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The present volnme'forms one of that series of publications, known as the "Account of the Operations 
of the Great Trigonometrical Survey of India," of which the design is, aa has already been stated in the 
eecoud volume of th,e series, "to give full reports-historical and descriptive-of the nature and the general 
r'procedure of the operations; to deacribe tlie instruments which were employed in executing the several 
If linear and angular measurements; to furnish complete details of the actual facts of observation and the 
"methods of reduction by which these facts have been combined together and duly harmonized; and lastly, 
"to give the results which have been determined after this final reduction of the operations." 

The first volume of the series accordingly gives the details of the measurements of the several base- 
lines on which the triangulation of India rests, together with a discussion of the instmments on which the 
measurements depend, and the theoretical probable errors of the results. Volume I1 describes the principal 
triangulation, the theodolites with which jt was executed, the procedure adopted in observing the angles, and all 
necessary details of the operations carried on in the field ; i t  further describes the processes by which prelimi- 
nary results were obtained from the observations, to satisfy immediate requirements, pending the completion of 
the several chains of triangles; also the method of final reduction which was adopted after the cl~aina were 
completed, and by which the errors at the junctions of the chains with each other and with the base-lines are 
eliminated with the 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 tlie method of final reductio~l could only be applied 
to limited portions of the triangulation at a time, thus necessitating the division of the triangulation into five 
great sections, to be reduced in succession, as indicated at  page 32. I t  shows how the whole of the triangula- 
tion contained in the first of these sections-known as the North-West Quadrilateral-was reduced simul- 
taneously; and, together with Volumes I11 aud IV, i t  gives all the facts of angular observation appertaining 
to that Quadrilateral, full details of the preliminary and the final reductions of the angles and the several trigo- 

nometrical figures, and finally, the resulting valuea of the lengths and azimuths of the sides of the triangles 
and the latitudes and longitudes of the stations. 

Volume V deala with a subject of ita own, the Indian Pendulum Operations, which ia  quite nncon- 
nected with the triangulation and therefore need not be here noticed. 

Volume V I  treats almost entirely of the triangulation appertaining to the South-East Quadrilateral, 
the second of the five great sections into which the principal triangulation of India has been divided for final 
reduction. I t  commencea with a brief recapitulation of the forruulse employed in the calculations, in order 
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to  obviate the necessity for frequent reference to Volume 11, and then gives first, a complete exposition of 
the Simultaneous Reduction of the six chains or series of triangles forming the South-East Quadrilateral; 
and afterwards, for each series, an introductory account of the operatious, a descriptive list of the statious, 
an abstract of the observations of each angle, full details of the prelimiirary reductions of the angles-made 
to satisfy the geometrical conditions of the trigonometrical figures-the final values of the angles after harillg 
been corrected to satisfy the conditions of the Quadrilateral, and finally, the resulting values of the length  
and azimuths of the sides, and of the latitudes and loirgitudes of tlre stations of the triangulation. 

In  like manner Volumes V I I  and VI I I  treat of the triangulation appertainiirg to the North-East 
Quadrilateral, the third of the five great sections before alluded to; arid contaiil full details of the observa- 
tions, reductions and final results of the sixteen chains or seria  of trialrgles embraced within the limits of 
that Quadrilateral. 

Volume I X  is devoted to the Electro-Telegraphic Longitude Operations which have been carried out 
by the Survey of India Department; but as no attempt has yet beell made in this Department, to solve the 
equations of condition presented by the several arcs of longitude already measured, no combillation of these 
equations with those of the triangulation has been possible and therefore the subject of Volume IX like 
that of Volume V may at  present be considered as distinct from t l ~ a t  of the otller volumes. 

The present volume is the tenth of the series in order of publication but is numbered IVA as it forme 
a supplement to Volumes 11,111 and IV, in that it treats of the reduction of two of the chains of tlre North- 
West Quadrilateral, the Jodhpore and the Eastern Siud Meridional Series, which did not exist at the time the 
North-West Quadrilateral was finally reduced, and of which the execution had been postponed indefinitely, 
on account of their falling in a tract of country mostly desert and not so immediately requiring triangula- 
tion as other portions of India. (. 

I n  order that the reader may obtain a clear conception of the triangulation of India as a whole, and 
the position of the two series which form the subject of this volume relatively to the other series and espe- 
cially as to their position iii the North-West Quadrilateral, a Skeleton Chart of the Principal Triairgulation 
of India is given opposite this page. I n  this chart each line represents a chain of triangles. The chaiu which 
approximates to the meridian of 78' aild extends from the extreme south of India to latitude 30°, where i t  
terminates on the Dehra Diin Base-line at the foot of the Himalaya Xlountaius, forms the back-bone of the 
triailgulation, and is well known as the Great Meridioilal Arc of India, alliclr was commenced by Colonel 
Lambtou in Souther11 India, and carried upwards to the Himalayas by Colonel Everest; Colonel Lambtou's 
portion bas been revised of late years, with all the refinement whikh the latest and best instrumelits and the 
most approved procedure rendered possible. Of the remaining chains, some were accomplished in the earlier 
days of the Survey, when the instrumental equipmei~t was generally very inferior to what it became subse- 
quei~tly, aiid when the procedure, as regards portioi~s of the operations-more particularly the construction 
of towers for the principal stations in the plains-was still imperfect ; other chains were executed in more 
modern times, with the best iilstrume~its aud with the utmost possible refinement in every particular. The 

chains last executed are generally on a par with the Great Arc itself, while some are superior to i t  in accu- 
racy. I t  so happened that lines of demarcation could be drawn broadly between the several chains of tri- 
angles, in such a manner as to divide the superior and the inferior clrains into separate groups, each group 
containing a large number of interdependent chains; this circumstance was therefore availed of in designing 
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the great sections into which the triangulation had to be divided for final reduction. The bounding chains 
of these sections are represented in the Skeleton Chart by thick black lines, while the intermediate and all 
other chains are shown by thin lines. I t  will be seen that there are five sections in all, of which four are 
quadrilateral figures, while the fifth-which lies to the south of the others-is a trigon. Thc four quadri- 
laterals meet at the point KaliBnpur,-approximately in latitude 24' and longitude T8°-wl~ich was employed 
by Colonel Everest as the central or reference station of the triangulation ; they are therefore distinguished 
by the corresponding cardinal points-North-East, South-East, South-West, and North-West-with refe- 
rence to the ceutral station. 

I t  has already been shown, in Section 7 of Chapter I of Vol. 11, that the most accurate of all the 
chains of triangles are those which enter the North-West and the South-East Quadrilaterals; the least 
accurate enter the North-East and the South-West Quadrilaterals. When therefore the method for the 
general treatment of the principal triangulation had beeu elaborated and was ready to be put into practice, the 
Simultaneous Reductions were taken in hand in the following order, Jrst the North-West Quadrilateral, 
second the South-East, third the North-East Quadrilateral, and fourth the two remaitling chains of the 
North-West Quadrilateral-the subject of the present volume,-fifth the Southern Trigon (now in the 
press), and sixth the South-West Quadrilateral, of whicli the reduction is in course of completion. 

Any description of the triangulation of this Survey arid the operations connected therewith, from the 
observations of the angles to the deduction of the most probable anti therefore fil~al results, is naturally sub- 
divisible under six heads; first, the getieral'principles in accordatlce with which the operations . have been 
conducted; second, the practical execution of the measurement of the aiigles ; third, the general principles 
followed in the combination aud adjustment of the individual angular measures, with a view to satisfying 
all the geometrical conditions involved, as well as the primary linear elements which are fixed by the base- 
lines; fourth, the preliminary geometrical reductiou of the individual triaugles, polygons and net-works 
of which the chains are composed; fifth, the simultaneous reduction of each of the groups of chains, , 

or sections, into which the triiingulation has been divided for convenience; and sixth, the presentation of 
the most probable values of the maguitudes of the angles, of the lengtlls and azimuths of the sides of the 
triangles, and of the latitudes and longitudes of the statious of the triangulation, which are the final results 
of the several reductions. The first and third of these branclies of the subject are of general appli- 
cation, and they form the principal matter of Volume 11, which was intended to be introductory to all sub- 
sequent volumes relatitlg to the triangulation. Tlle second, fourth and sixth branches have special re- 
ference to individual series or chains of triangles. Tlre fifth has reference to each of the sections or 
aggregations of chains grouped together for simultaneous reduction. In t l ~ e  present volume it has not beeu 
necessary to touch otherwise than lightly on the first and third divisious of the subject; but the remaining 
divisions, including the simultaneous reduction of each series, are dwelt on at length, and full numerical 
details are given for each of the chains of triangles. 

For their linear and geodetic elemet~ts the Jodhpore and the Eastern Sind Meridional Series are 
dependent on the fiual elements of the Karichi (Kurrachee) Longitudiual Series and the Sutlej and the 
Great Indus Series. 

The present volume is divided into two parts. Part I is devoted to the final reduction of each series 
and Part I1 to the details of each series. 
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Chapter I gives a general account of each chain of triangles, indicates their dependency on the 

North-West Quadrilateral for their fixed data and describes the structure of the principal stations. 

Chapter I1 describes the procedure followed in the measurement of the horizontal angles, and the 
methods adopted iu determining their weights; it quotes the mathematical formulae employed in the reduc- 
tion of the triangulation from Volume 11, where they are demonstrated; it indicates the fiual adjustment 
of the trigonometrical determinations of height by connection with the main lines of spirit levels; and lastly, 
i t  indicates the general principles of the final reduction of each series. 

Chapter 111 gives full detail8 of the Simultaneous or Final Reduction of each Seriea separately 

ae follows :- 
First. Preliminary remarks. 

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

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

Fourth. A general out-1ine:of the formation of the Linear and Geodetic Equations of Condition, fom 
in number for each series, which had to be satisfied, in order to produce the requisite consistency in the tri- 

angulation per se, and between it and the fixed elements on which i t  depended. 

Fifth. The method of constructing the Coefficients of the Unknown Quantities in the Equation8 of 
Condition, showing the general notation which was adopted for expressing the values of these coefficients, and 

specifying every exception to the general form. 
Sixth. A synoptical exhibition of the several Equations of Condition, showing at a glance the triangles 

of which the angular errors enter as unknown quantities into each of the four Equations of Condition. 

Seventh. The Numerical Valnes of the Fixed Data on which each series is based. 

Eighth. The Valuerr of the Sides and Anglee of the Circuit Triangles, as they stood before the Final 

Reduction. 

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

Circuit Triangles, aa they stood before the Final Reduction. 

Tenth. ' The Numeridal Values of the Absolute Terms in the several Linear and Geodetic Equations 

of Condition. 

Eleventh. The Numerical Valiies of the p s  and +s, the geodetic summations-exhibited in the table at 
pages [a] and [&%]-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 Coefficients, band C, of the Unknown Quantities in the several 

Linear and Geodetic Equations of Condition. 

TAirteenth. The Coefficients, 8 and QT, of the Indeterminate Factors, in the equation8 in which the 
values of the Angular Errors are expressed in terms of those factors. 

Fourteenth. The Equations between the Indeterminate Factors, showing every Significant Coe5cient 

and Absolute Term ae i t  stood, first on the formation of the equations, and secondly after the successive 
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eliminations of iudividual factms in the proceas of eolution; finally, thk numerical values of the Factors 

are given. 

Fifteenth. The Values of the Errors, 8, y and z, of the angles of each triangle, resulting from each 
Final Reduction and the subsequent apportionmeuts of residual error. 

SixteetrM. The Dispersion of the Residual Errors which were met with after the Final Reduction. 

Seventeenth. A Statemeut of the Final ~ e s u l t s  of' each reduction, shewing the numerical accuracy 
ultimately attained in' the calculations. 

Chapter IV  gives the Reduction of the Non-Circuit Triangles of the two series,-42., the triangles 
excluded from eaeh Final Reduction-which was needed for the final adjustments of their angles, to  satisfy 
the geometrical conditions of the polygonal figures to which they appertain. 

This part gives full details of the principal work of the two chains or series of triangles-from \ 

the observations of the principal angles to the determination of the final'results, angular, linear aud - 
geodetic-series by series. The Secondary and Tertiary Triangulations which were executed pari pasad 
with the principal triangulation for geographical and topograpl~ical purposes, are as usual relegated to 

the corresponding Syuoptical Volume; the volumes of the Accounts of the Operations +c. being exclusively 
devoted to the details of the prirlcipal triangulation, exckpting in so far that what has been done in the way 
of secondary and minor triangulation in each series, is described in the Introduction to the series. 

I t  is now desirable to give first a summary, and afterward8 a general explanation, of the information 
and numerical data which the present volume furnishes for each chain of triangles. Summarised they are 

as follows :- 

I. Introduction. 
2. Alphabetically arranged List of Stations. 
3. Numerically arranged List of Stations. - 
4. The Description of Stations. 

6. The Observed Angles, with the Weights of the Concluded Results. 
6. The Reduction of the Polygonal Figures. 

7. The Final Values of the Sides and Angles of the Triangles. 
8. The computed Latitudes and Longitudes of the Stations and the Azimuths at each Station. 

9. The trigonometrically determined Differences of Height of the Statiorls and the Absolute Height 
of each Station above the Mean Sea Level. 

10. Astrouomical Ohservations of the Azimuth, and their Reduction. 

Plate. The Diagrams of the several Polpgoual Figures contaiued i n  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 pear to year, mentions the O5cers by whom they were conducted, 
Qnd the theodolite8 with which the principal angles were measured, and indicates the work done by each of 

the Assistants. 
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2 and 3. I t  has been foilnd convenient to indicate the Principal Stations by a system of numerals, ae 

well as 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 names, in the 
second numerically with the names opposite the numbers. Roman numerals have been adopted throughout 
for the nomenclature of the stations, and they are progressive in order from south to north in the two 
chaine, the first number for each aeries being unity. 

4. The Descriptions of the Stations are based generally on those made originally by the observers 
and entered on the spot into the angle books, subject to such modifications as are occasionally required to 
take cognizance of any alterations which have been subsequently effected. They give the names of the dis- 
trict and the sub-division in which the station was situated at  the time when its description was written. 
For idormation as to the general form and structure of the statione, reference should be made to Section 
4 of Chapter I. 

5. I n  the pages which are allotted to the observed horizontal angles, , the name of the observer, 
the distinguishing number and the name of the maker of the theodolite, and the month and year in which 

- the observations were taken, are specified for each station. 
' I n  the details of the measures of the angles axe given the reference number of the station on which 

the telescope was set at the commencement of each round a£ measures, and the reading to which the azi- 
muthal circle was set, after each 'change of zero'; thus the graduations of the circle to which the readings 

t were taken, at every measure of any angle, may be readily ascertained for an investigation of the law of the 
graduation error, such as will be found for Troughton and Simms' 18-inch Theodolite No. 1, in Appendix 
No. 4 of Volume 11. 

I n  the right-hand column of the record are given MI the. mean of the several groups of measures 
I 

on each setting, w and -, the weight and its reciprocal of the angle as deduced h m  differences between in- 
w 

dividual measures and between individual groups, and C, the concluded value'of the angle as thus derived from 
the observations only; for fuller explanations reference must be made to Section 4, Chapter VII, , 

Volume 11, to the example a t  page 342 of the same volume, and to Section 2 of Chapter I1 of this volume. 
The'abstracts of angles are followed by lists of the Sums of Squares of Apparent Errora of Single 

Observations and Single Zeros, which furnish data for the investigation of the average e.m.8. (theoretical 
error of mean square) of observation in a eingle measure of an angle, and the average e.no.8. of graduation 
plus observation in the mean of the measures on a single zero. Such determination8 are made in the firat 
instance for groups of angles measured by the same observer, with the same instrument, and under similar 
conditions, and then for various combinations of these groups. With data thus obtained, from series of tri- 
aogles, for seven of the large theodolites which have been chiefly employed in the measurement of the prin- 
cipal angles, the investigation of the influences of Mixed Errors of Observation and Graduation was made 
which forms the subject of Section 3, Chapter VII, Volume 11, * 

6. The Reductions of the several Polygonal Figures which are contained in each 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 weight8 of the angles. Full explanation of the 
principles and the procedure of these reductions, will be found in Chapter VI I I  of V ~ l u m e  11, and the for- 
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mule are given in Section 8 of Chapter IT of the present volume. The figures are numbered consecutively 
in each series. Diagrams of the figures are given in 'the Plates appertaining to each series. The small 
numerals .within each of the observed angles correspond to the subscripts to the general symbol, x, which 
is.employed to indicate the error of any angle, the numerical subscript deuoting the angle. Thus on 
referriug to the diagram of Figure No. 2 and to the reduction of that figure on page 71, x, is the error of 
the angle 3, at  Station I1 between Stations I and 111. The tabular statements of the reductions give, 
firstly the observed angles and the reciprocals of their weights; secondly the equations by the solution of which 
the geometrical couditions of the figure are satisfied,-see equations on page [12] ; thirdly the equations 
between the 'indeterminate factors'; fourthly the values of the indeterminate factors; Jifthly the values 
of the angular errors; and sixthly the summation of the products of the square of each error and 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. I n  the group of equations between the indeterminate factors, the 
coefficie;t of the pth factor in the 9th line is the same as that of the 9th factor in the pth line; thus if a 

diagonal line be drawn from the coefficient of the first term in the first line to that of the last term in the 
last line, the coefficients which are symmetrically disposed on opposite sides of this line will be identical with 

' . each other. Consequently only the coefficients ' on and above the diagonal have been given; the absence of 

those below is indicated by an asterisk. 

