'33' 22"-63 



20-, QUZERAT LONGITUDINBL SERIES. 

~OTX.--8tatiom XII, m, XV, XVI and XVIII appertain ta the Bingi Meridional Beries. 

At XVI (Ghor&rh)-( Conthwd) . 
*Jmwry 1859 ; obsemed by Captain D. J. Naemyth, B.E., with Doughtan and Simm' 18-inch Theodolite No. 2. 
tDecember 1860 ; ob8eraed by Lieutenmat C. T. Haig, B.B., with Trmghtom Mad Simm' 18-inch Theodolite No. 2. 

1 

M - Mean of Grou r 
a -  els st ire ~ e i g E t  
C - Ooncludedhngle 

M = 2f-34 

= I .67 
I 
- = o -60 
w 
C = 54' 20' 25"'34 

M = 4 0 " - 8 6  

W = 2 '25 ' = 0 ' 4 5  
w 
C =6z0  7'40f'.86 

M = 14"'59 

= I .28 
I _ - - o * 7 8  
w 
C = 39' 14' 14"'j9 

Angle 
between 

X & XV 

t 
XVBi 

t 
XIVbtXVIII 

Circle readings, telescope being aet on XI 

820027' 1W27' 880038' 150088' 840049' 160"49' 8MP66' 170065' 1"s' 181'6' 11°16' 191'16' 

a Q e # a # Q a Q e Q 

h 20'14 h 24'47 h 25-10 h 24-40 h 28-00 h 22.86 h 31-13 h 26-30 h 26-80 h24-77 h25.43 h 26-30 
h21-20 h 14-26 625.06 h 23-90 628.60 1 20.83 h 30'44 627'23 h2  j.86 623.60 h26.07 h 24-90 

122.67 

20.67 24'37 25-08 24-15 28-30 22.12 30'78 26-77 26-33 2 4 - ~ 8  25.7 j 25-60 

Circle readings, telescope being set on XV 

001' 180'0' 10011' 190011' 20022' 200022' 80028' 210'28' 40'39' 220039' 6B60' 230"W 

e Q n PI N I N m w w Q Q ' 

h 39.84 h 39.87 h 42.66 h 42-24 h 44.96 1 35.97 1 39'j4 1 44.34 h 41'00 h39.23 h 41.66 h 39'30 
640.20 641'07 h42-40 641.60 h43.94 136.13 138.13 143.54 h40.40 h39.53 h41.70 h41.27 

40'02 40'47 42.53 41.92 44'45 36-05 38.84 43'94 40.70 39'38 41.68 40'28 

h 10.97 6 13-54 h14.83 h 10'73 h 17-87 h 15-93 h 18.67 6 17'73 1 17-66 1 15'13 1 10'83 1 11-57 
610 '43612 '16h14 '00h11 '03619 '00h16 '10618 '33  h 1 8 ~ 7 7 1 1 7 ~ 0 0 1 1 3 ~ 6 0 1 1 2 ' 6 0 1 1 1 ~ 7 3  

10-70 12-85 14-42 10.88 18'43 16.02 18.50 18-25 17-33 14-36 11-72 11-65 

At XV (Wardhari) 

November and December 1860 ; oberved by ~ikrrtenant 0. T. Haig, B.E., with Troughton bnd S h m '  
18-kch Theodolite No. 2. 

Angle 
between 

XII de XIV 

XIV & xVI 

& 

Circle readings, teleecope being set on XI1 . 

SPBO 37' 1480 87' 888087' 16S087' W 68' 168"68' 36904' 179" 4' 9' 16' 1890 16' 19026' 196028' 

Q Q Q 4 Q Q Q 4 u 4 w " 
h65-10  163'67 164.27 167'44 164'13 165.37 h 57.74 h 56.20 h 59-20 h 58-13 h 58.30 h61.30 
h64-24 h62.24 163.70 165.97 163'67 166.20 6,57'54 h 57-24 660'13 h 58'77 h 59.50 h 59-37 

64-67 62'96 63-98 66.71 63-90 65-78 57-64 56-72 59-67 58-45 58-90 60'33 

133.63 h 28-96 1 34.36 1 31.20 1 34-00 1 28.67 h 33.46 h 31-66 h35-73 836.87 h 37.67 h 32.97 
633'86 h30'23 134'47 131.96 133'83 129.23 h32.56 634'40 h36-97 h38.06 h38.03 h34.83 

33-75 '9.59 34.4' 3 1 . 5 ~  33'9' 28'95 33"' 34"3 S6'35 31'47 37'85 33.9' 

M - Mean of Orou 
w - Relative ~ e i $  

Conc1udedAn81e 

M =  6 1 " . 6 ~  

w = I - 02  
I - - - o -98 w 
c = 3 r ~ 2 4 8  r'.64 

M =  33"'73 

= I -56 
I - - - o -64 

w 
C =64029t33W.73 



PRINCIPAL TEIANGULA!FION. OBSERVED ANGLES. 

No~~.--Zltatione SV and YVI uppertain to the Singi Meridional Sorim. 

At XV (Wardhari)-( Cmthzced). 

M - Moan of h u  a 
so - Relative ~ e i g E t  
C = Concludedhgle 

M=43"*a9 

: = o -70 

- = 1 - 4 3  
W 

c =430 8143u-29 

Angle 
between 

Circle readings, telescope being set on XI1 

828'87' 143'87' 888087' 1680 87' 8480 68' 166" 68' 3690 4' 1790 4' 9'15' 189°15' 19'26' 19g026' 

N 1 N n w n n N N 1 N 

h 34-94 h 43.17 1 42.74 1 46-00 1 46-50 1 48.23 h 44.00 h 51'04 h 43'80 h 41-50 h 40.26 h 40.53 
h 36.04 h 44.43 1 42.67 1 46.77 1 45-53 1 46.74 h 46.30 h 49-30 h 41.87 h 39.94 h 37.54 139.14 

35-49 43-80 42'71 46-38 46.02 47-48 45-15 50'17 42-84 4 0 ' 7 2 ,  38-90 39.83 

At X (Jhiria) 

January 1869 ; observed by Captain D. J. Namyth,  B.E., with Troughton and Sirnms' 18-inch Tireodolite No. 2. 

M - Mean of Qroups 
w - RBlstive Weight 
(2 - ConcludedA~gle 

M = 511"93 

to = -86 
- - - 1 - 1 6  

w 
c = 8 2 ° 3 0 ' 5 ~ 1 ' . 9 3  

M =  3311-38 

W = 1 ' 2 5  
1 - - - o  -80 
W 

C =57°46'33n'39 

M =  r 4 " . ~ 8  

w =  1 - 2 7  
I 
- = 0 ' 7 9  
W 

C = 58'34' 14"' 18  

Angle 
between 

XV & XVI 

XVI 8i XI 

XI 8i XII 

Circle readings, telescope being eet on XV 

PO' 1WPQ 10011' 190011' 20'22' 200022' 80028' 210'28' 40'34 220039' W W  230060' 

? n n a N I n N * .  * n n 

1 52.70 147.27 148.00 148-17 149.66 1 47.13 h 55.60 2 56.93 h 54'56 h 55'26 h 54-10 h 54.30 
1 50.34 1 47.20 1 48-63 1 48.90 1 50.03 1 45'26 h 55.30 1 56'94 h 54'83 h 54'87 h 55-47 h 54.44 
1 5 1.40 h 47.84 

51.48 47.44 48.32 48.53 49-85 46.19 55.45 56'94 54.69 55.07 54.78 54.37 

128.06 141.16 133.33 131.00 136.27 132'63 h29.07 131.57 h33'94 1632.74 h35.40 h31.80 
1 30'80 1 39.23 2 33'47 1 32'46 1 35.17 1 34.04 h30.50 132'16 h34-57 h3z -33 .  h34.27 h33-46 
1 29'30 h 42'53 

h 41'43 

29-39 41-09 33'40 31'73 35.72 33.34 29.78 31.87 34'25 32'54 34.83 32-63 

120'37 1 5'04 115'93 2 15'50 112'73 112.37 h14.43 113'10 h15.63 h16;76 h13.07 h15.86 
1 18'03 1 6'34 1 15.63 1 14'77 1 14'37 1 11'70 h I 5.07 1 13.20 h 14-53 h 15'97 h 14'26' h 14-54 
1 18.84 h 7.63 

h 6.37 

19-08 6.35 15.78 I j.13 13.55 1z.04 1 ~ ~ ~ 5  13.15 15.08 16.36 13-67 15.20 

At X I  (Poera) 

January 1859 ; observed by Captain 1). J. N e y t h ,  R.E., with Troughton and Simm'.18-inch Theodolite No. 2. 

M - Mean of h u  
ar - Belatire ~ e i g f f t  
C - Concludedhgle 

M =  1 4 ~ . 9 a  

= .88 
I - = 
w 0 '35 
C = 6 % 0 5 i ' ~ ~ a - g z  

Angle 
between 

XI11 & XI1 

Circle readings, telescope being set on XI11 

2280 23' 48'23' 2380 34' 68'34' 2480 46' 6804.6' 25a061' 78061' 269" 8 890 8 =so 12' 9s0 1 8  

. N n n n n n n N N a 1 " 
1 16.33 1 16.07 2 16.00 2 13-20 1 16.23 1 17.10 1 17'67 1 I 1-80 1 13.36 1 14.00 1 16.00 1 15-87 
1 16'37 1 14-06 1 16.16 1 13'70 1 15'17 1 15.40 1 18.30 Z 10.74 1 12.16 1 11'63 1 15'80 Z 17'03 

1 1 4 0 6  114.96 1 11'97 

16-35 14-73 15'71 13.45 15.70 16.25 17-99 11.27 12.76 12.53 15-90 16-45 



20-r. QUZERAT LONGITUDINAL 8ERIES. 

8m.--8t&iona XII, XIV, XV, XVI and XFpI appertain to the Biogi Meridionsl Beriw. 

% 

At XVI (Ghor&h)-(Continued). 

*January 1869 ; obsemed by Captain D.  J. Namnyth, B.E., uith Doughtan and Si-' 18-inch Theodolite No. 2. 
+December 1860 ; obeeroed by llrieutenarat C. T. Haig, B.B., with Troughton a d  S h m '  l & k h  Theodolite No. 2. 

1 

2f - Mean of Urou 
a - Relative 
C - Concluded Angle 

M =  2 j Y ' 3 4  _ .6, 
I _ - - o - 6 0  
w 
C = 54' 20' 25"'34 

M =  40'-86 

W = 2 ' 25  ' = 0 '45 
w 
C = 6 z 0  7'40"-86 

M =  14'"59 

= I . 28 
I - - - o - 7 8  

C = 39' 14' 14" ' jg  

Angle 
between 

X & XV 

t 
XV 8t 

t 
XIV & XVIII 

Circle readings, telescope being set on XI 

8W'!27' lW'Z7' 880038' 160'38' 840049' 160049' W6S' 170066' 1'6' 181'5' 11'16' 191'16' 

I I I I I I I I I I m w 

h 20'14 h 24'47 h 25-10 h 24-40 h 28.00 h 22-86 h 31-13 h 26.30 h 26-80 hz4-77 ha5-43 h 26.30 
h z x ' r o  h 14-26 h 25.06 h 23.90 h 2 8 d o  1 20.83 h 30-44 h 27.2) h25.86 h23.60 126.07 h z r g o  

122.67 

20.67 24-37 25-08 14-15 28-30 22.12 30.78 26-77 26-33 24'18 25.7 j 25-60 

Circle wadinge, teleecope being eet on XV 

001' 1 W W  10011' 1900 11' 20022 200022 80028' 210'28' 4cP39' 220059' 6BW 2300w 

I a ,I ,I i7 I w I * w ,I a ' 

h 39.84 h 39.87 h 42.66 h 42-24 h 44-96 1 35.97 1 3 9 ' j j  1 44.34 h 4 1 . m  h39.23 h 41-66 h 39'30 
h40.20 h41.07 h42-40 h41-60 h43.94 1 36.13 1 38.13 1 43.54 h40.40 h39.53 h 41.70 h 41.27 

40.02 40.47 42.53 41-92 44'45 36-05 38'84 43'94 40.70 39.38 41.68 40.28 

h 10.97 h 13'54 h14.83 h 10.73 h 17.87 h I 5'93 h 18-67 h 17'73 1 17.66 1 15-13 1 10.83 1 11-57 
h 10.43 h 12'16 h14'oo h 11-03 6 1g .w 6 16.10 h 18-33 h 18'77 1 17-00 2 13'60 1 12-60 1 11-73 

10'70 12'85 14-42 10.88 18-43 16.02 18.50 18-25 17-33 14-36 11'72 11-65 

At XV (Wardhari) 

November and December 1860; observed hy ~ikutenant  0. T. Haig, B.1, with Troughta bnd Simm' 
l&inch Theodolite No. 2. 

Angle 
between 

XII XIV 

XIV & XVI 

Circle wadinga, teleecope being eet on XI1 

SPBO 87' 1480 87' 838" 87' 1580 87' W 68' 168066' 85904' 179' 4' 9' 16' 1890 16' 19'26' 196028' 

4 I w w I I I v I I I " 
h65.10 h63-67 164-27 167.44 164 '13  165'37 157'74 h 56-20 h 59-20 h 58.13 h 58-30 861.30 
h 64-24 h 62.24 1 63-70 1 65-97 1 63-67 1 66-20 h57.54 h 57.24 h 60'1 3 h 58'77 h 59.50 h 59-37 

. 

64.67 62.96 63.98 66-71 63-90 65-78 57-64 56-72 59-67 58-45 58.90 60.33 

h 33-63 h 18-96 1 34-36 1 31-20 1 34-00 1 28.67 h 33-46 h 33-66 h 35.73 h36.87 h 37.67 h 32-97 
h33.86 h 30'23 1 34'47 1 31'96 1 33.83 1 29'23 h 32.56 634.40 h 36-97 h38.06 h 38-03 h34-83 

33-71 '9.59 3 4  3 1 . 5 ~  33.9' ~ ~ ' 9 5  33"' 34'O3 36'35 37-41 37'85 3 3 . p  

M - Mean of 
w - Relatire w e i g E  
C - ConcludedAngle 

M = 6 1 " . 6 4  

w = I -02 
I 
- = o .98 w 
c =31024* 11.64 

= 33"73 

= I .56 
I - - - o ' 6 4  

w 
C = 640 29' 33X.  73 



PRINCIPAL TI1IANGULATION. OBSERVED ANGLES. 

Nan.--Stetions XV and XVI uppertain to the Singi Yeridional Sorim. 

At XV (Wardhari)-(Continued). 

M -  Ikfcanof h u  8 
w - Ralative weig!t 
C = Concludedhgle 

M=43' / '29  

= 0 ' 70 
I 
- = 1 ' 4 3  
W 

c = 430 81 43".29 

Angle 
between 

' 

Circle readings, telescope being set on XI1 

828087' 148" 87' S8BO 87' 168037' 848058' 168958' 369'4' 179"4' g015' 1W 16' 1926' 19926' 

n I n n I n 4 n n n n " 
h 34'94 h 43.17 1 42.74 1 46-00 1 46-50 1 48.23 h 44.00 h 51.04 A 43.80 h 41-50 h 40.26 h 40.53 
h 36.04 h44.43 1 42.67 1 46.77 1 45.53 1 46.74 h 46-30 h 49.30 h41.87 h39.94 h 37.54 h 39.14 

35-49 43.80 42-71 46.38 46.02 47'48 45.15 50.17 42-84 40'72 , 38'90 39'83 

At X (Jhiria) 

January 1859 ; observed by Captain D. J. Namyth, R.E., with Troughton and S h '  18-inch Theodolite No. 2. 

M - Mean of Qroups 
to = Relative Weight 
C - Concluded Angle 

M  = 51X'93 

= 0 .86 
1 - - - I -16 
w 
C = 8 2 ° 3 0 ' 5 ~ f f ' 9 3  

M = 336 '38 

W = 1 - 2 5  
I - - - o  -80 
w 
C =57°46'33N'39 

M = ~ ~ s . , ~  

w =  1 - 2 7  
I 
- = 0 .7g 
W 

C =58°3 (14U*18  

Angle 
between 

XV & XVI 

XVI & XI 

XI & XII 

Circle readings, teleecope being eet on XV 
U'O' lW 0' 100 11' 190" 11' 20022' 200022' 30028' 210028' @3Y a20039' W W  23@6@ 

n n n a n I n n n .  w n n 

1 52-70 1 47-27 1 48.00 1 48-17 149'66 1 47-13 h 55'60 1 56.93 h54.56 h55.26 h54-10 h 54.30 
1 50'34 1 47'20 1 48-63 1 48.90 1 50'03 1 45.26 h j 5'30 1 56'94 h 54'83 h 54'87 h 55-47 h 54.44 
1 51.40 h 47'84 

51.48 47-44 48.32 48.53 49-85 46.19 55.45 56.94 54-69 55-07 54.78 54-37 

1 28.06 1 41-16 1 33.33 1 31.00 1 36.27 1 32.63 h 29.07 1 31-57 h33'94 h32*j4  h 35-40 h 31.80 
1 30.80 1 39'23 1 33'47 1 32'46 1 3 5.17 1 34.04 h30.50 1 32.16 h34.57 h3a-33. h 34.27 h 33.46 
1 29'30 h 42'53 

41'43 

29-39 41.09 33'40 31-73 35.72 33'34 29.78 31.87 34-25 32'54 34.83 32.63 

120.37 1 ~ ~ o ~ E 1 ~ ' ~ ~ 1 1 ~ ' ~ o 1 1 2 ' ~ ~ 1 1 2 ' ~ ~ h 1 ~ ~ ~ j l 1 ~ ~ 1 o h 1 ~ ' 6 ~ h 1 6 ~ ~ 6 h 1 ~ ' o ~ h 1 ~ ' 8 6  
1 18'03 1 6'34 1 15'63 1 14'77 1 14'37 1 I 1'70 h 15.07 1 13.20 h 14'53 h 15'97 h 14.26' h 14.54 
1 18.84 h 7.63 

h 6.37 

19.08 6.35 15.78 15.13 13.55 12.04 1 ~ ' 7 \ ~  13-15 15.08 16.36 13'67 15.20 

At X I  (Poera) 

January 1859; observed by Captain D. J. Napnyth, R.E., with Troughto% and Simms'.18-inch Theodolite No. 2. 

M - Mean of Gh.ou 
a, - Relative ~ s i $  
C - Concludedhgle 

M = 1 4 ' “ 9 ~  

= .88 
I - - 
w - 0 ' 3 5  
C = 6%' 51' 1 4 ~ ' 9 2  

Angle 
between 

XIII&XII 

Circle readings, telescope being set on XI11 

2280 23' 4S023' 23E0 34' 68034' 2480%' 689%' 258'61' 780 51' 269'9 8g0 2' 27g0 12' 9 9  19 

n I n 4 I n n w n 4 4 " 
1 16.33 1 16.07 1 16.00 1 13-20 1 16.23 1 17'10 1 17.67 1 I 1'80 1 13.36 1 14.00 2 16.00 1 15.87 
116.37 114.06 116.16 113'70 115'17 I? 15'40 118.30 110.74 112.16 111'63 115.80 117.03 

1 1406 1 14.96 1 11-97 

16.35 14-73 15.71 13-45 15'70 16.25 17-99 11.27 12.76 11-53 15'90 16-45 



GUZERAT LONCIITUDIRAL SERIES. 

No~~.-station XVI sppertsins to the Singi Peridional Seriee. 

At X I  (Poera)-( Continued). 

M - Mean of Gmu 
to = Relatire m i g &  - ConclodedAngle 

M = 62"-27 

w = I -09 
I - = 0 ' 9 2  
w 
C - =  68'46' 2'-27 

= 64f' '30 

w = o -83 
J - - - I ' 2 0  
w 
c = g2040* 4 t f . 3 0  

Angle 
between 

XII &X 

& XV1 

Circle rendinge, telescope being set on XI11 

228°23' 48029' 238034' 58"34' 2480%' 68045' 2580 61' 78'51' 269'2' 89'2' 2790 12' 99" 1%' 

4 4 m n n n II 4 I v n 4 

165.04 167.36 161.43 164.70 1 58.84 163'77 156.03 1 59.64 160.87 l 6 0 ' 1 3  1 62a47 164.73 
164.53 167'47 260.50 165.60 1 58-37 165.30 1 56.07 158.20 1 6 r x 4  263.70 161.37 164'97 

162'70 162.97 
1 62'30 

64-79 67-41 61'73 65'15 58-61 64.53 56-05 58.92 61.01 62-27 61.92 64.85 

163.90 159.63 160.27 h 6 z - m  162.44 h 58.74 168.74 h67.13 170.17 167.30 h65.70 h65.33 
h 64'33 h 59.74 h 59.57 h 60.80 h 62-47 h 58.86 1 70.06 h 67-50 h 68-20 h 67.90 h65.27 h67.10 

64-11 59-68 59.92 61-40 62.46 58.80 69.40 67-31 69-19 67-60 65.48 66-22 

At XI1 (Rhmesri) 

January 1859; observed by Captain D. J.  Ncssmyth, R.E., with Troughton arcd Sintms' l&inch Theodolite No. 2. 

M .P Mean of CIku 
to - Relatire WeigE 

ConcludedAng'e 

M = 4.5". 00 

= 0 ' 9 5  
I - - - I -05 

W 

C = 5 z 0 3 ~ ' q f " ' o o  

M = 53"-77 

w = 0 ' 9 4  
1 _ - - I - 0 6  
W 

C = 64O58'53'.77 

M = 1 r . 9 3  

w = I -84 
I - - 
W - 0 '54 
~ = 6 ~ o ~ 8 ~ ~ r . ~ ~  

Angle 
between 

X&X1 

XI & XLII 

XIII & 

+ 

Circle readinge, telescope being eet on X 

W 2 2 '  62'22' 252033' 72033' 262'44' 82'44' 272049' 92049' 283O0' 10300' 293" 11' 113O11' 

1 'I 4 It n n m n 4 4 4 " 
139.07 140.97 147.13 143.66 1 51.73 2 43-70 148-53 143'06 148.53 h 48-17 141.57 h43-66 
140.76 142.94 148.24 143.10 1 50.87 842.33 148.64 144.30 148.27 h46.94 141.67 h42.17 

39-91 41;95 47-69 43-38 51.30 43-01 48-59 43-68 48.40 47'55 41-62 42-92 

160.26 1 55'73 150.70 1 56-37 2 50.57 156.70 149-24 1 52.34 h51.06 853.43 1 57-83 h54-27 
1 59.24 1 56-70 149'33 156.53 147'86 1 56.07 150-23 1 5 1 . ~ 0  150.37 h 53.03 155.86 h 56.13 

147'34 

59'75 56'22 50'01 56'45 48.59 56.39 49'73 52'12 50.72 53'23 56-84 55.20 

h 18.34 h 16-30 h 19.46 h 19-37 h 22-57 h 13.76 h 19.27 Ji 17.87 h 17.74 h zoo6  h23.63 i 2 o . m  
h 16.84 h 16'1 7 h 17.67 h 19'00 h 22.77 h 14'90 h 19.07 h 19.67 h 17.90 h 18.80 hz4.03 h 19.03 

17-59 16.24 18.j6 19-19 12.67 14-33 19-17 18-77 17-82 19-43 23'83 I S ) ' ~ I  



PRINCIPAL TRIANGULATION. OBSERTED ANGLES. 23-, 

At XI11 (Gohilia) 

Janwry 1869 ; obsemed by Captain D .  J. N m y  th, B. E., ui th fioughton and Simms' 18-inch Fheodolite No. 2. 

Angle 
between 

XV & XIV 

XIV & XI1 

XU. &XI 

Circle readings, telescope being Set on XV 

80702' 112792' 317013' 13P13' 82't023' 147023' 837029' 167029' 347040' 167040' 367061' 177'61' 

I I I I n I 8, 1 I t n I 

h 48'34 h 49.40 h 46.70 h 49-90 h 46.66 h 52-80 h 45.00 1 51'00 h 46'57 1 53.33 h42-90 h44.20 
h 48-00 h 50.90 h 46'54 h 5 1.10 IL 44'43 h 53.60 1 47.30 1 49'96 h 46'84 1 50'83 h42.20 h45.37 

h 45'57 147'57 

48-17 50'15 46.62 50.50 45'55 53'20 46.62 50.48 46-71 52-08 42.55 44-78 
! 

h 14-10 h 12-30 h 12'10 h I 1'97 h 15.07 h 8'53 h 12-46 1 13.63 h 13.90 1 12-77 h~ 1'77 h ~ o - 8 0  
h 11.33 h 13'97 Is 11.10 h 10.97 h 16.33 h 8-40 h 13-80 1 15-57 h 13'86 113'73 h1z.43 h1o.90 
h I 1.83 

12'42 -13'14 11.60 11-47 15.70 8.46 13-13 14.60 13.88 13.25 12.10 10.85 

M = Mean of Grou 
m - Relative ~ e i $  

= COncludedangle 

M = 48" .12  

w = I -15 
1 - =  0 . 8 7  
w 
C = 52' 58' 48". I 2 

M = 12".5; 

w = 
I 

3 ' 1 9  
- - - o -31 
W 

C = 5 8 O 3 7 ' 1 2 ~ ' 5 5  

At XIV (Bhagwhji) 
December 1858 ; obsemed by Captain D. J.  Nasmyth, R.E., with Troughton and S h m '  18-inch Theodolite No. 2. 

1 51.27 1 51-23 h 49.24 h54.67 h 49'30 h 54'27 h 48.34 1 57.00 h 50.33 1 52-03 h 50.30 h 50'14 
1 49'37 1 49.03 h 51'73 h 54'66 h49.74 h 53'63 h49-60 1 56.43 h j0.87 1 51.43 h 50'67 h 49.30 

1 52.27 h 51'87 

50.32 50.84 50.95 54.67 49.52 53.95 48.97 56'71 50.60 51.73 50.49 49'72 

M = Mean of Groups 
un - Rektivo Weight 

COncludedangle 

M = 28"-67 

w = I ' I j  
I _ - - o -87 
W 
C = 57'4.4' 28". 67 

M = 23" .80  

W =  1 ' 1 0  
I - - - 0 - 9 1  
w 
C = 6g0 59' 23"'81 

Angle 
between 

& XIII 

XIII & XV 

M = 51'"54 

w = 2 - 0 8  
1 _ - - o -48 
W 

= 5 z 0  9'51t"54 

Circle readings, telescope being set on XI1 

302016' 122016' 812027' 132027' 322"38' 142037' 332044' 162'44' 342064' 162'64' 35805' 17S06' 

I I I w I I I I I I n I 

h 28.30 I 3 1 4 3  1 28.40 1 29.00 1 20.17 1 33'47 1 27.94 1 28-10 1 28.50 1 30.06 1 26.50 1 31.00 
h 38-87 h31.80 1 28.43 1 28.53 1 20'03 1 33'57 1 29.54 1 29-57 1 28.00 1 28.27 1 27'83 h30.43 
h 28.33 
h 28.90 

28.60 31.82 28.41 28.77 20.10 33.52 28-74 28.83 28.25 29-17. 27.16 30.72 

h24.63 h 21.14 124.10 1 21'50 Z21.90 1 16.90 123.40 125.27 126.64 123.44 127.43 129.97 
h21-96 h22.20 I? 24'50 1 21'53 120.13 1 18-13 123'33 124'53 125.67 124'73 129'70 1 27.27 
h 23'27 129.77 139'47 
h 23-04 

23'13 21.67 24'30 21-51 21'02 17'51 23'37 24'90 26.15 24-09 28.97 28.90 





PRINCIPAL TEUANGULATIOR'. OBSERVED AR'GLES. 
25-K. 

I 

At XVI (Mirz6pur)-( Contirtuecl). 

./- Febmay 1852 ; obsemed by Lieutenant E. Rivers with T~oughton and Sinam' 18-inch Theodolite No. 2. 
* Dxernber 1858 ; observed by Captain D. J. Nasmyth, R.E., with l'roughton attd Simms' 18-i~wh Theodolite No. 2. 

2Li - Mean of Gmupa 
to -. Relative Weiglit 
C = Concluded Angle 

LM= ~ 5 ~ ~ 5 5  

W = 1 '23 
I -- = o - 8 1  
W 
c = 680 7# 25/f.55 

M =  57'"54 

w = 2 -61  

- I = o -38 
W 
C =56 '~9 '57 '~ -54  

M =  20".96 

w = 2 - 1 6  
I 
- = o -46 

C = 63'32' 20"-96 

Angle 
belween 

e 
XV & XVII 

• 
XVII & XVIII 

t 
XVIIl & XIX 

Circle readipge, telescope being set on XIV 

281'46' 6l04J5' 241°67' 61' 67' 25208' 7208' 26Z'14' 8414' 272'26' 92024' 282036' 102'35' 

11 I1 11 11 I1 11 I f  11 11 If If )I 

h 27-23 h 27'30 h 23.40 h 26-34 1 23-27 1 32.43 1 20.67 2 22-04 1 26.37 1 2 5 ' 0 0  h 26'67 h 27-70 
h 28.24 h 27.97 1 23'14 h 25-70 1 21.93 1 31-50 1 20'30 122.j0 1 2 5'56 1 24'74 h 25'50 h 27.64 

27'74 27-63 23-27 26.02 22-60 31-97 20.48 22.27 25-97 24'87 26-08 27-67 

h 55.27 h 57.87 h 56.33 h 57.23 1 57.93 1 53-10 1 58.96 160.93 158.50 1 58.47 h 55-40 h 56-20 
h 54'93 h 56.66 h 56-03 h 56'87 1 60.03 1 54-60 1 60.60 1 61.00 1 58-54 160'26 h 57'77 h 56'30 

1 60.03 h 57-10 

55-10 57'27 56.18 57'05 59'33 53'85 59.78 60.96 58'52 59'37 56-76 56-25 

Circle readings, telescope being set on XVIII 

@!A' 18001' 10018' 19P12' 20024)' 200020' 30°W 21W29' 40'38' 220038' SOOW 230'50' 

w n a 11 n H ~t n 4 

h17.03 1618.47 h20.06 hzo.80 h z 1 . g o h 1 8 . 8 3  hto.76 h z 4 - 4 3  h 1 y 9 4 h 1 9 - 5 3  1 2 3 ~ 6 0 2 2 0 ' 2 0  
h 18.00 h 18-56 h 19.40 h 21.30 h 23-64 hr7-67 h 21.16 h24.20 h22.83 h20.13 125'10 123.57 

h 21.83 1 24-30 

17'52 18.51 19.73 21.05 22.77 18.25 20.96 04-31 21-53 19-83 24-35 22-69 

At X V I I  (Jhinjhar) 

December 1868; obsemed by Captain D. J. Nasmyth, R.E., with Froughton and Simms' 18-inch Theodolite No. 2. 

Bf - Mean of Groups 
to - Relative Weight 
C - Concluded Angle 

M = 5'"34 

w = 1 '41 
I - - - o - 7 1  
w 
C = 47°46' 5If-34 

M =  24" '75 

= .68 
1 - = 
w 1 -47 

=73019t1c.75 

Angle 
between 

xx & XVIII 

XVIII 8t XVI 

Circle readings, telescope being set on XX 

238'56' 58'55' 248'6' 6g06' 259' 17' 79'17' 26g023' 8g023' 279'83' 99'33' 289'44' 1w49/ 

n II I H 4 n v r n n 'I ~t 

h 0'70 h 1.20 1 5-60 h 4.60 1 5-56 1 3-13 h 10.26 h 6.96 h 8.77 1 8.06 1 5'40 1 5'14 
Jr 0'23 h 1-23 1 3.84 1 5.07 1 6.00 1 1.77 h 9.20 h 6.17 h 9.56 1 7.04 1 7'00 1 5'33 

0.47 1.21 4'72 4.84 5-78 2.45 9'73 6.56 9-32 7'55 6-20 5'23 

h 29-00 h 31.50 1 23-40 h 25-33 1 24'37 1 29'70 h 18.67 1 19.26 h 22'17 l 2 0 ' 1 4  1 23-80 129.26 
k30-go h30.43 1 25-26 t? 35-93 1 23'40 1 28'77 h 18.70 121.06 h23.44 121.93 122'00 128'50 

29'95 30'97 24-33 25-63 23-88 29'24 18.68 20.16 21-31 21.03 22.90 28-88 



GUZERAT LOh'GITUDiNhL SERIES. 

At XVII (Jhinjhar)-(Continued). 

Angle 
between 

XVI & XV 

Circle readings, telescope being set on XX 

2W65' 6B065' 2-49" 6' 69'6' 259" 17' 79" 17' 269O23' 89'23' 27g033' 99033' 289°4A' 109'44' 

n n v 4 v v 0 It n n v n 

h 59.24 h61 .23  161.70  1 58'54 165 '10  1 59-97 h 6 7 - 6 3  167 '30  h63.00  164.66 164.53 Z 61-20 
h58.50 h61.64  161.24  160.53 164.37 2 61-40  h67.16  165.64  164 '63  2 64.63 166.27 1 6 1 ' 5 3  

58.87 61-44 61'47 59.53 64.74 60.68 67'40 66'47 63'81 64.6j  65'40 61.36 

M - Mean of Groups 
w - Relative Weight - COncludedlLngle 

M = 6zU. 9 9  

= '5 '  
1 - = 0 . 6 6  
W 

C = 54O16'  2".99 

At XVIII (Wastrhl) 

*Febmary 1852 ; observed by Lieutenant E. Rivers with Boughton and Simms' 18-inch Theodolite No. 2. 
+December 1858 ; and $January 1859 ; observed by Captain D. J .  N m y t h ,  R.E., with Troughton and Sinam' 

Angle 
between 

t 
XVI & XVII 

$ 
XVI & XVII 

t 
XVII & XX 

k l e r c i r o l s e  

# 

XX & XXZ 

18-inch I'heodolite No. 2. 

Circle readings, telescope being set on XVI 

309"5(Y 129O50' 820" 1' 1400 1' 330'11' 1500 11' 340017' 160°17' 350"28' 170028' 0039' 1800 3Y 

v n 4 4 n n ,I w a ? I n 

h 35.27 h39.67 h 3 q 7 7  h 38.16 h 36.33 1 41.64 1 36.23 1 38.20 1 35'37 1 33.16 1 29.93 1 33'37 
h35.76 h39.06 h33.56 A39.37 h 35-50 1 40.97 1 34.80 1 36'77 134 '86  1 33'67 1 29.04 1 32 0 7  

35'5' 39'36 34 ' I7  S8'76 35'g2 41.30 35'S2 37'48 35.12 33-41 29'49 32 '72  

h 36.50 h 35.57 h 33.47 h 39.76 h 37-40 h39.10 h 36.83 71 36.66 1 34.14 1 38.73' 1 33.84 i 36.64 
h36.10  h 36.27 h 33'80 h 39'57 h 38'33 h 40.40 h 36-60 h 37'37 1 37.50 136 '77  1 32.93 1 35.86 

h 35'43 136.07 138.07 132.53 136.03  

36.30 35'76 33.64 39'66 37'87 40.05 36'71 37.02 35-90 37'86 33-10 36.18 

hz4.00 h24.16 h 25.16 h25.24 h 34-30 124.50 1 32.57 134.13 130.53 134.17 129.13  1 33.37 
625.04 h 22.77 h 25'87 h 27.13 h 32.33 1 24.27 E 3 3 . 7 ~  1 36'00 1 33.70 1 34'83 1 31 '73  1 33'66 

1 3 1 ' 1 4  

24.j2 23'47 25.51 26.19 33.31 24'39 33.13 35'07 30.61 34'jO 30.67 33'52 

200043' W40' 210'60' 30'60' 220.69' 40058' 231°7' 51'7' 241'16' 61'16' 251°29' 71°28' 

h42.10 h 42-80 h 46.00 h42.93 h 44.73 h 45-03 h 45.20 h 41.73 1 48.43 1 44.90 1 46.67 Z 41-86 
h 41'30 h 42'00 h 48.83 h43.66 h 44.97 h 45'13 R 4 5 . j ~  h 41.20 1 46.34 1 45.97 1 45'07 1 44-40 
h39.67  h41.27  hq6 .13  1 47-04 142 '57  
h 41.26 

41-08 42.02 46.99 43.30 44.85 45.08 45'38 41.47 47'27 45'43 45'87 42'94 

M - Mean of Groups 
UI = Relative Weight - COncludedAng'e 

M - 35""73 
w - 1 -16 

W = 3 -86  

J - - o - 2 6  
w 
C = 50' 10 '36" -38  

M - 36O.67 
, , 

M = 29'"j7 

w = 0 . 6 0  
1 - = I -66 
W 
C = 94' 8' 2 9 " ' j 7  

= 4 4 " ' 3 1  

w = z -58  
I - = 
W 0 '39 
C = 70' 19' 44"' 30 



PRIKCIPAL TRIBKBULATION~ OBSERVED ANGLES. 2 7 7  

At X V I I I  (Wastrhl)-(Continued). 

Angle . 
between 

XX 

a 

X I X  & XVI 

Circle readings, telescope being set on X X  

m40' 20040' 210"W 8OO W 220069' 40068' 231°7' 61°7' 241'16' 61°16' 251'29' 71°28' 

a I 4 It 4 4 4 * . N  I )  II I 

I 7-70 i 10.80 h 5.57 I 8.30 A 7-40 h 10.54 h 5.14 L 3-14 z 3.77 z 4.40 z 4'13 1 7.87 
h 8.20 h 9.86 h 4.93 h 8.87 h 7-67 h11.27 h 3-23 h 4'90 1 2.36 2 4.43 1 5.16 1 9.j3 
h 5.33 h 9.13 h 7 .64 1 2'30 . 1 8.70 
h 6'57 

- 

6.95 9.93 6.05 8.59 7 '53 1 0 . g ~  4.18 4-02 2.81 4.42 4.64 8.70 

h60.53 h 58.76 h 62.53 h62.47 k65.40 h60.90 k63.66 1'65.26 Z 60.06 1 59.53 1 60.70 1 61.87 
h59.67 h 59'64 h 6 6  10 h62.97 h64.60 h 59.80 h64.87 h64.07 160.04 l60 .50  l 6 1 . 1 7  159.50 

h 59.04 h 64.13 164.13 157 '50 

60.10 59-15 64-25 62'72 65-00 60.35 64-27 64.66 61.41 60.02 60.93 59.62 

M - Mem of G m t ~ p ~  
w - Relative Weight 
C - ConcludedAngle 

M =  6".56 

W = 1 ' 70  
- -  1 = 0 '59 
W 
C = 89' 2' 6"- 36 

M = 6lW'87 

w I = 2 '29 
- =  0'* 
W 

c =560,9# 1f/.86 

At X I X  (5anoda) 

Februa y 1852 ; observed by Zieutenant H. River8 with Troughton and Simms' 18-inch Theodolite No. 2. 

Angle 
between 

Xvldr XV1ll 

xVIII & xXI 

Circle readings, telescope being set on XVI 

154'7' . 33@ 7' 164'17' 8 M  17' 174'25' 354O25' 184'34' 4'34' 194'43' 14'43' mP055' 2f 66' 

4 v * .  4 n I n n I n " 
139.17 h39.06 140.17 140.77 h41.44 139.26 136.03 1138.14 038.56 144.76 127.53 h37.83 
h39.33 h 39.67 h 39.83 1 40.23 h 43.06 h 38.20 h 33.60 h 3 9 9 3  h40.37 h44.10 1 30.10 h 37.17 

39'25 39-37 40.00 40'50 42'25 38.73 34.81 39'04 39.46 44'43 28.82 37.50 

h 5 9  7 3  h68.23 h 55'13 h57.90 159'37 h 57'40 169 '34 h 59-73 1 58'17 157 '23 164'27 154.06 
h 58.07 h 69'67 h 57.17 h 56-94 160 50 h 58'40 h 68.10 h 58.27 I! 59.80 1 57'67 1 62.50 1 51.23 

58.90 6 8 9 5  56.15 57'42 59'94 57.90 68.72 59.00 58'98 57'45 63'39 52'64 

M - Mesn of C)mups 
w - Relative Weigll~ 
C - Concluded Angle 

M = 38"-68 
= 0° . 7 8  

I - = I - 2 8  
W 
C = 6 0 °  8'38".68 

M = 59"'95 
w = o - 5 1  
I - - - I -9% 

W 

C =q6~q3p59~t .95  

At xx (Pfi) 
llillarch 1852 ; observed by Ziezltenmt H. Rivers toith T~.oughtora and Simm'  18-inch Theodolite No. 2. 

$l)ecember 1858 ; observed by Capt. 'D. J. Nasmyth, R.B., with Troughton and Simm' 18-inch l'J&eodolite No. 2. 

Angle 
between 

11 
XXII & XXI 

* 

Circle readings, telescope being set on XXII 

803029' 123028' 313039' 133'39' 323'47' 143O4.7' 333'56' 153066' 39106' 16405' 354Ol8' 174" 17' 

w " .  '* n n n n n w II n 4 

h 4.10 h 13-17 1 6.30 1 9.77 1 1.73 1 10.37 1 5.07 1 6.70 1 4.63 h 5-20 h 5.97 h 7.34 
h 4.80 h 11'57 1 5.10 1 8.67 1 0.54 1 8.90 1 3.63 1 5.30 1 5-14 h 5'47 h 2.64 h 5'07 
h 6.50 1 8.70 1 3.80 h 7'23 h 3'43 

5'13 12.37 5.70 9.22 1.14 9.32 4.17 6.00 5.67 5-33 4.0: 6.11 

M - Mean of Groups 
w - Relative Weigllt 
c - Concl~dedh~ngle 

M =  6".19 

, = 
I 

1 '35 
- - , - 0 '74 
C = 56'33' 6".19 



28-, 
GUZEBAT LONGITUDINAL SERIES. 

( 

At X X  (P&lri)-( Continued). 

M - Mean of Grou 
w - Relative we igR 
C ' Concluded Angle 

M = 25"' 24 

w = 1 -37 
I - - 
W - 0 ' 7 3  
C = 56' 5' 2jw'24 

M = 25'/'83 

= 0 '99 
1- - - - I ' 0 1  

W 

C =3g0  5'25"'83 

Angle 
between 

II 
XXI & XVIU 

§ 
XVlII & 
XVII 

Circle readings, telescope being set on XXII 

303'29' 128026 813O89' 133039' 323'47' 143'47' 333O56' 15305G1 344" 5' 1610 5' 354'18' 17.L0 17' 

n e n n n I! n n q II n n 

h 23.93 h 23.80 Z 25.j6 1 21'40 1 31-60 1 22.60 1 30.00 1 29.83 1 22.80 h 2 5.03 h 23.83 h 24-03 
h 26'20 h24.57 1 26-13 1 22-13 1 29.80 1 24'66 1 27.10 1 30'03 11 22.44 h 22.43 h 21.43 h 23'03 
h 26.87 1 26 67 1 26.03 h 23 20 h 22.80 

25.67 24'19 25-84 21-77 30.70 24.64 27-71 29.93 22'62 23-55 22-69 23.53 

Circle reading, telescope being set on XVIII 

0" 1' 180" 1' lo0 11' 1900 11' 20'22' 200022' 30028' 21W28' 40039' 220039' 50'49' 230049' 

n I n n I w I n n n n n 

h 22.20 h 2 7 0 0  1 20.66 1 25'5)O Z 26.84 121.07 1 28.30 129.46 1 30.60 Z 25.04 130.43 1 24-96 
h20.76 h26.60 1 2 1  0 3  1 22'83 1 26'64 1 22.03 1 28'47 1 29.74 131 '46  1 26.00 1 28 6 0  2 24'03 

123 '23 

21-48 26.80 20.85 23.99 26.74 21.55 28.38 29.60 31.03 25.52 2 9 . j ~  24.49 

At X X I  (Sola) 

blarch 1852 ; obsel-ved by Zieutewnt H. Bivers with Troughton awd Sintma' 18-inch Theodolite No. 2 .  

Angle 
between 

XI9 & XTIII 

XVIII &XX 

XX & XXII 

Circle readings, telescope being eet on XIX 

141°41' 321'41' 161°52' 331'52' 16201' 342'1' 17209' 35209' 18Z0 18' 20 18' 192'30' 12031' 

n II n n I, n I R II n t n 

h 61.37 h 52'13 1 57'73 h 55'77 L 56.17 h 56'60 h 5 1.46 h 47'64 h 49.26 h 51'37 h 56-03 h 47'67 
h57.97 h 51'17 160.20 h 58'30 h61 .17  h 54.27 h 52-93 h48.24 h48.56 h 49'13 h 55'17 h 50'54 

57-13 h 58.83 h 57'23 h 51'83 h50.43 h 52.73 h 51.50 

M - Mean of Ctroup 
w - Relative Wright 
(2 ' Concluded Angle 

M = 53"-62 

w = 0 - 7 0  

I - .43 - - 
58.82 51.65 58-97 57.63 58.19 54'23 jZ91g 47.94 48.91 50'31 54-64 49.90 C = 44' 1 3 ' j ~ " ~ 3  i W  

h47.90 h 52 07 h48.23 h53.50 h46.20 h 52.60 h49.40 h48.56 h 52.44 h47.26 h44  67 h43-66 
h 48.40 h 51 07 h 47'87 A 49.10 h 49 26 h 53.40 h 47.24 h 48 16 h 50.30 h 48 37 h43.10 h46.03 

h 49.84 1 49-63 h 47'67 h 46'57 h 48.57 

48.1 j 50'99 48.58 50'09 47-34 53-00 48.40 48.36 51-37 47.82 43-88 44.85 

h33-70 h 34-20 h 33'97 Z 33.63 h39.53 k 32'47 h38.30 h 38.04 1 3,'60 1 3  5-74 h36.20 h 38-90 
h 32'46 h 31.10 1 34.90 1 32.33 h 40.97 h 31.90 h 41.53 h 39.27 1 37.03 1 3  5.26 h 36 93 h 40.20 

h 30. jo 136.37 

33-08 31'93 34'44 32.98 40 25 32.18 39'92. 38'65 36.00 35-50 36.57 39'55 

M =  48'"57 

w = I '65 
I - = o -61 
W 

(2 = j30 34' 48"'56 

M = 35R'92 

to = 1 ' 2 1  
1 - = o -83 
69 
&! = 56°23'3j'f'92 - 



PRINCIPAL TI$IANQULATION. OBSERVED ANGLES. 
29-, 

At XXI (Sola)-( Continued). 

M - Menn of Groups 
w - Ralatire Weight 
C - Concluded Angle 

M = 34"-81  

20 = 1 -14 
I - - - o - 8 8  

w 
C =64O ~ 0 ' . 3 4 ~ ' 8 1  

Angle 
between 

XXII &XSIII 
, - 

, . .  

. . 

Circle readings, tslescope being set on XIX 

141°41' 321°41' 151°52' 331'52' 162O1' 342' 1' 172"9' 352'9' 1820 18' 2018' 19f 30' 12031' 

* v v n n II n 11 n n .  n I' 

h 37'73 h 35'03 h 37-50 1 38'23 h 31.07 h 38'76 h 32.67. h 31.93 1 34-23 134'06 h 33'73 h 35'73 
h 37'50 h 39'50 1 36'34 ' 1  40'07 h 29.20 h 38-63 h 29'60 h 30.07 1 31-47 133.64 h 3 5'17 h 34.90 

h 37'23 1 31.06 

37-62 37.25 36'92 39-15 30.13 38.70 31.13 31.00 32.25 33-85 34.45 35.32 

At XXII (Stinand) 

March 1852 ; obee?ved by Aimtenant H. Rivers loith Tt*oughton and Sinzms' 18-itzch Theodolite.No. 2. 

Angle 
between 

XXIV 8t 
XX1ll 

XXIII & XXI 

X S I & X X  

Circle readings, telescope being set on ~ ~ f i  
281'40' 10l040' 291°61' 111°61' 30200' 1'2200' 3120 9' 132°8' 322018' 142'18' 532'29' 162'29' 

w n m n Y n .  w a Y I w 

h49.53 h 46.76 h 46.83 h 45.14 h 43-00 h 50'06 IL 41.80 h 41.54 h40.04 h43.76 h 44.20 1 45-97 
h 47-30 h 48-83 h 47.37 h 43-70 A 4j.03 h 50'17 h 40'67 h 41'67 h 41.17 h 40'60 1 46.26 1 46.13 
h 46.46 h 48.60 h 46'63 h 41.80 1 45.83 

47.76 48.80 47.60 45-16 44-01 50.12 41.23 41-61 40.60 42.05 46.10 46.05 

h 9.00 h 7.97 h h 16.23 h 15.17 h 10.87 h 17'87 h 15.50 h 13-96 h11.94 h 11 .23  I 10-83 
h xo.zo h 8'70 A 12-76 A 16 30 h 15.44 h 9.63 h 16.87 lc 14.60 h 13.60 h 1z.17 1 13.00 I 10.55 

h 14.90 h 19.70 

M - Menn of Qrou 
w = Relative IVeigE 
C - Concluded Angle 

M = 45"'09 

= I -13 
I - =  0 . 8 8  

W 

C = 78' 20' 45a '09  

M = 1 2 ~ ~ 8 9  

W = I ' 3 9  
I 

At XXIII (Hhjipur) 

March 1852 ; obsewed by Lieutenant H. Rivers with Trouyhton and Sin~ms' 18-inch Theodolite No, 2. 

Angle 
beta-een 

XXI&XXII 

. 

I ID = 

0 ' 7 %  
9.60 8'34 13'56 15.81 15'31 10-25 18-15 15.05 13.78 12-05 12.12 10.68 c = 25' ,2n.90 

h 20.83 h 21.77 h 16.46 h 19.03 6 20.46 h 18.87 h 16.53 h 18.73 h 19-50 h 20.16 h 18.27 1 20'77 
h 19.80 Irzo.53 817.34 h18 .1o*h18 . j3  h19.07 h 19.16 h 19.83 h19.97 hz1.90 Ir18.16 11g.34 

It 13-96 

20.32 21'15 16.90 . 18.56 19'50 18.97 16'55 19-28 19.73 21'03 18.22 20'05 

Cil-cle readings, tolescope being set on XXT' M - Mean of Groups 
to - Relative Weight 

0'' 1' 180° 1' 100 12' 190' 12' 20'20' 200°20' 30' 8' 210'29' 400 38' 2 s  3Y SOO 50' 230'60' C -. Coucluded Angle 
,' 1 

M = 19"'19 

to = 4 '74 
I - - - 0 ' 2 1  
w 
c = 6;O 3t rg*. I 8  

v II ,I H Y Y I n H 11 n 

h 14-77 h 13'97 h 17.67 h 15.03 h 16.43 1 10.47 1 17'07 1 14'50 h 13'44 h 15'20 h 16-27 h 15-40 
h14.47 h13.97 h 1 ~ ' 2 0 h 1 ~ ' 1 0 ~ 1 6 ' 0 3 ~ 1 2 ~ 0 6 ~ 1 6 ~ 2 3 ~ 1 6 ' 5 6  hI2.77 hI3.10 h1 .$ '20h15 '80  
h 16.50 

1j.25 13'97 18'44 15.06 16-23 11.27 16-65 I5 ' j3  13.10 14.15 15'24 15.60 

M = 1 5 ~ ' 0 4  

= 3 '40' 
I - - - o - 2 9  

w 
C =67O27 '15 ' '04  



GUZERAT LONGITUDINAL SERIES. 

4 

At XXIII (H6jipur)-(Continued). 

Angle 
between 

%y&! . 

XXIV 8t 
xxv 

Circle readinge, telescope being set on XXI 

001' 180'1' 10°1!4' 190°12' 20020' 200020' 80029' 210°29' 40038' 220089' 600 W 2@50' 

I v 0 4 0 4 4 4 I 4 4 I 

h30.63 h 32'56 h 29.43 h 34.04 1 31-00 1 33'33 1 30.93 1 37.23 h 34.36 h 33.87 A 30'63 h 28.90 
132.67 h 31.33 h 28.74 h 35.23 1 31.74 1 31.44 1 31.64 1 38.34 134.53 h 33.27 h 31-53 h 3 o . m  
h 30'27 11 31'00 

3 1 - 1 9  31.95 29.08 34.64 31-37 33.88 31-29 37-78 34'45 32'71 31.08 29-45 

1 19.34 1 16.60 1 16.54 2 21-20 1 19'07 1 15-23 1 14'34 1 16-03 123'07 h 25'83 h 19-93 h 23'33 
1 18-43 1 17.90 2 15'63 1 16.43 1 18.73 1 12.96 1 16.60 1 17-87 2 23-03 h 24.63 h 21.27 h 21-43 

2 18.20 

18.89 17.25 16.08 18.61 18.90 14-10 15-47 16.95 23.05 25-23 20.60 22.38 

M - Mean of h u p  
w - Relative Weight 
C ' ooncludedbgle 

* = 32"'41 

W = 
1 

1 '93 
- - - 0 'j2 
W 

C = 42' I 8' 32a*41 

M = 18".96 

w = I -04 
I _ - - o -96 
w 
C =49'56'18".96 

At XXlV (Khoraj) 

March 1852 ; observed by Zieutenant E. Rivers with Troughton and Simms' 18-kch Thodoti te  No. 2. 

M - Mean oE(hoa 
w - &latire Wei$ 
C ' hnc ludedhg le  

dl = 16X'56 
W = 0 '99 
1 - - - I 'CI 
w 
C = 5j048'16'.56 

M = 5'""' 

w = I '05 
I .  - =  0 '95 
w 
c = 59022p58".66 

I 

M = 44pa19 

w = 2 '20 
I - =  0'45 
W 

C = 60~52'44~*19 
I 

Angle 
between 

XXvII I 

XXVI & 
XXV 

XXV 
X I 1 1  

Circle readings, telescope being set on XXVII 

18S058' 8"67' 194" 9' 14'8' 204" 16' 24" 16' 214'25' 84'25' 2240 35' 44'34' 234'47' 64'46' 

4 4 4 I I v 4 n ? 4 I 4 

120.54 h 20.80 h 8.36 1 17.90 ?I 14-71 119.56 1 18.06 h 16.64 2 1 6 . 8 ~  I 13.10 h 13.40 h 15-31 
h 19.36 h 23.40 h 10.46 h 18.00 h 13'47 h 21-54 t? 17'94 h 16-40 1 13'97 1 16.67 h 14'74 h 15.96 

h 21.87 1 15-86 2 15-13 

19'95 22'02 9.41 17.95 14-11 2(3'55 18.00 16.52 15-54 14'97- 14'07 15.65 

h j6.70 h 54.30 K 54'67 1 59.20 h 63.06 h 54.40 1 62.70 h ~ C ' I  3 1 58-60 Z 62-84 h 60'10 1 60.20 
h 56.00 h 53.83 Ir 51.84 h58.10 h61 .93  h 54.66 161.96 h62.50 159'27 161.07 h59.46 h60.26 

56.35 54-07 53-25 58.65 62.50 54-53 62.33 61-31  58'94 61.95 59.78 60.23 

h 43.50 h 44.14 h 42.70 1 43'97 h 42-04 h 49-00 1 42.04 h 41-20 1 46.00 1 43'70 h 45-76 1 43-10 
h 45.17 h 47.67 h 42.60 h 44.97 141.90 h 48.00 1 42.30 h 39.84 1 45.13 143.33 147.17 h 45.90 

h 46.07 h39'53 

44'34 45.96 42.65 44'47 41.97 48-50 42.17 40.19 45'56 43-52 46'46 44.50 



PRINCIPAL ~ I A N ~ U L A T I O N .  OBSERVED APU'GLES. 31-x. 

. 

- 
At XXIV (Khoraj)-(Continued). 

angle 
between 

='I1 ' 
X X I I  

Circle readings, telescope boing set on XXVII 
188"68' 8067' 194'9' 1 4 " I  204" 16 24'16' 21C25' 84'26' 22.gC 85' 4#8# 284'47' U046' 

n n n a n n w n n N n n 

h 40'83 h 42-10 h 43'44 1 43'43 h45-7c\ h 39.50 1 42.90 h 46-77 1 41.80 1 41'93 h 40.54 1 39'94 
h 41.93 h 40.47 h 41.10 1 41-03 h 47.57 h 40.27 Z 43.57 h 45.26 1 42.93 1 42.30 h 39.37 h 37.80 

h 41.50 1 42-80 h 42-93 

41-38 41.36 42.45 42.46 46.64 39.88 43-24 46.01 42-37 42.1 I 39.96 38-87 

iK - Yean of Grnu 
m - Re1ntive ~ e i $  
C - Concluded Angle 

M = 42"' 23 

to = . 
I 
-- = 0 - 4 6  
W 

C = 5g020'42" '23 

At XXV (Wtidrora) 

March 1852 ; observed by Zieutenant E. Rivers with Troughton and Simms' l&inch Theodolite No. 2. 

M = Mean of Qronp 
w - Relative Weight 
' &?la 

M = j f H ' O O  

w = r - 6 9  
I - = 
w 0 ' 59  
C =69°10 '57" 'w  

M.= I~''. 1 9  

w = 0 -89 
I - = I -13 
w 
c =60050t lz f l .20  

Angle 
batween 

XXIII 
XX1v 

XXIVQ 
XXvl . 

Circle readings, telescope being set on XXI l I  

XU)OO' 60'0' 94OD11' 60" 11' 2500 19' 17' 19' 260028' 80'28' 270'38' 90'37' 280049' 1000 49' 

n n a n n Y n I )  1 a n n 

h 5s 87 2 55'37 h 56-13 h 52'37 1 56-20 h 54'33 1 56.30 1 54.70 Z 59.63 1 59.50 1 58-43 161'37 
h60.47 1 57'77 h 57.80 h 51-50 1 56'83 h 54'67 1 58.00 2 52.93 1 56.96 160.47 1 57'93 2 62-53 
h 57.60 1 54.76 h 5 4'43 161.87 

57'98 55'97 56.97 52'77 56.51 54.50 57-15 53'82. 58.29 59-99 58.18 61.92 

h 13-37 l 12 83 h 15.37 h 18.63 h I 2 - p  h 18.77 1 10.97 1 5.90 1 11.17 1 9-80 1 11.83 1 7-20 
h15.06 113.20 h1q.50 h17.27 111.30 h19.17 111.00 1 7-70 1 9.20 1 8.66 111.77 1 7.47 
h14.94 ?8 I3.37 

14.46 13-02 14-93 16.42 12.10 18.97 10.99 6.80 10.18 9'23 11.80 7.34 

At XXVI (Hasalpur) 

Hay 1852 ; observed by liiezctefzalat H. Rivere with l'vwghton and Simms' 18-inch Theodolite No. 2. 

Angle 
between 

XXV ' 
XXIV 

XXIV 
XXV1l 

Circle readings, telescope being aet on XXV 

00 1' 180" 1' 100 12' 1900 12' 20020' 200020' 800 29' 2100 29' ld0038' 220038' 600 61' 23006(Y 

n n n a Y n Y n n n n n 

h 48.04 h43.47 149.57 152.37 154'53 146.87 149.13 1 51.87 148'57 h 49-66 h49.63 h 51'27 
h 50.44 h 13.30 1 46-33 1 49-40 1 52.66 1 48.m 148.63 1 52.20 146.10 h 48-47 1 46-93 1 50.63 
h 47.90 1 46-53 148.10 

48-79 43'39 47'48 49'96 53'59 47'44 48-88 52-03 47-34 49'06 48.28 50'95 

h 36.73 h 40 23 1 34.53 1 35.66 1 30.40 1 34.56 1 34.27 1 32.63 1 36.30 h 38.40 h 36.80 D 36.53 
h 32.73 h40.56 137'17 1 37'74 1 30'60 1 36.00 1 35'93 1 30'67 1 36-46 h33.13 1 33'47 1 34'77 
h 34.40 136'37 39'50 

34'62 40.40 36-02 36-70 30.50 35.28 35.10 31-65 36-38 38'68 35-13 35-65 

M - &rean of amu 
u, - Bslntive 
C - Concludedhgle 

M -- 48"' 9 3  

to = 1 - 6 4  
I - = o .6 r  
w 
C = j g O  46' 48"' 93 

M =  38'51 
= I .60 

I _ - - o ' 63  
w 
C =60~21 '35~-52  



32-, GUZERAT LOSGITUDINAL SERIES. 

' T h  \-due akould be .M.X : Lllc error w u  not dcluctccl ~ u ~ t i l  ul'ler courpletiun oE Lke calculationu. 

At XXVI (Hasalpur) -(Continued). 

H = Mean of Group8 
w - Relntive Weight 

= 

M = 6 6 " . 0 3  

w = o -89 
- - - I ' I 3  

W 
C = 48'35' 6"*03 

M =  l3" '97  

, = .50 
i - - 
20 - J ' 9 9  . 

C = 6< 8# 1 3 N . 9 7  

Angle 
between 

",",Kit 

X ~ ~ ~ < &  

Circle readings, telescope being set on XXV 

0" 1' 180' 1' 10" 12' 190" 12' 20" 20' 200" 20' 303 29' 210°29' 40" 38' 220038' 50°51' 230050' 

I 11 ,I ,I I I ,I ,I ,I Y # " 
1 62-87 h 58.94 2 67.74 168.17 168.87 1 68.20 1 71.00 1 66.23 167'93 h 67'24 h 62.13 h 61-90 
1 62.14 h 58.70 1 69.93 1 67.43 1 68.27 1 64.47 1 70.24 1 70.10 h 65.94 h 69.20 1 60.93 1 65.17 

1 6 5.30 h 67'57 

62.j1 58.82 68.83 67.80 68-57 65.99 70.62 69.17 66.93 68.00 61.53 63'54 

I Z j  44 1 16.j3 1 11.00 1 11.37 1 14'20 1 14.07 1 I O ' I C  1 19.57 1 14.27 h 8.90 1 11.90 1 6'33 
l 2 4 2 0  1 18.47 1 11.47 113.70 1 16-37 1 16.30 1 10.76 120.0) h 1I.m h 8.57 1 9.70 1 9 - j o  

I' 12.60 1 10.27 

24.82 17'50 11.24 12.53 15'29 15.18 10.43 19.80 12.62 8'74 10.80 8.70 

At XXVII (Tliuleta) 

Narch 1852 ; observed by Xieutenant X. Rivers with Trougl~ton and Sin~?m' 18-inch Theodolite No. 2 .  

Angle 
bctwecn 

I 

XxVIII & 
XCVl  

XXvT 
X S l V  

% 

Circle readings, telescope being set on XXVIII 

28g03G' 10g036' 29g047' 11g04i' 30865' 129°56' 320°4' 1.1004' 330° 13' 150°13' 3-100 25' 160°%&' 

,I w * w n n n w ,I )I I " 
7~ 34'97 h 41.20 1 37'00 h 36.60 t 34-17 1 40'80 1 33'73 1 36'40 h 38'74 h 38-44 h 35.37 R 35-33 
h 3 7 . ~ 3  h 42'j6 1 34'83 h 35'44 1 33.93 1 41.20 1 36.37 1 3 j.83 h 36.70 h 3S.54 h 34'63 h 37.93 
I& 35'57 135'23 h 32'93 h 36 96 h 38.94 h 36.70 

35.86 41.88 35.69 36.02 31.05 41.00 34.31 36.12 37.47 38.64 35.00 37.32 

h 5.23 h 6.43 h 7.90 h 4.84 1 11.53 1 1.97 1 4.37 1 8.70 h 4.86 h 4e96 h 8.73 1 5.80 
h 7.40 IL 5.17 1 6.53 k 8'63 1 I 1-27 1 3'36 1 5 . ~ 3 .  I 6.80 h 7-20 k 2.96 h 7'jo h 5.67 
a 7'7O 18 7'84 h 4'97 h 4'10 

6.78 5.80 7.22 7.10 11.40 2.66 4.70 7'75 5.68 4'01 8.12 5'73 

dl - . Mean of Group 
w = Helat,ive Weight 
C - Concluded h g l e  

M = 3 6 " - 9 5  

w = f '86 

- I - , - 0 '54 
C = 70°25'36'/'95 

M = 6 X ' 4 ~  

= .23 
1 
- = 0 '45 
W 

c = 6 3 0 5 0 '  6N.,+, 

At XXVII 1 (Kbrjgringar) 

blicrch 1852 ; obse~.ved by Lieu tena12t.s H. Rivers and D.  J. ~Vasmyth R.E., witlz Trougl~ton and Sinanls' l&inch 
2'heodolite A-0. 2 .  

Angle 
between 

XXX & 
YXIX 

Circle readi~lgs, tel~scope being set on XXX 
' 

29609' 11GC9' aOG"20' 12G02W 316028' 13G028' 32603~' 14G'3Gf 3 3 6 0 ~ ~  166e45' 346057' 166057 

,, v I w I ,I I H I ,, " 
1 41.10 1 39. jo h 38.63 1*42'53 11 38.87 1 46.30 1 34-87 1 38.94 1 37.00 1 42.13 1 37'jO 1 44.23 
1 40.96 142.76 h37.17 h 45'53 140.24 146.67 136.06 138.60 138'17 142'20 h39.86 h41.00 

1 43.60 h42.23 
-- - - 

41'03 42'02 37.90 44.03 39.j6 46.48 35.47 38.77 37'58 42.17 38.68 42.49 

N = Ifcan of Groups 
w = ltelntive Weight 
C - Collcluded Angle 

M = 4 o V ' 5 2  

w = I '19 
1 
- = o '84 
20 

C = 63' j2'401"53 





GtUZEItlLT LONGITUDINAL SERIEB. 
-- 

NOTZ.-B.M. denotes Befcrring Mark. * Correction to reduce to position of preaezt satation mark ; sea description of station XXXI. 

- -- 

At X X X  (Ingrori) 

* April 1852 ; and -/- December 1852 ; ohserved by Lieutenant H. Rivers with Boughton and Simms' 
18-inch Theodolite No. 2 .  

Angle 
between 

t 
XXXII & 
XXXI 

t 
XXXI & 

It. M. 

I 

R. M. 
& XXTX 

XXIX & 
XXVIII 

Circle readings, telescope being set on =I1 

261'1' 81'1' 271'12' 91°12' 281'20' 101'20' 291°29' 111°2Y 301'38' 121°38' 311°50' 131°60' 

x n 4 v a I ,I n a I w v 

162.30 1 54.23 1 64.04 1 56.60 164.90 1 59.20 163.27 163.40 l61*90 162.80 1 62-70 Z 55.83 
1 6 3  30 1 52-43 164.13 157'66 163.46 161.33 162  97 161.06 161.70 164'34 161'30 1 57'23 
162  36 161.97 

62'65 53.33 64.09 57.13 64.18 60.26 63.12 62.14 61.80 63-57 62'00 56 53 

1zz.94 1zo.go 1 14.96 1 25.60 115.76 1 19.70 116.23 113.13 112.60 1 14.33 1 12.50 1 16-77 
1 16 97 1 22.60 1 18.67 122'84 1 16.84 1 19.20 17'03 I? I0  37 1 13.73 1 12-93 1 15'04 1 17.10 
121.17 1 18.93 1 22.07 1 11-70 1 14-36 

M - Mean of Qronp 
tu - Relative Weight 
C = Concludedhgle 

M = 60"- 90 

w = 0 '99 
I - - - I '01 
w 
C , { 5 3 O  26' off.90 

*-o -01 

M =  1f"'08 

= . 8 6  
1 - = I. -1, 
w 

At X X X I  (Degdm) 

January 1853 ; obsemed by Lieutenant H. Bivers with Troughton and Simm' 18-inch Theodolite No. 2. 

2036 21.75 17.52 23.50 16.30 19.45 16.63 11.73 13.17 13-63 13.97 16-93 

M = Me n of Groupe 
m = ~ e t t i r e  Weight 
C - ConcludedAngle 

M = 28"'85 

w = I .56 
I - =  0 . 6 4  
w 
C = 54'53' 28"-86 

Angle 
between 

XXIX & 
S X X  

c = { ~ ~ ~ ~ ~ ~ ~ ~ ' ~ ~  *+o -01 

Circle readings, telescope being set on XXIX 

0'1' 180"2' lo"l2' 190"13' 20021' 200021' 30029' 210029' 40038' 220038' 60060' 230'50' 

a I 4 R II n ,I a 4 I I v 

l26.20 134.10 130.13 1 27.47 133.60 1 a3.80 131.63 128.96 1 29-60 1 27.47 127.57 1 25.00 
126.73 131.80 129.33 129.63 133'06 124.20 1 28-60 1 29.10 128.10 1 3 0  50 1 29.24 127.33 

133.17 131.80 1 25.90 

26-47 33'02 29.73 28.55 33'33 24.00 30'68 29.03 28.85 2796 28.40 26.17 

h35-37 h 39'47 h 31.63 h30.17 h 34'73 h 32'83 134.44 142.07 h 42.77 h 40'83 138.93 1 40'70 
7~33.61 h 37.33 h34.64 h33-90 h 35-50 h33.93 134.37 139.54 h42.50 h 43-16 141'27 1 38.90 
h35.14 h 37-43 h35-67 h36.00 1 34.16 1 38.60 

h37.64 

34.72 38.07 33.98 34'43 35.12. 33'38 34.32 40'07 42.63 42.00 4o.10 39-80 

h66.93 h 59'43 h69.44 h62.80 7~62.93 h63.87 h66.90 162.37 h 60.76 R 58.50 1 56'37 161'83 
h66.63 h60.80 h67.26 h61.50 h62.34 h62.37 167.90 1 65.66 h58.63 h 58.70 1 57'37 162.63 
h65.36 h 61-24 h 65.93 h 59.46 167'84 1 64-80 

66.31 60.49 67'54 61.25 62-64 63.12 67'55 64.28 59.69 58.60 56.87 62-23 

M =  37U'39 

W = 
I 

0 '97 
- - - I -03 
W 

C = 18' 26' ~ 7 ~ ~ 3 7  

LM = 62"-5.5 

w = 0 . 9 9  
I - - - 1 '01 
W 

C =67'59 '  2"-56 



PRINCIPAL TBI ANQULATIOA. OBSERVED ANQLEB. 3 5 7  

8 Correction to reduce to position of prwent etation mark; see description of station XXXI. 

At XXXI @eg$m)-(Conthwd).  
/ 

Angle 
between 

XXX&XXXII 

XXX1l ' 
-I1 

Circle readings, telescope being set on XXIX 

001' l80"2' 100 12' 19Q018' 20°21f 200021' 80029' 2100 29' 400 38' 2200 38' 6(P MY 230°W 

v 4 v w w n N v n n 4 4 

140'50 135'84 135.70 140.80 136'43 144'37 1 32.30 138'04 Z 40.50 139-96 141.40 E 42.56 
143'90 134.64 135'44 138.13 137'53 140'10 133'57 138.20 138'83 139'70 d41.50 2 41.83 
1 40.50 1 37.86 2 44'63 

41.63 35-24 35'57 38.93 36.98 43-03 32-94 38-12 39-66 39-83 41-45 42'20 

1 42.84 Z 42.26 1 49-50 1 47-47 h 50.33 h 38-44 1 50.33 1 49.66 1 44.33 1 44.14 1 42'10 Z 44.97 
2 38-23 1 42.63 1 46.40 1 46-54 h 48-30 h 40.17 1 51.90 1 47.30 2 44-17 1 45.14 d 42.20 1 43-97 
t? 42-50 2 47-23 

41'19 42-45 47.71 47.00 49-32 39-30 51-12 48.48 44-25 44'64 42-15 44'47 

M - Mean of h u  s 
w - BeIctivs weigh. 
C = Ooncluddhgle 

M = 38"' 80 

= I .16 
I - = o .86 

' W  

C = 65O25'38"-81 

M = 45"*17 

W = 0 -89 
I _ - - I ' I 2  
w 
C =49°38'45".~7 

At XXXII (Chadri) 

December 1852 ; observed by ljieutenant H. River8 with Troughton and Simms' 18-imh Theodolite No. 2. 

Angle 
between 

XXXIV 8t 
-111 

XXXIII & 
XXXI 

x m & X X X  

0 

Circle readings, telescope being set on XXXIV 

SO4'46' lW46' 314O57' 134"57' 326"S' 145°5' 83K0 14' 155O14: Wi023' 166'23' 855986' 176O86' 

n I 4 n n 4 n 4 v n 4 n 

h39.40 141.53 141.20 137.23 l38.10 140.46 138.16 135'34 135'36 l31.20 138'73 135'27 
h37.17 Z 40'67 2 39-30 136'73 1 37'83 1 39.93 137.76 136'17 134'43 1 29-17 137'34 137'27 

134'24 

38.29 41.10 40'25 36.98 37'96 40.20 37-96 35'75 34-90 31-54 38-03 36.27 

h 18.06 h 18.60 1 18.30 1 23.94 1 17.70 1 1 4 . 9 ~  1 18.74 2 16.63 1 15-97 1 23.07 1 19.20 Z 21.83 
h 17.43 h 18.24 120.67 122.90 1 19.03 115.57 120.70 1 18.06 2 16-94 122.86 120.10 121'50 

1 15.47 1 18.80 
1 15.47 

17'75 16-94 19.49 23'42 18.36 I 5-24 19-41 17'34 16.46 22.96 19'65 21.67 

hzo.30 h 19-56 1 14-07 1 17.80 1 17-70 1 19.70 1 16-23 120.73 Z 24-17 1 19.76 122.00 123'57 
h20.m 124.80 1 14-43 1 18'77 1 18.30 1 20.93 116.07 122.27 2 23.23 1 19-27 122.80 1 21'00 

Z 22-86 Z 20.87 

20.15 22-41 14.25 18.rg 18.m 20-31 16.15 21.50 23.70 19-52 22-40 ~21.81 

M = of amu 
w - Relative ~ e i g &  
C - Concluddhgle 

M = 37"'44 

= J '63 
1 - a o -61 
w 
C = 5 5 O  15'37"'43 

M =  1 9 ~ ~ 0 6  

w = 1 '73 
- I = o ~ 5 8  
w 

M = 1 9 ~ ~ 8 7  

w = I a46 
I - - - o -68 

W 

C = {  
61' 8'1gn.88 

*+o -31 



3%. 
GUZEBAT LOEQITUDINAL SERIES. 

NOT%-Stdon XXI uppertuina to the K s t t y w  Xeridional Series. Oorreation to reduce to position of present station mark ; see de~ription of station X m .  