8. The Tabular statement of the Triangles. The first two columns of this table give the number 
adopted for each triangle to designate its place in the series ; this number ia  entered in the first column if the 
triangle appertains to the chains of single triangles forming the 'two circuits whose closing errors are 
eliminated by the Final Reduction ; i t  is entered in the second column for the non-circuit triangles exterior 
to the chains. The triangles which enter the circuits are shown in the Reduction Charts (at the end of 
this volume) in firm lines, with their distinguishing numbers written in the centre; those which do not enter 
the circuits are ahown in dotted lines, and their numbers are indicated by numerals of a smaller size than the 
former, commencing with 49 for the Jodhpore and 40 for the Eastern Sind Meridional Series, 48 and 39 
being the numbers of the laat of the circuit triangles in the respective series. The columns in the table 

which contain the corrections to the observed angles give, f i s t  the correction for the error of the angie, 
with reference merely to the triangle or polygonal figure to which i t  belongs, as obtained from the primary 
reductions; and secondly the further correction which has to be applied either for the apportionment of 
circuit error, should the angle appertain to one of tlie circuits, or for the restoration of consistency in the 
polygonal figure after the application of the circuit errors, should i t  appertain to a non-circuit triangle 
Finally, the corrected plane angles and the lengths of the sides are given, as computed by the rules of 
Plane Trigonometry, in accordance with Legendre's theorem; see Section 4 of Chapter 11. 

9. The Table of the Latitude8 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 I X  of Volume 11, and the 
formulae are quoted in Section 5 of Chapter I1 of the present volume. All Azimuths arecreferred to the 

eouth point and are measured right round the horjzon by the west, 

10. The Determinations of the Differences of Height of the several stations have been obtained from 
the measurements of the vertical angles, as explained in Sectiou 6 of Chapter I1 of this volume. It has not 
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%een considered necessary to give the individual measures of these angles, as has been done for the horizontal 
angles, because this portion of the operations is less exact and importaut. But the mean of the whole of the 
measures of each vertical angle, the calculated mean value of the amounb of refraction in each angle and 
of the coefficient of refraction, the hour of observation, the heights of the signal and of the observer's 
telescope above the summits of the stations, the differences of height of the said summits and the absolute 
heights above the mean-sea level, are given. The errors generated trigonometrically between the initial and 
terminal obligatory stations of each series, have been duly dispersed by the method of simple proportion 
over the intermediate trigonometrical values, as explained in Section 7 of Chapter I1 of the present volume. 

I t  may be here stated that all trigonometrically determined heights irrvariably refer to the upper sur- 
faces of the central mHsoriry pillars at the principal stations. Spirit-le~eled values on the other hand some- 
times refer to the upper surfnce and sometimes to the basement of the pillar, wllichever the leveling-staff 
waa set upon ; a description of the exact point of reference then becomes necessary. 

11. Finally come the details and reductions of the Astronomical Observations which have been taken, 
at certain stations in each series, for the determination of the Azimuth of one of the surrounding stations, 
or  of a referring mark, the angle between which and a contiguous station has bee11 measured. The methods 
of observing aud of reducing the observations are fully described in Chapter XI1 of Volume 11. For reasons 
which are explained in the first section of that chapter, the results have not been used in the general reduction 

of 'the triangulation, further thau to give a more exact mean value of the fundamental astronomical azimuth , 
&t Kaliinpur) than the one obtained by the observations on the spot. At the end of the details of the 
determination of' each azimuth, the difference between the observed value and the value obtained by calcula- 
tion through the triangulation from tile fundamental'azimuth is given. These differences may be of ruuch 
value in future investigatious of the Figure of the Earth and of the influence of local attraction. 

Full details regarding the Unit of the Linear Measures, the Base-lines, the Initial Elements of Lati- - 
due, Longitude and Azimuth, and the Elements of the Figure of the Earth which have been adopted iu the 
calculations, will be met with in Volumes I and 11. I n  this place it is only necessary to state tlrat :- 

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

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

(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 0bservnto1-y has however been receirtly re-determined, by the Electro-Telegraphic 
method, by observations which were made at Greenwich, Mokattam (in Egypt), Suez, Aden, Bonibay and at 
certain stations of the triangulatiorl in India, and with the following preliminary results :- 

h m  s 
Longitude of Mokattam 2 5 6 -320 East of Greenwich Supplied by SirG. Airy, from observations taken 

Increase for Suez 0 5 6.917 JJ in connection with Transit of Veuus in 1874. ' 

j J  Aden 0 49 42.556, J J  By the operations of this Survey; see the ,, , Bombay 15119.983 JI 

Aunual Report for 1876-77. ,, Madras 0 29 43'540 j) 

. , .  

Longitude of Madras 5 20 59.416 JJ 
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This value of the Longitude of the Madraa Observatory is equivalent to 80' 14' 51"; and as the originally 
adopted value, on which the longitudes of the whole of the stations of this Survey are based, is 80' 17' 21"- 

see page 135 of Volume 11-the following precept may be accepted with considerable confidence :- 

All  the values of longitude in this volume require a constant correction, 
probably of - 2' 3W. 

The orthography of Indian names in the present volume is in accordance with the provincial lists of 
spellings constructed under the immediate orders of the Government of India. l'he newly autliorised spelliligs 
were adopted for all names and other words contained in tliese lists ; but for words for which there was 110 

specific authority, the spellings have been framed in accordauce with the methods followed in t l ~ e  preparation 
of the published lists, reference being made in the present instance more particularly to the Gazetted Lists 
for Rajputana and for Bombay. As a general rule the pronunciations of the vowels are as follows :-a lias 
a variable sound as in woman, rural, paltry; d as in tartan; i as in bit; i as in ravine; u as in bull ; u' as ill 
rural ; o aa in note; e as a in say; au as ou in cloud ; ai as i in ride. Final vowels and those in well-known 
terminals are unaccented. When the popular spelling of a name has been accepted by Government, its cor- 
rect transliteration is given in parenthesis wliere the name occurs for the first time. 

I t  now only remains for me to state that the Introductory Chapters forming Part I of this volume 
are the work of Mr. W. H. Cole, M.A. ,  Deputy Superintendent. The Introductio~~s to both seriea were 
written by Major M. W. Rogers, R.E.,  Deputy Superintendent. The reduction of the Jodhpore Meridionnl 
Series was effected chiefly with the aid of Baboos Gunga Pershad, Gopal Chandra Sarcar and Kedar Nath, 
and that of the Eastern Sind with the aid of Haboos Gunga Pershad and Mizaji J'al. The volume like 
its predecessors has been printed at the ~ri~oAometrica1 Branch O5ce at Dehra; Mr. Peychers and Baboo 
Gunga Pershad have rendered valuable service in the examination of the press generally, and Mr. 
Peychers more particularly in regard to the numerical and mathematical details which require the utmost 
care in supervision through the press, and in this respect from his natural aptitude and experience his assis- 
tance has been most valuable. 

DEHRA DUN, C. T. HAIG, COLONEL, R.E., . 
March, 1886. O$g. Dy. Surveyor General, 

I n  clrarge Trigonometrical Surveys. 
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VOCABULUY OF CERTAIN NATIVE WORDS W E  USE OF I N  THIS VOLUME. , .  

OBTHOQRAPW 
BXPMYXD. 

Amir . ... 
Bajri ... 
Bhati B jpu t  ... 
Chunam . ... 
Darblr ... 
Draen ... 
JBgir ... 
Jain ... 
J6ts ... 
Kacha ... 

Mahklja ... 
Mahartiwal ... 

Mot ... 
Pargana ... 
Phog ... 
Bao ... 
Sar&r ... 
Tahsil ... 
Taluk ... Taluhr! 

C O B B B ~  
O B T E O ~ B ~ ~ H Y .  

Amir ... 
Btijri ... 
Bhatti S j p b t  ... 
Chiina ... 
Darbiir ... 
Dr4Z ... 
Jdgir ... 
Jain ... 
Jdts i.. 

Kachchs ... 
Mahkija ... 
MahMwal ... 
Moth ... 
Pargana ... 
Phog ... 

x o  ... 
Bar& ... 
Tahail ... 

Title of the rulers of Sind. 

A kind of grain, millet, 

A clan of Ejpbts, a warrior caste of India. 

Lime employed in prepaxing mortar. 

Government. 

I'racts of shifting sand. 

Land given by Government ae a reward for services. 

A sect of Hindus. 

Ditto. 

Built of clay only ; or of stone or unburnt brick and clay. 

A kinglor ruler. 

Ditto. 

A kind of grain, pulse. 

A sub-division of a dietrict. 

A shrub of tEe Cdligonum spociea. 

A chief. 

A chief or headman. t 

Portion of a district subject to a Bovenue Collector. 

A sub-division of a district. 

Thakur ... ... Thikur ... . . . .  Title o£ a Rhjpbt chief. 

Thina ... ... T b b  ... ... A small police sub-divisioa 
. l  

Vishnu ... ... Vishnu ... ... One of the three principal Hindu deitice. 





PART I, INTRODUCTORY. 

T H E  F I N A L  R E D U C T I O N S  
OF THEC 

JODHPORE MERIDIONAL SERIES 

AND OF THE 

EASTERN SIND MERIDIONAL SERIES 

NORTH-WEST QUADRILATERAL. 





, ACCOUNT OF THE TRIANGULATION OF THE JODHPOBIE AND EASTERN BIND 
HEEIDIONAL SERIES. 

The l'rkzngulatioll included in this 7olwme. 

The Jodhpore and Eastern Bind Meridional Series form two of the internal chains of 
that section of the triangulation of India, designated the North-West Quadrilateral, which 
embraces all the principaJ triangulation between the parallels of 24" and a" and the meri- 
dkm of 67" and 78". 

These two series had not been commenced at the time, 1868, the Simultmeous Reduc- 
tion of the North-West Quadrilateral waa undertaken ; and although they formed part of the 
scheme for the triangulation of India, it waa considered undesirable to await their execution, 
for reasons which are fully stated in Section 7 of Chapter I of Vol. I1 of the Account of 
the Operatione of the Great Frigonometrical Survey of India. It thus happens that while 
they are on a par with the most refined work of the Survey, they have had to be sepasately 
reduced to m r d  with the rest of the triangulation of the North-West Quadrilatsral. 

me Ob8mer8 a& the Inetrz~lzents employed on the Triuszgulatkm. 

The Jodhpore Wries, meridian ?at0. 

This Series emanates from the side Sbda-Bonik of the K h h i  Longitudinal Series 
and closes on the side RllimRiF-Kaada of the Sutlej Series. It was commenced by Lieu- 
tenant (now Mrtjor) M. W, Rogers, R.E., in 1872-73, who advanced the principal chain a 



distance of 95 miles, fixing 12 stations forming a quadrilateral and two single polygons. 
Lieutenant Rogers having proceeded on furlough, the charge of the party waa transferred to 
Lieutenant (now Major) J. Hill, R.E., who carried the chain of principal triangles rt further 
distance of 90 miles by a series of consecutive polygonal figures. Captain Rogers returned 
from furlough and relieved Captain Hill of the charge of the party on the 20th November 
1874, and during that and the following field season he succeeded in completing the Seriee. 
The chain is double throughout. I t  comprises 3 quadrilaterrtls, 8 single polygons, and 2 
double polygons, and is 310 miles long. The instrument employed was Barrow's 24-inch 
Theodolite No. 2, of which 9, description will be found in Appendix No. 2 of Vol. 11. 

The Eastern Bind Series, meridian 70". 

Operations were commenced on this Series during the field season of 1875-76. While 
Captain Rogers waa bringing the Jodhpore Meridional Series to a conclusion, he detached 
one of his assistants to commence the selection of stations on the meridian of 70°, starting 
from the KarSlchi Longitudinal Series. The side RojhreSandohar was selected as a base ; 
and the neighbouring stations of Z'uldr and Chhga having been destroyed, new ones were 
built on their sites and employed in constructing a hexagon about Sandohar. When he 
himself had brought the Jodhpore Series to a termination on the 3rd January 1876, he 
marched to the proposed northern ternzinus of the Eastern Sind Meridional Series to com- 
mence preliminary operations from that end. I n  the neighbourhood where the Series was to 
have closed to the north, several stations of the Great Indus Series had been washed away by 
the river, and Captain Rogers was obliged to adopt the side Dhow&la-MBchka west of the 
meridian of 70" and to work on to this meridian. Only preliminary operations were carried 
on this season, the chain being laid out for 110 miles at its southern end and for 24 miles a t  
the northern end. I n  the field season of 1876-77 the final observations were commenced 
and the Series was carried forward a distance of 125 miles from its southern terminus. 
During the next season the party was employed in Baluchistan; and the season following, 
war having broken out between India and Afghanistan, Captain Rogers was attached to 
the Force operating 'in the latter country from the south. Towards the end of 1879 Captain 
'kogers returned from Afghanistan but not in time to effect a full season's work on the 
Eastern Sind Meridional Series. He however advanced it 64 miles, and there then remained 
only so much as could be easily completed during one field season. 

I n  April, 1880, Captain Rogers went to England on furlough, when the party proceeded 
to Mussooree, and during the recess season was placed temporarily under Mr. J. B. N. 
Hennessey, in addition to his other duties. At the end of the recess, having equipped the 
party for the field, Mr. Hennessey transferred it to Colonel Branfill, who me5 it in Sind on 
the 6th November, 1880. The remainder of the chain of principal triangles was then com- 
pleted in about two and a half months. Tho Serics is double throughout, comprising 3 quad- 
rilaterals, 7 singlo polygons and 2 doublc polygons. Tho instrument employed by Captain 
Rogers was Barrow's 24-inch Theoclolitc No. 2, and that by Coloncl B r a d l  was Troughton 
and Simms' 24-inch Theodolite No, 1. 



THE FIXED DATA. [ a 1  

The Dependency of the Triangwlatwn on the North- West Quadritaterat? for the $xed data. 

Both the Jodhpore and Eastern Sind Meridional Series emanate from the Karhhi 
Longitudinal Series ; the former closing on the Sutlej Series, and the latter on the Qreat 
Indus. All these three appertain to the North-West Quadrilateral which, as already stated, 
had been finally reduced before the two chains were executed. The only connection be- 
tween the chains, other than that through triangulation which stood finally reduced, is by 
a secondary series, and therefore their reduction consists of two independent operations. 
The fixed data for each were the length and position of the side of origin and the same 
elements of the closing side. 

The Construction of the Prirccipal Statwrcs. 

The Jodhpore Meridional Series. 

The principal stations of this Series are nearly all situated on hills; they consist of 
circular masonry pillars from 3 to 4 feet in diameter, for the large theodolite to rest on, 
are generally surrounded by platforms of stones and earth, or sand, of sufficient size to 
support the observatory tent. Several of the stations fell on sand hills which did not 
afford a satisfactory foundation for the pillars ; piles were then driven into the sand and the 
foundation laid on them, the pillars being built so that their surfaces were nearly flush with 
the hill top. Owing to their elevated positions the pillars rarely had to be raised to a height 
of more than 3 or 4 feet ; they contain two or more marks the upper of which is generally 
flush with the surface. Over the upper mark a rectangular protecting pillar, bearing a 
sufficiently mcurate mark for Topographical and Revenue Survey purposes-as shewn at 
page 74 of Vol. I1 of the Accozcnt of the Operations, 9c.-was erected after the completion 
of the observations, and the station was then further protected by a pile of stones and earth. 

The Eastern Sind Meridioxd Series. 

The great majority of the stations of this Series are situated on sand hills and their 
construction is as follows :-A solid, circular pillar of masonry for the theodolite to stand on, 
isolated by means of an annular wall, was built up from a depth of 3 feet to the level of 
the hill top ; in this pillar were placed two or more mark-stones vertically over one another, 
the upper one being in the surface of the pillar. The remaining stations are tower stations : 
they consist of either a solid or perforated pillar surrounded by a solid tower of sun-dried 
bricks set in mud for the accommodation of the observatory tent. The solid pillars have marks 
at the top, at the bottom and intermediately, while the perforated pillars have a mark in 
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the floor and another below it in the foundation, access to the mark in the ground floor being 
obtained by a vaulted passage through the tower and pillar. The pillars themselves were 
constructed in rectangular blocks of masonry surmounting one another, each succeeding 
block being contracted so as to leave a plinth at its base; the uppermost block, for the 
theodolite to stand on, is circular, 34 feet in diameter, and isolated from the tower. The 
upper mark-stones where the pillars were solid, were in all cases protected by rectangular 
pyramidal pillars erected over them after the completion of the obserrations, and bearing 
a sufficiently accurate mark for Topographical and Revenue Survey purposes. 



CHAPTER 11. 

THE MEASUREMENT OF THE ANGLES AND THE GENERAL PRINCIPLES FOLLOWED I N  THE 
REDUCTION OF THE TRIANGULATION. 

The Measurement of the Horizontal Angles and their Record. 

I n  Chapter IV of Vol. I1 full particulars have been given of the methods of observing 
both horizontal and the vertical angles which have been in practice since the year 1823. 
I t  will not be necessary therefore to do more here than briefly indicate the procedure, 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 centred over the station mark and levelled, either one of 
the surrounding stations, or a referring mark specially set up for the purpose, was adopted as 
what is called the zero-station, or the station for which the readings of the instrument are 
obligatory. The telescope being directed to this station, the index was made to read 0" 0'. 
The remaining stations were then observed to in succession, two or more rounds of observations 
being taken. When these were completed the telescope was turned over in altitude and 
brought round in azimuth to point to the zero-station: the index would then read 180" 0'. 
With this zero-reading another set of observations, similar to the last, was taken. A single 
measure on each of the two zero-settings constitute a pair of collimated observations, tlie 
face of the vertical circle being to the left of the observer at one setting and to his right at 
the other. The instrument was next shifted in azimuth, so as to bring the index to another 
arbitrary reading while the telescope pointed to the zero-station, and observations were again 
taken on I?. L., face left, and F. R., face right ; and so on. These arbitrary shifts were through 
arcs of 10" for theodolites with 3 microscopes and 7" 12' for 6-microscope theodolites. In 
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 decided that the arc between the microscopes should be added to each shift. 

The system of zero-settings employed in the Jodhpore and Eastern Sind Meridional 
Series was as follows :- 

The minimum number of rounds on each zero was three ; but when differences shewed 
themselves in successive measures of an angle, greater than it was considered the instru- 
ment ought to give, the observations were repeated. 

The several measures of each angle, with the name of the observer and instrument 
employed and the date of the observations, are given in Part I1 of this volume, commencing 
for the Jodhpore Series at page 14 and for the Eastern Sind Series at page 131. Against 
each single measure is a letter in italics, shewing whether the signal observed to was 1, a 
lamp, or h, 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 measures are their means from which M the general mean is 
obtained. The several measures and zero means are then treated as described in the follow- 
ing Section, and give C the concluded angle, together with w, its relative weight to the other 

I 
angles measured under similar circumstances, and 3 the reciprocal. 

The Deduction of art Angle from its several Measures and its 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 at the discretion of the observer. Of old the 
custom was to take the general mean of all the zero-means as the most probable value of the 
angle resulting from the several measures ; but, for reasons which are explained in Chapter 
V I I  of Vol. 11, this practice has been departed from, and the following procedure has been 
adopted in deducing the value and the weight of each angle in the present volume. 

Let d', d", d ,  &c., be the differences between the successive single measures and the 
mean of the measures on the zero to which they respectively belong, n,, rc,, reg, &c., the 
number of measures on each zero, the sum of all which is = N, and D, , D,, D,, &c., the 
algebraical excess of the successive zero means, Z in number, over the arithmetical mean, M, 
of all the zeros. 



THE DEDUCTION OF AN ANGLE AND ITS THEORETICAL ERROR. [ g l  
Now put 

and let 

Then the resulting angle 0, usually called the ' Concluded Angle ', 

Here o* and g are taken ~EI  preliminary approximations to the theoretical error of 
mean square 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, 
wl, w,, . . . , of the successive zero-means are ascertained, whereby these means are readily 
combined to give the value of the Concluded Angle, as in the last equation. 

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

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

It must be here observed that the values of e.m.8. thus obtained immediately from 
the observations, cannot be considered to be in the same terms when the instruments and 
circumstances under which the observations are taken are different. The values are only 
to be regarded as preliminary, applicable in any combination of angles measured with the 
same instrument and under similar 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 instruments and under different circumstances. This subject is fully treated 
of in Section 5 of Chapter V I I  of Volume 11, to which reference can be made if desired. 
It need not be entered on here for the angles of the Jodhpore Meridional Series having been 
observed with the same instrument and under the same circumstances needed no modulus to 
equalize the weights ; and although on the Eastern Sind Meridional Series two instruments 

Strictly v k i n g  the denominator in the expre~ion which gives the value of o would be N - 2 ;  but a larger denominator, M 

N o r  N-I, in refereble In the p m n t  instance, because o is combined with g which, strictly speaking, would represent the total error and 
not that of d u n t i o n  only, if each mewure were absolutely independent of all the others, which it is not. Thus, though the denominator 
N-1 WM originally employed by m overright, M may be hero frankly acknowledged, it ~IM been retained M more appropriate tkan N-Z 
under existing circmtancea. 
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were employed, one of them was used for such a small portion of the triangulation as to 
afford too few data for determining a modulus, and being both 24-inch theodolites of practi- 
cally equal capabilities it was the less desirable to attempt to deduce any ; hence the weights 
of this Series were also assumed to be in the same terms. 

The record of the measures of the angles is followed by a list of the " Sums of 
Squares of Apparent Errors of Single Observations and of Apparent Errors of Single Zeros," 
furnishing 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 graduation 
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 series, investigations of the influence of "Mixed Errors of Observation and 
Graduation ", similar to those which are given in Chapter VII  of Vol. 11, may be made. 

Preliminary Reductions of the Groups of Angles contained ilt independent 
Frigomnaetrical Figures. 

So long as chains of triangles are treated aa independent of one another, the angles 
naturally separate themselves into as many groups as there are single triangles, and combina- 
tions of triangles into single polygonal figures and net-works. Each triangle is subject to 
the geometrical condition that the three angles are equal to 180" plus 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 

cosec I" * 
c =  absinC X 2 r ~  

in which E is the spherical excess in seconds, a, b and 0 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 

2pv being the radius of curvature to the meridian and v the n o d  on 4S0, that is, r = - 
P + V '  

the a s s  minor fo; the mean latitude of the triangle. 

* The COBeC tt' 

2P 
has been tabulated for every degree of latitude from 6 to 96 in the Aun'liwy Tablw fo facilitate t h  calcwla- 

tionr of the Survey Department of India, Dehm Doon, 1SG8. 



PRELIMINARY REDUCTIONS OF THE GROUPS OF ANGLES. [Ill 
The geometrical conditions connecting groups of angles divide themselves under three 

heads, t r k g u l a r ,  central and side. The first is, as before stated, that the three angles of a 
triangle must equal 180" + the spherical excess, the second that all the angles meeting at a 
point and completely surrounding it must equal 360°, or when an angle is meaaured 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 
become the right hand members of the equations amongst the angular errors furnished by 
the conditions, or they furnish the means of obtaining them. 

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

in which N is the number of angles and 8 the number of stations. 

I n  order to express the equations, denote the observed angles by X,, X,, X,, . . . 
the corresponding angular errors by x,, x,, x3, . . . and the absolute terms of the equatiom 
by e with subscripts denoting the equations to which they appertain. The triangular and 
central equations will then take the form. 

The side equations may be expressed in either of the two following forms, it is 
immaterial which, so far as the accuracy of the results is concerned ; but the second entails 
least labour in calculation, and for that reason is preferred :- 

If a, = cot X,, a, = cot X,, kc., the side equations will be represented by 

cosec I" sin X,. sin X, . . . 
a, x, - a, x, + a, x3 - a, x4 + . . . = M ' ~ g s i n x , . ~ i n x ~ .  . . . . . ( 1  

M being the modulus of common logarithms ; or if 

a, = tabular difference of log. sin X,  for a change of I" 

a, = 9, ,, log. sin X, ss 

and so on 
sin XI. sin X, . . . 

a, x, - cc, x, + a, x3 - a, x4 + . . . = log. sin 8,. sin X4 . . . . . . (2) 

These geometrical conditions have to be satisfied in such a manner, that the angles 
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shall receive the most probable of the several series of corrections which present them- 
selves. This is done by the method of minimum squares, which is now so well known that 
nothing need be said regarding it further than that it requires the following expression 
shall be made a minim=, 

in which wl, h, . . .  wt are the reciprocals of the weights, w,, w2, ... wt, of the observed angles. 

The following equations-taken from Section 5, Chapter VIII ,  Vol. 11--express first the 
geometrical conditions, secondly their relations with the indeterminate factors, X,, X b ,  . . .  X,, 
by the introduction of which U is made a minimum, and thirdly the most probable values of 
the angular errors in terms of the geometrical conditions and the indeterminate factors. 

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

The equations between the indeterminate factors are 

[m. w ]  X, + [ah. u] Xd + . + [an. a] L = ea 

[ab. zcl X, + [bb. u] Xd + . + [bn. w ]  X, = e b  

. . . . . . . . . . . . . . . . .  
. . .  [an. w ]  X, + [ha. u] Xd + + rnn. w ]  X, = em 

in which the brackets [ 1 indicate summations, thus 

The resulting values of the angular errors are 

$1 = 211 (a1 X, + b, Ab + + n1 A n )  

x g  = ua (0, X, + b2 X b  + . + 12, A n )  

. . . . . . . . . . . . . .  
xt = wt (at h a  + ht X b  + + nr L) 

and the value of the minimum, U, is 

Abstracts of the reductions of the figures will be found in Part I1 for the Jodhpore 
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Meridional Series on pages 69 to 84 and for the Eastern Sind Meridional Series on pages 181 
to 195. I n  these abstracts are given for each figure the observed angles with their reciprocal 
weights, the equations to be satisfied, the resulting equations between the indeterminate 
factors, the values of these factors and the values of the angular errors obtained ; finally 
the value of the minimum-is also noted. 

CalcuZatwn of the Side8 of the 5ianglee. 

The values of the angular errors having thus been computed are applied to the 
observed angles with contrary signs ; then the angles of every triangle are reduced to plane 
angles by the subtraction of one-third of the spherical excess of the triangle from each, 
and the sides of the triangles are obtained in the ordinary manner. The 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 Blemenk of Statwne and Sidee. 

The lengths of the sides of triangles and the dimensions of the Figure of the Earth 
being known, it will be evident that if the latitude of any one station and 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 

o I n 

Latitude North 24 7 11'26 
Longitude E. of Greenwich 77 41 44.75 
Azimuth of Station 29 ( S h U )  190 27 5.1 0 

as explained in Chapter XI  of Vol. 11. 

But as the positions of all the stations of the North-West Quadrilateral are regarded 
as bving been finally fixed in the Simultaneous Reduction of that figure, the elements of 



any of them may be adopted in place of those of &&pur, whenever it happens to be con- 
venient to do so. Thus, as the Jodhpore and Eastern Sind Meridional Series are baaed on 
sides of the Kadchi Longitudinal Series, one of the Series of the North-West Quadrilateral, 
the elements of those sides have been adopted as the initial elements of the two series, instead 
of falling back on Ka.lihpur. 

The formulse 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 A, 5 and A respectively, the distance between A and B being c, 
and if 

AX denote the difference of latitude between A and B 

AL 29 ,$ longitude ,, 
B ,, azimuth of A at B 
AA = B-(r+A) 
e ,, the excentricity of the spheroid 

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

then 

C -- cos A msec I" 
P 

I -- - c'  in^ A tan A cosec I" 
1.2 p.v 

- 2 f L cog A sin msec I" 
4 p.v 1-8 

1 8  +-- 1.2.3 p . 9  
sine A ms A (I +g tanBX) cosec I", 

I c' 2 sins A tanB A C08eC I,t + -  1.2.3 9 cos A 
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and 

'1 sin 2 A cosec I-  
1-8 

B=. r r+d+  4 

5 + ~ ~ ) ~ A s i n ~ ~ c o s A  2 cosec I" 

I cS tanX ( r+~ ta ;n~X)  msec I" 

For the derivation of these form*, and also for the manner in which they have been 
arranged for calculation, see Chapter IX of Volume 11, also the Auxiliary Tablee to facili- 
tate the calm2atwm of the Survey Departmefit of India. 

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 :- 

S e m i - h  major, a = 20,922,932 feet,  LO^ = 7.320 6225 4 

semi-ad minor, b = 20,863,375 feet, 

Ellipticity, 
a-b  C = -  I 

a - 300'80 

a 
I - e = 0'9933622 n = 7 9 9 7  1076 1 

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

Reduction of the Pertical Angtes for the determinatimb of Diferencee of Height 
and C o - e m n t e  of Refraction. 

The relative heights of the principal stations of this Survey are determined in 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 
Levels, which are executed by this Survey, and occasionally with Tidal Stations on the coasts 
of the Peninsula, at which direct determinations of the mean 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 :- 

I f  h be the difference of height of two stations A and B, D' the depression of B at A 
and D that of A at B, H the height of A above mean sea level, c the distance between A and B 
at that level, and r the radius of curvature corresponding to the mean latitude of A and 6, 
then the angle subtended at the lower station by the excess of height of the higher, or the 
so-called mbtended mgte, is + (D-D') and the height of B above or below A is given by the 
expression 

H sin + ( D  -D') h = c  I + -  ( .) ,D 

according as the result is plus or mhue. 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. 

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

If i,, ib be the heighta in feet of the theodolites at A and B respectively 

80,  8a 3 3 signals 19 ,, 
D, , Da the observed vertical angles, both assumed to be depressions, 

and we put 

then 

E sin 4 (Da - D.) 8 h = c  I + -  ( r ) cos Db +- 
P 

This formula, though not absolutely r i g o m ,  holds good for aJl cases that have hitherto 
occurred or are likely to occur in this Survey. 

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

I n  the preceding formula it is ctssumed that the reciprocal angles are equally aEected 
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by refraction, and in order that this may be as nearly the case as possible, the vertical angles 
are generally measured between the hours of 1 and 3 P. M., when the amount of refraction is 
usually a minimum. 

The reciprocal angles are also employed to determine the coefficient of refraction, to 
be used in reducing unreciprocated vertical angles ; for, putting C for the arc between the s b  
tions A and B, or the cog~tained arc as it is usually called, and +a, +* for the refraction at the 
respective stations, we have 

in which expression 

p- ia -8a+&-?be  

c sin I" 

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

+ and - gives the terrestrial refraction in decimals of contained arc--or in other words the 
.C 

coeflcient of refraction-for each pair of reciprocated observations. From the several values 
of the coefficient thus determined, those which are deemed most suitable are selected for 
employment in the reduction of vertical angles to secondary points, at which reciprocal 
observations have not been taken. 

The formula for calculating the contained arc is 

C=- cosec I". 
r 

Abstracts of the calculations of differences of height as well as the final heights for the 
Jodhpore Meridional Series will be found on pages 97 to 106, and for the Eastern Sind Meri- 
dional Series on pages 207 to 215. In these abstracts the stations are entered in pairs as 
reciprocally observed, and there are given for each station the astronomical date and mean 
time of observation, the mean of the observed angles, preceded by a letter shewing whether it 
is a depression, D, or an elevation E, and the number of observations of which it is the mean. 
Then follow in succession the height in feet of the signal observed to and of the instrument 
employed, the contained arc between each pair of stations, the terrestrial refraction expressed 
in seconds and also in decimals of contained arc, and the resulting difference of height of the 
deduced station by each deduction, the height thus deduced, and the mean of several deduc- 
tions. Lastly the final values of height-determined as explained in the next section-are 
given followed by the height of the pillar or tower above ground level. 



The Final Values of Height. 

The tide-gauge stations on the coast and the lines of spirit-levels connected with 
them and traversing the continent of India afford a great system of heights, which being 
determined with the highest attainable accuracy are considered absolute. The reciprocal 
vertical angles of the chains or series of triangles of the Great Trigonometrical Survey 
provide another very extensive system of relative heights; but from the irregularities of 
refraction and other causes these relative heights are less reliable than differences obtained by 
spirit levelling. The two syste~ns are connected at numerous points, and where discrepancies 
appear, they are treated as errors in the trigonometrical heights and eliminated from them by 
dispersion. After this has been done the trigonometrical heights are considered as absolute 
also. No lines of spirit leveling having been undertaken which cross or approach the two 
series under report the final heights of these series have been determined by dispersing over 
each the discrepancy between the relative excess in height of its teFminal over its initial 
stations as exhibited by the triangulation and the excess determined at the time of the final 
reduction of the North-West Quadrilateral. The initial stat,ions of both series lie in the 
Karbchi Longitudinal Series ; the terminds of the Jodhpore being in the Sutlej, and of the 
Eastern Sind in the Great Indus Series. 

The Determination8 of Azimuth by Aetronomical Obeervatwna. 

It has been the practice in this Survey to determine azimuths at certain stations in 
the course of the execution of each chain of triangles. It used to be customary to select 
stations for this purpose in meridional series at about I" apart, and in longit,udinal series 
at shorter intervals. Of late the choice of stations has also been governed by the nature of 
the surrounding country, those localities only being accepted where there was reason to ex- 
pect that the results would be least influenced by local attraction. These independent obser- 
vations of azimuth will be valuable 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. 
I t  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 precede 
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 



ASTRONOMICAL DEl!ERMINATIONS OF AZIMUTH. [I91 

of a referring mark-which are made in accordance 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, as the observations are individually liable to greater error. 

The time of each intersection of the star being carefully noted, the difference of the 
momentary azimuth, 814, from the value at elongation is subsequently calculated 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 azimuth of the star at elongation a deter- 
mination of the azimuth of the referring mark is deduced. 

The formula employed for the calculation has been 

8A* = (2 sin2 + 6 P  cosec I") tan A cose a 
I-(% sin2 a sin2+ 6P) + (cot P sin 8P)  

in which A is the azimuth of the star at elongation, P the corresponding hour angle, a the 
north polar distance of the star, and 614 the difference in azimuth for the time 8P before and 
after elongation. The last term of the denominator is positive when the star is below and 
negative when above the position of maximum elongation. 

At each station where the azimuth of a referring mark is obsemed, the angle between 
the referring mark and one of the contiguous stations of the triangulation is also observed, just 
as any other horizontal angle ; and the several measures will be found in the Abstract of the 
Observed Angles at the observing station. 

Abstracts of the azimuthal observations made on each series will be found for the 
Jodhpore Meridional Series on pages 107 to 115 and for the Eastern Sind Meridional Series 
on pages 216 to 227, in which are given, besides all necessary information regarding the obser- 
vations themselves, such details of the calculations as will enable them to be followed up to 
the final result, viz., 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 
star's place was duly allowed for in the reductions. 

The Final Reduction of the Triangulation. Prelimhary Sketch. 

80 far the triangulation has only been made to fulfil those geometrical conditions, 
which apply to single triangles, polygonal figures and net-works, or all such conditions as 

The vdues of the portion8 of the formula enclosed in bracket8 within the limits of 6P - W and a - 10" have been calculated 
and are given in the Aun'liary Tablsr, and M tan A cos2a may be treated sa a conatant for each elongation, the calculation of W ir eady 
performed. 
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exist until a chain closes on a side of known length and position or two or more chains unite 
together to form a circuit ; it now becomes necessary to apply such conditions as will make 
the closing points of each chain take the positions already assigned them by the general 
reduction of the North-West Quadrilateral. 