7 

At XXXIII (Dhrhngadra) 

December 1852 ; observed by -Lieutenant H. Rivers with Troughton and Simm' 18-inch Theodolite No. 2. 

dd - Yean of (fron 
w - Relative 
0 - concluded Angle 

M = 58".31 

w = 1 -27 
I - = 0 '79 
W 

*$.o '29 

= 7tt. Po 

w = I -13 
I - = o .88 
w 
C = 79" 3' 7".20 

M = 58". 73 

w = o -91 
1 - - - 1 . I 0  
w 
C=54"1~'58 ' -73  

Angle 
between 

XXXI & 
XXXII 

\ XXXII & 
XXXIV 

XXXIV ' 
XXXV 

Circle readings, telescope being set on XXXI 

002' 180"Z 10012' 1900 11' 20020' 200020' W29' 210029' 40088' 220098' MPW 230060' 

n w w n v v H ~l Y n 'I 1 

h 58-70 h 53'97 h 59.16 h 56.77 1 62.66 1 53.27 1 57.24 1 62.37 1 55-93 1 60.90 1 58.27 1 58-20 
h 56.27 h 53'73 h57.60 1 60'67 164.43 1 54.40 1 58'04 1 62.70 1 54'73 160'13 1 59.30 h59.50 

h j 8  87 A63 36 
h 59 60 

57-49 53'85 58-38 58-98 63-48 53.83 57.64 62-54 55'33 60.51 58-79 58-85 

h 5.27 h 10'50 1 2.97 h 3'66 1 3'20 1 5'20 1 7'53 1 10.20 1 11-37 1 9.23 1 7'43 1 13'00 
h 5'33 h 11-77 1 z 07 h 4.16 1 1-44 1 5'47 1 8.46 1 8'67 1 8.00 1 10'57 1 9.96 1 9.56 

1 4.87 h 1'30 1 7'90 1 8-67 
~ I I ' W  

5.30 11-14 3'30 3'04 2-32 5'33 8.00 9-43 9-69 9.90 8.43 10.56 

h62.86 h60.73 1 6 j.06 h62.60 1 j9.97 1 59-46 1 55-50 1 57.13 1 58.00 1 56-87 1 54'73 1 51-93 
h 63.30 h 62.10 I 63.83 h 59 27 1 59.33 1 58.13 1 54.47 1 57.50 1 61.03 1 56.63 1 54.01 1 53-30 

B62.67 

63'08 61.42 64'44 61'51 59'65 58.80 54.98 57.32 59-51 56'75 54'69 52.61 

At XXXIV (NBrech6na) 

January 1853 ; observed by -Lieutenant H. Rivers with Trotbghton and Simms' 18-inch Theodolite No. 2. 

dZ - Mean of Group 
PO - Relative Weight 
C - Concludedbgle 

M =  39"'11 

= I -96 
I - - - o -51 
w 
C = 6 3 ° 3 4 r 3 9 1 - ~  

M = 53"- 19 

w = I -38 
I - - - 0 '13 
W 
C = 61' 19'53''-19 

Angle 
between 

XXI & XXXV 

~ X X V  & 
-111 

Circle readings, telescope being set on XXI 

o"2' lW2' lo" 12' 190°12' 20020' 2W' 20' W 29' 210029' QOOa8' 220038' WMY 23@5(Y 

I 5 v n n v ~l v n n n n 

h 39'87 h 38.10 h 40.67 h 37'84 1 44.87 1 36.07 1 38.00 1 36.87 1 35'67 1 36.00 h 42-37 h 40'50 
h 39.63 h 39.07 h 39.63 h 38-00 1 44.40 2 35.43 1 37.30 1 38'53 1 39'80 1 38.20 h 4 1 - 1 j  h 40'57 

1 37 80 

39'75 38'59 40.15 37'92 44'63 35'75 37.65 37.70 37.76 37-10 41-77 40'54 

h 53'73 h 52'87 h 52'77 h 53.80 1 45'77 1 57-87 1 51.27 1 52.90 1 56'53 1 55'00 h51.57 h 55'43 
h 54'50 h 53 54 h 52.27 R 53'73 1 45 07 1 58 26 1 52-40 1 53 73 1 j3.37 1 54'43 h51.96 h 54.87 

1 56.40 1 54'97 

54-12 53'20 51-52 53'77 45-42 57-51 51.83 53'32 54'96 54'71 51-77 55'75 



PRINCIPAL !l!RIANGTJLA!FION. OBSERVED ANGLES. 

~ -~ 

No=.--Stations XVIII and XXI appertain to the I E s t t y m  Meridionel Series. 

. 
At X X X I V  (NBrech&na)-( Continued). 

Angle 
between 

XXXIII 8i 
XXXII 

f 

Circle readings, telescope being set on XXI 

0O2' 180"2' 10O 12' 190" 12' 20920' 200020' 50029' 21002Y 900 38' 2200 38' 60' 60' 230" W 

w v w e w w w w n v w 

h 15-46 h 16.50 h 17.36 h 17-00 I? 25'86 1 16.97 1 23-66 1 18'40 1 23-43 1 16.67 h 14.73 h 14.26 
h 15'40 h 15.60 h 15'70 h 15'20 1 26.03 C? 19.37 1 20'77 I? 19'50 1 24'03 I? 15.13 h 13'50 h 13'90 

h 15.03 1 24-37 h 16.03 

15-43 16.05 16.53 15-74 25.95 18'17 22.93 18.95 23.73 15'90 14'75 14.08 

i?f - Mean of Qron 
UJ - Ralstire ~ e i g c  
C -- Concluded Angle 

M =  18"-18 

u, = . 76 
1 - - - I - 3 1  

W 

C = 4 5 ° 4 ~ ' ~ 8 " . ~ 8  

At XXXV (Kdria) 

Decernber 1852 ; observed by Xiezltenant H. Rivers with Troughton and Simma' 1 8 - h h  Pheodolite No, 2. 

i?f = Mean of (frou 
UJ - Relative 
C - Concluded Angle 

M=1o"-36 

lo = .62 
I - - - 0 '22  
w 
C=64O25'10"37  

M =  66"'60 

W =  
1 

0 '79 
_ - - I ' 2 6  
W 

c =470331 6 V . 6 0  

M = 48". 18  

to = I '05 
I - - 
w - 0 ' 9 5  
c = j 7 ~  2' 48'- I 8 

Angle 
between 

-I1' it 
XXXTV 

XXzv.it 

it 
XVIII 

Circle readings, telescope being set on XXXIII 

296'36' 11537' 306O47' 125'47' 315'55' 135°55' 32604' 18604' 336913' 156013' 846025' 166025' 

w v v w v e I II v v n " 
h 13-37 h 7.76 h 13-26 h 11'63 1 9.10 1 10'03 1 10.06 1 7'93 1 10.04 1 11'94 1 9.10 h 8'44 
h 11.96 h 9.37 1 9.03 h 12-33 1 11.90 1 12.13 1 10.07 1 7.57 1 9.90 1 8-37 h 9.93 h 12-73 

1 12.27 1 8.47 1 10.80 h 1 2 . m  

12-67 8.56 11'52 11-98 9.82 11-08 10.07 7.75 9'97 10.37 9'51 11.06 

h64.93 h62.57 h68.60 h64.87 161 .44  265.37 172.67 169.37 170.76 170.03 165'53 h65.66 
164.57 h62.27 168.94 h63.54 159.70 163.17 172.53 171.16 1 6 9 7 0  172.30 164.24 h63.07 

1 68-90 h 6 7 ' 2 o h 6 4 - 1 7  

64-75 62.42 68.81 64.21 60.57 64'27 72.60 70.26 70.23 71 '17  65.66 64-30 

h 43'57 h 46.83 1 49.93 1 43.50 1 54'13 1 50'37 1 46.80 1 50.97 1 48.84 1 45'53 1 48.40 h 50'94 
h41.10 h47.30 1 49.50 1 44'26 1 55.40 I? 49.23 1 46.14 1 49.20 1 47.23 1 46.17 1 52'63 h49.43 

h 49.00 

42'34 47-06 49'72 43.88 54.76 49.80 46.47 50'09 48.03 45'85 50.01 50'19 

At XXI (Shpakra) 

Janzcary 1853 ; obserued by Lieutenant H. River8 with Troughton and Simm' 18-inch Theodolite No. 2. 

Angle 
between 

XV1ll & 
X X X V  

Circle readings, telescope being set on XVIII 

94'26' 274O 28' 1W03Y 289" 8Y 114O 47' 294'47' 11240 56' 3M056' 135O6' 816O 5' la0 171 325O 17' 

n w e n w w # w w I n I 

h 58.10 h 57'43 h 56'83 1 52.00 1 59-10 1 58.70 163'37 1 52.10 h 58.90 h 55-40 h 52'53 h 56'30 
h 58.70 h 59.50 h60.53 1 51.40 1 57.83 1 59.80 160.70 1 51.83 h 57.50 h 5880 h 53.40 h 56.03 

161.60 1 55'73 1 60.90 h 58-14 

58.40 58.47 59.65 53.04 58.46 59.25 61.66 51.97 58.20 57.45 52'96 56.17 

M - Mean of Grou 
UJ = Kalative ~ e i g c  
C - Concluded Anglo 

M = 57"'14 

, = I . 24 
1 - - - o - 8 1  
W 

C = 8 1 ~ 3 4 ' 5 7 ~ ~ 1 5  



GUZERAT LONGITUDINAL SERIES. 

- - -  

N o r ~ . - ~ t s t i o m  XVIII and XSI rpperhh to the fittywar Meridional Serier. 

At XXI (5tipakra)-( Continued). 

J. 8. N. HENNESSEY, 

In charge of Cona~uting Oflcs. 

X - Mean of (fro 
to - blative ~ e i x  
0 - Concluded Angle 

M =  1 1 ~ ~ 1 4  

w = o -88 
I - - - I '14 w 
C = 68'32' II"'.I~ 

Angle 
between 

XXXV & 
m v  

Circle wadinga, teleecope being set on XVIII 
94'28' 274* 28' 104'39' 281" 39' 114'47' 294'47' 124'66' 304'66' 135'6' 316'6' 145O17' 82S0 17' 

4 4 n n tt n w n n 4 w w 

h13.47 h 13-17 h 10.97 1 19.54 1 4.20 1 13'13 1 6'33 1 8.57 h 7.63 h r r -56  h16.57 h 11.40 
h 12.26 h 14.57 h 10 00 1 16.60 1 6.67 1 12 57 1 8.37 1 10'20 h 9'50 h 8.43 h 14.87 A 12.10 

116  2 0  1 5'40 h 4'50 
h 7-14 

12.87 13'87 10.48 17-45 5-42 12.85 7'35 9'39 8.56 7'91 15-72 11-75 

At XVIII (Chalarwa) 

December 1852 ; observed by Lieutenant I?. Rivers with Doughton arcd Simm' 18-inch Theodolite No. 2. 

X - Mean of Gron 
x, - ~e~at i r s  
C = Ooncluded Angle 

M = 1ga.38 

w = 0 -78 
I - - - I '28 w 
C = 41'22' 1gU.38 

Angle 
between 

XXXV & 
XXI 

r 

Circle readings, telescope being set on XXXV 
236'28' 56°28' 24S0!3!3' 6S03V 266' 47' 75'47' 26S066' 85'66' 2760 6' 96O 6' 2860 16' 1080 17' 

w n I) n n w 4 ? II H ,I w 

Z I 2-96 1 20.23 h 16.07 h 13.16 h 22. I 7 h 23'93 1 20.77 1 23-47 d 20.37 1 24.40 1 23.20 1 18.70 
1 12.07 1 19.00 h 14.80 h 13'37 hz0.94 h23.06 1 18.46 120.33 d1g.69 122.50 122.67 1 18.50 
8 11'50 123'34 

12-18 19.62 15-43 13-27 21-55 23.50 19.61 22.38 20'03 23'45 22'94 18.60 



Q U Z E R A T  L O N G I T U D I N A L  S E R I E S .  

PRINCIPAL TRMQULATION. SUMS OF SQUARES OF APPARENT ERRORS. 

Szcma of Squares of Apparent Errors of Single Obsematiow, and of Apparent Error8 of Shgle Zeros. 

10orr--Shtionr IX and XI11 npperbin to the Khhpirwa Meridional Seriw. 

Obaened Angle 

XI11 & I 
I1 & I 
I&Ix 
IX & XI11 
XI11 & I1 
I1 & 111 
v&Iv 
IV & I11 
I11 & I 
I & XI11 
I & I1 
I1 & IV 
IV & VII 
XI1 & I1 
I1 & V 
VI&VII . 

VII & I11 
VI & IV 

" 

Number of 
Observe- 

tfom 

14 

24 

94 

2 4 

2 4 

2 4 

14 

25 

25 

2 4 

24 

2 4 

1 4 

2 4 

2 4 

2 4 

24 

24 

Btation of 
Obaervstion 

IX 
XIZI 

3) 

I 

ss 

ss 

11 

8s 

s t  

ss 

III 

9) 

99 

IV 

8s 

$9 

$3 

V 

Sum of Sq~iares of 
Errors of Single 

Obaenetiom 

4-61 

3'19 
6-03 

2-94 

5'74 

4-60 . 
7'85 
2.88 

4'97 
5'22 

5-48 . 
6-01 

5'79 
8-14 

5.62 ' 

3-41 

5'63 

2-74 

Number of 
%ros 

11 

11 

I 1 

I a 

I1 

12 

11 

I a 

12 

I2 

I a 

11 

11 

I a 

11 

, 11 

I2 

12 

Sum of.8quares of 
Errom of Single 

%ma 

99'75 
161.33 

140'30 

111'70 

77'9' 

81-59 
131 '38 

97'79 
117.38 

129.47 
68-70 

39-18 
85-66 

1oo.51 

117.18 

80.61 

63'43 
66-86 

R~HAExE 

1 

Troughton and Simms' 18-inch . Theodolite No. 2. 



4% 
QUZEEAT LONGITUDINAL SERIES. 

N o r ~ . - S h t i o ~  XU, XIU, XIV, XV, XVI, XVII and XVIII appertain to the Singi M e r i d i d  Seriea. R M. denow Beferring *k* 

-- - 

Sum of Bquares of 
Errors of Single 

Zeros 

50.81 

78.62 

102 ' 49 

148' 10 

107.18 

1'5'39 

70.46 

"9'95 

75'31 
104.38 

83'68 

'39'75 
60.27 

76-14 

75-51 
48.18 

80.28 

220'44 

205'52 

145.14 

61-28 

'19.53 

68'39 

'37'9' 
180.29 

'57.78 
105 .OI 

80.60 

78' 26 

1x3'54 

142.64 

54'23 

42.11 

173'36 
127'85 

83-58 
184.83 

88.40 

77'57 

57'60 
101.87 

- 
Bmyu~ns 8tation of 

Observation 

V 

VI 
3) 

1) 

99 

V I I  

3) 

9) 

TI11 

19 

ss 

I X  

n 

SS 

XI11 

I) 

99 

JS 

?9 

19 

XVII 

9s 

$1 

2tIV 

ss 

SS 

99 

ss 

9 )  

XVILI 

SJ 

99 

XI1  

9) 

XV 

Sl 

99 

XVI 

3) 

19 

9) 

* 

\ 

J 

Number of 
Observa- 

tiom 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

25 

2 6 

2 4 

2 4 

24 

2 4 

2 4 

24 

2 4 

2 4 

2 4 

24 

24 

24 

24 

2 4 

2 4 

24 

2 4 

24 

2 4 

2 4 

26 

2 4 

2 4 

24 

2 4 

2 4 

2 4 

34 

2 4 

25 

24 

2 4 

Observed Angle 

I V  & I1 

I X  & VIII  

VII I  & V I I  

V I I  & IV 

I V & V  

I11 & I V  

I V  & VI  

VI  & VIII  

VII  dz VI 

VI & I X  

I X  & XI11 

XVII & XI11 

XI11 & VIII  

VII I  & VI  

R. M. & VIII  

VII I  & I X  

IX & XVII 

XVII & XVIII  

XVIII  & XIV 

XIV & XI1 

XVIII  & XIV 

XIV & XI11 

XI11 & I X  

XI11 & XVIII  

XVII & XVIII  

XVIII  & XVI 

XVI & XV 

XV & XI1 

XI1  & R. M. 

XVI & XIV 

XIV & XVII 

XIV & XI11 

XI11 & XIV 

XIV & XV 

XI1 & XIV 

XIV & XVI 

XVI & X 
X I & X  

X & X V  

xv & XIV 

XIV & XVIII 

Troughton and Simma' 18-inch 
Theodolite No. 2. 

8am of 8quares of 
Errors of Single 

Observations 

6-18 

5'35 
2-63 

2.65 

3-15 

4'87 

4-43 

5'83 
3.00 

2'41 

4-16 

3'39 
2.60 

3'46 

1.66 

6.87 

0.88 

4'21 

5 '04 

3-15 

7'25 

4'54 

3 '09 

5'95 

5-40 

3'9' 

4'84 

5'29 

3-26 

10- I 3 

6'71 

2.87 

1.52 

1-90 

6.84 

5'22 

15-18 

6-07 

6.37 

5 'O3 

5-71 

Number of 
Zem 

12 

I a 

12 

12 

12 

I2 

I a 

12 

12 

12 

12 

12 

12 

I2 

12 

12 

12 

12 

I2 

I2 

12 

I2 

I2 

I2 

12 

I2 

I2 

12 

I a 

12 

12 

12 

12 

I2 

12 

I2 

12 

12 

I2 

12 

12 



PRINCIPAL TRIANGULATION. SUM5 OF SQUARES OF'APPARENT ERRORS. dl-- E. 

Xors.4tatiaua YV* aud XVI* sypertaiu to the Sil~gi Xeridional Serieq. 

. 
Ststion of 

Observation 

X 

I9 

9 s  

XI 

n 

>9 

XI1 

99 

99 

XI11 

19 

I9 

X I  V 

19 

99 

XV 

99 

19 

XVI 

9 9  

99 

99 

XVII 

99 

S P  

XVIII 

9 )  

>Y 

$9  

I9 

I> 

XIX 

99  

XX 

1 1  

9 )  

XXI 

t 9  

p9 

99 

XXII 

Observed Angle 

XV8 & XVI* 

XVI* & X I  

X I  & XI1 

XI11 & XI1 

XI1 & X 

X & XVI* 

X & X I  

XI  & XI11 

XI11 & XIV 

xv & xlv 
XIV & XI1 

XI1 & X I  

XI1 & XI11 

XI11 & XV 

XV & XVI 

XVII & XVI 

XVI & XIV 

XIV & XI11 

XIV & XV 

XV & XVII 

X V ~ I  & XVIII 

XVIII & XIX 

XX & XVIII 

XVIII & XVI 

XVI & XV 

XVI & XVII 

XVl & XVII 

XVII & XX 

XX & XXI 

XXI & XIX 

XIX & XVI 

XVI & XVIII 

XVIII & XXI 

XXII & XXI 

XXI & XVIII 

XVIII & XVII 

XIX & XVIII 

XVIII & X S  

XX & XXII 

XXII & XXIII 

XXIV & XXIII 

Number of 
Observa- 

tiom 

2 6 

27 

27 

27 

27 

94 

24 

25 

24 

26 

25 

2 6 

2 6 

2 8 

27 

25 

27 

28 

25 

2 4 

2 6 

26 

2 4 

24 

24 

29 

24 

25 

30 

3O 

2 8 

2 4 

2 4 

29 

29 

25 

31 

29 

2 6 

2 6 

29 

of 
ZBros 

12 

I 2 

12 

12 

I 2 

I2 

12 

12 

12 

I2 

I a 

12 

12 

12 

12 

12 

I2 

12 

12 

I a 

12 

12 

I a 

I a 

I a 

12 

12 

1 a 

I a 

12 

12 

12 

I2 

12 

I2 

12 

12 

12 

12 

12 

12 

Sum of Bqoua of 
Errora of single 

Observations 

- 6'43 

'5.55 
10.76 

11.12 

13'48 

5'77 
8- 10 

12-73 

6.46 - 

'3'33 
I 1-02 

13-66 

5'56 
15.80 

9 '05 

3'37 
10.13 

17-41 

6.07 

3'54 

10.88 

18-28 

6-06 

11-79 

8.13 

10'42 

5-88 

11-86 

17-44 

I7'4I 

30'87 
12-22 

14.91 

22-71 

30'84 

10.24 

62-31 

38- 10 

21.46 

27'98 

27.73 

Sum of S y m  of 
E m  o single 

Zeros 

151'27 

102 ~ 9 3  

102.00 

43 '66 

118.14 

157'55 

137'06 

136'86 

70'32 

112'11 

38.98 
60.68 

I 13-90 

117'37 
128.20 

95.81 

57-22 

49'36 

55'47 
106.34 

48' 23 

57'34 
gz-18 

191 -66 

85-51 

47-06 

112'74 

216.54 

48-28 

74'77 

52'13 

165'98 

257'41 

93'91 

g1'09 

130.47 

179.19 

73'79 I 

104 * 80 

110.09 

112-01 

R B Y A E X ~  

7 

J 

Troughto~l and Simma' 1Sinch 
Theodolite No. 2. 

, 



42-,. QUZEBAT LONQITUDINA L SERIES. 

NOTI.--R. &I. denoh  Referring a r k .  Etation XXI* appertains to the Kattywm Heridiond Beries. 

- - 

Station of 
ObrenaLion 

XXII 

JJ 

XXIII 

J J  

1 )  

XXIV 

11 

JJ 

11 

XXV 

I* 

XXVI 

11 

19 

18 

XXVII 

19 

XXVIII 

11 

J 

SXIX 

11 

11 

XXX 

# I  

Y Y  

11 

XXXI 

$ J  

p3 

SXXII  

J J  

JJ 

XXXlII 

11 

)J  

XXXIV 

11 

J J  

XXXV 

J J  

Observed Angle 

XXIII & XXI 

XXI & xx 
XXI & XXII 

XXII & XXIV 

XXlV & XXV 

XXVII & XXVI 

XXVI & XXV 

XXV & XXIII 

XXIII  & XXII 

XXIII & XXIV 

XXIV & XXVI 

XXV & XXIV 

XXIV & XXVII 
XXVII &i XXVIII 

XXVIII & XXIX 

XXVIII & XXVI 

XXvI  & XXIV 

XXX & XXIX 

XXIX & XXVI 

XXVI & XXVII 
XXVI & XXVIII 

XXVIII & XXX 

XXX & XXXI 

XXXII & XXXI 

XXXI & R.M. 
B.M. & XXIX 

XXIX & XXVIII 

XXIX & XXX 

XXX & XXXII 

XXXII 8 XXXIII 

XXXIV & XXXIII 

=XI11 & -1 

XXXI & XXX 
XXYI & XXXII 

XXXII & XXXIV 

XXSIV & XXXV 

XX18 & XXXV 

XXXV & XXXIII 

XXXIII & XXXII 

XXXIII & XXXIV 
XXXIV & XXI* 

Number of 
O b m a -  

tiom 

26 

25 

25 

26 

25 

27 

24 

2 6 

27 

28 

26 

27 

27 

2 6 

2 6 

30 
2 8 

2 6 

27 

28 

27 

29 

27 

2 6 

29 

31 

30 

27 

27 

2 6 

25 

27 
2 6 

27 

29 

25 

25 

2 6 

27 

28 

2 7 

Bum of Sqaaws of 
E m m  of single 

Observationr 

10.54 

2O'75 

1a.04 

12-40 

23.61 

20.77 

10.71 

15'61 

15-15 

29'87 

22.72 

30.41 

26.47 

33.09 

17-17 

22.36 

22'64 

26.20 

18.37 

17-44 

38-30 

45'76 

24'42 

12-09 

46'95 

59'23 

25'93 

28'35 

29-83 

27-44 

21-80 

17-89 
22.25 

17-29 

33'64 

16'59 

14'65 

9'17 

19-55 

38.77 

17-53 

Nllmber of 

I 2 

12 

12 

12 

12 

I 2 

I 2 

r 2 

12 

12 

I a 

I2 

I2 

12 

12 

I a 

I2 

12 

12 

I a 

I 2 

12 

I 2 

12 

12 

12 

I 2 

I2 

12 

12 

12 

I2 

12 

I 2 

12 

12 

12 

12 

12 

12 

12 

Bum of Equares of 
EROm of Bingle 

Zeror 

92.64 

23'25 
36-10 

65-87 
121.60 

128.9~ 

122'59 

56.77 

58.33 

72'73 

144.18 

74'47 

77'57 
143.86 

256'41 

67-32 

55.00 
105'3a 

105 '64 

44'53 

73-68 

83'27 

52'72 

130.64 

145.91 

127'67 

129'43 

79'05 
107'51 

141 '82 

76'23 

72 '69 

85'75 

'('("39 
110.86 

141 '69 

64'04 

93'85 
168.86 

21.61 

162'90 

R E X A B K ~  

- 

J 

Troughton and Simma' 18-inch 
Theodolite No. 2. 



PRINCIPAL TRIANGULATION. SUMS OF SQUARES OF APPARENT ERR0I-N. 

Nork-Btatio~ XVIII and XXI appertain to the K a t t y m  Meridional Benee. 

luxAlm3 Nnmber of Station of 
Observahon 

Number of 
Observa- 

tiom 

Sam of &inares of 
Errom of single 

Zem 
Observed Angle 

Sum of Sqnam of 
Errom of sin~le 

0bc.emtions 

11 

12 

I a 

12 

xxxv 
XXI 

8 )  

XVIII 
L 

a 5 
a 8 

a 8 

26 

121'55 

99'45 Troughton and Simme' lainch 
142-ao Theodolite No. 2. 

165.82 

XXI & XVIII 
XVIII & XXXV 

XXXV & XXXIV 
xXXV & XXI 

19.~7 

39-61 

44-68 

14-96 



UUZEEAT LONGITUDINAL BERIES. a L i  
From the preceding data of the eume of the squares of the apparent errors, in the measurement of each angle, we may racertain the  

e.m.8. (error of,mean square) of obsertratim of a ~ingle  measure of an angle, and the e.m s. of graduation and observation of the mean of the 
measures on a.single zero, for each group of anglee measured wlth the eame instrument, by the eame observer, and under similar circum- 
stancee. 

The instrument employed was Troughton and 9imms'-18-inch Theodolite No. 2, having 3 microecopee to a the azimuthal circle; 
observations were taken on 6 paire of zeroe (face left and face right), giving circle readings a t  10' apart. 

. . 

The ah.,. of obsc~.aation of a eingle measure of an angle 
Sum of squares of apparent errors of observatione. - 

= 1/ No. of observatious - No. of angles x No. of changes of zero. 

The e.m s.  of graduatiolr and observation of the mean of the Sum of squares of apparent errors of zero. 
measures on a single zero No. of angles x (No. of changea of zero - 1). 

J. 6. N. HENNESSEY, 

In  charge of Computing O#ca. 

e. m. 8. of observation of 
a single nleasure 

271.41 I lB76 - { ' - f 0'627 

i Zgit  3' - t 0.882 

218.68 [ b66-m ] ' - f 0,841 

1446.84 i ,669-696 1' - * 1.287 

Group 
e. m. J. of g d u a t i o n  and 

obsemation of a single zero 

6950.09 f 
w- 57 ] - l 8"all 

907.69 f i 96-8 ] - f 3.211 

2138.0f3 f [ pa-22 - f I 972 

6973.60 f 1 696-58 1 - f 8.060 

Instrument end 
Obaerver 

a Number of B 
'3, 8 

P 5 8 
B .- 
.d 

a m 
.d 

Hilla, 

,, 

Plain* 

Troughton and Gimms' 18-inch 
Theodolite No. 2; Lieutenant 
C. T. Haig, B.E. 

D I 

10 0 

10 0 

10 0 

10 0 

I 
111 

m 

Troughton and Simme'l8-inch 
Theodolite No. 2 ; Captain D. ] 
J. Nasmyth. 

Ditto. 

Troughton and Gimms' 18-inch 
[Theodolite NO. 2; L k ~ b n a n t ]  

H. Bivem. 

2.01 

2.10 

2.14 

2.26 

67 

8 

22 

68 

m 

1876 

202 

666 

I669 

684 

96 

264 

696 



GUZERAT LONGITUDINAL SERIES. 

PBINCIPAL TRIANGULATION. REDUCTION OF FIGURES. 



GUZERA T LONGITUDINAL SERIES. 

Figure No. 26. 

* I n  the t,able# of the equation0 between the factors the co.e5cie11ts of tho terms below the diagonal are omitted tor conrenicnce, the co-e5cient of Lhe pth 
term in the pth line being always the same as the co-c5cient of the gth term in the pth lilie. 

Observed Angles 

- d 

$ 2  
Value 

e M 
No. . lz.5 - 

%i= 
c4 

0 a 

I 92 4 32-03 0.78 

z 44 19 28.00 0.75 

3 43 36 3-40 0.3' 

4 64 34 21-58 0'49 

5 53 48 39'56 0.66 

6 61 37 0.81 0.88 

p 92 6 4-46 0 . 6 2 .  

8 56 18 j8 .0 j  0'54 

9 31 34 59'67 1-13 

10 47 19 43-23 0-82 

H 63 44 56.83 -0.51 
a 

1 2  42 I9 43'02 0'90 

'3 55 0 41'73 0.40 

14 82 39 38-13 1.01 

Values of the Factors 

r 

Equations to be satisfied Factor 

X1 + Fa + Xs = e l  = + zsoo, X, 

+ xs + Xa 
- x4 + O.75~ xP - e, = 

X? + X8 + %  - - e , =  + o m z 4 ,  X, 

x19 + XI, + Xl4 
= e4 = + ''73, '4 

X i  + Xc + X? + - Xio - X i 1  
- - e, = + 3-38> X6 

22xS - ~ T x ,  + I I X , ,  -15x, 
+ 3 4 % 1  = e6 = + 2 3 ' 3 ~  '6 

-14Xs + 1 0 X l 1  -Igxlo + 3x14 -14x1~ 

Equations between the Factors 

Co-efficient8 of 

X1 h, X, x4 XK A 6  

+1.84 +0.78 - 8-93 

$2'03 + 0'49 - 0 ' 2 2  

' + 2 ' ~ 9  +oa62 + 30.86 

* 3-2-31 +oSgo - 2-57  

+4-12 + 10.48 

+ 2582'40 

No. of 
e 

I 

2 . 
3 

4 

5 

6 

Angular errors in seconds 

x1 = + 1 - 1 2  x, = + -36 xI1 = - '77 

X9 = + -50 X? = + '17 Xla = + '95 

x s =  + -38 x8 = - - 2 1  xlS = + .16 

x , =  + -36 xg = + -28 x,, = + -62 

x, = + -03 xlO = - -61 

[\vx" = 44'7 

Value of 
e 

+ 2-00  

+ 0'75 

0'24 

+ 1'73 

+ 3'38 

+ 23'3 



PRINCIPAL ~IANGULAllION. REDUCTION OF FIGURES. 

Figure No. 10 of the Sin@ Meridional Series. 

Obeerved Angles Q 

.-# 

8.. 
NO. Value g,? 

3 is 
F4 

0 1  N 

1 33 23 1'77 1'11 

2 59 3 4'O3 O.Sa 

3 47 5' 59'93 0.62 

4 100 43 59'54 1'32 

5 31 24 6 0.98 

6 53 22  49'33 0.80 

7 64 29 33'73 0.64 

8 62 7 40.86 0-45 

9 76 r 13.31 1 - 2 0  

10 39 '4 '4'59 0'78 

11 64 44 31'67 0.88 

12 46 13 54-90 0.41 

13 44 lo 25-60 1.38 

14 50 59 36.85 2.43 

5 38 36 2.35 1'57 

16 39 26 7-75 1.68 

17 . 50 58 14-66 0.91 

18 43 15 45-02 0.48 

19 46 19 54'79 1'51 

Values of the Factors 

A, - - 0.0560 

A, - + 0.9805 

A, - - 0.5869 

A, - + 0-0519 

A, - + 0.3065 

A6 - - 0.7446 

A7 - + 0'2934 

h, - + 0.00jq 

h, = - 0'0031 

Equations to be aatislled Factor 

... ... ... ... IS + x4 + %  - e l ' +  0'23, ~1 

... ... ... =a + 1 7  +=a ,a .  = e, = + 2'08, & 

... ... ... % + 40 + XII ... - e, - - 1*96, A, 

... ... ... XII + 113 + XIS + 119 .. a - 04 - 0.851 hl 

... I 1 4  + I 1 6  + 1 1 6  + Xl? . . , a , .  ... - 0' r + I ,  A6 

... ... ... ... I12 + 113 + XI, + I15 - 0 - - 1 6  'b 

-XI  -X, + 1 8  +X, + Xil +XU +XI, ,., ' + 0.26, A7 

12x2 -321, + 3jX6 +4X4 +IlX8 ] ... .a. ... ' % = + 29.2, h, - 10x7 t roxll - 26x10 + 27 xu - zoxlp 

... 21 x - 2 2 1 ~ ~  + 5x16 - 1 7 1 ~ ~  +2jx18 +Xlp a n .  ' Bp - - 3'1, h, 

. 

Equations between the Factors 

Co-e5cienta of 

A I  hl As A4 As 4 A7 h, h, 

+ 1.92 +oa62 + 39'58 ... 
... + 1.89 +oS80 - 1.45 

... + 2.86 + I ' Z O  - 11.48 

+ 3'79 +1'80 +1'38 - 8-40 + 21'37 

+6-59 +4'oo +aS43 + 42.39 - 41-61 

* +5'80 +3'81 + 33.99 - 25'72 

... +7-86 + 31-68 

+4450a60 -1108'98 

+ 1505'52 

No. of 
e 

- 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Angular errors in seconds 

xI - - -51 =a - + '47 XI, - '36 

q - - .07 4 ' -  '59 XI, - + '49 

I , - +  .IS xlo - - -72 - + '33 

4 = - '05 111 - - '65 xU - - '01 

X , = +  '13 I,, 1 - .36 XI, -. + '07 

4 - + 1-02  11s P - .55 

1; - + '59 1 1 4  - - -35 

[wxZ] = 5-01 

Value of 

e .  

+ 0.23 

+ 2-08 

- 1.96 

- 0.85 

+ 0.11 

- 1.62 

+ omzb 

+ 29'2 

- 3'1 



GUZEIEAT LONGITUDINAL SERIES. 

Figure No. 27. 
-- 

J. B. N. HENNESSEY, 

In charge of Computing Ofice. 

Observed Angles 

4 

Q 
No. Value g .!? 

.%,a 

4s 

0 I I f  

I 50 10 36-38 0.26 

2 73 J9  24'75 1'47 

3 56 29 57'54 0'38 

4 56 19 1-86 0'44 

5 63 32 20.96 0.46 

6 60 8 38-68 1.28 

7 89 2 6-56 - 0.59 

8 46 43 59'95 "98 

9 44 13 53'63 1'43 

10 70 19 44'30 0'39 

11 j 3  34 48-56 0.61 

12 56 5 25-21 0'73 

13 94 8 29'57 1.66 

14 38 5 25-83 I - O I  

15 47 46 5-34 0'71 

Values of tlie Factors 

X, = - 0' 7935 

& = + 0'3645 

X, = - 0.0758 

A, = - 1 ' 4939 

h, = + 0.2607 

h, = - 0.3262 

X, = + 0.0203 
- 

Equations to be satisfied Factor 

x1 + Xa + xs = el = - I -83, Xl 

X4 + Xb + Xe = e , =  + 0.86, x, 

X7 + xe + Xo = q = -  0.69, X, 

XIO + Xn + XIS = e4 = - 2-69, X4 

X1s + Xl4 + X1s 
- - e , =  + 0.06, X, 

x1 + x4 + x, + xlO + x13 = ee = - 1-33> h-e 

14xS - 6% +12xe - I I X ~  +21% 1 = e, = + 64.2, 
-20xg +I4XlS - I 5 X l 1  +19xl5 - 2 7 X l 4  

x, 

Equations between the Factors 

No. of 
e 

I 

2 

3 

4 

5 

6 

7 

Angular errors iu seconds 

Y, = - ' 29 x, = + -78 Xll = - 1'10 

x2 = - 1.34 X I = -  ' 24 xle = - -88 

x3 = - ' 20  x8 = - -95 xlS = - -11  

xi = + -02  x, = + -50 sl4 = - ' 2 9  

x5 = + .06 xl0 = - ' 7 1  x15 = + -46 

[\vx3] = 7'59 

Value of 
e 

- 1-83 

+ 0.86 

- 0.69 

- 2.69 

+ 0.05 

- 1-33 

+64'2 

Co-e5cients of 

X l  x, & h-4 X6 Xe A7 

+ 2 ' 1 1  +om26 - 3'50 

+2-18  +0'44 + 1 0 ~ 3 0  

+4'00 i-0.59 - 9'57 

+ I ' 7 3  +0'39 + 1 . 0 7  

* +3'38 + I - 6 6  - 13.78 

+ 3 ' 34 ... 
+ 3062.94 



Q U Z E R A T  L O N G I T U D I N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. TRIANGLES. 

-- 

NOTRE-1. The values of the sides am 'ven in the name lines with the op ate angles. 
4 Station. IX (Kmaod) and 811 (Indriran) appertain to the K%bpison Meridional Bnia. 

No. of Triangle 

. . I Non- 
c"'cm\"muit 

81 

82 

83 

38 

85 

. 

Corrected Plane 
Angle 

o f  * 

56 39 45.37 
39 39 56-66 
83 40 17.97 

180 o 0.00 

77 9 5'10 
51 36 29.22 
51 14 25-68 

180 o 0.00 

40 39 20.42 
82 27 20.03 
56 53 19'55 

180 o 0.00 

44 1926.69 
43 36 2-79 
92 4 30.52 

180 0 0.00 

53 48 38-98 
64 34 20'77 
61 37 0 - 2 5  

180 0 0.00 

Number and Name of Station 

IX (Kamod) 
XI11 (Indrhman) 
I (Kaula-ka-MBta) 

XIII (Indr4wan) 
I (Kaula-ha-Mata) 
I1 (Tharkheri) 

* 
I (Kaula-ka-MBta) 
I1 (Tharkheri) 
I11 (Kuwhm) 

I1 (Thtarkheri) 
111 (Kutvriaa) 
IV (Mehwba) 

I11 (Kuwba) 
IV (Mehwba) 
VII (Kukinda) 

Distance 4 

e o .- 
t! 8 

%' m 

n 

'79 
-79 
-80 

2.38 

1 0 3  
1.02 
1.02 

3 '07 

1-26 
1'26 
1-26 

3'78 

'47 
'48 

1-43 

'40 
'40 
-40 

1-20 

Log. feet 

5'0608817,r 
4'9439919,q 
5.1363074~8 

5'1578967,9 
5'0631044,2 
5.0608817~1 

5.0487763~3 
5'2310782,3 
5.1578967~9 

4'8933619,s 
4*8876769,7 
5'0487763,3 

4*8558964,5 
4'9047338,5 
4.8933619~5 

Corrections to Observed Angle 

~ 0 t . l  

n 

+ -28 + '10 

+ .52 
+ -90 
- '10 
+ -30 
+ -31 
+ '51 
+ - 1 0  

+ -30 + '56 -- 
+ '96 
- '83 - • 14 
-1'03 

-2.00 

- '18 - '41 - -16 
- '75 

Feet 

115048.70 
87900.62 
136869.74 

143845.66 
115639'02 
115048.70 

111886*14 
170246'52 
143845'66 

78227.95 
77210.60 
111886.14 

71762.32 
80303'38 
78227.95 

E:b Milea 

21.790 
16.648 
2jm922 

27'243 
21'901 
21.790 

21.191 
32.244 
27'243 

14.816 
14.623 
21.191 

13.591 
15.209 
14.816 

rigwe 

w 

+ '25 + -36 
+ '29 

+ - 2 2 1  - n 3 2 1  

+ - 1 1  + '19 
+ '18 + '13 

+ 2 9  - x 9 1  + -42 - - 1 2  
+ -25 + '31 

- '38 + '24 
-1.12 - + .09 

- -03 - 
- '36 1 - . 
- '36 + '20 

~ircuiL 
----- 

I 

+ '03 - -26 
+ -23 



60-K. 
QUZERAT LONGITUDINAL SERIES. 

NO=.-Stations XI1 ( ~ ~ t k b h o r ) ,  XILI (Patirngri), XIV (Kigsrol), XV (Werdhsri), XVI (Ghohio) ,  XVII (Bhor) and XVIII (Rencha) appertain b the 
Bingi Meridional Series. 

Ao.of 

~imrut 

86 

a7 

a8 

89 

40 

55 

66 

54 

76 

77 

Triangle 

E:it 

252 

268 

. 

3 -  Corrections to Observed Angle 

Xumber and Kame of Station 
Corrected Plane 

Angle 

o r  v 

92 6 3 '46 
56 18 57-39 
31 34 59'15 

180 o 0 .00  

82 39 36-59  
42 19 41-74 
55 o 41.67 

180 0 0.00 

63 44 55-31 
68 55 20.81 
47 19 43.88 

180 o 0'00 

64 54 6 ' 8 j  
43 49 50.87 
71 16 2.28 

I- 
n 

IV (Mehwha) 
VII (Kukinda) 
VI (Samohi) 

Total 

n 

- '35 
- '01 

+ ' 1 2  

2 -94  

Miles 

25'933 
21.594 
13'591 

77'703 
12'019 
14.623 

21.594 
22'466 
17.703 

24'798 
1 8 9 6 4  
25.933 

Log. feet 

5.1364930~9 
5'0569650,9 
4'8558964,5 

4'9706777~1 
4'8025094,3 
4~8876769~7 

5'0569650,8 
5'0741647,g 
4'9706777,1 

5 . ~ 7 0 5 8 9 ~ 4  
5'CO356,9,0 
5'1364930,9 

+ '29 180 o 0.00 

1 -94  - -24 

I1 (Tharkheri) -39 - '62 -1.15 
IV (Mehwdsa) + '05 - '90 
V (Pipliabbn) -38  - '16 + '48 + -32 

20.971 
17.830 
24.798 

24.403 
18'446 
20.971 

15.237 
21.696 
24.403 

15'232 
19'182 
15'237 

13.380 
13.160 
19'182 

9.773 
17'745 
15.232 

s 

18'429 
13.910 
9.773 

16'733 
18.816 
18'429 

Distance 

Feet 

. 
136928.26 
114015.82 
71762'32 

93471'18 
63461'37 
77210.60 

114015.82 
118621.88 
93471'18 

130935.96 
100131'31 
136928.26 

5'0442618,8 
4.9737789,s 
5.1170589,4 

5*11oo71o,g 
4.9885433,4 
5'0442618,8 

4'9055378,7 
5'0590158,0 
~ ' X I O O ~ I O , ~  

4'9053978,3 
5 ' ~ 5 5 3 7 4 , 9  
4'9055378,7 

4'8491027,1 
4.8418802,3 
5'0055374,9 

4'7126578.5 
4.3717078~6 
4'9053978,3 

4'9881430,s 
4.8659684,~ 
4'7126578,5 

4'9461984,8 
4'9971557~6 
4*9881430,5 

- 

110729'13 
94141.04 

130935.96 

128846'05 
97396'50 

110729.13 

80452'20 
114555.46 
128846'05 

80426.25 
101283.22 
80452.20 

70648.46 
69483.26 

101283.22 

51600.97 
93693'16 
80426.25 

97306'77 
73446'06 
51600.97 

88348.37 
99347'23 
97306'77 

-1 '73 

- '74 

+1 '43  

-- 

+ '08 + I + '11 

VI (Samohi) 
VIII (Kd ri) 
IX ( h n o t )  

VIII (Khpri) 
IX (Punhkot) 
XI11 (Patsngri) 

IX (Punbkot) 
XI11 (PaGngri) 
XVII (Bhor) 

XFII (Bhor) 
XI11 (Patingri) 
XIV (UgaroI) 

1-15 

V (Pipliabfin) - -91 
IV (Mehwdsa) '79 
VI (Samohi) 

VII (Kukinda) 
VI (Samohi) 
VIlI (Kbpri) 

- '41 56 6 42.48 
- '48 44 53 29'70 
- 5 78 59 47.82 

2-42 
- -- 

-1.04 180 o 0.00 

- '90 76 11 52.85 
- .49 47 13 48.61 
-- 

56 34 18.54 

+ '82 

2.48 

2'35 

.98 

.98 
-98 

I .5o 

XIV (Khgarol) 
XPII (Bhor) 
XVIII (Rencha) 

+ '12 + '10 1 - '4 '07 '04 

-1.88 

- -11 

- -04 
+ -58 
+ '31 -- 

+ '85 

+ .80 

' 0 5  - 

XI11 (Patdngri) 
XIV (Kilgarol) 
XII (Jtithribhor) 

.71 
7 2  
-72 

2-15  

180 o 0 .00  

180 o 0.00 

44 10 25-17 
43 15 45-22 
92 33 49% 

180 o 0.00 

33 23 2'25 
87 33 54-10  
59 3 3 -65  

-- 

1-16  

'33 

180 o 0.00 

100 43 59-45 
47 51 59-43 
3'24 1 - 1 2  

180 o 0.00 

53 2 2  47-60 
64 29 32-74 
62 7 39-66 

180 o 0.00 

XI1 (Jhthdbhor) 
XTT' ( Krigarol) 
XV (Wardhari) 

XTV (Khgarol) 
S V  (Wardhmi) 
XVI ( G h o r k b )  

+ a 2 1  50 58 14-37 
- '42 78 2 9 -18  
+ '10 50 59 36-45 

+ -41 - -12  

+ 
3 -  1 3 1  + ' 2 0 '  + -25 

.98 

+ ' 2 1  

'29 - 2 1  

'29 - 
-- 

- -23  
- -  

.88 - a23 

6 1  1 1 . 0 2 i -  - 1 ~ 1  -1 .12 
a62 -59  + -22, - '37 
-61 - - 47  - - 1 2  - .59 

1 - 8 4  -2.08 

+ '29 + '10 

+ '45 

+ .84 

38 I 58-04 
61 18 57-13 
80 39 4 -83  

180 o 0.00 



PRINCIPAL TRIANGULATI[ON. TRIANGLES. 
51-, 

XiTO'f%--8tations XI11 (Pmhgri), XIV (g8gsrol), XV (Wdhcui), XVI (Ohor&&) and XVIII (Bcnchr) appertain to the Singi Meridiollal Beriw. 

# 

So. of 

't 

78 

79 

80 

81 

82 

88 

. 8 4  

85 

86 

100 

Triangle 

Non- 
cucuit 
- 

191 

192 

Number and Nsma of Station 

XI11 (Pat-) 
XIV (KQgarol) 
XVIII hncha) 

3 -  Corrections to Oboewed Angle 

% 
Total 

-- 

'44 + '36 + '42 + -78 
'44 + '90 - -84 + -06 
'44 + '36 + '42 + -78 

Corrected Plane 
Angle 

0 1  w 

38 36 2.69 
95 10 2'07 
46 13 55'24 

180 o 0.00 

76 I 14.60 
39 14 14-05 
64 44 31'35 

180 o o-oo 

43 8 43.42 
54 20 24'73 
82 30 51.85 

180 o 0.00 

39 33 22-28 
57 46 33'59 
82 40 4-13 

180 o 0.00 

58 34 13.78 
68 46 1-60 
52 39 44-69 

Log. feet 

4'8418802,4 
5'04po38,4 
4'9053978~3 

5.02774047 
4'8418802,4 
4'9971557,6 

4'7848777,o 
4.8597350~3 
4'9461984,8 

4-5924702,6 
4'715798493 
4'7848777,o 

4.6231546,8 
4'6615318,5 
4'5924702,6 

1'3a 

XIV ( W r o l )  +1'17 
S V I  (Ghorhdo) - '73 
XVIII (Ilen~ha) '53 1 + '65 - '44 

1-59 

XV (Wardhari) 
XVI (GhorSrh) 
X (Jhiria) 

XI (Poera) 
XI1 (Rtimeeri) 
XI11 (Gohilie) 

XI1 (umeari) 
XI11 (Qohilia) 
XIV (Bhagwhji) 

XI11 (Gohilia) 
XIV (Bhngwlnji) 
XV (Bundan) 

XIV (Bhagwsnji) 
XV (Rundan) 
XVI (Mirzipur) 

XV (Rundan) 
XVI (Mirzirpur) 
XVII (Jhinjhar) 

XVII (Jhinjhar) 
XVI (Mirzirpur) 
XVIII (Waetrhl) 

47311.62 
48179.60 
41ggo.85 

50129'34 
47764.01 
47311.62 

47707'71 
56145.18 
50129.34 

43264'92 
51034.54 
47707.71 

45O05'41 
49460'17 
43264'92 

56134'28 
48864.36 
45005'41 

57943'87 
53858.48 
56134.28 

+1'62 

+1'76 
- .OI 
+ '21 

f1.96 

+ '47 - '26 
+ '27 

8.961 
9'12j 
7'953 

9'494 
9.046 
8.961 

9.036 
10.634 
9'494 

8.194 
9.656 
9.036 

8'524 
~'367 
'194 

10'631 
9'255 
8.524 

10'974 
10'200 

10.631 

Distance 

Feet 

69483'27 
110918.46 
80426'25 

106595.89 
69483.26 
99347.23 

60936.53 
72399'41 
88348.37 

39126.43 
51975'47 
60936'53 

41990.85 
45870.33 
39126.43 

-36 1 -1.09 180 o 0.00 

62 51 14.56 4'6749677,7 
64 58 53.92 4.6828631,7 
52 951'52 4'6231546,8 

'43 

4'7000919,I 
4.6791010~8 
4.6749677~ 

'48 

Milea 

13.160 
21.007 
15'232 

20.189 
13.160 
18.816 

11.541 
13'712 
16.733 

7.410 
9'844 
11.541 

7'953 
8.688 
7'410 

I '04 + -48 
XVI (Ghorhdo) - 1 9  
X (Jhiria) + '37 

-17 
'18 
1 8  

XVI (Mirzhpur) 
XVIII (Waetrhl) 
XIX (Sanoda) 

'64 

XI (Poera) 

X (Jhiria) 
XI (Poera) 
XI1 (Umeeri) 

+ '64 - '35 + '67 + -16 
+ 301 + .191 

- '31 
- + '04 '59 

-01 

'53 

4.6361358~8 
4.7078642~ 
4.678588~~7 

'48 

'12 
-12 

- 1 2  

+ '29 + -83 + -49 

'45- - 

'43 -- 

' 50 

- -86 180 o 0.00 

63 32 20.43 

60 56 '8 38.51 Ieo6 

4'763007439 
4.7312541~0 
4.7492281~3 

- '31 + -03 
- 361 - :;il - -42 + 

52 58 48'24 
69 59 24.46 
57 1 47.30 

+ -- .17 

- '30 
+ .Ij 
+ '43 
+ -28 
+ I . o ~  
+ '15 

+ -63 
+I-83 

+ '17 
- -28 
- '55 - '26 

4.678~885~7 
4'7493124,6 
4'7000919,I 

180 o 0.00 

57 36 31.17 
68 7 25.55 
54 16 3-28 

180 o 0.00 

73 19 25.63 
56 29 57-52 
50 10 36.55 

180 o 0.00 

4'6532646,8 
4'694255596 
4'6361358,g 

4.7492281~3 
4.68899213 
4.6532646,8 



62-, GUZERAT LONGITUDINAL SERIES. 

Nynber and Name of Station 

C( 

.d S 
5; 
%' m Miles 

S I X  (Sanoda) 
XVIlI  (Waetrsl) 
XXI (Sola) 

Corrections to Observed Angle 

Figure I Circuit / E:;t I Total 

XVIII (Wastd) 
XXI (Sola) 
XX (Pdri) 

XVII (Jhinjhar), 
XVIII (Waatril) 
X S  ( PBlri) 

Comcted Plane 
Angle 

XX (Pirlri) 
S X I  (Sola) 
YXII (Shand) 

Distance 

Log. feet I Feet 

X S I  (Sola) 
XXII (Sbnand) 
XXII l  (HBjipur) 

XXII (SBnand) 
XXIII (Htijipur) 
X S I V  (Khoraj) 

XXIII (HBjipur) 
XXIV (Khoraj) 
XXV (Wharora) 

XXV (WBdrora) 
XXIV (Khoraj) 
XXVl (Hasalpur) 

XXIV (Khoraj) 
XXVT (Haaalpur) 
XXVII (Thuleta) 

XXVII (Thuleta) 
XXVI (Hadpur) 
XXVIlI  (Kgrighngar) 

XXVI (Haaalpur) 
XXV111 ( Ktirigtingar) 
XXIX (Por) 

XXVIII (KBrigQgar) 
XXIX (Por) 
XXX (Ingrori) 



PRINCIPAL ~ I A N G U L A T I O N .  TBIANGLEB. 53, 

Non.-Stetione XVIII (Chalarwa) and XXI ( 8 4 p h )  appertain to the Kattywsr Meridionel Seriee. . 

W. H. COLE, 

In charge of Computing OBcs. 

' 

No. of 

muit 

112 

113 

114 

115 

116 

117 

118 

< 

Triangle 

Non- 
circuit 

Number and Name of Btation . 

XXIX (Por) 
XXX (Ingrori) 
X X X I  (Deghm) 

X X S  (Ingrori) 
XXXI (Deghm) 
XXXI1 (Charsri) 

XXXI (Degh)  
XXXII (Chadri) 
XXXIII (Dhrbgadra) 

XXXII (Charhi) 
XXXIII (Dhrhgrrdra) 
xxxlv ( N h b )  

XXXIlI (Dhhgadra) 
XXSIV ( N B r e c b )  
XXXV (K&) 

XXXlV (Nfirechh) 
XXXV (Kuhria) 
XXI (9Bpakrs) 

XXXV (Russia) 
XXI (ah akm) 
XVIU ( E ~ w a )  

Oorrected Plane 
Angle 

o 1 11 

61 5 38'82 
64 o 52.66 
54 53 28.52 

180 o o ' oo  

53 26 0.73 
65 25, 39-03 
61 8 20.24 

180 o 0.00 

49 38 44'05 
66 48 17-97 
63  32 57'98 - 

180 o 0.00 

55 I 5  36-47 
79 3 6 - 3 8  
4 j  41 17.15 

180 o 0.00 

54 14 57'55 
61 19 52 -36 .  
64 25 10-09 

180 0 0.00 

63 34 39.44 
47 53 8.07 
68 32 12.49 

180 0 0'00 

57 a 46-53 
81 34 55.78 
I 22  I 

180 o 0.00 

Comatione to Obwrved Angle 

'g 81 
Log. feet 

4.8498617~0 
4.8613620,6 
4'8204339~8 

4'8122657.8 
4'866232314 
4.8498617,o 

4'7422734,9 
4'8236836.7 
4.8122657~8 

4.8023734~9 
4'879657683 
4'742273419 

, 

4-7565013,3 
4.7903783~0 
4.8023734~9 

4'73 79768 t 4.65 0045.7 
4'7565013.3 

4.8434~47~1 
4'9149316~5 
4 7 3 9 7 9 7 1  

Total figure 

Diatanoe 

Beet 

70772.03 
72671.16 
66135'40 

64903.15 
73490'69 
70772'03 

55242'52 
66632.13 
64903.15 

' 63441'51 
75797'99 
55242'52 

57082.28 
61713.23 
6 ~ 4 ~ 1 . 5 1  

54928'49 
4549928 
57082'28 

69735'63 
82211.33 
54928.49 

t Miles 

13.404 
13.763 
12'526 

12'292 
13.919 
13.404 

10.463 
12.620 
12'292 

12.015 
14.356 
10.463 

10.811 
11.688 
12'015 

10.403 
8.617 

10.811 

13'208 
15'570 
10.403 

' N L m  m  m  

- - 2 2  
-1.46 
- -01 

-1.69 

+ '01 

- '33 + '32 

'33 - -23  

1.00 

'34 
'33 

+ -17 + '55 
+ -38 

-1.13 
- - 3  

'99 

. -26 
-26 - 

+I-10  

- -86 - -52 - -37 

.78 -1.75 

- -69  
- '55 - .76 

-2.00 

- '93 - -58 - -03  

-1 '54 

+ '51 
t 1 . 6 5  
+1'55 

+3'71 

-1-35 
-1.07 
- 1 3 9  

-3.81 

'81 

'75 - 
'18 
'19 

. I8  

'55 

'30 
'30 
3 0  

'90 

+1.61 + '04 
+1'45 + '10 

+ 6 5 1 -  ' 1 ~ 1  
-1.19 - a16 
-1.02 
- 1 6 0  ::I 1 



G U Z E R A T  L O N G I T U D I N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. LATITUDES, LONGITUDES AND AZIMUTHS. 

NO~1.-Sbtiom IX (braod) and XIII (Indr6wan) appertain to the ghbnp~urs  Meridional Serier. 

Lo"gitude East 
of Greenwich 

0 1  11 

75 28 12'70 

rs 

75 13 23-78 
rr 

75 1 2  33'27 

$9 

74 53 7-83  
J) 

19 

74 42 9 - 1 7  

rr 

74 39 40'96 
I# 

rr 

74 49 19'47 

74 28 28.85 

91 

91 

74 29 16-32 
74 I ~ ~ ' o o .  

Station A Station B 

Number and Name 
of Station 

XI11 (Indriwan) 
I (Kaula-ka-MBta) 

I t  

I1 (Tharkheri) 

1 2  91 

I11 (Kuwhaa) 

,, 
IV (Mehwisa) 
V (Pipliabln) 
IV (Mehwha) 

VII  (Kukinda) 
V (pipliabin) 
V I  (Samohi) 
'711 (Kukinde) 
VI  (Samohi) 

VII  (Kukinda) 
VII I  (Kipri) 
1.X (Punlkot) 
VII I  (Kipri) 
IX (PunPot) 

Side A 6 

Ci-t 
No. 
- 

5 

,I 
6 

rv 

15 

rr 

16 

r r  

17 
18 

himuth  at A 

0 1 '1 

37 24 48.90 
94 4 35.06 

177 39 4.65 
IOO zg 58-52 

49 I 5  15'17 

89 54 36.85 
146 40 18.50 
102 20 51'33 

19 41 14.35 
10 12 4.41 

64 0 43-79 
324 35 19.56 

33 30 41-16 
125 36 45-27 
80 54 7-76 

181 51 21.08 
138 I 29.23 

81 54 45'94 
66 45 47.34 

a 48 56-86 

Number and Name 
of Station 

I X  (Karsod) 

)I r r  

XI I I  (Indriwan) 

13 r r  

I (Kaula-ka-Mita) 

11 >I 

I1 (Tharkheri) 

19 3r 

$9 ) I  

I11 (Kuwbsa) 

21 12  

IV (Mehwh) 

11 rr 

11 91 

V (Pipliabh) 

VI (Samohi) 

11 19 

9) I t  

VII  (Kukinda) , 

VIII  (Upri)  

Latitude North 

0 1  11 

23 6 46'48 

11 

2 2  48 48-54 
rr  

23 7 47.62 

2 3  

22  52 16-07 

rr 

#J 

23 7 42-04 

I¶ 

2 2  54 59'11 
rr 

91 

22  42 23-92 

22 39 16.70 

81 

JS 

23 I 52-85 

22  55 20.54 

Log. Feet 

5'1363074~8 
4'9439919,4 
5'0608817~1 

5.0631044~2 
5'157896719 

5 v 2 3 ~ ~ 7 8 2 , 3  
5.0487763~3 
4'8876769,7 
4.8025094~3 
4.8933619~5 

,4'9047338,5 
4'9706777~1 
5'0569650,g 
4'8558964,s 
5.0741647~9 

5.1364930~9 
5'1 170589~4 
4'9737789,8 
5~ooo56gg,o 
5*0442618,8 

Azimuth at B 

0 1  h 

217 19 2-10 

273 58 26.16 

357 38 44-93 
280 2 2  6.49 

229 7 39'79 

269 42 40'34 
326 36 1'15 

282 15 37-44 
199 39 45.90 
190 I I  6.44 

243 55 40.82 
144 39 3.85 
213 26 20.87 

305 32 41.47 
260 46 5'53 

I 51 39-51 
317 55 26'36 
261 48 23.01 
246 39 23'10 
182 48 34.38 



PRINCIPAL TRIANGULATION. LATITUDES, LOVQ-ITUDES AND AZIMUTHS. 5 5 7  

No~~.-IJtstions XI1 (J&Mbhor), XI11 (Pahbgri), XIV (K&gar~$l), XV mdhari), XVI (Cfhonih), XVII (Bhor) and XVIII (Bencha) appertain to the 
8ingi Meridionel Benee. 

Btation B 

. Number and Name 
of Station 

XI11 (Pathgri) 
2, 29 

S V I I  (Bhor) 
XI1 (Jithdbhor) 
XIV (K&rol) 

XVII (Bhor) . 
XVIII  (Rencha) 
XIV (Kkarol) 
XVIII  (Rencha) 
XI1 (Jhthrhbhor) 

XV (Wardhari) 
XVI (Ghorhr40) 
XVIII  (Rsncha) 
XVI (GhorLb) 
XV ( W d h a ~ )  

XVI(Ghorhr40) 
. X (Jhiria) 
,, ,, 
XI  (Poera) 

,S ,, 

XI1 (Ilheeri) 
Is 

9,  # 

XI11 (Gohilia) 
,, 91 

XIV (Bhagwhji) 

,9 

XV (Rmdan) 
I? $ 9  

XVI (&zhpur) 
,, 99 

XVII (Jhinjhar) 
,, ,, 

XVIII (Wmtdl) 
S I X  (Sands) 
XVIII(Waetra) 

S X  (Pil.lri) 
S I X  @anodal 
X x  (Phlri) 
XXI (Soh) 

,, ,, 

~ $ ~ , " ~ W ~ ~  

0 1  * 
74 12 52.00 

74 11 53-94 
9 )  

73 55 49-52 
1, 

,, 
J y  

73 51 41-35 
9 ,  

73 41 32-37  

tt 

St 

19 

73 39 24-74 
73 42 41-32 

733012'73 
,, 

73 23 52.63 
,, 

73 18 19-98 

y, 

73 I5  9 '43 
1~ 

73 10 10'37 
I) 

73 6 50.69 
,, 

73 I 39.86 
. $ 9  

72 56 50.43 

,, 
72 52 34-70 

99 

9, 

72 48 1-54  

19 

72 42 33'97 
2 9  

Y S  

72 48 27-32 

Azimuth at A 

0 1  * 
79 o 50'54 

135 34 44'95 
97 32 46-20 

128 12 42.19 

94 49 39-62 

16 47 29.94 
56 13 36.49 

145 47 39.04 
102  31 53.44 
187 10 11.92 

139 18 1z.20 

85 55 23.99 
9 54 8.86 

125 8 47.53 
107 54 38.57 

a343ao.10 
66 52 3.86 

149 2 0  26'63 
109 47 4.19 
27 4 50'71 

85 39 4.61 
138 I 7  34.64 
75 26 19.94 
23 14 j2'04 
86 52 51'04 

144 36 1.65 
91 37 13-24 
34 33 25-13 
86 a3  47.09 

146 28 46.53 

88 52 15.22 

34 34 32'56 
91 4 30.25 

154 36 50.89 
141 13 20.30 

93 27 16.18 
214 41 34'35 

55 19 43.32 
125 39 28-05 
81 27 53-82 

Latitude North 

0 1  n 

22  55 20.54 
22 37 4.60 

99 

22 52 15-70  
9s 

,, 
ss 

22 39 32-41 
13 

22  53 22.13 

,, 
,S 

9 8  

22 42 3'84 

23 1 49-45 

23 532 ' 78  
,, 

22  52 I I ' I ~  

9 9  

23 0 50'50 

,, 
'2 55 5-26 

99 

23 0 15-82 
a#  

22 53 5.01 
,, 

22  59 49.84 
9) 

2 2  53 20'43 

,, 
22 59 17.79 

9 )  

99 

2 2  53 10.53 

,, 
22  59 27-91 

,I 

9 )  

23 7 19-89 

Circuit 
No. 

18 

26 

,, 
9) 

9 ,  

27 
25 

36 

,, 

87 

,, 

38 

St 

89 

9 )  

46 

Bide A B 

Log. Feet 

4'9885433,4 
5'IIOO7IO,9 
5'0590158,o 
4.9717078,6 
4.9053978~3 

4.9055378~7 
5-0450038,4 
5'0055374,9 
4*8491027,1 
4.7126578~5 

4.9881430,5 
4.9971 557,6 
4.8418802,3 
5.0277404,7 
4.86596845 

q09461984,8 
4.8597350~3 
4'7848777,o 
4.71 5798413 
4'5924702,6 

4'6615318,5 
4'6231546,8 
4.6828631,7 

4'6749677,7 
4'6791010,8 

4'7000919,1 
4.7493124,6 
4'6785885,7 
4m707864210 
4'6361358,8 

4.6942555,6 
4'6532646,8 
4'7492281,3 
4'7312541,O 
4.6889921,8 

4+397638314 
4*763m74,9 
4.7682559,~ 
4.7816622,7 

4'9193653,3 

Btatioq A 

Number and Name 
of Station 

VII I  (Khpri) 
I X  (PunBkot) 

2, I, 

XI11 (Pathgri) 
2, s t  

IS ,, 
I) ys 

XVII (Bhor) 
$ 9  19 

XIV (KBgarol) 

,, ,, 
a )  ,, 
I*  ,, 

XVIII  (Rencho) . 
XI1 (Jithribhor) 

XV (Wardhari) 
9 1  ys 

XVI (Ghorhrho) 
)a @ ,, 

X (Jhiria) 

I9  ,, 
X I  (Poera) 

)I 12 

XI1 (Ilsmeari) 

21 y~ 

XI11 (Gohilia) 
,, ,, 

XIV (Bhagwhji) 
12 t~ 

XV (Rundan) 

,, ,, 
XVI (f izhpur)  

9 )  29 

9 9  99 

XVII (Jhinjhar) 

,, ,, 
XVIII  (Wsstrsl) 

,, IS 

8 9  9, 

XIX (Sanoda) 

Azimuth at B 

0 1  n 

258 54 12'72 
3x5 28 32-09 
277 24 ~ 9 . ~ 6  
308 7 34.84 
274 44 6-35 

196 45 53.91 
236 7 15.09 
325 43 43'30 
282 27 9.41 

7 10 38.82 

319 13  46'74 
265 48 31.98 
189 53 19.41 
305 2 46.56 
287 49 45-33 

~ 0 3 4 0 5 1 . 7 1  
246 47 24-76 
329 18 16.96 
289 43 40.65 
207 3 36.36 

265 35 53-23 
318 I 5  37'97 
255 23 5.86 
203 I3  14-20 
266 49 31'56 

324 34 0.49 
271 33 19-79 
214 31 32.31 
266 2 0  14-15 
326 27 6.86 

268 48 49-52 
214 32 46.10 
271 o 35.62 
334 35 14.01 
321 I r  12.63 

273 21  48.05 

34 43 52'73 
235 16 22.18 
305 36 2-02 

261 22  8.58 



66-K. 
GUZERAT LONGlTUDINAL SERIEf3. 

No~~i.-Bbtiom XVILI (Chalruaa) and XXI (Bipdua) appertain to the Kattywar Meridional Series. 

W. H. COLE, 
X i ,  1890. 

In charge of Oamptlting Ofice. 

Station B 

Number and Name 
of Btation 

XXI (Sola) 
XXII (Shand) 

$9 19 

XXZII (HBjipur) 
,, YY 

(Khoraj) 
99 p2 

X x v  (WBdrorrr) 
,, Y~ 

XXVI (Hmalpur) 

XXVII (Thuleta) 
XXVI (Hdpur)  

(Thuleta) 
XXVlII ( u g h g a r )  
XXIX  PO^) 

XXVIu (Kfighgar) 
XXIX (Pod 
xxx (Ingrori) 
,, ,Y 

-1 (Deghm) 

,, YP 

-11 (Char&) 
,r n 

XXXIJ.1 (Dhrhngadra) 
,, 1) 

X m I V  (Nhrechb) 
,, YY 

n v  ( K d a )  
,r 3 ,  

XXI (Shpakra) 

XVIII ( C h a h a )  
XXI (Shpdm) 
,, SJ 

Circuit 
No. 

47 

19 

48 

1) 

49 
50 

)I 

)J 

61 

I) 

'52 

JY 

63 

91 

64, 

$9 

55 

Azimuth at A 

0 1  n 

179 10 56.21 
122 37 50.36 
55 34 28'05 
119 42 2-04 
187 5 41.47 

108 44 56.07 
49 24 45'77 
99 21 5.12 
168 28 21-78 
109 5 23-16 

53 17 5'85 
49 17 46-96 
349 23 13.40 
37 58 18.67 
102 6 32.67 

98 58 17-71 
150 22 15-01 

86 29 34.42 
18 28 10.72 

79 33 49.87 

134 25 49-98 
80 59 48.92 
19 47 57-65 
69 26 41-96 
132 58 7-51 

77 42 30.77 
31 58 25'26 
86 13 23-06 
150 36 12-56 

87 1 32.94 

75 30 10.71 
18 27 23-88 
296 46 56-12 

Btation A 

Number and Name 
of Station 

XX (PQlri) ' 

yY Y9 

XXI (Bola) 
9Y 99 

SXII (YBnmd) 

)I ,) 
XXIII (H4jipur) 

99 Y Y  

XXIV (Khoraj) 
91 YJ 

,) I)  

XXV (Whdrora) 
XXVI (Hasalpur) 

YY YY 

YS Y Y  

XXVII (Thuleta) 
XXVIII (KArigingar) 

s9 Ys 

XXIX (Por) 
,Y ,, 

3XX (Ingrori) 
9, 9 

XXXI (;leg&), 
~9 92 

XXXII (Char&) 

99 ,, 
XXXIII (Dhrhgadra) 

29 99 

XXXIV (NBwchsna) 
92 YY 

XXXV (Kdria) 
29 19 

XVIII (Chalarwa) 
XXI (Sbpakra) 

Bide A B 

Log. Feet 

4-8365117~0 
4.7928781~3 
4'793673195 
4'7021200~4 
4'7823269,6 

4.67~7992~4 
4'8386539,3 
4'8092824,o 
4'7518368~3 
4.7564030~5 

4.74~4494~5 
4.7500681~1 
4'7209267~0 
4'7533047~8 
4.84598~7~3 

4.6541,791,4 
4.8343436,4 
4'73g2400,z 
4'8a04339~8 
4'8613620~6 

4'8498617,o 
4.8662323,4 
4.8122657~8 
4.8236836~ 
4.742~734~9 

4,8796~76~3 
4'8023734,9 
4.7903783~0 
4'7565013,3 
4.658~45~7 

4'9149316,s 
4.7397976,8 
4.8434~47~1 

Azimuth at B 

o r  n 

359 10 52-11 
302 34 12-24 

235 30 53.19 
299 38 57'94 
7 6 12'90 

288 41 48.19 
229 21 5'79 
279 16 36.86 
348 27 34'31 
289 1 36'92 

233 14 0.75 
229 14 47.53 
169 23 53-92 
217 55 51-76 
282 I 44.33 

278 55 11.81 

330 19 53-43 
266 25 45-90 
198 26 42.98 

259 28 49'44 

314 22 18.29 
260 54 46.31 
199 46 25'74 
249 22 20'37 
312 55 18.61 

257 37 22-59 
211 56 5-17 
266 g 5'29 

330 34 15.63 
266 58 24.07 

255 24 38.13 
198 26 11.39 
116 51 15-31 

Lstitude North 

o I II 

22 53 57'07 
IS 

23 5 17'06 
Y9 

22 59 28-45 

,, 
23 9 24'14 

91 

23 I 59-23 
9) 

Y9 

23 1 1  7-51 

23 5 3-88 
M 

11 

22 56 31-64 
22 57 41-13 

9, 
23 7 29-21 

I$ 

22 57 7'58 
9) 

23 5 18-25 
~9 

22 55 13-09 

jY 

23 I 26-04 

19 

22 52 32.65 

IJ 

23 o 45-38 
9s 

22 57 20.81 
22 52 9-05 

Longitude East 
of Greenwich 

o I 11 

72 33 58.04 
39 

72 33 47-55 
YY 

72 24 38-54 

9Y 

72 25 58-71 
9) 

72 16 37-94 
YY 

1Y 

72 14 36-97 
72 7 0.29 

,) 

29 

72 8 43.93 
72 o 47-20 

Y, 
71 54 45-49 

)I 

71 51 1-30 
19 

71 41 59-97 
YS 

71 38 4-78 

tY 

71 30 52'01 
9 Y 

71 24 52-74 
99 

71 19 52-79 
~9 

71 5 41-08 
71 16 46'83 



G U Z E R S T  L O N G I T U D I N A L  S E R I E S .  

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., i n  pairs of horizontal lines, the f i s t  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 
rehnction and the height of the 2nd station above or below the lst, as computed from the vertical angles in the usual manner. 
This difference of height applied to the given height above mean sea level of the fised station, gives that of the deduced station. 
Usually tllere are two or three independent values of the height of the deduced station; the details are so arranged as to 
show these consecutively and their mean in the columns of "Trigonometrical Results." The mean results thus obtained are 
llowever liable to receive corrections for the errors generated in the trigonometrical operations, which are shown np by the 
spirit levelling operations, wherever a junction between the two has bee11 effected. The spirit levelled determinations are always 
accepted aa k a l ,  and the trigonometrical heights of stations lying between those fixed by the levelling operations are adjusted, 
by simple proportion to accord with the latter. I n  the table the spirit levelled values are printed thus, 309.77, &c., to  dis- 
tinguish them from the adjusted trigotiometrical values. The column in which the mean trigonometrical heights are givenis 
barred across where necessary, as after deduction of Stn. X I  from Stn. X, page 60-,, to  indicate that one set of adjustme~~ts 
ends and another begins. The trigonometrical heights always refer to the upper mark or to the upper surface of the pillar or structure 
on which the theodolite stood. Descriptions follow this table, exactly indicatiug the surfaces on which the levelling staff stood 
during the determinations of the spirit levelled 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 the ground level mark-stone in the floor of the paasage; otherwise, i t  is the approximate height of the structure above 
the ground at the base of the station. 

The heights of the fixed stations above Mean Sea Level are as follows :- 

I X  (Karsod) From the Khhpisura Meri- XVIII  (Chalarwa) 21 8 feet From the Kattywar 
XI11 (Indrfiwan) I XXI (Siipakra) 313 . ,, Meridional Series. 

Nark.--Station IX (Kmod) apportt~h to the h p i a l l m  Mcridioml Seriea. 

I 

Astronomicsl Date 

Number and Name 
of Station 

I X  (Karsod) 
I (Kauln-ka-Mhta) 

I1 (Tharkheri) 
1 (Kaula-li%Mlta) 

Feb. 19 

,, 20,21 

91 8 
,, 20,21 

b 

Mean of 
Times 

ofobser- 
vation 

?i m 
2 57 
a 54 

2 25 

2 45 

Observed 
Vertical Angle 

o r rr 

D o  o 30.2 
D O  12 39.1 

D o  6 0'7 
D o  15 15'4 

a .- 
4 

lfefraction Height in fek 

e; 
4 
2 
h 

d 
8 
I4 

4 
8 

4 
8 

.- 
'3 

0 - - $ 
is 
% 

5 ." 
w" 

feet 

5'9 

Height in feet of 2nd 
station a h  .can 

E - 
m Sea Level . 

4 

2 Resulte 
MI s Final 

a Result 
H 

' ' 
$ 

2-7 
2.7 

2-6 
2'6 

5.1 
5 - 1  

5.1 

I I  

866 

1421 

44 -051 

76 '053 +193.5 I 1 
1935.6 

& 

+155'4 

tion 

1936.0 

'935'8 1936 



68-, GUZERAT LOhTGI!L'UDI?SAL SERIES. 

NOTE.-Btation XI11 (Inddwan) appertains to the Khbpisunr Meridional Series. 
* Thir height in to be combined with negative sign on BCCOF~ of change in the height of the pillar at Station XI11 (InMwan). 