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

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

which permits of the elimination of one of the unknown quantities in each triangle, and 
thus enables all the triangular equations to be dispensed with. Thus the number of equa- 
tions to be solved was 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 externally on the base-lines. 

I n  the present case there was not the same excuse for neglecting the central and side 
equations, as each reduction only involved one chain of triangles; yet as each is double 
throughout, the introduction of all the equations would have largely added to the labor 
without any corresponding advantage. Hence the original plan was followed, except that 
Mr. J. B. N. Hennessey, who was at the time in charge of the Computing Ofice, decided that 
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the weights of all the angles in each chain of selected triangles should be considered equal 
or taken as unity. 

After the completion of the reductions, the angles appertaining to the portions of the 
polygonal figures and net-works, which had bees excluded, were corrected in such a manner 
aa to restore the consistency of each figure, without altering the values of the angles already 
fixed. 

The Final Reduction of the 23.ia~gulatio7t. P o t m a t h  of the Circuit Bquatioltl). 

The Final Reduction of each of the two series, the Jodhpore and Eastern Sind Meri- 
d i o d ,  was an independent operation; but the process was the same for each and may be 
generally described as follows : - 

The triangles presented for simultaneous reduction in each case consist only of a single 
chain, and are numbered consecutively from south to north. The angle opposite the flank 
aide of each triangle is known as X, that opposite the side of continuation as Y and that 
opposite the base as Z, eaoh 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 re- 
present 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 Lhew and Geodetic, the former taking cognizance of the errors in 
the sides of the triangles, which are met with at  the termination of the chain, and the latter 
expressing the errors in latitude, longitude and azimuth at the closing station. 

I t  is unnecessary here to repeat the deduction of the analytical expressions for the 
circuit equations. This has already been demonstrated in Volumes 11, VI and VII of the 
Accourct of the Operatiom of the Great l%gonometrical Sumey of India, to which reference 
can be made if necessary ; it will be eufficient now to give the expressions themselves. 

Denoting for brevity the tabular difference (t. d.) of log sin Y for I" by p, and of log 
sin Z by y, and by E the error in the logarithmic value of the closing side of the chah, then 

m being the number of triangles in the chain. As in this equation B as well p and y 
represent quantities in the 7th place of decimals, it is convenient to treat them as if both sidee 
of the equation were multiplied by I 07, by which means 3, and y become respectively the 
number of units in the 7 th place of decimals. 
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If we employ brackets to denote summation the equation may be briefly written 

TI. Geodetic Equations. 

The diagram in the margin represents the commencement 
of a, chain of triangles in which station I is assumed to be the 
origin of geodetic co-ordinates, and 2, 3, . . . stations on the 
most direct route-indicated by the dotted line running parallel 
to the sides on one flank of the chain-which connects I with any 
station in advance. The side c is the side of origin of the chain, 
and its azimuthsat I the fundamental azimuth of the chain. 

The following symbols are required to denote the differ- 
ences of latitude, longitude and azimuth, the length of side, and 
the forward and back azimuths from station to station dong the 
right flank of the chain :- 

For the side I to 2; AX,, AX,, AA,, c,, A, and B, 

The errors in latitude, longitude and azimuth at the closing station, the (a + I )  th, are 
denotedby dk,,+,, dZ,+,, d Bs. 

Now writing p and r# for certain functions of AX, A L ,  AA and A as exhibited in the 
Table of Substitutwm which follows, we have a general expression for each of the geodetic 
equations in which E represents the error in latitude, longitude or azimuth, as the case 
may be, at  the closing station, and f l  and y have the same signification as in the linear 
equation, while a stands for t.d. log sin X for a change of I":-- 

in which the p s and 4 s take their subscripts from the flank numbers of the stations and a 
/I and y fiom the triangles. 
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The general forms for the coefficients of y and z are :- 
First.-If thepth triangle have no side in the line of traverse, but only an angle at 

the station 1, 
(Pl  P P  - 01) Y p + (- Pl Y p - 41) ZP* 

Secondly.-If the qth triangle have a side in the traverse between the stations 2 and 1 + I, 

{ o l l + I  - P I )  aq + P I + I  Bq + + I )  Yq + ( (Pl+I  - P I )  a, - PI Y* + + I + ,  1 zq. 
Exceptions will appear to present themselves at  the commencement and end of chains 
owing to the non-existence of some of the coefficients. I n  all instances however it will 
be found that +t enters the coe5cients of all the errors at  station 1, and enters the 
coefficients of the other angles of the same triangles, with a plus sign if looking from 
station 1 the angle is the left-hand one of the triangle, and a rnifizcs sign if the right-hand. 

The substitutions for p  and + to render the general equation applicable to either lati- 
tude, longitude or azimuth are given in the following table. 

For E 

9 ,  P  

2 9  + 

Table of Swbstitutions for p  altd 9. 
Lntitude. 

dA.+ I 

hP 

h + 
II 

I 

+ I [ t.d.10~ A A 1 
n 

+ a [ t . d . i o g ~ ~  I I 
. . . . . . . .  

I 

+ t.d.10gAA. 

I 
" t.d.log cos A I + [ t.d.log AX 
a 

. . . . . . . .  
t.d. log cos A .  

+ t.d.logAA. 

Longitude. 
d L + ,  

L P  

L+ 

II 

I I + , [ t.d.log A L 

n 

I I + a [ t.d.10g A L 

. . . . . . . .  
I 

+ t.d.10g A L .  

" t.d.log sin A I I [ t.d.log A L 

" t.d.log sin A I + [ t.d.log A L  

. . . . . . . .  
t.d.log sin A. ,+ -  t.d.log A L ,  

Azimuth 
d B. 

A~ 

A + 
II 

I 

+ [ t.d.10~ A d  1 
tl 

+ lt.d.10~ I AA I 
. . . . . . . .  

I +- t.d.10g A a. 

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

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

a 

. . . . . . . . .  
t .d.log sin A. 

1 + --- t.d.log A A . 



The vdues of the absolute terms, B, for the geodetio equations are the differences 
between the values of latitude, longitude and azimuth at the closing station, as obtained by 
the calculation along the traverse, and the final values as given by the Reduction of the 
North-West Quadrilateral ; and if the subscripts f and v denote the $nat and traveme values 
at the closing station 

BA = X u -  AJ 

When the linear and geodetic equations have been obtained in the manner here 
described, it will be found that the numerical values of the coefficients are much larger in 
the former than in the latter, and that those in latitude and longitude are least of all. 
Although this cannot produce any effect on the final results it may increase the labour of 
the calculations. It has therefore been sometimes thought desirable to introduce factors 
which roughly equdize the coefficients. Such factors were employed for the Eastern Sind 
Series ; they were 

... for the azimuth equation ... ... 1 
,, latitude and longitude equations ... ... 10 

... ... ,, linear equation ... 0.1 

Final Zedwtion of the Triangulation. The Solution of the Zpuatiim between the 
Indeterminate Factors. 

If we assume that the number of triangles entering the reduction is t and that they 
furnish n circuit equations, the latter may now be briefly written in order thus :- 

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. 

Since the weights of the angles are all taken as equal, the minimum which governs 
the solution of the foregoing equations will, when x haa been eliminated from it, become 
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The symbols employed for the indeterminate factors are ,A, aA, 3A, &o., and the 

equations between them are* 

in which 

I I 38 = - (zb - t )  and @ = - (2c - b).t 
3 3 

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

y p =  1A + a s p  aA + . * + r*p A, 
zp = I m p  la + ,ap ,A + . + n a p  nA, 

xp = - (YP + ZP)' 

In  theae equations, although the corresponding coefflcienta on o poaito sides of the diago~ml appear to differ, their values are in 
reality identical in each term of the summation. Both forms, however, Eave been d e  uae of ss a check on the calculations i and for s 
like reeeon the diagonal coefaoiente have been obtained ale0 by the formule 

t As the fsctor entors al l  the ooefleienta of all the equations, ita omission from the actual calculatione can have no effect on the 
3 

5nal values of the angulnr errom z, y and c ; it ww accordingly oqitted. 



CHAPTER 111. 

THE DETAILS OF THE FINAL REDUCTIONS. 

Pretimimry Remarks. 

The general principles followed in the reduction of the triangulation, as described in the 
preceding chapter, apply equally to both the Jodhpore and Eastern Sind Meridional Series ; 
but in the present chapter which deals with the details of the reductions, it will be necessary, 
as the two series are entirely independent, to keep these details apart, while it will be conve- 
nient to include them in the same sections. The same preamble for each section will be 
made to apply to both reductions, the details themselves being headed by the name of tho 
series to which they belong. 

The Figural Reductions antecedent to the Bnat Simultameoa8 Reduction of each Series. 

The Jodhpore Meridional Series comprises 3 quadrilaterals, 8 single polygons and 2 
double polygons, containing 226 observed angles connected together by 76 I'riangular, 12 
Central and 16 Side equations of condition. 

The Eastern Sind Meridional Series comprises 3 quadrilaterals, 7 single polygons and 
2 double polygons, containing 198 observed angles connected together by 67 Triangular, 11 
Central and 14 Side equations of condition. 

The figural conditions and reductions are given for each series immediately after the 
Abstracts of the Observed Angles : a diagram of each f i p o  is also given in the Plate fol- 
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lowing the detaGs of each series. These together afford the means of readily following the 
calculations appertaining to each figure. 

The Description of the Beduction Charts. 

The respective Reduction Charts at the end of this volume exhibit the whole of the 
Principal Triangulation in each series. The triangulation in each case consists of polygonal 
figures from which only a single chain of triangles was selected for treatment simultaneously. 
The fixed data for the final reduction of the two series are the lengths and positions of the 
emanation-sides in the Karhchi Longitudinal and the termination-sides in the Sutlej and 
Great Indus Series, between which they respectively depend. These sides are shewn on the 
charts by double lines, terminated by black circles with white centres. 

The so-called circuit triangles-the errors of whose angles are the unknown quantities 
in each reduction-are indicated by continuous lines. The non-circzbit triangles, or those which 
are excluded from the simultaneous reduction, have their sides indicated by broken lines. 

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

The principal stations are indicated on the charts by small circles, with the names 
and the serial numbers by which it has been found convenient to distinguish them for 
reference in the course of the redubtions. These numbers are in Roman character and are 
progressive from south to north. 

A l l  the principal stations which fall on tho lines of traverse have an additional 
number in block type assigned to them, called their traverse number, these numbers com- 
mence from the initial station. 

The circuit triangles are numbered in the Jodhpore Heridional Series from 1 to 48, 
commencing from the side Sfinda-Bonik, and the non-circuit triangles are numbered in 
succession in smaller type from 49 to 76. In  the Eastern Sind Meridional Series the circuit 
triangles are numbered from 1 to 39, commencing from the side RojhreSandohar, and the 
non-circuit triangles are numbered from 40 to 67 in smaller type. I n  each of the circuit 
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 ', while x is the symbol for the errors of the flank angles; 
but as x has been eliminated throughout by the substitution for it of-(y+z), it is not indi- 
cated on the charts. The addition of the number of any triangle as a subscript to either 
of these symbols, particularizes the angle in each instance. 

The polygonal figures or net-works are distinguished by figural numbers as Fig. 1, 
Fig. 2, and these distinctions are continued in the diagrams and rcductions of figures. 



General Outline of the Pornation of the Linear and Geodetic Equatiolzs of Condi th .  

The Jodhpore peridional Series. 

The triangulation having first been made consistent so far as all figural conditione 
were concerned, the linear calculations were commenced from the side Sbnda-Bonik of the 
Kadchi Longitudinal Series, and carried northwards, through the circuit triangle8 only, 
until they closed on the side Kaimsir-Kanda of the Sutlej Series. The calculations of 
geodetic latitudes, longitudes and azimuths were then carried along the eastern flank of 
the chain, commencing and terminating with the linear calculations. The errors which 
form the absolute terms of the equations, are the differences between the two sets of 
linear and geodetic values of the side Kaimsir-Kanda and at the station Kanda, as ob- 
tained by the calculations just described and as already given finally by the Simulta- 
neous Reduction of the North-West Quadrilateral. Thus there are four equations which 
may be symbolized as follows, if we employ S to denote the sum of the terms on the 
right-hand side of the linear equation on page [21] and of the geodetic equation on page 
[22] with the subscript c to denote the linear, A the latitudinal, L the longitudinal, and 
A the azimuthal equations ; while E with the corresponding subscript denotes the absolute 
term :- 

The Eastern Sind Meridional Series. 

This series having in like mnner  been first made consistent so far as the figurd 
conditions were concerned, the linear calculations were commenced from the side Rojhra- 
Sandohar of the Karhchi Longitudinal Series and closed on the side Dhw4la-Mhchka 
of the Great Indus Series, the geodetic calculations being carried along the eastcrn flank. 
The errors are the differences between two sets of values of the closing side Dhowiila~ 
Mtichka and at the closing station DhwBla, as given by the Simultaneous Reduction of the 
North-West Quadrilateral and as obtained by tho calculations carried through tho serics. 
The equations may be symbolized as beforo. 



FORMATION OF THE CO-EFFICIENTS. 

Formation of the Coeflciente of the Unhwwn Qolantitiee. 

On page [24] the equations of condition are represented by a form of which the 
following may be taken as a general illustration :- 

the left-hand subscript denoting the equation number and the right-hand subscript the 
number of the triangle to which the errors appertain, and B and c being the coefficient of 
9 and z respectively. 

For the &inear Equation we shall have generally, see page [21], 

bp = + Pp = + t.d. log sin Y for I" 

tP = - yp = - t.d.logsinZ ,, 
For the Geodetic Equations we shall have, see page 1231, 

the former being applicable to any, thopth, triangle when it has only the angle X in the 
traverse at station 1, and tho latter when it has the side opposite X in the traverse and lying 
between the stations I and I + I. 

Exceptions to the General E q r e e a b m  for b and c. 

The Jodhpore Meridiomil Series. 

Equation I has no exceptional coefficients ; but in 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 as the side Kanda-Randu, and the same equation has two 
extra coefficients 

= - I and c ,  = - I, 
to canry the calculations to the closing side Kanda-Kaimsir. 



INTBODUCTORY. 

The Eastern Bind Meridional Series. 

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

as, = - pis ass + 4 1 9  css = - (ass + ~ s e ) ,  

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

bSg = - I and c,, = - I ,  

to carry the calculations to the closing side DfiowtileMBchka. 

Syrwptical Exhibition of the several Eqzcathm of Condition. 

For the sake of brevity let us put ,kp for ,bp y, + ,cP z, or, in other words, for the 
sum of the errors y and z of the angles Y and Z in any, the pth, triangle, respectively 
multiplied by their coefficients b and c in any, the mth, equation of condition ; and further, 

let us put .k I to represent the sum of the terms ,k for a aeries of triangles of which the 
P 

first term is ,k, and the last ,k, . 

- ( 2 )  Latitude. .k4( . . - aE, 

The equations will then be expressed as follows :- 

The Jodhpore Meridionrtl Series. The Eastern Sind Meridional Series. 

- (3). Longitude. ,kq  . . - 3 E 2 

( I ). Littear. ,kff . . - - ,& 

(4). Azimuth. ,kT . . = a. 
1 

( I ) .  Linear. , k r  . . - - ,E, 

- (2). Latitude. k . . - .E, 

- (3). Longitude. ,k 98 . . - ,E, 



THE NUMERICAL VALUES OF ,THE FIXED DATA. 

The Numericat Patws of the Fixed Data m which the Separate Reductioas of the 
Jodhpore and Eastern Sind Meridwttat Series are based. 

Both series emanate from the Kadchi Longitudinal Series ; the Jodhpore closes on 
the Sutlej Series and the Eastern Sind on the Great Indus Series. The fixed data furnished 
by these series are given in Vols. I11 and I V  of the Account qf the 0pw.cttwna PC. ; but 
for the geodetic elements a third place of decimals has been obtained by reference to the 
calculations of the North-West Quadrilateral. The data are as follows :- 

The Jodhpore Meridional Series. 

Vol. 111, page 47,. 

Station of origin Bonik or XLI ; side of origin Bonik or XLI to Stinda or XLIV. 

At Bonik. 

Latitude North ... ... ... 25' 3' 51'“496, 
Longitude East of Greenwich ... ... 72 54 2 1 . 8 5 2 ,  

... Azimuth of SGnda ... ... 55 4 1 5  '670, 
Distance ,, ... ... Log Feet 5.254146 I ,o. 

Vol. IV, page 9- 

Closing station Kanda or XXI ; closing side Kanda or XXI to Kaimsir or XIX. 

At Kanda,. 

Latitude North ... ... ... 29" 27' 41'"523, 
... Longitude East of Greenwich ... 7a 2% I Z  -292, 

Azimuth of Kaimsir ... ... ... 73 26 34 '581 ,  
Distance ,, ... ... Log Feet 4.8021262,6. 

The Eastern Sin4 Meridional Series. 

Vol. 111, page 49-* 

Station of origin Rojhra or LXXV ; side of origin Rojhra or LXXV to Sandohar 
or LXXVIII. 



At Rojhrrt. 

Latitude North ... ... ... 24' 57' 26"*278, 
Longitude East of Greenwich ... ... 70 16 45 -080, 
Azimuth of Sandohar ... ... ... 111 55 37 ,085, 
Distance 9 9  ... ... Log Feet 4'9613162,o. 

Vol. 111, page 63,, 

Closing station Dhowtila or LXII ; closing side D4owtiIa or LXII to Mhchka or LIX. 

Latitude North ... ... ... 28' 20' 1za*867, 
Longitude East of Greenwich ... ... 69 52 57 *861, 
Azimuth of Mhchka ... ... ... 87 1 26 -701, 
Distance 2, . . .  ... Log Feet 4' 7780782,S. 

The Sides and Angles of the Circuit Wangles. 