Ahnomical  

lSG2 

FOIL la. 14, IS, 17 

99 8 

,, 20,21 
$1 8 

9 ,  20921 
1 )  3,4 

$9 8 
3, 3,4 

8, 8 
6 $1 

a) 3 b  
ss 5 

8, 7,8 
I) 10 

19 6 
10 18 

9, 6 
Jan. 27,28 

Feb. 10 
Jan. 27,28 

,, 30,31 
,, 27,28 

Feb. 3,4 
Jan. 3431 

Feb. 5 
Jan. 30,31 

,, - 27,28 
,, 80,31 

,, 27,28 
,, 20,B 

,, 30,31 
,, 22,23 

$3 27 
,, 16,l'i 

20 2, 

,, 16,17 

Date 

?dean of 
Times 

of obear- 
vation 

h m 
2 42 
3 19 

a 45 
2 25 

2 34 
2 49 

2 34 
2 41 

2 47 
2 20 

2 31 
3 o 

2 54 
2 23 

2 31 
2 34 

2 41 
2 49 

2 50 
2 56 

2 55 
2 42 

2 2 I 

2 21 

2 48 
2 33 

2 42 
2 55 

2 30 
2 49 

2 44 
2 54 

2 17 
2 55 

2 29 
2 41 

Number and Name 
of Station 

XI11 (Indrhwan) 
I1  (Tharkheri) 

I (Kaula-ka-M4ta) 
I1 (Tharkheri) 

I (gaula-ke-Mhta) 
I11 (Kuwha) 

I1 (Tharkheri) 
I11 ( K u w b )  

I1  (Tharkheri) 
IV (Mehwha) 

I11 (Kuwisa) 
I V  (Mehwhea) 

I1 (Tharkheri) 
V (Pipliabhn) 

I V  (Mehwhea) 
V (Pipliabh) 

I V  (Mehwbn) 
VI (Samohi) 

V (Pipliabdn) 
VI (Samohi) 

VII (Kukinda) 
VI  (Samohi) 

I11 (Kuwlsa) 
VII  (Kukin*) 

IV (Mehwba) 
VII (Kukinda) 

VI (Samohi) 
VII (Kukinda) 

VI  (Samohi) 
VIII  (Kdpri) 

VII  (Kukinda) 
VIII (Upri) 

VI  (Samohi) 
I X  (Pun4kot) 

VIII (KBpri) 
IX (Punskot) 

Obaened 
Vertical Angle 

0 1  * 
D o  1 1  36.7 
D o  6 19.0 

D o  15 15.4 
D o  6 0.7 

D o  18 52-2 

D o  5 59.0 

I1 58'6 
D o 4 31.5 

D o  21 47-4 
E o 10 8.5 

D o  16 14.7 

E 0 4 33'1 

D o  a 49.1 

D o  7 32.3 

E o 7 40.6 
D o  21 44.6 

E o 2 33.1 
D o  19 14'7 

D O  9 45.6 
D o  7 30.8 

D o  5 20-9 
D o  14 29.1 

D o  8 22.6 

D o  3 38'3 

E o  15'9 
D o  13 59.5 

D o  14 29.1 
D o  5 20.9 

22 46'9 
E o 3 39.2 

D o  18 28'4 

E o 3 46.7 

D o  6 50.5 
D o  7 10.8 

E o 7 23.6 
D o  24 13-8 

2 .- 
.,a 

E 
4 
2 

2 
G 

16 

4 

8 

4 

8 
8 

8 

4 
4 

8 

4 

8 

4 

4 
4 

4 
8 

4 
8 

8 
8 

8 
8 

8 

8 
8 

8 

8 
8 

4 
8 

4 
8 

2 
1 

3 
U 

I )  

1140 

1421 

1677 

1107 

761 

775 

628 

924 

1129 

1169 

1357 

792 

708 

1357 

1294 

987 

928 

1097 

Height 

" 

o z  a 

2'6 
*eel 

2'6 
2.6 

2'6 
2.6 

2.6 

2.8 
2.6 

2-6 

2.7 

2.6 
' 2.6 

2.6 
2.8 

2'5 
2'6 

2'5 
2.6 

2'5 
2-6 

2.7 
2'6 

2'7 

2-6 

2.6 

2.5 

2'7 

2-5 

2.7 
2'5 

2'6 

2-5 

2.7 
2.6 

in feet 

6 3  

0 

.4, 2 
+I 

2.5 
5'1 

5'1 
5 - 1  

5.1 
5.1 

5'1 

5.1 

5.1 
5.2 

5'1 
5'2 

5.2 
5 - 1  

5.2 
5.2 

5'2 
5.1 

5'2 
5'1 

5.1 
5.1 

5.1 
5.1 

5.1 

5.1 
5.1 

5'1 

5.1 
5'1 

5.1 
5'1 

5.1 
5'1 

i 
g! 
g 
a 

37 

76 

96 

63 

38 

43 

12 

46 

68 

71 

87 

42 

40 

87 

71 

58 

49 

48 

Refraction 

0 

'4 
5; ,., 

'032 

'053 

-057 

'057 

.049 

'056 

-019 

'050 

'060 

-061 

'064 

'053 

-056 

.064 

-060 

'059 

-053 

'044 

L 

j 
L 0 

h - - 
g 
2 

5 .- 
G 

feet 

4.8 

5 

2.4 

5 

5-5 

5 

5 

5'1 

g 
-ir 
2 m 

Y 4.7 0 -  
- Z  
I 

.&g .a  
E~ 
9 
m 

N 

- 91.8 

-193.5 

-319.1 

-121.3 

-358-7 

-236'6 

+ 43'6 

+~OO.I 

+361'6 

- 38.7 

+182.0 

- 55'4 

+18o.1 

-182.0 

-503.6 

-324'2 

+ 4'6 

+509'3 

Height in feet of 2nd 

Final 
Besult 

1742 

1618 

1382 

1784 

1744 

1562 

1239 

1748 

,tion ,ye, 
Sea Level 

~rigonorn~trica~ 
h u l t a  

Bp each 
deduc- Mean l 1  tion 

1742.1 

1742.5 

1616'7 

1621.0 

1383'6 

1382'3 

1785.9 

1783.1 

1744.6 

174j.3 

1563'5 

1563.1 

1563.2 

1241.6 

1239.1 

1749'8 

1749'7 

1742'3 

1618.9 

1383.0 

1784.5 

1745~81745.2 

1563.3 

1240.4 

1749'8 



PRINCIPAL TRIANGULATION. HEIGHTS D O V E  MEAN SEA LEVEL. 
59-, 

Nm.-Btationa XI1 (J~lthdbhor), XI11 (Paffigri), XIV (XLgnrol), XY (Wdhar i ) ,  XVI (Qhorfio), XYII (Bhor), and XYIII (Rencha) appmtah to the 
Gingi Meridionid Seriee. See description of thir stntion, page 5- 

E. 

8 
3 
5 

u, 
5 a 
i 

8 
8 

8 
4 

8 
4 

8 
4 

8 
4 

8 
8 

4 
4 I 

datronomid 

1861-4 

Jan. 20,21 
Deo.24, Jan. 10 

Jan. 16,17 
*7 10 

YY 16,17 
~9 12 
1880-61 

Jan. 6,6 
20 I* 

19 6,6 
2 9, 

Dec. l4,lB 

,, 21,27 

Jan. 19 
2 YP 

n 6,6 
19 ,s 

Number and Name 
of Btation 

VIII (Kipri) 
XI11 (Pahgri) 

IX (Punhkot) 
XI11 (Pathgri) 

IX (Pudkot) 
XVII (Bhor) 

XI11 (Pahgri) 
XVII (Bhor) 

XI11 (Pathngri) 
XIV (Khprol) 

XTII (Bhor) 
XIV (Ktigaml) 

XVIII (Rencha) 
XIV (Kigarol) 

XI11 (Patkngri) 
XVIII (ltencha) 

D& 

Mean of 
Timer 

ot oher- 
vation 

h m 
2 25 
2 42 

2 30 
2 22 

2 17 
2 19 ' 

2 24 
2 25 

2 41 
a 2 I 

z 50 
a 38 

2 20 

z 36 

2 39 
2 31 

Obmmed 
Vertical Angle 

0 1  # 

D o  18 34.4 
E o 3 54'2 

D o  31 22.7 
E o 12  36.3 

D o  29 30.1 
I$ o 12 59.4 

D o  I 6.5 
D 0 10 47'3 

D o  20 1 .2  

E o 7 58.0 

D o  22 26.0 
E o 7 31.6 

D o  2 42.1 

D o  7 55'1 

D O  20 2.9 
E o  3 23.6 

110 29 23.7 
E o 19 0.1 

55" 
D o  2 42.1 

D o 11 23.3 
1) o 2 18.3 

E o  9 3 7 ' 3  
D o  17 35 '4  

D o  8 29.8 
D o  5 46'2 

47'7 
E o 6 1.1 

' I m 2  

D o  15 39.6 

D o  16 42.8 
E o 2 2 . 2  

D O  14 54'5 
D O  0 52.0 

D o  15 39'6 
E o 2 31.2 

g 
z 
3 
2 
% 

3 .- 
6 

feet 

2 

* 

5 

DM. 14, lS  
,, 10,11 

Jan. 2 

vs 19 

st 6,6 
15 YS 

Doc. 21,27 
,, 19,20 

,, 21,27 
 NO^. ao, Dec. 1 

Dec. 19,20 

n 1 

Y, 3,4 
1 99 

,, 21,27,28 

¶I 3,4 

M 12 
31 19 

19 1 
8,4 #P 

5 

5 

5.8 

5 

5 
%! 

0 

# 

960 

1273 

1129 

797 

792 

1002 

688 

Height 

a a 

2'8 
2.6 

2.8 
2.6 

2'6 
2.6 

2.7 
2.6 

2 - 6  
2 - 6  

8.7 
2'7 

2 '7  
2.7 

2 41 

a 32 

2 36 
2 20 

2 46 
2 2 2  

2 33 
2 30 

2 35 
2 45 

2 41 
2 38 

2 7 
2 I 2 

2 28 
2 20  

2 42 

1095 

696 

688 

925 

511 

962 

724 

875 

979 

Io52 

875 

in feet 

a 

i a 

H a 

5-1  
5'2 

5'1 
5-2  

5 '1  
5'1 

5'2 
5 '1 

5'2 
5 '1 

5" 
5 ' 1  

5 '1 
5'1 

c 
1 
8 
g 
d 

45 

77 

74 

48 

41 

59 

33 

XVII (Bhor) 
XFIII (Rencha) 

, XIV (Ktigarol) 
XVIII (ltencha) 

XI11 (Pathngri) 
XI1 (JLthribhor) 

XIV (Kligarol) 
XI1 (Jhthdbhor) 

XIV (KBgar01) 
XV (Wardhari) 

XI1 (Jhthrhbhor) 
XV (Wardhari) 

XVI (Qhorhrb) 
XV (Wardhari) 

XIV (Xigarol) 
XVI (Ohorhrh) 

XVIII (Rencha) 

p 
5 m 

= M Y  0 m 

.- 573 
0 3.5 
w z  
2 
a 
a 
4 

-318'5 

-824.4 

-708.0 

+113.2 

-327'4 

-441.4 

+ 52.7 

5'2 
5.1 

5 '1 
5'1 

5 '1  
5.1 

5'2 
5.1 

5 
5.2 

5.1 
5.2 

"' 
5.2 

5 ' x  
5'2 

5'1 
5 - 1  

5 '1 
5'1 

5.2 
5'1 

Termtrial 
Refntctio~~ 

= M E  

il 
.s.z 

'047 

-061 

-065 

-060 

'052 

'059 

-048 

52 

44 

33 

57 

27 

58 

49 

54 

8 
4 

8 
8 

4 

8 
4 

8 

8 
8 

4 

4 

1 2  

8 

4 
4 

4 
8 

-378'2 

-497'2 

- s2m7 

-123.7 

+204.2 

- 38.7 

-243.8 

+233.5 

-270.9 

'048 

'063 

.048 

'062 

.otjz 

-060 

46;o63 

.056 

'055 

i 

I 
2-7  
2.6 

2'6 
2.8 

' 

2 - 7  

2.6 
2.6 

2 ' 6  
2 -6  

2.8 

2 '7 

'" 
2-6  

2" 

2 - 6  

2 '7 
2 - 7  

2 '7  
2'7 

2.6 
2.8 

2 25 ' xvI (ah0rhh0) 

Height in feet of and 

2 I a 

2 7 

58 

49 
XV (Wardhari) 
XVI (QhorBrh) 

0 5 5  2 1 7 . 7  

'056~ -233.5 

Mean 

Final 
b d t  

' 

922 

I037 

595 

542 

798 

556 

Btation above 
8es Level 

545'5 

542'2 

5r4.5 

800.0 

801.2. 

558.3 

556.8 

559.8 

S26'1 

323 

By each 
deduc- 
tion 

921'9 

925.4 

1041.8 

1036'9 

596'3 

598.0 

596-6 

544'1 

800.6 

558.3 

326'4 

324.1 

%gonometrim1 
b d t r  

Mean 

923'7 

1039'4 

597.0 

125'5 



GCUZEBAT LONGITUDINAL 8ERIES. 

Astronomical 

1860 

Nov.30, Dec. 1 
1858-69 

Jan. 3,4,5 

,, 14,15,16 
91 4,5 

,, 14,15,16 
,, 18,19,20 

,, 3,4,5 
,, 18,19,20 
,, 3,4,5 
,, 21,22,24 
11 21 
11 24 

,, 22,23 
,, 22,23 

,, 21,22,24 
31 7,8 

,, 21,22,24 
Dec. 27,28 

Jan. 7,8 
Dec. 27,28 

Jan. 6,8 
Dec. 18,20 

,, 27,28 
,, 18,20 

,, 27,28 
,, 22,23 

,, 18,20 
,, 22,23 

,, 18,20 
,, 15,16 

11 22,23 
,, 15,16 
1852 

Feb. 23 

I9 25 
185859 

Dee. 16 
,, 24,Jan.ll 

N o T B . - ~ ~ ~ ~ ~ o ? M  
Bard Jmuary 

Dnta 

Mean of 

of Times obser- 
vation 

h m 
2 27 

I0 

a 4 
2 24 

a 10 

I 57 

a 20 

a 5 

2 23 
a 16 

8 qg 
8 43 

* 
+ 

2 32 
2 22 

2 16 

2 33 

a 4 
2 12 

2 20 

2 rg 

z 33 
z 12 

a 14 
2 14 

2 23 
2 14 

2 31 
2 24 

2 28 
2 24 

3 28 
3 15 

2 44 
2 16 

XV 
1859. 

Number and Name 
of Station 

XV (Wardhnri) 
X (Jhiria) 

XVI (Ghorbrho) 
X (Jhiria) 

XVI (Ghorbdo) 
XI (Poera) 

X (Jhin'a) 
XI (Poera) 

X (Jhiria) 
XI1 (Rhmesri) 

XI (Poera) 
XI1 (Wmesri) 

XI (Poera) 
XI11 (Gohilia) 

XI1 (Rinlesri) 
XI11 (Qohilia) 

XI1 (Rbmesri) 
XIV (Bhagwdnji) 

XI11 (Qohilia) 
XIV (Bhagmsnji) 

XI11 (Qohilin) 
XV (Rundan) 

S I V  (Bhagwinji) 
XV (Rundan) 

XIV (Bhagwhji) 
XVI (Mirdpur) 

XV (Rundan) 
SVI  (Mirdpur) 

XV (Rundan) 
XVII (Jhinjhar) 

XVI (Mirzipur) 
XVII (Jhinjhnr) 

S V I  (Mirzbpur) 
XVIII (WuatrBI) 

XVII (Jhinjhar) 
XVIII (Wastdl) 

(Wardhari) and XVI (QhoAbo) 

e ." 
Y 

!i 
{ 

. 2 ~  
5 

8 
14 

12 

10 

12 

12 

12 

12 

16 
I 4  

4 
4 

I4  
I 4  

16 
10 

1 2  

10 

8 
10 

10 

8 

8 
1 2  

8 
8 

8 
8 

8 
10 

10 

8 

6 

4 
8 

Kigi 

Observed 
firtical Angle 

0 I I1 

D O  10 32.0 
D o  o 16.3 

E o 2 17 '8  
D o  X I  40.4 

D O  4 54.3 
D o  3 15.8 

D o  15 15.9 
E o 8 48.0 

D O  12 42.6 
E o 4 12 ' 2  

E o 2 58 -0  
D O  I 4.6 

D o  5 23.1 

E 0 3 32'5 

D o 9 52'4 
E o z 8 . 3  

D o  9 41.7 
E o I 45'5 

D o 3 53'9 
D o  4 37.9 

D O  8 11.8 
D O  I 40.4 

D o  8 12.3 
E o o 5 ' 4  

D o  5 16.6 

D o  z 57 '9 

D o  o 15'2 

I) o 6 55'9 

D O  2 47.4 
D o  5 8 - 2  

D O  5 28.2 
D O  I 44'5 

D o  

D o  4 3 ' 9  

D O  2 40.7 
D O  5 2.6 

appertain k, the 

Height 

3 
h g  

2.5 
2 .6  

2.6 
2 .6  

2'6 
2.6 

2 .6  
2.6 

2 '6 
2.6 

1 .4  
11.2 

8 .8  
11.9 

9 ' 5  
2.6 

2.6 
2 '6  

2 '6 
2 .6  

2.6 
2.6 

2.6 
2 - 6  

2 ' 6  
2.6 

2 '7  
2 '6 

2.6 

2.7 

2 -6  
2.6 

"I 

3 ' 7  

2.7 
2.6 

Meridional 

3 

g 
S 

I1 

714 

603 

512 

387 

452 

415 

475 

468 

471 

496 

553 

472 

503 

428 

487 

445 

553 

483 

# 

in feet 

42 

$ c 
+I 

5 - 2  
5.6 

5.6 
5.6 

5 - 6  
5.6 , 

5'6 
5 .6  

5.6 
5 .6  

4 .9  
5.6 

4 .9  
4 ' 9  

5.6 
5 . 6  

5.6 
5.6 

5.6 
5.6 

5.6 
5.6 

5 .6  
5 .6  

5.6 
5 .6  

5 .6  
5 - 6  

5 - 6  
5 - 6  

5.6 
5 .6  

5 ' 5  
5 ' 4  

5.6 
3 . 6  

Beries. 

Termtrial Befraction 

f$ Q, 'g 4 

3 '7 4 i:i 
"i m w 

-10892 

+ 123'9 

- 12.4 

'040-137'0 

-112'9 

+ 29.2 

- 61.0 

- 86 '1  

- 79.6 

+ 5 ' 3  

- 53'2 

- 5 7 . j  

- 17'1 

+ 42 '0  

+ 16.9 

- 24'4 

- 6 .2  

+ 16'8 

taken s t  'lab 

41 

30 

23 

16 

16 

259 

159 

o 

10 

4 

8 

6 

16 

I 2  

18 

2 0  

16 

22 

Oboematione 

'057 

'050 

'045 

'035 

'611 

'334 

.ooo 

-022 

-009 

-015 

' 0 x 2  

,033 

'029 

'037 

'045 

.029 

-046 

Height in feet of 2nd 
& 

i PI 

% 

5 
d 

fa 

6 

30-8 

30.8 

24.2 

23'1 

23.0 

18 

10'0 

7 

120 of 

, 

Mean 

Final 

447 

309'77 

336 

249 

255 

196 

238 

2l3'00 

229'48 

ot @ 

Station above 
Sea Level 

~rigonometrid 
Besulta Fbdt Byeach 

tion 

450'1 

449'4 

313.1 

312.8 

333'9 

339'0 

248.8 

250.4 

256.9 

254'9 

196.4 

198.4 

238.8 

239'4 

214'3 

2x4'7 

~ 3 2 . ~  

231'3 

BBm of 

449'8 

3 i 3 - o  

336.5 

249.6 

255'9 

197'4 

239.1 

214'5 

232'1 

I- 

22nd and 



PRIJYCIPA5 TRIANGULATION. HEIGHTS ABOVE lKEAN SEA LEVEL. 
el-K. 

- ~ 

* Not forthcoming. (1) The mean of obeemetiona tnkenon 9th Mmh, 1862, and 12th Febrasry, 1864 (2) The mean d oimerrationa taken on 2nd 
March, 1852, and Qth Februerg, 1964. t These heights are to be wmbined with negative eigne on amount of change in the height of the pillar at Station XXVI 
(-purl* 

Astronomical 

1853 

Feb. 28 
17 99  

99  26 
17 99  

y9  28 
Mar. 4 

99 4 
99 9 

Feb. 26 
Mar. 1 

1858 
Dec. 16,16 

99 18 
1852 

M .  4 
1 n 

(1) 
(2) 

Mar. 9 
17 n 

99 17 
May 1 

Mar. 8 

J9 11 

99 9 
11 99 

99 17 
99 11 

9s 11 
1 6  3 9  

99 17 
16 st 

May 
Mar. 15 

9 9  17 
n 99 

May 8 
Mar. 27 

Data 

Mean of 
Times 

of obser- 
d o n  

h 9n 

3 6 
3 18 

3 4 
3 27 

3 14 
3 22  

3 42 
3 35 

3 33 
3 57 

2 41 
a qq 

3 8 
3 46 

3 3 I 
3 9 

4 8 
3 X I  

4 g 
4 56 

3 36 
3 I 

3 56 
3 25 

3 25 
3 13 

4 16 
3 27 

4 16 
4 17 

1 4 4 6  
3 49 

3 46 
3 14 

5 3 
3 25 

Number and Name 
of Station 

XVI (Mirdpur) 
XIX (Sanoda) 

XVIII (Wastrhl) 
XIX (Sanoda) 

XVIII (WasW) 
XXI (Sols) 

XXI (Sola) 
XXII ( S h d )  

XVIII (Waatrsl) 
XX (PUri) 

XVII (Jhinjhar) 
XX (Pglri) 

XXI (Sola) 
XX (Palri) 

XXII (Shand) 
XX ( P a 4  

XXII ( S h d )  
XXIV (Khoraj) 

XXIV (Khoraj) 
XXVI (Hasalpur) 

XXI (Sola) 
xXIII (Htijipur) 

XXII (Stband) 
XXIII (Hhjipur) 

XxlV (Khoraj) 
XXIII (HBjipur) 

XXIII (HBjipur) 
XXV (W4drora) 

XXIV (Khoraj) 
XXV (Whdrora) 

XXVI(Haaa1pur) . 

XSV (WBdrora) 

XXIV (Khoraj) 
XXVII p a l e t a )  

XXVI (Hasalpur) 
XXVII (Thuleta) 

Obnerved 
Vertical Angle 

o r n 

D o  3 26.1 
D O  5 10'4 

D o  3 34.1 
D 0 5 51'5 

D o  q 0 - 7  

D o  5 32-3 

D o  9 17.8 
D o  0 43'4 

D o  5 52.4 
D o  3 28.1 

D O  6 11.9 
D o  5 50'8 

D o  7 2.1 

D o  3 38'7 

D o  2 31'5 
D o  7 22.9 

D o  6 6.2 
D O  I 42.1 

D o  5 10.4 
D o  5 9'6 

D o  2 46'5 
D 0 5 9.4 

44'6 
D o  xo 13.7 

27'5 
D o  12 1.9 

D o  10 25'4 
E o 042'4 

D o 3 20'4 
D o  6 23'9 

D o 3 2 4 - 4  
D o  6 52.3 

D o  7 17.1 
D o 2 55.8 

I) o 6 38.4 
D o  a 13.2 

Height in feet Height in feet of 2nd ' 
Refmation 

3 BtationaboreYean 
Bee Level S 

4 
2 

3 
A 

4 
4 

4 
4 

6 
6 

6 
6 

6 
6 

10 

6 

6 
4 

16 
10 

6 
6 

4 
6 

6 
4 

4 

6 

4 

4 

4 
4 

4 
6 

4 
6 

6 
4 

3.8 ' 

3-8  

3.8 
5 '0  

4'1 
3 - 8  

3'8 
3'9 

3 '8 
3.7 

2.7 
2 -7  

3.8 
4'1 

3.8 
3.8 

3.8 
3'8 

~ I ' I  

3'7 

3'9 
3.8 

3 '9 
3.8 

3'7 
3'8 

3 '9 
12'9 

6 - 9  
3 - 8  

3.8 
ti-I 

3'8 
3.8 

3.8 
5.6 

a 

5.5 
5.4 

5.4 
5'4 

5'4 
5.5 

5.5 
5'4 

5.4 
5'4 

5.6 
5'6 

5 . 5  
5'4 

5 -4  
5.4 

5.4 
5.4 

5.4 
5'4 

5.5 
5.4 

'" 
5.4 

5 '4 

5.4 

5'4 
5.4 

5.4 
5'4 

5 - 4  
5.4 

5 - 4  
5'4 

5.4 
5 -4  

II 

533 

573 

597 

614 

579 

778 

680 

613 

467 

563 

497 

6 m  

68, 

635 

559 

556 

546 

5" . 

I 4  

7 

12 

15 

36 

14 

-14 

21 

- 2 

17 

-12 

-16 

-28 

- 3 

'027 

'0x3 

17.029 

-019 

-026 

-046 

24.035 

' 024  

7.014 

.oaq 

17'034 

-035 

.m2 

'026 

'022 

'028 

'050 

'005 

N 

+ 13'7 

+ 19'9 

+ 13'2 

- 77.5 

- 20.6 

- 4.0 

- 33'7 

+ 43'8 

- 30.3 

+ 2.3 

+ 17'4 

+ 96.6 

+ ~ q . ~  

- 99.8 

+ 23'6 

/ 

+ 25.9 

- 35.0 

- 32.9 

251.4 

249'4 

242'7 

164.6 

208'9 

209.0 

208.4 

207'5 

~ 3 3 . 4  

134'4 

959'5 

260.3 

257.5 

159'3 

155.7 

159'2 

97'1 

100.4 

250 

242'06 

163'66 

208 

132'11 

133'27 

259 

158 

I01 

250'4 

- 
242'7 - 
164.6 - 

208'5 

133'4 

134'4 

259.1 

158'1 

- 

101.0 

W 

feet 

* 

25 

12 

6 

18 

21 

5 

12 

16 



6%. 
QUZERAT LONG)ITUDmhL SERIES. 

* This height, is to be combined with a negative sign on account of change in the he i~ht  of the pillar at atation XXVI (Hnsalpur). 
5 These heigbb are to be colubined with negative signs on account of chnl~pc in the height of the  pillar at Station XXX (Illgori). 
t Ditto ditto d1tI.o at Station XXIX (Per). 
f Ditto ditto ditto at Station XXXI ( D c g h ) .  I( Uejeoted. 

a 
2 
m 

)I 

02, 

$7 2 . , . s  
W s  

% 

+ 14.5 

- 43'5 

- 65'3 

- 14.5 

- 31.7 

+ 8 .0  

- 57'1 

+ 65-3 

+ o . 2  

-140'3 

+ 94.0 

+r4oV3 

+103.7 

- 35'0 

+134'8 

+153.1 

+ 14 .2  

-138.7 

3 
% 
4 42 

g 
0 

11 

444 

560 

541 

414 

691 

676 

655 

541 

716 

643 

724 

643 

657 

546 

747 

628 

608 

565 

." 
42 

e 

2 
3 
R 

4 
6 

6 

4 

4 
6 

4 

4 
6 

4 
4 

4 
4 

4 

4 

4 

4 

4 

6 

4 

4 

4 

4 
6 

6 
4 

6 
4 

4 

4 
6 

8 
6 

datmnomical 

1852 

Mar. 30 

91 27 

May 4 
a .  30 

Apr. 9 
Mar. 30 

o 27 
99 30 

May 4 
A .  30 

Mar. 30 
Apr. 2 

29 9 
9) 2 

Mar. 80 
Apr. 9 

19 2 
May 7 
1852-53 

Dec. 11 
Jan. 11 

Dec. 8 

99 11 

Jan. 11 
Dec. 11 

Jan. 11 
Dec. 13 

I# 11 
99 18 

I1 11 
5 Jan. 

Dec. 18 
Jan. 5 

Dec. 13 

9s 15 

Jan. 4,s 
Dee. 15 

' 
L 

i! 
U 
0 

5 .- 
t2 

fast 

12 

13.2 

34.4 

40 

30 

16 

22 

16 

Number and Name 
of Stat~on 

XXVIII  (KBrighngar) 
XXVII (l'huleta) 

XXVI (Hasalpur) 
XXVIII  (Wghngar )  

XXX (Ingrori) 
XXVIII  (Kbighngar) 

XX\'II (Thulpta) 
XXVIII  (Kbrighgar) 

XXVI (Hasalpur) 
XXIX (Por) 

XXVIII  (Khighgar) , 
X X l X  (Por) 

XXX (Ingori) 
XXIX (Por) 

XXVIII  (Khrigdngar) 
XXX (Ingrori) 

XXIX  PO^) 
S X X I  ( D e g h )  

XXXII  (Charhi) 
XXXI ( D e g h )  

XXX (Ingrori) 
XXXII  (Charhi) 

XXXI (Deghm) 
XXXII  (Charthi) 

XXXI (DegBm) 
XXXIII  (Dhhgadra)  

XXXII  (Ch&) 
XXXIII  (Dhrtingadra) 

XXXII  (Charki) 
X X S I V  ( N h c M n a )  

XXXII I  (Dhhgadra)  
XXXIV (NBrechha) 

X m I I  (Dhrhgadra) 
XXXV (Kuslria) 

XXXIV ( N t h c h h a )  
XYXV (Kuirria) 

Befraction 

2 
14 

-21 

-10 

33 

-26 

- 6 

-10 

6 

- 

- 

1 2  

Date 

Mean of 
Times 

of obser- 
vation 

h m 
4 I 

3 47 

5 17 
3 56 

4 36 
3 18 

3 47 
4 I 

6 19 
5 46 

5 22 

5 g 

4 43 
4 19 

3 18 
4 36 

5 26 
5 47 

3 53 
3 57 

3 55 
3 31 

3 57 
3 53 

4 13 
2 57 

4 7 
3 6 

5 3 
4 43 

3 18 
3 14 

4 I 

3 46 

3 32 
2 59 

Height in feet of 2nd 

Observed 
Vertical Angle 

0 I 11 

D 0 2 37.2 

0 4 49'6 

D 0 7 35'5 
D o  2 38.0 

D o  7 43.0 
D o  I 50'3 

o 49'6 
0 2 37'2 

D O  6 46.1 
D o  3 23.6 

D o 6 0.3 
D o  6 8.7 

D o  8 5.6 
D o  3 12.9 

D o  50'3 

D o  7 43.0 

D o  6'0 
D o  5 23-1 

D O  13 37.6 
E o 2 30'0 

D o  2 0.1 

D o  10 39'2 

E o a 30.0 
D o  13 37.6 

E "  '3I .9  
D o  11 24.6 

D o  6 37-4 
D o  2 15.9 

E o I 29'8 
D o  10 46.9 

E o  34'9 
D o  13 2.8 

D o  4 
D o  5 43'8 

D o 12 52-7 

E o 3 49.2 

Height 

1 %  is 

''' 
9'9 

3'9 
*1'3 

3.8 
$14'5 

9'9 
9'9 

5.3 
10.7 

t 1 . 3  
3.8 

t 4 . 5  
514.6 

014 '5  
3 '8 

$7'9 
3.8 

$8'1 

3.8 

4 - 5  

7'9 

3'8 
$8.1 

3'9 
$8.1 

3'8 
3-8 

4.9 
3.8 

3.8 

3 '9  
5.8 

3.9 
3.8 

c ' 4 
? 
.g.g 
$2 a 0  

.048 

- 1 1 - 0 2 0  

'019 

.048 

a048 

.039 

.OIO 

-019 

.oo9 

7'011 

-20.028 

7.011 

.oII  

,023 

in feet 

42 

1 a 
H 

' a '  

5'4 

5'4 
5.5 

513.0 
5.5 

5'4 
5'5 

5'4 
5.4 

5 ' 5  
t2 .7  

513.0 
t z . 7  

$13'0 

t 2 ' 7  
$6.6 

5 ' 4  

$6'5 

5-4 
5.4 

"" 
5.4 

t6 '5  
5-5 

5-4 
5.5 

5.4 
5'4 

5 ' 5  
5.4 

5'5 
5'4 

5-4 
5.4 

M- 

Final 
Eeault 

87 

97 

13-78 

102 

242 

207 

360 

2 2 5  

atation above 
8ea Level 

,gonon~e,ml 
Resulta 

By each 
deduc- 

tion 

102'7 

89'8 

86.5 

84.3 

101.6 

94.9 

94'7 

152.3 

97.2 

105'5 

245.8 

237.5 

205.1 

206'7 

I I 
376'5 

359.0 

=O.I  

220.3 

1 gS .131 

Mean 

86.9 

97'1 

- 
I 52.3 - 
101'4 

241.7 

205.9 

359'0 

220.2 

6 

34.055 

.oII  

161.029 



PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. M-x, 

~ o ~ ~ ~ t a t i o n r  XVIII (Chalarwa) and XXI (Yhpakra) appertain to the Kattywar Meridional Seriea * Bejeotd 

When determining the Spirit-levelled heights, given on pages 6% to 62_,, the levelling staff stood 
on the surfaces hereafter described. 

On a peg at the foot of the station, height = 279 19 feet. To this value, 30 58 feet 
(the height of the upper mark-stone above this peg) being added, the height of 
the upper mark-stone was found to be 309.77 feet. 

Number md Name 
of Stution 

XXXIV (NBwch4na) 
XXI (shpakra) 

SXXV (KuSria) 
X X I  (54pskrs) 

XXXV (Kusria) 
XVIII (Chalarwa) 

XXI (SBpakra) 
XVIII (Chalarwa) 

Bstronomical Date Height in feet a Height in feet of 2nd Befraction 2 
3 m 2 

Station above Mesn 8 
h Sea Level 

5 0 

Observed 2 

2 
N 

XVII (Jhinjhar) On a peg at  the foot of the station, height = 206.95 feet. To this value, 6.06 feet 
(the height of the upper surface of the circular pillar above this peg) being 
added, the height of. the upper surface sf the circular pillar was found to be 
213 00 feet. 

1862-53 

Jan. 4 

,, 63  

Dec. 15 
6 Jan. 

D ~ c .  80 

$9 16 

Jan. 6 
Dec. 16 

- 

0 1  w 

D o  7 21.0 

E o o 8.2 

E o I 16.3 
D o  10 5'3 

D O  6 3.0 
D o  6 22'3 

D o  10 36'8 
D 0 I 4'3 

XVIII (Wmtr$l) On a peg at the foot of the station, height = 224.70 feet. To this value, 4-78 feet 
(the height of the upper mark-stone above this peg) being added, the height of 
the upper mark-stone was found to be 229.48 feet. 

Mean of 
Times 

of obser- 
vation 

h m 
3 25 
3 19 

3 12 

3 28 

4 38 
4 6 

3 53 
3 21 

XXI (Sola) 

6 
8 

4 
6 

6 

4 

4 
4 

On a peg at the foot of the station, height = 218- 82 feet. To this value 23-28 feet 
(the height of the upper mark-stone above this peg) being added, the height of 
the upper mark-stone was fomd to be 242.06 feet. 

XXII (%nand) On a peg at the foot of the station, height = 163.31 fed. To this value 10.36 feet 
(the height of the upper mark-stone above this peg) being added, the height of 
the upper mark-&one was found to be 163 66 feet. 

3 .8  
3 - 8  

3.8 
3 '8  

j .6 
7'8 

3'8 
6 '9  

5'4 
5 '4 

5.4 
5 '4 

5'4 
5'4 

5'4 
5'4 

I1 

448 

544 

810 

689 

15 

13 

29 

- 7 

'034 

'025 

a036 

'010 

- 49'6 

+ 90.8 

+ 4-9 

- 95'3 

fd 

26 

16 

309'4 

311.0 

225.1 

214'9 

310.2 

214'9 

313 

118 



6%. GUZERAT LONGITUDINAL SERIES. 

D e m i p t h  of Spirit-kvelled Point+(Continued). 

XXIV (Khoraj) On a peg at the foot of the hillock on which the station ie built, height = 102 71 feet. 
To this value, 29.40 feet (the height of the upper surface of the central pillar 
above this peg) being added, the height of the upper surface of the station was 
found to be 132.11 feet. 

XXVI ( H d p u r )  On a peg at the side of the station, height = 118.73 feet. To this value, 14-64 feet 
(the height of the upper mark-stone above this peg) being added, the height of 
the upper mark-stone was found to be 133.27 feet. 

XXX (Ingrori) On a peg below the station, height = 110.62 feet. To this value, 41.16 feet (the 
height of the upper mark-stone above this peg) being added, the height of the 
upper mark-stone was found to be 161°78 feet. 

B r  further particulars of theae stations, aee pages 6,, to 7,, 

W. H. COLE, 

I n  chrge of Chputing Ofice. 



G U Z E R A T  L O N Q I T U D I N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. AZIMUTHAL OBSERVATIONS. 

At XIX (Sanoda) 

I n ,  r 
Lat. N. 23' 7' 19*.89; Long. E. 72' 48' 27".32 = 4 61 1 3 . 8 ;  Height above Mean Sea Level, 250 feet. 
December 1851 ; observed by Lieutenant H. Rivers with Tmughton and SimmsJ 18-inch Theodolite No. 2. 

Star observed S Ursae Minoris (West and East). 
Mean Right Ascension 1851.0 1 8 ~  2on 24' 
Mean North Polar Dktance 1851.0 so 24' 8"*17 

Local Mean Times of Elongation, December 23 Western 6 "  8m 
Eastern 18 18 

I 

3 
n 
H 

t ... 

4 

Dec.23 

,, 23 

241 

,, 24 

w 

Observed 
Horirontal : 
DB. Bef. of 

0 1  * 
+ 4 8 59-04 

9 2 0 . 8 ~  
11 41-74 
X I  49-00 

- 3 9 9-07  
9 27'90 

X I  3'80 
11 9.94 

+ 4 10 4-77  
10 24-36 
12 19-83 
12 23-67 

- 3 9 45.40 
g 56'80 

I I I ~ ' I O  
11 20'40 

I 

B 

W. 

E. 

W. 

E. 

Beduced ObserPation ,,. ,,- ,_ 
at Elongation 

0 1  w 

+ 4 12 33.41 
3 0 a 2 9  
30'65 

35'45 

- 
1 . 2 0  

19.11 
18.45 

+ 4 12 31-20 
18-83 

26'71 
28-09 

- 3 11 16.44 
20.16 

16'13 
16-70 

Obmrved 
Horizontal Angle : 
D*. of Beadi~lp 
Bef.Mark-stu 

0 1  w 

+ 4 10 39-17 
10 48.00 
1 2  23-57 
1 2  25-16 

- 3 10 28-90 
10 36.20 

11 18-74 
X I  16-70 

+ 4 11 42-20 
11 50'04 

I 2  25-57 
12 24.93 

- 3 10 44-60 
10 57'43 
11 8-50  
I X  2-70 

W 
0 -  

g ! i 
g 

0  I 

180 I 
& 
o I 

180 o 
& 
0 0 

190 11 
& 

I0 I 2  

190 11 
& 

I0 I1 

BAOI 

" a .8 
;d 8 5 

9 l 8 8  

40 39 
38 27 
19 25 
17 17 

31 8 
29 7 
g 43 
7 24 

33 3 
30 42 
6 26 
3 21 

27 59 
26 I 

3 1 2  
I 9 

.s a g 

3 f 1 1 
f i g i  

Q#8 8 

30 I 
28 25 

7 29 

I 31 

19 58 
18 15 

I 43 
3 43 

19 40 
17 30 

3 0 
g o 

15 53 
I 3  25 

7 46 
10 31 

BIQBT 

Beduotion in 

Elongation 
Arc to Time of 

I m 

+ 3 29.34 
3 7 '30 
0 47'74 
o 37-89 

- 2  1 -95  
1 46-71 
o 11.92 
o 6 -91  

+ 2 18-42 
I 59-43 
o 5-24  
o 1-42  

- I 38'62 
I 25.27 
o 1'30 
0 0.17 

FAOX LEFT 

Beduction in , of 
Elongation 

I I 

+ I 54-14 
I 42'29 
o 7.08 

o 0'29 

- o 50-26 
o 42.00 

0 0 '37  
o 1.75 

+ o 4 '00 

0 3 I '79 
0 1 '14 
o 3'16 

- o 31-84 
0 22'73 

o 7.63 
o 14.00 

Bedueed O b s t i o n  

at Elongation 
Bef. Mark-Star 

0 1  11 

+ 4 12  28-38 
28 ' 10 

29'48 
16-82  

- 3 1 1 1 1 ' 0 2  
14-61 
15'72 
16-85 

+ 4 I 2  23-19 
23 '79.  
25.07 
25 '09 

- 3 11 24'02 
22-07 
20'40 
20.57 





PRINCIPAL !L'RIANOULATION. AZIMUTHAL OBSERVATIONS. 

Abstract of Astronomical Azimuth observed at XIX (Sanoda) 1851. 

1. By Eastern Elongation of 6 Ursa Minoris. 
L 

Face L B L B L B L B L R L B  
Zero 180° O0 190' 100 200' 20' 210' 30' 221' 41' 231' 51' 

Date ~ecembir 23 December !& December 25 December 26 December 27 December 28 

I I I I 4 v I 4 u u I v 

Obeerved difference 19'16 11-02 16.44 24-02 23-88 18-02 24-16 18-61 19-04 26-87 19-47 22-64 
of Circle-Readings, 18-20 14.61 20.16 22-07 22.78 22.26 23'55 18.28 18:24 17'44 20.97 20.59 

Ref. M. -Star 19-11 15.72 16-13 20.40 19.86 14.03 23-16 18.52 20'11 21'03 24.17 19-84 
reduced to Elongation 18-45 16.85 16-70 20.57 21-68 17-86 22.36 18-20 20'87 19.93 26.11 19-75 

Xeane ' 18'73 14-55 17'36 21'77 22'05 18'04 23.31 18.40 19.57 21'32 22-68 20'71 

0 1  v v v I v I 

Mema of both facea - , 3 1 1  16.64 19-56 20-05 20.85 20'44 21-69 
d c .  of Star fr. s . ,  by W. 183 41 53-27 53'66 54-06 54-45 54-84 55'24 
Az.ofRef .M.  ,, 180 30 36'63 34' 1 0  34-01 33-60 34-40 33'55 

2. By Western Elongation of 6 U r n  Minoris. 

Face L R L B L B L  It L B L B 
Zero 1800 00 1~ 100 2000 200 a100 w 2210 410 2810 510 

Date December 23 December 24 December 25 December 26 December !27 December 28 
I 4 v I I v u 4 v I I I 

Observed difference 33-41 28.38 31-20 23-19 28-04 26-10 21-87 23.68 29-06 18-14 32-04 28.43 
of Circle-Readings, 30'29 28-10 28-83 23.79 31-08, 31.01 17-79 25.90 27-64 25-30 32'01 27.90 
Ref. M.-Star 30.65 29'48 16.71, 25-07 28'53 29.82 21-29 28-72 23-03 14-53 31-69 30.12 

reduced to Elongation 15-45 26-82 28-09 25.09 32.67 29.98 19'17 31-87 13-07 16-93 30.69 31-75 

Meana 29-95 18-20 28-71 24-29 30.08 29-23 20'03 27-54 25-70 26-23 31-61 19-55 

0 1  u u I I I I 

Meana of both faces + 4 1 1  19-07 26.50 19-66 13-78 15 '96 , 9 - 5 8  
Az. of 8tar fr. 8., by W. 176 18 6-93 6-54 6-14 5 '75 5'35 4 -96 
Ac. of Ref. M. ,, 180 30 36-00 33'04 35'80 19' 53 31-31 35'54 - 

Astronomical 

0 8 ... ... by Eastern Elongation 180 30 34138 

... ... Azimuth of Referring Mark by W e s h  ,, ... ... YY 33'54 
Mean ... ... ... 3 )  33-96 

A,ngle Referring Mark and XVI (Mirdpur) see page* 1 L X  and 1gMI. of Abu Meri- 
dional Series ... ... ... ... ... ... ... +I54 4 43-80 

Astmhomical Azimuth of Mirz4pur by observation ... ... ... ... 334 35 17'76 
Geodetical Azimuth of ,, by calculation from that 

... adopted (Vol. 11, page 141) at ICdihnpur : see page 65,, ante ... 334 35 14-01 

... Astronomical - Geodetical Azimuth at XIX (Sanoda) a*b ... ... + 3' 75 
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GUZFZAT LONGITUDINAL SERIES. 

At XXX (Ingrori) 

A m  r 
Lat. N. 22O 57' 7"-58; Long. E. 71' 51' 1".30 = 4 47 %- 1 ; Height above Mean Sea Level, 152 feet. 
April 1852; observed by Lieutenant H. Rivera with Troughton and Simms' 18-inch Theodolite No. 2. 

Star observed 
Mean Right Ascension 1852.0 
Mean North Polar Distance 1852'0 

Local Mean Timea of Elongation, April 5 

a Ursae Minoris (West and East). 
ih 5" 36' 
i0 28' 46".18 

Weatern 8 6" 
Eastern 18 9 

Reduced Obmmtiox~ 
Bof. Mark- Stsr 

at Elongation 

O I X  

+ I 3 6 2 5 ' 7 3  

15-79 
28'77 
25'51 

- I 36 26-78 
25'54 
28.98 
24'62 

+ I 36 40.51 
36-16 
31-98 
32-29 

- I 36 16.37 
18-76 
15-74 
13'23 

+ I 36 36-77 

36.47 
36'25 
35.14 

- 1 36 21'71 
19-21 
20'23 
17.07 

BIGHT 

Reduction in 
Arc to Time of 

Elongation 

I x 

+ 0  O ' I o  

0 0 ' 0 2  

o 39.17 
0 42-31 

- o 54-52 
0 49-90  
o 10.65 
0 7'39 

+ o 8.21 
o 9.66 
0 41'48 
o 45-22 

- o 54.83 
O 49-43 
o 11'34 
o 6 - 4 9  

+ o 0'27 

o 0.00 
o 21-39 
0 2 3 . 8 8  

- o 52-57 
0 48'91 
0 15'30 
o 13.01 

W 9 0-  
BACB LEFT 

Ilaluction in  
Am to Time of 

Elongabion 

I II 

+ o 1 6 . 5 0  
o 18.90 
1 1 ' 5 4  
I 6.64 

- o 27'74 
o 2 3 . ~ 6  
o 1.48 
0 0.52 

+ o 19'47 
o 21.92 
I 2'31 
I 7 -26  

- 0 33-00 
o 28-71 
o 0.29 

o 1 - 6 5  

+ o  2.42 
o 3 -83  
o 41-26 
0 44'37 

- o 32-92 
0 28'77 
0 2-79  
o 1 -67  
o 0.96 

A ~ r .  

,, 5 

,, 6 

,, 6 

,, 7 
I 

,, 7 

Wm 

E. 

W. 

E. 

W. 

E. 

PACE 

'' ' 
' ' 4 1 ,; 3 
A h M  

9 l 8 6  

I z o  

o 33 
26 42 
27 45 

31 31 
30 9 
13 55 
11 35 

12 13 
13 15 
27 29 
28 42 

31 36 
30 0 
14 2 1  
10 52 

2 12 

o 14 
19 44 
2 0 5 0  

30 57 
29 51 
16 41 
15 23 

Reduced Obwrvatio 
h f .  Mirk - Star 
at Elongation 

0 1  x 

+ 3646 .60  

45'60 47'38 

43-38 

- I 36 16-47 
11-32 
11-62 
10.25 

+ I 36 32-17 
28'55 
32-61 
31-86 

- I 36 14'07 
26-81 
24-65 

20'79 

+ I 3635 .45  
33'86 
36 -06 
35'61 

- I 36 12-66 
22-70 
22 '99 
24'84 
24.26 

Obwrved 

F$"b;talak , *k-BUI 

0 "  

f 3 6 2 5 ' 6 3  

36 25-77 
35 49-60 
35 43-20 

- I 35 32.26 
35 35'64 
36 18.33 
36 17'23 

+ I 36 32-30 
36 26-50 
35 51-50 
35 47-07 

- I 35 21.54 
35 29'33 
36 4.40 
36 6.74 

+ I 36 36-50 

36 36.47 
36 14-86 
3611.26 

- I 35 29-14 
35 30'30 
36 4 '93  
36 4-06 

Y 

0  I 

I 

& 
0 I 

180 o 
& 
o I 

190 1 2  
& 

10 13 

190 12 
& 

10 12 

z o o m  
& 

2 0  2 0  

zoo 20 
& 

20 2 0  

0 1 .  

+ I 3630 .10  
36 26.70 
3 5 4 5 ' 8 4  
35 36.74 

- I 35 48'73 
35 48-26 
36 10.14 
36 9 '73 

+ I 36 12'70 
36 6 .63  
35 30 '30 
35 24-66 

- I 35 50'17 
35 58.10 
36 24'36 
36 18-14 

+ I 3 6 3 3 ' 0 3  
3630.03  
35 54.80 
35 51-24 

- I 35 39'74 
35 53'93 
3620 .20  
36 23-17 
3623 '30  

9 l 8 6  

17 19 
18 32 
3 3 2 9  
34 51 

22 28 
2 0  29 

5 X I  
3 4 

18 49 
19 58 
33 42 
35 I 

24 50 
2 2  51 

2 17 

6 56 

6 3 8  
8 2 1  

27 24 
28 25 

24 29 
22  53 

7 7 
5 31 
4 1 0  
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& 

3O 29 

210 28 
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30 28 

2 2 0  38 
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40 38 

220 38 
L 

4 0  38 

230 50 
& 

50 50 

230 50 
& 

50 50 

180 I 

&a 
o I 

180 I 
&ti 
o I 

9 
F1 
m 

.i 
0 
a e 
2 
1 

Apr. 8 

,, 8 

,, 9 

,, 9 

,, 10 

10 

,, 12 

12 

g .- a 
$ 

W. 

E. 

W. 

E. 

W. 

E. 

W. 

E. 

Reduced Observation 
Ref. Mark--tar 
at Eluugation 

O J W  

+ I 36 33-22 
28.87 
33 '16 
31-90 

- I 36 22'51 
24.87 
27-32 
2 I '92 
22'54 

+ I 36 34-70 
37 '83 
35 '34 
36.74 

- I 36 2 1 - 2 2  

20. 52 

27.62 
20.83 

+ I 36 33-29 
35'52 
37'62 
3 j . 61  

- I 36 22-65 
23.18 
24'29 
24' j 2  

+ I 36 32'62 
35-06 
34.11 
34 '63 

- I 36 25.82 
27'61 
2 j . 2 2  

23'45 

Obsened 
Horizoril~l Angle: 
')iff. of llendil~gs 
Uef. Mnrk-Stnr 

o #  I 

+ I 36 25-47 
36 l y ' j o  
36 1 '03  
35 56-93 

- I 35 54'20 
35 59-67 
36 23'03 
36 19'40 
36 20'96 

+ I 36 23.30 
36 23.63 
3 j j 4 . 5 6  
3 j  52.40 

- I 3 j  56.87 
3 j  59'16 

3 6 2 3 . 4 7  
36 1 1 . ~ 4  

+ I 36 1 0 . 8 ~  
36 10.33 
3 j  39'20 
3 j 3 3 . 5 0  

- I 35 57.43 
36 ~ . j 5  
36 17-67  
36 IY'O3 

+ I 35 50'33 
3 j  49'57 
35 19'90 
35 16'83 

- I 35 55-47 
35 jg.70 
36 24.40 
36 23.24 

Obaerved 
Angle : 

of lleadillgs 
ud. Mark-ahr 

0  0 

+ I 36 31.84 
36 32-73 
36 11.84 
36 1.50 

- I 35 40'53 
35 40.60 
36 9 '57 
36 10.47 

+ I 36 28-34 
36 29.50 
36 10.16 
36 8.24 

- I 35 33-30 
35 38.27 
36 6.64 
36 8 '36 

+ I 36 28'23 
36 24-80 
35 56'97 
3 j  54.36 

- I 35 37-33 
35 38.90 
36 5-70  
36 5 '27 

+ I 36 13-80 
36 10.10 
j j  38-50 
35 37'90 

- I 35 37-03 
3 j  42'73 
36 7.56 
36 10.26 

. E g  .$ 
.k 2 

g g~ - 
5 g 2 

9n 8 

11 52 
13 3 
24 11 

25 14 

2 2  42 
2 1  25 
8 50 
6 46 
5 22  

14 24 
16 4 
2 7 1 j  
28 25 

21 3 
19 43 
8 4 1  

1 2  42 

20 13 
2 1  24 
32 37 
3 3 3 8  

21 25 
2 0 1 7  
l o  58 
9 59 

27 45 
28 47 
36 46 
37 39 

23 30 
2 2  32 

3 j I  
I 56 

.e E g 
2 { 0 

a $ 

o n 8  

3 35 
5 57 

18 42 
19 3 j  

28 45 
27 32 
16 4 
I 4  3 j  

9 4 
10 26 
21 18 
2 2  24 

29 45 
28 28 
14 37 
13 16 

14 11 

15 39 
27 55 
28 50 

28 o 
26 42 

1 5 4 8  
I4  51 

2 2  22  
23 28 
32 1 2  

33 8 

29 2 2  
28 2 2  
1 4 1 2  
12 7 

PACE BIQlIT 

Bedaction in 
A r c  to Time of 

Elongation 

I .  

+ o 0 - 7 1  
0 1 '95 
0 19'22 
o 21-08 

- O 45'38 
o 41 -62 
0 14-19 
o 11.69 

+ o 4-52 
o 5-99  
o 24.93 
o 27.57 

- o 48-63 
0 44-54 
o 11-74 
o 9.68 

+ o 11.11 

0 13-49 
0 42'83 
o 45'68 

- o 43-06 
o 39-16 
0 1 3 ' 7 3  
0 12-13 

+ o 27-49 
o 30.26 
o 56'96 
1 0.30 

- o 47-36 
0 44'19 
0 1 1 . 0 9  
o 8.08 

BACP LEFT 

Reduction i n  
Arc to T ~ l ~ i e  of 

Y,ullp,iuu 

f e 

+ o 7'75 
0 9.37 
o 32-13 
0 34'97 

- o 28.31 
o 25'20 
o 4-29  
o 2'52 
o 1 '58 

+ o 11.40 
o 14-20 
0 4 0 ' 7 8  
0 44.34 

- o 24-35 
o 21-36 

0 4'15 
o 8.89 

+ o 22.49 
o 2 j .19  
O j8.42 
1 2 " 1 1  

- o 25-22 
0 2 2 . h ~  
o 6.62 
O 5 -49  

+ o 42-29 
0 4j .49 
I 14.21 
1 17 '80 

- o 30'35 
0 27'91 
o 0.82 
o 0 ' 2 1  

RednaedObaerPstion 
Bef. Mark-6tu 

at E1ongution 

0 1  n 

+ I 36 32.55 
34.68 
31 -06 
21-58 

- I 36 25-91 
22 .22  

23 ' 76 
02-16 

+ I 36 32-86 
35'49 
35'09 
35-81 

- I 36 21.83 
22'81 
18.38 
18'04 

+ I 36 3 '34 
3 1 .a9 
39-80 
40'04 

1 I 36 20'39 
18-06 
19'43 
17.40 

+ I 36 41-19 
40.36 
35'46 
38-20 

- I 36 24-39 
26.92 
18-65 
18-34 

I 



GUZERAT LONGITUDINAL SERIES. 

Abstract of Astronomical Azimuth observed at XXX (Ingrori) 1852. 

1. By Eastern Elongation of a Ursae Minoris. 

Face L  B  L  B  L  B L  B  L R L  B 

Zero 180' O0 190' lo0 200' 20° 210' 30' 221' 41' 231' 51' 

Date April 5 April 6 April 7 April 8 April 9 April 10 
I w I I I n n n I n n 

16.47 26.78 24-07 16-37 12.66 21.7i 22.51 25-91 21-22 21-83 22.65 20.39 
11.32 25'54 26'81 18-76 22.70 19.21 24-87 22.22 20.52 22-81 23.18 18-06 

Observed difference 11.62 28-98 24.65 15.74 22-99 20.23 27-32 23'76 27-62 18-38 24.29 19-43 
of Circle-Rsadings, 10.25 24.62 20.79 13'23 24.84 17'07 21'92 22-16 20.83 18-04 24-52 17-40 
Ref. M.-Star *23.54 '22.11 24.26 22-54 

reduced to Elongation '25.33 '24.64 
'22.94 '16.37 
121.17 '16.06 

Means 17'83 23.14 24.08 16.03 21.49 19.56 23.83 23.51 22-55 20.27 23-66 18.82 

o I 11 I n I n I 

Means of both faces - I 36 20.49 20.05 20.52 ~ 3 . ~ 7  21 '41 21.24 
Az. of Star fr. Y., by W. 181 36 27.17 27'49 27.82 28-15 28.47 28-80 
Ae. of Ref. M. ,, 180 o 6.68 7' 44 7 - 3 0  4'48 7.06 1 - 5 6  

.i 

2. By Western Elongation of a Ursae Minoris. 

Face L It L  It L  R L l R L B  L B 

Zero 180' 0° 190° lo0 200' 20' 210' 30' 221' 41' 231' 51° 

Data A.pril 5 April G April 7 April 8 April 9 April 10 

n w I v 9 I I II n I( n w 

46.60 25'73 32'17 40'51 35'45 36-77 33'22 32.55 34-70 32.86 33-29 39'34 
45.60 25.79 28.55 36.16 33'86 36'47 28.87 34.68 37'83 35'49 35.52 38'29 

Observed difference 47-38 28.77 32.61 32.98 36-06 36-25 33.16 31.06 35.34 35-09 37-62 39.80 
of Circle-Readings, 43.38 25.51 31.86 32.29 35.61 35-14 31'90 22-58 36.74 35.81 35.61 40'04 
Ref. M.-Star +3oa34 '39.01 

*32.78 '38.08 reduced to Elongation 
'31.83 '33.18 
'32'35 *35.92 

Means 38'78 31-50 31.30 35'49 35'25 36'16 31'79 30.22 36.15 34-81 35-51 39'37 

0 ,  m n I n n N 

Means of both faces + 1 36 35-14 ' 33'39 35'70 31 -01 35:48 37'44 
Az. of Star fr. S., by W. 178 23 32-94 32-61 32'29 31.96 31 '64 31'31 
Az. of l teE M. ,, 180 o 8.08 6-00 7'99 2'97 7-12 8.75 

NOTE.- Whew observations occurred on tho same pair of zeros on different nights they are reduced in this abstract to one date--the most convenientby 
allowing for atar'lr change of place. The date 80 adopted appeara at the hcad of the column and the reduced ob~emation ia preceded by an arterLL. 

- 



PRINCIPAL !t'RIBNGULATION. A!?JMUTHAL OBSERVATIONS. 

Abstract of Astronomical Azimuth observed at XXX (Ingrori) 1862-(Conthwd). 

i 
by Eastern Elongation . . . 

Astronomical Azimuth of RRferring Mark ... by Western ,, . . . 
Me an... . . . 

Angle  Referring Mark and XXIX (Por) see page 3 4 L ,  amte ... ... 
Astxonomical Azimuth of Por by observation ... ... . . . 
Geodetical Azimuth of ,, by calculation from that 

adopted (Vol. 11, page 141) at Kalidnpur, see page 6 6 = .  ante . . . 
A.stronomica1- Geodetical Azimuth at XXX (Ingrori) ... ... . . ,  

Xay, 1890. 
W. H. COLE, 

In charge of h p d i n g  OJce. 
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CUTCH COAST SERIES. 

INTRODUCTION. 

The Cutch (Kachh) Coast Series of the South-West Quaddated is the chain of prin- 
cipal triangles, that commences at the head of the Gulf of Cutch, trends first south-wmtwards 
and then north-westwards through the province of Cntch, crosses the western end of the Ran 
and the southern mouths of the Indus, and terminates near Tatta, 60 miles east of Kadchi. 
I t  emanates from Chitror-Whdia, a side of the Kattywar flUthisiv6d) Meridional Series, 
and closes, after a run of 236 miles, on the side Khthol-Wij i  of the M c h i  Longitudinal 
Series. It is double throughout and consists of one compound figure, one double hexagon, 
six pentagons and five quadrilaterals. 

During the field season of 1863-64 the Bombay ~ g u l a t i o n  Party was employed 
under Lieutenant Nasmyth on trigonometrical work in the 

a & ~ n  186a-u Kattywar Peninsula; me of the assistants, bowever, Mr. 
T. Sanger, was deputed to take up the approximate work 

of the Cntch Coast Principal Series, and this he carried from Whdia to Dinoda. By May, 
1863, the Kattywar Meridional Series had been completed from the parallel of 23" to its 
southern extremity near Din ; and in April and May, 1864, Lieutenant Nasmyth mcceeded in 
carrying the h i  observations northwards across the Ran of Cntch to Chitror. He was 
precluded, however, from observing at any of tlie stations of the Cutch Coast Series by the 
weakness of Mr. Sanger's approximate work, which had made the Cut& triangnlrti~n a t  
its janotion with the Kattywar principal chain depend on one single triangle and one quadri- 
lateral, in the latter of which were two angles lees than 30". 
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During the early part of the field season of 1854-55, Lieutenant Nasmyth and Mr. 
McGill were a t  Karhhi, taking part in the measurement 

& m o m  1864-65. of the Base-line that was being carried out with Colby'e 
apparatus under Colonel A. Strange. Messrs. Sanger and 

DaCosta, the only other assistants with the party, were both placed on the duty of improv- 
ing the approximate work a t  tho junction of the Cutch and Kattywar Principal Series. 

The district of Wagan in which they were operating was bounded on the one side by 
the sea and on the other by the Ran, and was not sufficiently broad to admit of symmetrical 
triangles. The surveyors, therefore, found their task no easy one ; but at length they sub- 
mitted a design that was approved by Nasmyth. Mr. Sanger then took up the approximate 
work of the Guzerat Longitudinal Series east of ~hmedabad (AmdBvBd), and Mr. DaCosta 
continued his observations of the angles of the Kattywar Coast Minor Series n~hich he had 
been unable to finish the previous year. Towards the end of the measurement of the Kadchi 
Base-line Lieutenant Nasmyth fell ill, and was on this account detained some weeks at  
Kadchi. When sufficiently recovered for the journey he had to be moved to Mahbbaleshvar. 
The final work of the Cutch Coast Principal Series was in consequence not taken up during 
the season 1864-65. 

The climate of Cutch in the Autumn is so bad and fever is so prevalent that it is in- 
SIWJOU 185s-66. judicious to undertake the general duties of a survey there 
P J ~ B ~ O ~ E L .  before November. As, however, the town of Naithra was 

pentenant D.'J- N ~ m i t h ~  Bombay Engin-1 situated in the western part of Cutch and at a compara- 
2nd Assistant. 

htr. J. DaCoetq B u b - A ~ ~ b n t .  
,, T. knger, 

tively high altitude, Nasmyth decided to move there early 
I1 ,, a. ?ticC+ill, ,I in October, and observe Polaris 'at both elongations for 

,, C. McGill, 18 azimuth, and then to return to the sea coast and to remain 
till the unhealthy season had passed. Mr. Sanger's approximate work of 1863-54 had 
not been carried westward of Dinoda and Roha, but as the town of Naithra formed an equi- 
lateral triangle with these two stations it was evident that a station would eventually have 
to be built in its vicinity. 

The party's departure was constantly delayed owing to the unsettled state of the 
weather, and it was not till October 16th that they set out from Poona (Puna). On arrival 
a t  Bombay the large theodolite, heliotropes, lamps and all other apparatus were embarked in 
a Government boat, whilst a sailing ship from Cutch was chartered to carry the native estab- 
lishment, horses and baggage. About this time scarcity of water was anticipated in Bombay 
and boats had already been interdicted from drawing their supplies from the island except 
on payment. That the establishment might not be delayed Nasmyth agreed to a heavy 
charge; but hardly had the vessel left Bombay when i t  was found that the alleged supply of 
water had not been shipped: a day had to be spent in fXling the spare tanks before the 
vessel weighed again for Cutch. The voyagers, however, seemed doomed to misfortune; tlie 
wind was against them and the tindal of the ship got out of his reckoning. With but little 
water left on board, he found himself at  the mouth of the Persian gulf within a short distanoe 
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of Muscat. Changing his course he sought to make some port on the Kattywar Coast, but 
was again unfortunate; for the wind died away and there was no land in sight. Scarcity of 
water now began to press inconveniently on all, and a Brahmin of the party was deputed to pray 
for better things : he accordingly spent the night invoking the protecting aid of Wiloda, and, 
aa morning broke, concluded his devotions and predicted a coming breeze: the breeze 
indeed came, but it blew tlie wrong way. The Kattywar Coast was passed unseen, and 
before the Konkan sl~ore was gained, the horses had been three days without water. In 
these extremities a steamer hove in sight ; a signal of distress ulas run to the masthead and 
great was tho joy of the voyagers when the steamer was seen to steer towards them : greater 
still, however, was their mortification, when the Captain of the steamer, having learnt that 
it was merely for water that he had been sulnmoned out of his course, abused them roundly 
and steamed away out of sight. Having replenished their water supply from the IConkan 
Coast, the party was at  length landed safely at  M&ndvi on November 11th and began their 
march the following evening. 

The country through which the trinnplation was to be carried was rocky and unfavor- 
able for carts, and camels could not be procured; for although there were many of these 
animtlls i l l  every village, the natives refused to lend them. The camelmen from Gujadt 
objected to serve in Cutch, and t lie Rao declined to assist the survey party ; Nasmyth had 
therefore to employ carts, which were very slow and generally broke down. Much inconve- 
nience W:IS next caused by the sudden witlldra\~~al of the native guard by order of the l3oml)ay 
Government; alld as his establishment had been divided and distributed pll over the 
country, Nt~smyth's arrangements were quite upset. He submitted the matter to Colonel 
A. S. Waugh, Surveyor General of India and Superintendent of the Trigonometrical Survey, 
and by order of the Supreme Government the guard m:ls eventually restored. 'l'he party 
reached Naithra on Novexnber 16th and the station of Htithria was immediately selected 
in the vicinity. Whilst the platform was being built the establisllment moved to Roha, 
Nasmyth himself visiting the country to the north to decide on the Lest way of completing the 
figure. On November 19th he followed the establishment to Rolla and set up the instrument, 
iutending to take observations of the final angles, but an unforeseen impediment occurred: 
Mr. Sanger, who liad been sent on in advance to visit the selected stations and asmre himself 
thnt the preliminary arrangements mere perfect, had allowed the ray from a station named 
Jhuria to  Roha to escape his notice : and when Nasmyth arrived he found it hopelessly 
obstructed by un intervening hill. n'asmyth a t  once proceeded to Jhuria and after a week'e 
work decided to transfer Mr. Sanger's station to Wha.  

He  began the final work at  She th ra ,  and then visited the stations of BoUri and Katror ; 
and before the year 1866 had closed he had completed the ol~servations at  W4ra and Roha nnd 
had observed as many of the angles at  Dinoda, Naliylr and HBthria as the unfinished state 
of the approximate series would allow. He then took up the work of the Kattymnr Meri- 
dional Series and remained employed on it till the close of the field-work in May 1856. 

In the meantime Mr. DaCosta had been carrying on the approximate work of s 
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Principal Series that was to connect the Cutch Coast Series with the Kadchi Longitudinal. 
He first selected the stations of Saind, Sura Gandhra and Manjal and thus formed a somewhat 
symmetrical hexagon round Hhthria : then with the side Manjal-Sura Gandhra as his base he 
carried the approximate series due north up tlie meridian of 69", till he joined on to the aide 
8ha Turel-Ad6ri of the KarAchi Longitudinal Series. As the season advanced he suffered 
much from the heat of the desert, whilst his marches backwards and forwards over the Ran 
and across the low swampy land that lies between the Kori and Indus were very trying. He 
rejoined the head-quarters of the party in May. 

It had now become evident that Cutch was a very difficult country to triangulate: 
the hills were steep and difficult of ascent, and the valleys were obstructed by loose sand and 
quicksands : the scantiness of the population too in the wild places visited, greatly augmented 
the troubles of moving about. But of all the parts of the country, that lately traversed by 
DaCosta seemed the least favorable for trigonometrical work: many of his stations had 
of necessity been placed on the very border of the Ran ; and from experience gained on the 
Kattywar Meridional Series it was known that such positions would never yield good results. 
Naemyth therefore determined to throw over DaCostaYs work on the meridian of 69", and 
to carry the Cutch Principal Series across the mouths of the Indus parallel to the Coast, 
and make it join the Kar4chi Longitudinal Series north of Tatta. 

The party took the field again on August 31st, 1856, but were forced by unfavorable 
&uon 1856-57. weather to seek shelter in the town of Anjhr. On Sep- 

PEBSONNEJI. tember 8th Nasmyth commenced laying out supplementary 
Lirutenrnt D. J. N-myth, Bombay Engineem, triangles to connect the principal triangulation with the 

2nd baiatant. 
ME J. DaCorts, sub-~~istmt. sea; and on October 1st he proceeded to HBthria, where 
,, T. Panger, II 

,, J. McOill, I, he observed Polaris at  both elongations for azimuth. 
,, C. ~ o a i l l ,  )I He then returned eastwards and continued his work on the 

Qttywar Meridional Series. 

Early in October Mr. DaCosta, who was now assisted by Mr. Sanger, began the ex- 
tension of the Cutch Coast Series through Sind from the Ran to Tatta. The side Saind-Sum 
Gandka proved unsuitable to start from, a station at  Suri Muri had to be selected. On the 
side Suri Muri-Sura GandBra a pentagon was then constructed round Bdbia as a centre, 
which brought the Series to the northern border of Cutch. Beyond, however, the mere 
selection of the sites of the stations nothing could be done, for no means of building the 
towers existed, no masons were to be found within miles, and neither bricks nor lime were 
known. 

The country for 40 miles north of the Ran is always inundated in November and 
December and does not become thorougllly drained till April ; so after selecting Lakhpat and 
Pinjor Pir the two Surveyors proceeded by boat to Kar4chi to recommence their work from 
its northern extremity. The new series started from the side 84hiji-Khothol of the Karkchi 
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*Longitudinal Series, and after passing Tatta crossed a flat, damp country, thickly overgrown 
with bastard cypress and bantle: at first water was good and plentiful, but as the Ran 
was approached it became scarce and bad. Having selected all the stations DaCosta com- 
menced building the towers near the Ran. During his stay in KarBchi he had made arrange- 
ments for their construction and had despatched material by boat to the north-west of Cutch ; 
but statute labor had lately been abolished in Sind, and no workmen could be procured ; the 
inhabitants, as long as fish were in tlie canals, had no care for their livelihood, and those in 
the Ran were especially averse to work : at times it seemed as if the operations would fall 
through, and they probably would have done so if assistance had not arrived from MBndvi. The 
towers tl~emselves were not easy to build : the foundations could not be dug two feet without 
water rushing in and rendering the sand loose and yielding. A large supply of bricks had 
been prepared at  Guni and other places, but an unexpected fall of rain in February convert- 
ed them into mud and threw the builders out of employment. Towards the beginning of 
June the Indus overflowed its banks and flooded the whole country round, obliging DaCosta 
to return to recess quarters at Bhiij. 

On December 21st Nasmyth completed the Kattywar Meridional Series at  WhkBner, 
and again resumed work on the Cutch Coast Series first visiting the stations at  the junc- 
tion of the two principal series and then working westwards till he joined on to his side Bol4ri- 
Katror of the previous season. He utilised Gbngta, one of the principal stations of the 
Kattywar Meridional Series, as the northern point of the Kakarwa pentagon, but left the 
interior angles of the Ghngta-C,hitror quadrilateral unobserved. The employment in 
the two series of the same station rendered the figure at their junction one of great 
complexity. If the reduction had been carried out rigorously all the triangles within 
the periphery Ghngta-Bela-IwBlia-Pata-i-ShBh-Kh&nmir-Kesm&ra-Khkraji-M&lia-Whndia- 
Sakpur-RBhida-Ran-G&ngta would have had to be regarded as belonging to one compound 
geometrical figure: the fact too that the interior angles of the quadrilateral Ghngta- 
Chitror had not been observed would not have lessened the complication. The reduction 
however was not carried out rigorously : the Dbjka pentagon was first reduced independently 
of any exterior observations and then in the following order the Kanduka-KhBnmir quadri- 
lateral, the Modba hexagon and the Nara-Wbndia quadrilateral were taken in hand. When, 
therefore, it came to the turn of the Kakarwa pentagon to be reduced, three of its angular 
points-GAngta, Nara and Sakpur-had already been fixed in position. I n  addition thus to the 
seven geometrical conditions that have to be satisfied in the case of every complete simple 
pentagon, two others entered into this figure : the sum of the two angles at  Nara had a fixed 
value, and the side Sakpur-Nara had to bear a fixed ratio in length to the side Nara-Gh&. 

I n  January an earthquake occurred which nearly brought down the tower of Kadrho, 
on which the instrument happened to be standing. I n  March Nasmyth exhausted all the 
approximate work that was ready for him and then ocoupied himself in carrying out several 
repetitions of supposed bad work. Triangular errors of 3" were common in the neighbourhood 
of W p a t  and Pinjor Pir; but though the faulty angles were repeated many times their 
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values always remained the same and the errom were not decreased. !I'he only explanation of 
the difficulty offered by Nasmyth was, that signals mere not only rendered unsteady by haze 
but were also distorted in s constant direction by currents from the Ran, leaving unequal 
densities in the air: where the country mas all Ran, increased triangular errors did not 
present themselves. The field work was brought to a close on April 1it11, 1857, and the 
party returned to their recess quarters a t  Bhfij. 

I n  October, 1857, with a view to relieve General Lawrence, a column was being orga- 
nised a t  Deesa (Disa) in all liaste to attack Lubva a walled town situated half may between d b u  
and Nusseerabad (Nasirabad) wliicli was held by mutilleers of the Jodhpore (Jodhpur) legion. 
As General Lawrence was urgently in want of the services of an Engineer Officer and there was 
no other available, Lieutenant Nasmyth was requested to accompany tlie force and remain with 
it for three months : this he consented to do anticip:~ting Colonel Waugh's approval. Nasmyth 
reached Deesa on October 16th, a weel< after the force had left, and at  once made arrange- 
ments to follow; but on the eve of marching, he officiillly informed that tlie delay 
in his arrival had heen attributed to his inability to leave his work ill Cutcil, and that conse- 
quently other arrangements had been made a l ~ d  his services were no longer required : on hear- 
ing this he had no alternative but to retrace l i s  steps. 

The party took the field on October 16th and moved towards the narrow strip of the 
S ~ W O U  1857-58. R:in near the stntioils of Lakllpat and Pinjor Pir. A s  the 

P ~ a s o a r x ~ .  northern section of the Cutcli Coast Series had presented in  
Lieutenant D. J. N ~ m y t h ,  Bombay Engineem, its approximate work so many difficulties, tlie whole p ~ r -  

1e.t Asriotant. 
Mr. J. UaCosta, sub-~ssirtant. sonnel were to be concent~ated on it, until all the stations 

,, T. Eanger, II 

J McGill, IS had been selected, towers built and rays cleared. Mr. 
,, C. McO~ll, II  DaCosta took upon himself the task of I~uilding the towers 

a t  tlie Ran stations, and deputed Mr. Sanger to clear the rays. Mr. McGill was detached to 
the vicinity of Mugall~hin where he found tlie country flooded, one of his rays in fact, t l ~ e  
clearance of which required mucli tree-cutting, running entirely over water : as was to be 
expected his detachment suffered considrral~ly from fever. Nasmyth joined the party at  the 
end of November and rclsumed the observations of the final al~gles on December 1Otl1. H e  
decidt~d to work from north to  south and so visited tlle stations of the KarBchi Longitudinal 
Series, KArathol and Shhiji, first. The upper mark-stone a t  Khrathol was found destroyed, 
and a llew one had to be placed I)y cutting illto the centre of the pillar and plumbing from 
the lowest mark: its correctness was Ilowever even then open to doubt, and tlie stations of 
K&ra and Gh:~tbna had to be revisited and t l ~ e  position of Ki~.atliol re-determined from them. 
By the end of January tlle first pentagon round Domfini had been completed, and by March 
10th the filial work had been brought down ns far as the side Patl~a-ka-btsri-Mod. Early in 
April the northern section of the series closed on the side Lakhpat-Pinjor Pir, where the 
operations of the previous year had been brouglit to an end : the stations of Jim and Mugal- 
bhi~l  had to be then revisited and an angle : ~ t  each re-observed. Tlie principc~l work of the 
Cutch Coast Series was completed on May 'ith, 1858, when the party returned to their recesr 
quartere at Bhtij. 