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 origins furnished by the 
K d c h i  Longitudinal Series, are exhibited in the following table. The given angles are the 
corrected plane angles, obtained by deducting the sum of the spherical excess and the figural 
error from the observed angles. Should it be desired to trace the formation of any corrected 
plane angle, reference must be made to the Abstract of the Observed Angles and to the final 
data, of the Sides and Angles of the Triangles, which are given for each Series in Part I1 of 
this volume. The h a 1  data will be found to contain three columns of angular corrections, 
which are respectively headed by the words ' Figure', ' Circuit' and ' Non-Circuity,--' figure' 
being here taken to include single triangles as well as polygons and net-works ; the corrections 
in the &st 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 had to be adjusted to the fixed circuit triangles ; the application of 
the correction in the second or the third column, as the case 111ay 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 rt ' flank angle' or an ' angle of continuation', rt column is inserted in 



BIDES AND ANQLES OF !PEE CIl€CUIT !EiIANCfLEB. [331 

the table which gives the symbolic error of the angle, either s, y, or z, but without the 
numerical subscript, as that may be inferred from the number of the triangle in the contigu- 
ous column. And since the stations on the right-hand flank of each chain are those at which 
the angles are the data for the formation of the values of the forward azimuth, and the side- 
lengths are the distances which were employed in the calculations of latitude, longitude and 
back azimuth-see the next section-these stations are indicated by numbers in block type, 
shewing by their sequence the order in which the geodetic calculations were performed, as 
well as by their Serial-numbers. 

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

The Jodhpore MeridionaZ Series. 

Sides m d  Angles of the Circuit Trianglee. 

In calculating these values 7-place Logarithm Tables were employed, the 8th place hen, ehewn being obhined by interpolatiou. 
f Btstione XLI and XLIV appertain to the Kidchi Longitudinal kriea. 
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.g2o 
'919 
-920 

'839 
'838 
'839 

'613 
-612 
'613 

'530 
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Station N u m h  

Serial 

XLIVt 
XLI t  
I 

XLTt 
I 
I1 

I 
I1 
I11 

I1 
111 
V 

V 
I11 
V1I 

111 
VI I 
VI  

Logarithm of 
side-length in 

Feet 

5'0322902~7 
5 . 0 ~ 3 ~ 9 7 ~ ~ ~  
5'1381654,o 

5'159683115 
5.0763658,~ 
5'033ago2,7 

5.0955752~0 
4'9764150,~ 
5.1596831~5 

5'0262998,o 
j'O217343P 
5'0955752,O 
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0 1  w 

48 42 30'539 
57 47 49.880 
73 29 39.581 

78 52 35'925 
54 5 20.027 
47 4'048 

58 28 48.631 
40 23 2.671 
81 8 8.698 

54 I 7 18.500 
53 27 47'666 
72 I4  53'834 

58 35 3.569 
49 54 37'059 
71 30 19'372 

55 52 6'311 
55 44 31 '893 
68 23 21 -796 

Corrected Plene 
Angle 

0 1  4 

67 46 16.374 
38 5834.012 
73 15 9.614 

42 118'916 
32 5738.418 

105 I 1.666 

62 5 14.311 
65 16 14'201 
523831'488 

81 14 27.158 
50 38 46.034 
48 6 46.808 

55 2 24'543 
43 5 43'054 
81 51 52.403 

59 58 37'349 
52 14 10.360 
67 47 12'291 

Logarithm of 
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5'2394300~3 
5'0716169,6 
5'2541461,o 
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4.9901710~1 
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Serial 

VI 
VII  
VI I I  

VII  
VIII  
X 

X 
VIII  
XI  I 
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XI I  
X I  

X I  
XI1 
XI11 
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13 

14 

15 

10 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Logarithm of 
de-length in 

Feet 

4'7831059,3 
4'7209139~3 
4.799113419 

4'7769521,4 
4'8367174~3 
4.783105993 

4'7738584,7 
4.6592209,5 
4.7769521~4 

4'8555127~5 
4.8090846,2 
4'7738584,7 

4*8631099,7 
4'7505939,5 
4'85551~715 

5.0172653~4 
4'9710~26.1 
4.8631099~7 

5'0326389,5 
5'0164334,o 
5'0172653,4 

4'9806427,3 
5.1321181,7 
5'0326389,5 

qm9668o66,8 
5.071zz49,o 
4.9806427~3 

4'965392414 
4'9393418,5 
4'9668066,8 

4 8402865,o 
4'9023478~8 
4.965392494 

4'8014600,7 
4'6985442,8 
4'8402865~0 

4'9053616,1 
4'9501573,9 
4'80146W7 

4.8351057~4 
4'8293903,~ 
4'90~3616~1 
-- 

Corrected Plane 

angle 

O I *  

62 36 10.878 
50 17 54'648 
67 5 54'474 

54 41 13.360 
69 27 16.907 
55 51 29'733 

67 0 40.435 
44 59 31.366 
675948.199 

70 37 23'043 
57 57 48.695 
51 24 48'262 

68 16 58.548 
45 48 22.079 
65 54 39'373 

76 14 23.798 
60 49 55'059 
42 55 41'143 

62 27 53.960 
58 40 37'235 
58 51 28.805 

44 29 a1~z42 
83 20 2.847 
52 10 35.911 

50 7 57.125 
77 27 33'887 
52 24 28'988 

61 46 57'777 
56 5 3'506 
62 7 58'717 

46 42 57.515 
57 7 5'041 
76 9 57'444 

61 41 27'643 
43 59 57'462 
74 18 34-895 

6054 9-807 
75 38 7'094 
43 27 43.099 

54 14 25' 146 
53 12 46'377 
72 32 48'477 
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XVII 
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XX 
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XXlX 

XXIX 
XXVII 
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XXXI 
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Oomcted Plane 

b . 1 .  

o f *  

41 a ~8.235 
71 51 28.531 
67 6 3.234 

62 58 19*023 
66 39 51.219 
50 21 49.758 

61 47 49.370 
5 1  41 39.470 
66 30 31 160 

58 51 57-020 
61 22 36.792 
59 45 26' 188 

65 34 7'195 
57 22 36.487 
57 3 16.318 

49 1 44'785 
561329'638 
74 44 45'577 

71 6 24-992 
49 40 9'593 
59 13 25'415 

49 15 47.618 
51 43 55'099 
79 0 17'283 

7511 12-014 
64 22 53.389 
40 25 54' 597 

47 a 9.207 
54 21 24.784 
78 36 26.009 

65 53 51 '365 
61 40 28'499 
52 25 40.136 

52 36 18.938 
63 28 54.528 
63 54 46' 534 

64 49 25,635 
76 38 51.253 
38 31 43' 112 

47 29 25'249 
64 5 47.364 
68 24 47'387 
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SIDES AND ANGLES OF THE CIRCUIT TRIANGLES. 

The Eastern Sind Meridioml Series. 

Sidee and Angtee of the Circuit Triartglee. 
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* Stations XIX and XXI appertain to Lhe Sutlej Serier. 
t Stations LXXV and LXXVlII appertain to the Karbchi Longitudinal Eleriw. 
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-582 
'582 
'583 

-459 
.460 
'459 

'320 
'319 
'320 

'428 
.428 
'427 

Y 
a 
B 

. n  

,, 

,, 

,, 

,, 

3 
.8 
@. rn 

Y 
X 

z 

,, 

,, 

,, 
I 52 22  56'280 '218 

3 

7 

8 

9 

10 

11 

12 

- 

LXXVf 
LYXVIIIt 
V 

LXSVIII t  
V 
IV 

IV 
V 
VII 

V 
VII 
VIII 

TI11 
V1I 
9 

VII  
X 
I X  

474158.303 
79 55 5 '4 '7  

Station Numben, " 

I ' 
7 
'E 
2 
m 

m 

'151 
'151 
' 151 

'093 
'093 
'093 

'154 
'154 
-153 

-210  
' 2 1 0  
' 2 1 0  

Oomcted Plane 
Angle 

0 1  * 
45 15 20.358 
60 2 25.646 
74 42 13.996 

56 49 15'965 
53 56 55'257 
69 13 48.778 

63  2 16.479 
80 51 26'717 
36 6 16.804 

73 52 44'873 
50 13 50.356 
55 53 24'771 

Station Numbem 

'2x7 
-218 

h m  P h e  
h ~ l e  

0 1  * 
82 32 9.929 
43 6 33.422 
54 21 16'649 

49 41 17.487 
48 351.359 
82 I4  51 ' I54 

6041 0 '605 
67 31 27.620 
51 47 31 '775 

57 3 26'471 
62 44 33-923 
60 I I 59'606 

55 49 56.225 
64 I 50.061 
60  8 13.714 

56 8 31 ' 166 
57 21 1 '570 
66 30 27'264 

X 
IX 
XI1 

I X  
XI1 
X I  

X I  
XI1 
XIV 

XI1 
XIV 
XV 

XV 
XIV 
XVII 

XIV 
XVII 
XVI 

p~ 

Logarithm of 
ride-length in 

Feet 

4.6059389,~~ 
4'6922322,3 
4'7388607,s 

4'5578291~3 
4'5427961,7 
4'6059389,o 

4'7375477,g 
4'7819679,9 
4,5578291~3 

4'8021139,~ 
4.7052510,~ 
4'737547798 

&rial 

LIV 
LV 
LV I. 

LV 
LVII 
LIX 

LVII 
LIX 
XXI* 

LIX 
XXI* 
XIX* 

4 

a 

5 

5 

a 

6 

6 

7 

7 

2 

2  2  

2  3  

2  3  

2 3  

H 
4 
3 
'% 
t% 
m 

Logarithm of 
ride-length in 

Feet 

'399 4'97752145 
-398 4.81 58867,o " I 
'398 

'407 
'437 
'407 

'432 
'432 
'43I 

'445 
'446 
-446 

'416 
-416 
'416 

'336 
'337 
'337 

4'8911147,r 

4.8637686,8 
4.8530204,8 
4'9775212,S 

4'9089527~3 
4.9341636~6 
4.8637686,8 

4,8944242,~ 
4.91943262 
4'9089527~3 

4.8740090,7 
4. 100682,~  
4. 8 944242,1 

4'8308845,6 
4.8368912~3 
4.8740090,7 



Nor&-Station8 LIX nnd LXII epportain to the Greet Indue Series. 

I 

C -st m 
* 
'357 
'358 
'358 

'309 
' 308 
-308 

'438 
'438 
'438 

-434 
'435 
'435 

'237 
' 236 
' 237 

'214 
'214 
'214 

' 173 
' 173 
'174 

-102 
' 101 
-101 

' I 20 
' 120 
' 119 

'106 
'105 
-106 

'op 
'090 
-091 

' 101 
-102 
'roa 

-142 
'141 
'141 

ConwtedPlane 
Angle 

O f *  

53 8 56'058 
57 35 23.738 
69 I 5 40'204 

80 54 58' 440 
44 31 54.224 
54 33 7'336 

67 48 44'755 
51 225'685 
61 8 49'560 

51 45 15 - 170 
5 49 40'747 
68 25 4.083 

51 3 12-71 I 

45 a4 44'366 
83 31 a *  923 

p 57 38.993 
39 4 15.346 
49 58 5.661 

39 23 48'183 
36 41 34' 65 
103 54 36' I 52 
47 39 45'093 
46 16 27.476 
86 3 47-431 

61 37 39. 705 
71 45 4'427 
46 37 15.868 

54 51 24'099 
53 27 39'582 
71 40 56'319 

60 29 15'293 
55 24 53'341 
64 5 51'366 

45 42 26-938 
86 5 44.591 
48 11 48'471 

85 58 0.530 
58 12 4.394 
35 49 55-76 

!i Station Numben, Btation Numbem 
Logarithm of - 

Corrected Plane A 
.;g siae-length in 3 5 2 5 Angle 1 aerial d 'g Feet 1 g &rial 
.a ma 

0 1 4  * 
y XVI 77 1 I 24'737 -396 4' ~39047~0 Y XXXII I 18 x XVII 7 55 32 19'563 '396 4' 810459~7 27 x XXXVI 
1 XIX 47 16 15.700 -396 4'8308845,6 z XXXV 

XVII 7 41 55 0.934 '334 4'779536998 XXXVI 
14 1, XIX 51 36 23.514 '335 4.848911991 28 a XXXV 

XX 8 86 28 35.552 '335 4'9539047,o XXXVIII 

XX 8 56 58 45'571 '277 4'7952413~ xxxv 
16 ,, XIX 69 3 7'045 '277 4.8420544~4 29 $9 XXXVIII 

XXlI  9 53 58 7'384 '276 4'7795369,8 X L  

XIX 57 5 2-499 -242 4'762634810 XXXVIII 
16 ,, XXII 9 58 6 11'752 '242 4'767539013 30 11 XL 

XXI 64 48 45'749 242 4'7952413,o XLIII 

XXII 9 96 47 51,989 '307 4'9735696,~ XL 
17 ,, XXI 45 32 3 '977 '307 4'8302062~6 31 ,, XLIII D XXIV 1 0 37 39 2 '034 ' 306 4'76263481~1 XLII 

XXI 53 51 39'689 '377 4.8828828,3 XLTII 
18 ,, XXIV 1 O 41 47 58'259 '377 4.79950979 32 P, XLII 

XXIII 84 20 ?z.o52 -378 4'9735696,r XLV 

XXIII 53 5 46-74 '292 4-7980356~0 XLII 
19 ,, XXIV 1 0 50 27 6.823 '291 4.7822440,8 33 ,, XLV 

XXVI 76 27 7' 103 ' 292 4.88~8828~3 XLIV 

XXIV 1 o 50 52 6'395 '325 4.8211916,3 XLV 
20 ,, XXVI 81 47 18'952 -325 4'9270230,s 34 ,, XLIV 

XXIX 1 1 47 20 34'653 324 4'7980356,o XLVI 

XXVI 64 59 12.135 '278 4'828784419 XLIV 
21 ,, XXIX 1 1 52 4 35'885 -277 4'7685410,7 35 ,, XLVI 

XXVIII 62 56 11'980 '278 4.8211916,3 XLVIII 

XXIX 1 1 70 1 1  35'997 '348 4'8964929,~ XLVI 
22 ,, XXVIII 56 1 r  39-291 -348 4.8425402,3 36 ,, XLVIII 

XXXI 1 2 53 36 44'712 ' 348 4'8287844,9 XLIX 

XXVIII 55 21 29.880 '362 4*8445223,3 XLVIII 
23 ,, XXXI r 2 56 34 38.848 .362 4'8506760,9 37 ,, XLIX 

XXX 68 2 51 -272 '363 4.8964929,~ LI 

XXXI 12 53 10 19'774 '332 4,8144035~6 XLIX 
24 IS XXX 67 44 37'678 '333 4'8774508,3 38 ,, LI 

XXxIII  13 59 5 2'548 '333 4.8445223,3 LXII 

xxx 49 35 11'380 '223 4'714395099 Id1 
25 ,I XXXIII 13 56 58 6.983 -223 4.756227~~9 39 ,, LXII 

XXXII 73 26 41 -637 '224 4,8144035~6 LIX 

XXXIII r 3 85 7 36' 193 '263 4'8990466,5 
26 ,, XXXII 5414 3'144 -263 4.8098613~5 

1 4 40 38 20.663 -262 4.7143950,9 

Logarithm of 
nide-length in 

Feet 

4.8313370~8 
4.8546028~5 
4.8gg0466,~ 

4.9148888~6 
4.766~763~7 
4'8313370,8 

4'9390420P9 
4'8632041,s 
4'91488846 

4-8656802~9 
4'907385319 
4.9390420.9 

4.7592824,~ 
4.7210395~8 
4'8656802,9 

4'8757695,o 
4'6747655,o 
4.75928~4~2 

4'6906554,r 
4.6644544~ 
4'8751695~0 

4'560437911 
4'5506137,7 
4'6906554,1 

4'6434193,2 
4'676595717 
4.5604379~1 

4'5786147~4 
4'5709725,7 
4.6434293,~ 

<5642379,9 
4'540143715 
4.5786147~4 

4'5466079~7 
4.6908169,~ 
4.564~379~9 

4*7780708,6 
4'7085175~6 
4'5466079~7 

E 
d 

I 4 

I 4 

I s 

15 

r s 

6 

1 6 

1 6 

17 

1 7 

1 7 

i 8 

1 8 

18 

1 9  

19 

1 9 



GEODETIC ELEMENTS OF THE FLANK STATIONB. 

Prelimirucry Latitzldes, Longit.udee, a ~ d  Azimuth of the Statwlze on the Line of 
the Traverse. 

The following table gives the Geodetic Latitudes, Longitudes, and Azimuths, which have 
been obtained for all the stations and sides on the Line of the traverse by applying the values 
of the Werence of latitude, longitude, and azimuth-computed by the formuhe of Section 6 
of the preceding chapter-first to the elements of the station of origin which are given on 
pages [31] and [32] and then to the deduced elements of every subsequent station in the 
order of succession which is indicated by the Traverse-numbers. Each station is thus 
regarded, first as the 'Deduced Station B ' and afterwards rts the ' Fixed Station A'. 

I n  order to ascertain the differential values given by the geodetic calculations on 
which the tabulated elements are built up, we have for any, the ath, side on the flank of the 
chain 

A&= ( b + ~  - L) ;  A Z a  = ( Z ~ + I  - La); 

where A, stands for the forward azimuth a t  ' f i e d  station ' A, of ' deduced station ' Baa and 
B, for the back azimuth of A, at B.. 

The three differential values depend on the length c, and forward azimuth A, of the 
side a, and a h  on the latitude h,,. The logarithmic length is given in the preceding section, 
on the same horizontal line as the angle at the serial station which enters, in the table, between 
the stations numbered in block type a and (a + I). The forward azimuth of the side a may 
be deduced by adding all the spherical angles at a, as given in the table, to the back azimuth 
Ba-I. Thus the logarithmic length of flank-side 4 in the Jodhpore Meridional Series is 
5.076365 8,s which occurs in Triangle No. 8 on the same line as Serial Station VIII,  entering 
between the flank stations 4 and 5; and the forward azimuth of this side is equal to the back 
azimuth of 3 at 4 and the sum of the spherical angles at 4, which occur in Triangles Nos. 6, 6, 7 
and 8, the respective values of which are 81" 51' 53"-Bog, 52" 14' 11"*619, 57'47' 5on*868 
and 78" 5 2' 36" g 19, together mounting to 270" 46' 33" 2 I 5. 



IKTRODUCTORY. 

The Jodhpore Meridional Series. 

Geodetic Element8 of the Traue$*ee S ta t im.  

* Thia Station appertsina to the Sutlej Series. 

. 

.s 8 
d i  

1 

2 

3 

4 

5 

6 

7 

8 

9 

lo 

1 1  

1 2 

1 3  

14 

l a  

1 6  

1 7 

1 0  

1 g 

20 

21 

2 2 

2 3  

Fied Station A 

Azimuth of B 

0 I I1 

136 4 11.039 

207 30 44'414 

130 44 59'568 

221 24 12'135 

I47 1 24.992 

207 19 57-79' 

136 48 59'639 

201 3 3 5 ' 5 ~ 1  

146 25 11.894 

150 45 18.001 

193 5 38'202 

206 o 0.751 

154 46 31.129 

182 20 3'732 

173 48 43'123 

167 15 42.086 

222 18 14'443 

156 36 44'873 

200 42 51'881 

118 27 52.034 

170 lo 43'799 

155 28 5-330 

167 7 38.689 

drimath of A 

0 I 11 

315 58 56'892 

27 35 45.364 

310 37 38.920 

41 30 30.400 

326 57 15'757 

27 23 8.690 

316 44 3'258 

21 537'877 

326 22 6.249 

330 43 14'200; 

13 6 46.589 

26 2 18.388 

334 43 24'061 

2 20 18.230 

353 48 6'845 

347 13 53'328 

42 25 16'867 

336 33 39.242 

20 45 43.054 

298 22 27.981 

350 9 53'993 

335 a6 12'559 

347 6 23.842 

-5 % 
g R ,  

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

12 

13 

i 4 

1s 

1 6  

1 7  

18 

1 9  

2 0  

21 

2 2  

2 3  

XxI*  

Latitude North 

0 I 11 

25 1 5  28'459 

25 35 48-287 

25 48 59'547 

26 3 44.632 

26 16 51.325 

26 29 19'000 

26 39 52'735 

265025'979 

26 59 39.130 

27 6 54.046 

27 16 28.856 

27 25 36'824 

27 38 21'665 

27 49 41.047 

28 0 15'339 

28 15 18.795 

28 29 40.832 

28 42 51.016 

28 56 36.587 

29 I 54.718 

29 10 33'811 

29 I7 57.168 

29 27 41.351 

Deduced Station B 

Longitude East 
of Greenwich 

0 I I1 

72 42 2.971 

72 53 43-884 

72 36 48.017 

72 51 12.776 

72 41 46'339 

72 48 55.906 

72 37 53'447 

724225'309 

72 35 35.230 

72 31 3.044 

72 33 32.681 

72 38 32.258 

72 31 47'578 

72 32 18.732 

72 31 1'244 

72 27 10.566 

72 41 59'428 

72 35 31.696 

72 41 26.683 

72 30 18.012 

72 28 35'615 

72 24 44'732 

72 22 12'171 



GEODETIC ELEMENTS OF THE FLANK STATIONS. 

The Eastern Sind Meridional Series. 

Geodetic Elements of the Traver8e Xtcstwrte. 

Thin Station appertainn to the arest Indu Berim. 

.9 
C 

GJ 

1 

2 

3 

4 

5 

6 

7 

8 

Q 

I o 

I I 

12 

1 3 

14 

I 5 

1 6  

17 

1 8  

1 9  

Fixed Btetion A 

Azimuth of B 

0 I I1 

172 21 13.916 

190 26 34-386 

147 49 37.611 

174 26 59'433 

221 26 33.130 

157 32 53.164 

192 27 0.446 

155 5s 36.365 

184 45 29'056 

185 32 37'641 

175 10 5'928 

158 31 20.755 

I79 39 46'947 

178 48 28'772 

156 9 11'876 

180 53 50'326 

135 13 20'4x1 

167 51 25'153 

160 39 0.725 

Azimuth of A 

0 I I1 

352 20 6'395 

10 27 51.990 

327 47 4.351 

354 26 29'349 

41 30 56'471 

337 30 23.182 

12  28 14'630 

335 53 17.106 

4 45 56'831 

5 33 18'444 

355 9 36'379 

338 29 0.404 

359 39 45.002 

358 48 21.505 

336 6 21.999 

0 53 54'203 

315 11 8m.868 

347 50 43'830 

340 37 34'53a 

Deduced Etation B 

Longitude Eaet 
of Greenwich 

0 I I1 

70 14 5'949 

70 17 7'000 

70 11 11'984 

70 1 0  2.703 

70 20 5'343 

70 14 24.431 

70 17 11.872 

70 1 1  59-558 

70 13 1.459 

70 14 31.740 

70 13 26'831 

70 8 20-532 

70 8 16'374 

70 8 2'800 

70 I 58'661 

70 2 6'927 

69 57 27'418 

69 55 59'856 

69 52 57'889 

' ' 
d i  
2 

3 

4 

5 

6 

7 

8 

9 

10 

I 1 

I 2 

13 

14 

15 

1 6 

17 

18 

1 Q 

~xT.1" 

htituae North 

0 I I f  

25 15 24'179 

25 30 15.594 

25 38 46.993 

'25 49 32'234 

25 59 48'684 

26 12 12'776 

26 23 35.752 

26 34 4'253 

26 45 I I ~ ~ ~ I  

26 59 5.157 

17 ro 31.893 

27 22 6'796 

27 32 45'984 

27 42 24.009 

27 54 35'662 

28 2 23'887 

28 6 33.563 

28 12 34.031 

28 20 12'444 



Nz~nerical 7alues of the Abeolute T m  h the Primary Eqzlatiorte of C o n 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 traverse flank of each chain, having been computed-as set 
forth in the two preceding sections-the values of the several Absolute Terms in the Primary 
Equations of Condition are indicated by the discrepancies between the computed values as 
here obtained at the junctions with the Sutlej and Great Indus Series and the corresponding 
values given in Volumes I11 and IV, and quoted in Section 7 of this Volume. The closing 
linear discrepancies are expressed logarithmically and the 7th place of decimals ki treated 
as unity. 

The Absolute Terms will now be particularised. 

The Jodhpore Meridioml Series. 

Equation I ,  Zinear. Between the sides ShdrlrBonik and Kahsir-Kanda. 

Log. computed length Kaimsir-Kanda by Triangle No. 48 . . . . . .  4 . 8021 13g,2 
Log.finalvalue; seepage [31] . . . . . . . . . . . . . .  4*8021262,6 

= - 123.4  Logarithmic Error - . oooo I 23,4 

Equations z to 4, Geodetic. Terminal Station, Kanda. Terminal side, Rebm&Kanda. 

Latilude. Longitude. Azimuth. 
0 I I1 0 I II 0 r r r  

Computed values . 29 27 41 -35 I 72 22 12-171 73 26 31'365 
Final values ; see page [31] 29 27 41.523 72 22 12-292 73 26 34'581 

EITOIB. . . . . . . . .  a E = - ~ ' ~ 7 2  3.E = - O *  121 ,a = - 3.216 - I - - - 
The Eastern Sind Meridional Series. 

Equation I ,  Linear. Between the sides Rojhra-Sandohar and Dhowtila-Mhchka. 

. . . . . .  Log. computed length Dhowtila-Mhchka by Triangle No. 39 4.7780708,6 
. . . . . . . . . . . . . . .  Log. final value; see page [32] 4' 7780782,8 

Logarithmic Error - ooooo74,2 - 



NUMERICAL VALUES OF THE ABSOLUTE TERMS. Call 
Equations 3 to 4, Geodetic. Terminal Station, Dbw&la. Terminal side, DiiowbM4chka. 

Latitude. Longitude. Azimuth. 

Computedvalues . . . . . 28 20 12-444 69 52 57'889 87 I 27-640 
Fhal values ; see page [32] 28 20 12.867 69 52 57.861 87 1 26.701 

These absolute terms when multiplied by the equalizing factors given on page [a] 
become 

Numerical t7atuea of the pa m d  48.  

The table of substitutions at page [23] shews the general form of the factors p and 4. 
The numerical values are tabulated in this section : they were constructed 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 [22] it will be observed that the ps are factors 
of the tab. log. differences of sine, a, f l  or y. In  the side equations it hrts been found 
convenient to multiply a, f l  and y by 107, or in other words to treat the 7th place of decimals 
as unity. It is convenient to do the same in the geodetic equations and to divide the ps by 
107, because the latter are large integral quantities containing more significant 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 values of the tabular log. differences of the flmt terms of A h  A L  end A d  in the expremio~ for them on pyltm [I41 
a d  [15] were employed for t.d. log. Ah, t.d. log. A L  end t.d. log. A  A. 



~TRODUCTORY. 

The Jodhpore Meridioml Series. 

Numerical P a h e 8  of the p 8  srtd 4 8 .  



NUMERICAL VALUES OF THE p8 AND 4s. 

The Eastern Sind Meridional Series. 

Numerical Pabe8 of the p8 md 48. 

Nicmericat Palwe of the Coeflklzt8 b md c of the Ulzktwum Q w t i t i e 8  y md z. 

The foIlowing table gives the numerical values of the coefficients b and c of the un- 
known quantities y and a in each equation of condition. Should it be desired to reproduce 

-j a 
$8 
2 . 9  

1 

2  

3  

4  

6 

6  

7  

8 

9  

1 0  

1 1  

12 

13 

1 4  

15 

1 6  

17 

1 8  

1 9  

bath 

1 
.px$ 

-.ooo15 

13 

15 

12 

1 1  

17 

14 

15 

12 

13 

I 

13 

10 

10 

10 

06 

06 

03 

01 

A4 

+xSoa93 

1.0269 

1'0a48 

I -0237 

1'0121 

I .0208 

1-0191 

1'0174 

1.0159 

1'0143 

1.oxa3 

1.0106 

1.0089 

I'OO:~ 

1.0058 

1.0040 

rmooa8 

I-war 

1'0OIa 

Iatitnde 

1 .pXm 

+'ma81 

256 

135 

223 

a08 

'94 

I77 

161 

146 

131 

112 

0 9 ~  

080 

066 

052 

03 5 

025 

0x9 

01 I 

Longitude 

ZPX& 

-.ooo33 

19 

3 3 

15 

13 

37 

30 

33 

a 6 

a8 

30 

a 8 

2 I 

a I 

a I 

I a 

I3 

06 

0 4  

A4 

+ .w60 
5a 

60 

4 5 

4 2 

69 

54 

6 2 

49 

53 

56 

52 

40 

40 

40 

23 

23 

I I 

07 

16 

+ -0654 
597 

549 

523 

4 8  

456 

416 

380 

345 

309 

265 

a28 

190 

I55 

123 

08 4 

059 

045 

025 



[MI INTRODUCTOBY. 

any one of these coefficients, as the value of b, in the pth equation, it is f i a t  necessary to 
ascertain by reference to pages 1291 and [30], whether the coacient is one of those of an 
exceptional form for which'syrnbolical expressions are there given. When not found in this 
list it will be understood to take one of the general forms on page [29]. 

Exampkr.. 

(1). To find the valuea of b, and t ,  in equation I of the Jodhpore Meridional Seriea 

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

,be = + t.d. log sin 78' 52' 35" = + 4; 
IC, = - t.d. log sin 47 2 4 = - 19. 

(2). To find the valnes of b, and C, in equation 3 of the Jodhpore Meridional Series. 

The equation ia longitudinal, and the forma of the coefficients are normal, 

$8 = + ( ( L P S  - L P ~ )  + LP6 f l 8  + ~ 4 4 )  

= + ( - 2000 x -oo00015 - 4023 x *0000004 + -0721 ) 
= + -0675; 
= + ( ( L P S  - L P I )  - L P ~  7 8  + ~ 4 6 )  

= + ( - 2000 x *ooooorg + 2023 x *ooooo19 + -0675) 

= + -0683. 

(8). To find the values of bw and c4? in equation 4 of the Jodhpore Meridional Series. 

The equation is azimuthal, and the forms of the coefficients are exceptional, see page 1291, 



NUMERICAL VALUES OF THE COEFFICIENTS. 

The Jodhpore Meridional Series. 

1.3 
od 
S ~ ' C  
!z 

..I 

'f g s ?Y' '"03 
CoeBciente of y and c 

Y .- 
$3 
%:2 
6 -  
k5 

Coefflcienta of y and c 

I I  
~oefflcienta of y and c 

L 

Coefflciente of y and c 

L 1  L e 

Linear. 

- 6 

+ 6 

- 16 

19 

3 

9 

6 

19 

3 

6 

7 

9 

9 

17 

9 

12 

14 

6 

I3 

q 

25 

4 

17 

ro 

26 

9 

14 

8 

17 

2nd 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

36 

36 

37 

38 

39 

40 

1st 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

1st E q u a t b ( ~ o n t i n u d ) .  

c 

2nd Equation-(continued). Equation. 

+ 8 

24 

11 

3 

14 

12 

I9 

4 

12 

16 

13 

14 

24 

10 

1 1  

13 

10 

18 

7 

19 

6 

I9 

10 

i 6 

10 

20 

1 1  

I5 

9 

8 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

Pe 

45 

46 

47 

48 

Equatio+(continued). 

+0*0286 

'0351 

' 0589 

-0187 

.0209 

0290 

-0226 

'0322 

,0164 

'035' 

moo98 

'0344 

'0'55 

-0283 

-0181 

so281 

'0145 

'021 I 

'0099 

-0101 

.0089 

' 0045 

. cog8 
-0208 

.or 48 

.oogr 

,0083 

'0034 

.0076 

.0090 

- 0.0078 
'0039 

' 0034 

~0025 

-001 7 

-0018 

' 0044 

- 0.0223 
-0191 

-0188 

-0415 

'0237 

a0236 

-0280 

'0147 

'0237 

-0097 

'0505 

*0072 

-0334 

'0155 

'0427 

,0157 

'0157 

-0202 

-0131 

-0229 

-0141 

.0291 

.or42 

'0182 

-0118 

-0081 

-0065 

. O O ~ I  

*or02 

-0017 

+ 9 

5 

1 1  

22 

18 

I I 

19 

I I 

12 

15 

7 

I I 

I I 

I 6 

2 1 

14 

10 

6 

41 

42 

43 

44 

45 

46 

47 

- ro 

23 

13 

17 

16 

11 

5 

6 

23 

6 

16 

5 

7 

4 

5 

8 

29 

14 

+0.0004 

.0018 

'0022 

-0022 

• 003 2 

-0012 

'0002 

2nd Equation. .Latitude. 

3rd Equation. Longitude. 

1 

2 

3 

4 

5 

9 6  

7 

8 

9 

10 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

+0.0207 

-0839 

-0328 

-0087 

'0446 

-0321 

-0526 

.orog 

' 0330 

-0362 

-0~0902 

+ .0856 
- '0859 
+ -0787 

-0786 

- '0745 
'0759 

+ '0675 
'0674 

- so677 
-0668 

+ .0566 
'055' 

- -0,577 
'0579 

+ -0511 
'O5l.5 

- .05zq 
+ '04~3 
- .oqgo 

' 0474 

-0.0290 

+ '020j 

- .0588 

'0620 

-0102 

-0295 

'0207 

-0518 

'0082 

-0198 

- 0.0839 
+ a0858 

- '0785 

+ -0786 

'0785 

- '0703 

-0709 

+ -0683 

'0677 

- -0617 

-0614 

+ -0602 

'O599 

- -0518 

'0535 

+ '0539 

'('543 

- -0480 

+ '0502 

- -0462 

-0436 



INTRODUCTORY. 

The Jodhpore Meridional Series. 

.3 ES 
a 1 
%g 6 
b 

'I 2 :2 
a .!! 
"d i 

Coeficienb of y and a $ 1  , R 

3rd Equation-(continued). 

f 
2% 
% 4 
dh 
Pi 

Coe5cients of  y and z 

41 

42 

43 

44 

45 

86 

47 

b 

Coe5cienta of y and z 

3rd Equa t+(&ntinued). 

C 6 

CoetEcienta of y and z 

-0.0094 

- 0098 
+ -0081 
- -0071 
+ .w56 
-*0037 

+ '0033 

4th E q u a t h - ( c o n t i n u e d ) .  

C b 

4th Equat irm-(cont inued) .  

- 0.0068 
'0080 

+ -0070 

- ,0053 

+ -0042 

- '0029 

+ '00" 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

+ 0.0436 
- '0409 

+ '0415 

-0428 

- -0352 

'0352 

+ -0345 

- '0316 

+ -0318 

- -0280 

+ .o276 

- '0233 

-0230 

+ ,0198 

-0194 

- -0142 

.o~qo 

+ -0144 

.o127 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

87 

38 

39 

40 

4th Equation. Azimuth. 