On'the Sind section of the Series it was found impossible to take the vertical angles 
in the usual way: many of the signals mere not visible at  the time oE minimum refraction, 
and on approacliing the Ran there mere only a few that were so, and these were unsatisfac- 
tory and unsteady. Under these circumstances the method was resorted to of placing an 
observer a t  each extremity of rr ray to observe the vertical angles simultaneously at any 
time of tlie day or night that the signals might happen to be visible and steady. Nasmyth 
always observed at  one extremity of eveiy ray himself while either DaCosta or MoGill- 
who were each equipped with a 12-inch theodolite-was a t  the other. By placing two 
assistants on this work Nasmyth mas enabled to observe the vertical angles on two rays 
himself every day. The effects of refraction were very uncertain and could not be relied on : 
on the ray Patha-ki-beri-Sugandia the signals one day were not seen till 9 P.M., while 
another day they mere visible at  7 o'clock in the morning. 

I n  April, 1858, Mr. Thomas Sanger, who for some years had suffered from ill health, 
resigned his appointment and retired to the Deccan on a pension : he had entered the Bombay 
Survey Department in 1825 and had been employed from 1828 to 1834 on the Trigonometrical 
Survey of the Bombay Presidency, wl~icli was being carried out by Lieutenant R. Shortrede 
under the orders of Captain Jopp. On the amalgamation of tliis Survey in 1834 with tlle 
Great Trigonometrical Survey of India, he had been transferred to the latter and had worked 
for the last twenty-four years of his service under Lieutenants Jacob, Rivers and Nasmyth. 

All tho angles of the Cutch Coast Series were observed with Troughton and ~ i r n m k  
18-incli Theodolite No. 2*, and were taken on six pairs of zeros. The method adopted of 
changing zeros was one that had been introduced by Lieutenant Rivers and first employed on 
the Abu Meridional Series. By it each change of zero was made to fulfil the following 
conditions :-(1) Each eero was 10" in excess of the preceding ono. (2) At each zero a 
different 10' graduation in the degree was employed. (3) Each micrometer zero was a different 
number of minutes from the division to be intersected, being in three cases to the right of 
that division and- in three to tlie left. The .method is fully described in the Introduction 
to the Guzerat Longitudinal Series. 

The accuracy of the triangulation of the Cutch Coast Series may be tested ag 
follows :-The Katty war Meridional Series originates from a finally fixed side, Bhilgaon-Akoria, 
of the Karhhi  Longitudinal Series, and runs south to the parallel of 233": a t  this point 
the Cutch Coast Series branches off from it to t l ~ e  west, moves round the Coast line and closes 
on another finally fixed side K4rothol-SBliiji of the -chi Longitudinal Series. The 
latitude and longitude of K&rothol and the length and azimuth of tlie side K4rothol- 
S&hiji could thus be computed from Bhilgaon-Akoria through these 360 miles of triangulation, 
and a comparison of the computed and correct values afford a test of the accuracy of the 
work. 

For a full desoription of this instrument and ita performmoea wr Appendix No. 2 of Volume XI of the A c m n t  o j  t b  Opsrationr 
fl th Qrd T r i g o ~ d r i c d  Sunq of I d a .  
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CUTCH COAST SERIEB. 

The closing errors that exist may be exhibited as follows :- 

On the completion of tlie simultaneous reduction of tlie South-West Quadrilateral it 
was found that the portions of the corrections which had actually fallen to the Cutch Coast 
Series were as follows :- 

V A L U E ~ .  

Calculated from the side 
Bhilgaon-Akoria of the Ka- 
rhchi Longitudinal Series, 
vid the Kattywar Meridional 
and Cutch Coast Series. 

Accepted as correct from the 
Simultaneous Reduction of 
the North-West Quadrila- 
teral. 

closing errors . . . 

I n  Latitude of Kkothol (crv) .., L e a . .  **a - o'"014 

,, Longitudeof ,, ... . . . - ... + o -285 

Kirothol. Kirotholdbhiji. 

,, Azimuth of &both01 (CIV)-SAhiji (CVII) . ., + I 222 

Latitude. 

24' 53' 46". 752 

2 4 ~  53t 46W. 692 

+ 0" 060 

Logarithm of feet ... ... .., ... - o 'ooo,o313,4 
I n  Sidei 

giving a ratio of about 4-58 inches per mile. 

Astronomical observations for azimuth have been taken at  but one station of the 
Cutch coast Series, viz., Hhthria. 

Longitude. Azimuth. Side in feet. 

67O 55' 59"' 395 

. The heights of the principal stations of this Series at  the present time depend in the 
first instance on the values of the stations of Ghngta, Chitror and Whndia of the Kattywar 
Meridional Series ; next on those of the stations BhachAo, Sakpur and Charakra, of which 
the values were determined by spirit-levelling operations in season 1874-76 ; and thirdly on 
those of the stations of Kiirothol and Sfiiji of the Kadchi Longitudinal Series, which were 
finally fixed in the reduction of the North-West Quadrilateral : but as the trigonometrical 
differences of height westward of the meridian of 70" are in several parts of the Series very 
unsatisfactory, owing to the abnormal refraction along the coast, it  is intended, if possible, to 
defer their final adjustment pending the execution of a contemplated line of leveki from the 
station of Charakra along the Series to Tatta. 

670 5g 5 9 ~ .  651 

- 0". 256 

goO 1g 052 

- 3"'912 

9841 2 3 

+ 5 ' 9  



A network of secondary triangulation has been thrown over the wllole country of 
Cutch between the principal series and the sea-coast, the area covered being 100 miles long 
and 20 broad. The triangulation though in the end i t  practically became a network, was 
not originally intended to be so. It consisted of two contiguous minor series, one following 
the coast exactly and the other running between it and the principal chain : as the southern 
stations of the latter were always used as stations of the intermediary series, and the stations 
of the two minor series along their contiguous flank were almost in every case identical; the 
series are no longer to be distinguished but are lost in a network. 

I n  September, 1856, Nasmyth starting from the principal side Charakra-Karhho and 
working westward laid out some six or seven small triangles along the coast line, but was 
unable to continue further as he had so much principal work then on hand. I n  March and 
April, 1858, Mr. Sanger widened the principal series by carrying the approximate work of a 
minor series along the southern flank of the former: he commenced at  Katror and ended a t  
Jamanwhla, having succeeded also in breaking up the southern triangles of the principal 
heptagon round HBthria. 

I n  January, 1859, owing to the disturbed state of the country and to a rising amongst 
the Bhils, the Bombay Party were compelled to withdraw from Gujarkt where they were 
working on the principal Longitudinal Series; they retired to Cutch, where Lieutenant 
Nasmyth on February 6th commenced observing the angles of the minor series that had 
been chosen by Mr. Sanger on the southern flank of the principal chain. Mr. J. McGtill a t  
the same time was directed to select the stations of another minor series, tlie southern &ink 
of which was to run along the sea-shore, the northern coinciding with the southern Aank of 
Mr. Sanger's. 

By March 21st Nasmyth had observed almost all the angles of the upper minor seriea 
from Katror to Naliya, taking them with the 18-inch theodolite on two pairs of zeros: the 
eight stations that remained to the westwards, on tlie coast, were difficult of access and the 
observations from them were taken by Mr. McGill with a 12-inch theodolite. As the 
stations of the lower secondary series lately chosen along the coast by Mr. McGill were not 
ready, the party crossed over to KgithiAwAr to take up some minor triangulation there. 

The field season of 1859-60 opened late, owing to the absence of Captain Nasmyth and 
of Lieutenant C. T. Haig, who had joined the party in October, 1859, on active service with 
the Okhhmandal Field Force. The first work taken up on their return was tlie final observa- 
tion of the angles of the minor series on the coast: tl~ese were begun on December 6th, 
1869, and finished on January 12th, 1860, an astronomical azimuth of verification having 
been also observed on three pairs of zeros in the meantime at the secondary station of 
Wndvi. 

In addition to the network of minor triangulation that was thrown over the whole 
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province of Cutch, a great deal of additional secondary work mas executed. A11 the large 
principal triangles were broken up into smaller ones, and numerous temples, trees and peak  
were intersected from two or more stations in every part of the county. The positions of 
the important cities of BhGj and Mlrndvi were determined, as also of the towns of Fatia- 
gad, Rahpur, Bhamaka, TGna, Kera and Tera. Sufficient points were fixed to enable the 
line of the coast aud the borders of the Ran to be accurately delineated, and there exists 
no spot in Cutch that is not within two miles of some point whose geodetio elements are 
known. 

Beyond the Ran of Cutch on the north-western portion of the principal series barely 
any secondary work was executed. The country was a sandy desert, and being situated in 
the delta of the Indus was frequently under water : the difficulties of carrying the principal 
series were great, and enormous additional expense would have been entailed, if the party 
had delayed their progress with secondary work. 

Four principal figures exist north of the Ran: in two of them, the Quni and Rands 
pentagons, no secondary. station was established and no natural object or building intersect- 
ed at all. I n  the Koti-Jim double hexagon four domes over the tombs of Muhammadan 
saints were intersected from two or more principal stations, and in the Domsrlli pentagon 
the higl~est dome of tho city of Tatta and three minarets of the large town of Pir Patho were 
laid down. 

September, 1889. 8. Q. BURRARD. 



PBINCfPBL TRIANGCULBTION. . ALPHABETIOU LIST OF LSTATIONS. 

mbia . . a . . X X I .  

Bhachso • . . . I. 

Bibi Bhiani . . • . r XLII. 

.BoM . w . . XI. 

O h a d  . . . VIII. 

Dhui 

a w XI. 
(Of the K a t t y ,  Meridional Bsries). 

'Dinoda . . XV. 

Bada 

Bbgta 

Buni 

. a . XXXIX. 

c a a a VII. 
(Of the KaQmu Meridional &riel). 

. . XXVIII. 

Hakm . . XXIX. 

HathFia . . XVI. 

Jamanw6l.a . . . XXIII. 

Jim . XXXII. 

Joran . . IX. 

Kakarwa 

M h o  

rnrothol 

-&tror 

mar 

Koti 

Lakhpat 

VII. 

a CIV. 
(Of thr Ihriohi Longitndinal Serier). 

. . XXXV. 

. . . xxv. 

Mmjd . XVIII. , 

Mod . KXXX, 

Mugalbhin . . XXXVII. 

Naliya q t X;vII. 

Nara 11. 

N i n d h d  . . XXXVI. 

Nwlishtih . . XXXIII. 

I Patha-ki-beri . XXX. 

Pinjor Pir . . . XXIV. 

Rghida ZV. 

Ran V. 

Ran& XL. 

Roha XIV. 

Said AE 

Saind 

Sakpur 

Shethra . 
Sugandia . 
Sukpur 

Sura G a n W  . 

SuriMuri . 

Vikia 

Whdia 

CVII. 
(Of the gsrichi Loqitndiial Sericm). 

. XXVII. 

VI. 

XII. 

. XXVI. 

XLV. 

XXI. 

. XLIII. 

XIV. 
(of 'the & ~&l iona l  Series). 

XIII. 



O U T C H  ' . C O A S T '  S E R I B B .  

PRINCIPAL TRIANQULBTION. NUMERICAL LI8T OF STATIONS. 

VII . JamtmwBla. 
(Of the Kattywar Meridional Berim). 

XIV 
(Of the bttyusr Meridional Benos). . Sugandia. 

I ' Bhaohh. 1 XXVII . Said Ali. 

Nara. I XXYIII . . . 

I11 Kakarwa I XXIX . Hakra. 

V RUL 1 ,  XXXI . . Mod. 

VI Sakpur. I XXXII . . Jim. 

Joran. I XXXV . 

VII Kadrho. 

VIII . . . ,. . . Charakra. 

X Katror. I XXXVI . . Nindhmani. 

XXXIII . . NmlishBh. 

XXXIV . Dhui. 

BolBri. I XXXVII . . MugaIbhin. 

XI1 Sdmethra. I XXXVIII . . AbanshBh. 

XIV 

XVI 

Dinoda. 1 XLI Khax. 

WgYra. 

Roha. 

Hhthria. i XLII . Bibi Mariam. 

XXXIX . 
XL 

XVII . Naliya. I XLIII . Vikia. 

XYIII . 

XX Suri Muri. 
0 

XXI . SuraGm&. 

XXII . B4bia. 

CIV . KMhol. 
(Of the gu60hi Longitudinal Series). 

' CVII Uhiji. 
(Of the K d & i  Longitudinal Berim). 



O U T C H  C O A S T  S E R I E S .  

PRINCIPAL TRIANGULATION. DESCRIPTION OF STATIONS. ' 

Of the Principal Stations of this Series those numbered I to XXII, XXIV, XXV, XXXVIII, XLII, 
XLIV and the two Stations of the Karkchi Series, CIV and CVII, on which this triangulation terminates, are 
situated on hills or rising ground, and consist of isolated, circular pillars of masonry, either solid or perforated, 
3 to 13 feet high, each of which carries a mark-stone (o) engraved either on the rock ha sit4 or on a stone em- 
bedded at about the ground level. The solid pillars have a mark at the summit and sometimes also one or more 
other marks engraved on stones inserted in them in the normal of the lower mark. Around the pillars and level 
with their summits platforms of clay, wood and clay, or other materials, have been constructed for the obser- 
vatory tent to rest on. At those stations where the pillars are perforated, access to the ground level mark is 
obtained through an aperture prepared for the purpose. At the remaining stations which were situated in 
the plains it was found necessary to construct towers to overlook the curvature of the earth. These range 
from 10 to 27 feet in height, and are built in a similar manner to those already described which have perfo- 
rated pillars. 

The following descriptions have been compiled from those given by the Officers who executed the Series, supplemented 
as regards adjacent villages from the Topographical Survey maps (where available) of the county traversed, and corrected, so far 
as the local sub-divisions in which the several stations are situated, from the latest Annual Reports furnished by the District 
Officers to whose charge the etations are committed. 

VI1.-( Of the Kattywar Melddiolzal Serie8). , Ghngta Hill Station, 1at. 23" 4&, long. 70" 32'-observ- 
ed at in 1856-is situated on the highest part of a hill in the Rah. The road from the village of Rau, at the 
time the station was visited, was dry but the Ran generally around the station wss muddy : it is in the lands of Rau 
village, pargana WBgad, Cutch State. The ruins of a tower and walls are to be seen here, the place having 
once been the stronghold of freebooters. 

The station consists,of a platform about 6 feet in height, enclosing an isolated pillar of masonry which is built in a man- 
ner similar to those at the adjacent stations. The approximate direction8 and distances of the following villages are :--Ran S.E., 
miles 6 ; and Dauri N., milee 9. 

XI.-(Of the Kattywar Meriditmal Series). Chitror or Chitrod Hill Station, lat. 23" 241'~ long. 70" 
4'-observed at in 1854 and 1856-is situated ony the highest point of the hill oalled Dhia which is within a 
couple of miles of the town of Chitrod : pargana Whgad, Cutch State. 
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The station consists of a platform enclosing an isolated pillar of masonry, but as i t  was not sufficiently large for the 
stand of the instrument, it had to be increased, in eEecting which the height of the pillar was increased a little. This addition of 
about 6 to 7 inches was made after the 30th March 1854. I t  was again visited in 1856, but no stateme.it of any alteration in the 
construction of the station is forthcoming. 

X1V.-(Of the Kattywar Meridwnal Seriee). W4ndia Station, Lat. 23" 16', long. 70" 39'--observed 
at in 1866-is on the middle tower or bastion at the re-entering angle on the western face of the town wall of 
Whdia: pargana Whgad, Cutch State. 

The station consists of a mud platform, abont 5 feet in height, built on the centre of the solid bastion, enclosing an iso- 
lated pillar of masonry, which has a mark-stone at its upper surface. The village of Janglii is to S.W. by W., about 8t  miles. 

I. Bhachh Hill Station, Lat. 23" 18', long. 70" 23'-observed a.t in 1857-is situated at the centre of the 
highest, round bastion or tower at the northern corner of a fort on the summit of the hill. It is in the lands 
of the village of Bhachbo, pargana W&gad, Cutch State. 

The station consists of a platform, about 5 feet in height, enclosing a solid, isolated pillar of masonry, which has a mark- 
stone at top. The town of Bhachho lies at the foot of the hill. 

11. Nara Eill Station, lat. 23" 2W, long. 70" 36'-observed at in 1856-is situated on one of the hills 
about 5 miles N.E. of the town of Adhoi, which belongs to Morvi taluka in Kattywar. The little village of Na- 
ra, in lands of which the station is, lies at,the foot of the hill on the N.W. side : pargana WBgad, Cutch State. 

The station consists of a platform of rubble enclosing an isolated pillar of masonry 5 feet in height. 

111. Ihkhrwa Eill Station, lat. 23" 30', long. 70". 26'--observed at in 1867-is situated on a hill about 
a mile N. of the village of that name, but in the lands of Lakarwa village : pargana Wbgad, Cutch State. 

The station consists of a platform of rubble, about 5 feet in height, enclosing an isolated pillar of masonry, which is built 
in a manner similar to those at the adjacent stations. 

IV. Uhida Station, lat. 23" 28', long. 70" 12'-observed at in 1867-is on the bank of a tank so 
called which is in Banni, the name of a tract of pasture land on the borders of and extending into the Ran : 
pargana Banni, Cutch State. 

The station consists of a platforxri of wood and clay enclosing an isolated pillar of maaonry. 

V. Ran Station, lat. 23" 37', long. 70" 19'-observed at in 1867-is in that part of the Ran, which 
appertains to the landsof the village of Chaubbri, and which at the time that the station was visited was encrusted 
with salt all round as far as the eye could reach : pargana Chaubhri, Cutch State. 

The station consists of a platform of wood and clay enclosing an isolated pillar of masonry, whichh 4.75 feet in height 
above the general surface of the Ran. 

VI. Sakpur, locally called Lathara, Hill Station, lat. 23" 17', long. 70" 12'-observed at in 1857-is 
situated on a hill, about 1i miles W. of the village of Sakpur and 33 miles 5. of Dhamarka. It is in the lands 
of Sakpur village, pargana WAgad, Cutch State. 

The station consists of a platform of rubble, 5 feet in height, enclosing an isolated pillar of masonry. 

VII. gadrho Tower Station, lat. 23" 5', long. 70" 13'-observed at in 1867-is situated on a round 
tower at the N.E. corner of the village from which the station is named, and in the neighbourhood of the ferry 
at which the mails cross from Sind to Kattywar : pargana AnjBr, Cutch State. 

The station consists of a tower, about 13 feet in height, enclosing an isolated pillar of maaonry. 

VIII .  Charakra Hill Station, lat. 23" 9', long. 70" 2'-observed at in 1857-is situated on a hill so called, 
about a mile 33. of the village of SapArda, and 2 miles N.E. of the town of Anjk : pargana Anjbr, Cutch State. 

The station consists of a platform of rubble enclosing an isolated pillar of masonry about 5 feet in height. 

IX. Joran a i l  @tation, lat. 23" 22', long. 70" 1'-observed a t  in 1867-is situated about + a mile E. 
of the village from which it derives its name : psrgana Mihi, Cutch Mate. 



PRINCIPAL TRIS'PI'GULATION. DESCRIPTION OF STATIONS. 
5-L. 

The statioil consists of a platform of rubble enclosing an isolated pillar of masonry about 5 feet in height, with mark- 
stones at  top and bottom. 

X. Katror Hill Station, lat. 23" ll', long. 69" 61'-observed at  in 1855 and 1857-is situated on the 
highest part of a hill so called, and about 100 yards W. of a pile of stones which bears the name of Asapura 
%ta : village Wauri, pargana Banni, Cutch State. 

T l ~ e  station consists of a platform encloeillg an isolated pillar of masonry 5 feet in height. I t  was again visited in 1857, 
hut no stateme~~t of any alteration in the constructiou of the statiou is forthcoming. The directions and estimated distances of the 
followillg viliages are :-Wauri E., miles 2; Warwa S.W., mile 1; Kukma N.E., miles 5. 

XI. Bolhri Hill Station, lat. 23" 22', long. 69" 51'-observed at  in 1855 and 1857-is situated on one 
of the  high knolls of the group of hills about 2 miles to the N. of the village from which it takes its name: 
pargana Bhuj, Cutch State. 

The station consists of a platform, about 5 feet in height, enclosi~~g an isolated pillar of masonry, with mark-stones s t  
top and bottom. When again visited in 1857 "the upper mark-stone had been removed, and in placing a llew one due attention 
was not paid to its being plumbed over the lower mark at t l ~ e  level of the ground ; the top of the pillar mas therefore scored with 
four cuts, the intersection of which will determine the position of the preseut mark should it ever be effaced." 

XII. Sjrnethra Hill Station, lat. 23" SO', long. 69" 33'-observed a t  in 1855-is situated on the rang! 
of hills lying about 2 miles S.W. of the village from which the station has been named: pargana Bhuj, 
Cutch State. 

The station consists of a platform of rubble, 5 feet in height, enclosing an isolated pillar of mnsonry. 

XIII .  WBra, Hill Station, lat. 23" 21', long. 69" 36'-observed at in 1 8 5 5 4 s  situated on the highest 
part and a t  the southern extremity of a high, b l a  hill, about 8 miles N. of Bhuj. Close to the station is the 
tomb, surmounted by a lofty flagstdl, of a Fakir and his relatives who formerly frequented the hill: village 
'I'anliiasar, pargana Bhuj, Cutch State. I 

The statioti consists of a platform, about 5 feet in height, enclosing an isolnted pillar of masonry having an aperture on 
the S. side for access to tile lower mark. The village of Tankiasar lies about a mile off on the wester11 side of the hill. 

XIV. R o h  Hill Station, lat. 23" 12', long. 69" 19'-observed at  in lk55-is situated a t  the eastern 
side of the hill fort whence it takes its name, and within a few yards of the easternmost bastion : village Roha, 
pargana Abrhsa, Cutch State. 

The station consists of a platform, about 4 feet in height, enclosing an isolated pi1l:lr of mnsonrp. "The upper mark- 
atone is supposed to be plumbed over the lower one, but fine scores have been made on the top of tile pillar, the intersectiou of 
which will determine the position of the present station mark, should it ever be effaced." 

XV. Dinoda Hill Station, lat. 23" 27', long. 69" 23'-observed at in 1855 and 1857-is situated on the 
western part of the high hill of that name lying towards the northern coast of Cutch, and about 40 yards E. of 
a small Hindu temple. I t  is in the lands appertaining to the village of Dinoda, pargana dbrisa, Cutch State. 

The station consists of a platform of rubble, 5 feet in height, enclosi~~g an isolated pillar of masonry. I t  was again vi, 
aited in 1857, but no statement of any alteration iu the construction of the station is forthcoming. , 

XVI. Hhthria Hill Station, lat. 23" 27', long. 69" 5'--obsei.ved at  in 1855 and 1857-is situated on 
the highest part of a range of hills. It is in the'lands of Naithra village which lies about 3 miles to S., pargana 
Abrhsa, Cutch State. 

The station consists of a platform of rubble, 5 feet in height, enclosing an isolated pillar of inasot~ry, mitl! ah aperture 
for access to t l ~ e  lower mark-stone. I t  was again visited iu 1857, but no statement of any alteration in the constructiol~ of the 
station is forthcoming. 

XVII. Naliya Station, lat. 23" 14', long. 68" 62'4bserved at  in 1855 and 1857-is situated on the ris- 
ing ground about 2 miles S. of the town from which the station has been named : pargana Abrhsa, Cutch State. 

Tlre station consists of the usual platform of rubble, about 5 feet in height, enclosing an isolated pillar of masonry. 
I t  was agai~l visited in 1857, but no statement of any alteration in the constructiou of the station is fortllcoming. 

XVIII. Manjal, locally called Shershbrh, Hill Station, lat. 23" 38', long. 69" 11'-observed at  in 1867- 
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is situated on the highest part of the hill from which it takes its name, and about a mile S.E. of the village of 
Nara : pargana Kora, Cutch State. 

The station cor~sists of a platform, about 5 feet in height, enclosing an isolated pillar of masonry. 

XIX. Saind Hill Station, lat. 23" 25', long. 68" 49'--observed at  in 1867-is situated on a hill which 
is in lands of Ida village.: pargana Jakhirwu, Cutch State. 

The station consists of a platform of loose rubble enclosing an isolated pillar of mason ry 4 feet in height, with an aper- 
ture on the S. side for access to the lower mark. 

XX. Suri Muri, locally named Suri Bhit, Hill Station, lat. 23' 33', long. 68" 47'-observed at  in 1867- 
is situated on a hill about a of a mile E. of the .village of Chakrahi to which it appertains: pargana Abrhsa, 
Cutch State. 

The station consists of a tower of stone and earth, 12  feet in height, enclosing a perforated pillar of masonry of 
which the upper 5 feet is isolated, having an aperture of 3 feet by 2 feet on the S. side for access to the lower mark. 

XXI. Sura Gandhra Hill Station, .]at. 23" 40', long. 68" 59'-observed at in 1867-is situated on the 
highest of tlie Gandbra hills, about 3 miles S.W. of the village of Kora, and in the lands appertaining to Sokapur 
village which is at  the foot of the hill : pargana Gardo, Cutch State. 

The station consists of a platform of rubble enclosing an isolated pillar of masonry about 5 feet in height. 

- XXII. BAbia Hill Station, lat. 23" 42', long. 68" 49'-observed at in 1867-is situated on the low, 
rocky hill about a mile N. of the hamlet of BBbia : pargana Gardo, Cutch State. 

The station consists of a platform of rubble, about 10 feet in height, enclosing a pillar of maaonry of which the upper 
5 feet is isolated. 

XXIII.  Jamanwhla Tower Station, lat. 23" 35', long. 68" 39'-observed at  in 1867-stands at a dis- 
tance of about $ of a mile N.E. of the village so called. It is in the lands of Lakmi U n i  village, pargana Gardo, 
Cutch State. 

The station consists of a tower of loose rubble, 12 feet in height, enclosing a perforated pillar of masonry of which 
the upper 5 feet is isolated, having an aperture of 3 feet by 2 feet, on the S. side for access to the lower mark. 

XXIV. Pinjor Pir Hill Station, lat. 23" 43', long. 68" 36'-observed at  in 1867 and 1868-is situated 
on a sand hillock locally called Bhorda Bhit, on the bank of the Kori Salt river: village N&rhyan Sir, pargana . Lakhpat, Cutch State. 

The station consists of a platform of loose rubble enclosing a perforated pillar of masonry 12 feet in height, with an 
aperture on the S. side for access to the lower mark. I t  was again visited in 1858, but no statement of any alteration in the 
construction of the station is forthcoming. The town of NBriiyan Sir is about 4 miles to S.W., and Kotesar about as far but 
more westerly. 

XXV. Lakhpat Station, lat. 23" 49', long. 68" 50'--observed at in 1857 and 1858-is upon the south- 
eastern and highest tower of the town of Lakhpat on the left bank of the Kori mouth of the Indus river : par- 
gana Lakhpat, Cutch State. 

The station consists. of the usual platform of rubble, 5 feet in height, enclosing an isolated pillar of masonry. I t  was 
again visited in 1858, but no ~tatement of any alteration in the construction of the station is forthcoming.. 

XXVI. Sugandia Tower Station, lat. 23" 52', long. 68" 32'--observed at in 1868-is situated about 8 
miles W. of Hot Bhasti Bandar village, and 12 miles S.W. of Guni; it takes its name from a village said to 
have, existed in the locality at a former tlme : taluka JBti, district ShBhbandar, Karhchi. 

The station consists of a tower of masonry, 24 feet in height, enclosing a perforated pillar of masonry of which the np- 
per 5 feet is isolated : an arched aperture gives access to the lower mark. 

XXVII. Said Ali Tower Station, lat. 23" 66', long. 68" 43'-observed at in 1868-is about 4 miles from 
Kolir the hut and platform for the refugo of travellers between Cutch and Bind, and 12 miles S.E. of Bulji 
Ghauki : taluka Jiti,  district Shhhbandar, K d c h i .  
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The station consists of a tower of masonry, 24 feet in height, enclosing a perforated pillar of masonry of which the up- 
per 5 feet is isolated: all arched aperture gives access to the lower mark. Kot Bhasti Bandar is to S.S.W., about 6 miles. 

. XXVII I .  Guni Tower Station, lat. 24" 2', long. 68" 36'-observed at  in 1858-is about a mile E. of 
the- village of Guni at  which there is a Dliarmshtila (rest house), and about -& a mile N. of Loharw4rikar north- 
ernmost boundary-: taluka J M i  district Karbchi. 

The station consists of a tower of sun-dried bricks and mud cement enclosing a perforated pillar of masonry of which 
the upper 5 feet is isolated : an arched aperture on the S. side, which is now closed up, gave access to the lower mark. 

. XXIX. Hakra Tower Station, lat. 24" 7', long. 68" 44'-observed at in 1868-stands in the Ran and 
about 23 miles N. of the southern edge of the Hakriwaro Nar : taluka Jhti, district Karhhi. 

L 

The station consists of a tower of masonry, feet in height, enclosing a perforated pillar of masonry of which the up- 
per Ei feet is isolated : an arched aperture gives access tc, the mark. 

XXX. Pathaki-beri, locally known as Sirkap, Tower Station, lat. 24" 3', long. 68" 26'-observed at  
in 1868-stands on a small mound on the Sugandia creek on which there is a small shrine, and about 10 miles 
W. of Guni : taluka JSti, district Karhchi. . 

The station consists of a tower of masonry, 25 feet in height, enclosing a perforated pillar of masonry of which the 
upper 5 feet is isolated: an arched aperture gives access to the lower mark. The village of Sh4h Sam6lio is about 5 miles 
to N.E. 

XXXI. Mod Tower Station, lat. 24" 12', long. 68" 34'-observed at in 1868-stands in a patch of 
land which liad been under cultivatioc, and is about 2 miles E. of the Tappa DAk Chauki at Vehr : taluka Jhti, 
district Karhchi. 

The station consists of a tower of masonry, 25 feet in height, enclosing a perforated pillar of masonry of which the upper 
5 feet is isolated : an arched aperture gives access to the lower mark. The village of Dhand is about 14 miles to W. . 

XXXII. Jim Tower Station, lat. 24" 13', long. 68" 22'--observed at  in 1858-stands about 4 miles S. 
of the village of Mihni : taluka JSti, district Karbchi. 

Tlie station consists of a tower enclosing a perforated pillar of masonry of which the upper 5 feet is isolated : an arched . 
aperture on the S. side gives access to the lower mark. The approximate directions and distances of the following villages are :- 
Jehhnkhln N.E., miles 3 ; and Kunw6ro Ghot E., miles 4. 

XXXIII. Nurlishhh or Nurshkh Tower Statiop, lat. 24" 7', long. 68" 16'-observed at  in 1858-stands 
about 2 miles N.E. of Allah Mehm4nYs old tomb, and some 4 miles S. of the village of Jatanjo, the country 
in the neighbourhood being a waste : taluka JBti, district Karbchi. . 

The station consists of a tower, but no particulars of its construction are forthcoming; it may however be presumed that 
it is similar to those at the adjacent stations. . The approximate directions and distances of the following villages are :-Jaltan 
N.N.W., miles 4; and Kotia Allah Mehm6n S.S.W., miles 3. 

XXXIV. Dhui Tower Station, lat. 2& 20', long. 68" 29'4bserved a t  in 1868-stands in a patch of 
arable land subject to inundation, and is about 16 miles S.E. of the town of Mugalbhin : taluka Jhti, district 
Kar4chi. 

The statioq consists of a tower enclosing a perforated pillar of masonry of which the upper 5 feet is isolated: an arched 
aperture on the S. side gives access to the lower mark. Pindi R6j and Hasan Lnnd villages are about 23 miles to S.E. 

XXXV. Koti Tower Station, lat. 24" 16', long. 68' 12'--observed at in 1868-stands about a mile 8. 
of the village of Koti on the road from Mugalbhin to Shhhbandar : taluka Jhti, district Karhchi. 

The station consists of a tower, 27 feet in height, enclosing a perforated pillar of masonry of which the upper 5 feet is 
isolated : an arched aperture gives access to the lower mark. The approximate directions and distances of the following villages 
are :-Hanan J6t S.W., mile 4; Chach W., miles21; and Buteh S.S.W., miles la. 

XXXVI. Nindhmani, locally called ShBh Miro, Tower Station, lat. 24O ll', long. 68" 3'4bserved at 
in 1868-is about a mile N.W. of NindSmani village, and- some 6 miles E. of the town of Shtihbandar : village 
Jholu, Muka Shhhbandar, district Karkhi. 
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The station consists of a tower of brick and clay enclosing a perforated pillar of masonry of wl~ich the npper 5 feet is 
isolated : a passage roofed wit11 moo(\ gives access to the lower mark. Tile sppro'simate directions and distances of t l ~ e  following 
villages are :-Doli JIirani S.E., miles 14; arid Riusijo Glloti W.N.W., lu~les 3i .  

XXXVII. Mugalbhin, .locally called Jliurra, Tomer Stntion, lat. 24" 21', long. 6S0 20t-observed a t  
in 1868-is about a mile E. of the town from wliicll it takes its name, and a fern hundred yards from tlie huts 
known as Khere-ka-whla : taluka Jiti, district Kariichi. 

The station consists of a tower, 20 feet in height, enclosing zt perforated pillar of masonry of which the upper 5 feet is 
isolated, having an arched aperture for access to  the lower mark. The village of Khamisa Kheru is about of a mile to N.E. 

XXXVIII. AbanshSh, local name Abanshbl~jo Takiar, Hill Station, lat. 24" 22', long. 68" 1'-observ- 
ed a t  in 1858-is situated on the soutliern extremity of a liill on the road from SujBmal to Shalibandar ; the hill 
is used as a place of burial for the chief people of the surrounding districts, aud appertains to the village of 
Khamiso Blajamar : taluka Shtihbandar, district Karlichi. 

The station consists of a ~ l a t fo rm of stone and clav enclosinn an isolated and nerforated ~ i l l a r  of masonrv 10 feet in 
'3 

height: an arched aperture on the E.' side gives access to the h e r  mark. The approsiAttte directibns and distanks of the fol- 
lowillg villages are :-Shekh Husainshiih N., mile 4 ;  Ibrahim Odajo S.E., mile 1 ; and Shiti Yakik E., miles'5. 

XXXIX. Gada, locally called Baklli, Tower Station, lat. 24" 2 6', long. 68' 13'-observed at  in 1858- 
is about a mile S. of t l ~ e  village of Gada, and 8 miles N.W. of the town of' Mugalbhin. I t  is in the lands of the 
village of Malian Bakhi, taluka Jtiti, district Karichi. 

The station consists of a tower of brick' and clay, 25 feet in height, enclosing a perforated pillar of masonry of which 
the upper 5 feet is isolated : an arched aperture gives access to the lower mark. The approximate directions and distances of the 
following villages are :-KLim Gada N.W., mile 4; Husaid Balia S.S.E., miles 2 t ;  and Muhammad Hingora S., miles 2. 

XL. Randa, also known as Rakl~al, Tower Station, lat. 24" 32', long. 68" 6'-observed at in 1858-stands 
at a distance of + of a mile N. of tlie village from wllich it takes its name : taluka SujAwal, district Karilchi. 

The station consists of a tower enclosing a perforated pillar of masonry 25 feet in height of which the upper 5 feet is 
isolated : an arclletl aperture on the S. side gives access to the grol~~itl  level mark. The approximate directions and distal~ces of the 
circumjacent villages are :-Karmali Kl~osa S.W., miles 2;  a t~d  AlamlthBn E., miles 3. 

XLI. Khar Tomer Station, lat. 24" 36', long. 68" 13'--observed at in lS58-stands adjoining the small 
villnge of Khar which appertains to Deh Abad Pancho, and is about 5 miles E. of the town of Sujiwal: taluka 
Sujtiwal, district Kartichi. 

The station consists of a tower of brick and mud, 95.08 feet in height, enclosing a perforated pillar of masonry: an 
arched aperture on the S. side gives access to the lower mark. The approximate directions and dista~lces of the folloaiug 
villages are :-Nii~do Baran (new) S.SW., mile 4 ;  and Rajo Mian N.E., miles 1%. 

XLII. Bibi Mariam, locally called Bibi Mariamjo Tliul, ,Hill Station, lat. 24" 33', long. 67" 66'- 
observed at  in 1858-is situated on a hill so called, close to the road from Tatta to Rotxi Allali~.akl~go and about 
2 of a mile S.E. of the well known place of Pir Patho: village Pir Patho, taluka Tatta, division Jerruck, 
district Karachi. 

The station consists of a platform enclosing an isolated and perforated' pillar of masonry 5 feet in lieigl~t, and having an 
arched aperture on the S. side for access to the lower mark. The approximate directio~is and distances of the following villages 
are :-ThemAui 'N:E., miles 5 ;  and GhfLzi Chiindia W., miles 5. 

XLII I .  Vikig Tomer Station, lat. 24" 42', long. 68" 6'-observed at in 1858-stands a few hundred 
yards N.K.E. of Vikia village to which it appertains, and isabout of a mile off the high road between Mugalbhin 
and Belo : tnluka Sujiimal, district Karachi. 

The station consists of a mud tower, 20 feet in height, enclosing a perforated pillar of brickwork of which the upper 
5 feet is isolated : an arched aperture on the S.  side gives access to  the lower mark. The approximate directions and distances of 
the circumjncent villages are :-Belo N., miles 24; Isa Mohana S.E., mile 4; aud Kadu Mula N., mile a. 

XLIV. Domhni, locally called Domanjo Thul, Hill Station, lat. 24' 40', long. 67'54'-observed at in 
1868-is situated on a hill al~out 1 rnile N.W., of the village of DomRni (Chota), and + of a mile off the high 
raad from 'l'atta to tlie village of Ghalim 35uha1nmnd : taluka Tatta, division Jerruck, district Karhchi. 
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The station consists of a platform of masonry enclosing a hollow, isolated pillar of masonry 5 feet in height: an arched 
aperture on the S. side gives access to tile lower mark. Tile approximate directions and distances of tlm circumjacent villages are :- 
Domkui W., miles 2; Kaian Kot S., miles 3; and Zakrio Khajo E., miles 2. 

XLV. Sukpnr, locally known as SukpurwQro Thul, Tower Station, lat. 24r" 33', long. 67" 46'--observed 
at in 1857-is about a mile S. of the village of Sukpur, and 4 miles E. of the town of Mirpur She. It is in 
the lands of Mak4n Gh4zi Deh Sukpur, tappa Mirpur, taluka S&kro, district Kadchi. 

The station consists of a tower encloai~~g a perforated pillar of masonry 10 feet in height of which the upper 5 feet is 
ieolirted : amarched aperture on the S. side gives access to the lower mark. The nearest villages are Sukpur GhLi K h h  and 
Umedali. 

C1V.-(Of the Kzrdehi ~ ~ z ~ i b d i n a l  Series). KQrothol, locally called KArewQro Thul, Hill Station, 
lat. 24O 6 4 ,  long. 67" 66'-observed at in 1863 and 1867-is situated on the highest part of a hill so called, 
which appertains to the village of Suf Shoro: taluka 'l'atta, division Jerruck, district Kar4chi. 

The station consisted of a platform enclosing a solid, circular and isolated pillar of masonry, 3 feet in height, which had 
a mark-stone at  top, anothei; a t  bottom, and a third 1 foot below the former. I t  was agaiu visited in 1857 in the course of the 
Cutch Coast Series Operatio~ls when the upper mark-atone having been destroyed the station was rebuilt with a perforated pillar 
and with an aperture to admit of access to the lower mark. In  cutting down the pillar intermediate marks were found but these 
were engraved on such small stones that from the pillar .being built solid over them they were displaced before tiley were detected. 
The  Railway Station of Jhimpir is 3 miles to N. There is uo village in the neighbourhood, excepting a few huts on the verge 
of a pool of water to S. of the station, which are generally occupied by herdsmen. 

CVI1.-(Of the Kardchi I;ongitudinal Series). Sfihiji or Sahij Hill Station, lat. 24' 51', long 
67" 38'-observed at  in 1853 and 1867-is situated on a small mound so called, adjoining a tomb on the northern 
edge of a long flat range of hills, forming the southern bank of a stream or dry watercourse, from which it is 
distant about 300 yards. It is 14 miles S. of the small and well known temple of Runpitislni close to the hill 
road from I(ilr&chi to Kotri : taluka Tatta, district Karhchi. 

The station consists of a platform enclosing a solid, circular and isolated pillar of masonry 3 feet in height, which has r 
mark-stone at surface, auother at level of foundation, and a third 2 feet above the latter. I t  wns again visited in 1857 in the course 
of the Cutch Coast Series Operations, but no statement of any alteration in the construction of the station is forthcoming. 

J. B. N. HENNESSEY, - 
Ifi o k g e  of C%mz..ting O&. 
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PRINCIPAL TRIANQULATION. OBSERVED ANQLES. 

h'orz-&&iom XI and XIV rpperkirr to the K m a r  Meridiod Serier. 

At XI (Chitror) 

N m d m  1866 ; obeemed by Lieutenant D. J. N-yth with Troughton and Simme' 18-inch Theodolite No. 2. 

Angle 
b s e n  

XIV & I 
+ 

''I1 

Circle wadinga, telescope being net on XIV 

llk46' 891i046' 125066' 306" 66' 118607' 81607 148018' 888O 18' lW W 886'84' 166084' 846016' 

a a I I a a a w a a w a 

h 23-40 h 25'00 h 26-03 1 24.60 Z 30.80 Z 28-53 1 33-90 h 28-26 Z 37-26 h 27-84 Z 31'14 2 28-10 
h23.83 h26.84 ha6.40 h 26-50 2 30.70 Z 29-53 h35.27 h29.63 Z 36-37 Z 28-37 Z 32-30 128.43 

h 27-14 

23.62 25-92 26'21 26-08 30'75 29-03 34.59 28-94 36'81 28-10 31.71 28'27 

A6290 A 57-80 A 57-04 A53.p  Z 54-23 Z 52.33 h 57'54 A 56-40 Z 52'94 160-03 Z 56-90 161-53 
h64.13 h57.63 A 58 23 A5.+.16 Z 53.53 2 52-20 h 55-31 h 55.07 2 53.63 2 59-20 Z 55.93 Z 60'74 

63'52 57.7' ~ 7 . ~ 4  5re03 ~ 3 ' ~ ~  sri6 s6'44 55'73 5ss29 ~ 9 ' ~ ~  s6.4' 61'13 

df- Mesnof Gmu 
w - Belative ~ e i g % t  
0 ' Chn~laded 

M  = 39'. 17 

w = o '8% 
I - = 1'11 
w 
c =49°40'29u'17 

M =  56'*81 

a = I 005 
I - = 0 '95 
w 
C = 380 21156W.81 

At XIV (WBndia) 

Nmember aad D&cember 1866 ; obmved by X i e u t e m t  D. J. N i y t h  with Emwghtm and Shme' 18-inch 
Theodolite No. 2 .  

Angle 
between 

, 

I & I1 

- 

Circle readings, teleecope being set on I 

268' 80' 780 W 888040' 880 40' 878" 61' 980 61' 8880 67' 11080 67' 299"S' 119'8' 809" 11 1890 11 

a a e I a a a a a a w a 

h51.97 145.76 147'80 146.17 150'50 Z 52'57 Z 53-47 Z 51'10 Z 52-70 1 5 ~ ~ 0 6  h50'14 151.63 
h 52.70 h45.03 h 46.10 h 44-20 h 50'23 2 50'90 Z 52-77 2 51.36 Z 51-90 h49.97 Z 47'27 h 50'37 

h47.56 Z 49'97 

52-34 45'39 47'15 45-19 50'36 51'74 53-12 51.23 52-30 50-01 49-13 51'oo 

dY = M a n  of Group 
w = Relative Weight 
0 - Conaladed Angle 

d l  = 44"'91 
zo = I 061 
I - - - o 061 
w 
C = 61O12'49"*91 
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N--4btio1~11 HI a d  XIV ~pperhin tO the f i t t y n r  Meridiod s&, 
* 

& 

At XIV (W4ndia)-(Continued). 

M - Mean of Qroa 
a - Behtive 
C - Cbnoladeddsgle 

M = 57"95 

w = 0 -9% 
I - = I -09 
w 
C = 40~17'57"'95 

Angle 
between 

I1 &XI 

Circle readings, telescope being net on I 

BMPW W W  888.40' 88.40' 278'61' 98'61' SBSO67' lW67' il"8 119'8' 809.19' 189019' 

1 1 ' a w 1 a 4 1 a 1 4 

A56-53 Ab'14 161.40 163.30 A58'17 163'17 154.96 158'27 1 52.44 A54.54 855.10 A 56-17 
h55-36 A h 0 4  h62.70 163.30 A5g-07 164-10 1 55'56 157-10 1 54.40 154.56 153.37 h 56'33 

h 62.47 h 53-90 

55'95 60'09 62-19 63.30 58-61 63-63 55-26 51-69 53.58 54'55 54-13 56-25 

At I (Bhachh) 

J ~ ~ u a y  1867 ; o&maed &y & t ~ t  D. J .  N-9th with Troughton and Simmey 18-incA TheodoZite No. 2. 

Angle 
between 

VII & VI 

VI &IV 

IV & III 

ILI & I1 

I1 & XI 

Circle readings, teleecope being set on VII 
ZOla6!2' 511°61' 3120 Y 880 2' W 18' 42 18' 8820 19' 620 1B' W &Y 6280' 3640 41' 720 41' 

4 4 a 4 a a a a a R a w 

1 8.17 1 18'17 A 17-30 1 18.70 1 16-50 1 15-26 A 9'73 A 12-20 1 13-43 1 12.4b A 13.64 A 11-34 
1 9.00 1 18-97 A 16-40 1 18.96 1 14.06 1 15.80 A 9-13 A 13-50 1 12-67 1 10-70 Ax3-57 A 11-74 

1 14.16 

8.59 18-57 16-85 18.83 14-91 15.53 9 4 8  12-85 13.05 11.55 13-60 11-54 

1 15-47 1 13.16 1 15-54 1 1 3 . p  1 18 oo 1 16-57 A 13-47 Ax5-16 1 14-07 1 13-54 116.23 1 16-00 
1 16-93 1 12-54 A 17.27 1 11'oo 1 21-04 1 17 96 A 16'77 h16-36 i 15-83 1 13.94 h 15'57 1 17-10 

115'00 z18.24 15'30 

16-20 12-85 16-41 13-30 19.09 17-26 15'18 15-76 14-95 13-74 15.90 16.55 

2 26'56 129.24 1 28.60 128.64 125.90 134.33 A28-40 A27.00 127.50 130~00 Ar6-17 130.64 
1 26-40 1 29-06 h 28.53 1 31-40 1 34-66 1 33'17 h 28-00 A 26-50 1 26-50 1 29'10 h 25'00 1 30'43 

1 29'40 

26-48 29.15 28'57 29-81 25-28 33'75 28-20 26-75 27-oo 29-55 25-58 30'54 

1 14-83 1 25-93 1 26.73 A 28-13 1 29.60 1 26-30 134.87 L 32-64 1 34.70 1 30'10 A 29.16 1 35-83 
1 14-26 1 27.50 h 29-07 1 26-53 1 30'84 1 28 oo h 34-00 A 33-34 1 34-47 1 31.03 A 29-66 1 26-20 

129.87 1 28.20 

24'55 26-71 28.56 37-33 30.22 27.50 34'44 32-99 34-58 30'57 29-41 26.01 

2 40'27 1 40-47 1 38-40 h 35-07 1 37-30 1 33-40 A32-80 132.43 1 29-80 1 32-30 h 36.47 135'50 
1 40-27 1 40.76 A3547 1 36-53 1 35.26 1 31-37 h 32.57 h 33.13 1 31-20 1 33'57 A 37.24 1 35'44 

A 36.80 A 36-50 1 30.23 

40.27 40'61 37-02 35.80 36.35 31-67 32'68 32-78 30'50 31-94 36-85 35'47 

M - Mean of arm 
10 - Belative wsigK 
C - Concluded dsgle 

M = 13'-78 

w = r 009 
I - - - 0 *ga 
w  
C = 47O41' 1 3 ~ ~ 7 ~  

& = 1 5 ~ . 6 0  

w = 3 -38 
I - = o -30 
w 
c = 490 s4' 151-60 

M =  28u'39 

w =  1 - 0 4  
1 - = 0 '49 
w  
c =tjO033'28*.39 

= 29u'41 

w  = 1.09 
I _ - - o -91 
w  
c =390 6'29a.4~ 

M =  35u'25 

w = I -1% 
I - = o -89  
w 
C = no0 15'35'*25 





I PRINCIPAL !l'RIANGULATION. OBSERVED ANQLE8. 
13-i. 

At I11 (Kakarwa) 

Jtmmry 1857; obsemed by Liezctenant D. J. Ncumyth with Icrozcghton and Simms' 18inch Theodolite No. 2. 

Angle 
Mween 

I1 & I 

I IV 

IV & V 

ha7-94 833.20 h36.10 h 35'23 133'94 132'77 Z 30.33 h32.50 h36.10 h31-60 1 35-60 Z 31-30 
h30.40 h 34'57 h 34'97 h 34-86 1 34'43 1 34'93 1 31'94 h 33'93 h36-00 1 31.97 1 36.17 Z 31-73 M = 33""54 V & VII h 28.60 h 36'77 1 32'63 1 33-10 132.30 134-46 h35-34 h 32-14 h36-13  h 31-60 
h 28.70 h37.00 1 31'63 1 35-23 131.54 1 34-23 h 30.30 w = 2 -36 

1 35'97 1 - = o -42 
w 
C = 66O 3' 33"-53 

.28.91 33'89 35'53 35'97 33-16 34'40 31-53 33'78 35'81 32-00 35'97 31'54 

h 54'64 h 54'66 h 52-67 h 55.04 1 52.23 Z 57'66 h 50'87 h 49.17 h 47.70 1 50.40 1 48.66 1 51-74 

VII II h 53.60 h 53.34 h 54.07 h 54.87 1 52.10 1 57.87 h 50.37 h49.27 h 47-24 1 51.63 1 49.26 1 52.30 = 52u'41 
h j5.74 h 54-27 1 53.90 1 57.93 h 51.47 1 50.74 1 50.23 16 51.77 h 47-43 h 53.93 

2 56'90 1 50'13 h 49'73 h 48'53 W = 
1 

' '55 
- = o -64 w 

54'66 54.09 53'37 54.96 52-74 57-59 50.71 49-73 48-72 51.27 48'47 52-66 
C = go032'52'*40 

Circle readings, telescope being set on I1 

00 1' l w  1' 100 11' 1900 11' 2@!2% 20@!2% ?@ 28' 2foo ao"3y 220039' 50049' 230'49' 

I f  I f  I t  I f  I f  11 I t  I t  N I f  I t  I 1  

h38.43 h 33'77 h 36'20 h32-94 1 34-27 1 32.63 h 39-97 h 39'73 h 38-90 h 40.97 1 35-70 1 36-70 
h 38-90 h33.43 h 34-80 h33.20 1 3 5.60 1 33.27 h38.73 h 37-36 h 39.27 1 41-70 1 34.87 1 36'57 
h38.33 h33.60 h 3 4 . p  1 33.77 1 35-66 131'97 1 41-14 h38.26 1 37.27 1 38-93 h37-97 h 35-87 

h 32'56 132.57 1 39'13 137'30 139'04 137.83 135.73 
1 33-10 

38-55 33'31 35-30 33-12 35-18 32.62 39'95 38.62 38.19 4 ~ 1 6  36-59 36'22 
I 

2 39.00 1 46.66 h 47-11 148.06 1 47-90 1 49-21 1 48-40 1 50-23 h 49.90 h 47.40 1 56.17 1 46.00 
h 39.67 1 43.63 h 46.67 h 47-76 1 47-40 1 48.87 1 47'84 h 50.27 h 48.86 1 48.20 1 55.10 1 4 6 . 9 ~  
140.77 145.67 1 47.07 146.07 149.34 150.67 146.96 h51.y4 1 5 1 - m  h47.93 h 5 z . p  h46.20 

1 50'93 1 48.90 h 53-14 h47-30 

39'81 45'32 46.96 47-30 48-21 49'93 47'73 50.34 49-92 47-84 54'33 46-60 

1 19.97 1 1 0 ~ 2 0  h 11'30 h 8.47 1 10.66 1 7'33 1 11-50 1 6-83 h 6-30 h 9-97 1 4-07 1 13-90 
I19 .00  1 11.40 h11.93 h 8.j4 1 9.57 Z 6.43 ~~~~26 h 8.30 h 8.10 1 8.53 1 6-10 1 13'00 
hrg.96 h 10.66 1 12.80 1 10.60 1 8-00 1 3'96 1 8-10 1 6-90 1 8.20 h 9-30 1 4.40 h 10-40 
h 20.30 1 4-20 1 8.83 h 6-17 h11.0o 

h 4.60 

19-81 10'75 12'01 9-20 9.41 5-48 9-67 7-34 7.53 9-17 5-07 12-08 

M - Mean of Groups 
a - Relative Weight 
0 ' concluded b g l e  

M =  36u'48 

w = 1 - 6 8  
- - - o -60 w 
C a 82O42'36'*48 

1 = 47u, 86 

= ' 9 9  
I - = I ' 0 1  

- 1 0  

C = 68°55'47u*86 

M =  gn.80 - 

w = o -79 
I - - - I -27 w 
C = 5 1 ~ 4 5 '  9u*80 



CUTCH COAST SERIES. 

Nm-Stat ion  VII appertains to the Knttywar Meridional Seriw. 

At V I I  (G4ngta) 

December 1856 ; observed by Lieutenant D. J. Nagmyth with Troughton and Simm' 18-inch Theodolite xo .  2. 

Angle 
between 

II Bt 111 

111 & .V 

Circle readings, teleecope being set on 11 

00 1' 180" 1' 100 12' 190" 11' 20022' 2000 23' 300 28' 2100 28' 40°39' 2W3Y KP4!3' 28VW 

I n n 4 a n n a a n a 

h 9-56 h 10.94 h10-37 1 8.63 1 11-90 1 10.64 1 17.43 1 16-74 1 16-70 1 13'14 1 20'07 1 14.20 
i 9-94 i 9.87 h 9-40 h 11-04 l 1 2 ~ g o  1 10'33 1 18.63 1 15'44 1 15.46 115'33 1 19.54 1 12.16 

h 9'63 1 16.03 1 1 1 . 4 0  
h 10.64 h11'30 

9.75 10.41 9.88 9-99 12.40 10.48 18-03 16-09 16-08 14'83 19.81 12.26 

h36-53 h35-03 h40.07 L 33.27 132.63 228.33 126.94 l26.00 129.27 830.06 1 27-90 1 3 1 - 2 3  
h 35-54 h 3 j.10 h 40'74 h 33'10 1 32-66 1 29'23 1 28'07 1 28.00 1 28.10 1 30'53 1 27'53 2 30'90 

h 40.46 

36-04 35.06 40.41 33'19 32'64 28.78 27-51 27'00 28'68 30.30 17-71 31-07 

M - Mean of Qron 
ur - blative ~ e i g c  
' 

M = ~ 3 ~ ~ 3 3  

W = 0 'gj 
, - I '05 
W 

C = 30'19' 1 3 ~ ~ 3 3  

M =  31Y'53 

w = o -71 
J - - - I -41 
w 
C =3g037'31"'53 

At IV ( W i d a )  

~ a n u a ~  1857 ; observed by Lieutenant D. J. Nasmyth with Troughton alzd Simm' 18-inch Theodolite NO. 2. 

Angle 
between 

& 111 

I11 & I 

I & VI 

Circle readings, telescope being set on V 

16008' W 8 '  17O01Y 36001Y 1WW 00 29' 190035' 10°36' 200045' 200%' 210167' W67' 

a a a I a I w I n a n 

h 28.76 h 27.40 1 30'13 1 21.70 h 21-57 h 22.73 h z 6 - 1 3  1 27.57 h 24-00 h 29.47 h 28'37 h 26.64 
h28.04 h27.90 1 29.40 1 21.37 h23.23 h 21-30 h25-67 1 25.64 h 23-40 1 29.70 h26.80 h 28.16 

28.40 27.65 29-77 21.53 22.40 22-02 25'90 26.60 23.70 29-59 27'58 27.40 

h 42.47 h 51.03 1 44.37 h 52.13 h 45.86 h 47.23 1 42-80 1 43.07 2 45.30 1 44-30 h 46.87 h 45.53 
h 45' I 4 h 49'10 1 43'77 h 50.20 h 44'93 h 46'87 1 42-40 1 42.47 1 44.87 1 45'76 h 46.96 h 45'73 
h 4 5.87 

44'49 50'07 44.07 51-16 45.40 47.05 42.60 42.77 45-08 45-03 46.92 45'63 

h 8.93 h 5.10 Jr 10.97 h 6.30 h 13-10 h 4.67 1 4.96 1 7.53 1 7-36 1 4.87 h 12-43 h 5.10 
h 8.16 h 5'77 1 11-13 h 6-43 h 13'97 h 5.20 1 5-63 1 6.33 1 6.56 1 4-80 h 9.70 h 7.77 

1 11.87 h1o .13  h 6.13 

8'55 5'43 11-32 6'37 13'53 4.94 5-29 6'93 6.96 4.84 10.7j 6-33 

ilf - Mean of Gmup 
w - Relative Weight 
0 - Concluded Angle 

M = 26".05 

to = 1 '37 
1 - - 
w - 0 -73 
C =47' 4'~6~*05 

M = 45". 86 

w = r -69 
I - - 
W - 0'59 
C = 50' 30145"'86 

bf = 7"*60 

w = I -46 
I _ - - o -69 
w 
C = 43'39' 7U-60 



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 
15-L. 

At V (Ran) 

Angle Circle readings, telescope being set on V 

Mwu 1 1 8 1 7  1 W 19 1 00% 190'36' 100%' 20'4-5' 24Y.i' 2 W67' 

1 J a n w r y  1857 ; ob8eeeraed by Lieutenant D. J .  N a m y t h  with T ~ w g h t o f i  and Simma' 18-inch Theodolite No. 2. I 

M - Mean of Grou 
w - &elstire weigR 
0 = Concluded Angle I 

Circle readings, telescope being set on V I P  M Mean of Qrou 
between w - Relative Wei$ 

O"0' 1 W V  10°11' 190011' 20022' 200022' W28' 210028' 40039' 220'89' 80050' 2800W C - ConcludedlLngle I 

At VI (Sakpur) 

VII' & III  

I Jaauwy 1857 ; observed by Lieutenant D. J. N m y t h  with Toughton and Simma' l&inch llreodolite No. 2. I 

II n I n n n I )  n II n I )  I )  

153.10 150.87 156.23 150'00 h 52.67 h 45-14 152.73 154'94 155.96 152.43 Z 55-63 1 53'87 
1 53'70 1 51'40 1 58.06 1 49'27 1 54.77 h44.60 I? 51.73 1 53.44 1 57.27 1 53'27 1 5j.04 1 54'90 

1 53'90 

lorn.--8tution VII* appertah to the W y w u  Meridionel Serier. 

M =  52".96 

w = I '07 
1 

Angle Circle readings, telescope being set on I 

001' l8Oe1' 10011' 19Qel11 20023' 200'22' W28' 210°28' 40089' 220039' 60049' 280049' 

M - Mean of Qrou 
w - Ralatke Weigfflt 
C " Concludedb~ngle 



CUTCH COAST SERIES. 

v 

At V I  (Sakpur)-( Corcthwd). 

iK - Mean of QTOU 
w - Relative ~ e i &  
C - Conclnded Angle 

M =  8"-35 

w = 0'73 
I - - 
w - 1 '37 
C = 52' 53' 8" 35 

M =  41u.9s 

w = 0 '94 
I - - - I - 0 6  
w 
C = 64' 30' 41'- 9 2  

M =  8W-03 

w = 1 - 2 2  
I - - - o - 8 2  . w  
C = 61O 29' 8"-03 

M =  40". 

= I -19  
I - = 0.84 
w 
~ = 8 ~ 0 ~ 6 ~ & . ~ ~  

Angle 
between 

VII & VIII 

VIII & IX 

IX & IV 

Circle readings, telescope being set on I 
0" 1' l W  1' 10011' 190011' 20023' 200022' 30928' 210D28' 40039' 2WW W49' W49' 

4 I I 4 4 n n n R I a n 

1 3-57 1 9.80 Z 7-06 1 6-17 h 1.03 1 8.73 1 14.66 h 8.37 h 10.70 h 8-80 2 14.84 Z 6.87 
1 3.13 1 9-80 1 5.87 2 6.66 h 0'03 1 9'67 1 12'74 h 8.87 h I 1.30 h 8-60 1 15-44 2 7.60 

. 1 0'57 

3-35 9.80 6.47 6-41 0'54 9.20 13.70 8.62 . I I . ~  8-70 15.14 7-24 

1 45-03 1 42.33 1 43.67 1 43-96 h 48.53 1 41.10 I 39-07 139.06 h 39'73 h 41-36 34-16 1 44'93 
144.60 143'10 145.17 142.17 h47.57 142.33 1 39.86 h39.73 13gs20 h40-50 133.80 145'13 

147'23 

44-81 42-71 44'42 43'07 47'78 41'71 39'47 39'39 39'47 40'93 34'28 45'03 

h 5.70 h 9.70 Z 7-33 1 8.67 h 5-37 1 10.10 h 8-60 h 6-23 h 10.04 h 7-03 1 15-74 1 2'73 
h 7'73 h 8.80 1 7.26 1 8-33 h 5-40 2 8-27 h 8.83 h 6.27 h 9-20 h 7'23 1 15-80 1 2.83 
1 6.10 

6.51 9.25 7-30 8-50 5.38 9-19 8-71 6.25 9.62 7'13 1577  2.78 
I 

At V I I  (Kardrho) 

January 1857 ; observed by Lieuteaant D. J. N m y t h  with Troughion and Sirnms' 18-inch TheodoZite No. 2.  

IV 

Angle 
between 

VIII & VI 

h 44.23 h 42-67 1 42.34 1 43-07 L 40.93 1 42.14 h 38.00 h 37.10 h 36.93 h 37.47 134.80 1 41-24 
144.57 143.14 1 41-37 1 43-60 h40.37 1 43.53 h 36.24 h 38-01 136.87 638.73 134.80 1 43.00 

44'40 42-91 41'85 43-34 40.65 42-83 37-12 37-59 36.90 38.10 34'80 42.12 

. Circle readings, telescope being set on VIII 
258" 35' 78" 35' 268'4.6' 88046' 278" 57' 98'67' 289" 3' 109'3' 299'13' 119'13' 809°24' 129'24' 

I I n 4 I 4 n I I 4 4 4 

k 42'77 h 35.26 h 38.73 h33-37 h 42.03 h 38.20 1 45-44 1 44-66 ,742'90 1 44-90 Z 41-47 Z 42-37 
h 41 83 h 36-10 I 40.94 633.96 h 41.13 h 38-77 1 45.10 1 4 5-23 140.64 1 45.10 1 40.83 1 43'93 

h 37-40 140.17 

42'30 35'68 39'02 33-67 41.58 38.48 45-27 44-95 41-24 45'00 4 I ' I j  43'15 

Itl - Mean of Grou 
w - Xelatire Wei$ 
C - Concluded Angle 

M = 40". 96 

= o -87 ' = " 5  
w 
C = 63' 46' 40". 96 



PRINCIPAL TRJANGULATION. OBSERVED ANGLES. 

At VII (Kar6rho)-( Corcthued). 

Angle 
between 

VI dt I 

Circle readings, telescope being set on V I l I  

26801' 78086' 268"M 88'46' 278067' 98"67' 289'3' 1 0 9 0 ~ ~  299'13' 1190 13' 809024~ 1% 2~ 

R I e w a n n a n I n n 

122-76 hz9.50 Z 28- 7429-76 hr4.80 h29.83 121~37  123.64 1 19.90 120.13 1 2 1 . 2 0  2 25-13 P 1.23'34 h28-30 h 28' 4 h31.60 h 24.57 h 30.17 2 20'76 1 22.77 1 19-76 1 20.34 2 22.73 2 22.77 

23-05 28.90 28-87 3068 24.69 30'00 2.1.06 23-21 19'83 20.23 21.97 22.95 

M -  Meanof Gtrou r 
eo - Relative weigEt 
f.? - Concluded Angle 

M =  24u'6z 

= 0 '77 
1 -  - - I -30 
W 
C = 3 7 ° ~ 8 ' z 4 " ~ 6 z  

At VIII (Charakra) 

February 1867 ; oBaemed by Deutenant D. J. N m y t h  with Troughton and Simnar' 18-inch 
Theodolite No. 2.  

Angle 
between 

X & XI 

. 
XI & IX 

IX & VI 

VI & VII 

Circle readings, telescope being set on X 

281°29/ 101°29' 291°4(Y 111°4(Y 301°54 12i054 811°56' i a i * ~ 6 ~  ~ 2 9 7 ~  142~7' a32°18f 152°1g 

a n n n n n w n I w w w 

Z 29-40 hzg-10 74 24.43 hz1.57 123.50 l22.90 2 28.07 1 2 5 ~ 3 0  2 19-40 I 29-03 127.33 2 30.67 
13o'go h 25.53 1~ 24.40 h 20'57 2 21-63 2 22-70 1 27-13 1 25'00 2 21-07 1 30'44 1 26'97 1 30-50 

2 21'43 

30'15 15-32 24-41 21'07 22'57 22.80 27.60 25'00 20'63 29'73 27'15 30'59 

121'73 h24-84 h25.47 h30-20 122.90 130'16 1 19.63 121.g3 1 23-23 1 19'90 2 22.37 120'50 
122.93 h27-30 ha4.50 h28-13 2 23'83 2 29.33 1 19-94 121.47 121.83 120.06 1 22.06 2 21.33 

h 28.43 h 27'97 2 23.83 

22'33 26.86 24-99 28.77 23'36 29-75 19-78 21.70 22'96 19.98 22.22 20.91 

1 1'74 h 6.33 h 6-40 h 3-43 1 9.04 1 2-04 1 10.63 1 6.04 1 6.10 1 3-20 1 3-70 2 1-33 
2 1-87 h 4-40 h 6-60 h 3'64 2 9-50 1 2. jo 1 10 43 1 5.90 1 5-90 1 2.60 2 4'30 Z 0'70 

h 5'00 h 3-47 1 5-40 

1-81 5-14 6-50 3'51 9.27 2'27 10.53 5.97 5180 2'90 4.00 I-or 

Z16.goh10.07 h10.76 h13.33210-90113.06 Z 6 ~ 2 o l 1 1 ~ 7 0 l  9 '50113~97111.63 1rz.10 
Z 17'47 h 10.77 h 11'50 h 13'43 Z 9.84 1 11.67 1 5'57 112.76 1 8-17 Z 13'87 1 9.44 1 12-20 

1 8.17 1 10.90 

17-19 10.42 1113 13.38 10.37 12-36 5-89 12-23 8-61 13 .9~  10.66 12.1 j 

42 - Mean of Gtrou 
ta = Relative wei$ 
C = Concluded Angle 

M =  "5"'59 

w = 0 - 9 8  

1 - - 1 '02 
W 

C = 42'41' 25"'59 

M = 2f .63  

w = I no8 
I - - 
w - 0 ' 9 3  
C = 3 5 ° 5 ~ ' ~ 3 u ' 6 3  

M =  4X*90  

w = I -40 
I - - - 0 -71 

W 

C = 5 2 ' 5 9 '  4"'90 

M =  11"-53 

w = I -50 
I - - - o -67 
w 
C = 63°20' 1lW'53 



CUTCH COAST SERIES. 

At I X  (Joran) 

January 1857 ; observed by Lieutenant D. J .  Nasmyth with Troughton and Simnzrr' l&incA Theodolite No. 2 .  

df - Mean of C+roups 
w = Relative Weight 
C - Conclndeddngle 

M = ~ 6 ~ ~ 5 7  ' 

lo = .41 
I - - - o .42 
W 

C = 5g052' 1 6 ~ ~ 5 7  

M =  1 4 ~ ~ 3 7  

w = 2 -36 
I - - 0 '42 
W 

C =62°3~'~4u'37 

M =  8"'41 

w = I '75 
I - = 
W 0 '57 
C = 44'48' 8"-41 

M = 25"'32 

W = O '97 
J - - - I -03 

W 

C =~48°42'25"~34 

Angle 
between 

IV & VI 

VI & VIII 

VIII & X 

x&xI 

Circle readings, telescope being set on IV 

300"8' 12008' 310°1Y 13091Y 320030' 1400 30' 330136' 150°86' 34CP46' 1 W W  1 0 ° 6 ~  170067' 

T (I m n N I I n N N I )  N 

h 17.80 h 17-80 1 15.73 1 18-53 1 13.63 h 19 50 h 18.03 h 15.73 k I 5-33 h 17.63 h 13'80 h 17-50 
h 18'40 h 1 7-06 1 16'63 1 19.17 1 10.30 h 19-84 h 17.86 h 16.04 h 15.97 h 16.57 h 12'90 h I 5'67 

h 12.07 816.87 

18-10 17.43 16.18 18.85 12.00 19-67 17-95 15.88 15.65 17.10 13.35 16.68 

h 1 4 ~ 6 0 h 1 3 ' 7 7 1 1 4 ~ 6 0 1 1 2 ~ 8 0 1 1 7 ~ 2 7 h 1 0 ~ 4 6  h 1 4 ' 4 4 h 1 3 ~ 6 0 h 1 4 ~ 2 0 h 1 1 ~ 8 7  h18'70h13-16 
h 13-96 h 15'27 1 15.04 1 13.90 1 19'43 h 9'83 h 14.27 h 13'10 h 14 go h 14.63 h 17'56 h 13.53 

h 18.70 h 12.80 

14.28 14.52 14.82 13-35 18'47 10.15 14.35 13.35 14.j5 13-25 18.13 13'16 

h 6.04 h 7.30 1 10.03 1 10.17 1 6.16 h 12.80 h 7-36 h 11-23 h 6-63 h 9.07 h 4.80 h 7-64 
h 5 30 h 5.1 7 1 10.00 1 10.66 1 5.50 IL 12.20 h 8-37 h 12-80 h 8'23 h 10.63 h 3-90 h 8-87 

h 7-26 h 8.56 

5.67 6.58 1o.02 10.41 5.83 12-50 7.87 12.01 7'43 9-85 4'35 8-36 

h 18.96 h 23'63 1 21.07 1 22.60 1 2 5-64 h 2 j.10 h 2 5'67 h 23.64 h 30.07 h 27.00 R 31.54 h 26.83 
h 20'77 h 23'20 1 21.03 1 21'00 1 26.64 h 26.70 h 26.70 h 23.86 h 31'04 h 26.10 h 30'17 h 29'03 

h27.30 

19.87 23-41 21'05 21.80 26.14 25.90 26-19 23-75 30.55 26-55 30.86 27-72 

At X (Katror) 

December 1855 and February 1857 ; observed by Liezctenant D. J. N m y t h  with Troughtort and 
Simm' 18-inch Theodolite No. 2. 

Angle 
between 

XI1 & XILI 

Circle readings, teleecope being set on XI1 

320'34' 140034' 330944' 160'44' 340056' 160'65' 35l01' 171°1' 1'12' 181°12' 11°22' 191°22' 

N m m N 4 I, N m T N N 

h 6-07 h 12-36 1 9.57 1 10.84 1 7.10 1 13.74 1 7-40 1 5.24 1 2.94 1 3.20 1 4.63 Z 6.63 
h 5'43 h11.07 Z I O ' I ~  1 12.00 1 7.63 113'50 1 8-50 1 7.03 1 3'60 1 4.70 1 3'44 1 7-84 

1 5'67 
1 6.70 

5'75 11.72 9.85 11'42 7'37 13.62 7'95 6.13 3-27 3'95 5'11 7'24 

iK - Mean of &oup 
w - Relntire Weight 
' 

M = 7".78 

w = I *1I 

1 - - - 0 .go 
w 
C = 39" 27' 7"' 78 



F - 

PRINCIPAL !FEtI'ANGULATION. ' OBSERVED ANGLES. 19-z. 
r 

At X (Katror)-(Continued). 

apgle 
between 

*In ' 

XI IX 

IX & VIII 

Circle readings, telescope behg eet on XI1 

820" 84' 14CJ034' 380'44' 1MP 44' 840" 55' 160" 56' 351'1' 171" 1' lo 12' 181°12' 11'22' 191'2%' 

11 I1 I t  It I1 If 11 I1 I1 I1 I1 It 

h 47'90 h48.44 151.24 1 46.86 1 51-33 E 43-66 1 5060 148.66 246.56 Is 4j.70 2 44-00 h42.50 
h 46.86 h 49'74 1 49.50 I 47.20 1 50'33 1 42.23 1 50'43 1 48-03 1 47.10 h 46.03 1 44'23 1 43'33 
h 48-30 148.27 46'53 45'0° 144.20 
h 48.87 h 48.76 1 45'70 144'54 143.56 

47-98 48-80 50.37 47.03 50.83 42'95 50'" 48'35 46-83 45'99 44'44 43-40 

h 39'86 h 35'36 1 34'93 1 35-07 1 38.23 141.00 1 36-73 1 42-57 1 40'04 h 45.47 1 42-77 h 44.07 
h 39-40 h 34.00 1 35.56 1 35-96 1 38-44 142.64 1 36.44 1 41-54 1 39.86 h 46-43 1 41.30 1 42.44 
h 40.17 h 35'83 h 38.16 h 37'44 h 37.40 141.80 1 36.30 1 38.10 1 39.70 1 44.10 1 39.90 1 40.33 
1638.93 135.14 h38-77 h37.27 h37.33 1 4 1 . ~ 0  135'36 139.70 139'90 143'50 140.13 140'74 

39-59 35-08 36-86 36-43 37'85 41.61 36-21 40.48 39'88 44-87 41.03 41-89 

h 59'0.3 h 63'44 h 64.90 h 67.40 1 62.93 1 66.93 1 67-60 1 66-80 1 70.51 1 65-03 1 72-77 1 63-71 
h60.17 h63.83 h63.06 h66.66 162'13 167'03 168.30 165'50 1 69'73 164.66 173'43 164-53 

h 64.66 

59-59 63'63 64-21 67'03 62.53 66.98 67.95 66.15 70.14 64'84 73-10 64-14 

M - ~ m n  of ~trou 
w - Belatire Weigg 
' COncludedbgle 

M =  47t/.27 

= I .66 
I - = o *60 
W 
C = 56' 35'47"'- 7 

M = 39"'32 

w = I -40 
1 - = o -72 w 
C = 40' 11' 3gU* 32 

. 

dl = 65X, 86 

w = 0 '94 
1 - - - I -07 
w 
C = 56'40' 5".86 

At X I  (Bolhri) 

*December 1855 ; and tFebrzca y 1857 ; obserued by Lieutenant D. J. X a m y t h  with Troughton and Simms' 
18-inch Theodolite No. 2. 

42 - Mean of Group 
w = llelative Weight 
" @le 

= 5~.37 
w = 2 -18 
I 
- = o -46 
w 
C = 50' 39' sM'38 

angle 
between 

t 
IX & VIII 

Circle readings, telescope being set on IX 

268054' 88" 54: 279'6' 99' 6' 289" 16' log0 16' 29g0W 110° 22' 8090 33' 1290 38 819'44' 13g044' 

H a n a a n H II H n a a 

h7-27 h3.17 h 3'53 h 1'80 1 5.17 1 4-63 1 5'37 2 5-47 1 8-23 h 9-97 h 2.50 h7-43  
h 7'93 h 2.30 h 4-30 h 3.07 1 6.30 1 2-77 1 5.60 2 4-80 h6.70 18.60 h3'20 h 9-23 

16.83 16.34 h9.73 h 7.10 

7.60 2.74 3.91 2-44 6 - 1 0  3-70 5.48 5-14 7'09 9'43 2-85 8-01 



CUTCH COAST SERIES. 

r 

At X I  (Boltiri) -(Continued). 