C 

+o*oqgz 

-'0452 

+ -0393 
' 0398 

- '0391 
'O379 

+ '0342 
- '0340 
+ '0319 
- '0303 
+ '0295 
- -0250 

' 0257 

+ ,0185 
-0188 

-*or86 

-01 71 

+ -0115 
*ox lq 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

+ 1.0153 
- 1'0134 
+ 1.0134 
- 1.0112 

I ~ O I I I  

+ 1'0057 
i 0095 

- 1.0070 
1-0069 

+ 1-0071 
1.0062 

- 1'0033 
I-0039 

+ 1,0034 
- 1.0026 
+ i'wzr 
- 1.0015 
+ 1.0006 
- I-oooo 

30 

31 

32 

33 

34 

35 

86 

37 

38 

39 

40 

41 

42 

43 

G 

45 

46 

47 

48 

-1-0311 

+iVo263 

1.0256 

-1.0270 

1-0271 

+ 1'0240 
1.0242 

-1'0247 

+ I  -0232 

-1.0232 

I -0224 

+1.0203 

-1.0214 

+1.0186 

1.0187 

-1.0186 

1.0180 

+lao163 

-1.0162 

+1*0152 

-1.0145 

+ I - O I ~ I  

-1-0121 

I .OI 25 

+ 1.0089 
I .oo91 

-1'0091 

1.0084 

+raoo57 

1.0056 

-1.0046 

1-0048 

631-0039 

-1.0035 

+1*0027 

-1.0018 

+1-oo17 

-1'oooo 

- 1.0285 
+ 1.0281 

1.0281 

- 1.0242 
1.0251 

+ 1'0255 
1.0256 

- 1,0226 
+ 1.0237 
- 1.o218 

1.0205 

+ 1.0206 
- 1.0193 
+ 1.0197 

1-0203 

- 1.0~67 
1.0167 

+ 1.0165 
- I - O I ~ O  

-1.0410 

+ 1.0386 
-1-0393 

+rmo360 

1-0358 

-1.0344 

1.0351 

+I-0312 

I .o311 

-1-0315 

- 1.0382 
+ I .oggo 
- 1.0357 
+ 1.0363 

1-0360 

-1'0323 

1.0326 

+1.0318 

1.0313 

- 1.0286 



NUMERICAL VALUES OF THE COEFFICIENTS. 

The Eastern Sind Meridional Beries. 

Y 

'3 .s < 
U n 

"8 2 !.; a g' 

g 

Coefficienb of y and z 

) I  
Coe5cienta of y and z , ICI 

0 'G 
6C.l 
R 

Coefficients of y and c 

LJ b- g 

CoeEcienh of y and z 

1st 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

23 

a 
25 

26 

27 

28 

29 

80 

L 

1st Ep~tiot+(c~ntin~edi. 2nd Eq~at~*(Continued). 

C 

Equccth. 

+ 
9 

15 

2 I 

7 

'3 

3 

I 8 

I I 

'3 

1 4 

14 

5 

24 

14 

13 

- 2 

+ 15 

I 6 

17 

10 

8 

14 

L 6 

r 8 

I 

15 

4 

8 

r 6 

- 2 

17 

+ 5 

- 2 

20 

7 
10 

19 

29 

- 0'01gg 
-0168 

-0138 

.0129 

-0099 

.0096 

-0183 

'0093 

-0088 

'0102 

.oo41 

.0030 

-0066 

.ooro 

-0006 

'0049 

-0018 

-0018 

'0023 

+ 0'0470 
,0468 

- -0389 

'0359 

+ -0376 

-0401 

- -0319 

+ '0377 

- '0303 

-0295 

+ '0317 

- '0235 

+ '0276 

- .ozo6 

+ '0232 

- -0175- 

+ -0208 

- -0138 

+ '0155 

- .0098 

+ .OI L I 

- -0082 

+ '0079 

- -0066 

+ ,0060 

- '0033 

+ ,0032 

- '0021 

+ ,0008 

Linear. 

1 2 -  17 

lo 

6 

9 

12 

14 

16 

3 

17 
1 2  

12 

9 

I9 

I 

15 

10 

27 

2 

I9 

10 

15 

8 

13 

7 

25 

8 

I j  

12 

8 

31 

32 

33 

34 

35 

36 

37 

38 

39 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

31 

32 

33 

34 

35 

36 

37 

88 

3rd 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

+ 17 

- I 

+ 26 

20 

12 

14 

I I 

2 I 

2 

+oe0236 

-0056 

,0111 

-0082 

,0166 

-0104 

~0024 

' 0059 

'0032 

' 0002 

'0074 

' 003 7 

- .0009 
+ -0042 

' 0049 

'001 2 

-0014 

-0005 

• 0005 

Equat~+(continusd). 

+oe0426 

'0422 

- -0458 
043 1 

+ -0330 
' 035O 

- -0379 
+ '0349 
- '0351 

' 0354 

+ '0257 
- '0295 
+ '0246 
- '0267 
+ ~0200 
- '0228 
+ -0188 
- -0187 
+ '0147 
- .olqo 
+ *OI 14 

- -0104 
+ -0085 
- -0093 
+ -0059 
- '0052 
+-0042 

- '0029 
+ ,0026 

2nd Equation. Z a t i t ~ d e .  

3rd Equation. Zolzgitude. 

1 

2 

3 

4 

5 

6 

7 

5 8  

9 

I0 

11 

12 

13 

14 

15 

16 

17 

18 

19 

1 

2 

3 

4 

5 

6 

7 

8 

9 

+oSo347 

.or 78 

'O332 

-0529 

'0793 

'0245 

'0074 

'0332 

-0187 

0280 

0300 

'0194 

' 003.5 

'0413 

'0254 

-0141 

- '0009 
+ -0145 

'0158 

+o.o622 

- -0623 
-0641 

+ -0525 
' 0546 

-*0555 

+ '0519 
- '0529 

'05x3 

- 0.0446 
so308 

-0206 

.0187 

,0260 

'0357 

'0348 

-0104 

'0396 

a0195 

.or96 

-0213 

'0390 

+ '0017 

- .0205 

-0195 

'0374 

.0078 

-0118 

+ 0.0656 
- .0568 

-0580 

+ '0572 

'0577 

- -0487 

+ 'oj32 

- -0481 

'0449 



IRTRODUCTORY. 

The Eastern Sind M e r i d i o n a l  Series. 

The Coeflcients of the Indeterminate Factore in  the Value8 of the Unknowa Quantitiee. 

.s 
z 2  
s: 
28 2 

On reference to the equations on page [12] it will be seen that the general expression 
for the error xp of any angle Xp appertaining to a trigonometrical figure, is, when the weight 
is unity, 

so that the coefficients of A,, A,, . . . &, the indeterminate factors, are the coefficients 
of 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 each 

Coe5cienb of y and z 

L l  
4th Equation. Azimuth. 

Coefflciente of y and z 

L 1  
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

.3 zs 
5 z 
"0 .2 
dH 
R 

4th Equation-(Oonhued). 

3 
8 2  
5 2 
"0.2 
6 H  
R 

+1'0279 

-1.0281 

1.0289 

+1.0235 

1.0248 

-1'0253 

+I-0236 

-1.0242 

1.0234 

+1.0194 

Coeffloienb of y and z 

4th Equatio~(Continued). 

+ L'O2l4 
- 1.0178 

1.0164 

+ 1.0172 
1.0184 

- r.0147 
+ 1.0173 
- 1.0140 

1.0136 

+ 1.0148 

+ 1.0297 
- 1.0256 

1.0261 

+ 1.0258 
1.0263 

- ~'czzo 
+ 1.0243 
- 1.0219 

1.0203 

+ 1-oz15 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

b 

4th Equatiotl-(continued). 

+I'Ol9l 

-1.0211 

1.0198 

+1.0152 

1.0159 

-1.0175 

+1.0160 

-1.0163 

1.0164 

+1.0119 

.3 

.E -, : tl 
0 'E 
6 %  
R 

Cmfficiente of y and z 

c 

- I'OIOg 
+ 1.0128 
- 1*oo96 
+ 1.0109 
- 1.0082 
+ 1.0098 
- 1.0065 
+ 1-0073 
- 1~0046 
+ 1.0053 

21 

22 

23 

% 

25 

26 

27 

28 

29 

80 

81 

32 

33 

34 

35 

36 

87 

88 

39 

b 

-IaOI37 

+I-orIq 

-1.0124 

+1.oog3 

-1~0107 

+1*0088 

-1.0088 

+1.0069 

-1.0066 

+1.0053 

C 

-1.0050 

+1.0041 

-1.oo44 

+1.0028 

-1.0025 

+~.oozo 

-1-0014 

+I-0012 

-1'0000 

- 1.0039 
+ 1.0038 
- 1.0031 
+ 1-0028 
- 1.oo15 
+ 1-0016 
- I'OOIO 
+ 1*0004 
- I-0000 



NUMERICAL VALUES OJ! THE 36 s AND Q~s.  [as] 
series, the coefficients of the Indeterminate Factors take a more complex form which is given 
on page [26]. The expressions are :- 

where, see note to page [26], 

the left-hand subscripts indicating the number of any one of -the equations into which the 
errors y and z of any, the pth, triangle happen to enter. 

The values of bp and c, for each equation into which the y, and zp enter, are given in 
the table in the preceding section. 

Examples. 

From the Jodhpore Meridional Series. 

The following tables give the values of the significant coefficients 36 and Qt of the In- 
determinate Factors ,A, . . . for the y and z of every triangle for each series. 

The Jodhpore Meridional Series. 
r 

"1 - .  
? 

a" 
Qt 

.3 
8% 
2 i  & 

Qt 8 Qt 

1st Equation-(continued). 

8 

5 
t2 
G 

28 i 
1st Equation-(continued). 

25 

26 

27 

28 

29 

30 

31 

32 

1st Equation. Linear. 

Qt 

.3 
z .g 2 
0 'E 

IZ 
6 H  

1 

2 

8 

4 

5 

6 

7 

8 

let Equatio+(Continued). 

8 

- 38 

30 

33 

27 

56 

27 

44 

36 

17 

18 

19 

20 

21 

22 

23 

24, 

+ 46 

49 

31 

44 

26 

33 

28 

33 

+ 34 

42 

27 

42 

3 7 

42 

3 7 

42 

+ 2 2 -  

42 

38 

25 

31 

33 

44 

27 

- 18 

28 

27 

32 

42 

44 

29 

37 

- 6 2 

38 

29 

43 

25 

42 

29 

!il 

9 

10 

11 

12 

13 

14 

15 

16 

20 

12 

43 

41 

20 

30 

31 

42 

+ zg 

38 

33 

3 7 

5 7 

3 7 

3' 

38 



INTRODGCTORY. 

The Jodhpore Meridional Series. 

. 

-3e 
.& - 
:I i 

B 
3 
f22 

s ~d .e 2' 
g 

a a 

1st Equation-(Continued). 

.3 
e 2  

q & 

2nd Equatw~(~ontinued). 

36 az 

- 37 

56 

50 

33 

29 

23 

58 

27 

39 

21 

25 

24 

31 

30 

68 

34 

- 0.0965 

-1017 

-0683 

'0762 

-0786 

-0616 

,0638 

'0545 

*I108 

*0488 

*0823 

'0593 

'1035 

'0595 

,0459 

-0615 

-0361 

'Ojj9 

'0371 

-0627 

-0382 

-0; ;~ 

-0384 

'0253 

-0213 

0176  

-0280 

'0124 

-0160 

00096 

3rd 

24 

25 

26 

27 

28 

29 

30 

31 

32 

83 

34 

35 

36 

87 

88 

39 

40 

41 

42 

43 

44 

45 

46 

47 

2nd 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

31 

25 

26 

27 

2'8 

29 

30 

31 

32 

33 

34 

35 

36 

37 

88 

39 

40 

41 

42 

43 

44 

45 

. 46 

47 

33 

3 1 

35 

36 

37 

38 

39 

40 

41 

42 

4.3 

Pg, 

45 

46 

47 

48 

- 
a 

Bquation-(continued). 

+oar366 

'0789 

- 0 ~ 5 5  

a0816 

'0732 

'0791 

' 0565 

'0799 

-0701 

-0760 

'0644 

.O;ZI 

'0789 

-0719 

'0447 

-06 24 

'0329 

'043' 

'0319 

-0381 

' 0338 

' 0 5 9 ~  

'0414 

-0263 

'0231 

'0'39 

'0254 

'0197 

0086 

'O07.5 

+ 35 

6 r 

52 

33 

43 

28 

47 

36 

30 

27 

29 

36 

4 7 

36 

49 

26 

a 

Y 

.$= 
G . ~ d  3 z' 
6 b  
'k 

Equation-(continaed). 

+o.o371 

-0368 

- -0430 

,0406 

+ -0339 

- '0364 

+ -0320 

- '0326 

+ ' 0 3 1 4  

- -0267 

-0284 

+ - 0 1 7 2  

,0182 

- -0230 

- 0 2 0 2  

+ -0086 

'0101 

- -0120 

,0116 

+ -0092 

- -0089 

+ -0070 

- '0045 

+ ' O O j j  

+om0078 

.0069 

-0081 

' 0042 

-0048 

2nd Equatiolz. Latitude. 

az 

+ 0.0437 

-0458 

- -0313 

'032.5 

+ -0348 

- '0292 

+ '031 7 

- '0257 

+ '0257 

- -0216 

0203 

+ .o211 

'0200 

- -0098 

.oroy 

+ -0173 

.or40 

- '0042 

'0062 

+ . ~ j 9  

- -0035 

+ .w28 

- -0021 

'001 1 

- 0~0090 

'0072 

-0066 

-0048 

.oogo 

3rd 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

4th Equatiolz. Azimocth. 

- 0.0787 

'0429 

'1504 

'1327 

-0650 

-0911 

-0940 

-1145 

'0494 

-0758 

-0732 

'0733 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 
f 

1 

2 

3 

4 

Equation. 

-0.0965 

+ . 0 8 j 4  

- ' 0933  

+ -0788 

'0787 

- -0787 

,0809 

+ ,0667 

00671 

- -0737 

-0722  

+ '0530 

o 503 

- -0636 

'0623 

+ '0483 

'0487 

- ,0568 

+ ,0484 

- -0518 

,0512 

+ *0428 

- -0495 

+ono704 

' '473 

• r 244 

00794 

'0994 

'O937 

' I259 

'0736 

'0742 

'0922 

'0795 

'0893 

Longitude. 

- 0.0776 

+ -0860 

- -0711 

+ .078j 

-0784 

- -0661 

-0659 

+ .0691 

,0680 

- '0557 

-0560 

+ a0638 

'0647 

- -0459 

'0491 

+ '0567 

0571 

- ,0436 

+ .ojr  I 

- '0434 

-0398 

+ -0440 

- 00366 

-1.0438 

+ 1.0382 

- I  -0429 

+ 1.0357 

-1.0354 

+ 1.0394 

- 1.0321 

+ 1.0366 



NUMERICAL VALUES OF THE 33s AND &s. 

The Jodhpore Meridional Seriee. 

The Eastern Sind Meridional Series. 

36 

- 4  

$3 
.% 

off i 
Qt 36 

li 
?jl s 

8 , 
82 
%g i 

a 

4th Equat ion-(continucxi). 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

a 

4th Equatwrc-(continued). 

33 

Y 

'8 2 b 2 
"$ 0 
0 

313 

'3 , z -  
3: 
% 3 
dH 
R 

.$ zz 
3 EJ= .,. 
0 'C 

R 
0@ 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

+ 1.0356 
-1.0365 

1.0376 

+ 1.0306 
1 0309 

-1.0344 

1'0337 

+IS0245 

1.0231 

-1.0298 

1.0~91 

Qt 

1st Bqualiopl-(continuod). 

Qt 33 

4th .Equation-(continued). 

+ 1.0362 
-1-0302 

1~0301 

+ 1'0324 
1.0315 

- 1.0257 
1.0259 

+ 1'0299 
1.0306 

-1.0214 

1.0231 

a 

1 st Equation-(Continued). 

31 

32 

33 

34 

35 

36 

37 

38 

39 

1 st Equation. Linear. 

4th Bquation-(continaed). 

+1.0225 

1.0228 

-1-0268 

+I'0227 

-1.0246 

1 -0243 

+1.0200 

-1.0235 

+lmo175 

1.0171 

-1.oz05 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

w 

1 st Equation-(Continued). 

.3 , 
,g=G 

%g 
F2 

- I ~ O I ; ~  

+ 1.0167 
- 1.0138 
+ 1.0154 
-1.0123 

+1.0127 

-1.olo3 

1.0037 

+ 1.0105 
1'0099 

-1.0049 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

+ 1.0270 
1'0270 

- 1'0205 
+ 1'0242 
-r.ozoq 

1.0186 

+I-0209 

- I'OljZ 
+ 1'0208 

1'0219 

-1.0148 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

+ 36 

15 

47 

42 

44 

35 

32 

6 I 

33 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

-1.0193 

+ I * O I ~ I  

-1.0174 

+1'0151 

-1'0156 

+1.0148 

-r-o13o 

I '0139 

+ I - O O ~ I  

1.0087 

-1.0112 

a 
-3 
E <  
5 
% $  

- 2 I 

33 

I 6 

24 

52 

2 8 

3I 

59 

60 

+ 30 

3' 

36 

45 

43 

27 

38 

23 

28 

40 

+ 41 

2 8 

36 

51 
26 

40 

22 

3 9 

39 

38 

33 

-1.0099 

+1-0043 

ImOOjo 

-1'0059 

I'O057 

+1-c044 

-1-0044 

+1.0033 

-1-oo21 

+ 1.0028 
-~.oooo 

33 

+ 40 

37 

29 

49 

43 

36 

23 

32 

37 

53 

- 30 

38 

30 

qz 

32 

51 

31 

34 

3% 

3 2 

- 46 

29 

27 

39 

31 

41 

35 

24 

45 

37 

a 

- 1.0054 
+ 1.0085 

I -0068 

- 1'0020 
1.0030 

+1.0029 

-1.0017 

+ 1 .0015 
- r.oola 
+ 0'999j 
-~.oooo 

- 38 

32 

43 

26 

44 

33 

52 

19 

26 

55 



INTI1ODUC!CORY. 