Angle 
between 

t 
VIII & X 

8 

X & XI1 

8 

XI1 & XZII 

Circle readings, telescope being set on IX 

268" W 88064' 8;g0 6 99" 6' 289" 16' 109' 16' 299'22' 11g022' 30g0a8' 129083' 3 1 9 ° ~ '  1W44I' 

n n n n w ' n n n I n I w 

h 53.30 h 56.77 h 57'47 h 59.60 1 55'87 1 59.23 1 jo.70 1 51.20 1 47'64 h 49-26 h 51-50 h 52-00 
h 51.43 h 56.23 h 56.64 h 60.00 1 53'54 1 61.40 2 50.70 1 52.80 1 46.27 h 50'64 h 50.43 h 50'40 

153'97 1 59'23 h 47.83 h 48.90 h52.03 
h 5 1 ' c o  

52'87 j6.50 57'05 59'80 54-46 59-95 50'70 51'00 47-15 49'60 50.97 51'36 

131.86 127.56 135.17 130.36 133.50 l27.10 136.96 2 33.20 130.36 l32.90 130.23 128.20 
1 32'20 1 28.86 134'67 1 31'80 1 34'77 1 26-93 1 37'77 I? 32'57 1 30'27 1 33-10 1 30.77 I? 27'50 

- 

32-03 28-21 34'92 31.08 34-14 27.01 37'37 32.88 30.3, 33'00 30'50 27-85 

1 49'70 1 48.24 1 39'93 1 44'07 1 43'43 1 44'30 1 42-50 1 45-03 1 48.30 1 48-14 2 44'97 1 49-23 
2 48.93 1 46.24 142-03 1 42.24 1 42.50 144'54 2 42-60 144'93 2 48.13 148.23 1 44'73 1 50.03 

1 43'70 

49.32 47.24 41.89 43-15 42.97 44.42 42-55 44.98 48-21 48.19 44.85 49.63 

M - Mean of Qrou 
a - Bslatire Wei& 
C - Concluded Angle 

M = s31f -54 

w = o -73 

- - - I -38 
w 
C = 40'26' 53"-54 

M =  3 ~ " ' ~ '  

= I . 26 
1 - - - 0 -80 
W 
c =51023131n.6r 

M = 45"-62 

w = I '51 
I - - - o -66 
w 
C = 30'40'45~'62 

At XI1 (Stimethra) 

Nvvember 1855 ; obeerved by Lieutenant D. J. i V a k Y t h  with Troughton and Sirnm' l&inch meodolite No. 2. 

Angle 
between 

gt XV 

XV 8i XI11 

Circle readings, telescope being set o n  XIV 

00 1' 180" 1' 10012' 1W 12' WZcY 200°2(Y 30"2g1 210~29' 40038' 220088' WMY 230"611 

n v I n w n n n II n n n 

h 52'16 h 53'36 h 57'77 h 54.30 1 56'57 1 50.37 161-30 1 56-44 1 55.43 1 57.10 1 54'66 h 52 87 
h51.27 h 54.07 1 56'77 h 54.90 2 58.04 1 52.17 161.27 156.40 157.07 1 57'33 h 53'24 h 53 34 

51.72 53-71 57-27 54.60 57-31 51-27 61.28 56.42 56.25 57'22 53'95 53'10 

h 56'27 h 51-93 h 51'33 h 53'50 1 58.17 1 54'50 1 50.84 157'86 1 59'17 1 57.14 h 56'36 h 60.83 
h 56.30 h 52.47 1 52.60 h 51.14 Z 56.64 1 53.83 1 50.43 1 58.56 l.59.23 1 56.43 h 52.90 h61.46 

h53.16 1 55-30 

56.29 52.20 51.96 52-60 56.70 54-17 50.63 58.21 59.20 56.79 54.63 61-14 

111 = Mean of Groups 
w - Ralative Weight 
C - Concluded h g l e  

M = 5 j'"34 

w =. 1 -47 
I - - - 0 . 6 8  
W 

C=51'47'55"'34 

M = 55"'38 

w = I '12 
1 
- = 0 -89 
W 

C = 42' 2'55"'38 



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 

At XI1 (S6methra)-( Contin~ed) . 

Angle 
between 

XU1 & XI 

XI & X 

Circle readings, telescope being se t  on XIV 

001' 19001' 100 1% 190" 12' 20020' 200020' 80'29' 210029' 40038' 2200 86' 60060' 230'51' 

u 4 I n n n I )  I )  M n H II 

h 42-43 145'64 1 40.27 1 45'84 1 32-73 1 42.00 1 41-80 1 40'74 1 40.73 1 43.40 h 47-84 h 39-50 
h41.80 h 46-13 1 42-66 1 45'67 1 34'33 141.94 1 41-07 2 40.24 1 40'77 1 44'60 h 47-00 h 39'57 
h 41.60 h 42-40 1 34'40 h39.90 

41'94 45'89 41'78 45'75 33'82 41'97 41'44 40'49 40'75 44-00 47'42 39-66 

h35-37 h 33'73 1 38-33 Z 33.73 1 43.90 1 39.70 1 41.00 1 35.83 1 35.60 1 30.73 h 34'43 W 30.74 
h 32.74 h 31-77 1 36'77 E 34.20 1 43'43 1 37-40 1 40.30 1 3 j.66 1 35'97 1 30'57 h 34'26 h 29.97 
h 32.30 2 44.30 1 39'23 h29.17 

33-47 32.75 37-55 33.97 43-88 38.78 40.65 35.74 35.79 30.65 j1.34 29-96 

M = Mean of Grou 
a, - Relative ~ e i &  
C - Concluded Angle 

M = 4zn.08 

= 
I 

0 '94 
- =  I -06 
w 
C = 40' 17'4z"-08 

M = 35'"63 

to = 0 '72 
I - =  "39 
w 
C =3z033'3fm63 

At XI11 (Wfira) 

December 1855 ; observed by.Jieutenant D. J. N m y t h  with Troughtorc and Simms' 18-inch Theodolite No. 2. 

M - Mean of Ciroa 
eo Belative 
(7 - Concluded Angle 

iw = 55"' 93 

= , .29 
I - = 
w 

o 078 

C = 41' 19'55"'93 

M = 37"*56 

= 
I - - 
w - 0 '44 
C =67041#371/.56 

M= 10".16 

w =  2 - 6 2  
I _ - - o -38 
w 
C =48°zo'~ou-26 

M = 31" 76 

W = I '47 
I - = 
w 

o *68 

C = 57' 8'31~*76 
h 

Angle 
between 

XI. & X 

& XII 

XI1 & XIV 

YIV & XV 

Circle readinga, telescope being s e t  on XI 

818'40' 138O 40' 326052' 148'62' 339'2' 169'2' 349'8' 169'8' 369'19' 179"19' 9"W 189O80' 

n I n n w n n 4 n n I) I 

h 54'54 h 57'60 Z 53.50 1 58.66 1 55'77 162.07 h 55-17 h 56.70 h 50'20 h 54'37 2 54-70 1 53'93 
h 54-04 h 57-10 1 52.80 1 59'43 1 56.30 1 62'76 h 54-76 h 59-14 1 51.57 h 54.13 1 56-53 1 55-67 

h 59-13 

54.29 57-35 53-15 59'0j 56.03 62.42 54-96 58-32 50.89 54-25 55-61 54-80 

h 38-20 h 38-00 1 40'83 1 35'54 1 39'47 1 32-83 h 38-47 h 35'87 h 37'33 h 36'93 1 40.74 1 37-36 
h36.70 h38.80 2 41.06 134.27 1 37-40 1 32-27 h39.30 7637.10 1 37-80 136.47 1 39-50 1 39'13 

37-15 s 8 ' 4 ~  4°'95 34'g0 s8'44 3"55 38'88 36'49 37's6 S6'7' 4°'12 38'25 

110.53 l11.90 1 6-97 111-oo 1 8-80 113'23 1 .9-23 113-23 111.03 111-57 1 6-06 110.14 
1 10.30 I? 11.86 1 6.24 1 11.76 I? 9.40 1 12.63 1 10.00 1 12.73 1 11'33 1 I 1-40 1 7-40 t 8.70 
d 8.69 

9-84 11-88 6-61 11.38 9'10 12.93 9.61 12.98 11-18 11'49 6.73 9.4: 

1 31.97 1 31-07 d 34-02 d32-25 d34.16 d 30.91 d37-28 d28.47 Z 32.77 dz7.45 1 35-94 1 28.26 
1 29-76 d29.98 d 34-06 d 31.49 d 33'93 d 31'5 1 d 36-75 d 28.97 1 31'37 d 27'62 1 33'87 1 29-50 
d29.14 

30'29 30'53 34'04 31-81 34-04 31-11 37'02 28.72 32'07 27-53 34'91 28-88 



2% CUTCH COAST LSEBJES. 

h 

At X I V  (Roha) 

December 1855 ; observed by Xieutenant D. J. Nasmyth with Trozcghton and Simms' 18-inch Theodolite No. 2. 

M - Mean of G m u p  
w - Relatin Weight 
C - Concluded Angle 

M =  55'"47 

w = 0 -91 

i =  . Io  
w 
C = 46" 47 '55" '47  

M =  16".13 

w = 1 - 4 3  
I - - - o -70  
W 

C = 5304z1 16".13 

M = z 7 " ' 9 2  

= ' '5' 
I - - - o - 6 6  
W 

C = 47'47' 27" '92  

M = 58" .53  

, , I .47 , - - - o - 6 8  
W 

C = 3i0 48' 5 V . 5 3  

Angle 
between 

XVII &XVI 

. 

XVI & XV 

XV & XIII 

XIII XII 

Circle readings, telescope being set on SVII 

211'44' 81'44' 221'63' 41'53' 232" 6' 620 6' 242" 10' 62010' 262"21' 72'21' 262'32' 82032' 

1 4 w I 4 4 I)  .7 I e v v 

159.04 h60-20 h 5 4 - 3 6  h60.40 1 51-24 1 57'90 1 54-54 1 51.10 1 56-24 h 53-90 h 55.66 h 4 g - 4 4  
158.40  h61.66  h56 .03  h61.66 151.20 1 55.83 1 52.60 151.70  156 '50  h 54.00 f i 55-64 h 4 8 - g o  

h 57.37 h 51.97 
h 5 5 ' 7 3 h 5 0 . 8 7  

58-72 60.93 55'20 61.03 51-22 56.86 53-57 51.40 56.37 53'95 56-10 50.30 

1 17.40 1 12-87 h 23-37 h 13.06 h 17.33 1 14.86 1 17.10 1 16.13 1 18.66 h 13.14 h I 3-87 h 15.03 
1 17.93 1 14-40 h22.57 h11.47 h18 .54  114.30  117.40 116.84  1 16-27 h 14.27 h 13-47 h 14.96 

h 14-93 h 19.33 h 14'47 
h 16.43 
h 17.80 

17-67 14-07 22-97 12.26 17'94 14.58 17.25 16-53 17-70 13-71 13'94 14.99 

1 28.23 1 29.90 lr 23.23 h 30-10 71 26-80 1 34'34 2 26'73 1 28.07 1 24.07 h 29'66 L 27'17 h 26.80 
1 29.53 1 27-83 h 23'73 h 30'90 h 27'53 1 33'90 1 27.47 1 28.30 1 23.50 h 27.13 h 27-96 h 26'43 

h 28.47 h 28.17 h 28.74 
h26.B4 

28.88 28-73 23.48 30'50 27.17 34-12 27.10 28.18 23.79 28.32 27-56 27'20 

154 '73  155 '90  h 55.20 h 57'64 h 6 1 - 4 3  1 57-13 1 59'73 1 59.10 161.30 1 58'33 I 6 3  7 0  h56.83 
1 5 3 ' 5 0  1 5 5 ' 5 4  h55.30 h57.13  h61 .67  1 56'37 159.80 1 6 0  1 3  162.16  1~60.94 h 6 2  80 IL 58.30 

h 57'70 161 .64  h 59'46 157 '26  
8 55'23 

5 4 . 1 ~  56.38 55'25 57 38  61.58 56.75 59'77 59-61 61.73 59'58 63'25 56.91 

At XV (Dinoda) 

*December 1855 ; and tFebrua y 1857 ; observed by I;ieute?zant D. J. Ncssmyth with Troughton and Simm' 
18-inch l'heodolite No. 2. 

Angle 
between 

I) 

XIII & XLI 

Circle readings, telescope being set on XI11 

00 0' 180'0' 100 12' 190' 12' 2@ 22' 2000 22' 30'28' 210" 28' 40" 39' 2200 39' 60'49' 230'49' 

v e H w 4 4 I w H I v " 
h 20'43 h 20'14 h 20'03 h 19.36 1 23.84 1 19.10 1 25.67 1 25-50 h 2 5'87 h 24.40 h 27-13 h 18.50 
h19 .44  h20.06  1 2 1 . 4 7  121.17  124.26 1 18.37 127.23  1 25.63 h 2 6  67  h z 4 . 1 ~  h27 .60  k18.30 

19.94 20.10 20.75 20.26 24.05 18.74 26.45 25'56 26.27 24-25 27'37 18.40 

M - Mean of Group 
w - hlutive Weight 
C = Concluded Angle 

M = 22''.68 

w = 1 -09 
I - - - o -91  

2.9 

C = 3 2 ° ~ 8 ' 2 ~ ' " 6 8  



PRINCIPAL TEIAHUULATION. OBSEBVED ANGLES. 

At X V  @inoda)- ( Cmtinzced). 

M - Mean of Grou 
a. - Relative 
C F Concluded Angle 

M = 401'-30 

= . l 3  
I - = o - 8 9  
w 
C = 4 2 O 3 5 ' 4 o U - 3 0  

M =  58#'  7 3  

=, 1 ' 3 4  
1 - - 
w - 0 ' 7 5  
C =76O 3'581t.73 

M =  a"'06 

= ,98 
1 - - - I ' 0 2  
w 
C = 4 3 0 1 4 #  8".0(j 

Angle 
between 

# 

XI1 & XIV 

8t XVI 

t 
XVI XVIII 

Circle readinge, teleecope being set on XIII 

O"0' lW0' 10012' 1900 12' 20022' WW)D 22' 300 28' 210028' 400 3 4  2200 SY 6004V 250049' 

n N 4 N 4 I 4 11 v 1 4 

h 45'70 h 40.03 Z 45.70 1 39.43 1 39'60 1 35-17 1 38.10 1 39.40 h 41'20 h 39'70 h 35'30 h 43.24 
h 45-20 h40.64 1 45.30 h 39.90 1 40.44 1 36 63 1 37.90 1 38'57 h39.80 h 40.74 h 35'44 h44.10 

45'45 40.34 45-50 39.66 40.02 35'90 38-00 38.99 40'50 40'22 35'37 43-67 

1 55'53 1 56.07 1 53-06 1 61.17 1 59.90 1 62.23 160.70 1 60.37 h 58.30 h 59.90 h 63-24 h 56.03 
1 5407 1 55'94 2 54.50 1 59 36 1 59.60 1 60.83 1 62.17 160.40 h 59 z o  h 58-10 h63.96 h 56.63 

h 58.24 h 58.50 

54.80 56.01 53-78 59'59 59-75 61-53 61'43 60'39 58.75 58.83 63'60 56'33 

h13.57 h 10.86 h 1 3 . m  h 8-17 1 6.87 h 3.06 1 6.10 1 6.63 1 7.10 1 6'47 h 4.80 h 10.56 
h 14-14 h 9.74 h 15.23 h 7.00 1 5-37 h 3.83 1 4.80 1 6.04 1 7'23 1 7 '24 h 4 43 h 11'24 

h 14'13 

13.86 10.30 14-12 7-58 6.12 3-45 5-45 6.33 7'17 6.85 4.62 10.90 

At XVI (Htithria) 

$December 1855 ; alzd QFebrualy 1857 ; observed by Zieutelzant D. J. Nasmyth with Troughtm alzd Simms' 
18-inch I'heodolite No. 2. 

iK - Menu of  Groups 
w - Relative Weiglit 
C " ConoludedAn61e 

M = 4 8 " - 1 5  

= I .24 

- = o -80  
W 
C = $ 0 i 3 ' 4 8 " ' ~ , 5  

M = 25"'53 

= 1 . 14 
I - - - o -87.  
W 

= 8 2 ~ r l t 2 5 ~ . 5 3  

M = 62" '29  

w = 0 '62 . 
_ I - - I -61 
W 

c = 37O43' 2". 29 

.b 

Angle 
between 

$ 
XV & XIV 

3 
XIV & XVII 

Circle readings, telescope being eet on XV 

001' 180" 1' 100 11' 1900 11' 20022' 2000 22' 30028' 210'28' 4003Y 220039' 600 MY 230060' 

4 4 4 4 4 I I N I. 4 4 

h46.90 h 45.57 h49.23 h 47.40 1 50.26 144.23 1 54.27 149'66 1 48.17 147'34 h49.67 h 42-73 
h 46.37 h 45.17 1 50.26 h 47.70 1 50 90 144  87 1 55 03 148'36 1 48 53 h 43.67 h 50.90 h 43'43 

46.64 45.37 49.74 47.55 50.58 44'55 54.65 49.01 48.35 48-01 50.28 43-08 

h 26-40 h 16-33 h 20.90 h 26-26 1 23-30 1 24-10 1 19.67 1 24-ro 1 26.16 1 29.86 h 27.56 h 30'20 
h ~ 6 . ~ 6  h 27.53 1 21.60 h 27.26 122.83 1 23.13 1 19.00 2 26-07 1 26.27 Ji 28.40 h 29'46 h 29.90 

26.43 26.93 21-25 26.76 23.07 23-61 19'34 25-08 26'22 29.13 28-51 30'05 

Lesser circle ndh 231' 1' 6 l0  1' 241' 12' 61' 12' 251' 23' 71' 23' 261' 29' 81°2Y 271' 39' 91' 3v 281' 60' 101' 60' ! 
5 

XVII & XIX 
1 57'73 163.74 h 58.17 h 57-50 1 57'73 h60-60 h66.80 h 59.07 h63-67 1 67.00 h70.84 h 62-80 
158.33 l62.07 h 58-03 159.63 156.64 159'40 867.93 L60.57 h64-24  165.96 h71.27 h64.53 

h 59'70 

58.03 62.91 5 8 1 0  58.94 57.18 6 0 0 0  67-37 59.82 63.95 66.48 7 1 0 6  6 3 6 6  



2%. CUTCH COAST SERIES. 

I At XVI (HAthria) -( Conthzced). I 

At XVII (Naliya) 

March 1857 ; observed by Xieutelzalzt D. J. Nasmyth with Troughton and Simms' l&inch Theodolite 3'0. 2 .  

I Angle 
between 

Circle readings, telescope being set on XVII 

231°1' 51°1' 241' 12' 61° 12' 251'23' 71'23' 261'29' 81'29' 2f1° 39' 91°3Y 281" 60' 10lOW 

Angle 
between 

XIX & XVI 

M = Mean of Qrou 
ca = Relative We$ 
C - Concluded Angle 

Circle readings, telescope being set on XIX 

00 0' 180'0' 100 11' 1900 11' 20'22' 200°22' 300 28' 2100 28' 400 39' 2200 3Y 60049' 230049' 

II w I n m H n n w n n w 

h 14.93 h 19'20 h 15.87 h 14.63 h 19-43 1 1z.10 1 21.80 1 15.63 1 17'67 h 16-06 h 14.10 h 15-53 
A 15-66 h 19.24 h I j.86 h 14.60 1 19.16 1 11'50 1 20'50 1 18.57 h 17.93 h 17-83 h 15'56 h 13'96 

1 15.06 

15-30 19'22 15-86 14.62 19.29 11.80 21.15 16.42 17.80 16.95 14-83 14'74 

M - Mean of Groups 
w - Relstive Weight 
C - Concluded h g l e  

M =  16".50 

w = I -76  
I 
- = 0 '57 
w 
C = 56°41'16".50 



PRINCIPAL !CRIAN(fOLATIOX. OBSERVED ANGLES. 
25-L. 

At XVII (Na1iya)-( Conthwed). 

Decembm 1866 ; observed by Zietdenant D. J. N a m y t h  with 5 o u g h t m  and Simms' 18-inch Theodolite No.  2.  

-10 
between 

XVI & XIV 

Circle readings, telescope being aet on XVI 

8i04r  mow oiOc,b m 0 6 v  iw w 2 w o t  1 1 ~ 0 1 s ~  aw 16' 1 2 ~ 2 6 ~  t102~26 lap a 6  als" a# 

n II R I I  11 11 II II n 11 11 n 

h38-37 i 41-33 i 39'80 h 46.60 1 38.23 1 43-36 1 40.66 1 45'77 1 40.30 h 39-70 1542.73 h 43'53 
h38*10 I42.84 h 40.30 h46-37 1 39.64 1 42'87 Z 41-60 1 44.10 h 39-47 h 39-40 h42.96 h 43'87 

h 4o.ao 

38-24 42-08 40.05 46-49 38-93 43-12 41-13 44'93 39'99 39'55 42'85 43'70 

M - ~ e a n  of ~ r o  
to - Relative ~ e i z  
c Concluded -16 

M = 4 1 ~ ~ 7 6  

eo = I .a3 
I - - 
w - 0'55 
C = 51' 0'41"*76 

At XVIII (Manjal) 

F e h u y  1867 ; observed by Zieutslcccnt D. J. N a m y t h  with Tr02cghtos m d  Simms' 18-inch TheodoZite No. 2. 

Angle 
between 

XV & XVI 

XVI & XXI 

Circle readings, telescope being set on XV 

001' 1800 it 100 11' iw 11' m w  800 261 2100 28' w w  aw a 1  MPU 280049' 

I V W I W 4 W 4 W R I R 

h 17'20 h 16-33 h 20'00 h 13'26 1 14-67 h 9-56 1 15'87 1 16'10 1 20.96 1 16.87 h 17.17 h 16-73 
I 16-80 h 17.47 h 21-44 h 13.27 1 16.43 h 9-63 1 17-33 1 16.00 1 19'43 2 15'47 h 15.10 h 17'40 

h 17'07 

17-00 16.90 20'72 13-27 15-55 9-59 16.60 16-05 20.20 16.17 16-45 17-06 

141.23 i 41-13 i 39'94 h 46-57 1 44.23 h 48'47 1 47'17 147'73 1 43'34 1 46'00 h 51-93 h43.27 
hq2'1o h41.56 h39.13 h 47.40 144.17 h48.13 145.94 148'47 b 43-47 1 47'86 h 52.43 h 42-67 

h 50'77 

41.67 41'34 39'54 46.98 44.20 48'30 46.56 48-10 43'40 46'93 51'71 42.97 

M - Mean of Qron 
w - Relative Weigkt 
C - Concludedkle 

M =  16"*30 

w = 1 '42 
I - - - o '71 
W 

C = f3°z~'~6w.30 

M =  45"'14 

w = o ~ 9 6  
1 - - - I '05 
W 

C =76O 7'45"-14 

At XIX (Saind) 

March a d  April 1857 ; obeeroed by Liezltercant D. J.  N a m y t h  with Troughton and S i m '  
18-inch Theodolite No. 2 .  

Angle 
between 

XX & XXI 

. 

Circle readinge, telescope being aet on XX 

000' 18000' 10011' 190'11' 20022' 200022' 80080' 210"W 40039' 220089' W48' 250048' 

R w R w w w R I n w R I 

i 27'60 h 31-73 h 30.47 h 28.20 1 38'77 1 33'73 h 35'94 h 37-83 h 37-64 h 36-53 E 38-80 1 31-87 
h 28-76 h 31-10 h 29-70 h 28.23 1 38'50 1 33'93 h 35-13 h 35.07 h 37'97 h36.47 137'40 1 34.04 
h 26-80 h 32-44 1 33.33 h 27'47 1 37'40 2 35'70 1 35'53 h 35-07 1 37-86 1 35-20 1 36'03 1 33-10 
h26-20 131'70 1 31'56 h29.07 137'57 134'40 h3j.83 h38.00 1 38.37 135'30 137'47 1 33.17 
1 26-37 1 30.00 h 29.70 136.43 

27-15 31.74 31-01 28-53 38.06 34.44 35-61 36.48 37'96 35.88 37-42 33.30 

M - Mean of Groups 
w - Relative Weight 
" COncludedAngle 

M E= 3311. 97 

w = o -88 
- I - - I -13 
W 
C = 37' 27' 33"'97 



At XIX (hind)-(Cmtiawd).  

M = Meur of Gmu 
u, - Relstire ~ e i g e  
' COneludedhg'e 

dl = 47~.d)  

= I .22 
I 
- - = o s 8 2  - 
w 
C = 49' 45' 47"' 08 

= 39#.60 

= 
I 

1 ' 59  

- = 0 ' 6 3  
w 
C = 850 35' 39#*6a 

Angle 
between 

XXI & XVI 

XVI Bi; XVII 

Circle readings, telescope being set on XX 

U'O' 18000' 1V11' 1900 11' 20022' 200022 80°80' 210080' @89' 220089' M)048' 280°48' 

n I e n m 4 n n n I )  I I )  

h 52.64 h 46-01 1 47'33 h 47-03 I 41-17 1 40.94 146.56 1 48'40 h 41-83 h 47.10 1 45'73 Z 50.77 
h 52-90 h 44'43 1 47'36 h 47.40 1 43.70 h 44-16 h 47.90 h 48'56 h 45'93 h 48.06 Z 44.50 1 49'56 
h 51'90 1 45.10 146'57 848.06 1 41-47 h43.87 1 47'44 1 49.53 1 47'54 1 48.67 1 44'43 1 51.26 
h 53'60 1 45'60 1 50.24 h 48-36 1 42-57 1 39'47 h 49'74 149'20 1 45'80 1 48.56 1 45'37 Z 50'56 

1 49'14 1 44.20 1 40'70 h 48.17 1 44'03 

52.76 45.29 48-13 47.71 42.82 41-83 47'96 48.92 46.03 48-10 44-81 50'54 

h 37-13 h 41-76 1 39.83 h 40.50 1 41.90 1 43-60 h 43'47 h 35.73 h 35'73 h 35.93 1 40.70 1 39'06 
h 36-00 h 42'73 1 39'17 h 41'63 1 40.60 1 40'40 h 43-93 h 36'94 h 36.87 h36.10 C 40.60 1 38.24 
h 35.36 1 42.70 1 41.20 h 41.27 1 42.00 h 42-34 1 42-43 1 37'87 1 38.06 1 37'53 1 40.30 1 36'44 
h36.13 1 42.40 140.03 hqa-07 Z 44.30 1 42-27 1 4 1 ' 1 4  138.07 Z 37'33 136.57 139'54 135'97 

1 43-10 1 44'37 h 33'67 
z41.90 

36.16 42-40 40-06 41-37 42.38 42-48 42-74 37'15 37-00 36'53 40.28 36.68 

At X X  (Suri Muri) 

*Xarch; CMtd tAp*Z 1867 ; observed b.y Lhtenartt  D. J. N m y t h  with Troughton ME& S h '  18-inch 
Theodolite No. 2. 

Angle 
between 

# 

XXIII & 
XXII 

# 

XXII & 
XBZ 

# 

XXI & XVI 

Circle readings, telescope being set on XXIII 

W 2 3 '  44'22' 284084' liQ0 33' M044' 64044' 14O62' 74'62' 265" 1' 85'1' 87S0lO' 96'1V 

v I w )I n n n w 0 R I w 

1 61.33 1 60'67 1 55.87 1 53-90 1 56.10 1 50'07 h 53.47 h 53'63 h 60~00  A 54-96 h 60.87 h 59'54 
1 61-37 1 61.64 1 54'67 1 53-90 1 55'37 1 53'93 h 52.57 h 53.80 h 59.63 54-10 160.13 h 57'57 

h 53'37 h 58.07 

61-35 61-16 55.27 53.90 55.73 52'46 53'02 53-72 59-81 54'53 60'50 58-39 

1 57*37' 1 57.00 1 56.23 1 59.76 1 59'66 164.50 h 54'53 557.37 h 53.54 h 56.94 h 52.66 h 56.53 
155-63 1 56.40 155.83 159.60 1 59.10 163.73 h 56.97 h 55-30 h53.30 155.80 h 52'10 h 55'53 

h 57'63 h55.63 h52-23h54 .76  

56.50 56-70 56.03 59'68 59.38 64.12 56-38 56.10 53-42 56-37 52-33 55-61 

h 23-40 1 28-90 1 26.87 1 26-10 1 28-00 1 24-13 h 32.30 h 29'57 h 28.36 h 26-03 h27.74 h 25'57 
Z 24-56 128.96 1 16-94 125.77 129.43 124.74 h31-03 h30.10 h27'1o 125.80 h 25.50 ha5.37 
1 24-34 h26.80 h25'10 

24-10 28.93 26.91 25-93 28-71 24-43 31-67 29-83 27'73 ~ 5 . 9 ~  ~ 6 . 6 8  25.35 

dZ - Mean of h u p  
w - Itelatire Weight 
' OOnO1ndedBngle 

M = 56"*65 

, , I .oq 

- = 0 '96 
w 
C = 8f039'56".65 

M = 56"-89 

W =  1.26 
I _ - - o -80 
W 
C =47O57'56".88 

M - ~ 7 ~ ~ x 8  
, a . a ,  

i 



At XX (Suri Muri)-( Cbnthued). 

M - Mean of Gron 
v - Relatire Wei$ 
C - Concluded Angle 

w = 3 -90 
- - - o 926 
W 

C = 54'37' 26"*55 

f 1 'ia:z 

AM - 3 7 " ' ~  , , 
w = 4 -38 
f_ - - o -23 

C = 62'58'38".22 
M - 38".94 - a . a 5  

Angle 
between 

t 
& XVI 

XIX 

t 
XVI & - 

Circle readings, telescope being set on XXIII 

224'23' 44'22' !&M084' SQ0s8' 244'44' 64'44' 264'62' 74'62' 265" 1' Wlf 276'10' 96°10' 

II T n I )  n N n II n II II I 

Aa4-27 h 25-34 2 26.06 Z 23.16 2 28-10 h2z.47 h32-46 h27.30 125'17 124'77 123'37 2 24-80 
h23.67 1 25'63 Z 26.37 Z 23.03 1 28-44 h22.90 h31-50  h28.43 1 27-27 1 24-43 1 22-66 1 24-44 

1 26'77 

23.97 25-49 26.21 23-10 28.27 22-68 31-98 27.87 26-40 24-60 23.01 24-61 

h 43'00 1 37'83 1 36'13 1 39'63 1 35-24 1 38-64 h 33'47 h 38'70 h 34-87 h 38-17 h 37-93 h 38.60 
1 39 64  1 39.00 1 35.96 Z 40.07 2 34'17 h 40.80 h33.27 h 38'40 h34.80 h39'20 h 36-70 h 36'23 
1 40.90 h 39'03 h 36-80 

h37.90 

41-18 38.42 36.04 39-85 34-71 39.09 33'37 38-55 34-83 38-69 37'31 3 7 3 1  

h 40.16 2 39-90 139'24 139'94 1 35.50 h40.33 h 34-20 h 41-16 1 36-27 Z 41-10 2 39-93 138'63 
h 40.47 1 39-50 Z 40'10 1 41-10 1 35.06 h 40.10 h 34'34 h 40'60 1 36-36 2 40.70 1 40'20 1 39-56 

40'32 39'70 39 '67 ,  40'52 35.28 40'21 34.27 40.88 36-31 40'90 40'06 39.10 

At X X I  (Sura G a n d h )  

$February; and $April 1857 ; ob8erved by Lieuteaant D. J. N u m y t h  with Troughton and Simme' 18-inch 
Theodolite No. 2. 

Y - Mean of Group 
v - Relative Weight 
C -- Concluded Angle 

M = 8-34 
w = 1 '4% 
I - = 0 ' 7 0  
w 
C = 52'15' 6"34 

Y = 1 6 ~ ~ 2 1  

w = I -38 
I - - - o *?a w 
C = 55'24' 1 6 ~ ~ 2 1  

Angle 
between . 

3 
XVIII & XVI 

$ 
XVI L XIX 

Circle readings, telescope being set on XVIII 

KT'%' 1W45' 817O 66' 137'57' 328O7' 1@7' 838018' 1580 13' &480 %' lW24' 858"' 1178083' 

n v n II II II n II n n 4 I )  

h 5.90 h 7-64 i 3-10 i 7-80 h 3-10 h 13-43 A 4'34 h 8'74 i 3-40 h 8-37 A 3-10 A 5'34 
h 6-10 h 9.23 h 3-07 h 8.26 Z 3'56 h11.57 h 3-36 h 8-50 h 5.06 h 8.20 Z 5-83 h 6'30 

1 3-30 
z 3'83 

6-00 8.44 3-08 8-03 3-33 12yo 3-85 8 . 6 ~  4-23 8.29 3-86 5-82 

h13.10 A16.63 i 1 6 . 1 7  h 15-33 116.77 h12.73 hz1 .86  h 18-33 h 19-40 A I ~ - 3 7  113.37 1x2'90 
h 13'17 h 17'10 h 18-66 h 14'97 2 18-06 h 14-13 A 22-07 h 19-33 h 18-go h 16-34 1 13-60 h 11-93 

h 16-90 Z 12'40 

13-14 16.86 17'24 15-15 1 7 4 3  13-43 31.96 18.83 19-15 15.86 13-12 12'41 



28,. CTFCH COAST SERIES. 

L 'i 

At XXI (Sum Gand4ra)-(Continued). 

M = Mean of Orou 
UI - Belatire Wei$ 
C - Concluded Angle 

M =  19u'65 

w =  1-81 
1 - = 0 '55 
W 
C = 24O56'19~*65 

M = 56".73 

w = 1 '97 
1 - - - o -51 w 
c = 46'33'56"'73 

. 

M - 39"-65 , , o . 8 6  

W = I '7% 
L - 
w 
- o -58 

C = 35'36'39"'55 
3f - 3 9 " ' ~  
w 0 . 8 6  

Angle 
between 

$ 
XIX & XX 

. $  
XX & XSII 

$ 
XXII & XXV 

3 
XXII & XXV 

Circle reedings, telescope being eet on XVIII 

8070 45' lW%' 81T0 66 137" 67' 828"7' 1480 7' 838' 18' 168' 18' 84S024' 16S0 24' a580 83' 1780 88' 

n n n 4 n n I n n 1 n n 

h 24.70 h 17-20 h 16.00 h 18.24 1 17'93 h 1727 116.40 A 18.30 h 19-33 h 22.03 1 21-96 h22.86 
k24.76 h 17-67 h 17.07 h 19-60 1 19 60 W 18.60 h 18'57 h 19.07 h 18.94 A 22'80 1 21'50 h 21.80 

h 16.66 

24.73 11-44 16-53 18-92 18-77 17.93 17'21 18.69 19.13 22.42 21-73 2a.33 

h 53'57 h 60.13 h 59'53 h 59.96 1 54-47 h58-47 h 53'37 h 56'33 h 53-80 h 54-90 1 57-33 56'57 
h 53'87 h 58.60 h 58'47 A h 4 3  1 55.17 h60.00 h 53'96 A 58.56 h 54.13 h 54'66 1 58.20 h 57'54 

1 56'73 

53-72 59'37 59.00 60'19 54-82 59-24 53.66 57.21 53-97 54-78 57-76 57.06 

A37.26 h 35-40 h 37'53 h 38'07 1 42-93 h 38-46 h 45'23 h 40'77 h 46'77 h 38.67 1 38-70 h 34'30 
h 38-23 35-50 h37.96 A38.54 1 42.83 h 37.13 h44.54 h 40.34 h 47.00 i 39.14 1 39.20 A 34'93 

1 43'77 

37-75 35'45 37'74 .38'31 42-88 37-79 44'89 41-63 46-88 38.91 38-95 34-61 

h 36'87 135'80 138.86 138.07 1 41.17 1 35-77 Z 45.46 1 40'13 1 48-70 1 39.34 138.77 1 36-87 
1 35-83 134'37 1 38.46 137'57 142.60 1 38'97 1 43'56 139.10 147'33 139180 Z 38'43 2 34'87 

136.06 1 37'40 1 47'44 

36'35 35-09 38.66 37-81 41-88 37'38 44-51 39-61 47.82 39'57 38-60 35'93 

At X X I I  (B4bia) 

dlccrch 1857 ; observed by Lieutenant D. J. N m y t h  with Troughtori and Simms' 18-inch Theodolite NO. 2 .  

Angle 
between 

XXI & XX 

b 

Circle readings, telescope being aet on XXI 

OO(Y 180"o' 100 11' 190" 11' Ww 200~22' 80028' 210028' rL0039' 220" 89' MP w 230040' 

n n m n n 4 n n n v n n 

1 65.10 1 65-93 h 62-63 h 59-20 1 63-50 1 58.60 h 67-43 h 68.17 1 66-97 1 66.40 1 66.90 1 67'17 
1 64-00 1 64.00 1 64.73 h 60'13 1 64.24 1 57-90 1 68-53 h 67'70 1 67-16 1 66.87 1 66-53 1 66.34 

1 62-53 

64-55 64-97 63-30 59-66 63-87 58.25 67-98 67-94 67-06 66.64 66-71 66.76 

M - Mean of Qmu 
UI - Belative We& 
C Concluded 

M = 64"-81 

w = I '20 
I - = 0-83 
w 
C = 85'28' 4".81 



Nim~.--8tation XXII ww visited twice in Much 1867. The anglea not marked were meaaured during the fint visit 5 those marked * during the second virit. 

L 

M = Mean of G m u p  
w - Relative Weight 
C Conoluded h g l e  

M = 6f .91  

to = I 60 
I - = o - 6 2  

w 
C =43' 5' 5"'g1 

= gUSo8 

w = 0 '93 
I - = I -07 
w 
c z 4 z 0 3 8 '  g"wo8 

M - 5,"'70 
w - o -79 

w = I -62 
I 6 = O '62 

C = 93' 15' 52"- 87 

M - 53"'03 
v - 0.83 

3f - 46"'53 " ' ' ' 4 '  

w = 2 '52 
I - 0 '40  ; - 
C = 95' 32' 46". 95 - 45n'90 
, , .,, 

Angle 
between 

XX & XXIII 

XX1lldt 
XXIV 

XXIV&XXV 

* 
XXIV&XXV 

XXV& 

* 
XXV & XXI 

At XXII (I3Bbia)-( CmtCwd). 

Circle readings, telescope being eet on XXI 

(P(Y lW(Y 10011' 19U'l.l' W!& 20(P '23' 80a 28' 21U'B' 4(P 89' 2W89' 6@w m480048' 

I I 4 D w 4 a a 4 a 4 

163'36 1 67-53 1 65-73 h 69.43 1 67'97 169-47 1 60.60 h 63'93 1 64-16 1 66.00 1 66.90 Z 66.06 
1 62.94 1 65-97 1 63 87 A 71-10 1 67'76 1 67'97 1 59.70 h 65'30 1 66 60 1 65.00 1 68.00 2 67-40 

165'43 163.47 

63.15 66.75 65-01 70.27 67-86 68'72 60.15 64.62 64'74 65-50 6745 66'73 

1 8.47 1 6.74 1 I 1-04 1 8.94 1 10.37 Z 8-06 1 16.63 1 8.60 1 I 1-54 1 7-43 1 5-06 1 4-40 
1 8 86 h 9.93 1 13.36 1 8.17 2 11.50 1 8-10 1 18.63 1 7-37 Z 9.07 1 7-60 1 5-81 1 1-90 

h 6-74 1 12.34 11o.80 

8.67 7-80 12-15 8'55 10.94 8-08 17'63 7'98 1 ~ 4 7  7-52 5.46 3'65 

252.67 157'36 147'53 1 49.06 148.73 Z 52.14 2 46'07 154.17 154'36 1 55-00 156'47 1 55'10 
153'47 h 59-14 1 47'84 149'10 1 48'90 153.20 1 46-64 154'46 1 55-20 155.07 156'33 1 54'93 

h 60.86 

53-07 59.12 47.69 49'08 48-81 51-67 46-36 54'31 54'78 55.04 56'40 55.01 

h 56.03 h57.20 1 47.63 1 51-50 Z 48.10 1 50.93 1 47.10 1 55-13 1 56-43 1 54-00 h 57-07 h 56-76 
h 53-26 2 56-13 148'57 150.97 148.30 E 50.13 E 46-90 156.04 156.60 155.80 A 56-10 h 56.90 
h 53.50 

54'26 5667 48.10 51-23 48-20 50'53 47-00 55-59 56'51 54-90 56-59 5683 

148.36 143'70 h49.57 h 49'53 148'97 1 52-16 h44-17 h43-00 143.24 2 45-40 143'47 145'77 
1 48.83 h42-13 1 48.57 h 49-30 147.70 E 51-60 1 46 07 h 43.83 1 43.30 1 45-80 144.97 1 47.30 

48-60 42-91 49'07 49.42 48'33 51.88 45'12 43'42 43'27 45.60 44'22 46-53 

h46.17 142.63 1 50.73 149.06 146.56 152.87 144.80 1 ;I.++ 143.27 144.26 h43.27 h46.87 
h 47'84 1 42.80 2 49-43 1 48.77 1 46.90 1 51.84 1 44-46 1 42.20 1 42 30 1 44.43 h 43.46 h 45-13 

47-01 42'71 50.08 48.92 46.73 52.35 44-63 41.82 42-79 '44'34 43'37 46-00 

At XXIII (Jamanwh) 

Harch 1867 ; obaerved by Lieatemfit D. J. Nasntyth with Troughton m d  S i m d  1 S h c h  Theodolite No. 2 .  

M - M e n  of Gmu 
w - Eelatire 
C-Goncludeddngle 

M = q 6 " - 4 4  . 

w = 2 1 7  
I - = 0 '44 
w 
6 = 68O19'46".44 

Angle 
between 

XXIV&XXII 

- 

Circle readings, telescope beiug eet on XXIV 1 

VcY 1WW 10O11' 190011' W!& 2OOOW 80'28' 2lVM' Ilo.89' BzrpS9' 6@4W 880049' 

I n u a 4 I 4 ~l a I w 

1 4 ~ 0 7  & 47.83 i 48'34 1 44-64 1 49'33 1 40.80 146.20 1 44'77 h 46'23 1 43-40 A 48'17 h 46.54 
h 46.90 i 46-44 i 48.83 1 45-83 1 50-30 1 41'44 1 47-23 2 45'94 h 47 57 1 45-14 h 48-90 h 47'04 

h 48.13 

46'99 47-13 48-43 45-24 49-81 41.12 46-73 45.35 16-90 44-27 48'54 44.79 



80-z. CUTCH COAST SERIES. 

w 

At XXIII (Jamanw&la)-(Continued). 

Angle 
between 

XXII 8t XX 

- 
Circle readings, telescope being set on XXIV 

000' 18000' 10011' 190011' w2I ww 80"s 2100e8' ww 2ww MPU 280049 

n n 4 4 n v I n w v v * 
h 55-80 h 58'43 h 55.07 1 57-93 Z 54.14 1 60'93 1 54-40 2 61-53 h 55-23 1 56'67 h 53-60 h 53'60 
h 56-76 h 59-60 1 53'97 1 56.77 1 54.30 1 60.40 1 55'33 1 61.63 h 54.03 1 56-56 h 53'93 h 53.96 

56.28 59'12 54.52 57'35 54.22 60.66 54.87 62.08 54-63 56.61 53-77 53.78 

M - Mean of Grou 
to - Relative 
C=-Concludedangle 

M =  56''49 

fO = 1 '51 
I _ - - o -66 
W 

C = 49' 14'56"'49 

At XXIV (Pinjor Pir) 

*blarch 1857 ; *April 1857 ; sad $Apri l  1858 ; ob8emed by L ieu te l z~ t t  D. J. Naemyth with Troughton and 

i%f =- Mean of (froupa 
w - Relative Weight 
' COncludedAngle 

M = 25"*85 

0 -95 
I - = I -05 
w 
C = 43' 53' 25" 85 

M =  55Y'21 

= I '36 
1 - = 0'74 
C =3;r035'55"'21 

df - 6"*38 
'51 

W = P -33 
1 = .43 W 

C = 30' XI* 7". 13 

M - 8'-5s 
I o.81  

Angle 
between 

2 
XXVI & 
XSVn 

% 
XXVII & 
XXV 

$ 
XXV & 
XXII 

4 
XXV & 

Simm' 18-inch Theodolite No. 2. 

Circle readings, telescope being set on XXVI 

0" 0' 18000' 1@ 11' 1900 11' 20022' 200023' $0028' 210028' 40°8W 2a0"w W49' 230"49' 

4 n 4 I )  a v I n 4 4 * I 

123'40 121.07 h 22-80 127'10 h 28.80 h22-93 128.80 130'30 130.14 h26-43 127'30 2 25-53 
1 22-43 1 21'00 h20.84 1 27-26 h 27-03 h 20.83 2 29-03 1 29.27 1 32-07 h 27.36 1 25-40 1 22.80 

121.87 1 31-93 122-go 

22.92 21-03 21.82 27.18 27'ga 21-88 28.91 29.79 31-71 26'89 26'35 23'74 

159'50 1 56.50 h54-30 150.84 h 53.10 1 52-73 153.63 1 54-84 152.60 hs9-77 1 52'93 160'73 
157'90 1 57.10 h 53'06 1 52-90 h 52-87 1 53'54 1 53-20 155.43 h53.27 h5g-94 1 54.70 160.70 

h 51-60 1 59.40 

58-70 56.80 53'68 51-78 52.99 53-13 53-41 55'13 52-94 59-85 53-82 60.28 

1 4-07 1 9.26 h 7'17 1 11-53 h 7'17 1 7'80 1 3.20 1 8.63 .? 7.40 h 0'97 1 5'53 z 1-80 
2 4'57 1 8.60 h 8-80 1 9.64 h 8'37 1 6'63 1 5-03 1 8.57 1 8-70 h 2-86 1 6.13 1 2'57 

h 5'90 1 1.40 

4-32 8.93 7'99 10.58 7-77 7*a3 4-11 8.60 7.33 I 5.83 I 

Circle readings, telescope being set on XXV 

awu la0# w v  1 6 0 " ~  ~ 0 0 1 1 ~  170011~ 0017' 180017~ i o o w  i90°nf maw WSY 

n 4 4 n n w w n n u n n 

1 I 1-70 1 13-07 1 9.37 1 12-20 1 8.07 1 13.94 1 4-70 1 3.67 1 5-80 1 4'13 1 7'47 1 4-83 
1 9'30114'67210'67 112-go 28'47113'16 1 5 - 0 3  23-87 14.80 16 .001  7'64 1 3 - 0 4  
1 10.60 1 13.66 

1 13.30 h I 1.16 1 I 1-40 2 12'50 1 6'77 2 12.60 1 3'24 1 3-77 1 7-60 1 7'37 1 10'40 1 2.70 
1 13-90 1 11.50 8 II.50 1 14'70 t? 6.84 1 14-17 8 3'27 1 5'53 1 7'30 1 5'40 1 9'26 1 3'97 

1 13'90 1 3'23 
1 3'66 

11-76 12.81 10'74 13'24 7-54 13-54 4.06 4.21 6-37 5-73 8.69 3.57 



At XXIV (Pinjor Pir)-(Continued). 

Angle 
between 

* 
XXII & 
gXIII 

Circle readings, teleecope being set on XXV 
8W49' 149'49' 84000' 16000' W l l '  170011' OOlT 180017' 10087' 190°w 20088' 

I R n n w I n u I R I n 

166'57 h64.80 1 69.46 161.26 165.00 1 59-50 1 69-06 163'46 1 67-10 165.27 1 69-87 166.04 
166.53 h65-80 167.57 160.43 165.64 159.60 Z 69-20 164.70 168-10 l63.90 169.06 1 66-30 

164.37 

66'55 64.99 68.52 60.84 65-32 59-55 6913 64.08 67-60 64.59 69.46 66-17 

M- Man of UTOU 
w - matire  wBigE 
0 - hnolnddangle 

M = 65**57 
= .25 

I - = 0 -80 
w 
C = 69' 2' 5"*57 

s 

At XXV (Lakhpat) 
$Hmch 1867 ; ~ A p r i Z 1 8 6 7  ; and 11 Harch 1868 ; observed by Lieutenant D. J. Namyth with Dowghtor, and 

Angle 
between 

{ 
XX16XX11 

{ 
XXII & 
m v T  

Ii 
XXII&XXIV 

1 
XXVI 
XXIV & 

Simme' l&inch Theodolite No. 2 .  

Circle readings, teleecope being set on XXI 

Po' 18000' 10011' 190011' 800W m 2 2 '  800%' 210~28' qg.W !ao0W MPW W W  

4 n I R 4 I a v v I R R 

1 34.67 Z 33-14 1 39'70 1 37-03 139.00 134'77 142'56 1 40'40 1 40.00 138-80 1 36.86 1 35-70 
1 36.10 1 34.77 1 40.97 1 38-37 1 40.34 1 33.96 141.40 139'43 1 40'03 2 39.90 1 37.83 1 34'93 
2 33.77 133.60 137.60 138.10 140.33 132.64 143.70 139.77 1 36-40 137.00 Z 36.87 133.63 
1 31-00 1 35.40 8 38-87 1 36-31 138.70 132'97 8 42-11 1 3 9 9 4  138.24 2 37-75' 236.40 134'80 

1 39.60 

34'64 34'23 39'35 37'47 39'59 33'58 42-45 39'89 38-67 38'37 36'99 34-76 

153.80 156'36 157'57 153.24 1 53-80 156.30 2 52-84 156'07 l56.ao 157'80 149.64 152.87 
1 59-63 1 51-90 1 56 .p  52.37 I? 53.20 157.70 1 13-90 1 56-13 154.94 t? 56-20 149.60 154'33 
154.66 154'13 153.33 154'37 1 54-57 153'53 148'64 2 55-53 1 56-36 156'83 151.60 157.07 
1 54-80 153.27 155.23 1 55.26 1 55-81 254.97 1 50.60 155.26 157.03 155.16 2 50.60 156.40 

Z 55'I3 1 55-23 1 52.04 
1 51-20 

1 57'93 

54.22 54'67 55'63 53-81 54'35 55'55 51-54 55-81 56'13 56-78 50'36 55'17 

Circle readings, teleecope boing aet on XXZI 

000' 1w0' 10011' 190011' 20021 20002a' 80029' 210028' rLOOw m w  W60' a90060' - 
2 50i77 1 56134 1 53."63 2 54147 l60!~0 1 53'*63 1 63157 1 60:x3 1 57t67 2 58'"43 Z 53'*87 1 56120 
Z 52-80 1 57.13 153.70 2 56'60 159-17 152'07.1 61.03 1 59-17 257.50 Z 58'44 155.40 155-26 
h 53'50 2 55-26 1 61-47 

52-36 56.79 53-66 55-44 59.74 52-85 62.0~ 59-65 57-58 58-44 54.63 55.73 

8 1 1-63 6-20 z 9' 3 z 11-43 1 9.00 Z 10.97 1 5'59 1 9-50 2 11-43 11-07 3 10.00 1 10'23 % Z 9-83 1 4'47 1 lo' o 1 9'40 110'57 Z 12-43 2 7.30 1 9'43 2 1 ~ ~ x 7  211'83 1 8-73 110.54 
2 10.30 

10'73 5-34 10.36 10.71 9'79 11-70 6-40 9 4 6  11-30 11.45 9'37 '0.38 

22 - Mean of Glron 
w - Eelative weigg(lt 
C - Conoladedbgle 

* , -  

M = 3 f X * 5 0  

W = 1 '56 
_ 1 - - o 064 
w 
C = 48' 50' 37. 50 

, 

M - 54w-50 ' 
w 1 3 -10 

w = 4 '39 
I - = 

. w 
o -23 

C = 56O32'55'**11 

x - s6".5f - I 

M = 9*'75 
' 

w = 2 -89 
I - - 
(0 
- 0 ' 3 5  

C = 38O 27' gU* 75 
L 



.ClTWE COAST 81EBIES. 

I 

At XXV (=pat)-(Cmttinued). 

df - Mean of Qroupr 
w - Relative Weight 
C-Concludd+le  

M=18'.64 

SO = O '84 
I - = I ~ 1 9  
W 

C = 370 14t 1 8 V . 6 4  

Angle 
behYe4n 

II 
XXVI & 
XXVII 

Circle readingo, telescope being set on XXII 
000' 180'0' 10011' 19Vll' 8002%' W2!# 80029' 210028' 400W 82889' MPW 2WW 

N R rn N n n v u n v m 

1 19-41 1 21.63 1 15.00 1 21.63 Z 15-54 1 13'47 1 15-53 Z 14-34 1 20.37 1 16'53 1 24.63 1 20'24 
1 20.57 1 23-00 1 15-54 2 23.43 1 16-06 1 14.40 1 15'77 1 1 ~ 8 3  1 21.43 Z 18.40 Z 26-00 Z 20.60 

ZO.01  21'31 15'27 22-53 15-80 13-94 15.65 14.08 20'90 1747 25'31 20'41 

At XXVI (Sugandia) 
dlccrch 1858 ; observed b.y Ll;ieutenant D. J. N m y t h  with lboughton and Simms' 18-inch Theodotite No. 2 .  

iK - Mean of Uronp 
w - Relative Weight 
C - Concludedhgle 

M = 14"'54 

= 
I 

3 '7' 
- - - 0 *a7  
W 
c = 46043' 14u.54 

M =  32"'51 

w = I '27 
I 
- = 0 ' 7 9  
W 

c = 500 131 32u.52 

M = 3iM.48 
w = I '23 
I _ - - o -81 
w 
C = 33' 16' 3lU'48 

= 3 0 @ ' 9 ~  

w = I . n 8  
I - = 0 - 7 8  
w 
c = 600 3r30u.98 

Angle 
between 

XXX & 
XXVIn 

XgVnI 
XXVII 

I 

XXVII &i 

XXv 

XXV &XXIV 

Circle readingo, telescope being eet on XXX 
lf39'44' W44' 1W66' 36S06V 190"6' 100 6' wwlll' W 11' 210022' W22' 8288s' Wad' 

N R I N n n R n I w * 
116.80 116.33 1 13-40 1 12-64 1 16-24 1 15-83 Z 10'46 Z 14-57 1 14-67 Z 16-30 1 13.66 1 15-26 
Z 17'47 1 15-57 1 14-33 1 13-47 1 16-73 1 14-23 1 11'13 1 15'30 1 12-90 1 14.76 1 12'24 1 14-73 

1714 15.95 13.86 13-06 16-48 15.03 10.80 14.93 13-79 15-53 12.95 14'99 

Z 32-70 136.13 1 31-80 134.33 126.83 127.93 1 32.50 135.37 133-90 1 29-57 1 36.70 133.87 
133'77 135.67 1 30.97 134.07 126.47 127.33 Z 31.07 1 32'83 135'36 2 30'67 1 36'63 133'60 

1 18-80 1 33'36 

33'24 35-90 31-38 34'20 26.65 28~02 31-79 33.85 34-63 30'12 36.66 33-74 
I 

132'93 119'93 1 35-70 132.30 138'30 133'77 2 27.60 130'16 129.23 1 31-03 1 28-64 129.93 
131'53 129'40 1 34-60 132'73 138'47 134'30 1 28'03 128.67 128'94 1 30.80 Z 29-07 129.40 

31-23 29'67 35-15 32-51 38.39 34-03 27'82 29.41 29.09 30.91 28.86 29.66 

133'20 134.90 1 30.94 130-10 1 25.63 1 37 46 1 31'44 1 29.14 130'40 1 31-27 2 29-83 2 31'67 
2 32-96 133'77 1 32.17 130'00 E 24'53 136.30 1 29-67 1 29-90 128.93 1 30'10 Z 17'50 132'77 

1 26.93 

33'08 34'34 31'55 30'05 25'08 36.88 30'56 19'52 29-66 30'69 28-09 32-21 

At XXVII (Said Ali) 
Xarch 1858 ; obsemed by Liezctemvat D. J. Nasmyth with Troughtort and Simms' 18-inch Theodolite No. 2.  

M - Mean of Oron 
to - Relative w e i g C  
C - Eoncludd *.gb 

M =  15'"88 

w = I 048 
I - = o .68 
w 
C = 66°42'35"*87 

Angle Circle readings, telescope being eet on XXV 1 3 '  7. dl8 1 W Y  1 P U  2W 53' W 6 3  2 l p  69' d y  69' 22F 10' YI 10' Z38"2It 6F  21' 

=v &=v 

n u n m # I n n q I v v 

Z 36.17 138.06 Z 34.10 139'13 133.17 Z 35'80 1 31.90 132'87 Z 39.03 1 40.43 1 35.67 Z 33-10 
1 37-53 1 38.37 1 31 83 1 40.60 1 31.00 1 35-73 1 33'20 1 3j.46 1 37.44 1 40'00 1 35'27 133'47 

1 32-73 1 32'73 1 35'90 
1 31'90 

36'85 38.12 32'89 39'86 32-45 35'77 32.55 34'74 38-23 40'22 35'47 33'28 



PRINCIPAL !I?RIA.NQULA!FION. OBSERVED ANGLES. 83-z. 

At XXVII (Said AX)-(Continued). 

lli - Mean of Group 
w - Belative Weight 
C - Concluded Angle 

M =  3zV.70 

w =  I -28 
I - = o .78 
w 
C = 4 ~ ~ 4 6 ' 3 ~ ~ ~ 7 1  

M =  54u'08 

W = 1'49 
I - - - o -67 
W 

c = 6 2 O 5 9 ' ~ 4 ~ ' 0 8  

M' 12u'38 

w = I -98 
I - - - o -50 

w 
C = 56043'12'.38 

Angle 
between 

XXIV & 
XXVI 

dt 
HXvIII 

XXVIII & 
XXIX 

Circle readinge, telescope being set on XXV 

187'81' T81' 191042 17042' 2070 53' n0 53' 2170 69' 870 69) 2W 10' 48" 10' x.wo 21' 5 p a '  

# a a a a a a n n a a a 

130'93 129.50 132.70 2 28-53 139'56 l32.00 Z 34-26 Z 35.40 i 30'87 127.84 Z 30.10 E 34-67 
Z 31-07 130.40 135'87 129'87 140'04 133'94 135.24 2 35'57 132'66 130.74 2 30.50 1 33-56 

133'47 138.10 1 29.53 
2 34'70 1 39'33 

31-00 29'95 34'19 29-20 39.26 32'97 34'75 35'48 31'77 29'37 30'30 34.11 

1 54-27 156.27 154'17 Z 55'17 Z 52-16 160.83 149.60 153.70 153.17 154.03 1 53.17 1 54'37 
154.90 155.84 155.11 154.97 1 50.97 160.66 149.20 153.33 151.54 154.86 151.86 1 54.70 

1 50'04 

54'59 56.05 54.67 55-07 51.06 60.75 49-40 53-51 52'36 54'44 52.52 54'53 

. 1 11 .b~  1 10.70 1 10.70 1 10.10 1 16.13 1 9-77 116.67 1 15-50 1 12.66 z14.03 112.23 110.40 
1 9'60 1 11.26 1 11-43 1 10.56 1 15'27 Z 9'34 117'13 1 14'64 2 13'73 112.74 1 11-60 Z 9.87 

XU34 10.98 11-06 10'33 15-70 99'6 16.90 15'07 13-19 13'39 1 1  10'14 

At XXVIII (Guni) 

Harch 1858 ; observed by Lieutenant D. J. N m y t h  with Troughton and S h m '  18-inch Theodolite No. 2.  

Angle 
between 

a 

XXVI  & 
xxx 

Circle readings, telescope being set on XXVII 

0'0' 180"lf 100 11' lgo0llf a00 W 200028 30028) 2100 2g 40039) 2200  ti!^ 60049' 23@'49) 

n a a d a a a u a a I u 

131.07 h3o.30 132-40 1 3o.73 133.57 Z 26.87 134.64 1 33.44 1 31-63 1 31.96 1 36.73 1 33.10 
132'07 1 29'57 132'23 131.26 134'73 2 27-30 2 32-86 1 33.63 131'13 Z 32.13 135'57 1 34.36 
1 30'14 1 28.76 

31.09 29.54 32-31 30'99 34.15 17-09 33'75 33'53 31'38 32'05 36-15 33'73 

1 17-07 Z 21-53 2 15'74 121'27 2 18.36 1 21-13 127-93 127'40 127.90 128.27 122'40 1 23-63 
1 17-56 2 21.97 Z 16-04 1 20.90 1 18.90 1 20.13 128.37 Z 27.34 2 28.80 127-30 Z 23-03 1 22.27 
1 19.27 

I 
1 19'53 

18.36 21-75 15-89 ax-09 18.63 ao.63 28-15 27.37 28-35 a778 22-72 12-95 

M - Mean of Urou 
(D - %latire ~ e i $  
C - Conoluded A q l e  

M =  32"'15 

W =  2 - 0 6  
I - = o .48 
w 
C = 66°46'32um15 

M =  22"'81 

w =  0 . 6 6  
I - - - I '52 
W 

C = 80°4z' zzn- 81 



At XXVIII (Guni)-( Continued). 

M-MermofC)rou 
w - hlative ~ e i $  
C=Comluded@le 

M =  36a*02 

W =  0 . 6 6  
I - - - I -51 

w 
C = 71~39 '  36"'oz 

M =  5 3 a * ~ 4  

w = 2 '2% 
I - =  0 . 4 5  

w 
c =69O45'53"*14 

M =  36a'21 

= I . Io  
I - - - 0 -91 
w 
C = g1° 5' 3 6 X g z ~  

Angle 
between 

XXX&XEU 

XXXI dt 
-X 

XXIX & 
S V I I  

Circle readinge, teleecope being set on XXVII 

000' lW1' 10011' 1900iY W W  2ooo22' 800%' 810028' 40089 2 2 0 0 ~  6004~' ZWN 

n n R R n a R R R R R n 

141-10 135-63 1 40.00 136-37 140.77 1 41-90 133'53 1 33'53 133'47 133.73 229.33 Z 30.67 
139'93 137.50 1 40.76 1 37-24 140'80 1 42-90 134'63 1 34'06 2 32'74 134'24 129'50 1 30'20 
1 40'27 

40'43 36'57 40.38 36.80 40'79 42-40 34-08 33'79 33.11 33'98 29.42 30'43 

152'60 h 51'40 156'96 1 53'73 1 54'73 149'80 154'10 153'47 151.56 149.10 1 55'64 1 55-40 
1 53'67 1 52-80 155'14 E 53'96 1 53'54 150'77 2 54-80 152-54 1 50 96 148.86 1 56-10 1 55'97 
1 50'57 1 51-13 

52-28 51-78 56-05 53.85 54.13 5b-29 54'45 53-00 51-26 48.98 55'87 55.69 

1 39-57 641-00 1 35.37 136.73 131'77 Z 39.97 130.54 132.23 135.17 1 37'54 1 35.76 1 37.56 
139.86 1 40.70 136.10 137.87 133.23 139.70 129.04 132'76 136'04 137'1.1 E 35.90 1 38-40 

39'21 40'85 35-73 37'30 32-50 39-84 29'79 32-49 35-61 37'34 35'83 37-98 

At XXIX (Hakra) 

Harch 1858 ; observed by Lieutenant 13. J. N a m y t h  with I'roughtm and Simms' 18-hch Theodotite No. 2. 

M - Mean of Qrou 
UJ - &latire ~ e i $  
0 ' Concluded 

M =  1f .75  

W = 
I 

1 '75 
- = 
w 0 '57 
C = 52°1~'12Y'75 

M =  1 f . 2 3  

w =  1 - 4 5  
1 - = o -69 

' W  

c = 57' 20' 15"'23 

Angle 
between 

XxVII  & 
x?LvI.u 

XXVIII & 
XXXT 

Circle readings, tsleacope being set on =TI1 

S(n"49' 121049' 81801' 138°0' 8280 11' 1480 11' 8380 1'7' 1580 17' &480 28' 168028' 568038' 178089' 

R n R 1 n o a 0 a a n a 

h 14'37 1 15-50 h 11-20 2 11-63 h 10.80 1 17-97 1 12'53 113'37 1 13-73 111'53 A 8'23 Z 13-77 
t 13.26 1 12-60 h 11-10 1 13.74 1 11-33 1 19.46 1 12.86 1 12.46 1 11-97 1 11-50 1 7'00 1 13-80 

1 13'50 111.90 
2 14-87 

13.82 13-87 11-15 13-03 11'07 18-71 12'70 12-91 12-85 11-52 7.61 13'79 

h14~13 l16.20 hrq.06 117.73 121.84 1 12-64 l18.10 116.73 1 13-80 113.26 114.83 1 9-97 
1 12-97 117'43 2 13'54 1 15.50 2 20.03 1 12.10 1 18-10 1 18-77 1 1a.96 Z 13.14 2 14'46 112'74 

1‘18.83 2 13'47 1 11-70 
15-43 

13-55 16.82 13-80 16-87 20-93 11-73 18.10 1775 13-38 12-70 14-65 11-47 



PBINCIPAL TB;ZANGULATION. OBSEEVED ANQLE9. 3 5 7 .  

At XXX (Patha-ki-beri) 

March 1868; observed by Xieute9uvnt D. J. Nasnyth with Troughton and Simms' 18-inch Theodolite No. 2. 

M - Mean of Gron 
w - Belatire weigR 
C a Concludeddngle 

M = 1ou.89 

W = 1.11 
I - - - o -90  
w 
C = 48' 28' lon- 89 

M = 64"-24 

w = 
1 

0 '95 
- - - I '05 
w 
C =63'18' 4"'21 

M =  37u'57 

w = o .98 
I _ - - I -03 
W 
C = 56' 8' 37"-57 

M = 24"'57 

w = I .60 
I - - - o -62 
W 
C =52'34'24"58 

Angle 
between 

XXXIII 8t - 
XXXI 

XXXI & 
XXvIII 

XXVIII Bt 
XXVI 

Circle readinge, telescope being set on XXXIII 

lW6' 126' 202" 16' Wl6' 21Z027' W28' 2220.33' 42'88' 232'44' 62O44' LL'66' 62'66' 

I I m n I I n I# N I I I 

h 10'80 h 11-27 1 6-37 2 14-67 2 I 3.10 h 17'00 2 14'40 I 9-50 1 6.74 1 10.83 1 8.50 h 9'37 
h11-47 1 12-20 2 6-80 Z14.w 1 11-94 1 17'54 1 12'43 1 II'W 1 5'43 1 9'74 1 9'26 h 7.00 

h 8.06 

11-14 11-73 -6.59 14.33 12-52 17-27 13-42 10.25 6-08 10-29 8.88 8-14 

h60-74 h 59'80 165.93 161.84 1 68.20 h 58-40 162.43 165.97 164'83 164'67 168.67 167'76 
1 6 2  40 1 59.94 164.67 164-00 1 70.26 15703 2 62-70 166.04 165.14 163.33 167.64 169.24 

1 63-06 

61-57 59.87 65-30 62-97 69-23 57-72 62.56 66-01 64.98 64.00 68-16 68-50 

h39.96 h41.36 136'57 136.46 1 29.90 h44.47 134.94 136.90 138.30 138.26 134.40 135'77 
b40.70 1 43-63 1 3  '37 135'56 1 32-14 142.8s 134'97 135'80 137.03 139'73 135'13 136 56 1 1 43-20 3 '03 1 31.90 

1 41-44 

40'33 42-66 37'99 36-01 31.31 43-65 34-96 36.35 37'66 39.00 34'76 36'17 

119'00 1 13-93 123'03 127.07 1 27'67 122.20 t28.10 126.80 124'43 122.74 125.16 123.50 
I20.87 1 22.80 125.73 125'84 1 26.96 121.36 130.80 125.76 125'73 122'94 124.10 121'77 

1 25.20 1 30.54 

19-94 23-36 24-65 26.46 27-31 21-78 19-81 26.28 25.08 12.84 24.63 22.64 

At XXXI (Mod) 

dlaroh 1858; observed by Lieutenad D. J. N m y t h  with Troughtoh and S i m '  18-inch Theodolite No. 2. 

Angle 

XXIX & 
XXVIII 

Circle readings, telescope being eet on XXIX 

148'66' 828"66' 1W6' 834'6' 164011' 844'17' 174'W 8WW 184083' 4'W 194'44' 1.1.44' 

m e I I I m I# @ N  4 N M e 

h61.50 h50.10 155.83 2 53-70 1 56.87 1 51-87 152.00 147.37 2 51-16 l51.20 148.87 151.20 
h 58-67 h51.10 155.66 152-97 1 55-54 1 51'90 152.87 2 49-33 152-43 149-77 147.77 1 50'60 
h 57-20 1 50'43 h53.90 

1 54-90 

59-12 50-54 55'75 53'33 56.21 53-14 52.43 48-35 51-80 50.48 48-38 50-90 

M Mean of ~ r o u p s  
w = Relative Weight 
C - ConcludedAngle 

M =  52m'53 

w = I - 1 1  

I - - - 0 '90 
w 
C 3 52' 53' ~ 2 ~ '  54 



CUTCH COAST BERIE9. 

, 

At X X X I  (Mod)  - (Conthued). 

Angle 
between 

XSVIII & 
XXX 

XXX & 
XXXII 

XXXII & 
XXXIV 

Circle readings, telescope being aet on XXIX 

143"66' 323'65' 164" 6' 334' 6' 164O17' 344' 17' 174O!22' 354'23' 184'33' 4'33' 194"44' 14'44' 

n n n n 4 n 4 H n n n n 

h 47-37 1 45'47 1 46.77 1 49'80 1 44.03 1 50.03 1 46.93 1 46.76 1 43.84 1 ~ 2 . 2 0  147.70 1 46.87 
h 46'93 146.90 1 48'57 1 49.67 2 44.53 h49.67 145.43  145 '60  1 42'47 1 42'30 2 46'90 1 45'57 

147 '37  149 '33  1 47'67 

47-15 46.19 47-57 49.60 44.28 49.12 46.18 46.18 43.15 42-25 47.30 46'22 

h 2 0 ~ 7 3 t 1 ~ ~ 6 0 1 2 0 ~ 1 6 1 1 7 ~ 0 7 1 2 5 ~ 1 0 1 1 6 ~ o 3 1 1 g ~ g 4 1 2 2 ~ 6 7 1 2 2 ~ 3 6 1 2 3 ~ 1 3  117 .67  118 .83  
h 19'20 I 16.20 1 1g.07 1 16.26 124.57  1 18 6 7  1zo.90 121.33 123 '96  1 z z . g o  1 17-40 120.86 

1 x 7  53 1 14'47 h 19.60 
, 1 18.43 1 1 g 0 6  

19-97 16.90 18.80 15-93 24-83 18.34 20'42 22.00 23.16 23-02 17-53 19.85 

h q . 4 4  126.44  123.40 124.44  1 2 0  84  131.17  124.56  122.37 122.34 125 .10  121.53  127.53 
h23 -80  1 26.50 1 24.07 125.77 1 19.73 h 31-77 1 23.54 1 22.87 1 21.90 1 23-63 1 23'10 1 27.64 

1 24'03 1 26.86 1 30'07 

24.62 26.47 23.83 25.69 zo..g 31.00 24-05 22.62 2 2 - 1 2  24.36 22.32 27-18 

M Mean of Gironp 
ca - Belatire Weight 
C " Concludedhgle 

M =  46".27  

w  = 2 - 4 2  
1 - = o -41  
w 
c = 5 2 ° ~ ~ ' 4 6 ' . 2 8  

M = 2 0 W - 0 6  

w = I ' 5 2  
I - - - o -66 
w  
C = 52'42' 2 o W ' 0 5  

M =  24u'58 

w =  1 ' 4 5  
I - = o -69 
w 
c = 5 8 0 1 ~ ' z 4 @ - 5 8  

At XXXII (Jim) 

* February 1858 ; and t. April 1858 ; obsemed 6y Lieutenant D. J. N a m y t h  with Trozlghton a d  Simm' 
18-inch Theodolite No. 2. 

M - Mean of Grou 
w - Belatire Wei$ 
C - Concluded Angle 

= 5 l U ' 4 5  

w  = 
I 

1 '95 
- = o - 5 1  
w 
C = 57O46'5rU.45 

= 36X'41 

w = I -84 
I - - 
W - 0 '54 
c = 4 9 O 1 6 ' 3 6 ~ - 4 1  

M =  36"' 28 

w = 1 '54 
I - - - 0 '65 
W 

C = 63'59' 36'028 

Angle 
between 

# 

XXXVII & 
XSXIV 

# 

XXXIV & 
XXXI 

# 

Xxxr & XXX 

Circle readings, telescope being set on XXXVII 

O"0' 1800 0' 10' 11' 190' 11' a00 22' 200' 22' 300 28' 210' 28' 44)'' 88' 220" 38' ED' 49' 230a49' 

n , I I  4 n n n n n 4 n n n 

549.24 h 50.30 1 49.56 1 54-90 h 55.70 1 47.17 1 51.33 h 52.33 1 54.50 1 51.57 1 50'83 1 49-90 
h 48.17 h 51'87 150 '43  153.50 h54.57 147 '97  153 '96  1 51'47 154 '10  152.66 148.60  149.30 

h 51.00 1 54.43 t 50 .17  
1 48'53 

48-71 51'06 49'99 54-20 55'14 47'57 53-24 51'90 54'30 52.11 49'53 49%0 

h 34-70 h 34.17 1 41.27 1 37.43 h 33.20 h 34.73 1 38.37 h 39.47 1 33-00 1 39.47 32.40 1 37.40 
h36.26 h35.10 139 '60  137'06 h33 -83  h36 .53  1 3 5 ' 1 7  140 '36  1 3 3 ' 1 3  138 '87  1 3 4  83  1 3 7 ' 1 4  

1 36.80 1 34.06 

v 

35'48 34'64 40.43 37'25 33.51 35-63 36.78 39-92 33.06 39'17 33-76 37'27 

h 36.60 h 36.23 1 34'93 1 34.30 h 35-46 h 35.80 1 37.70 h 31.37 1 38.40 1 37'80 1 41.14 h 36.13 
h 36.00 h 35'23 1 36'13 1 33.84 h 34.30 h 35-37 1 39.70 1 29.77 1 37.20 1 36'37 1 42-70 h 37'63 

1 39'67 

36'30 35'73 35'53 34-07 '34 '88  35'59 39-02 30'57 37.80 37.08 41-91 36.88 



PRINCIPAL !FRIANGULATION. OBSERVED AXBLES. 3 7 7 .  
+ 

At XXXII (J im) - (Cbn thed ) .  

Angle 
between 

I '  

XXX & 
XXXIII 

I 

-'I1 & 
YXXV 

XXXV & 
XXXVII 

t 
XXXV 
XXXVLI: 

Circle readings, telescope being set on XXXVII 
OO(Y 18000' IU'11' 1900 11' WP 22' 200022' 800 28' 2100 28' 40088'. 220088' SO"49' 230049' 

I I n I I n n q I I I 

h62-43 h 56-77 1 59.00 1 56.80 860.63 h 54-80 1 54-40 1 63.27 1 55-40 1 54'46 1 56'43 Z 51'50 
k63.60 h 58-23 158'70 15750  h61-76 h56-07 153.23 163'63 1 56'97 155.00 1.53'90 152.80 

h 54'63 

63-02 57'50 58.85 57.15 61.19 55'44 53.81 63.45 56-19 54-73 54.99 52.1 j 

h 41.57 h 42.93 1 44.00 1 44'46 h 49.57 h41.00 1 40.26 1 35-50 1 44-67 1 45.00 2 48.20 1 45.63 
h 43-07 143.64 1 42.97 1 43.30 h 48-57 h39.53 1 40.74 1 37.30 1 43.66 1 44.86 1 49.37 1 47.20 

2 47'40 

42'32 43-29 43-48. 43-83 48.51 40.27 40.50 36'40 44.16 44.93 48.79 46-41 

h 13.26 h 16.77 1 14-20 1 10.77 h 5'13 h 19.63 1 12-54 114'23 1 13.60 1 12.00 2 9-70 2 16.13 
h 11.83 h 14.63 1 13-77 Z 10'60 1 7'36 hzo.57 Z 12'13 1 11.87 1 11'07 1 13'60 1 7'00 1 14-43 

h 16'60 7'23 1 21.60 1 12.90 1 9-14 
1 18.83 
z 19.00 

iz.55 16~00 13.98 10.69 6.57 19-93 12-33 13'00 12'34 12-80 8.61 15.28 

Circle readings, telescope being set on XXXV 
001' 18001' 10011' 190011' 20022' 200022' 30028' 210029' wav 2 w w  50049' w49' 

n n n n n n II n 4 n n n 

1 8-23 1 9-57 1 10'67 Z 13'86 113.87 1 5-16 Z 12-70 1 11-16 Z 13.83 112-60 Z 11.56 1 10.56 
110.93 111.00 1 10.80 1 13-33 1 12'53 5-03 1 13.50 z 11-60 2 13-53 z 11-24 13.00 1 10'17 
1 ,9'50 

9'55 10'29 1 ~ 7 3  13.60 13-20 5-09 13-10 11-38 13-68 11-92 12.28 1 ~ 3 7  

M - Mean of Qmupa 
w - Relative Weight 
C - Concludeddngle 

M =  ~ 7 ~ ~ 3 7  

= .91 
I - - - I ' I 0  
w 
C = 61' 9' 57"'37 

M = 43"'57 

= ,96 
1 

I -  - - I - 0 4  
w 
C = j r 0 ~ 4 3 ' ~ 3 " - 5 7  

M - xzU.8q - 0 . 9 9  

w = 3 '03  
1 _ - 
w - 0 ' 3 3  

= 5 7 ~  3~ 1 1 ~ . 7 9  

Y - 11~.17 ,, , .04 

At X X X I I I  (NurlisMh) 

F e b m a y  1858; obsemed by Ziszltenant D. J. Naemyth with Troughtola and Simms' 18-inch Theodolite No. 2 .  

Angle 
between 

XXXVI & 
XXXV 

XXXV 6 
SXXII 

* 

Circle readings, telescope being set on XXXVI 
180060' 0°6V 192“V 1200' 202" 12' 2a"11' 2120 17' 320 17' 2 2 2 ' s  820 28' 2820 88' 6?1°88' 

n n n tt n n n n n n n 

160'53 161.64 2 63.90 1 59.96 1 56.24 161.67 165'37 167.g7 164.06 2 65-47 1 55-44 1'58.13 
160.23 161.17 162.24 159.54 157.07 161.16 164'77 1 66.50 163'47 164.44 1 56-47 158.50 

60.38 61-41 63-07 59'75 56.65 61-42 65.07 67-18 63'77 64.95 55.96 58.31 

h 52-80 h 52-13 1 53'30 153'17 1 54-86 1 52.30 156.20 149'20 149'07 151.26 153.40 156.10 
h5xey7 h52.86 2 52.50 153'46 154'77 152.64 155'47 149'67 150'13 2 51'10 152'57 155'30 

s2'39 5"49 51'9O 53'3' ~ 4 ' ~ '  5"47 ~ 5 . ~ 4  49-43 49'60 s ' " ~  5"99 55'7O 

M Mean of Group 
w = Relative Weight 
C - Concluded Angle 

M = 61".49 

= O 
I - - - I ' 0 2  
w 
c = 440 34f l m . 4 9  

M = 52"' 76 

= .go 
I _ - - o - 3 6  
w 
C =63014#51m.76 



38-1. CUTCH .COAST SERIE9. 

L - 

At XXXIII (NurlishBh)-( Continued). 

Angle 
between 

XXXII & 
XXX 

Circle readings, talescope being set on XXXVI 
180" W O0 60' 19PV 1F0' 20F 1Z 2Zo 11' 21Z01T 820 17' 222O28' &? 28' 23F 88' 62088' 

M - Mean of h n p  
w - Relative Weight 
C - Concludedhgle 

At XXXIV (Dhui) 

February 1858 ; observed by Zieutenant D. J. N a m y t h  with Troughton arad Simm' 18-inch Theodolite No. 2. 

Angle 
between 

& 
XXgII 

XXXII & 
SXXVlI 

m e x N n w 4 /I n I I Idl=5ou.65  
h 53.10 h 54'44 t? 48.60 h 50'50 1 47-67 2 56.10 1 43'47 1 47-27 2 51-43 t? 50'90 1 52' 0 1 50'37 
h53.66 154.84 l49.00 151.47 146.96 1 55.53 143.26 148.93 150.63 15!.46 t 5 1 . L  151.64 

53'38 54.64- 48.80 50'99 47-31 55'82 43'36 48.10 51'03 51.18 52-15 51-01 

Circle readings, telescope being eet on XXXI 
Cf'V 18000' 10" 11' 190°12' 20' 22' 20O022' SO0 28' 210" 28' 40'40' 220"s' 60'49' 230049' 

w I N I n n N n N I n D 

h 56.87 h60.73 h61'76 h 57.27 1 57-47 1 56-37 1 61-87 2 63.10 h 62'80 h 63-07 h 60.83 h61.94 
h58.57 h5g-40 h60-97 h59-20 158.60 155.76 161 '73  1 59'60 h62.20 h62.13 h62.13 h 6 1 - 0 0  

h 62.03 

57.72 60.07 61.36 58.24 58-03 56'07 61'80 61-58 62'50 62-60 61-48 61-47 

846.10 h 47-07 h43-34 h 49-60 1 45-03 1 48.00 1 42.06 1 43.40 h41-90 h42-07 h 49'34 h 50.10 
h 45-53 h 46.36 h 42-70 A 50.30 1 44.36 1 46-67 1 40.27 1 44-23 h 41.74 h 42-30 148.34 h 5 1'06 

w , =  1 '03 
I - = 0 '97 
w 
C = ' / 0~21 '50~ '6 j  

M - Mean of Group 
w - Relative Weight 
C - Concluded Angle 

M =  60"-24 

= .40 
1 - - - 0 '42 
w 
C = 72'26' 0"-24 

M = 45"-50 

, = I . I4  

At XXXV (Koti) . 

Februaq and March 1858 ; observed by Lieutenant 2). J. Nawnyth with Troughton and Simms' 18-inch 
Theodolite No. 2. 

45-81 4 43-02 49'95 44-70 47'33 41-17 43-81 41'82 42-19 48'84 50'58 

Angle 
between 

XXXVIII 

XXSTX & 
XXXVII 

Circle readings, telescope bemg set on XYXVZII 

V0' 18000' 10" 11' 1 W  11' 20* 22' 200'22' SO0 28' 210'28' 400 39' 220039' 60" $9' 250350' 

n n n n I w N N I )  N w I 

h 2 1 ' 1 0  h24-27 126-33 1 24.67 125'04 121.90 2 23-37 2 26.40 hzq-26 1 27-57 1 28.86 1 26-86 
h21.47 h23-83 1 26.10 2 24.23 1 28-17 1 21-13 1 24.03 1 24.53 h25'40 125'90 2 29.73 2 27-83 

1 26'44 

t r m o g  24'05 26.21 24-45 26'55 21.52 23-70 25-46 24-83 26-74 29'29 27-35 

1 4 1 . ~ 6  h41.37 136.40 h 39.63 136.83 140.37 237.96 143.56 h34.74 134.27 130.74 1 32-70 
h 40.40 h 40.70 1 35.03 h 37'80 1 37'63 1 41-20 1 38.60 1 45-20 h 34-36 1 33-80 1 34'10 1 33'73 

h 38.27 132'56 
h 36.66 

41-18 41-04 36.59 38-71 37-23 40'79 38-18 44-38 34-55 34-03 32-47 33.22 

M - Mean of Groups 
w - Reletive Weight 
C - Concluded Angle 

M =  25"*11 

= . 1 3  
I - - 
w - 0 ' 4 7  
C = 67' 28' 25"' 12  

M =  3711.71 

w = o -85 
1 - = I - 1 7  
w 
C = 46' 42' 37#. 7 r 







PRINCIPAL TE1IANGULATION. OBSEEVED ANGLES. 4 L L  

* 

At XXXVIII (AbansW) 

Febt.uMy 1868; obeeraed by h t e m t  D. J. N-yth wi4b 5 o u g R h  au.d Sbm' l&inch Theodolite No. 2. 

dc-MeanofGhPn 
w - ~ v e  weiigE 
C-Concludedhgle 

M=33"'33 
= o -89  

I - = I * I 3  
w  
c =41022r33w.33 

M = 6sY*61 

w  = 
I 

3 ' 8 0  
- - - o -26 
w 
c =51053* 2 ~ . 6 0  

1 2 ~ ~ 2 5  

W = I ' 41  
I - = o -71 
w  
c = 51053'12#.24 

M = 1 6 u ' 9 7  

w = 1 ' 2 1  
I - = o '8% 
w  
c =47059f16~.9,  

Angle 
betneon 

XLII & =,-, 

XL & 
XXXIX 

XXXIX 
XXXV 

X X X V b  
gXXVI 

. 

Circle readings, telescope being set on XLII 

000' l W Q  10"11* 190011* 20028' 80002it' 80028' 210°26' @89' eZ008B'SU'W 280048' 

I I I a 1 u I v 1 1 I w 

h 17-90 h18.56 h29.87 h 32-30 1 37.40 Z 29.36 1 36-13 136'06 h 39-30 h 34-43 1 33-90 Z 33'60 
h 17-16 h 28'37 h 31-20 Z 33'73 Z 35-70 1 30'30 Z 36'30 136'07 h40-37 h34-80 Z 32-50 Z 34.50 

I 

11.58 28.47 30.53 33-02 36-55 29.83 36-11 36-07 39-81 34.62 33-20 '34-05 

h62.87 161.40 h61.46 261.60 2 63-10 2 63.54 160.57 i62.03 i60.03 166.03 2 63-70 Z 65.60 
h 64'14 h61.66 h 62'33 Z 62-80 Z 63-03 1 61-70 h 59-70 A 63-16 I60'33 164.90 Z 64-33 164-17 

Z 6 1-40 h 58'73 

63-51 61-53 61.89 62-20 63.07 62.21 59-67 62.64 60'18 65-47 64-01 64-89 

h13-50 h 14-50 hro-87 ~ I I - I ~  Z 6.63 2 7-66 Z 11-36 h13-34 h15-57 2 13-27 2 16.33 ZII-44 
h 14-03 h 15-20 A 9-27 1 9-67 1 8-20 1 -87 h 12-03 h I 1-01 b 16-07 1 13-70 Z 17-63 1 11.60 

1 10.14 1 Im36 h 13-53 h I 1-04 

13-77 1q.85 10.07 xu31 7'41 8-63 12-31 11.82 ~5.82 13-49 16-98 11~52 

Z 1 8 ~ 1 o h 1 ~ - ~ 6 1 ~ ~ - o 3 Z 1 ~ ~ o 6 1 1 8 ~ 3 o 1 1 3 ~ 3 ~ h 1 9 ~ 1 b h 1 ~ ~ ~ ~ h 1 8 - ~ o h 1 ~ - r o ~ 1 ~ ~ 3 ~ ~ 1 ~ - ~  
Z 21-14 A12.70 Z24.50 Z 16'07 2 17-50 114.83 A20.07 A 14.47 h 17'20 A 16.w Z 16'24 Z 16.30 

19'54 t 

19.59 13-63 14-27 15-56 17-90 14-10 19'59 15*00 17.85 15'80 15.79 15-60 ' 

At KKXIX (Gada) 

P e b w y  1858 ; obuerrzed by LiGtctenmt D. J .  Ncs%myth with h g h t o n  d 8 M  l W d  meOdOlite hra. 1. 

Y - Mean of &on 
to - R~MW we& 
C-ConcludedAngle 

M= '9Y*58 

w =  2 - 6 8  
I - - 
w - 0 '37 
C = 56' 22' 19"- 58 

= 24u*18 

w = 
I 

2 '35 
- = 0 '43 
w  
~ * = 6 ~ ~ ~ 8 ' ~ ~ ~ ~ ~ ~  

Angle 
btween 

XXXVII & 
XXXV 

XXXV 
XxxVIxI 

* 

Circle readinga, teleecope being %et on XXXVII 

00OL 18000' 10"ll' 190012' 800q a00022' 800W 21VW 40089' 880089' W49' 280048' 

I I 1 1 1 * v I 1 I 1 I 

t 17-70 1 17.83 120.46 i 20.47 1 21'60 1 16.03 2 21.73 2 20.17 120'54 2 20'77 2 15-33 18-70 
I1837  Z 19.80 h17.13 k 19-37 122'40 117.03 124'47 121-13 k19-84 h22.17 2x7'34 118'83 
Z 19-73 Z 21'30 A 16'33 k 2o'oo 1 22-00 

1 17'97 

18-67 19.64 17-97 19'95 "00 16-53 12-73 30.65 rwIg 21-47 16-34 18-76 

1 23-04 1 23-20 h 22-77 A 23.20 1 19-33 1 27-57 Z 23-44 Z 14-90 h 21-20 h 24-06 1 14.63 Z 33-96 
E 26.43 123.63 ht6.43 ha6.60 Z 19.37 1 28'37 122' 6 125.53 k22-70 423.43 Z 11-83 Z 25'00 
1 27.57 Z 26'57 h 26-20 1 22' f 

15-68 21-42 15-26 25-33 19-35 27-97 23-07 25'21 "'95 13-75 ~4.73 14-48 



CUTCH COAST SERIES. 

At XXXIX (Gads)-(Continued). 

dC- Meanof (hon 
a - Belatire ~ e i g g  
f? - "ncluded Angle 

= 15u'82 

w =  I S 1 9  

.L - - o -84 
w 
C = 56'50' 1gU*82 

19"'05 

= I '45 
I - = 
2 0  

o -69 

c = 50023' t9w.06 

Angle 
between 

XXXVIII & 
XL 

XL8tXLI 

Circle reading, telescope being eet on XXXVII 

000' 180"O' 10°11' 190°12' 200 22' WXPBY 80028' 8100W 40'89' 2800 89' W4Y W&Y 

R R R R 4 R R R R R R R 

1 10.93 I 16-24 h16.63 h 12.23 1 19.20 I 11.16 120m90 1 15-26 h 19-06 h 13.84 117.70 1 16-43 
1 12-77 1 18-20 h 14.40 h 9-03 1 20'07 1 14-47 1 18-80 1 13.87 h 19.46 h 15-57 1 16-17 1 15.27 

Z 14-33 h 9'53 114.13 120.50 118.67 
1 17'53 

11-85 17'22 15.12 10.26 19.64 13'25 20-07 14.56 19-26 14-71 16.93 16.98 

1 17'87 Z 13-46 h 18.17 h22.84 1 19-40 l21.87 1 16. o 121.37 h 15-90 h25.57 117'37 1 18-76 
1 1 ~ ~ ~ o l r q ~ 3 7 h 2 0 ~ 3 4 h 1 9 ' 4 4 1 1 9 ~ 1 3 1 1 9 ' 1 6 1 1 8 ' 0 1 2 a ' g 7 h , 1 5 ' 6 q h ~ 3 ' 3 6 1 1 8 ~ 6 6 1 1 8 ~ 4 6  

1 2 1-60 h 20'07 1 ~ 0 . 4 3  h 23-20 1 16.64 
t 

17.79 13-91 20'04 20.78 19-27 20'49 17'85 22-67 15-77 24-04 18'01 17-95 

At XL (Randa) 

February 1858 ; observed by Lieutenmt D. J. N a q t h  mith Troughtola and Simme' 18-inch Tireodotite Nb. 2. 

Angle 
between 

XLII & 
XLIII 

XLLII 

XLI & 

XXXIX ' 
XXXVIII 

Circle readings, telescope being set on XLII 

0" 1' 1800 1' 10' 1!2' 190°11' 20' Z2' 200'22' 80" !B' 2lVW 40'39' 28o0SS' 60'49' 2WW 

R .  4 a R N R a a R R I )  

h 51-00 h 53-57 h53-06 1 53-33 h 57.30 h 52-90 157'66 1 56'16 h 59-03 h60.66 154.63 h 57-36 
h 53-00 h 51'86 h53.10 h 51.00 1 56.87 h 51-67 1 59'34 1 58.63 b 58-30 h 59'54 156'50 1 55'97 

h 54'23 1 56-97 1 58-53 

52-00 52-72 53-08 53-19 57.05 52-28 58.50 57-77 58-67 60.10 55-56 56.67 

h 13-40 h 12-60 ~ I I - 8 7  1 16-03 1 13-23 h 14-80 116.77 115'37 hl0.17 h 14'27 1 22-50 h 14-37 
h ~ a - 6 7  Z 10'70 h13.76 1 15'37 113'76 1 15.73 116.94 Z16'00 118.93 hrq'7o 121-17  116.43 

1 13-10 1 16-07 Z14'40 
1 13-43 

13-04 11-65 12.81 14.48 13.50 15-53 16-85 15.69 19.55 14-48 21-84 15.07 

h37-26 A33.76 h 37-87 1 33'47 1 37-17 1 30'30 1 3a.30 136'57 h 30'43 h32.zo 127.go h 35-03 
h 35'77 1 33.50 k37a00  h32.24 1 37-17 1 28-66 1 34-36 1 34.17 h 30.73 h 33-54 128'37 h 36-37 

h 33.60 1 34-60 h 29'60 

36-52 33'63 37-43 32-86 37-17 39.48 33-41 35-11 30'25 32-31 28.13 35'70 

h 40.43 2 45'47 h 46-06 1 45-07 1 42.90 h 39-00 1'46.43 143'43 h 42.50 A ~ I - 5 6  1 42'87 A39.73 
h j g - 4 0  1 4 y 1 0  h 44.50 h45-33 142.30 h38.86 1 43-54 141.26 143.83 h 41-73 1 4 r w  1 42.20 

h 44-30 1 40'96 1 40.87 

' 39'9' 45.28 45-28 45.20 43-60 38-93 44-76 41-88 43-17 41-64 43-44 40.93 

M - Mean of Qronpn 
v - Eelatire Weight 
C - Concluded Angle 

M = 55". 63 

w = I -41 
I - = o - 7 1  
w 
C=97O 5'55"'63 

M = 15".37 

w =  I -38 
I - - - 0 '72  
w 
C = 55' 10' 15*'37 

= 33u'50 
w =  1 ' 2 6  
I _ - - o -80 
w 
C =62°3q'33a*50 

= 42a'67 

= .46 
I - - - 0 '41 
w 
c = ; l lO16'42~*6~ 

A 



PRINCIPAL TRIANGULATION. OBSERVED ANGLEB. 

At XL (Rands)-(Continued). 

Angle 
between 

XXXV*n 
XLII 

Circle wadinge, telescope being set on XLII 

@'I' 18001' IU'lI 190011' 20022' 200'2% 80028' 210°2fY W89' BZ0089' MP49'2W49' 

u a I v a u u I I v L w 

k36.60 Z 35.93 131.24 I 31.26 Z ~9 .30  h 38-00 1 26.64 1 30.73 128.50 h 31-14 1 30.24 h 34.94 
h 35-67 Z 35.84 h 32.a4 h 33.03 1 a8 80 h 38-50 1 26-46 2 33.64 h 28-20 h 33-21 1 30.66 Z 33.90 

1 31'44 

36.14 35-88 31-74 32-15 29'05 38-25 26'55 31-94 28'35 3a .q  30'45 34.42 

af- Meen bf Gron 
w - Belative ~ e i g R  
C-ConcludedAngle 

M =  32"26 

= 
1 

0 '99 
- - - I '01 
w 
C = 73°52'32W*26 

At XLI (Khar) 

P e h a y  1868 ; observed by Lieutenant D. J. N a m y t h  with h g h t m  atad Simm' 184ncA Theodolite No. 2. 

b 3 l e  
between 

XX,mX& 
XL 

XL & 
XLIII 

Circle readinge, telescope being set on XXXrX af - Mean of ~ r o n  
w - Balative ~ e i ~ g . 6  

At XLII (Bibi Mariam) 

Janzcary 1868 ; obemed by Zietdencvnt D. J. N m y y t h  with Froaghton and Shm'  1 8 - h c i  
TheodoZite No. 2. 

823" l2' 48" 12' 8880 !211 68"21' 2-48' 80' 6S0 80' 2680 87' 73'88' 9880 48' 88"' 69' 98" 60' C - Oonoluded Angle I 

8 af - Mean of aron 
w - Balative Weig; 
C -- Concluded Angle 

M=63"*6~  

' W = 1 '05 
I - = 0 '95 
w 
C =7a04$ 3'*62 

Angle 
between 

XLV LXI.IV 

b 

I I I I I a u I a I I a 

k 8.40 h 10'36 1 7-50 h 8-33 1 10' 13 Z 6'73 1 I 3-13 1 7-87 1 5.90 Z 4'17 1 9'10 1 10.60 
h 9-50 h p a w  1 6.60 h 6.64 1 8.13 1 6.60 1 11-47 I 6.90 1 6-17 Z 3-67 1 8 m  1 10-70 

h g-16 h 7-03 

8.95 9.68 7-05 8.04 9.13 6-79 12-30 7-39 6-03 3-92 8-55 10.65 

h 26.06 h 25.84 2 24.87 h 25-56 Z 17-94 Z 28.63 1 14-44 Z a0'53 1 24-03 Z 14-23 2 23-30 2 14-90 
h 26.60 ha6.60 124.57 h26.w 1 19.30 130'07 114'93 1 a1.14 125.16 Z 22.33 123-63 126-30 

I h 16-37 
h I 7.20 

26.33 26.~12 34-72 25'78 18.62 29-35 15-74 30.83 24.60 23.28 23-46 25.60 

Circle readings, telescope being mt on XLV 

!d89" 16' 109" 16' Bgs026' 119O26' 809'37' 129'87' 819'443' 138048' 82g06V 148" 65' 8WY 160'4' 

q w • w w n a w I n w " 
h 68.50 h 68.00 8 62-ao 2-64-66 1 61-67 Z 65-93 1 56.80 1 66.84 160'53 h61.60 1 60'70 164.03 
167.77 h68.73 161.66 165.56 161  97 166.90 1 58.27 Z 65.60 h61.70 h60-10 Z 61-63 165-50 

68.14 68.36 61-93 65.11 61.81 66-42 57-53 66.22 61.12 60'85 61.16 64-71 

M =  8'-21 

= 
1 

2 *37 
- - - 0 '42  
w 
C = 67" 2' V - 2 1  

M = 23'. 7 I  

w = o -85 
I - = I - 1 7  
w 

a6g048'23f'*71 



4% 
CUTCH COAST SERIES. 

b 

At X L I I  (Bibi Mariarn)-( Contircwd). 

at- Mesnof (frou 
w - ~ e l a t i v  
C - oonoluded h g l e  

M =  8.*11 

w = 2 -78 
I - = o *36  w 
C = 60°io' 8".11 

M = 1 6 ~ . o o  

W = 2 '3% 
1 - - 
w - 0 '43 
C = 46' 42' 1 6"*00 

M = 55"*35 

to = I 0 6 6  
1 - -  - o -60 
w 
C = 64°44'55u*34 

Angle 
between 

& 
XLIII 

XLIII 
XL 

Circle readinge, telescope being set on XLV 

28i7'16' 1090 It? 299028' 119026J 80908r 12g037' 819048' 18g0 43' 82g065' 1190 65' 84004' 16004' 

W R . R  R R R R R R R R R 

I 4-17 h 6-17 I 5.57 110.64 Z 10.83 1 6-23 1 8.80 1 7-70 h 8.47 I 6.94 Z 10.00 1 10.67 
h 5-80 I 5'37 h 6.24 1 lo's4 1 9.00 Z 7-07 Z 9.13 1 5.94 h 10.56 h 8'76 1 11-10 1 8-90 

h 9-53 

4-99 5'77 5-90 10-59 9-92 6-65 8-96 6.82 9.52 7'85 1o.55 9'79 

I 13.70 h 13-76 A 17'93 1 14-43 Z 11-34 Z 13-77 Z 18.63 1 19-96 h 13-33 h 20.40 1 13-67 Z 14-66 
h14-50 h 14-60 h17.43 115.06 2 14-13 116'90 1 17.07 1 19'10 h14.84 h 19-84 1 14-70 1 13.96 

1 19'43 . 
14.10 14.18 17'68 14'75 14-33 16-03 17.85 19-53 15'09 20.12 14.18 14-31 

I56-67 h 56.64 653.44 1 57.07 1 55-03 1 55.00 Z 57'27 149.36 h 55-90 h 55'00 1 59-20 Z 55'44 
XXXVIII h 55-83 158.30 h 55-03 1 54-87 1 54.27 1 54.43 157.83 h46.86 h 56-20 I 55-17 1 57'37 1 56-77 

1 55-50 47'57 

56'25 59'47 54-24 55-81 54-65 54'71 57.55 47'93 56-05 55.14 58.18 56.11 "'t 
At XLIII (Vikia) 

Jattwq 1858 ; obemed by L h t e m n t  D. J. Namyth with 5oughton and Simms' 18-inch Theodotite No. 2.  

M - Mean of ~ r o n  
to - ~ s k t i r e  ~ e i $  
' Concluddbngle 

M =  19"'35 

w = o '75 
I - = I '34 
w 
C = 55' 1 ' 1 9 ~ * 3 5  

M = q6W.50 

w = o '77 
1 - - - I -30 
w 
C =36'11'46"'50 

Angle 
between 

XIiI & 
XL 

XL & XLII 

Circle readinge, telescope being set on XLI  

00 1' 180.1' 10011' 1900 11' 20022' zoo"28' 80028' 210028' 8'89' 2200 89' MP W 2800 W 

R R R R R R . I  R ll I R W 

112'77 Z 15.30 119.27 Z 18-60 118'44 h13'70 124.46 2 24.23 123-33 iro.86 Z 22-10 Z 19-03 
1 12-53 1 16-47 1 19'00 120'30 1 17'16 h 14-13 125'03 l t q 3 0  122'33 h22-03 121'50 18-93 
1 10.63 
1 I 1-66 

11.90 15.89 19-13 19-45 17'80 13'92 24.74 24.27 22.83 21-44 21.80 18.98 

Z 50.00 1 43-86 1 39-20 1 44-30 1 46-23 1 42-47 1 45'93 1 47'60 h 46.44 h 50'80 h 46.40 h 53'63 
Z 50'40 142.80 1 4 ~ 2 6  1 43-13 1 47-74 1 42-40 1 45.57 1 48-67 h46.86 h 53'20 1 46-56 h 54.20 
1 48-03 143.14 1 45-44 49'93 

49-48 43-33 39-73 43-73 46-98 42.67 45-65 48-14 46-65 51-31 46'48 53.91 



PRINCIPAL Tl1IANQULbTION. OBSERTED ANCILES. 
45-L, 

Kor~.4tat ions CIV and CYII rrppertuin to the Karbhi Loltgitudirurl Series of the North-West Q w i l u t e d  

1 

At XLIII (Vikia)-( Con tinzced). 

i~f  = Mean OP aronps 
90 = IHelutt~ e \Ve%l~t 
C - Coucloded Angle 

M = 42"-68  

w = o - 6 0  
I - - - I - 6 8  

W 

C = 34O42'42'"69 
- . A - . - -  

M = 2tY .68  

= I .66 
I - =  0 . 6 0  

w 
C = 6%' 39' 18". 6 8  

Angle 
between 

XLII & 
XLIV 

XLIV & 
CIV 

Circle readings, telescope being set on XLI , 
0"l' 180"l' l@ 11' 190"ll' 40'22' 200033' 80'28' 210028' 40039' 220089' 50060' 230060' 

a m a n n n I, ,I n n n 

1 47'50 148.14 147.74 1 46-73 1.41'13 2 46.26 1 36'97 1 38.53 h 42'23 h 37.60 h 44.34 h 37-60 
147'90 1 48.36 1 46.27 1 46-90 1 42-20 1 47-74 2 36-76 1 37.86 h 40'87 Ir 37 07 1 44'74 h 35.80 
1 45'67 1 46.40 2 46.67 Z 48.67 Z 45'03 145'73 
146.57 146.54 

46.91 47-36 -46.89 47-43 41-67 16-34 36'86 38-20 41.55 37'33 44'94 36 70 

l28.10 1 28.00 1 34.16 115.14 131'80 h26-17 129.84 1 26-13 h28.14 h 28.23 131.26 1 28.90 
127.94 1 27-27 133'76 1 14'33 Z 30'73 h25'00 131.06 125'50 h28-50 h 28'23 130.83 1 29.40 

28.02 37-64 33'96 24-73 31.27 25'58 30.45 25.82 18-32 28'23 31'04 2 9 1 5  

At XLIV (Do&i) 

Jarawry 1868 ; obemed by Lieufewfit D. J.  N m y t h  mith T g l r t o n  and Sirnm' 18-inch Thodolite No. 2. 

Angle 
between 

CVT1& 
ClV 

CIP 
XLllI 

Xg;I1e , 

XLTT & 
XLV 

I 

Circle readings, telescope beiug set on CVII M -; Mmn of Gmu 

0'0' 18000' 10011' 190°11* 20022' 200022' 30°28' 210°28' 90039' 220038' 

w I n w n n n v a a " 
h 40'20 h 41-56 h 44.40 h 44-27 h 48-30 h 39'43 1 44.43 1 45'96 1 44.54 1 44-87 1 46'76 1 45-27 
h 42.40 h 42-63 IL 44.20 h 41.00 h 47-50 h 39.43 1 44.93 1 45.80 1 45 83 1 45.20 1 47.00 1 45.10 
W 42-67 141.76 . 

41.76 42.10 44-30 42.34 47.90 39.43 44'68 45'88 45-18 45.04 46.88 45.18 

h 58.56 h 6 1 0 7  h 54-91 1'63-80 h 54.60 h56.03 160.87 1 57.87 160.03 1 59.33 165.60 1 57.66 
h60-83 h61-90 h57.27 h61.77 h 55.36 h 55'63 160'53 1 56'67 1 59.77 160.07 164.26 Z 57.73 
h 59'07 h 57.20 h62.17 

59'49 61.49 56-47 62.58 54.98 55-83 60.70 57-27 59.90 59.70 64'93 57-69 

h 12.04 h 9.10 h I 1-40 h 7-36 h 16.46 h 13.87 1 12.13 1 I ~ * I O  1 15.63 1 13-20 1 4.50 1 12.10 

h 10.87 k 9.77 h 10.36 h 5.43 h 15.70 h 14-20 1 13.37 1 16-36 1 14.53 1 12.97 1 5.17 1 14.03 
h 10.93 

11.28 9.44 10.88 6.39 16.08 14-04 12-75 15.73 15.08 13.08 4-84 13-06 

h 52.40 h 52.53 h57'14 h 58.93 h 13-77 h 54-83 1 57-00 1 54 47 1 58.87 1 53.50 1 55.90 1 52.94 
h 53'90 k 52.47 h 58.34 h 59.20 Ir 54'90 1 53-77 1 57'53 1 54.60 1 58.70 1 52 73 1 56-70 1 51.30 
h 5 5 - 0 0  

53'77 52-50 57'74 59-07 54.33 54.30 57-27 54'53 58'79 53-11 56'30 52'12 

M = J J " . ~ ~  

W = 2 '0' 

_ ,I - - 0 *SO 
w 
c = 59' 27'++"'22 

M = 5 9 X ' 2 j  

7 0  = I - 3 6  
1 - - - 0 ' 7 4  
w 
C = ; i 0 1 5 ' 5 9 " ' 2 5  

M = 11".89 

W =  0 . 9 4  
1 - - - I -06 
w 
C =85O 7 ' r 1 ' - 8 9  

M = 55*'3' 

w = 1 ' 9 9  
I - - - 0 .so 

w 
C =67O33 '55@'32  



CUTClI COlST SERIES. 

Nom-Stations CIV and CVII appertain Lo the Kariclii I~l~gitudinul Beries of the Sorth-West Quiddatcral. 

'1 

At XLIV (Dodni)-( Continued). 

Angle 
between 

XLV ' 
CVI I 

Circle readings, telescope being set on CVII 

000' 1 W V  10011' 190911' 20022' 2000!22' 30028' 2100 28' 40039' 220088' MPW 290049' 

n n n w n n w W ' W  N Q n 

h 14-63 h 16.00 h 10.73 h 9-00 h 8.33 h 13-74 1 5.83 1 5-23 1 0.30 1 8.80 Z 7'30 1 11'90 
h 12.27 h 15.40 h 9.83 h 7-90 h 7.64 1 16.37 1 4.64 1 6.50 1 0.27 1 9.90 1 6.97 1 11-34 
h 12.83 1 16-40 

13.24 I j'7o 10.28 8.45 7.99 1 5 - 5 0  5-23 5.87 0.28 9.35 7 '14 11.62 

M - Mean of QTO 
a - ~ e h t i v e  w e 3  
C - Concludedhgle 

M = 9"-22 

= .60 
I 
- = r -67 
w 
C = 76'35' gY'22 

At XLV (Sukpur) 

Decender 1867 ; observed by Limtmant D. J.  Namyth  with 5mbghtm and Simm' 18-inch Theodolite No. 2. 

iK - Mean of QTOU 
u, - Relative w e i g K  
C - Concluded Angle 

M =  2oW'55 

U) = z -25 
1 - = 0 '44 
w 
C=69'32'20"'55 

M = 6 1 ~ .  25 

w = I '07 
I - - - 0 '94 
c = 41041' 

Angle 
batween 

''I1 ' 
XLlV 

XLIV ' 
XLII 

Circle readings, telescope being set on CVLI 

0°C)' 1W0' 10911* 190011' 20022' 400022' W!28' 210°28' 40039' 220'39' 60060' 230a49' 

w w w n n N n w w v w N 

h 20.10 h 19'73 h 22'07 h 15.66 h 20.93 h 17'13 h 20.64 h 21.46 Z 20'67 1 19.46 h 25-17 h 21.46 
h 19 33 h 20.56 h32.70 h 18.50 h 20.03 h 16.26 h 20.10 h 24-50 1 20.44 120.77 h 24.77 h 20'26 

h24.13 h 17'77 1 21.27 

19-70 20.15 22-97 17-31 20.48 16.70 20.37 22.41 20.55 10.12 24-97 20.86 

h 58.93 h 59-40 1 60.06 h 62.90 h62.84 h 65.60 h64.60 h66.34 1 58-46 157.50 h 57.50 h 58.30 
k 60.17 h 59 97 h 60 87 h 62.73 h66.04 h 64.17 h 65-83 h65.80 1 58.90 1 58.20 h 56.27 h 57-64 

h 60.60 h65.67 

I 19-55 59.69 60.51 62-81 64.85 64-89 65-21 66.07 58.68 57.85 56.89 57.97 

At CIV (Khrothol) 

December 1857 ; observed by Lieutelzant B.J .  Namtyth with Z'rmlghton an& Simma' 18-inch Theodolite No. 2. 

Angle 
between 

XLIII 
XL1v 

CVII 

Circle readings, telescope being set on XLIII 

117" 68' 29763' 128'3' 808'8 188'14' 318" 14' 1480 20' 326020' 16S031' 838081' 168'4'2' &480@ 

w w n m " . "  w I w n n w 

h 26-60 h 25.44 1 34-24 h 32-20 1 37'06 1 34-04 1 35-94 1 37.00 h 40'07 h 34-50 A 32'23 h 29 67 
h 26.20 1~25.13 1 33.66 h 31.60 1 36.17 1 33'76 1 33.j4 1 36.07 h 38.10 h32.50 1 33'57 h30-76 
1 28.87 1 27.40 1 34'47 
1 28.00 1 26-60 
1 27'30 1 26'50 

27.39 26-21 33'95 31.90 36.62 33-90 34'65 36'53 39.09 33-50 32'90 30'21 

h 2 5  07 h 24.90 1 19.70 h 20.57 1 17.44 1 20.53 1 16.60 1 17.70 h 12-30 h 19.96 1 16.73 h 19-97 
h 24.16 h 24.90 1 16.97 hz0.77 1 17-16 1 18.20 1 17 '14  1 16 7 0  h 14.10 hzo 'qq  1 17.00 h 18.20 

I 1 9  94 2 15-20 

24.62 24-90 19.33 20'67 17'30 19-56 16-31 17'20 13.20 2 0 ' 2 0  16-87 19.08 

X - Mean of Gmup 
w I. Relative Weight 
C - Concludedhgle 

M = 33"-01 

w =. o -84 
I - - - I -19  
w 
C = 46' 4' 3'jM'06 

M = 19'" 10 

w = 1-06 
I 
- = 0 '94 
w 
C = 720 2' 10 



PRINCIPAL !t'RIANGULATION. OBSERVED ANGLES. 
"-z. 

1Qo~p.-Gtationa CIV and CVII appertain to the M o h i  Longitudinal Series of the North-West Quadrilateral. 

+ 

At CVII  (Sahiji) 

December 1857 ; observed by Xiezctenant D. J. Naemyth with Troughton and Simm' 18-inch Theodolite ,No. 2 .  

A D D E N D U M ,  

Angle 
between 

CIV a 
XLIV 

XLIV 82 
XLV 

The observer having measured all the anglea at N (Rhhida) was informed that the upper mark-stone at IX  (Joran) had 
been destroyed by some evil disposed individual : on this, a new upper mark-stone plumbed over the lower one was fixed at IX, and 
to test the identity of the old atid new marks at this station, one of the anglea at IV already measured, viz., VI and IX, was m a -  
nured over again. As the two sets thus obtained agreed closely, both were retained. 

Certain triangles defined by stations here marginally noted, (besides others) gave large triangular errors. On this the ob- 
server remeasured some of the anglea, eo that in some instances he took two complete sets, and in 

XX (8uri BIuri) others three sets were observed as at XXIV (Pinjor Pir), XXV (Lakhpat) &c.- 
XXI sum h a m )  
XXII iB&ia) Now when sets of observations are repeated under the same circumstance8 i.e. without 
X ~ I I I  (JsmanwPn) change of instrument, zeros, or observers, all the individual measures on each zero should be com- 
XYIV (Yin'or Pir) 
xxv (~a$pat) 

Vied to give one zero man,  so that the several sets may be represented by one combined set, as in 
XXXII (Jim) the case of angle XXI and XXII at XXV. 
XXXVII (Mugalbhin) But instead of this rule, different sets of the same angle, measured under the same cirmm- 

stances, have in some instances been manipulated separately, by oversight; at IV angle VI and 
I X  ; and eventually the values of M have been combined with their weights to find C. This procedure was necessarily accepted 
when the value of C had already been used in grinding the figure; because to recast. the aeparate sets into one set, according to rule, 
would have altered C and its weight, and this would have entailed grinding the figure over again. The Merence in procedure, 
illustrated by the angles quoted above, has arisen in this manner. 

J. 8. N. HENNESSEY, 

In clrorge of Computing O&e. 

Circle readings, telescope being set on CIV 

64'17' 8440 16' 74'27' P6P 28' 84'58' 2890 58' 94'44' 274'44' 1W 65' 284'65 115'6' 296'6' 

v 0 I n I I 1 I n w 0 n 

h 57.44 h58.93 158.64 1 58-07 155.50 161.80 155.00 161.77 2 59-66 157.67 1 55-17 h 55.70 
1156.30 h5g .14  158.03 158'03 155'60 2 61.36 157'60 1 61-80 Z 58-40 h57-87 256.13 h 55'43 

1 56-87 

56-87 59'04 58.33 58'05 55'55 61-58 56'49 61-79 ' 59'03 57'77 55'65 55'56 

Z 29.17 2 29-00 h 27'97 h 28.86 h 26-06 h 26-26 h 34.10 h 28.84 Z 31'90 1 33.84 2 39-00 h 34'76 
1 29'57 1 27'86 hz8.33 h27.70 h 25-50 h 26.56 h 3 2 . p  h 2 9 . p  132'13 1 33-13 2 38-94 Z 33.30 

z 3 8 ' 4 7 z 3 2 ' 6 3  
2 38'57 

29'37 28-43 28'15 28.28 25'78 26-41 33-50 29-37 32-01 33'48 38'75 33-56 

iK - Mean of Qmn 
ra - Relative ~ e i $  
C - Conoluded Angle 

M =  57"'g8 

w = 2 '55 
1 - - 
w - 0 ' 3 9  
C = 48' 29' 57'ug8 

3 0 ~ ~ 5 9  
= 0 . 8 5  

I - = I -17 w 
C = 33'52' 3oU'59 



C U T C H  COAST S E R I E S .  

PRINCIPAL TRIANGULATION. SUMS OF SQUARES OF APPARENT ERRORS. 

Sum of Squares of Apparent Ewor8 of Single Ob8emation8, a d  of Apparent Ewers of Single .Zero8. 

NOTE.-Stations VIl*, XI end YIV appertuin to the Kotty~var Aleridional Series. 

. 

BEKABX~ 

1 

Troughton and Bimme' 18-inch 
! Theodolite No. 2. 

J 

Station of 
Obsmmat ion 

XI 

JJ 

XIV 

9 J  

I 

JJ 

99 

99  

9) 

99  

I1 

Number of 
Obserra- 

ti0118 

' 5  

24 

2 6 

2 6 

25 

27 

23 

26 

27 

25 

27 

Observed Angle 

XIV & I 
I & I1 

I & I I  

11 & XI 

PI1 & V I  

VI & IV 
IV & I11 

I11 & I1 

I1 & XI 

XI & XIV 

XI & XIV 

JJ 

I* 

$ 9  

I11 

JJ 

8 9  

JJ 

8um of Squares of 
Errors of single 

Zeros 

'58.59 
123.88 

79'34 

142'59 

119.04 

33'89 
63'21 

118.03 

114.71 

130.80 

107'87 

Sum of 8quam of 
bra of single 

Observations 

9'00 
6.46 

12'20 

6-94 

7-82 

26-60 

7'36 
12.19 

13-97 

7'95 
8'05 

153.00 

129.39 

79-73 

76.76 
130.63 

164.22 

53'82 

of 
Zeros 

I2 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

10'77 

10.98 

12'04 

28.23 

30'84 

41.24 

26.41 

XIV & I I r 2 

12 

12 

12 

12 

I2 

12 

I & 111 

111 & YII* 

I1 & I 

I & IV 

IV & V 

V & VII* 

27 

29 

4 4 

40 

4 2 

42 



PRINCIPAL !I!RIANGULATION. SUMS OF SQUAIEES OF APPARENT EEROBS. 49-,. 

Nm.-Station VII* appertain8 to the Kattywar Meridionel t3eries. 

5 

Btation of 
Obeemtion 

I11 

VII* 

99 

I V  

99 

79 

99 

9 3  

V 

9 9  

VI  

n 

99 

99 

99 

VII  

39 

TI11 

3 1  

93 

n 

I X  

99 

99 

79 

X 

99 

99 

99 

X I  

99 

93 

93 

XI1 

1 9  

91 

93 

XI11 

$1 

93 

93 

Bum of Quares of 
Errors of single 

Zeros 

82-81 

136.94 

184'49 

94-44 

75'17 

88.55 

96-76 
69.61 

121.16 

95-72 
\ 

123.24 

'79'27 
138.40 

107.36 

109.12 

148.85 

171 -18 

133'14 
119.61 

93'77 

86. 57 
52.81 

53'81 

73-60 

133.51 
116.63 

78-47 

91-50 

139.90 

~ ~ ' 7 4  

179'fi 
104'29 

84' 59 
88.23 

114.46 

1~4.12 

181 '24 

'c'c"55 

55-81 

49-20 

87'49 

Bum of Squares of 
Errom of single 

Observations 

21-51 

17-61 

4'69 
7-66 

12-22 

10.68 

16-55 

3'74 
8.17 

13-62 

6.06 

4-48 
6'27 

4.86 

6.26 

13-84 

4'47 

7'32 

. 14'47 

3-05 
6.63 

9'63 

9'72 

9'23 

9.84 
12.16 

9'45 

52-17 

5'38 
11-14 

14-06 

3.82 

11.92 

6'49 

15-30 

7'31 

73'69 

9'34 
8.20 

5'33 

9-65 

~ X A B K E  Number of 

12 

12 

I2 

12 

I2 

1 2  

1 2  

12 

12 

12 

1 2  

12 

12 

12 

12 

12 

I2 

12 

12 

I2 

12 

12 

12 

12 

I2 

12 

I2 

I2 

I2 

I2 

1 2  

I2 

12 

12 

12 

12 

12 

I2 

12 

I2 

12 

Observed Angle 

VII* & I1 , 

I1 & 111 

I11 & v 
V & 111 

I11 & I 

I & VI 

V I  & I X  

VI & I X  

VII* & I11 

111 & IV 

I & VII 

VI I  & VIII  

VI I I  & I X  

I X  & I V  

1 V & I  

VII I  & VI 

VI  & I 

X & S I  

X I  & IX  

I X  & VI  

VI & VII 
I V  & VI 

VI  & VIII  

V l I I  & X 

X & X I  

XI1 & XI11 

XI11 t X1 

X I  & I X  

I X  & VIII  

Ix & VH.1 

VI I I  & X 

x & XI1 

XI1 & XI11 

XIV & XV 

XV & XI11 

xnI a XI 

X I & X  

X I & X  

X & XI1 

XI  & Iv 
XIV & XV 

\ 

J 

Number of 
Observs- 

tiona 

38 

29 

25 

2 4 

25 

27 
2 8 

2 4 

25 

25 

25 

25 

25 

25 

2 4 
26 

2 4 

25 

27 

27 
26 

2 6 

26 

26 

25 
26 

3 4 

48 

25 

29 

30 

24 

25 

2 4 
6 

2 8 

28 

25 

2 4 

25 

25 

Troughton and Simme' 18-inch 
Theodolite No. 2. 



' CUTCH COAST SERIES. 

Number of 
Observa- 

tions 

2 8 

29 
2 8 

- 29 
24 

24 
26 

25 

2 4 

2 4 

, 25 
26 

2 8 

35 

25 

25 

25 

25 

25 

52 

5 3 

52 
26 

2 8 

27 

25 
2 8 

2 4 

26 

2 6 

25 

25 

25 

27 

25 
26 

27 

25 

25 

2 4 

24 

Ststion of 
Observation 

XIV 

99 

79 

98 

xv 
99 

99 

>I 

XVI 

)I 

I9 

19 

n 

99 

99 

XVII 

S Y  

XVIII 

st  

XIX 

99 

9I 

Xx 

99 

99 

89 

99 

99 

XXI 

n 

99 

99 

99 

9I 

XXII 

I9 

a9 

n 

98 

99 

99 

Observed Angle 

XVII & XVI 
XVI &xv 
XV & XI11 
XI11 & XI1 
XI11 & XI1 
XI1 & XIV 
XIV & XVI 
XVI & XVIII 
xv & XIV 
XIV & XVII 
XVII & XIX 
XIX & xx 
XX & XXI 
XXI & XVIII 
XVIII & XV 
XIX & XVI 
XVI & XIV 
xv & XVI 
XVI & XXI 
XX & XSI 
XXI & XVI 
XVI & XVII 
XXIII & XXII 
XXII & XXI 
XXI 6 XVI 
XXI & XVI 
XVI & XIX 
XVI & XIX 
XVIII & XVI 
XVI & XIX 
XIX & XX 
XX & XXII 
XXII & XXV 
SXII & xxv 
XXI&xx 
XX & XXIII 
XXIII & SXIV 
XXIV & XXV 
XXIV & XXV 
XXV & XXI 
XXV&= 

Sum of Squares of 
Errom of single 

Observations 

15.66 

I3'5O 
11.16 

13.46 

5 '23 

4-17 
11.19 

6-97 

4'25 
7-11 

10.06 

15'48 
22 -27 

4'69 

7-72 
12.31 

4-80 

9'46 

5'58 

35-71 

51 '09 

53'97 

13-38 
12.46 

6.43 

4-29 
16.08 

2-00 

8'33 

7'65 
8-02 

7-20 

9-23 

13-56 

7'75 

14-59 

17.9' 
7.66 

8-74 

7'35 
5-26 

of 
Zeros 

12 

I2 

12 

I a 

I2 

12 

I a 

I2 

I2 

12 

I a 

I2 

12 

I2 

12 

I a 

I 2 

I2 

12 

I a 

12 

12 

12 

12 

12 

12 

12 

I2 

12 

12 

I 2 

12 

I 2 

12 

12 

12 

I 2  

12 

I 2 

I2 

12 

Sum of Squares of 
Errors of single 

Zem 

141 '76 

89'89 

85 '56 

87-57 
119.32 

116'13 

96-50 

132'57 
105'05 

113.61 

209'68 

57'54 

214'97 

99'09 

77'61 
72 '06 

71'05 , 

91-13 
136.98 

147'69 

106.09 

80.06 

124'39 
102.80 

56.78 
80'04 

59-12 

58-07 
91-10 

93'88 
71 '00 

65'34 
150.68 

150'89 

108.48 

79'27 

137'85 
166.32 

157.5' 

92'53 
117.06 

B B X A R I ~ ~ ~  

> 

J 

, Trou hton and Simme' 18-inch 
'lfeodolite N o .  2. 



PRINCIPAL TRIANGULATION. SUMS OF SQUARES OF APPARENT ERRORS. 61-z. 

N~~~~~ of 

I a 

12 

12 

12 

12 

I2 

I2 

12 

12 

12 

12 

I2 

I a 

12 

I2 

12 

12 

12 

1 2  

1 2  

12 

12 

I2 

12 

I a 

12 

I2 

I a 

I2 

12 

I a 

12 

12 

I 2 

I2 

12 

12 

12 

I a 

12 

I2 

Bum of Bquares of 
Errora of single 

Obaervatiom 

6.66 

4'51 
17'82 

7'95 
13.12 

58-83 

~ ' 9 ~  

40' 55 

74'84 

I4.35 

I3.43 

7'35 

7 '07 

8'53 

3-46 
11-62 

15-27 
18.09 

5-84 
4-26 

7-20 

9-44 

4-89 

10.54 

4'95 
16.16 

19'74 

9-41 
10'21 

15-01 

15'71 

20'97 
10.16 

21 -82 

9'70 

14-87 

13-75 
10.25 

9.82 

10.30 

25.31 

Number of 
Oboema- 

tiom 

25 

2 4 

a 7 
26 

2 6 

53 

25 

49 

53 

27 

25 

24 

2 4 
26 

24 

25 
28 

29 

25 

2 4 
a 6 

26 

25 
26 

24 

27 
a8 

25 

25 
2 8 

2 6 

2 8 

27 

29 

27 
2 8 

26 

25 

25 

25 

3' 

Btation of 
Obeervalion 

. XXIII 
n 

XXIV 

11 

11 

11 

n 

XXV 

91 

19 

19 

I1 

XXVI 

$1 

s t  

11 

XXVII 

11 

11 

19 

XXVIII 

n 

11 

91 

9) 

XXIX 

11 

XXS 

11 

1) 

91 

' XXXI 
18 

91 

11 

XXXII 

39 

19 

11 

IS 

11 

8um of Bquam of 
Errors of single 

Zeros 
Obaemed Angle 

XXIV B XXII 
XXII & Xx 
XXVI & XXVII 
=TI1 & xxv 
XXV & XXII 
XXV & XXII 
XXII & XxIII 
XXI & XXII 
XXII & XXIV 
XXII & XXIV 
XXIV & XxvI 
XXVI & XXVII 
XXX & XXVIII 
XXVIII & XXVII 
XXvII & xxv 
XXV & XXIV 
XXV & XXIV 
XXIV & XXVI 
XXVI & XXVIII 
XXVIII & XXIX 
XXVII & XXVI 
XXVI & XXX 
XX9 & XXXI 
SXXI & XXIX 
XXIX & XXVII 
XXVII & XXVIII 
XXVIII & XXXI 
XXXIII & XXXII 
XXXII & XXXI 
XXXI & XXVIII 
XXVIII & XXVI 
XXIX & XXVIII 
XXVIII & XXX 
XXX & XXXII . 
SXXII & XXXIV 
XXXVII & XXXIV 
XXXIV & XXXI 
XXXI & XXX 
XXX & XXXIII 
XsxriI 8~ xxxv 
XXXV & XXXVII 

Rnxasne 

56-56 
86'20 

134.86 

95'59 

84'67 

157.67 
104'13 

82-14 

38a94 

99-59 

42'63 

155'87 

33-81 
101 a91 

106.50 

100.52 

86-65 

99'65 
87-02 

65'62 

62.47 
198.72 

198.99 

57'19 
118.92 

72'42 

87-71 
116.36 

136'45 
132.51 

79' 12 
114'90 

52'61 

83'06 

89'3' 

65 '09 

68.94 

83-41 

143.40 

135.36 

129.95 

1 

J 

\ 

Troughton and Simme' 18-inch 
Theodolite No. 2. 



CUTCH COAST SERIES. 

Station of 
Observation 

XXXII 

XXXIII  

9 3  

Y Y  

XXXIV 

99 

XXXV 

2) 

9) 

YY 

2 )  

9 Y  

XXXVI 

9) 

XXXVII 

99 

Y Y  

9) 

Y Y  

XXXTIII  

Y Y  

Y Y  

9)  

XXXTX 

Y Y  

1 9  

9' 

XL 

YY 

) Y  

O 

YY 

XLI 

Y Y  

XLII 

9) 

YY 

3)  

YLlII  

JY 

9 )  

R ~ Y A P X ~  
Number of 
Observa- 

tions 

25 

2 4 

2 4 

2 4 

25 

24 

25 

27 

25 

27 

2 6 

28 

27 

29 

2 4 

2 6 

2 6 

25 

2 6 

24 

2 6 

28 

25 

30 

2 8 

30 

29 

27 

28 

27 

27 

25 

2 6 

z 6 

2 4 

25 

25 

26 

26 

28 

32 

Observed Angle 

XXXV & XXXVlI 

XXXVI & XXSV 

XXXV & XXXII 

X u 1 1  & xxx 
XXXI & XXXII 

S X X I I  & XXXVII 

XXXVIII' & XXXIX 

XXXIX & XXXVII 

XYXVII & XXXII 

XXXII & XXXIII  

XXXIII & XXXVI 

X U V I  & XXXVIII 

XSXVIII & XXXV 

XHXV & XSXII I  

XXXIV & XXXII 

XXXII & XXXV 

XXXII & XXXV 

XXXlI & XXXV 

XXXV & XXXIX 

XLII  & XL 

XL L XXXIX 

XXXIX & XXXV 

xxxv & XXXVI 

XXXVII & XXXV 

XXXV & XXXVIII 

XXXVIII & XL 

XL & XLI 

XLII  & XLIII  

XLIII  & XLI 

XLI ck XXXIX 

XYXIX & XXXVIII 

XXYVIII & XLII 

XXXIY & XL 

XL & XLIII 

XLV & XLIV 

XLIV Bt XLIII 

XLIII  & XL 

XL & XXXVIlI 

X L I & Y L  

XL & XLII 

XLl I  & XLIV 

7 

J 

Troughton and Simms' 18inch 
Theodolite No. 2. 

Sum of 8quam of 
Errors of single 

Observations 

8-20 

4: 51 

2 '67 

4:13 

13'65 

4-92 

10.33 

r 7 -ox 

10.46 

14'55 

14-59 

16-02 

14-42 

13'84 

4'6j 

9.28 

10.75 

12-45 

11.88 

6-05 

8-96 

'3'57 

1°' 59 

27'43 

30'01 

32'54 

25'70 

15-76 

15'79 
10'83 

14-49 

9'99 

9'92 

1 1  -06 

6'75 
11-52 

11-48 

12-13 

7'44 

13-19 

17-86 

Number 

12 

12 

12 

I2 

12 

12 

I2 

12 

12 

I2 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

I2 

I2 

12 

12 

I2 

12 

12 

12 

I2 

I2 

12 

12 . 
r a 

12 

12 

12 

12 

12 

12 

Sum of Squares of 
Errors of single 

Zero6 

62-97 

133.26 

46-58 

127'24 

51.86 a 

114.58 

59'65 
151.06 

87 '04 

54'48 

140'31 

48-41 

81-89 

90.21 

75.22 

73-18 

94'70 

192.10 

151'42 

147'49 

32 '92 

91-47 

106'23 

44'89 

50'84 

105 -60 

86'59 

90'46 

92 '64 

102.85 

50'95 

'30'55 

53'58 

152:59 

124.20 

44.86 

54-28 

77'23 

175'29 

168.87 

219.20 



PRINCIPAL !I!EIANGULATION. SUMS OF SQUARES OF APPARENT ERI1ORS. 63-z: 

BCYIX.--Stations CIT and CVII appertain to the KarBchi Longitudinal Seriee of the North-Weet Quadriluteral. 

Station of 
Observation 

XLIII 

XLIV ' 

39 

n 

91 

19 ' 

XLV 

n 

CIV 

99 

C VII 

91 

Observed Angle 

XLIV & CIV 
CVII & CIV 
CIV & XLIII 
XLTII & XLII 
XLII Jz XLV 

XLV & CVII 
CVII & XLIV 
XLIV & XLII 
XLlII & XLIV 
XLlV & CVII 
CIV & XLIV 
SLIV & XLV 

Number of 
Observa- 

tione 

2 4 

2 6 

27 

25 

25 

2 6 

27 

2 6 

3 I 

26 

25 

27 

Sum of 8qnares of 
Errors of single 

Zem 

78'75 
63-12 

95.16 

137'98 

64.83 

217-98 

55'37 
121'35 

153'85 
122.45 

SO' 50 

153.82 

Sum of Bqusrea of 
Errors of single 

Obaervatiom 

3-17 

II'SI 

11.41 

8-11 

7'47 

11-47 

16-41 

10'63 

17'57 

9'5I 
5-86 

5'79 

R.m&m 

1 

Number Qf 

I2 

12 

12 

12 

I2 

12 

12 

12 

I2 

I2 

12 

12 J 

Troughton and Simme' l&inch 
Theodolite No. 2. 



6%. 
CUTCIE CO-IST SERIES. 

From the preceding data of the sums of the uquares of the apparent errors, in the measurement of each nngle, we map nscertai~~ i h e  
s.m.8. (error of mean square) of obesrvation of a si~igle measure of an nngle, and the e.m 8.  of graduution and obsenation of the mean of t he  
nieasures on a single zero, for each group of mglee measured with the same inetrument, by tlle name observer, aud uuder si~llilar circum- 
etances. 

The instrument employed was Troughton and Simms' 18-inch Theodolite KO. 2, having 3 microscopes to read the azimuthal circle ; 
observatione were taken on 6 pairs of zeros (face bj? and face r ight )  giving circle readings at  10' apart. 

The a.m.8. of okarvation of a single measure of an angle = Sum of squares of apparerit errors of observatio~is. 
No. of observations-No. of augles x No. of cbmges of zero. 

The e.m.8. of graduntwn and obsematMn of the mean of the Sum of sqilares of nppat.ent errors ot' zero. 
meaeures on a single zero 1 = 'd NO. of angles x (NO. of cllanges of zero- 1). 

J. B. N. HENNESSEY, 

L charge o f  Computing O$ce. 

t 

ffmup Instrument and 
Obsemer 

Troughtonand Si-' 18-inch 
Theodolite No. 2; Lieutenant 
D. J. Nwmyth. 

m 
M h'umber of 

g 8 3 S 

I1 

e.tn.8. of obeervation of 
a single meaaure 

a 
b;j 

Ditto. 

zi 
I 

Hills, 

Plains, 

1476 - 123 

e.m.8. of gradunt.ion and 
observation of a single zero 

123 

71 1g:LE2 I t  - + 0.941 

d 

a r 

10 0 

10 0 6980.11 * i - i 2.991 
852 - 71 

3430 

1878 

2.32 

2.20 

1476 

852 



CUTCH COAST SERIES. 

PRINCIPAL TRIANGULATION. REDUCTIOrj OF FIGURES, 



CUTCH COAST SERIES. 

Figwe No. 28. 
-- - -  

* In the tables of the equations betweeh the factors the co-etlicienta of the terms below the diagonnl ere omitted for convenience, the w e i c i e n t  of thepth term 
in the qth line being always the srune as the w-oficient of the qth term in tke pth Line. 

r 

Observed Angles 

1- 
8a 

No. Value k.3 
'" 
F 2  

o r II 

J 51 39 38.76 0.83 

2 38 21 56-81 0.95 

3 4 9 4 0  29-17 1 '22 

4 40 J 7  57'95 1'09 

5 61 12 49-91 0962 

6 28 48 47-09 1.00 

7 20 15 35-25 0.89 

8 69 4% 48-35 1.17 

Valum of the Factors 

Xl = -0.4836 

% = $1 *so08 

& = -0.6790 

h4 = -0'0307 

L 

Equations to be satisfied Factor 

x1 +xs +% +==4 = q = + 2 ' 0 3 ,  & 

Xs + 4  +Xs  +Xa = % = + 2.88, X, 

Xs +Xa +% +Xs = e3 = - 0.81, % 

-17% +%I - -I6$) 
- e4 = -33'2, ,4 

i- 20  x6 -18 q + 8x8 
' 

Equations between the Factors 

No. of 
e 

I 

2 

3 

4 

Angular errors in seconds 

x1 = + '03 x, = + -38 

x , = -  '49 x,, = + -01 

x3 = +1960 q = - -12 

x 4 =  + -89 x, = -1*o8 

[m91 = 4'33 

Value of 
e 

+ 2.03 

+ 2-88 

- 0.81 

-33'2 

Co-efficient8 of 

Xl &a x, X4 

+4'09 + 2-31 ... - 32.68 

+3'93 ~ 1 9 6 2  + 0.48 

.E +3*68 + 13-34 

+ 1316.38 



PRINCIPAL TRIANGULATION. REDUCTION OF EIGUBES. 6'-, 

Figure No. 29. 

t I t  will nppear on reference to the Reduction Chart of the 8. W. Quadrilateral that Figures 20.21,22, 28 and 29 really constitute one flgure, and might have 
been reduced a.9 such, had this been thought desirable. Their reduction having, howerer, been performed separately, in the order in which they ore numbered, it beeltrne 
necessary when Figure 29 was taken in hand to subject it to other conditions than those afforded only by its geometrical construction, so that no inconsistency should 
be exhibited in its connection withtho oLl~sr Rqores. These extrn conditions ore aiven by thn fact that wl~ile Figuru 29 rosts on a side of Figure 28 it has a point i nden t id  
with one of Figure 20, ob., GSngta (VI I  of the ILattywtrr Xeridionul Yeries). In order thut the positiou of Gingta us nlroady fixed by Eigure 20 should be mnintainod 

> 

1 

Observed Angle$ 

@ * * 
No. Value 

Ea 
.$; 
F6 

0 f N 

I 82 4 2  36-48 0.60 

2 39. , 6  29'41 0.91 

3 58 10 57-32 1-00 

4 go 32 52-40 0-64 

5 59 7 , 5 5 ' 4 9  0 . ~ 2  

6 30 19 '3'3.3 "05 

7 66 3 33'53 0'4% 

8 39 37 31-53 1-41 

9 74 18 52.96 0.93 

I0 51 4 j  9.80 1'27 

11 81 10 24-88 0.75 

12 47 4 26-05 0.73 

13 68 55 47-86 1-01 

14 50 30 4j -86 0.59 

15 60 33 28-39 0.49 

Values of the Factors 

X1 = + 0'4j49 
hg = + 0.0585 
X, = + 0.1262 
X, .= - 0.5976 
X, = + 0.6223 
X, = + 0.0038 

= + 0'1791 

& = .t 0.1149 
% = + 0.0967 

Fixed data t - 
Log. Ratio of side A to side B (see diagram) = J ' 8997583,s 

Sum of angles 3 and 5 = I I 7" 18' 51"- 39 

Equations to be satisfied Factor 

x1 + X 9  +xs - - e l  = + 2-27, X1 

x4 +x5 + X6 
- - eg = + 0'02, hg 

XI +=a + X Q  
- - e , = -  3-22> Xg 

+ X l l  + x1s - 
X1u - e4 = - 0 '22 ,  X4 

Xls + '14 + XIS = e, = + 0.76, X, 
X1 + X4 +% + X ~ o  +xls = e, = + 0'07, X6 

Xs +xs = q =  + 1-42, hl 
1 3 4  -26% +36% - I Z X ,  

+ 6 4 ]  = e8 = +227.0, 
- 2 6 ~ ~  +2oxls -3x11 +12xlS -18x14 

26% - z x l  - X4 -36x0 - - e, = 
- 

- '27'7, x, 

Equntions between the Factors 

No. of 
e 

I 

2 

3 
4 
5 
6 

7 
8 

9 

Angular errors in seconds 

x l = +  ~ 1 6  xa = + '75 xll = - -71 

Xp = - ' 0 2  9 = + ' O j  XIS = + 1-24 
X, = + 2'13 x8 = - 4-03 xis = + -63 
x4 = - -02  x o = +  -76 x14 = - -85 
X, = - '7' x10 = - . '75 x16 = + -98 

[me] = 24-89 

A 

Value of 
e 

t 2-27 
+ 0.02 

- 3.22 
- 0 . 2 2  

+ 0.76 
+ 0.07 
+ 1-42 
+ 2 2 7 - 0  

- 2 7 ' 7  

Co-efficients of 

h b h X* A5 A, X? X8 X, 

+ Z . ~ I  +0.60 I- I '00 - 10-66 + 22-46 
+ 2'31 +om64 +oe62 + 30.36 - 38-44 

+2.76 +oS4% ... - 31-08 ... 
+ 2-75 +1.27 ... + 12.35 ... 

+2-og +Isor ... - 4'74 
* +3'94 ... ... - I '84 

+ 1'62 + 5-56 ... 
+3781'35 -1975'96 

+ 1979'00 



CUTCH COAST SERIES. 

f igwe No. 30. 

in Figure 29, the length and direction of tlre side Nanr (11 of the Cutch Coat Seriea) to GLnRta, aa given by calcnlatiom from the data aEorded by the flgnrea already 
reduced, ahould be reproduced by Figure 29. The length Nara-Gbgts was accordingly computed and its ratio to the side Bhachb (I of the Cutch Colrst Series) to 
Nara wiped as one of the conditions for Figure 29; the spherical angle between these two sidw wsll lJso determined from the data previously fixed and w u  adopted 
w e second condition of the sama figwe. 

Observed Angles 

1, E% No. Value n.3 
*-  ,. 
% S  . 

FG 

0 1 Y 

I 85 26 40.22, 0.84 

z 49 54 1j.60 0.30 

3 43 39 7-60 0.69 

4 61 29 8-03 0.82 

5 58 38 37'75 0'31 

6 59 52 16-57 0.42 

7 64 30 41-92 1-06 

8 62 30 14'37 0'4% 

9 52 59 4-90 0'71 

lo 52 53 8'35 I.37 

11 63 20 11-53 0.67 

12 63 46 40.96 1-15 

'3 94 40 21-67 0'94 

14 37 38 24-62 1-50 

15 47 41 13-78 0'92 

Values of the Factors 

X, = + ,I-8609 

h = + 1'2317 

b = + 0.4j0l 

X4 = + 0.2478 

A, = - 0'4207 

A,, = - 0.5617 

h, = - 0.0481 

4 

Equations to be satisfied Factor 

x1 +4 +xs - - e , = + 2 - 4 3 ,  X, 

4 + xi + Xe = % = + 1 . 4 0 ,  X, 

=7 +% +%I = e g =  + O ' I I ,  A.J 

x10 + x11 + x19 - - e4 = - 0'21, X4 

X1s + Xl4 + Xl, 
- - e, = - 1-01, X, 

XI + X 4  +Xr + xlO + xlS = e,, = + 0.19,. hl 
23% -18x, +12x,, - 3 x S  + i6xp 1 = q = -  76-63 x, 

- 1  +IOX,, - IOX, ,  +rgx1, -27x1, 

Equations between the Factors 
- 

No. of 
e 

I 

2 

3 

4 

5 

6 

7 

Angular errors in seconds 

x1 = + 1.09 X, = + '27 x l l =  + '49 

Xn = + -82 x,= - '10 xlP = - '27 

4 = + -52 X, = + *42 xu = - '92 

X4 = + '55 X g =  - '21 x14 = + 1-14 

x, = + -58 X l o =  - -43 xis= - 1-23 

[wxP] = 10'25 

Value oE 
e 

4 -2 .43  

+ 1-40 

+ 0.11 

- 0.21 

- 1-01 

+ 0.19 

-76.6 

Co-e5cients of 

Xl '9 x, h4 1 6  . La x, 

+1'83 +0.84 + 10.47 

+ I ' 5 5  +0'82 + 1-01 

+2'19 +]so6 + 6-74 

+3'*9 +1'37 + 4-80 

9 +3*16 +on94 - 17-62 

+ 5'O3 . . . 
+ 2269.48 



PRINCIPAL TRIANGULATION. REDUCTION OF FIGURES. 

Figure No. 31. 

Observed Angles 

3-  
No. Vahe e%L 

i g  
0 1 .  

I 50 39 j.38 0.46 

2 48 42 25.32 1-03 

3 44 48 8'41 0'57 

4 35 50 23-63 0'93 

5 42 41 25'59 I'Oz 

6 56 40 5-86 1.07 

7 40 I1 39-32 0'72 

8 40 26 53.54 1.38 

Values of the Factors 

X, = + 0.9465 
x, = + 0'3945 

h, = - 0'4407 
h4 + 0.0788 

r 

Equation8 to be satisfied Factor 

XI +% +X, + 4 = e , =  +rm70, 

% +x4 + '6 SX6 = % = + 2 * 3 6 ,  X, 

'6 +%I +% +% = % = +3'30, h 

-18 X, - % -22Sj = e4 = t83.8, h4 

+ 17 xe + 3x1 + 25 X8 
' 

Equations between the Factors 

Co-efficient8 of 

x, x, x, A4 

+2.99 +I*50 ... - 21-85 

+3'59 + 2-09 + 5-65 

+4*I9 + 54'85 * 

+ 1604.16 

No. of 
e 

I 

2 

3 

4 

Angular errors in seconds 

x, =-'22 Xli = - -05 
x, = + -89 x, = +1*38 

X3 =-'22 s,= - '14 
x, = +1°25 % = +2'II 

[-?I = 7 '69 

, 
Valne of 

e 

+ 1.70 
+ 2.36 

+ 3-30 

+83-8 



CUTCH COAST SERIES. 

R g w e  No. 30. 

in Figure 29, the length and direction of the side Nanr (11 of the Cutch Coast Series) to GLngta, as given by calculations from the data afforded by the f l g m  already 
reduced, ahould be reproduced by Figure 29. The length Nara-Gdngta wan accordingly computed and ita ratio to  the side Bhachb (I of the Cutch Coast Series) to 
Nara assigned as one of the conditions for Figure 29; the spherical angle between these two aiderr wan sleo determined from the data previously fired and m a  adopted 
ar e second condition of the aame figure. 

A 

Observed Angles 

M 

f3  No. Value t x g j  
.r( %s * 
P; 

0 1 Y 

I 84 26 40.22 0.84 

2 49 54 1j.60 0.30 

3 43 39 7-60 0.69 

4 61 29 8.03 0.82 

5 58 38 37'75 0'31 

6 59 52 16-57 0.42 

7 64 30 41-92 1-06 

8 62 30 14.37 0.42 

9 52 59 4-90 0'71 

I0 52 53 8'35 ' -37 

11 63 20 11-53 0-67 

12 6 3 4 6 4 0 . 9 6  1.15 

'3 94 40 21-67 0.94 

14 37 38 24.62 1.30 

15 47 41 13-78 0.92 

Equations to be satisfied Factor 

XI +% +Xs = el = + g g 4 3 ,  X, 

4 + '6 +X6 = % =  +1.40,  & 

=7 +% +X# = % = + O ' I I ,  & 
x10 + X l l  + x19 - - e 4 =  - O ' Z I ,  AS' 

x1s + Xl4 + X16 
- - e 6 = - ~ * 0 1 ,  X, 

XI + X 4  +x, +xl0 +xis = e 6 =  +0.19,. X, 

23% -18x, +12x, -133, +16x# I = q = -  76.6, x, 
- 1 1  +10x12 - l O X l l  +19X16 -27X14 

Equations between the Factors 

No. of 
e 

I 

2 

3 

4 

5 

6 

7 

Values of the Factors 

X, e + ,1.8609 

h = + 1'2317 

b = + 0.4701 

X4 = + 0.2478 

X, = - 0'4207 

X, = - 0.5617 

A, = - 0.0481 

Angular errors in seconds 

x1 = + 1-09 X, = + '27 X11 = + '49 

X, = + -82 % = - -10 X19 = - ' 27 

xS = + '52 X, = + '42 xlS = - 92 

x4 = + '55 x g =  - - 2 1  XIC = + 1-14 

x, = + -58 Xlo = - *43 x l S =  - 1-23 

[wx2] = 10-25 

Value of 
e 

+ 2-43 

+ 1-40 

+ 0.11 

- 0.21 

- 1-01 

+ 0 . 1 9  

-76.6 

Co-eficients of 

X l  x, 7c, A4 '6 . Xe x, 

+1*83 +oS84 + 10-47 

+I '55  + o - 8 2 +  1-01 

+2'19 + 1 . 0 6 +  6.74 

+3 ' I9  +1'37 + 4-80 

9 +3*16 +o.gq - 17.62 

+ 5-03 . . . 
+ 2269.48 



PRINCIPAL TBIAXGULATION. REDUCTION OF FIGURES. 

Figure No. 31. 

Observed Anglea 

'73- 
NO. value L"M 

3; 

O I W  

I 50 39 5-38 0.46 

2 48 42 25'32 1-03 

3 44 48 8'41 0'57 

4 35 50 23-63 0'93 

5 42 41 25'59 1'02 

6 56 40 5-86 1-07  

7 40 11 39'32 0 '72  

8 40 26 53-54 1.38 

Valuea of the Factors 

X, = + 0.9465 

x, = + 0'3945 

= - 0'4407 

h + 0.0788 

Equations to be satisfied Factor 

X l  +% +% +x, = q = + 1-70, xl 

X, + 4  +Xs +% = eg = + 2'36, Xp 

X6 +% +4 +% - + = +3'30,  hs - 

-18 x, - % 

- e 4 =  +83-8, X4 
+'7% + 3 4  -22=1 + 25 x8 - 

, 

Equations between the Factors 

N 0 . d  
e 

I 

a 

3 

4 

Angular errors in seconds 

XI = - '22 x, = - '05 

x, = +  *89 X, = +I-38 

xs = - - 2 2  4 = - -14 

x, = +1925 % = +2'II  

[-?I = 7.69 

Vaheof 
e 

+ 1-70  

+ 2-36 

+ 3-30 

+83-8 

Co-eficienta of 

x, x, x, h4 

+z'99 + 1 *So ... - 21.85 

+3'59 + zmog + 5'65 

+4*19 + 54-85 * 

+ 1604'16 



CUTCH COAST SERIES. 

Rpre No. 82. 

0 bservd Angles 

C 

g! 
No. Value . a-G + 

gE= 
P; 

O I W  

I 41 I9 55'93 0'78 

z 30 40 45-62 0.66 
I 

3 51 23 31-61 0.80 

4 56 35 47-37 0.60 

5 39 27 7-78 0.90 

6 32 33 35'63 1.39 

7 40 1 7  42-08 1-06 

8 67 -41 37'56 0'44 

Values of the Factors 

X1 = - 0.1602 

X, = - 0.0246 

% = + 0.30jo 

XI = + 0'0147 

A 

Equations to be satisfied Factor , 

x1 +x, +% +=4 
- - e l = - 0 . 9 0 ,  X, 

x3 +x4 + x6 +% " eg = + 0'75, Xg 

X,i . +Xa +% +Xs = e , =  +1.58,  Xg 

-24 x1 + 3 4  -14x3 
- e, = I - 

+37'9, X4 

+ 26 X, - 7 %  + 9 %  

Equations between the Factors 

Co-efficient8 of 

X l  x, x, A4 

+2'84 + 1'40 ... - 27'94 

+3'69 . +2-29 + 24-94 

+3'79 + 32-68 * 

+ 1639.24 

NO. of 
e 

I 

2 

3 

4 

Angular errors in seconds 

x, = - '40 x6 = + -25 

xp = -  -08 x, = + '92 

X3 = - '3' x, = + .a2 

x4 = - -11 % =  + -19 
• 

[wx2] = 1-16 

Value of 
e 

- 0.90 

+ 0 - 7 j  

+ 1'58 

+37'9 



PRINCIPAL TRIANGFULA!I'ION. REDUCTION OF FIClURE5. 
6LZ. 

Figure No. 33. 

Observed Angles 

'3- 
No. Value es . r( 3s 

O I I  

I 32 28 22.68 0.91 

a 57 8 31-76 0.68 

3 48 20 10.26 0.38 

4 42 2 55'38 0'89 

5 5 2  47 55-34 0;68 

6 37 48 58-53 0.68 

7 47 47 27-92 0.66 

8 42 35 40-30 0.89 

Values of the Factors 

X, = +oer475 

X, = - ImoIgI  

X, = +0*471g 

h4 = +0'0074 

Equations to be satisfied Factor 

X1 +Xs +Xs +X4 = e l = -  1-19, \ 

X, +,=4 + Xs +Xa = e , = - 1 - 7 8 ,  h, 

'6 + =a +x? +x8 
- - % = + 0.27, x, 

- 33 X l  - 6x, -25 4 

1 = e 4 =  + l g a r ,  X4 
+26x, - X7 + 23 Xa 

. 

Equations between the Factors 

- 9  

Co-efficient8 of 

x, %a x, X4 

+2.86 +1°27 ... - 43-61 

+2-63 +1.36 + 8.18 

* + 2-91 + 37'49 

+z184-12 

No. of 
e 

I 

2 

3 

4 

Angular errors in seconds 

X1 = - '09 Xi = - '37 

~p = + '07 x6 = - '24 

xQ = - '40 = + '31 

x4 = - -77 X e =  + '57 

[ W X ~  = 1 ' go 

Value of 
e 

- 1-19 

- 1-78 

$- 0'27 

f 1 g . 1  



CUTCH COAST SERIES. 

Epre No. 34. 

. 

Observed Anglee 

No. Value 

xg 
o r  Y 

I7 49 45 47-08 0.82 

18 37 43 2-29 1-61 

I9 85 35 39-60 0.63 

20 56 41 16-50 0-57 

21 82 I I  25.53 0'87 
, 

22 51 o 41-76 6-55 

23 46 47 55'47 1'10 

No. Value 1% 
f g  

o r Y 

1 50 13 48-15 0980 

2 53 42 16.13 0 - 7 0  

3 76 3 58'73 0'75 

4 63 24 35.28 0.60 

5 43 14 8-06 1.02 

6 73 21 16.30 0.71 

7 5' 37 8-56 0.76 

8 76 7 45-14 1'05 

Equations to be satisfied Fador 

X1 +X, + Xa . . . . . . . . = e l = + o . 8 5 ,  \ 

x4 +Xb +x, . . . . . . . . E %  = -  1.85, X, 

xl +x, +xo . . . . \. . . = % = - 1'11, 5 

x10 + xn + xlc + '17 . . . . . . = e, = - 0-29, X4 

XU) + x1v + szo . . . . . . . . = e, = - 3-14, - A, 

%1 + x, +Xna . . . . . . . . = e,, = -0-38, X,, 

'14 + xis + Xie  + Xn . . . . . . = e, = - 3.82, A, 

XIS + Xir +XIS + Xia . . . . . . = e , ,  = -  2-44> X, 

XI + X4 + x7 + Xlo + Xlr + Xie +%I * -  = e , = -  1-90, X, 

5 XS -15 Xs + 6x, -23x6 + 1 6 q  - 6x8 1 .. = el, = -17.3, + I 8 x17 - 4  +14Xo - %xlV + 2 O h  -17% X10 

6 ~ 1 0  -14 ~ 1 1  + 45 %a + I r x,, -31 x14 + 22 xl, . . - ell = -27.2, %I 
- 

sa 
No. Value E% 

i i g  
o r u  

9 52 15 6'34 0.70 

ro 45 2 0'92 1-66 

11 55 24 16.21 0.72 

12 24 56 19'65 0'55 

13 54 37 26-55 0.26 

'4 29 47 58.07 0.46 

15 82 58 38.22 0.23 

'6 37 27 33'97 1-13 



PRIXCIPAL TRIANGDfrATIO3T. REDUCTION OF FIGURES. 

Egure No. 34-(Continued). 

b 

+ 

Equations between the Factors 

No. of 
e 

I 

2 

3 

4 

5 

6 

7 

8 

9' 

10 

I I 

Value of 
e 

+ 0.85 
- 1-85 
- 1 - 1 1  
- 0.29 
- 3'14 
- 0.38 
- 3.82 
- 2-44 
- 1-90 
-17'3 

-27.2 

Co-efficient8 of 

% % b A, A, %I % %3 % A,, All 

+2*25 . . + 0.80 - 6-75 . . 
+2'33 . . + 0.60 - 19.20 . 

+ 2-51 . . + 0.76 + 4.90 . . 
+3.66 +1*28 + 2.12 + 4.68 - 14-38 

+ 2-81 . . + 1.61 + 6.72 . . 
+2*52 .. + 0.87 + 12.65 . . 

+2.64 +1*36 + 0.46 + 14-76 - 9.20 

+%'I7 . . . . + 32.67 

+ 6-76 . . - 4-30 

+2078*38 + 141-12 

+ '899'47 
\ 

Valuea of the Factors 

= + 0'3905 
h, = -0.7128 

X, = - 0.4848 
x4 = + 0'5777 
X, = -1-1825 

& = - 0'2325 
A, = - 2.4855 
A,, = + 1.0462 
X, = + 0.0641 
ho = + O ' O ~ I ~  

= - 0-0407 

Angular errors in seconds 

x l =  + -36 xp = - -21 x,, = - 1-39 

$ = + '15 x,, = + -66 x18 = - 1-80 

% = +  -34 x l l =  + -71 x10 = - .76 . 
d, = - '39 x1s = - '43 x , = -  '58 

XI = - 1-01 Xl8 = + "5 x , = -  '14 

X6 = - '45 X14 = - ' 27 x,= - '24 

q = -  '3% X16 = - '53 x , = -  '00 

x, = - 058 x16 = - 1-63 

[wx'] = 13'jq 



CUTCEE CO-IST SERIES. 

Agure No. 35. 

- 

, 

Observed Angles 

1, 
WJ No. Value .FLG 

i s  

W o I 

I 8; 28 4-81 0.83 

z 47 57 56.88 0.80 

3 45 33 56-93 0.51 

4 95 32 46-25 0.40 

5 35 36 39'55 0 . 5 ~  

6 48 50 37.50 0.64 

7 93 15 j2.87 0.62 

8 56 32 55-11 0.23 

9 30 1' 7-13 0.43 

10 42 38 9-08 1-07 

69 z 5-57 0.80 

1 3  68 19 46.44 0.44 

13 43 5 5-91 0.6' 

14 49 '4 56.49 0.66 

15 87 39 56-65 0.96 

Values of the Factors 

X, = - 1.4850 

h, = + 1.4133 

X, = - 4.8605 

X4 = - 0'3iOO 

X, = - I -0159 

&I = + 1'024.4 

A, = - 0-0035 

9 

Equations to be satisfied Factor 

x1 +% +% = e l = -  2-31) X1 

X4 +X6 +x6 = % = + 2.72, X1) 

% +% +% = q =  - 5'631 h 

I10  + %I + XIS = eg = + 0'25, h, 

+ 4 4  + X16 
- XIS - e , = - 1 - 6 0 ,  X, 

X1 + X4 +x, +xlo +xls = e , = - 1 - 0 8 ,  A,, 

20% -19X9 +18% -30x6 """1 = ,,, = - 56.4, x, 
-13% +9x1s  - 8 %  + -19x14 

Equations between the Factors 

No. of 
e 

I 

2 

3 

4 

5 

6 

7 

Angular errors in seconds 

x1 = - '39 r, = + -86 xll = - ' 27 

x,, = - 1-13 q = -2.38 x19 = - -18 

Xs = - '79 xg = -1.11 X19 = + '0' 

x4 = + -98 X, = -2'14 x14 = - '63 

x 6 =  + 088 xl0= + '70 xli = - 98 

[wxa] = 35-26 

Value oE 
e 

- 2-31 

2-73 

- 5-63 

+ 0'25 

-1 .60  

- 1.08 

-56'4 

Co-efficient8 of 

Xl  h, x, X4 A, x, x, 

+ z . I ~  +0.83 - 5.00 

+la62 +oa4o - j ' s 8  

+1.28 +os62 + 12-49 

+ 2.31 + rgo7  - 2-44 

* +z024 +oS62 - 11-58 

+ 3'54 . . . 
+ 2144.37 



PRINCIPAL TRIBNGULATIOB. REDUCTION OF FIGURES. 

Figure No. 36. 

4 

Observed Anglea 

3-  
No. Value 2% .ri Fri 

o n e  

I 66 42 35-87 0.68 

2 37 14 18-64 1-19 

3 38 27 9'75 0'35 ' 

4 37 35 55'21 0'74 

5 43 53 25.85 I -05 

6 60 3 30.98 0.78 

7 33 1631.48 0.81 

8 42 46 32-71 0.78 

Values of the Factors 

X, = -0.8530 

x, = +I'#oo 

X, = -1.6722 

A, = +on1129 

Equations to be satisfied Factor 

XI +% +% +X4 = q = - 1 - 6 7 ,  X, 

x, + 4  +Xs +=a = q =  + 0.53, h 

Xs +Xa +X? + Xe = e, = + 0.09, X, 

- 9 %  + 6x3 -21 X, 
= e 4 =  +48'5, h4 

+ 13 Xa + X? + 2 2  Xg 

Equations between the Factors 

Co-efficient8 of 

x, x, x, A4 

+2.96 +1.0g ... - 6'33 

+2.92 +1*83 + 2-79 

+3'42 + 28.11 * 

+ 762.42 

No. of 
e 

I 

2 

3 

4 

Angular errors in seconds 

XI = - 1 - 2 7  xi = - '24 

X, = -  '21 x, = + *96 

x, = - -62 x, = - 1-26 

x4 = + -43 % = +  '63 

[wxq = 7-51 

Value of 
e 

- 1.67 

+ 0'53 

+ 0.09 

+4am5 



CGTCH COAST SERIES. 

figure No. 37. 

Observed Angles 

a *  
E G  No. Value &a$ . - 

o r Y 

I 66 46 32-15 '0.48 

2 50 13 32-52 0.79 

3 62 59 54-08 0-67 

4 71 5 36-21 0.91 

5 56 43 12-38 0-50 

6 52 11 12-75 0'57 

7 69 45 53-14 0'45 

8 57 2 0  15-23 0.69 

9 52 53 52'54 0.90 

10 71 39 36.02 1.51 

11 52 11 46.28 0.41 

12 56 8 37-57 1-03 

13 80 42 22-81 1-52 

14 52 34 24-58 0.62 

15 46 43 14-54 0 . 2 7  

Values of the Factors 

% = - 0.7886 

X, .= + 0.2175 

X, = - oS0S46 

X4 = - 0.5188 

X, = + 0'5142 

X, = + 0.1130 

h, = + 0.0644 
, 

E 

Equations to be satisfied Factor 

X1 +X8 -t. X3 
- - q = -  1-96, Xl  

x4 + x5 + x,, = % = + 0.67, X, 

=7 +% +x, = eg = + 0.17, 6 
x10 + Xn + Xl0 

- - e 4 =  - 0.88, A, 

xis +' Xi4 + X1s 
- - e, = + 1.12, X, 

XI + 4  +&I +xlO +xls = e 6 =  + 0'33, h~ 
10% -18% +16x, -14x, +15x, I = q =  + 94' 7, 

- 134  +14x10 -17x,, + 2 0 X l l i  - 1 6 ~ ~ ~  
% 

Equations between the Factors 

Co-efficient8 of 

x, x, x, X4 A6 A, x, 

+1*g4 +on48 - 7-52 

+I -98  So.91 + 2-12  

+ 2.04 +Om45 + 4-53 

+ 2-95 + I - 5 1 +  7'45 

* +2.41 + 1 * 5 2 -  4.52 

+ 4'87 . . . 
+ 1473.08 

No. of 
e 

I 

2 

3 

4 

5 

6 

7 

Angular errors in seconds 

x1 = - '32 x6 = + '71 xl, = - 066 

X0 = - 1-54 9 = + -01 X 1 ~  = + '39 

x3 = - '10 X, = - -64 xu = + '95 

x 4 =  + -30 x, = + -80 X14 = - '32 

x6 = - '34 xlO = - -61 xli = + '49 

[wxS] = 8.85 

Value of 
e 

- 1-96 

+ 0.67 

4 - 0 ' 1 7  

- 0.88 

+ 1.12 

+ 0.33 

+91'7 



PRINCIPAL TI1IAKGULATIOX. REDUCTIOR OF FIGURES. 

N p r e  No. 38. 

b 

Observed Angles 

4 

g j ,  No. Value ass 3~ 
o r I 

. . I  63 59 36-28 0-65 

2 63 18 4-24 1-05 

3 52 42 20.05 0.66 

4 49 16 36'41 0'54 

5 58 17 24.58 0.69 

6 72 26 0.24 0.42 

7 37 46 51.45 0. j t  

8 53 50 45-50 0.88 

g 68 22 23-86 0.58 

10 57 3 11-79 0'33 

Equations to be satisfied Factor 

XI +% + X a  . . . . . . . . = e l  = -0.29,  X, 

x4 +X6 +x6 . . . . . . . . = eg = + o m 5 i r  A, 

x7 +=a +% . . . . . . . . = es = + 0.18, Xs 

x10 + X l l  + x1s . . . . . . . . = eg = - 2-20, X4 

4 s  + Xir + Xis . . . . . . . . = e6 = - 1 . j 8 ,  X, 

Xla + '17 + xie . . . . . . . . = e6 = - 1.68, X, 

X1p + xm + $1 . . . . . . . . = e, = - 1-51, A, 

x, +% +=,I4 . . . . . . . . = e ,  = + o . 6 0 ,  X, 

% +Xea +xj7 . . . . . . . . = e, = + o - 6 0 ,  X0 

x pe + x!a0 + x, . . . . . . .. = el, = - 1-98, ho 

XI + X 4  +xl + xlo + XIS -t Xis . . = el, = - 3'1.3, h1 

X 14 + X14 + *I0 +% + %6 + x~ . . = el9 = + 0'21, hS 

16% -11 $ + 6x6 -I3xs + 9 %  
-I6%, ] .. = e l $ =  +28-2, hs 

+ 1 5 X 1 ~  - 9 x11 + I I  x16 -"xXlr +19xla - 8 ~ ~ ~  

9 Xl1 - 14 XIO + I 4  $1 - 5xa + 1 6 x , ~  
-I2") .. = e 1 4 =  + 2'4, X,4 

+ 8 %  -19% + Z I X ,  -16 x + 7 x18 -11 x16 

d 
(d 

zG No. Value .r( a-5 
g s  
Pi 

O I U  

11 68 I 25.89 0.26 

12 54 55 20-73 0.68 

13 70 43 43'57 I'O4 

14 46 1 22-72 0'43 

I; 63 14 52-76 0.36 

16 61 9 57-37 1-10 

17 70 21 50 '6 j  0'97 

18 48 28 10.89 0.90 

I9 46 42 37-71 1-17 

20 76 55 1-78 1-17 

d 

33 
No.  Value a-s b M . - 

8s 
E 

0 1  u 

21 56 22 19mj8 0.37 

22 67 28 25-12 0-47 

23 60 38 24-19 0.43 

24 j I 5 3 1 2 . 2 4  0.71 

25 62 23 2.5'31 0'39 

26.  47 59 16-97 0.82 

27 69 37 19-12 0.64 

28 82 28 48-62 1-09 

29 52 57 8.71 0.70 

30 44 34 1-49 1 -02  



CUTCH COAST SERIES. 

Egure No. 38-(Continued). 

Equations between the Factors 

No. of 
e 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I 

I2 

13 

14 

Value of 
e 

- 0.29 
+ 0.51 
+0.18 

- 2-20 
- 1-58 
- 1-68 
- 1.51 
+ 0.60 
+ o a 6 o  

- 1-98 
- 3'13 
+ 0.21, 
$08-2 

+ 2.4 

Co-efficient8 of 

h % % x4 x6 A, % % % x l ~  \l %9 %S x14 

+2*36 +0.65 ... - 0'99 ... 
+1.65 +oms4 ... - 6.45 . . . 

+1'97 + o - ~ I  ... - 8-86 . . . 
+1.27 +oS33 +oS68 + 7-86 - 2- 28 

+I-83 +1'04 +ow43 - 4.64 + 3-32 

+2'97 +I-lo ... + 9-34 ... 
+2-71 ... +I-17 ... - 0.67 

+1.61 ... +oS47 . . . + 6-20 

* +1.85 ... +oS39 ... - 10.46 

+2-81 ... +I-09 . . . + 10.22 

+4*17 ... ... + 2-66 

i-4-23 + 1-60 ... 
+1476.60 - 64.62 

+I491'71 

Values of the Factors 

X, = - 0'0231 
& = + OS5j25 
x, = + 0.3354 
A, = - 2.4400 
x, = - 0.8698 
X, = - 0.5672 
x, = - 1'0220 
h, = + 0,0162 

= + 0'1555 
h0 = - 1.1627 
x ,  = - 0.3066 
A,, = + I -0826 
x ,  = + 0.0366 
x,, = + 0.0105 

3 

Angular errors in seconds 

XI = - -21 Ill = - '70 Q = -  '32 
x , = -  '45 X19 = - '55 X, = + '52 
X) = + '37 XIS = - 1'15 X p g = -  ' 05 

x, = + '13 xl, = - '22 X , =  + '13 
xI, = + -05 xlS = - '21 xgs = + *48 
X6 = + '33 X16 = - 96 x , = -  ' 04 

x, = + .or xl, = - '84 x, = + *16 
x8 = - '22 XlB = + '12 % = -  '09 

X, = + '39 Xlo = + '07 % = - .93 
xlO = - '95 x, = - 1-26 x, = - * 96 

[wxs] = 14- 24 



PRINCIPAL TRIANGULATION. REDUCTION OF FIGURES. 69, 

E p r e  No, 39. 

1 

Observed Angles 

1;; k bJY No. Value . &a/$ - 
% B  
Pi 

o r Y 

I 71 16 42'67 0.41 

2 51 53 2-60 0.26 

3 55 50 15-82 0.84 

4 62 34 33.50 0.80 

5 50 23 19-06 0.69 

6 67 2 8-21 0.42 

7 55 10 15-37 0.72 

8 69 48 23-71 1-17 

9 55 I '9.35 I.34 

10 97 5 55'63 0.71 

11 36 11 46.jo 1.30 

1% 46 42 16-00 0.43 

13 73 52 32.26 1-01 

14 4 44 5 . 3 4  0'60 

15 41 22 33'33 1-13 

Values of the Factors 

X, = + 0'2191 

X, = - 0.1614 

X, = - 0.5845 

X4 = - 1.4833 

X, = + 0.2712 

x, = + 0.1800 

A, = - 0'0329 

Equations to be satisfied F m o r  

x1 +=9 +*s . = e l = + o g 2 0 ,  X, 

x4 +Xs +Xa = e p =  + 0'12,  ' A ,  

XI + ~ a  + ~ 9  = eg = - 2-15, 

x10 -t Xll  
- - e 4 =  - 2.52, X4 

XIS + '14 + Xis = e 6 = + o a 2 3 ,  & 

X1 +X4 +XI +xlo +xis = e , = - 0 ' 5 7 ,  % 

14xs -16xs + 9% -18x, +15x, I = e, = -46.6, % 
- 7 %  + l g x l ~  -29Xn +24X16 -loX14 

Equations between the Factors 

Co-eficients of 

A, &J hs x4 A, h % 

+1'51 + o ' ~ I  + 7-60 

+ I . ~ I  -toe80 - 8-64 

+3'23 +oa';2 -I- 11-91 

+ 2'44 +oa71 - 29.53 

- * +2'74 + I ' O I  + 21'12 

+ 3-65 ... 
+ 2807 '02 

No.of 
e 

I 

2 

3 

4 

5 

6 

7 

Angular errors in seconds 

x1 = + ~ 1 8  Xa = - -19 xll = - '69 

xp = + -20 XI = - -29 xl, = - '90 

% =  - 18 4 = - a41 xl, = + -46 

x4 = + -01 x, = -1.45 x14 = + a $  

x , =  + -30 XIO = - '93 x 1 6 =  - '59 

[wx2] = 6-52 

Valueof 
e 

+ 0 '20 

+ 0 - 1 2  

- 2.15 

- 2.52 

+ 0'23 

- 0.57 

- 4 6 - 6  



CUTCH COAST SEUIEB. 

Figure No. 4.0. 

'September 1880. 

Observed Angles 
- 

a 
;% No. Value ~ * g  .* 
%$  

Ffl 

0 fl K 

I 85 7 xi-89 1-06 

2 60 ro 8-11 0.36 

3 34 42 42-69 1-68 

4 7' 15 59-25 0'74 

5 62 39 28.68 0.60 

6 46 4 33-06 1-19 

7 59 27 44-22 0.50 

8 72 2 19-10 0.94 

9 48 29 57'98 0'39 

10 76 3; 9.22 I -67 

I =  33 52 30'59 1-17 

12 69 32 20-55 0.44 

'3 67 33 55-33 0.50 

14 41 41 1-25 0.94 

15 70 45 3-62 O.95 

Values of the Factors 

I XI = + 0.6932 

X, = - 0.1163 
& = - 0'3489 
h, = - 0.4901 

A, = - 0.2467 
X, = + C-0822 

X7 = - 0.0062 

J. 6. N. HENNESSEY, 

In charge of Cbmpzcting OJce. 

Equationa to be satisfied Factor 

XI +% + X, - - 9 = + 1.94, 1, 

x4 +xs +XB = e , = - -  0'34, X, 

X? i x8 +% - - e, = - 0.60, X, 

X1o + Xn + XIS = e, = - 1-26, X4 

X 1 ~  + '14 + X l ~  = e , = -  0.45, X, 

x1 +x4 +x7 +XIO +xis = e6 = - 0-10, 
31% -12% +zox, - 1 1 ~ ~  

+ I 8  1 = = 
+ 2 5 ' 5 >  x, 

-7% -32x11 +7X1ij -24X14 

Equations between the Factors 

Co-efficients of 

\ k2 h, Ad '5 ha h7 

+3'10 +1.06 + 47.76 

+ 2'53 +oe74 + 17-20 

+1.83 +onso + 0.44 

+3-28 +is67 - 33.92 

-E +2.39 +o.50 - 15-91 

+4'47 . .. 
+42OI '57 

No. of 
e 

I 

2 

3 

4 

5 

6 

7 

Angular errors in seconds 

x l = +  -82 xG = - '1 28 xl, = - '34 

x S = +  -28 % = -  'I3 xI9 = - ' 24 

% =  + -84 % = -  ' 29 xis = - -08 

X4 = - '03 x, = - -18 XIJ = - 'O9 

x6 = - '03 x10 = - *68 xlj = - -28 

[wx9] = 2-16 

Value of 
e 

t 1-94 

- 0.34 
- 0.60 
- 1-26 
- 0'45 
- 0-10 
+25'5 



C U T C H  C O A S T  S E R I E S .  

PRINCIPAL TRIANGULATION. TRIANGLES. 

I 

P- 

Nom.-1. The valnea of the sides are 'ven in the same lines with the opposite angles. 
r ~tatiom XI (chitror) and & (win&) app+ain ta toe ~ a t t y r y  Meridional MOB. 

Diatance 
. 

Log. feet 

4'8695487,3 
4,6805569~2 
4.7643143,~ 

4.9340012~5 
4-9634788,3 
4.869~487~3 

4'9634788,a 
5'0724814,3 
4'7643143,a 

4.8668051,~ 
4'7374067,5 
4-9340012,s 

4.94926454 
4'9192606,1 
4.8668051,a 

, 

No. of Risngle 
Corrected Plane 

angle 

0 1  1 

88 a 24-57 
40 17 56-34 
51 3939 .09  

180 o o -oo  

61 12 48'39 
69 41 49.16 
49 4 22.45 

180 o 0.00 

Number and Name of Station 

XI (Chitror) 
XIV (WBndia) 
I1 (Nara) 

XIV (Wbndia) 
I1 (Nara) 
I (Bhachb) 

Corrections to Observed Angle 

Circnit 

136 

137 

4 

2 %  'E 0 

- 2 1  
. 2 2  
- 2 2  

-66 

'47 4 7  

-47 

1.41 

Feet 
- 

74054.04 
47924'42 
5 8 1 e . 4 9  

85p1 -60  
91934.56 
74054'04 

91934.56 
11816a.98 

58118.49 

73587'68 
54626.91 
85901.60 

88974'29 
8 3 0 3 ~ ~ 8 9  
73587'68 

~i: 

- I . I I  
- '89 - '03 

Non- 
circuit 

138 

189 

b 

Miles ' 

14.025 
9.077 

11.007 

16.169 
17.412 
14'025 

17'412 
22.379 
I I  . a 7  

13'937 
10.346 
16'269 

16.851 
15.716 
13'937 

255 
49 40 17-66  

IOI 30 45'00 
28 48 47'34 

180 o 0.00 

58 10 54-94 
39 6 28.79 
82 42 36'27 

180 o 0.00 

68 55 46.61 
60 33 16.64 
50 30 46-75 

180 o 0.00 

XI (Chitror) 
XIV (Whndia) 
I (Bhachb) 

11 (Nara) 
I (Bhachb) 
I11 (Kakarwa) 

Ill ( K a k m )  
I (Bhachb) 
IV (BBhida) 

%:L 1 2: ----- 

- .08 
- '50 
+ '58 

~ o t a l  

n 

-1.19 
-1.39, + '55 

+1.08 - 1 -  + 1 ' 20  + '11 + '47 

-2.03 

-1'05 
+ 1 2 8  
+ -58 

+ .8r- 

- I . I O  

-1'44 + '66 

-2.88 

-1.07 
- I 

+ -11 

-2.27 

- -80 
-1.30 
+1'34 

- -76 

+ '50 
-1.17 

'41 - -01 + '67 

I a 24 

'31 
I 
'32 

'94 

'45 
'45 
'45 

1-35  

-1.93 - -231 1 
- '11 + ' 2 2  

- .62 - .18 
- 1 ~ 0 6 i  - 1 4 1  + '92 + '42 



CUTCH COAST SERIES. 

Nm.--8htion VII (Qhgts) apperhh to the Ibttywar Yeridiod Seriee. 

- 

No. of 

Circuit 

140 

1 4  

142 

14!3 

144 

145 

w 

Triangle 

Nan- 
olrcuit 

356 

251 

258 

259 

260 

261 

Number end Name of Station 

I1 (Nara) 
I11 (Kakarwa) 
V I I  (Ghgta) 

1 2  
ag 
ca 
=* 
I 

'40 
'40 
-40 

I ' 2 0  

V I I  (Gingta) 
I11 (Kakarwa) 
v (Nan) 

v (Ran) 
111 (Lakarma) 
I V  (Ghida) 

I (Bhachio) 
I V  (%hid&) 
VI  (Sakpur) 

I V  (Ehida) 
VI (Sakpur) 
Ix ( J O I ~ ~ )  

VI (Sakpur) 
I X  (Joran) 
VIII  (Charakra) 

I (Bhachho) 
VI (Sakpur) 
V11 (Karkho) 

VII (Kadrho) 
VI (Sak ur) 
VIII ( ~ ! ~ a k m )  

VTII (Charakra) 
IS (Joran) 
X (htror)  

I X  (Joran) 
X (Kntror) 
XI (Bolki) 

TI11 (Charakra) 
IX (Joran) 
XI (Boliri) 

X I  (Boliri) 
X (Katror) 
XI11 (Wim) 

Corrections to Observed Angle 
Corrected P h e  

Angle 

o r  n 

59 7 53-38  
90 32 54-99 
30 19 1 1 - 6 3  

180 o 0-00 

Figure 

H 

+ -80  - '12 

- -70  

- -02 

Circuit 
pppp- 

I 

39 37 36.14 
66 3 3 1 . 4 6  
74 18 52-40 

180 0 0'00 

81 1 0 2 6 . 0 8  
51 45 8 .77  
47 4 25-15 

180 o 0.00 

49 54 14-08 
43 39 7.03 
86 26 38.89 

180 0 0.00 

58 38 36-65 
61 29 7.01 
59 52 16-34  

180 o 0.00 

4 

Miles 

17.591 
20'493 
10.346 

Log. feet 

4*9679266,7 
5'0342438,8 
4-7374067,5 

+5.02 
-1.66 - -14 

+3 '22  

+1'52 - '71 
- '59 

+ ' 2 2  

- 1  - '24 
-1.00 

-2.43 

- '79 
- -70  
+ '09 

-1.40 

+ '82 
-1.59 

'42 - -91 + -77  

1 - 2 4  

Distance 

Feet 

92880.95 
108204~11 
54626'92 

circuit 

w 

-2.51 
+ ~ ' I I  
- .60 

14.416 
14.166 
12'752 

14'112 
19.020 
11'654 

14.166 
12.593 
14.112 

16.910 
12'158 
14.416 

12'707 
10.915 
16.910 

10.915 
18.607 
14.416 

19'057 
16.063 
12.707 

Total 

I 

-1.71 
+ 2 ' 9 9  
-1.30 

+ -79  
-1.56 
+ '77 

-32 + -85 

11.653 
16.699 
17-59' 

15.726 
12'499 
11.653 

12.915 
1 1 . 6 5 ~  
16.851 

12.752 
13'121 
12'915 

76116.11 
74798.15 
67329'94 

74512-oo 
100427.57 
61535'27 

74798.15 
66489.09 
74512'00 

89283.06 
64196'58 
76116-11 

67094.30 
57632.15 
89283.06 

57632.15 
98245.17 
76116.11 

100621'44 
84810.74 
67094.30 

4'7890813,9 
4.9453365,4 
4 . 9 6 7 9 ~ 6 6 ~ 7  

4.9192606,2 
4'8194935,o 
4'7890813,9 

4.8337431~9 
4'7891241,2 
4-9492645,4 

4'8282082,3 
4'8406155,9 
4'833743119 

'95 

'99 

'95 

'31 

64 30 41.32 4*8814766,5 
62 30 13.68 4.8738908,8 
52 59 5.00 4.8282082~3 

I '08 

- - 5 3  + '70 47 41 14.12 4.8722261,8 
+ '18 + I m r o  94 40 22-41 5'0018529,7 
+ - 3 5 0 -  .78 37 38 23-47 4.7891241~2 

61529'21 
88173.19 
92880.95 

83034.89 
65992'33 
61529.21 

68193.53 
6153j.27 
88974.29 

67329.94 
69281.24 
65193'53 

- 1 . ~ 6 1  

I -08 + I . O I  180 o 0.00 

- -31 + - 2 2  

+ .09 

- -04 
+ '65 
- '40 

+ . Z I  

-1-53 + '30 
-1'13 

-2.36 

- 1 . ~ 0  

+ -15  
-1.59 

-2.64 

-1-33 - .go 
+ - 5 3  

- 1 ~ 7 0 ,  

+ -24 - -16 
+ '82 

+ .qo 

I -05 - -- 

3 8  
'37 
.38 

1'13- 

3 1  
'30 
'31 

'92 

- 1 2 0 -  a g 3 1  + ' 2 2  + '08 
- 1 . ~ 3  1 + '25 

1 - -8*i - -31 1 + '14 + '01 

-1.89 + -30 

63  46 40.57 
52 53 8.65 
63 2 0  10.78 

IS0 0 0.00 

78 31 47.31 
44 48 8 - 3 4  
56 40 4.35 

180 o 0-00 

48 42 23-81  
40 I I  39.17 
91 5 57.02 

180 o 0.00 

35 50 21-96 
93 30 32-48 
50 39 5.56 

180 o 0.00 

82 4 17-02 
56 35 46.67 
41 19  5% 

180 o o 'oo 

'34 -1'25 - -08 - -23  
'35 + ' 2 2  + '31 

I ' 04  

'44 + '11 

' ' 33  

4.8738908,9 
4.8227503~6 
4.8722261~8 

4.9507691~1 
4'807ji19,o 
4'8814766,5 

4'8266856,7 
4'76066jS,4 
4'9507691,1 

4.7606648,~ 
4'9923112,4 
4.8814766~5 

5 ~ 2 6 9 0 5 , 4  
4'9284508,7 
4.8266856,~ 





CUTCH COAST SERIES. 

No. of 

circuit 

Number and Name of Btation 

XIX (Saind) 
XVI (Hhthria) 
XXI (Sum Gandhra) 

Corrections to Obaerved Angle Triangle 

:zit 

26'7 

Corrected P h e  
b g l e  

0 1  1) 

49 45 48-14 
74 49 56-88 
55 24 14-98 

180 o 0'00 

4 16 m 

'5 8 

w 

'62 
'63 
'62 

r .87 

Totsl 

4 

+ I . @  
- -78  - '61 

+ -29 

4'750777597 
4'7409725,8 
4.878~765~6 

4'6391575,4 
4'8719935,3 
4'7507775~7 

4.9370493~9 
4'8591061,5 
4.6391575~4 

4'8611946~4 
4'6960267,7 
4'7409725,8 

4*8~91061,4 
4'7217439~3 
4'8611946,4 

4.9602760~8 
4'759379995 
4'9370493,9 

4'8019212,2 
4.792~633~1 
4'9602760~8 

4.79~9633~0 
4.9944547,7 
4'9370493,9 

4'7884949,7 
4.7243069~3 
4'8019212,2 

4'7507421,z 
4.8828617~9 
4'7884949,7 

4'8304117,o 
4'7723575,O 
4'7507421~2 

153 

154 

155 

156 

157 

158 

159 

160 

Log. feet 

4,94019654 
5 .~420554 ,~  
4 .97~9474~6 

ckuit 

w 

+ '29 - '39 + -10 

Figure 

0 

+1*39 
- ' j 9  - -71 

268 

269 

270 

XX (Suri Muri) + '85 47 57 57'49 
XXI (Surd Gnndira) + '93 46 33 57'42 
XXII (BBbin) + '53 85 28 5.09 

56334'91 
55077'29 
75609.54 

43566'98 
74472'09 
56334'91 

86506.63 
72294.64 
43566.98 

72643'14 
49662129 
55077'29 

72294.64 
52691'91 
72643.14 

91259.08 
57461'90 
86506'63 

63375.47 
62081'66 
91259.08 

62081.66 
98731'29 
86506.63 

61446.19 
53003'79 
63375'47 

56330'30 
76359'28 
61416'19 

67672'42 
59204'88 
56330'30 

Circuit 
----- 

n 

10.669 
10.431 
14'320 

8.251 
14.105 
10'669 

16.384 
13.692 
8'251 

13'758 
9.406 

10.431 

13'692 
9'980 

13.758 

17.284 
' 0 . ~ ~ 3  
16.384 

12.003 
11'758 
17'284 

11.758 
18'699 
16'384 

11'638 
10.039 
12.003 

10.669 
14.462 
11.638 

12'817 
11.213 
10.669 

Distance 

Feet 

87135'79 
110168-00 
93960.97 

'73 

XXI (Sura Gand4ra) 
XXII (Bhbin) 

Miles 

16.503 
20'865 
17'796 

+2 '31  

-1'40 
- '91 
- '41 

-2'72 

+2'16 
+ '84 
+2 '63  

+ j - 6 3  

XXV (Lakhpat) 

XXII (Bhbia) 
XXV (Lakhpat) 
XXIV (Pinjor Pir) 

180 0 0.00 

35 36 37-96 
45 32 45'14 
48 50 36-90 

180 o 0.00 

93 15 54.78 
56 32 55-70 
30 11 9 '52 

180 o 0.00 

87 39 56-16 
43 5 5.25 
49 14 58.59 

180 o 0.00 

68 19 44'85 
42 38 8 -55  
69 2 6-60 

180 o 0.00 

75 41 28.68 
37 35 54'40 
66 42 36-92 

180 o 0.00 

43 53 25-49 
42 46 31-90  
93 2 0  2.61 

180 o o - o o  

38 27 10.03 
81 29 20'16 
60 3 29-81 

180 o 0.00 

62 59 53-72 
50 13 33.87 
66 46 32.41 

180 o 0.00 

46 43 13-40 
80 42 21-57 
52 34 25-03 

180 o 0.00 

71 39 36-13 
56 8 36'92 
52 11 46.95 

180 o 0'00 

XX (9uri Muri) 
XXII (Bhbin) 
XXIII (JamanwAla) 

XXIII (Jamanwas) 
XXII (Bhbia) 
XXIV (Pinjor Pir) 

XXV (Lakhpat) 
XXIV (Pinjor Pir) 
XXVII (Said Ali) 

XXIV (Pinjor Pir) 
XY VII (Sa~d Ali) 
XSVI (Sugandin) 

XXV (Lakhpat) 
XXIV (Pinjor Pir) 
XYVI (Sugaudia) 

XXVII (Said All) 
XXVI (Sugandia) 
XXVIII (Guni) 

XXVI (Sugandia) 

-58 

-25 
2 5  
'24 

'74 

+ z - 3 8  - ' 2 2  

+ I I I  1- -271 
+2'14 + '49 

-1.2; - '27 

' 2 2  + '63 +1.69 +2'32 

. '65 +1'60 

- -97 + -72 

-1.12 

+ -36 - '40 
+ -92 

+ -88 

XXVIII (Uuni) '27 - '95 
XXX (Patha-ki-beri) 

XXVIII (Guni) 
XXX (Patha-ki-beri) 
XXXI (Mod) 

-1.49 + -45 
a28 + -27 +1'o4 

-84 

1.14 

'93 -- 

'81 

'25 - '01 
-25 + -66 + '26 

'75 

-1.31 
- -25 
+ I ' ~ I  

- -25 

+ '67 
- '43 
+ I  '43 

+ I  .67 

- -05 - -50 
+ -46 

- .o9 

+ .08 + '70 
'42 - -48 
-42 - + - 2 1  - -75 

1-26  

'24 
'23 
-- 2 4  

-71 

- -87 

+ '10 - ' 2 2  

+ I - 5 4  + '04 + 3 2 + . 1 8 1  

- -53 

- -12  

+ I - 5 8  
+ -50 

+1.96 



PRINCIPAL !l?RIA.NQULATION. TI11 ANQLES. ' 5 7 .  

Corrected P h e  
Angle 

o r  4 

56 43 I Z ' I O  

71 5 35-73 
51 11 12'17 

180 o 0.00 

57 2 0  15 '24 
69 45 52-92 
52 53 51-84 

180 o 0.00 

63 18 4-19 
52 42 19-34 
63 59 36-47 

180 o 0.00 

58 17 24-01 
49 16 36.15 
72 25 59-84 

180 o 0.00 

53 50 45-17 
57 46 51-35 
68 22  23.48 

180 o 0.00 

57 3 12-27 
68 I 26.28 
54 55 21.45 

180 o 0.00 

76 55 2'62 
46 42 37.47 
56 24 19.91 

180 o o.00 

67 28 24-08 
60  38 23'76 
51 53 12.16 

180 o 0'00 

48 28 10.14 
61 g 58.12 
70 2 1  51 '74 

180 o 0.00 

70 43 44.29 
63 1.4 52-62 
46 I 23-09 

180 o 0'00 

44 34 2-07 
82 28 48.20 
jz  57 9 - 7 3  

180 o 0.00 

69 37 18.67 
62 23 24.25 
47 59 17.08 

180 o o ' oo  

~runber ~ a m o  ststion 

XXVII (Said Ali) 
XXVIII (Guni) 
m x  (-1 

XXIX (Hakra) 
XXVIII (Guni) 
XXXI (Mod) 

b 

'3 2 
'E g 
."a4 
m 

9 

- 2 2  

'a3 
' 2 2  

'67 

No. of 

Circait Log. feet 

4'7488786,o 
4.8025855~7 
4'7243069,3 

4.77~3575~0 
4.8194477~0 
4'7488786,o 

4.8278121~7 
4'777432492 
4'8304117,o 

4'7783386,9 
4'7281466,5 
4-8~78121,7 

4'7I7I47I13 
4.7374191,~ 
4'7783386,g 

4.7280~79~1 
4.7714330~8 
4.7171471~3 

4'7961629-5 
4.6696541,8 
4'7280479,1 

4*8658347,4 
4'8405982,9 
4'7961629,j 

4'6777026,7 
4.745~662~4 
4'777432492 

4.7955569,~ 
4'7714330,7 
4.6777026~7 

4 .7396585~ 
4'8897273,r 
4 .7955~69~2.  

4.8405982,9 
4.8161606,3 
4.739658~~0 

Riengle 

Non- 
cucuit - 

271 

272 

161 

162 

163 

164 

165 

166 

Corrections to Obeerved Angle Diatance 

Feet 

56089'12 
63471.50 
53003'79 

59204.88 
65985.38 
56089.12 

67268.56 
59900'77 
67672'42 

6 0 0 ~ 5 ~ ~ 0  
53474.49 
67268'56 

52137.13 
54628.48 
6 ~ 0 2 5 ~ 9 0  

53462'33 
59079.00 
52137'13 

62540.73 
46736'29 
53462'33 

73423'45 
69278'47 
62540.73 

47610'49 
55714.25 
59900'77 

62453'52 
59079'00 
47610.49 

54910.89 
77575'98 
62453'52 

69278.47 
65487'84 
54910'89 

273 

274 

276 

276 

- '38 
+ -04 

'24 1 - .80 + '34 

'74 

XXX (Pathaki.beri) '21 + .zq 

b 

Milm 

10'623 
I ~ ' O ~ I  
10'039 

11'213 
12'497 
10'623 

12'740 
11'345 
12.817 

11'369 
10'128 
12'740 

9 '874 
10.346 
11'369 

10.125 
11.189 
gS874 

11.845 
8-852 

10'125 

13.906 
13'121 
11.845 

9.317 
10.552 
I1'345 

11.828 
11.189 
9'017 

I 9 ' 4 m  
14.693 
11.828 

13.121 
12.403 
IO'4oo 

f i p m  

I 

+ '34 - -30 
- -71 

+ '26 + '03 
- '46 

- '17 

SXXI (Mod) 
XXXII (Jim) 

XXXI (Mod) 
XXXII (Jim) 
XXXIV (Dhui) 

XXXIV (Dhui) 
XXXII (Jim) 
XXXVII (Mugalbhin) 

XXXII (Jim) 
XXXVII (Mugalbhin) 
XXXV (Koti) 

0 

XXXVII (Mugalbhin) 
XXXV (Koti) 
XXXIX (Qada) 

XXXV (Koti) 
XXXIX ( M a )  
XXXVIII (Bbanshhh) 

XXS (Pathski-beri) 
XXXII (Jim) 
XXXIII (Nurlishtih) 

XXXII (Jim) 
XXXIII (NurlbhB) 
XXXV (Koti) 

XSXIIT (Nurlishhh) 
XXXV (Koti) 
XXXVI ( N i n h a n i )  

XXXVI (Nindhmani) 
XXXV (Koti) 
XXXVIII (Abanshhh) 

- 

- -67 

Circuit 
----- 

4 

oircuit Nan- 

4 

- -40 
+ '05 
+ '35 

Total 

H 

- -06 - .25 
- '36 

'28 - -37 - '43 + '48 

-86 + '29 

'72 

- '33 
- ' 0 2  - -16 

- '51 

' 1 2  + '11 

- '17 

'63 - -18 

+ .68 
+ 060 
+ '92 

+z .zo  

+ x a o q  
- '05 
+ -52 

+1'51 

- -72 - -11 

+ .23 

- .60 

- '56 
+ -95 
+1'29 

+1'68 

+ ~ 9 3  
+ '07 
+ -58 

+1'58 

+ -84 
- ' I S  

+1 .29  

+rag8  

- a18 
- -79 
+ -37 

- -60 

-61 

'20 

.19 
-19  

'58 

+1'16 - ' 2 2  I I - '07 + '02 

+ '32 + - 2 0  

'95 

-19 
2 0  
'20 

'59 

- ' 12  - -44 
+ 9 6 (  1 - .OI 

+ '84 + '45 

- ' 2 2  

- -14 
. Z I  + ' 2 2  -- + -36 

'63 

- - 1 2  

'27 + '09 - -24 
'27 + '93 + .36 

-80 

.oz 
- -31 

-26 + -04 + '33 

.80 



76-L. 
CUTCH COAST SERIE8. 

NOTE.-Stationa CIV (Kbthol) and CVII (S6hiji) appertain to the Ihrbhi  Longitudinal Berim of the Northsweat Qudhterrl. 

W. H. COLE, 

In charge of Computing Ofice. 

. 

Log. feet 

4'8122332,5 
4'7852872,3 
4'8658347.4 

4.6760501,~ 
4'8384207,3 
4.8122332,5 

4'9014469.4 
4.7668176.2 
4.6760501,a 

4'7078526,s 
4'7693743,s 
4'7852872,3 

4'7668176,l 
4.70863739 
4'7078526,5 

4'8412907,7 
4.6584760,9 
4'9014469.4 

4'9323511,7 
4-9601619.5 
4.8412907.7 

4'9930495~9 
5.0361997~2 
4'9323511.7 

4m8~06580,6 
4.8014627,6 
4'6584760.9 

5.0361997,~ 
5'0524894,7 
4'8106580,6 

r( 

.j : , 
-* m 

n 

'30 
'29 
'30 

'89 

Number and Name of Stetion 

XXXIX (Gda) 
XXXVIII (Abanshtih) 
XL (Uundn) 

XXXVIII (Abaneh8h) 
XL (Randn) 
YLII (Bibi Mariam) 

XL (Elrmda) 
XLII (Bibi Mariam) 
XLIII (Vikia) 

XXXIX (Gab) 
XL (Randn) 
XLI (Khar) 

XLI (War) 
XL (hnda) 
XLIII (Vikia) 

XLII (Bibi Maria) 
XLIII (Vikia) 
XLIV (Do&) 

XLIII (Vikia) 
XLIV (Domhi) 
CIV ( ~ o t h o ~ )  

XLIV (Domhi) 
CIV (Kiirothol) 
CVII (SBhiji) 

XLII (Bibi Maria) 
XLIV (Dodni) 
XLV(Sukpur) - 

XLV (Snkpur) 
XLTV (Domhm) 
CVII (Shhiji) 

No. of 

CirDnit 

167 

168 

169 

170 

ln 

172 

Distancd 

Feet 

64898.29 
60994.02 
73423'45 

47429'67 
68931'97 
64898.29 

79697'91 
58454.46 
0429.67 

51033.18 
58799'60 
60994.02 

58454'45 
5x125'47 
51033.18 

69389.03 
45548.71 
79697'91 

85575.84 
91235.10 
69389'03 

9 8 4 ~ ~ 3 4  
108692.5~ 
85575.84 

64663.33 
63308.60 
45548.71 

108692'54 
112846.85 
64663'33 

Triangle 

g",il -- 

277 

278 

279 

280 

Yila 

12.291 
11.552 
13.906 

8'983 
13'055 
12.291 

15'094 
11-071 
8.983 

9'665 
11'136 
11'552 

11'071 
9.683 
9.665 

13'143 
8.627 
15'094 

16.208 
17.279 
13.142 

18'639 
20'586 
16.208 

12*247 
11.ggo 
8.627 

20.586 
21'373 
12.247 

Corrected P h e  
Angle 

o I II 

56 50 15.39 
51 53 2-27 
71 !6 41-34 

180 o 0.00 

Cormctio~ to Observed Angle 

41 22 33-30 
73 52 31-55 
64 44 55-15 

180 o .o.m 

97 5 56.0 
46 42 16-58 
36 11 47-33 

180 o 0.00 

50 23 17-77 
62 34 33.46 
67 a 8'77 

180 o 0.00 

69 48 23-40 
55 10 15.39 
55 I 2 1 - 2 1  

180 0 0'00 

60 10 7.44 
34 42 41-55 
85 7 I I ~ O I  

180 0 0.00 

62 39 27-87 
71 15 58-91 
46 4 33-22 

180 o 0.00 

59 27 43-43 
72 2 18.55 
48 29 58.02 

180 o 0'00 

70 45 3.40 
67 33 55-22 
41 41 1-38 

180 o o-oo 

69 32 19-91 
76 35 9-35 
33 52 30.74 

180 o 0.00 

Figure 

,I 

+ .18 
- '20 
- -18 

+ -20 

'24 - '47 + '04 
'70 

-22 '" 

-21 

"55 

- -20 

Total 

n 

- '13 
- so4 
- -03 

Circuit 
------ 

w 

- '31 
+ -16 
+ '15 

+ .go - '10 9 3  - " 1  
+ .69 + -35 

,,pit 
n 

- -23 
+ -68 
+ -80 
1 . 0 4  -- 

+2-52 

-1.08 + '18 
+ .78 
- -12 
- - 1 1  
+ '21 
+ z - o ~  

+2'15 

- -42 
- '89 
- .63 
-1'94 

- '37 
+ X I  + .60 
+ -34 
- -16 
+ so9 + '67 
+ -60 

-00 + '11 

+ -34 
+ -45 

+ '67 
+ -69 
+la26 

- -78 
+ -19 

'22 + -19 + '59 
'65 

'20 + '41 - -52 - '08 
'19 +1'45 + -60 
as8 L 

-25 - 

'75 

'45 
'44 

1'33 

'63 
'64 
-63 

1'90 

-22 
2 1  
-21 

'64 

5 4  
'54 
'54 

I -62 

+ + 0 ~ 1 -  .03 + '08 4 0  

+ '28 + '32 

+ '13 + - 2  11 + - 1 8  + -49 

+ -28 - -28 
+ 0 8 (  1 + -03 + '09 + -25 

+ 1: -34 + '68 -01 

+ '34 + '35 



CUTCH COAST SERIES. 

PRINCIPAL TRIANGULATION. LATITUDES, LONGITUDES AND MIMUTHS. 

Nan--6tstiona VII (Mngts), XI (Ohitmr) and XIV (W6ndia) spperCain to the Qttywar Meridionsl Seriea. 

Cimuit 
No. 

62 

tt 

tt 

63 
St 

9) 

9y 

65 

$9 

9s 

. 
Station B 

h b e r  and Name 
of Station 

XIV (WQndia) 
1 (Bhadb)  
I1  (Nara) 
I (Bhddo)  

11 (man) 
yp ,, 
111 (Kakarwa) 
IV (Rhhida) 
VI (Sbkpur) 

VII (Karbho) 
VII ( a n @ )  
111 (Kakmi) 
VII (Mngta) 
IV ( W b )  

V ('&an) 

VI (Sakpur) 
IX (Joran) 
VII (mngb) 

VII (I(a&ho) 
VIII (Charakra) 
IX ( J o m )  
VIII (Charakra) 
IX(Jown) 

- 

Latitude N&h 

O f  * 
23 44 5'53 
23 23 30.84 

¶y 

" . 
23 14 44-22 

st 

23 17 58'16 
tt 

81 

St 

tt 

23 26 27-95 
tl 

23 29 45'44 
IY 

tt 

23 28 4-60 

tt 

tt 

23 36 54-54 

23 16 49'77 
yt  

SY 

23 4 31.81 
23 g 3'84 

Azimuth at A 

0 1  1 

23 53 6-40 
73 33 34'47 

111 55 31-19 
102 20 41.08 

163 33 29'94 
233 9 57'49 
194 3 28.39 
133 30 1.30 
83 35 46.89 

35 54 32.41 
170 33 39'41 
111 25 45'63 
am 49 12-66 
83 o 31.70 

134 45 40.79 
215 50 13'49 
357 4 33.51 
55 43 10'47 
240 23 40'22 

358 11 50'30 
51 4 59.30 
115 35 40.98 
1x4 25 19.27 
178 I 48.10 

Iltation A 

Number and Name 
of Station 

VII (QQngta) 
XI (Chitror) 
ty It 

~t tt 

2C.w (Whndia) 

tt tt 

I (BhachBo) 
n tt 

n n 

St l) 

n 91 

11 (Nara) 
yt yy 

III (Kakarwa) 
tt tt 

tt tt 

IV (Rbhida) 
It I) 

n ~t 

V (Ran) 

VI (Sakpuf) 
St IS 

* I  )t 

VII (Kadrho) 
VIII (Charakra) 

LOngitade 
of Qreenwich 

O f  * 
70 32 22'49 
'70 43 30'95 

tt 

tt 

70 39 18-59 

tt 

70 23 15.11 
tt 

tt 

I) 

tt 

70 35 33'49 
99 

70 26 27-16 

n 

St 

70 11 41.86 
Yt 

tt 

70 18 37'35 

70 12 19-17 

St 

tt 

70 12 44-18 
70 I 55.52 

aide A B 

Log. Feet 

, 

4.7643143~2 
5'0724814~3 
4'6805569~2 
4'9634788,3 

4.869548793 
4'9340012,s 
4.8668051~2 
4'9492645,4 
4.7891241~2 

59~018529y7 
5.0342438~8 
4'7374067,s 
4.9679~66~7 
4.9192606~2 

4.7890813~9 
4.8194935~0 
4'833743199 
4'840615519 
4.945336~~4 

4'8722261~8 
4.8738908~8 
4.8282082~3 
4.8227503~6 
4.8814766~5 

Azimuth st B 

0 4  * 

203 51 26-50 
253 25 32-66 
291 52 21-44 
282 14 20'41 

343 32 c75 
53 14 50'38 
14 4 44-64 
313 25 26.15 
263 31 27'53 

215 50 aqoa 

350 33 22'99 
291 22 8-05 
20 51 35.02 
262 54 38.95 

314 41 33.04 
35 52 59-44 
'77 4 48-31 
235 39 6-31 
60 29 11.57 

178 12 0.19 
231 o 53-46 
295 31 22'97 
294 21 4'59 
358 I 37-01 



'a-L 
CDTCEI COAST SERIES. 

Station B 

Rumbet and Nsms 
of Station 

X (Katror) 
X I  (B0lhri) 
X (Katror) 
X I  (Bolhri) 
,, JI 

X I 1  (Shethra) 
XI11 (Wira) 
X I 1  (Shmethra) 
XI11 (Wha) 

,Y 13 

X I V  (Roha) 
XV (Dinoda) 
X I V  (&ha) 
XV (Dinoda) 
,, YI 

X V I  (Hhthria) 
X V I I  (Naliya) 
X V I  (Hhthria) 
XVIII (Manjal) 
X V I I  (Naliya) 

XVIII (Manjal) 
X I X  (Baind) 
xx (sun MUG) 
X X I  (Sura Q a n d W  
X I X  (Saind) 

X X I  (Sura G a n d h )  
XX (Suri Md) 
XXI (Sua Gandjra) 

23 

X X I I  (Bhbia) 

XXIII (Jamsnwtb) 
X X I I  (Bhbia) 
XXV (Lakhpat) 
X X I I I  (Jamanwhla) 
X X I V  (Pinjor Pip) 

XXV (Lakhpat) 
X X I V  (Pinjor Pip) 
XXV (Lnkh~at) 
X X V I  (Yugandia) 
X X V I I  (Said Mi) 

Cimnit 
No. 

66 

Y Y  

67 

y y  

68 

¶I 

69 

y Y  

70 

71 

YY 

AJmuth at A 

0 1  * 
99 30 0.41 

I42 11 25.80 

42 49 45-72 
91 32 9.84 

182 33 49.23 

86 30 55'03 
125 58 2-12 

53 57 34-14 
84 38 19'43 

I93 32 48'18 

99 41 56-53 
151 ag 52'04 
61 54 5.12 

1x9 2 36.63 

193 59 50.70 

140 17 35-10 

93 29 40.18 
90 5 26.53 

133 19 35-28 
42 23 35-99 

206 33 46.47 
80 6 40.19 

109 54 38-54 
154 56 37'70 
165 36 58.13 

102 43 48-36 
172 46 41.m 
210 14 16.21 
235 10 7-20 

187 12 9-47 

99 32 13.09 
101 48 32-30 

137 25 10'45 
50 17 44.71 
92 55 53.54 

186 11 48-57 
161 53 58.67 

242 39 31.37 
161 10 10.79 

205 3 36-59 

[Jtation A 

Number and Name 
of Station 

VIII (Charakra) 
Y Y  YI 

I X  (Joran) 
IY IY 

X (Katror) 

19 YI 

y y  IS 

X I  (Bolbi) 
)I *I 

XI1 (Shmethra) 

y y  ny 

JY I1 

XI11 (W4ra) 
y y  ¶I 

X I V  (&ha) 

YJ JY 

I* Y l  

XV (Dinoda) 
*I y y  

X V I  (Hsthria) 

IS )I 

I¶ I¶ 

Y l  Y l  

Y l  Y Y  

X V I I  (Naliya) 

X V I I I  (Manjal) 
X I X  (Saind) 

I9 YP 

XX (Suri Muri) 
#I *I 

Y Y  Y Y  

X X I  (Sura Gandsra) 
J Y  n 

XXII (BBia) 
Y l  I¶ 

y 9  St 

XXIII (Jamanwhla) 
X X I V  (Pinjor Pir) 

$8 Y) 

Y* Y? 

Bide A B 

Log. Feet 

4'807511g,o 
4'9923112~4 
4'9507691~1 
4.7606648,~ 
4 .8~66856~7 

4'9886532,8 
5.0026905~4 
5.0933362~8 
4'9284508,7 
4'8255001~3 

4'9113004,3 
5'0795617,o 
5'0369663,8 
4'9215270,I 
4.9761744~1 

5*o774g3aI5 
5'1828728~1 
4'9967840~2 
4 .9668~46~1 
5'0496166~8 

4-85x0658~3 
4 '97~9474~6 
5.0226438~4 
4'940196j13 
4.8374909~0 

4'8473096~6 
4'7194803~0 
5'0420554,~ 
4'8785765,6 
4'7409725~8 

4.6960267~7 
4.7507775~7 
4.8719935~3 
4.8611946~4 
4.8591061~5 

4.6391575~4 
4.7217439~3 
4'9370493,g 
4'7929633,1 
4~9602760~8 

Istifade North 

0 1  N 

23 g 3 -84  
IY 

23 21 37.61 

IY 

23 10 48'42 

Y Y  

¶I 

23 21 52-58 

St  

23 9 48-79 

y y  

y y  

23 2 0  33.33 
IS 

23 12 4*.23 

Y V  

)I 

23 27 14-30 
y y  

23 27 14-85 

I) 

IS 

y y  

1% 

23 13 33-91 

23 37 43-70 
23 24 34-08 

I* 

23 33 9.34 
YY 

Y* 

23 40 16-83 

Y Y  

23 42 10'75 
)I 

IS  

23 34 30'62 
23 42 46.84 

9% 

Y Y  

Azimuth st B 

0 1  * 
279 25 33-43 
322 7 10'54 
2 2 2  45 28'70 
271 28 4.63 

2 34 1'96 

266 24 4-95 
335 52 16.97 
233 50 29'79 
264 32 20'22 

I 3  33 54'58 

279 36 17.39 
331 25 48.46 
241 47 18.29 

298 57 25-38 
14 1 28.08 

320 12 10.31 

273 18 57.46 
269 58 22 '20 

313 14 45.78 
2 2 2  18 14'92 

26 36 2'79 
260 o 4'97 

289 47 33'94 
334 53 59.00 
345 35 45-51 

282 38 52-19 
352 46 12-78 
30 18 14.60 

55 14 34'64 
7 1 2  39'25 

279 28 42-61 

281 44 33'91 
317 2 1  31'89 
230 13 43.80 
272 50 41'13 

6 12 8.98 
341 52 48'01 

62 45 4'93 
341 8 43.63 

25 6 24'93 

Fe:d::zt 
0 1  1 

70 I 55'52 
Y Y  

70 I 27.43 
YI 

69 50 36'86 

YI 

IS 

69 51 9'07 
IS 

69 33 14.71 

St 

y y  

69 36 2.91 

¶I 

69 18 53-22 

Y Y  

¶I  

69 22  59-14 
y y  

69 5 13'01 

yY 

¶I 

IS 

9 )  

68 51 42-61 

69 10 54-32 
68 48 39.14 

Y Y  

68 47 28-31 

y Y  

IS 

68 58 36-00 

1y 

68 48 42.62 

)I 

I¶ 

68 38 41 -80  

68 35 45.63 
99 

)I 



PRIRCIPBL TI&IANGULATION. LATITUDES, LONGITUDES AND AZIMIX'HS. 
79,. 

Longitude East 
of 

o I I I  

68 49 33'27 
) I  

68 32 9'72 

8 1  

1, 

68 42 42-34 
I, 

68 35 30'00 

9 )  

Y Y  

68 44 12-97 
68 25 28-57 

1y 

Y Y  

68 33 38.66 

,, 
68 21  34'57 

,, 
99 

91 

68 16 4 -63  

9 y  

68 29 17-54 
68 11 37-15 

91 

Y )  

9 ,  

68 3 8 '  19 
68 19 34.67 
68 o j8.19 

9 1  

)I 

68 13 22.66 

yf 

68 4 31.32 

yp 

99 

68 12 47-60 

67 55 57.79 
99 

Btation B 

Number and Name 
of Station 

XXVI (Sugandia) 
XXVII (said ~ l i )  

,, Y Y  

XXVIII (Guni) 
XXX (Patba-ki-beri) 

XXVIII (Quni) 
XXIX (Hakra) 

y, a) 

XXX (Patha-ki-beri) 
XxYI  (Mod) 

,, 9 1  

,, 19 

XXXII (Jim) 
XXXIII (NurlisEh) 
XXXII (Jim) 

XXXIV (Dhui) 
XXXIII (Nurliahirh) 
XXXIV (Dhui) 
XXXV (Koti) 
Z X V I I  (Mugalbhin) 

XXXV (Koti) 
XXXVI (Nindlmani) 
XXXVII (Mugalbhin) 
XXXVI (Nindimani) 
XXXVII (Mugdbhin) 

XXXVIII (Abansha) 
XXXIX (Gab) 
XXXVIII (Abnnebih) 
XXXPX (Gads) 

,r 91 

XL (Bands) 
XLII  (Bibi Mariam) 
XL (Randa) 
XLI (ghar) 

,, ,1 

XLII  (Bibi Mariam) 
XLIII  (Vikia) 

y, s1 

,9 99 

XLIV (Donuhi) 

Letitnde North 

o r II 

23 49 19.89 
y y  

23 52 28.99 
9) 

91 

23 56 25-77 
,Y 

24 2 9'30 
19 

Y Y  

24 6 49-11 
24 3 29-68 

8 1  

99 

24 11 46.92 

y y  

24 12 42-94 
1s 

91 

YP 

24 6 41.18 

,, 
24 19 39'55 
24 16 9-22  

91 

99 

,, 
24 I 1 29-64 
24 21 7'66 
24 22  7 -43  

ry  

yt 

24 26 21.25 

,, 
24 32 20.08 

19 

Y Y  

24 36 2-91  

24 32 32-55 
1 9  

Azimuth aL A 

0 1  8 

IOI 12 15-38 

138 26 33-99 
247 48 40.76. 
197 35 6.66 
I 50 51 52-99 

130 52 51-10 

187 36 3.42 
239 44 19'37 

98 18 49.82 
169 58 26'20 

117 8 8-20 
2 2 2  6 7'58 
158 48 3-10 
I I O  19 52-77 

94 51 47.53 

I 53 9 11.78 
39 56 25-74 

225 30 I 4-27 
I I O  40 10'24 
167 43 2a-71 

156 39 17.86 

112  5 15'53 
99 24 9-94 
59 6 16.73 

235 40 43-31 

1 2 1  29 41'2j 
188 58 5.65 
169 25 28.91 

132 39 2.71 
249 32 5.65 

197 39 3.09 
156 16 29.56 
126 27 28.93 
176 50 46.91 

243 49 15.00 

91 33 3.11 
188 38  59.4a 

133 41 4.95 
224 47 13.02 

164 37 5.33 

Circuit 
No. 

7'2 

py  

73 
,, 

74 

99 

1 9  

78 

I9 

7'6 

71 

78 
y y  

79 

Y Y  

21 

Station A 

Number and Name 
of Ststion 

XXV (Lakhpat) 

y9 y9 

XXVI (Sugandia) 

n 9 1  

9 1  91 

XXVII (Haid dli) 

17 ,Y 
XXVIII (Buni) 

YI )Y 

1 9  99 

XXIX (Hakra) 
XXX (Patha-ki-beri) 

9y y, 

3 9  19 

XYXI (Mod) 

,, y, 

=I1 (Jim) 

,, sy  

99 99 

~9 9 s  

XXXIIl (Nurlishih) 

,, ys 

XXXIV (Dhui) 
XXXV (Koti) 

u 19 

~1 11 

y, )I 

XXXVI (Nindlmnni) 
XY XVII (Mugalbhin) 
XXXVIII (Abanshih) 

1 9  9 y  

9 y  O 

XXXIS (Qada) 

12 ,y 

XL (Randa) 

y 1  ~9 

39 91 

XLI (Khar) 
XLII  (Bibi Mariam) 

39 SY 

Side A B 

Log. Feet 

4.9944~47~7 
4 .7~93799~5 
4-8019212,~ 

4'7884949,7 
qm8828617,9 

4'7243069,3 
4'8025855,7 
4 .~488786~0 
4-7507421~2 
4'7723575,O 

4.8194477~0 
4'8304117,o 
4.7774324,~ 
4.745966~~4 
4*8278121,7 

4.7281466~5 
4'6777026~7 
4e7783386y9 
4'7714330~8 
4'7171471,3 

4,7955569,~ 
4 .8897~73~1 
4.7374191,~ 
4.7396585,o 
4.7280479~1 

4.8405982~9 
4:7961629,5 
4.8161606~3 

4.6696541,8 
4.86~8347~4 

4.8122332~5 
4.8384207,3 
4.7852872,3 
4'7693743,5 
4'7078526,5 

4'6760501,2 
4.7668176,~ 

4 .7086373~ 
4'9314469,4 
4.6584760~9 

Azimuth at B 

o r  n 

281 5 13-45 
318 23 47-63 

67 52 57-14 
17 36 27'98 

330 49 10'05 

310 49 55-33 
7 36 40-32 

59 47 52.71 
278 14 44.75 
349 57 40'71 

297 3 48-63 
42 9 27'91 

338 46 27-42 
ago 16 2.63 
274 46 50'66 

333 7 24.48 
319 54 10'69 
260 41 24'40 

290 36 4.96 
347 42 33.40 

336 37 28-26 

291 59 57.85 
279 2 0  9.71 
239 2 47.85 

55 43 59-89 

301 25 18-12 
8 58 49.16 

349 24 35.46 
312 36 29.06 

69 37 13'24 

17 40 31.52 
336 14 25.20 
306 23 48.68 

356 50 32'36 
63 52 41'35 

271 29 29.82 

8 39 39.14 
313 38 17.74 

44 51 26.68 
344 36 10'80 



CUTCH COAST SERIES. 

Norm.-Stationr CIV (Khthol) md CVII (Stihiji) appertain to the Karichi Longitudinal Seriea of the North-West Qdrilatad. 

June, 1890. 

Station B 

Number and Name 
of Station 

XLV (Sukpur) 
XLIV (Domini) 
CIV ( ~ ~ t h o l )  
S L V  (Sukpur) 
CIV (Khothol) 

CVII (Sihiji) 

,, 91 

,, gI 

W. H. COLE, 

In charge of Computing OJce. 

Station A Bide A B 

Circuit 
No. 

80 

1)  

Azimuth st A 

0 1  I  

93 52 1.71 
79 34 8.48 

142 13 36.79 
52 10 6-23 

188 13 0.18 

128 45 16.12 

162 33 55'41 
80  16 1 j.05 

Number and Name 
of Station 

XLII (Bibi Miriam) 
XLIII (Vikia) 

91 19 

XLIV (Domini) 

9 1  jy 

99 )I 

XLV (Sukpur) 
CIV (Kirothol) 
CVII (Sihiji) 

Log. Feet 

4'8014627,6 
4.8412907~7 
4.9601619~5 
4'8106580,6 

4'9323511~7 

5.0361997,~ 
5'05248947 
4.9930495~9 

Latitude North 

0 I I1 

24 32 32'55 
24 41 52-60 

I! 

24 39 47.63 
9 I 

IS  

24 33 14-42 
24 53 46.69 
24 51 0.90 

Azimuth at B 

0 I  I ,  

273 47 17.45 
259 28 59.54 
322 9 22.20 

232 6 15.86 
8 13 55-86 

308 38 50.72 
342 31 22.00 

260 8 52'07 

2,!$zf:Jgt 
0 I  I1 

67 55 57-79  
68 6 6.66 

,I 

67 53 46-80 
)I 

I 9  

67 44 33-58  
67 55 59.65 
67 38 26.47 



C U T C H  C O A S T  S E R I E S .  

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 iustrument, 
&c., in pail% of horizoutal liues, 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 sthtioo. 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 augles in the usual manner. 
This difference of height applied to tile give11 height above meail 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 and their mean in tile 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 
spirit levelling operatioes, wherever a junction between the two llas bee11 effected. The spirit levelled determinations are always 
accepted as final, and the trigonometrical heights of stations lying between those fixed by the levelling operations are adjusted 
by simple proportion to accord wit11 the latter. In the table the spirit levelled values are printed thus, 303'69, &c., to dis- 
tinguish them from the adjusted trigonometl.ical values. The column in which the mean trigonometrical heights are given is 
barred across where necessary, as after detloction'of Stn. I from Stn. XIV, see below, to iudicate that one set of adjustments 
ends and another begins. The trigonometrical heights always refer to the upper mark or to the upper surface of the circular pillar 
or structure on which the theodolite stood. Descriptions follow this table, exactly indicating the surfaces on which the levelling 
staff stood during the determinations of the spirit levelled heights. 

The height given in the last column is the approximate height of the structure above the ground at the base of the 
station. 

The heights of the initial stations above Mean Sea Level are taken froni the Kattywar Meridional Series and are aa follows :- 

VII  (Gf-pngta) zro. 7 feet; XI  (Chitror) 490.0 feet; XIV (WBndia) 116'37 feet. 

Astronomical Data 

Number and Name 
of Station 

XI (Chitror) 
I (Bhachh) 

XIV (Whdia) 
I (Bhachh) 

1ffi6-67 

Nov. 19,20 
Jan. 13,14 

Nov. 17, ~ e c .  21 

Jan. 13,14 
4 

Mean of 
Times 

of obser- 
vation 

h m 
2 48 
2 35 

2 49 
3 13 

a Height in feet Height in feet of 2nd ' 
.- 
C Station above Mean 
E Sea Level 

Observed 4 
a 

Final % 
n Result 2 

C( M 

R cu tion 

0 I I1  

D o  14 10.9 
D o  3 10.6 

D o  o 18.7 

D o  14 9'5 

8 
12 

8 
8 

2.6 

2-7 

2.6 
2'6 

6.2 

5.6 

5.7  
5 . 6  

If 

1168 

go8 

69 

27 

.o59 

'030 

feet 

5 

-188.8, 

+185'1 

301 ' 4 

- 

301'2 

301.5 

303'69 



S2-z. CUTCR COAST SERIES. 

NOTE.-Stntions VII (Qingta), XI  (Chitmr) and YIP (Wbndia) ~ppertain lo the Kaltywar Meridional Seriea. 
Thin value ia based on a deduced dutance. 

- 

Astronomical 

1856-51 

' 

Dec. 30 
,, 23,24,25 

Nov. 19,20 
Dec. 21,25 

Nov. 17, Doc.21 

Dec. 23,24,25 

Jan. 13,14 
L)ec.23,21,25 

18 80 
Jan.l6,17,18,%' 

,, 13914 
,, 16,17,18,2f 

Dec.23,24,25 
Jan. 17,18,27 

Dec. 30 
Jan. 12 

,, 16,17,18 

99 1,2 

,, 13,14 
,, 5,6,7 

16,17,18,8 

,, 5,6,7,28 

,, 19,21,22 

,, 5,6,7,28 

17 18 

,, 21,22 

9s 13,11 
,, 19,2122 

,, 13,14 
)I 24 

,, ,19,21,22 
24 IS 

Feb. 214 
Jan. 24 

,, 21,22 
Peb. 2,1 

Number and Name 
of Station 

VII (Ghgta) 
I1 (Narn) 

XI (Chitror) 
I1 (Pima) 

XIV (Wrlndia) 
I1 (Nam) 

I (Bhachlo) 
I1 (Nara) 

VII (GBngta) 
I11 (Kakarwa) 

I (Bhachb) 
I11 (ICakarwa) 

I1 (Nara) 
I11 (Kakarwa) 

VII (QHngta) 
V (Ran) 

I11 (Kakarwa) 
V (Ltan) 

I (Bhachbo) 
IV (lbihida) ' 

I11 (Kakarwa) 
IV (Hsihida) 

VI (Sakpur) 
IV (Ghida) 

111 (Kakarwa) 
V1 (Snkpur) 

I (Bhnchb) 
YI (Sakpur) 

I (BhacKo) 
VII (Karhrho) 

VI (Sakpur) 
YII (Karirrho) 

VIII (Charakra) 
VII (Karbho) 

VI (Snkpur) 
'7111 (Charakra) 

Data 

Mesn of 
Times 

of obser- 
ration 

A m  
2 22 

3 19 

2 38 
2 36 

2 42 
3 6 

2 2 5 
3 17 

2 57 
2 55 

2 34 
3 o 

2 58 
3 7 

2 36 
2 43 

3 3 
2 4g 

2 52 
3 16 

3 g 
3 4 

2 51 
3 5 

3 1 I 
3 8 

2 46 
2 40 

2 54 
4 5 

2 42 
3 6 

3 16 
2 56 

2 sg 
2 43 

Obserred 
Vertical Angle 

0 I I1 

'I 59'4 
D o  23 56.8 

E o 12 14.1 
D O  19 43.5 

E o 22 2-9 
U o 33 16.5 

E o 10 4.8 
D o  22 42-1 

E o 2 36.9 
D o  16 10.9 

15 o 2 5'3 
D o  13 2.0 

D O  19 45.9 
E o 1 1  24.5 

D o 14 19'3 
E o o 56'6 

D O  29 55.7 
E o zo 38.0 

D o  17 24.2 
E 0 3 24.2 

D O  24 17.9 
E o 1 1  38.5 

D c 21 49.3 
E o I I  9.3 

Do 1 1  24.9 
D o  4 48'8 

D o  I 41.9 

D o 7 41'3 

36'3 
E o I 20.7 

D O  20 32.6 
E o 8 38.3 

'4 5''' 
E o 14 16.1 

D o 2 45.0 
Do 8 23-3 

2 .- 
4 

E 
4 
U, 
u * 
P 
5 z 

14 

10 

8 

8 
12 

8 
1 2  

6 
20 

12 

18 

14 
20 

8 
16 

12 

10 

8 

14 

22 

20 

12 

20 

4 
8 

8 
1 2  

6 

14 
10 

6 

10 

10 

4 z 
P 

• 
Q 

I1 

1069 

474 

732 

849 

918 

727 

540 

871 

608 

879 

821 

674 

1099 

608 

992 

736 

657 

739 

Height 

';d 
.- WJ 

2'6 

2.6 

2.6 

3'2 

2.6 
2-6 

2'6 
2'6 

3.1 
2.6 

3'2 
2-6 

2-7 
2.6 

2.6 
2.6 

2.6 

3.0 

2'6 

3'2 

2.6 

3.1 

2.6 
2-6 

2.6 

3'1 

2.6 
2'6 

2'6 

2'6 

2.6 
2.6 

2'6 

2.6 

2'6 
2-6 

.; 
B 
I 

ca 
OD 

I 2 
i 6 . 1  
~2 

c~ 
4 

+502-6 

+223'3 

+595'9 

+409.6 

+253'4 

+161'3 

-248'0 

-195.7 

-452.1 

-269.0 

-433'5 

-327'0 

-107.3 

+ 53'6 

2 . 2  

-316.3 

-378.3 

+ 61'4 

in feet 

.U 

a 
H 

, 
5'6 
5.6 

6 - 2  

5.6 

5.7 
5.6 

5'6' 

5.6 

5.6 
6.2 

5-6 
6.2 

5.6 
6 - 2  

5'6 
5.6 

6-2 

5.6 

5.6 
5'6 

6-2 

5'6 

5.7 
5'6 

6.2 

5-7 

5.6 
5'7 

5'6 
5.7 

5.7 
5'7 

5'6 
5'7 

5.7 
5.6 

Refraction 

g 
p 
E 

62 

25 

38 

53 

59 

44 

32 

41 

35 

26 

38 

26 

69 

33 

45 

20 

2o 

44 

0 ,* 

a ' 
.E.C 

n o  u 

-058 

'053 

'05' 

'063 

'064 

'060 

'058 

'048 

.oj8 

.ozg 

.046 

'039 

.063 

'054 

. 

.026 

.031 

.059 

' 
8 
3 .a 

P4 

% 

3 
G 

feet 

5 

5 

4.8 

5 

13 

5 

Height in feet of 2nd 
Prn 

Fins1 
Rau't 

713 

465 

I4 

32 

35779 

41 

418'52 

I 

station *box e 
Sea Level 

%gonometrical 
2Ll~ult. 

B eaclt 
B k c -  

tion 

713.3 

713'3 

7'2'3 

713.3 

464'1 

465'0 

465.0 

15.0 

12.6 

34.7 

31'2 

30'2 

357'4 

357'3 

41.5 

40'9 

40.2 

418.6 

Mean 

713.0 

464'7 

13'8 

32'0 

357'3 

40'9 

418'6 - 



PRINCIPAL !CRIANQULATION. 'HEIGHTS ABOVE MEAN SEA LEVEL. 

f 
& 

i 
% 

3 .- 
6. 

f.et 

5 

5 

5 

5 

5 

4 

Height id feet of 2nd 
.d 
Y 

g 
{ 
.u, 

i 
R 

18 
10 

10 

4 

10 

10 

10 

12 

8 

6 
10 

8 
10 

8 
10 

10 

6 

I4 

4 
8 

8 
10 

14 
8 

10 

10 

10 

8 

I4 

16 

10 

16 

8 
14 

3 
24 m 

-a 0 m - z 
$ 2  rn; 

g cy 

+595'9 

+267'7 

+206.8 

+728'5 

+519.7 

+167*6 

+560'0 

4-353'3 

-167.6 

-181.5 

- 13.9 

-163.9 

+150'9 

- 16.1 

+163-9 

- 89.5 

-252.1 

-396.9 I 

Astronomical 

lffi7 

Jan. 5,6,7,28 
,, 30,31 

,, 21,22 
9 ,  31 

Feb. 2,4 
Jan. 30,31 

Feb. 2,4 
2) 6,7 

Jan. 30,31 
Feb. 6,7 

19 10 
91 6,7 

99 2,4 
9,lO 1, 

Jan. 30,31 
Feb. 9,10 

9, 6,7 
P, 10 

1855 
Dec. 3,4 
Nov.28,29,30 

Dec. 8 
Nov. 29,30 

Dec. 13,13 
Nov. 29,30 

Dec. 6,7,8 

,, 12,13 

2, 3,4 
,, 12,13 

Nov. 20,30 
Dee. 12,13 

N0~.28,29,30 
Dec.16,17,18 

,, 12,13 
,, 15,17,18 

,, 26,25 
,, 15,17,18 

Mesn 

Final 
h d t  

626 

1145 

978 

964 

1128 

875 

Station above 
Bee Level 

Number and Name 
of Station 

I V  (RBhida) 
IX (Joran) 

VI (Srrkpur) 
IX (Joran) 

VIII (Charakra) 
I X  (Joran) 

VIII (Charakra) 
X (Katror) 

I X  (Jornn) 
X (Katror) 

X I  (BolBri) 
X (Katror) 

M I 1  (Charakra) 
XI (Bolirri) 

I X  (Joran) 
XI(Bo1Qri) 

X (Katror) 
X I  (Bolirri) 

X (Katror) 
XI1 (Sirmethra) 

X I  (Bolhri) 
XI1 (Simethra) 

XI11 (Whra) 
XI1 (Shmethra) 

X I  (BolBri) 
XI11 (Wka) 

X (Katror) 
XI11 (WBra) 

XI1 (Shmethra) 
XI11 (IVira) 

XI1 (SSmethra) 
XIV (Roha) 

XI11 (WBra) 
XIV (Roha) 

XV (Dinodn) 
XIV (Iloha) 

Date 

Mean of 
Timos 

of obaer- 
vation 

h m 
2 45 
2 44 

2 31 
2 21 

2 59 
2 38 

3 2 

2 49 

2 56 
3 I 

3 4 
3 I 

2 54 
3 15 

2 52 
3 16 

3 I 

3 4 

2 55 
2 46 

2 52 

2 44 

3 4 
2 26 

2 qg 
2 44 

2 58 
2 56 

2 26 

3 4 

2 51 
2 30 

2 50 
2 53 

3 6 
2 50 

TrigonomBriod 
Itesdta 

~y-11  
deduc- 
tion 

627'9 

624'9 

625.3 

1147'0 

1145.1 

1146.2 

978.5 

978'7 

978.5 

964.6 

964.7 

965.9 

1129'5 

1128'6 

875.6 

877.3 

876'7 

Oborved , 

Vertical Angle 

0 1  * 
E o 24 20'6 
D o 34 47-5 

E o 8 33'4 
D o  18 46-4 

E o 3 38.1 
D o  15 2.7 

E o 34 9.5 
D 0 43 51'5 

E 0  
D o  26 34.0 

E o 3 36'1 
D o  13 34-4 

E o 12 20-8 
D o  26 50.6 

E o 16 42-6 
D o  25 26-3 

D o 13 34-4 
E o 3 36.1 

D o  13 3"s 
D o o 44.4 

D o  g 20.4 
D o  8 34.1 

D o  13 25-1 
E o 3 25.6 

D o  o 4'6 
D o  12 18.4 

D o  7 47.7 
D o  6 41.8 

E o 3 25.6 
D o  13 25'1 

D o  9 43'5 
Do 2 15'0 

D o  15 51.8 
E o o 3.3 

D O  21 17'0 
E o 7 28'0 

3 

n 

685 

665 

752 

634 

882 

663 

971 

570 

663 

963 

1225 

661 

838 

994 

661 

806 

1076 

935 

Height 

';d 
L s 

2.6 
2.6 

2.6 
2-6 

2.6 
2.6 

2.6 
2'6 

2'6 

2-6 

2-6 
2.6 

2-6 
2.6 

2'6 
2.6 

2.6 
2.6 

2'8 

2-6 

2.7 
2'6 

2.5 

2.5 

2.6 
2'6 

2'6 
2.6 

2-5 
2.5 

4'4 
2.6 

"' 
2'6 

4-6 
2'6 

I 
a 

38 

36 

42 

36 

55 

42 

57 

34 

42 

59 

80 

40 

55 

69 

40 

49 

69 

58 

~ e a n  

626.0 

1146.1 

978'6 

965.1 

II30'0112g'4 

876.5 

in feet 

" 
a 

u 

5.6 
5'6 

5'7 
5-6 

5.6 
5.6 

5.6 
5.6 

5'6 
5.6 

5.6 
5.6 

5.6 
5.6 

5'6 
5.6 

5'6 
5'6 

5'6 
5.6 

5'6 
5.6 

5.6 
5.6 

5.6 
5-6 

5.6 
5.6 

5.6 
5.6 

s ' ~  
5.6 

5'6 
5.6 

5.7 
5'6 

Refraction 

g . 5  
8 2  
ng 

'055 

-053 

-056 

'057 

a062 

'063 

'059 

'059 

'063 

so61 

'065 

'061 

'066 

-069 

-061 

.061 

-065' 

'062 



CFPCH COAST SERIES. 

Height in feet 
." 
.a 

E 
2 

Po 
4 
z 

B 3 : a  2 g 
$ ;;; 
!2 5 

n 
R 

I1 

14 2'6 5-6 1187 
14 2-6 5.7 

8 6.1 5.6 
14 2.6 5 - 7  825 

14 2.6 5.6 
8 4.6 5'7 935 

12 2.6 5.6 
1181 

10 4'8 5'7 

10 2.6 5 - 7  
12 2.6 5.6 981 

12 2'8 5-6 
I 506 

10 2.6 5.6 

8 2.6 5.6 
I108 

10 2.6 5.6 

10 2'6 5.7 
10 2.6 5.6 915 

14 2'6 5'6 
8 2.6 5'6 701 

16 2'7 5'6 
12 2'6 5.6 928 

16 2.6 5.6 
24 2.6 5'6 

6 80 

16 2.6 5-6 
1041 

10 2.6 5-6 

18 2.6 5.6 
8 2.6 5.6 518 

8 2'6 5.6 
12 2.6 5.6 747 

14 2.6 5.6 
16 2.6 5.6 

86 I 

10 2.6 5.6 
1 2  1.6 5.6 695 

12 2'6 5'6 
1089 

10 2.7 5'6 

12 2.6 5.6 
8 2.6 5-6 747 

Mean of 
Times 

of obser- 
vation 

h m 
Nov.28,29,30 a 34 
Dec. 26,27,28 2 58 

Ipmber and Name 
of Btation 

Obaerved 
Vertical Angle 

XI1 (SBmethra) 
XV (Dinoda) 

12,18 2 52 XI11 (WBra) I 1: 26,:7,?8 a 40 1 X l  (Dinoda) 

15J17,18 

9 )  2(i,28 

,, 15,17,l8 
24,25 ' '' 1857 

Feb. 13,11 
,, 25,26,28 

1855 
Dee. 15,17,18 

,, 21,22 
1857 

Feb. 26,28 
Mar. 2,8 

XIV (Roha) 
XV (Dinoda) 

XIV (%ha) 
XVI (Hhthria) 

XV (Dinoda) 
XVI (Htithria) 

XIV (Rohn) 
XVII (Naliya) 

XVI (Hhthria) 
XVII (Naliya) 

I Feb. 13,141 a 54 XV (Dinoda) 

,, 16,17 2 46 XVIII (Manjal) 

25,26,28 3 4 XVI (HBthria) I :: 16.17 3 9 1 XVIII (Mmjd) 

25,28,28 3 5 XVI (Hhthria) I A. 6 , ,7  1 3 2 1 XIX (Saind) 

2,3 2 51 X P I I  (Naliya) I :: 4,567 1 2 47 1 X1X (Saind) 

Feb. 25,26,28 3 3 XVI (HQthria) I Mar. 9,10 1 3 1 4 1 xx (suri Puri) 

Feb. 19,20 3 I 3 S X I  (Sura Gindhra) 1 9.10 1 2 51 1 XX (suri Muri) 

Feb. 25,26,28 2 45 XVI (Riithria) I ,, 19,20,21 I 2 53 1 I X I  (Sura Bmdin)  



PRINCIPAL TI1IANQULATION. HEIQHTS ABOVE MEAN SEA LEVEL. 
85-Z. 

(1) Tho mom of observatione takcn on 2Pth March, 1857 and 30th March, 1858. 
(2) Ditto ditto 17th and 18th ldmh, 1667 and 4tha 5th and 6th April, 1868. Bejected. $ Not forthcoming. 

Astronomical 

'I7 

Mar. 9,10 
,, 19,20 

Feb.19,20,21 
Mar. 1420 

Feb.19,20,21 
&tar. 22,24 

,, 19,20 
,, 22,24 

,, 9,10 
,, 11,15 

,, 19,20 
,, 11,16 

,, l9,20 
,, 16,17,18 

,, 11,15 
,, 1 , 1 7 ,  

(1) 
(2) 

1858 
Mu. 22 
Apr. 8,4,5,6 

st  8 
11 8 

Mar. 29 

1)  25 

9 ,  24 
24 

,) 

8 )  25 
I; 25 

2, 22 
9 ,  22 

t ,  18 
8s 18 

1 )  10 
92 10 

Apr. 5 
5 9, 

Number and Nsme 
of Station 

XX (Suri Muri) 
XXII (Bibis) 

XXI (Sura O a n d h )  
XXII (Bibia) 

XXI (Surn Oandrira) 
XXV (Lakhpat) 

XXII (BBbia) 
XXV (Lakhpat) 

XX (Suri Muri) 
XXIII (Jamanwda) 

XXII (BBbia) 
XXIII (Jamanwhla) 

XXII (BBbia) 
XXIV (Pinjor Pir) 

XXIII (Jamanwhla) 
XXIV (Pinjor Pir) 

XXV (Lakhpat) 
XXIV (Pinjor Pir) 

XXVI (Sugandia) 
XXIV (Pinjor Pir) 

XXIV (Pinjor Pir) 
XXVII (Said Ali) 

SXV (Lakbpat) 
XXVII (Snid Ali) 

XXV (Lakhpat)' 
XXVI (Sugandia) 

XXVII (Said Ali) 
XXVI (Sugandia) 

XXVI (Sugandia) 
XXVILI (Guni) 

XXVII (Said Ali) 
XXVIII (Guni) 

XXVIII (Guni) 
=XI (Mod) 

XXVII (Said Ali) 
XXIX (Hakra) 

Date 

Mean of 
Tima 

of obser- 
vation 

h m 
a 50 
a 43 

3 6 
a 28 

3 4 
2 35 

2 39 
2 41 

2 58 
a 39 

3 5 
3 2 

a 47 
2 33 

2 43 
2 40 

2 54 
2 45 

a 45 
2 39 

5 26 
5 27 

a 44 
2 50 

5 36 
5 33 

18 47 
18 47 

18 47 
18 47 

5 37 
5 36 

5 43 
5 43 

18 25 
I 8 25 

a Height in feet Height Eltation in above feet of Mcan 2nd 1 
.- Refriction 
Y & 

rn Bea Level E h 0 
0 %  

Obssrved 4 

0 I 11 

D o  13 6.6 
'E o 4 4.6 

D o  40 49.9 
E 0 3 2  11.9 

D o  40 57.8 
E o a9 42-7 

D o  16 47-0 
E o .g 18-5 

L) o 18 26.1 
E o g 42.7 

D o  8 59-5 
D o  3 2.3 

D o  14 27.7 
E o 3 23-5 

D O  12 25.9 
E o 3 30.3 

D o  8 7 - 3  

D o  5 52.7 

D o  o 49.5 
D o  g 7.2 

D o  28m6  
D O  3 23.2 

D o  g 29.3 
E o I 14.5 

D o g 58'5 
D o  4 36.9 

D o 4 50.0 
D o  4 53.0 

D o  4 40.8 
110 4 12 .0  

D o  4 53" 
D o  5 3.3 

D o  3 22.0 

D o  3 57-5  

D o  4 46.0 
D o  4 16.8 

A 

8 
8 

12 

10 

1 2  

10 

8 
8 

8 
8 

8 
18 

8 
1 2  

10 

14 

8 
24 

6 
24 

I0 

10 

6 
6 

8 
8 

10 

10 

8 
' 8 

6 

1 2  

1 2  

6 
6 

2.6 
2.6 

2.6 
2.6 

2.6 
2'6 

2.6 
2 '6  

2.6 
2'6 

2.6 
2.6 

2.6 
2'6 

2.6 
2 - 6  

2 -6  
2.6 

2 -6  
a - 6  

2'6 

2 '4 

2.6 
2.6 

2'7 
3 '3 

2'6 
2.4 

2'4 
2.4 

"4 
2.6 

2.6 
2'6 

3.8 
2.5 

n 

5.6 
5'6 

5.6 
5.6 

5.6 
5.6 

5.6 
5'6 

5.6 
5 '7  

5 - 6  
5 '7  

5.6 
5.6 

5.7 
5.6 

5'6 
5.6 

5'6 
5.7 

5.7 
4'9 

5'6 
5.6 

4.8 
5.6 

5 -6  
4.8 

5'6 

4.9 

r S 8  
5.6 

4.9 
5.6 

4 '8  
4.9 

I I  . 

544 

557 

736 

431 

491 

718 

714 

521 

853 

615 

903 

568 

973 

625 

609 

524 

587 

629 

12 

39 

5 

- 

7 

4 

102 

47 

53 

47 

-26 

48 

.oag 

30'055 

'053 

'012  

4 '008 

.oog 

34'047 

-008 

14.016 

19.031 

.I13 

'084 

'055 

30.048 

'078 

.050 

83.141 

'077 

CU 

-137.7 

-598'5 

-765'6 

-165.3 

-203'4 

- 62.9 

-187.7 

-122.1 

- 28.2 

+ 74.9 

- 67.3 

- 89.7 

- 77'1 

+ 0 .8  

- 3 '9  

+ o.g 

+ 4'7 

- 5'2 

300.6 

300'7 

133'6 

135'4 

233'5 

235'9 

111.1 

112.6 

103.9 

li 
106.2 

41.2 

42'4 

55'0 

31.2 

27'4 

31.3 

34'9 

25'2 

feet 

'0 

5 

'2 

12  

2 4  

24 

1 

2 j  

300'7 

134.5 

234'7 

108.5 

41.7 

- 

31'2 

29.4 

- 
34'9 

299 

13273 

237 

114 

30'38 

31-27 

30'20 

35'34 





PRINCIPAL !CBIAXGGMTIOX. HEIGHTS ABOVE MEAN 8EA LEVEL. 87-z. 

* This height ilr to be combined with a negative aign on aawunt of changr in the height of the towm at XLV (Sukp~) .  

Number and Name 
of Station 

XSXV (Koti) 
XXXVIII (Abamhhh) 

XXXVI (Nindirmani) 
XXXVIII (,Qbsnshhh) 

XXXV (Koti) 
XXXIX (Qada) 

XXXVIII (Abanshhh) 
XXXIX (Gfld'~) 

XXXVII (Mugalbhin) 
XxXIX ( M a )  

XXXFIII (Abanshsh) 
XL (Randa) 

XXSIX (Gnda) 
XL (Randa) 

XSXIX (Qadn) 
XLI (Khw) 

XL (Randa) 
XLI (Khar) 

XSXVIII (AbanrMh) 
XLII (Bibi Uariam) 

XL (Randa) 
XLII (Bibi Mariam) 

XLTII (Vikia) 
XLII (Bibi Mariam) 

XL (ltanda) 
XLIII (Vikia) 

XLZ (Khar) 
XLIII (Vikia) . 
XLII (BibiMariam) 
XLIV (Domcini) 

XLIII (Vikia) 
XLIV (Domhni) 

XLII (Bibi Mariam) 
XLV (Sukpur) 

XLIV (Domini) 
XLV (Sukpur) 

Astronomical Data a Height in feet 
0 ." 
+? 

E t: 
4 

X 3 
u 

R cu tion 

la8 

Mar. 2 
Feb. 12,13,14 

,, 15,16 

0 1  n 

D o  (3.5 
D o  8 48.3 

D o  3 52'2 
D o  g 18.4 

D o  4 46'8 
D o  5 3 - 0  

D o  *Om9 

D O  325 .3  

D o  4 S2'5 
D O  4 50.1 

D o  7 32.8 
D o  4 1 2 . 2  

Mean of 
Times 

ofobser- 
vation 

h m 
3 24 
a 45 

2 35 

16 

12 

12 

1 2  

I0 

10 

I 2  

18 

16 
2 0  

2 36 

5 47 
9, 5 qg 

2 '7  

2'6 
2 - 6  

2 ' 6  

2 '7 

2 ' 9  
2.6 

2.6 

2.6 
2.6 

P, 

81 23 

Feb. 19,20 

,, 9,10,11 

,, 12,18,14 
,, 5,6,8 

Apr. 22 

PI 22 

$8 23 
2s 23 

Feb. 6,8 

1, 4 

D o  3 5 0 . 8 /  1 2  

5 48 
5 44 

2 5 5 
z 35 

2 44 
2 57 

5 45 
5 45 

5 45 
5 45 

3 8 
3 17 

D o 5 10'5 

D o  4 2 0 . 1  

D O  i 3 6 . 6  

5 ' 7  
5 '7  

5'6 
5 ' 7  

5 .7  
4 '8 

4'8 
5.6 

5.7 
5'6 

5 '7  
5.6 

12  

12  

12  

2.7 
2.8 

5.6 
4.9 

D o  4 30'4 

D o  5 5 1 ' ~  
I) o 5 12.4 

D o  2 2.4 
D o  6 3 .1  

D o  3 I7.O 
D o  6 5 0 ' j  

n o  q 59'7 
D O  3 36-6 

D o  5 36-5 
D o  4 34.7 

E o 4 31.0 
D o  11 57.9 

E o I 36.7 
D O  12 j1.2 

D o  8 42.7 
D o  3 5.0 

D o  14 1.4 

E o 3 35.4 

,, 12,13,14 1 2 50 

I 

6B4 

649 

620 

724 

462 

643 

602 1 

Jan. 20,21 

Feb. 5,6,8 
Jan. 20,21 

A .  29 

8s 29 

8, 25 

n 23 

Feb. 8,4 

9 )  1,2 

Jan. 20,21 

1) '1,2 

583 

8 

'4 
8 

2 2  

10 

6 

10 

1 10 

1 2  

18 

8 
ro  

16 
10 

18 
18 

8 
26 

2 36 

2 51 
2 23 

8 36 
S '42 

6 3 
6 3 

2 2 1  

3 10 

2 2 2  

2 38 
I 

-55 

-61 

23 

36 

-47 

-22 

I 

83'3 

45'7 

192.7 

31.2 

52'5 

79.0 

83'5 

B 7 s 3  

44'4 

47'1 

'93'6 

191.7 

31.9 

30'5 

32 

.096 

.027 

-009. 

I m . I r 8  

'"7 

'033 

' 0 2 0  

'Oj4 

'025 

50'3 

I 57.5 

48.0 

- 3'3 

- 6.6 

+ 27'7 

+ 41.6 

4 0 ' 0 6 9 - ~ ~ ' 4  

- 3'2 

+109'4 

+146.o 

- 52'3 

-165.7 

3 9 - 0 6 5  I + 12.3 

9.7 

2.6 

2.6 
2-6 

I . 3  
1 . 1  

2 - 7  
2 '8  

2.6 
11.5 

2.6 

3 .0  

2.6 
2'6 

*3-6 
2.6 

2.7 
2.6 

3426,Feb.Z ( 3 16 
,, 1,2 1.2 29 
1867-58 1 

Jan. 20,211 2 49 

.081 

.egg 

.038 

'050 

'054 

I 

Dee. 80,81 

Jan. I,? 
~ ~ ~ . z z , z e , a o , a ~  

I 1 

+ 2 ' 8  

5.6 

5 '7 
5'6 

5'6 
j .6  

4.8 

5.6 
4 ' 9  

5.6 
5.6 

5.6 
5'6 

5.6 
5.6 

5'6 
5 '7  

5 -6  
5 - 7  

84 

3 3 

2 47 
2 40  

+ 41.1 

+ 51.8 

+ 

- 46.0 

51 

5 

.Io2, - 0 ' 2  

I 

25.1 

467 

787 

579 

505 

451 

684 

624 

638 

85.4 

84.1 

47.2 

38.7 

r 8  

4 

-59 

15 

14 

-34 

16 

I 

I 
' 0 ~ 4 1  - 31.5 

44'4 

4770 

19177 
+ 5 - o  

31 

i 
I 

84'7 

43.4 

2 0  

5 . 

10.1 

86 

45.24 

far 

10 

25 

! 



CUTCIZ COAST SERIES. 

No=.-Stations CIV (K&mt.hol) and CVlI (Sil~iji) appertain to the K&hi Longitudinal Sene8 of the North-Weat Quadrilateral. * Rejectad. 
t This height is taken from p g e  74- of V o l m e  111. 

b 

I 

When determining the Spirit-levelled heights, given on pages 81, to 87-L., the levelling staff stood 
on the surfaces hereafter described. 

XIV (Whndia) 

r 

5 
ca 

W 
0% 

1 2 
X g.3 
X.s 

I (Bhachtio) 
On the upper mark-stone. 

VI (Sakpur) 

e 
4 
a 
2 .;; 
El 

r 

VII I  (Charakra) I 

Height in feet of 2nd 
Station abox e Mean 

Sea Level 

Trigonometrical 
Resulta 

a 
.2 u 

; 
5 
% 

XVI (Hhthria) On a stone at  the foot of the knoll on which the station stands, heiglit = 663.12 
feet. To this ~ a l u e  133.19 feet (the height of the upper surface of tile circular 
pillar' above this stone) being added, >the height of the upper surface of the 
circular pillar was found to be 696.31 feet. 

F 

% 
g a. 
F - + 

ic 

Te~ostrial  
Refrsetion 

XX V (Lakhpat) On a peg at  the foot of the station, height = 94-19 feet. To this value 37-94 feet 
(the height of the upper mark-stone above this peg) being added, the height of 
the upper mark-stone was found to be 132.13 feet. 

"e 
2 
M .- 
; 

J>et 

3 

3 

S 

1073 

1x17 

902 

848 

972 

$ 
2 
Z 

8 
16 

24 
12  

26 
10 

8 
10 

4 

Height in feet 

4 

x 

.Jan. 1,2 
Dec.lf,18,19 

,, 22,29,30,31 

,, 18,19 

Jan.24,26,Feb.2 

Dec. 1 0 , l l  

Jan. 1,2 
Dec. 1 0 , l l  

1553 
Feb. 24 

,, 18 

Astronomical Date 

XXVI (Sugandia) On a peg at the foot of the stabion, height = 6.94 feet. To this value 25 33 feet 
(the height of the upper mark-brick above this peg) being added, the height of 
the upper mark mas found to be 31.27 feet. 

XLIV (Domhi) 
CVII (Sihiji) 

XLT (Sukpur) 
' CVII  (Slihiji) 

XLI I I  (Vikia) 
CIV (Kirothol) - 
S L I V  (Domlni) 
CIV (Khrothol) 

CVII  (Slihiji) 
CIV (l<kothol) 

Xumber and Name 
of Ststion Z 

u 
W *  O *  

2 -  " Q 

ti.5 
of obser- 

vation 

h m 
2 13 
2 41 

2 35 
2 31 

2 57 
2 2 2  

2 19 
2 13 

3 40 
3 39 

1857-58 

XXVII (Said Ali) On a peg at  the foot of the station, height = 7.91 feet. To this value 22.47 feet 
(the height of the upper mark-stone above this peg) being added, the height 
of the upper mark-stone mas found to be 30.38 feet. 

0 1  * 
D o  o 3.5 
D o  15 54.0 

E o 3 59'0 
D O  21 7'2 

E 0 0 23.8 
D o  14 53'0 

D O  3 53.9 
D o  8 54.4 

D o  45 '7  
D O  0 4 3 ' 7  

Observed 
Vertical Angle 

Y 

B 
a s 4  

Y iz 

2.6 
2 '6 

2'6 
2.6 

2.6 
2 . 2  

2 - 6  
2 - 4  

I" 

1 ' 2  

;1 
n 

64 

50 

24 

47 

60 

Mean of 
Times 

So=.-Station XIV (Wbndia) appertain8 to the Kattywar Meridional Sene#. 

2 
u 

5 '6  
5.6 

5 ' 7  
5.6 

5.6 
5 - 6  

5.6 
5.6 

5 '3  
5 '3  

Final 
Result 

445 

t 
260 

Mean 

444'9 

258.4 

'Pd Bye,& 
Q o  

.J deduc- 
tion 

-0 j9  

-045 

'026 

'056 

so62 

+ 4 I a e o  

+202'6 

+ 62.2 

-186.6 

443.2 

r 
249.7 

258.4 

258.3 



PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LZPEL. 
8g-A. 

1 

Description 0' Spirit-levelled Point+(Continued). 

XXVIII (Guni) On a peg a t  the foot of the station, height = 6.96 feet. To this value 24-24, feet 
(the height of the upper mark-stone above this peg), being added, the height 
of the upper mark-stone was found to be 30.20 feet. 

XXXI (Mod) On a peg at  the foot of the station, height = 7-41 feet. To this galue 27.87 feet 
(the height of the upper surface of the circular pillar above this peg) being added, 
the height of the upper surface of the circular pillar was found to be 35-34 feet. 

XXXVII (Mugalbhin) On a peg at  the foot of the station, height = 20.52 feet. To this value 24-10 feet 
(the height of the upper surface of the circular pillar above this peg) being added, 
the height of the upper surface of the circular pillar was found to be $4'62 feet. 

XXXIX (Gada) On a pep.' a t  the foot of the station, height = 21.61 feet. To this value 23-83 feet 
(the height of the upper mark-brick above this peg) being added, the height of 
the upper mark was found to be 46 24 feet. 

XLIII (Vikia) On a peg a t  the foot of the station, height = 28.61 feet. To this value 18.49 feet 
(the height of the upper surface of the circular pillar above this peg) being added, 
the height of the upper surface of the circular pillar was found to be 47-10 feet. 

XLIV (Domhi) On the marbstone a t  the ground level, height = 191-17 feet. 

For further particulare of theee etatiom, see pages 4,,. to 9,,. 

July, 1890. 
W. H. COLE, 

In charge of Computing Oflce. 



C U T C H  C O A S T  

PRINCIPAL TRIAR'G CJLATION. AZIMUTHAL OBSERVATIONS. 

At XVI (Hiithria) 

h *la t 

Lat. N. 23' 27' 14".85; Long. E. 69' 5' 13"-01 = 4 36 20.9;  Height above Mean Sea Level, 696 feet. 
'October 1856 ; observed by Lieutenant 1). J. Nasmyth, R.E., with Troughton and Simms' 18-inch Theodolite No. 2. 

Stw observed 
liean Right Ascension 1856.0 
Mean Xortli Polar Distance 1856'0 

Local Mcaii Times of Elongation, October 5 

a Uraae. Minoxis (East and West). 
l h  6m 4g8 
lo 27' 2 f . 4 ~  

Eastern 6h 1 2 ~  
Western 18 5 

1 1 % -  
a - 
C 
2 
..2 

4 

PACE BIOBT 

&3 " I . 5 2  .S 8 ,=k 
Obscrrcd 

Horizoutt~l Angle: 
R*di,,gs 5: a $0 

&f ~~~k - stu , 2 2 

PACE LEFT 

Reduction in 
Arc toTime of 
E1O1lktiOn 

I * 
- 0 19.11 

0 15-31 
o 0.98 
o 0'37 
o 0.10 

o 8-12 
o 10.27 

- o 288.5 
o 25.68 
0 4'92 
o 2.98 

0 1'31 
o 2'13 

+ o 14.45 
o 11'14 

o 1-48 
o 2-52 

* 
8 
E 0 

Oct. 6 

- I 

0 " 
- 10 1 1  55.80 

12 2.73 
1 2  19.36 
1 2  17.64 
1 2  17.20 

1 2  11.04 
12 9.10 

- 10 1 1  50.~4 
1 1  54'00 
12 14'04 
12 17'87 
12 18-20 
12 18-26 

- 7 2 16.00 
2 12'74 

2 5.76 
2 6.06 

Reduced Obunation 
Ref. Mark-Star 

at Klongation 

Reduced Ob~errution 
Ref. Mark-Star 

at 

o r  w 

- 10 12 14.91 
18 -04 
20.34 
18.01 
17.30 
19.16 
19'37 

- lo 1 2  19-09 
19-68 
18.96 
20'8j 

19-51 
20' 39 

- 7 I' 61.jj 
61.60 

64.28 
63'54 

HO~zo , I ta l  Observed : 
I)i*. c,f Rc,adi,lgs 
&f. &,rk-Jtar 

2 % ~  
& ;rc .$ 
2 5 
2 % 
6 %  
V 

I 8 

18 46 
16 48 
4 Ij 
2 37 
I 21 

12 14 
13 45 

4 
21 46 
9 31 
7 2j 

4 54 
6 15 

16 19 
14 19 

5 14 
6 4 9  

E. 
o f n  

- 10 1 1  41.17 
1 1  45'44 
1 2  12-84 
12 15-93 
12 16.53 
12 15.00 

- lo 1 1  28.13 
1 1  34.40 
1 1  59'10 
1 2  2.03 
1 2  14-80 
12 16'47 

1 2  6.67 
1 2  5.90 
1 2  4-30 

c 

2 
2 g 4 

0 r  

180 0 

I 
i 

,, 6 E. 
I 

i 
I 

I 
I 

,, 6 ! W. 
I 

I 
! 
8 .  

i 

Reduction in 
Am toTime of 

Llongntion 

ck 

l o o  

190 1 1  

& 
10 11  

i 

190 10 
& 

I 0  10 

9 n 8  

25 40 
24 8 
1 1  48 
10 15 

5 33 
6 54 

30 30 
28 34 
16 43 
15 21 
I 5 
o 42 

12 37 
13 46 
I4 42 

- 
0 31'57 
o 7-56 
o 5-70 
o 1-67 
o 2.58 

- o 50.34 
o 44-21 
0 15-16 
o 12.78 

- o 0.06 
o 0'03 

o 8.63 
o 10'29 
O 11-73 

- 7 2 29.76 
2 23-40 
2 6.30 
2 5'43 

17'01 
20' 40 
21'63 

18.20 
17-58 

- 10 12 18-87 
18.61 
14.26 
14.81 
14-86 
16-50 

15-30 
16-19 
16 -03 

+ o 27-89 
0 24'3j 
0 3'99 
o 2.6j 

22 40 
21 1 1  

8 3 4  
6 59 

- 7 I 61-87 
61 -05 
62-31 
62'78 

h 
I 



PRINCIPAL TEIANQULATION. A!XMUTHBL OBSERVATIONS. 
91-z, 

f 
Q 
r( 

d .g 
2 
4 

Oct. 7 

,, 7 

,, 8 

,, 8 

,, 9 

,, 10 

9, 10 

,, 11 

,, 11 

,, 12 

. 

Observed 
Hofizond angle. 
DitF. of 

Yuk-Btu 

0 1  N 

- 10 12 14.96 
1 2  14.73 
12  8-74 
12 7-20 

- 7 a 4.13 
I 58.17 

- 10 12 10.03 
I 2  14-94 
12 15-96 
1 2  15-83 

- 7 a 28-87 
2 25.00 
2 3'44 
2 3-16 

- 10 1 2  10.60 
12 13-77 
1 2  18-40 
1 2  17-73 

I 

- 10 12 12-97 
12  14-84 
12 14'73 
12 12.80 

- 7 2 21.60 
a 17-04 
a 10.23 
2 9-27 

- 10 1 2  14.40 
1 2  12-74 
11 52-70 
11 52-30 

- 7 2 9-60 
2 10.76 

a 3-57 
a 3'20 

.r: 

a 

E. 

W. 

E. 

W. 

E. 

E. 

W. 

E. 

W. 

E. 

Reduced Obaemtion 
Ref. Mark-Star 
at Elonption 

0 1  w 

- I0 I 2  9-95 
1 0 ' 4 2  
9-11. 
8.76 

- 10 12 16-61 
16'54 
16'78 
18-12 

- 7 I 66.56 
64-46 
65.71 
65-41 
65'25 
67.65 
66.29 

- 10 1 2  18.12 
18-14 

19'01 
1 9 . 5 ~  

- 10 12 15-68 
16.63 
18-38 
19'32 

- 7 I 65.94 
68.00 

65-70 
66.98 

- 10 12 16-65 
16.88 
18-14 
15'08 

- 7 I 60'65 
62'71 
60.69 
63-16 

- 10 1 2  11.51 
17 84 

RIGHT 

Beduction in 
Arc to Time of 

Ilongatlon 

I v 

- o 1-66 
0 0'57 
0 4-98 
o 6.54 

+ o 2.24 
o 0.42 

- o 6-74 
0 4'75 
o 1 -71  
o 2'73 

+ o 25'64 
0 22-43 
0 1.78 
o 0.95 

- o 7-85 
o 6 -30  

o 6.29 
0 0.82 

- o 3'77 
o 2.36 

o 3-84 
o 5-77 

+ o 10'53 
o 8 -58  
o 0.30 
0 0'77 

- o 0.11 

o 0-39 
o 18-74 
o 21'61 

+ o 9'44 
o 6 -97  
0 1 -19  
o 2 - 0 2  

Obaerved 
d m o r i z o n t a l  Angle : 

D& Hading' 
Ref. Mnrk--Star 

0 1  v 

- I0 I2  9 -70  
1 2  9-70 
11 53.53 
11 50.53 

- 10 12 16.26 
I 2  16-50 

1 2  5-53 
12 4-60 

- 7 2 18.80 
2 14-54 
2 13-47 
220 '67  
2 23-43 
2 38-07 
2 41-56 

- 10 12 1 6 . p  
1 2  17-57 
12 12'14 
I 2  10'14 

- 10 12 15-67 
12 16-56 
12  0.23 
11 56'23 

- 7 a 7'66 
a 8 '83  
2 11.33 
2 14-74 

- 10 12 13-06 
1 2  11-17 
11 36-17 
11 29-40 

- 7 2 1 -47  
2 2'94 
2 10.87 
2 15-57 

- 10 12 4-60 
12 6-20 

FACE 

.S 8 .g 
3 a u 

; a 3 

8 

5 31 
3 14 
9 35 

10 58 

6 26 
2 47 

11 9 
9 21  

5 37 
7 5 

21 44 
2 0  19 

5 4 4  
4 11 

1 2  2 

l o  47 

t 19 
3 54 

8 2 0  

6 36 
8 24 

10 19 

13 56 
1 2  34 

2 2 1  

3 46 

I 24 
2 41 

18 35 
19 57 

13 11 
11 2 0  

4 4 1  
6 6 

.I4 

0- 
sr9 

2: 
-sZl 

d M 

' ' 
g 
Y 

0 I 

200  22 
& 

2c 22 

2 0  22  

210 28 
& 

30 29 

210 28 
& 

30 28 

2 2 0  39 
& 

40 39 

230 50 
& *  

50 50 

230 49 
& 

50 49 

220 39 
& 

40 39 

2 2 0  38 
& 

40 38 

180 o 

Reduced Observation 
Ref. Mark-Star 
at Elongation 

0 1  '1 

- 10 12 16-62 
I5'3O 
13.72 
13'74 

- 7 I 61-89 
57'75 

- 10 12 16.77 
1 9 . ~ 9  
17'67 
18-56 

- 7 I 63.23 
62-57 
61-66 
62-21 

- 10 12 18.45 
20.07 
18.69 
I ~ ' S S  

- 10 1 2  16-74 
17'20 

18'57 
18-57 

- 7 I 71-07 
68.46 

68-50 
69'93 

- 10 12 14-51 
13-13 
11.44 
13'91 

- 7 I 60.16 
63 ' 79 
62.38 
61' 18 

.E a g 
r $4 
Id .: 1 E-l 

on e 

2 I0 

3 39 
16 56 
18 19 

2 32 
0 53 

14 24 
15 47 

15 I 
I3  37 
11 57 
1 6 4 7  
18 19 
23 42 
25 31 

4 45 
3 15 

11 15 
I3  10 

o 31 
I 7 

18 17 
2 0  37 

5 38 
3 55 

10 11 

11 58 

8 8 
10 15 
27 48 
29 I 

3 54 
2 4 

13 42 
15 8 

11 17 
14 39 

FACX LEFT 

Reduction in 
Arc to Time of 

Elongation 

I N 

- 0 0'25 
0 0'72 
o 15-58 
o 18.23 

- o 0.35 
0 0'04 
o 11.25 
o 13-52 

+ o 12.24 
0 10'08 
0 7.76 
015 .26  
o 18'18 
o 30'42 
o 35-27 

- o 1 - 2 2  

0 0 '57 
o 6 -87  
0 9'42 

- o 0.01 

o 0 '07 
o 18-15 
o 23-09 

+ o 1.72 
o 0'83 

o 5-63 
o 7'76 

- o 3-59 
. o 5-71 

o 41-97 
o 45'68 

+ o 0.82 
o 0.23 
o 10.18 
o 12-41 

- o 6.91 
o 11.64 



C U T C H  COAST S . E R I E S .  

PltINCIPAL TRIAKGCJLATION. AZINUTHAL OBSERVATIONS. 

At XVI (Hithria) 

h tn a 
Lat. N. 23' 27' 14".85; Long. E. 69' 5' 13".01 = 4 36 20.9;  Height above Mean Sea Level, 696 feet. 
(October 1856 ; observed by ~ieutenant D. J. N-yth, R.E., with ~ro&hton and Simms' 18-inch Theodolite No. 2. 

Star observed a Ursae. Minoris (East and West). 
;\fan Right Ascension 1856.0 I brn 49. 
Mean Xortl~ Polar Distance 1856.0 lo 27' q".q 

Local Mean Times of Elongation, October 5 Eastern 6h 1 2 ~  
Western18 5 

1 % -  
CI - 
E? .- 
e Reduced Ob~xemtion 

fif. Mark- gtar 
at Elongation 

0 1  w 

- 10 12 14-91 
13.04 
20.34 
18.01 
17.30 
19.16 
'9'37 

- lo 12 19-09 
19-68 
18-96 
20'8j 

19-51 
20'39 

- 7 I 61'jj 
61-60 

64.28 
63'54 

PACE BIORT 

FZ I 1 
PACP LEFT 

R e d u t , h  in 
Arc to Tirne of 

Elo~~gation 

r * 
- o 19.11 

o 15-31 
o 0.98 
o 0'37 
o 0.10 

o 8-12 
o 10.27 

- o 28.85 
o 25-68 
o 4.92 
o 2-98 

o 1.31 
o 2-13 

+ o 14-45 
0 11-14 

o 1-48 
0 2'52 

Obsemed 
HO'zO1ltsl 

])iff. of Readillgs 

d 

$ Reduced Oburration 
Ref. bfark-Star 

s t  Elongation 

.E E C 

4 , $ 
$ 

Y E 

& u r n  
& .? 
q 5 
? h 
6 %  
V -- 

0 I 

180 O 
A 

g 
Reduction in 

Arc to Time of 
Xlongwtion 

Observed 
BorilonUl : 
I)iE. of Rendillgs 
Ref. 

-- 

Y 

4 

Oct. 5 

.C - C 2 .E - 
E $n 
5 ,g 2 
2 3 w  

E. 

Rof. Mark- Star , g 6 

l o o  
i 

i 
I 

I 

0 "  

- 10 1 1  41'17 
1 1  45'44 
12 12.84 
1 2  15'93 
1 2  16-53 
12 15.00 

- 10 1 1  28.53 ' 

1 1  34.40 
1 1  59'10 
1 2  2-03 
12 14-80 
12 16.47 

1 2  6.67 
1 2  5.90 
I2 4-30 

- 7 2 29'76 
22j.4012111 

-- 

O r s  

- 10 1 1  55-80 
1 2  2-73 
1 2  19.36 
12 17.64 
12 17-20 

12 11.04 
I2 9.10 

- lo 1 1  50.24 
1 1  54.00 
1 2  14.04 
12 17-87 
1 2  18.20 
12 18.26 

- 7 2 16-00 
2 12.74 

z 5.76 

I 
,, 6 W. 

! 
, .  
I 

I 
b 

4 ) 8  

2j 40 
24 8 
1 1  48 
10 Ij 

5 33 
6 54 

30 30 
28 34 
16 43 
15 21 
I 5 
o 42 

12 37 
13 46 
1442 

22 40 

I 

n l 8  

18 46 
16 48 
4 1 5  
2 37 
I 21 

12 14 
13 4j 

23 4 
21 46 
9 31 
7 25 

4 54 
6 1 5  

16 19 

14 19 

5 1 4  

- 
0 31-57 
o 7-56 
O 5'70 
o 1'67 
o 2.58 

- o 50.34 
o 44-21 
o 15.16 
o 12.78 

- o 0.06 
o 0'03 

o 8.63 
o 10.29 
011'73 

f o 27-89 
024.35 
0 3'99 
0 2'65 

190 ro 
& 

10 I 0  

17-01 
20- 40 
21 '63 

18.20 
17-58 

- 10 12 18-87 
18-61 
14-26 
14'81 
14.86 
16.50 

15-30 
16.19 
16-03 

- 7 I 61'87 
61 '05 
62'31 
62'78 

b 

2 6.30 
2 5'43 

8 34 
6 59 

i 



PRINCIPAL TB;IANGFULATION. A!ZCMUTHBL OB8ERVATIONS. 91, 
L. 

Reduced Observation 
Ref. Mnrk-Star 
at Elongation 

0 1  H 

- 10 12 9-95 
10-42 
9. 1.1. 
8.76 

- 10 12 16.61 
16'54 
16-78 
18.12 

- 7 I 66-56 
64' 46 
65-71 

65-41 
65'25 
67'65 
66.29 

- 10 12 18.12 
18-14 

19.01 
19.5~ 

- 10 12 15'68 

16.63 
18-38 
19'32 

- 7 I 6j.94 
68-00 

65'70 
66.98 

- 10 12 16.65 
16.88 
18-14 
15-08 

- 7 I 60'65 
62-71 

60.69 
63-16 

- 10 12 11.51 
17'84 

Horizontn, Observed Angle : 
DB. Beadings 

Muk-Btar 

0 1  1 

- 10 12 14.96 
12 14-73 
12 8-74 
12 7'20 

- 7 2 4-13 
I 58.17 

- 10 12 10.03 
12 14-94 
12 15-96 
'12 15-83 

- 7 2 28.87 
2 25.00 
2 3'44 
a 3-16 

- 10 12 10.60 
12 13-77 
12 18'40 
I2 11-73 

I 

- 10 12 12-97 
12 14'84 

12 14'73 
12 12.80 

- 7 2 21.60 
2 17-04 

2 10'23 
2 9'27 

- 10 12 14.40 
12 12-74 
11 52'70 
11 52-30 

- 7 2 9-60 
2 10.76 

2 3'57 
a 3.20 

FACl LEPT 

Raduction in 
rc to Time of 

'Elongation 

I H 

- o 0.25 
o 0'72 
o 15.58 
o 18'23 

- o 0.35 
o 0.04 

o 11-25 
o 13-52 

+ o 12-24 
o 10.08 
0 7-76 
o 15-26 
0 18.18 
o 30'42 
o 35-27 

- o 1.22 
0 0'57 
o 6.87 
0 9-42 

- o 0.01 

o 0.07 
o 18-15 
o 23.09 

+ o 1-72 
o 0'83 

0 5.63 
o 7'76 

- o 3-59 
. 0 5-71 
o 41.97 
o 45'68 

+ o 0.82 
o 0.23 

o 10.18 
o 12-41 

- o 6.91 
o 11-64 

u.4 4 0 -  
a P a l  

r( f! 22 
,g# 

b " "  

RIGHT 

Reduction in 
Arc to Time of 

Elongation 

I 'I 

- o 1-66 
0 0'57 

0 4'98 
o 6-54 

+ o 2-24 
o 0.42 

- o 6-74 
0 4'75 
o 1-71 
o 2-73 

+ o 25-64 
o 22-43 
0 1-78 
o 0.95 

- o 7'85 
o 6-30 

o 6.29 
0 0.82 

- o 3'77 
o 2-36 

o 3-84 
o 5-77 

+ o 10'53 
o 8-58 
0 0'30 
0 0'77 

- o 0.11 
0 0'39 
o 18.74 
o 21-61 

+ o 9'44 
o 6'97 
o 1-19 
o 2.02 

PACE 

& 
.; a 8 

2 
8 p 

m e 

5 31 
3 14 

9 35 
10 58 

6 26 
2 47 

1 1  9 
9 21 

5 37 
7 5 

21 44 
20 19 
5 4 4  
4 1 1  

12 2 

10 47 

2 19 
3 54 

8 20 
6 36 
8 24 
10 19 

I3 56 
12 34 
2 21 

3 46 

I 24 
2 41 
18 35 
19 57 

13 11 
1 1  20 

4'41 
6 6 

Oct. 7 

,, 7 

,, 8 

,, 8 

,, 9 

,, 10 

8, 10 

,, 11 

,, 11 

,, 12 

4 

Raluced Ohenation 
Ref. Mnrk-Star 

at Elongation 

0 1  4 

- 10 12 16-62 
15-30 

13'72 
13-74 

- 7 I 61.89 
57'75 

- 10 12 16-77 
19-69 
17-67 
18-56 

- 7 I 63'23 
62-57 
61 -66 
62.21 

- 10 12 18-45 
20.07 

18-69 
18'55 

- 10 12 16-74 
17-20 

18-57 
18-57 

- 7 I 71'07 
68.46 

69'93 
68 - 50 

- 10 12 14-51 
'3"3 
11'44 
13-91 

- 7 I 60.16 
63'79 
62.38 
61-18 

E. 

W. 

E. 

W. 

E. 

E. 

W. 

E. 

W. 

E. 

Y 

o I 

200 22 
& 

20 22 

20 22 

210.28 
& 

30 29 

210 28 
& 

30 28 

220 39 
& 

40 39 

230 50 
& .  

50 50 

230 49 
& 

50 49 

220 39 
& 

40 39 

220 38 
& 

40 38 

180 0 

0 1  u 

- 10 12 9-70 
12 9.70 
1 1  53-53 
11 50'53 

- 10 12 16-26 
13 16-50 

12 5-53 
12 4-60 

- 7 2 18-80 
2 14-54 
2 13-47 
2 20'67 
2 33-43 
2 38-07 
2 41.56 

- 10 12 16.90 
12 17-57 
12 12'14 
I2 10.14 

- 10 12 15.67 
12 16-56 
iz 0.23 
11 56'23 

- 7 2 7-66 
2 8.83 

2 11-33 
2 14'74 

- 10 12 13'06 
12 11-17 
1 1  36-17 
11 29.40 

- 7 a 1-47 
P 2'94 
2 10.87 
2 15-57 

- 10 12 4-60 
12 6-20 

m e 

2 10 

3 39 
16 56 
18 19 

2 32 
o 53 
14 24 
15 47 

15 I 
I3 37 
1 1  57 
16 47 
18 I9 
23 42 
25 31 

4 45 
3 15 

1 1  15 
13 I 0  

o 31 

I 7 
18 17 
20 37 

5 38 
3 55 

I 0  1 1  
1 1  58 

8 8 
10 15 
27 48 
29 I 

3 54 
2 q 

I3 42 
15 8 

11 17 
14 39 



t 

CUTCH COAST SERIES. 

Abstract of Astronomical bzimuth observed st XVI (Hgthria) 1866. 

1. By Eastern Elongation of a Ursa Minoris. 

0 U 

No~~.-Where  obserrations occurred on the same pair of zeros on different nights tlioy are reduoed in this abstmt to one date-the most convenient-b 
allowiug for rtcu'a change of place. The date so adopted uppears at the head of the column, pnd the reduced obaerwtion M preceded by on ~hrisk .  

b 

Observed 
=orid Angle : 
=ifla of ltesdings 

&rk - 

0 1  * 

- 7 2 17-43 
2 14.03 

2 7.24 
2 4'50 
2 5'73 
2 23-80 
2 29'83 
a 29'56 

- 7 2 25-34 
2 21'73 

2 3'50 
2 5 -23  

Bsdused O b m t i o n  
Baf. ark - BUu 

tat Elongation 

0 1  1 

- 7 I 66.38 
63-50 
64-83 
65 ' 93 

- 7 I 64.62 
66.31 
65'50 
65-44 
65'47 

PACX LXFT 

Reduction in 
%e of 

Elongation 

Face L It I; B L B L B L B L B 

Zero 1800 0° 1900 lo0 200' U)O 210' 800 221' 41' 231' 51' 

Date ' October 6 October 6 October 7 October 8 October 9 October 10 

n m n m n I )  n n I * # n 

14.91 16-84 19.09 18-87 9-95 16-62 16-61 16-77 18.12 18'45 15-68 16-74 
18.04 17-01 19.68 18.61 10.42 15.30 16'54 19'69 18-14 20.07 16.63 17-20 

Observed difference 20.34 20.40 18.96 14.26 9 '11 13.72 16'78 17'67 19.01 18-69 r8.38 18-57 
of Circle-Readings, 18.01 21-63 20.85 14-81 8-76 13'74 18-12 18-56 19-56 18-55 19-32 18-57 
Ref. M.-Star 17.30 18-20 19'51 14.86 +17-52 '15.38 

reduced to Elongation 19-16 17-58 20.39 16-50 +17'75 '14.00 
19-37 15'30 * I ~ ' O I  +12'31 

'14'45 16.19 *15'95 '14.78 
+2oS78 16.03 

Meam 18-04 18.61 19-75 16-16 9-56 14-85 17-01 18-17 18.13 16-53 17-50 17-77 

0 1  n m w n I n 

Meana of both faces - 10 12 18.33 17'96 12.20 17'59 17-33 17-64 
Az. of Star fr. S., by W. 181 35 6.48 6 '04 5-61 5-17 4' 74 4-30 
Az. of h f .  M. ,, 171 2 2  48-15 48 -08 53'41 47' 58 47-41 46-66 

Oct. 13 

,, 14 

, 

PACP 

.s a g = $ z 
$ 

% 8 ; 

9 n 8  

15 39 
'14 o 

o 17 
2 3 
4 7 

18 51 
2 0  51 
21  54 

19 15 
17 37 

I 4 9  
4 a 

W. 

w. 
I 

BIGHT 

Reduction in 
Arc to Time of 

ElongrAion 

I n 

+ o 13-28 
0 10'65 

o 0.00 

0 0 '23  
0 9-92 
o 19-26 
o 23-53 
o 25-97 

+ o 20.1.2 
0 16-84 

o 0.18 
o 0 '88  

Raduced Observation 
Ref. Mark - Star 

at Elongation 

0 1 . 7  

- 7 I 64-15 
63-38 
67-24 
64-27 
64.81 
64-54 
66.30 
63'59 

- 7 I 65.22 
64.89 

63-32 
64'35 

o I 

180 o 
& 
0 0 

2 0 0  2 2  
& 

2 0  2 2  

o f *  

- 7 2 9'53 
a 5'53 
a 10.86 
2 14-20 

- 7 2 9.74 
2 9'66 
2 7'70 
211 .30  
2 13'36 

m s  

7 37 
6 7 

10 33 
I 2  2 1  

9 43 
7 51 
6 22  

1 0 2 4  
12 4 

I * 
+ o 3-15 

o 2-03 

o 6.03 
0 8.27 

4- o 5.12 
0 3'35 
o 2 - 2 0  

o 5.86 
o 7.89 



PRINCIPAL ~IANGULATION.  AZIMUTHAL OBBERVATZONS. 

Abstract of Astronomical h imuth observed at XVI (Hsithria) 1866-(Cmtirtwd). 

2. By Western Elongation of a U r n  Minoris. 

I by Eastern Elongation 

Astronomical Azimuth of Referring Mark .. . by Western ,, 
Mean 

Angle Referring Mark and XXI (Sum GandBra) eee foll&g page 
Astronomical Azimuth of Sura Gandsra by oher vation ... - 
Geodetical Azimuth of ,, by calculation from that 

adopted (Vol. 11, page 141) at KaliAnpur, eee page 7 L X -  d e  

Astronomical - Geodetical Azimuth at XVI (H&thria) ... . .. 

Face L R L B L B L R L R L B 
Zero 180" 0° 1900 100 W 200 2100 800 221° 41° %lo 61° 

Date October 18 October 6 Oetober 14 October 8 October 11 October 10 
I # 4 r )  0 .  # W # b W # W 

. 66-38 64'15 61.55 61-87 64.62 e64.83 66.56 63-23 60.65 60.16 65-94 71-07 
63-50 63-38 61.60 61-05 66'31 e60.69 64'46 62'57 62-71 63.7 68-00 68.46 

Observed diff eience 64.83 67.24 64-28 62-31 65-50 65-22 65-71 61-66 60.69 62s3% 65-70 69.93 
of Circle-Readings, 65.93 64.a7 63-54 62'78 65.44 64-89 65-41 6a.21 63'16 61.18 66'98 68-50 
Ref. M.-Star 64-81 65-47 63-32 65-25 
reduced to Elongation 64-54 64-35 67-65 

66-30 66.29 
63 - 59 

Means 65-16 64-79 62'74 62:oo 65-47 63-88 65-90 62.42 61-80 61-88 66-66 69.49 

0 )  w w w r )  u 

Means of both faces - 7 1 64-98 62-37 64-68 64.16 61.84 68.08 
Ar of Star fr. S., by W. 178 24 57' I 1 54'17 57'55 55.04 56-35 55'92 
Az. of Ref. M. ,, 171 22 52.13 51.80 52'87 50.88 54-51 47-84 

NOTE.- Where observations occurred on the same pair of zeros on different nighta they are reduced in this abatract to one date-the moot convenient-bj 
allowing for stu's change of place. The date so adoptcd appem at the hesd of the column and the reduced obrervation in preceded by an 8sbriak. 

I 



CU!FCR COAST SERIES. 

NOTE.-B. M. denotes Befemng Mark. 

July, 1890. 

I 

At XVI (Hhthria) 

Februcay 1857; observed by Lieutenant D. J. N a m y t h  with Troughton arcd Simme' 18-inch 
Theodolite No. 2 .  

W. H. COLE, 

I n  charge of Computing Oflce. 

M - Mean of Group 
w - Relative Weight 
C ' Concluded angle 

M =  17".53 

= .Bq 
I - - - I '19 
w 

= ''O 26' 17'"53 

Angle 
between 

R.N. 
and 

XXI (Sam Qandka) 

Circle readings, telescope being set on B.M. 

0" 1' 180" 1' 10D11' 1900 11' 20022' 200022 a00 28' 2100 28' 40088' 2200 28' W49' m49' 

n 'I N N n H II II N n N n 

h 21.67 h21-73  h 15.03 h 20.33 117.76 2 22.37 h 13.03 h 12-90 h16-30 1 12'07 h 20'37 h 19-70 
h20.53 h 2 1 . 1 6  h14.70 h20.77 11 j .03  122.57 h14.06 h13.47 h 1 6 . j o  1 9-96 h19.73 h19-03 

116.56 h 10'70 

2 1 - 1 0  21-45 14.86 20.55 16.45 2 2 . 7  13-15 13-18 16.40 10.91 20.05 19-31 







PLATE 4 
PRINCIPAL T R ~ U - T T U T I O N - C U T C H  COAST SERLES. 

Fig No. 36 

Hd / fld= /a "#A r( 4 

7- 
P w . c b d  O d & f l h - B w d ,  dhnqflI~D.L.aD+I.Pdr.sr#i88(1 
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&kt of Published Work8 of the Great Trigonornetrical Survey of India. 

An Account of the Measurement of an Arc of the meridian hetween 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 Volumes of the 
Asiatic Society of Calcutta. By Captain George Everest, of the Bengal Artillery, 
F.R.S., &c. London, 1830. (Out  of print). 

An Account of the Measurement of two Sections of the Meridional Arc of India, hounded by 
the parallels 18" 3' 6" ; 24" 7' 11" ; and 29" 30' 18". By Lieutenant-Colonel 
Everest, F.R.S., &c., late Surveyor General of India, and his Assistants. London, 1847. 
(Out of print). 

Account of the Operations of the Great Trigonometrical Survey of India. 
Price Rupees 1 0 8  per volume. 

Volume I. 

Do. 11. 

Do. 111. 

Do, IV. 

Do. IVA. 

1 .  
Do. V. 

Do. VI. 

The Standards of Measure and the Base-Lines, also 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., kc., &c., Superintendent of the Survey. 
Dehra D h ,  1870. 

History and General Description of the Principal Triangulation and of its 
Reduction. By Colonel J. T. Walker, C.B., R.E'., F.R.S., &c., &c., Surveyor General 
of India and Superintendent of the Survey, and his Assistan?. Dehrii Dim, 1879. 

The Principal Triangulation, the Base-Line Figures, the Karhchi Longitu- 
dinal, N.W. Himalaya, and the Great Indus Series of the North-West Qua- 
drilateral. By Colonel J. T. Walker, X.E., F.R.S., &c., &c., Superintendent of the 
Survey, and his Assistants. Dehra D6n, 1873. 

The Principal Triangulation, the Great Arc (Section 24"-30°), ~ a h h n ,  Gurhi- 
garh and Jogi-1Yla Meridional Series, and the Sutlej Series of the North- 
West Quadrilateral. By Colonel J. T. Walker, R.E., F.R.S., &c., &c., Superinten- 
dent of the Survey, and his Assistants. Dehra D6n, 1876. 

The Principal Triangulation of the North-West Quadrilateral, including the 
Reduction and Details of the Jodhpore and Eastern Sind Meridional Series. 
Prepared in the Office of the Trigonometrical Branch, Survey of India, Colonel C. T. 
Haig, R.E., Offg. Deputy Surveyor General, in charge, and published under the orders 
of Colonel G. C. DePrCe, S.C., Surveyor General of India. Dehra D6n, 1886. 

Details of the Pendulum Operations by Captains J. P. Basevi, R. E., and 
W. J. Heaviside, R.E., itnd of their Keduction. Prepared under'the directions 
of Major-General J. T. Walker, C.B., R.E., F.R.S., &c., kc., Surveyor General of 
India and Superintendent of the Trigonometrical Survey. Dehra D6n and Calcutta, 
1879. 

The Principal Triangulation of the South-East Quadrilateral, including the 
Great Arc-Section 18" to 24", the East Coast Series, the Calcutta and the 
Bider Longitudinal Series, the Jabalpur and the B ikpur  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., &c., kc., Surveyor General 
of India and Superintendent of the Trigonometrical Survey. Dehra Dlin, 1880. 
(Out of print) .  
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Account of the Operations of the Great Trigonometrical Survey of India-(Continued). 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

,e VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

XIII. 

General Description of the Principal Triangulation of the North-East Quadri- 
lateral, including the Simultaneous Reduction and the Details of five of the 
component Series, the North-East Longitudinal, the Budhon Meridional, 
the Rangir Meridionak, the Amua Meridional, and the Karslra Meridional. 
Prepared under the directions of Lieutenant-General J. T. Walker, C.B., R.E., F.R.S., 
&c., &c., Surveyor General of India and Superintendent of the Trigonometrical Survey. 
Dehra Diin, 1882. 

Details of the Principal Triangulation of eleven of the component Series 
of the North-East Quadrilateral, including the following Series; the Gur- 
wbni Meridional, the Gora Meridional, the HurilBong Meridional, the 
Chendwbr Meridional, the North Prirasnbth Meridional, the North M a l h -  
cha Meridional, tlie Calcutta Meridional, the East Calcutta Longitudinal, 
the Brahmaputra Meridiond, the Eastern Frontier-Section 23" to 26", and 
the Assam Longitudinal. Prepared under the directions of Lieut.-General J. T. 
Walker, C.B., R.E., F.R.S., kc., &c., Surveyor General of India and Superintendent 
of the Trigonometrical Survey. Dehra Dhn, 1882. 

Electro-Telegrapl~ic Longitude Operations executed during the years 1875-77 
and 1880-81, by Lieut.-Colonel W. M. Campbell, R.E., and Major W. J. 
Heaviside, R.E. Prepared under the directions of Lieut.-General J. 1'. Walker, C.B., 
R.E., F.R.S., &c., kc., Surveyor General of India and Superintendent of the Trigono- 
metrical Survey. Dehra D b ,  1883. 

Electro-Telegraphic Longitude Operations executed during the years 1881-82, 
1882-83 and 1883-84, by Major G. Strahan, R.E., and Major W. J. Heavi- 
side, R.E. Prepared under the directions of Colonel C. T. Haig, R.E., Deputy 
Surveyor General, Trigonometrical Branch, and published under the orders of Lieut.- 
Colonel H. R. Thuillier, R.E., Surveyor General of India. Dehra Dlin, 1887. 

Astronomical Observations for Latitude made during the period 1805 to 
1885, with a General Description of the Operations and Final Results. Pre- 
pared under the directions of Lieut.-Colonel Q. Strahan, R.E., Deputy Surveyor 
General, Trigonometrical Branch, and published under the orders of Colonel H. R. 
Thuillier, R.E., Surveyor General of India. Dehra Dfin, 1890. 

General Description of the Principal Triangulation of the Southern Tri- 
gon, including the Simultaneous Reduction and the Details of two of the 
component Series, the Great Arc Meridional-Section 8" to 18", and the 
Bombay Longitudinal. Prepared under the directions of Lieat.-Colonel G. Strahan, 
R.E., Deputy Surveyor General, Trigonometrical Branch, and published under the 
orders of Colonel H. R. Thuillier, R.E., Surveyor General of India. Dehra Diin, 1890. 

Details of the Principal Triangulation of five of the component Series of 
the Southern Trigon, including the following Series ; the South Konkan 
Coast, the Mangalore Meridional, the Madras Meridional and Coast, the 
South-East Coast, and the Madras Longitudinal. Prepared under the direction8 
of Lieut.-Colonel G. Strahan, R.E., Deputy Surveyor General, Trigonometrical Branch, 
and published under the orders of Colonel H. B. Thuillier, R.E., Surveyor General of 
India. Dehra Diin, 1890. 

General Description of the Principal Triangulation of the South-West 
Quadrilateral, including the Simultaneous Reduction and the Details of 
its component Series. Prepared under the directions of W. H. Cole, Esq., M.A., 
Offg. Deputy Surveyor General, Trigonometrical Branch, and published under the 
orders of Colonel H. R. Thuillier, R.E., Surveyor General of India. Dehra D b ,  
1890. 
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Synopses of the Results of the Great Trigonometrical Survey of India, comprising 
Descriptions, Co-ordinates, kc., of the Principal and Secondary Stations and other f ied 
Points of the Several Series of Triangles. Price Rupee8 2 per volzcme. 

1 

Volume I; The Great Indus Series, or Series D of the North-West Quadrilateral. By 
Colonel J. T. Walker, R.E., F.R.S., &c., &c., Superintendent of the Survey, and his 
hsistants. Dehra D h ,  1874. 

Do. 11. The Great Arc-Section 24" to SO0, or Seriesd of the North-west ~uadrilateral. 
By Colonel J. T. Walker, R.E., F.R.S., kc., kc., Superintendent of the Survey, and hie 
Assistants. Dehra D6n, 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., kc., Superintendent of the Survey, and hie 
Assistants. Dehra D6n, 1874. 

Do. IV. The Gurhhgarh Meridional Series, or Series Fof the North-West Quadrilateral. 
By Colonel J. T. m'alker, R.E., F.R.S., kc., kc., Superintendent of the Survey, andhia 
Assistants. Dehra Dfin, 1876. 

Do. V. The Rah6n 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 Dbn, 1876. 

Do. VI. The Jogi-%la Meridional Series, or series 0, and the Sutlej Series, or Series 
H of the North-West Quadrilateral. By Colonel J. T. Walker, R.E., F.R.S., 
kc., &c., Superintendent of the Survey, and his Assistants. Dehra D h ,  1876. 

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., Sweyor  Generalof Indiaand Superintendent of the Survey, 
and his Assistants. Dehra Dbn, 1879. 

Do. VIIA. The Jodhpore Meridional Series and the Eastern Sind Meridional Series of 
the North-West Quadrilateral. Prepared in the Office of the Trigonometrical 
Branch, Survey of India, Colonel C. T. Haig, R.E., Deputy Surveyor General, in 
charge, and published under the orders of Colonel H. R. Thuillier, R.E., Sweyor  
General of India. Dehra Diin, 1887. 

Do. VIII. The Great Arc-Section 18" to 24P, or Series d of the South-East Quadrilateral. 
By Colonel J. T. Walker, C.B., R.E., F.R.S., &c., &c., Superintendent of the Survey, 
and his Assistants. Dehra Dbn, 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 Qnadrilateral. 
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 D h ,  1880. 

Do. XI. The Bilhspur Meridional Series, or Series F of the Soutli-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 Dbn, 1880. 

Do. XII.   he Calcutta Longitudinal Series, or Series B of the South-East Quadrilateral. 
By Major-General J. T. Walker, C.B., R.E., F.R.S., kc., &c., Surveyor General of 
India and Superintendent of the Survey, and his Assistants. Dehra Dbn, 1880. 

Do. XIII.  The ~ a s d  Coast Series, or Series C of the South-East Quadrilateral. By Major- 
General J. T. Walker, C.B., R.E., F.R.S., &c., &., Surveyor General of India and 
Superintendent of the Survey, and his Assistants. Dehra Dbn, 1880. 

Do. XIIIA. The South PBrasdth Meridional Series and the South Malhcha Meridional 
Series of the South-East Quadrilateral. Prepared in the Office of the Trigono- 
metrical Branch, Survey of India, Colonel C. T. Haig, R.E., Offg. Deputy Surveyor 
General, in charge, and published under the orders of Colonel Q. C. DePr&, S.C., 
Surveyor General of India. Dehra D b ,  1885. 
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Synopses of the Results of the G. T. Survey of India, &c.-(Continued). 

Volume XIV. The Budhon Meridional Series, or Series J of the North-East Quadrilateral. 
By Lieutenant-General J. T. Walker, C.B., H.E., F.R.S., &c., &c., Surveyor General 
of India and Superintendent of the Survey, and his Assistants. Dehra D6n, 1883. 

DO. XV. The Rangir Meridional Series, or Series h' of the North-East Quadrilateral. 
By Lieutenant-General J. T. Walker, C.B., H.E., F.R.S., &c., &c., Surveyor General 
of India and Superintendent of the Survey, and his Assistants. Dehra D6n, 1883, 

. Do. XVI. The Amua Meridional Series, or Series L, and the Karka Meridional Series, 
or Series M of the North-East Quadrilateral. By Lieutenant-General J. T. 
Walker, C.B., R.E., F.R.S., &c., kc., Surveyor General of India and Superintendent 
of the Survey, and his Assistants. Dehra Dlin, 1883. 

Do. XVII. The Gurvihni Meridional Series, or Series N, and the Gora Meridional Series, 
or Series 0 of the North-East Quadrilateral. By Lieutenant-General J. T. 
Walker, C.B., R.E., F.R.S., kc., &c., Surveyor Geseral of India and Superintendent 
of the Survey, and his Assistants. Dehra Dhn, 1883. 

Do. XVIII. The Hurilfiong Meridiohal Series, or Series P, and the Chendwhr Meridional 
Series, or Series Q of the North-East Quadrilateral. By Lieutenant-General 
J. T. Walker, C.B., R.E., F.R.S., &c., &c., Surveyor General of India and Superin- 
tendent of the Survey, and his Assistants. Dehra Dbn, 1883. 

Do. XIX. The North Pfirasdth Meridional Series, or Series R, and the North Malbncha 
Meridional Series, or Series S of the North-East Quadrilateral. Prepared 

. by J .  B. N. Hennessey, Esq., M.A., F.R.S., &c., &c., Offg. Deputy Surveyor General, 
in charge of Trigonometrical Surveys, and his Assistants, and published under the 
orders of Colonel G. C, DePrke, S.C., Offg. Surveyor General of India. Dehra 
Dhn, 1883. 

Do. XX. The Calcutta Meridional Series, or Series T, and the Brahmaputra Meridional 
Series, or Series P of the North-East Quadrilateral. Prepared by J. B. N. 
Hennessey, Esq., M.A., F.R.S., &c., &c., Offg. Deputy Surveyor General, in charge of 
Trigonometrical Surveys, and his Assistants, and published undcr the orders of Colonel 
G.  C. DePrke, S.C., Offg. Surveyor General of India. Dehra D6n, 1883. 

Do. XXI. The East Calcutta Longitudinal Series, or Series U, and the Eastern Frontier 
Series-Section 23" to 26", or Series 7 7  of the North-East Quadrilateral. 
Prepared by J. B. N. Hennessey, Esq., M.A., F.R.S., kc., kc., Offg. Deputy Surveyor 
General, in charge of Trigonometrical Surveys, and his Assistants, and published 
undcr the orders of Colonel G. C. DePrke, S.C., Offg. Surveyor General of India. 
Dehra D6n, 1883. 

Spirit-Levelling Operations of the Great Trigonometrical Survey of India. 
Price Bzcpee 1 per aolume. 

Heights in Sind, the Punjab, N.W. Provinces, and Central India, to Nay 1862. Calcutta, 
1863. 

Do. in N.W. Provinces and Bengal, to May 1865. Roorkee, 1866. 
Do. in the Punjab and N.W. Provinces, Season 1866-67, Sections I to IV. Dehra Dbn, 

1869. 
Do. in the N.W. Provinces and Oudh, Seasons 186'7-69, Sections V and VI. Dehra 

D6n, 1869. 
Do. from Lucknow vid Goruckpore kc., to Dildernugger G. T. survey Bench-mark 

near Ghazeepore, Seasons 1868-70, Section VII. Dehra Dbn, 1871. 
Do. from Goruckpore vid Bettiah kc., to G. T. Survey Bench-mark near Parsurman, 

Season 18'10-71, Section VIII. D e h ~ a  Dh, 1872. 



Spirit-Levelling Operations of the Q. T. Survey of India-(Continued). 

H&ghts from G. T. Survey Bench-mark near Parsurman to G. T. Survey Bench-mark at 
Pirpanti Railway Station, and from G. T. Survey Bench-mark at Purniah 
Church to N.E. End of Sonakhoda Base-Line; Season 1871-72, Section IX. 
Dehra D6n, 1873. 

Do, in Cutch, Kattywar, Guzerat, T h h a  and Bombay districts, No. 1 Bombay Presi- 
dency, Seasons 1874-78. Dehm Diin, 1879. 

Do. in Cuttack, Balasore, Midnapore, Howrah, 24-Pergunnahs, the Sundarbans and 
Hooghly districts of Bengal, Seasons 1881-83. Dehra Diin, 1884. 

Do. in the ThBna, Nhik and Khhdesh districts of Bombay, and in D&, Dewh, 
Gwalior, Bhopal and Tonk, Native States of'the Central India Agency. No. 4 
Bombay Presidency and Central India Agency, Seasons 1877-78 and 1881-84. 
Dehra Dim, 1885. 

Do. in the Bomhay Presidency and Nizam's Dominions, Nos. 2 and 3 (&vised Edition), 
Seasons 1877-80. Dehra Diin, 1886. 

Do. , in the Madras Presidency, No. 1, Seasons 1869-85. Dehra Dbn, 1886. 
Do. in the Madras Presidency, No. 2, Season 1885-86. Dehra Dh, 1887. 
Do. in the Madras Presidency, No. 3, Season 1886-87. Dehra Dth, 1888. 
Do. in the Madras Presidency, No. 4, Season 1887-88. Dehra DGn, 1889. 
Do. in the Madraa Presidency, No. 6, Season 1888-89. Dehra D h ,  1890. 

Auxiliary Tables to facilitate the Calculations of the Survey of India. T h d  Bdith. 
Revised and extended under the directions of Lieut.-Colonel H. R. Thuillier, R.E., Surveyor 
General of India, by Co1onel.C. T. Haig, R.E., Deputy Surveyor General, in charge of the %god 
nometrical Branch of the Survey of India. Dehra D b ,  1887. Price Two Rupccr. 

December, 1890. 