The Eaetern Sind Meridional Eleriee. 

b 

Q. -3, 
%$ k 

Y 

$3 .,. .d o E 
&i@ 

33 Qt 33 

Zatitude. 

- 0.1239 
'0794 

*of44 

.0903 

-0713 

'0959 

-0770 

'0540 

'0979 

,0670 

*0692 

-0620 

-0815 

'0379 

-0664 

'0531 

'0739 

'0301 

'0394 

'0634 

-0392 

'0387 

'0340 

-0364 

-0296 

'0390 

'024.5 

.0208 

-0206 

.or56 

2nd 

1 

3 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

23 

24 

25 

26 

27 

48 

29 

30 

-Equation. 

+O.II~O 

0664 

-0870 

'1245 

0646 

'0847 

'0496 

-0768 

'07 70 

'0755 

'0796 

-0691 

.0460 

0809 

'0713 

'0477 

' 0356 

-0368 

' 0434 

-067 I 

.0280 

-0360 

'O293 

'0431 

' 0304 

023 r 

'021 I 

'0152 

-0106 

.or 89 

a 

2nd Equation-(continued). 

33 

.3 
2 3  
5 ;  
?g s 

31 

32 

33 

84 

85 

86 

37 

38 

3rd Eqtcatiort-(continued). 

+ 1*0237 
- 1*0145 

I -0130 

+ 1.0192 
I '0209 

- 1.0119 
+ 1.0186 
-1-0117 

I .o108 

+ I -01 77 
- 1-0081 
+1*0142 

- 1.0068 
+ 1.0125 
- 1.0057 
+ 1.0108 
- 1.0042 
+ 1.0077 
- 1 ~ 0 0 2 6  

+ 1.0053 
- 1.0028 
-t 1 . ~ 3 j  

- 1-0018 
+ 1.0028 
-1.0005 

+ I'OOI~ 
- 1.0006 
+oS9996 

- 1-oo00 

4th 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 

82 

83 

84 

85 

86 

87 

88 

89 

21 

22 

23 

241 

25 

26 

27 

28 

29 

80 

81 

32 

83 

34 

85 

86 

87 

88 

Equatk-(continued). 

+I-or68 

-~.ozqq 

I -0232 

+ r.013~ 
1.0134 

-1*o203 

+1.0147 

-1.0186 

I .o~gz 

+I -0090 

-1.0165 

+I-0100 

-1.0152 

+xSoo77 

-1-0132 

+1.0078 

-Inorrr 

+1*0065 

-1.0086 

+ 1.oc53 
-1.0061 

+I.oo++ 

-1.0057 

+1.0028 

-I*oo3j 

+1.0024 

-1.0018 

+I-0020 

-1'000o 

a 

+o-or04 

0048 

' 0094 

-0104 

'0073 

0046 

0028 

'm33 

-oSo35j 

+ -0216 
- -0328 
+ -0168 
- -0281 
+ eo168 
- -0236 
+ -0139 
- .0182 
+ -01 17 

- '0126 
+ '0091 
- .o~zo 
+ ,0058 
- -0071 
+ -0052 
-.0037 

+ *ooqq 

- 0.0097 
*o123 

.006z 

-0061 

-0110 

,0050 

.oo41 

.oo51 

3rd Equation. Zongitude. 

-3 

%& 

dg 
& 

- 0-0175 
+ *0306 

- '0145 

+ -0264 

- .OIZZ 

+ -0228 

- -0089 

+ -0163 

- .0056 

+ -0108 

- -0060 

+ '0073 

- -0039 

+ -0061 

- '0014 
+ -0022 

- -0013 

.oolo 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

4th Bquation. Azimuth. 

36 

+0.0588 

- -0678 
'0702 

+ -0478 
'05I5 

- -c623 
+ -0506 
- '0577 

'0577 

+ -03th 
'0376 

- '0527 
' 05O3 

+ -0284 
.0299 

- -0439 
+ -0321 
-.o3gg 

'0413 

+ -0197 

+ 1'0315 
- 1.0231 

1.0233 

+ 1,0281 
1.0278 

- 1.0187 
+ 1'0250 
-1.0196 

1.0172 

+ 1.0236 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

a 

+ 0.0690 
- -0513 

-0519 

+ a0619 

-0608 

- *041g 

+ -0545 

- -0433 

'0385 

+ -0j14 

-0514 

- '0320 

-0287 

+ -0422 

'0452 

- *oz59 

+ -0405 

- '~255 

'0236 

+ ,0377 

+1.0261 

-1.0306 

1.0317 

+ I * C Z I ~  

1.0233 

-1.0286 

+1.0229 

-1.0265 

1*026j 

+1'or73 



EQUATIONS BETWEEN THE INDETERMINATE PACT0B;S. ~531 

. . 

The Equation8 betweerc the Ifideterminate Factor8, cMtd their Soktion. 

I n  the equations between the Indeterminate Factors, the coefficients of the factors 
are summations of terms of the form (bw + cQT ), such as are exhibited in the equations on 
P W ~  [251* 

I n  the equations appertaining to the Eastern Sind Meridional Series Equalizing Factors 
were employed, see page [24] ; these factors were not applied directly to the $6 and cs, as such 
a proceeding was unnecessary, but they were introduced at once into the coefficients 
themselves. 

The manner in which this has been done will appear if the geometrical equations of 
condition on page [12] are multiplied in succession by the equalizing factors fa, fa,  f,, kc., 
and A',, ktb, A', are put for the corresponding Indeterminate Factors. The equations between 
the latter will then be 

f. fn [an..] Xra + fn [ h . ~ ]  X lb  + . . + f, f, [fin..] Arm = fn en ; 

Xa in which X', = - X b  
f a  , Xb = - L 

f b  ' . . . A ' " = -  
f n  ' 

- From-this it appears that after the solution of the equations appertaining to the Eastern 
Sind Meridional Series, the resulting values of the Indeterminate Factors had to be multi- 
plied by the corresponding equalizing -factors before they could be employed in the formula 
on page [26] for obtaining the values of the errors y and s. 

The coefficients of the Indeterminate Factors, and the Absolute Terms, in each of 
the 4 equations which were presented for simultaneous solution by either series are here 
given in a tabular form. 

The tables following the groups of equations between the Indeterminate Factorg, give 
the first of each group of equations between certain of the indeterminate factors which 
remained after the other factors had Been eliminated. These are the equations which were 
used in obtaining the numerical values of the factors by successive substitutions backwards 
from the last to the first. 



~ 5 4 1  INTRODUCTORY. 

The Jodhpore Meridional Series. 

5 e  Equatiolre betwem the Indeterminate Factore expreeeed in Naturat Numbers. 

The Equatione between the Indeterminate Pactore after the Succe8aive Elhkatiolze. 

THE ABEOLUTE 
TERMS 

- 123.4 

- 0.172 

- 0.121 

- 3.216 

No. of 
E q d n  

I 

2 

3 

4 

The Eastern Bind Meridional Series. 
The Z q a a t i m  between the Indeterminate Factore expreeeed in Naturat Namber8, before 

the application of the -Equalizing Pactore. 

THE INDETERMINATE FACTORS AND THEIR COEFFICIENTS 

THE ABSOLUTE 
T r a ~ s  

- 123.4 

+ 0.0185 

- 0'1375 

- 0' 9507 

NO. of 
Equation 

1 

a 

3 

4 

,A I 

THE INDETERMINATE FACTORS AND THEIR COEFFICIENTS 

THE ABBOLUTE 
TEBMS 

- 74'2 

- 0'423 

+ 0.028 

+ 0'939 

NO. of 
Equation 

I 

D 

3 

4 
t 

+ 46834.0 

+ 72.2865 

- 4'8070 

- 59.4742 

A I 4A 
3 

I A  

+ 46834.0 

+ 72,2865 

+ 0-1553 

+ o . o o r g  

+ 0.1318 

- 4'8070 

+ 0.0015 

+ 0.2159 

+ 3.9612 

THE INDETERMINATE FACTORS AND THEIR COE~ICIENTS 

- 59'4742 

+ 0.1318 

+ 3.9612 

+ 99.6618 

aA 

+ 72'2865 

+ 0'0437 

,A 

+ 38716. 

+ 45'3001 

- 8'7746 

- 109'1557 

A I 4A 
3 

SA I I 4A 

- 4.8070 

+ 0~0089 

+ 0.2136 

- 59'4742 

+ 0.2236 

+ 3'9096 

+ 26'8833 

- 109. I557 

+ 0'07'54 

+ 2.331265 

+80-11747 

+ 45.3001 

+ 0.08076 

- 0.005415 

+ 0.07154 

- 8'7746 

- 0'0O54I j 

+0.09630 

+2'331265 



EQUATIONS BETWEEN THE INDETERMIJYATE FACTORS. [as] 
m e  Eqthath between the Indeterminate Pactore expressed in Natural Nwmbere, flier 

the a p 9 t i c a t h  of the Equalizing Pactor8. 

The Equations between the Indetermirrate Pactore after the Succeseive Elhiructione. 

THE ABSOLUTE 
TERM8 

- 7'42 

- 4'23 

+ 0.28 

+ 0'939 

No. of 
Equation 

I 

1 

3 

4 
1 

The following table gives the values of the factors to 4 places of decimals as deduced 
from the solution of the equations. 

The Jodhpore Meridional Series. 
NWerical Values of the Indeterminate PaCt~8. 

THE INDETERMINATE FACTORB AND THEIE COEFFICIENTB 

I I : 3 A  I A an 

THE ABBOLUTI 
TEEMS 

- 7'42 

-- 3-3618 

+ 0 .~995  

+ 1.4430 

No. of 
Equation 

I 

o 

3 

4 

- 1o~g156 

+ 0.7154 

+ 23.3127 

+ 80.1175 

THE INDETERMINATE FACTORB AND THEIE COEFFICIENTB 

1 3 A 1 4  A 
IA 

- 8'7746 

- 0.5415 

+ 9.630 

+ 23'3127 

+ 387.16 

+ 45.3001 

- 8'7746 

- 10.9156 

+ 387.16 

+ 45.3001 

+ 8.076 

- 0'5415 

+ 0'7154 

+ 45'3001 

+ 2.7756 

- 8'7746 

+ 0.4852 

+ 9.3463 

- 10.9156 

+ 1.9926 

+ 2'2'7170 

+ 23.1635 



[Eel INTEODUCTORY. 

The Eastern Bind Meridional Beries. 

Numerical Values of the Indetermiflute Factors. 

The Artgular Error8 s, y and z. 

Factor 

111 

an 

3 A 

4 A 

The following table gives the values of the errors of the angles of every circuit triangle, 
the errors y and e having first been deduced for any, the pth, triangle by the formulse, 

y, = ,ap ,A + a s p  aa + . . . 
Itp = lap ,A + aQ,aA + . . . 

the error xP was simply determined by finding the value of its equivalent, - (y, + rtp). 

The Jodhpore MeridiomJ Beries. 

The Angular Brrors. 

Numerid Value 

+ 0.1262 

- 1'2425 

- 0.0766 

+ 0.0623 

Npmericsl Value 
x Equalizing 

Facton . 

+ 0.0126 

- 12.425 
- 0.766 

+ 0.0623 



ARBI!FRABY CO'B31ECl!IONS. 

The Eastern Sind Meridional Series. 

The Angular Error8. 

Arbitrary Correctwrcs. 

The values of the angular errors were first obtained to 4 places of decimals and 
then reduced to 3 places By rejecting the 4th and increasing the 3rd place if the 4th was not 
less than 5. This introduced certain closing errors in the Eastern Sind Meridional Series only, 
to eliminate which small arbitrary corrections had to be made : these are shewn in the follow- 
ing table :- 

. 
THE EASTEEN SIND MEBIDIONAL 

S E ~ I E ~  

Y 
No. of 

Triangle 

37 

. . . 

. . . 

. . . . 

e 

Camdion 

/I 

-0.001 

. . . 

... 

... 

No. of 
w,gle 

9 

25 

31 

34 

Camtion 

H 

$0'001 

'001 

- 0 0 1  

'001 



INTRODUCTORY. 

The &a1 B e m l k  of tlre Sirnultaneouo Beduction of each Seriee. 

The errors recorded in Section 16 were severally applied with changed signs to the 
values of the figurally corrected angles which are given in Section 8, and corresponding 
wrrections were obtained to the logarithmic lengths of the sides of the circuit triangle8 
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 station8 
on the line of the traverse had been obtained, as given in Section 9. 

After all the corrections had been applied the residual differences were as follows :- 

The Jodhpore Meridional Series. 

At Kanda. 
W 

... Latitude North ... ... + 0-001 

... Longitude East of Greenwich ... + -001 

... Azimuth of Kaimsir ... ... + -oar 
Distance in the 7th place of logs. ... + - 3  

The Eaetsrn Bind Meridional Beries. 

Latitude North ... ... ... + 0*002 

... Longitude East of Greenwich ... - - ooa 
Azimuth of MAchka ... ... . . .  - 003 

Distance in the 7th place of logs. ... - • 2 



CHAPTER IV. 

THE NON-CIRCUIT TRIANGLES AND THEIR FINAL FIGURAL ADJUSTMENTS. 

Only a single chain of triangles having been selected for the Final Reduction of the 
Jodhpore and Eastern Sind Meridional Series, it followed that when each reduction was com- 
pleted, the remaining or Nolz-circuit triangles had to be brought into accord with the 
reduced or Circuit triangles, all the elements of the latter being &tained unaltered. The 
only conditions thus required to be satisfied were the following :- 

1. That at any station falling within the circuit at which angles had been measured 
oompletely round the horizon, the sum of the Nm-circuit angles+ the sum of 
the Circuit angles should be equal to 360'. 

2. That the ratios of sides common both to Circuit and Non-circuit triangles, must 
be the same by the latter as by the former. 

3. That the algebraical sum of the corrections to the angles of each Non-circuit 
triangle should = o. 

I n  certain cases it happened that a Nmt-circuit triangle had two sides and the included 
angle already determined by the Circuit triangles, and the unknown quantities were the errors 
of the other two angles. Conditions 2 and 3 furnished two equations for determining these 
two unknown quantities, and the equations were solved as or- algebraical simultaneous 
equations. 

In the pages of tabular matter which follow, are given, separately for each Series, 
the data of the Nm-circuit triangles similar to those of the Circuit triangles shewn on 
pages 1331 to [36], and in the same terms with them ; these are followed by the " Final 
Figural Adjustments " of the groups. I n  connection with the sides and angles are shewn 
h t  the Figure to which each Non-circuit triangle belongs, secondly, the number of the 
triangle, and thirdly the Figural numbers of the angles employed in the Preliminary Reduc- 
tions and again made use of here, as shewn on the Plates at the end of the numerical details 
of each Series. I n  the column giving the numbor of the station, the numerals corresponding 
to those stations of which the positions stand fixed by the Final Reduction are printed in 
Roman type, the rest in Italic type. 

I n  the abstracts of the final adjustments, each group of triangles ia designated by the 
figure to which it appertains and by the numbers of triangles it includes. The constants fur- 
nished by the Final Reduction are given, with a reference to the page from which they are 
taken ; these are followed by the equations of condition which have to be satisfied. Lastly 
are shewn the adopted angular errors. They are so designated because they differ occasion- 
ally, but only in the last place of decimals, from those which actually resulted from the cal- 
culations ; slight arbitrary corrections 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 sufficed to do so. 



[Go] IN!CRODUCTORY. 

The Jodhpore Meridhal Seriee. Xidee and Anglee of the Non-Circuit DicMlgles. 

NoTs~.-Btationa XLI and XLIV appertain to the K d h i  Longitudinal Series. Btation XIX appertains to the Butlej Series. 

h g a r i t h  
of Side-length 

in Feet 

4.6592209,~ 
4.8429244,' 
4'6920244,3 

4'8688079.7 
4'767379917 
4.8090846,~ 

4'84058ax.o 
4'7607793,5 
4 '868807987 

sm0649959,4 
4'9710226,o 
4.8405821,o 

rm9677159,9 
4'9506173,o 
5'0649959,r 

5'071zz49,1 
4.8729051,0 
4.967715929 

4.8360926,4 
4.9957840~1 
4.9393418~5 

4.950157319 
4'8934740,~ 
4-8360926,4 

4'7306728,7 
4'6693578,o 
4'829390332 

4'7259946,o 
4'8578758,o 
4.7306728~7 

4'6539847,5 
4'4963923,8 
4'7090919,8 

4'673a140,z 
4'6645148~8 
4'6539847,5 

4'6600505,3 
4'5427962,7 
4'6732240,a 

4'7052511,~ 
4-7215006,6 
4.6600505,3 

8 
4 
E 
-2, 
rn 

* 
'176 
'I77 
'176 

'286 
'285 
'285 

'297 
'297 
'297 

'51 I 
'51 I 
'510 

'642 
'641 
'642 

'546 
'546 
'546 

'460 
'460 
'460 

'408 
'407 
'407 

"97 
'197 
'I97 

'224 
'225 
'225 

'I 10 
'I 10 
'111 

'145 
'145 
'145 

-118 
-118 
'1x9 

'167 
'167 
'167 

, 

Corrected 
Plane Angle 

0 1  * 
40 46 35'977 
94 26 45'334 
44 46 38.689 

73 44 28- 46 I 
49 28 9'347 
56 47 22.192 

61 5 32.652 
47 20 17-57 1 
70 34 9.837 

89 43 56.808 
53 39 2.723 
36 37 0'469 

51 44 39-077 
49 111.968 
79 14 8'955 

88 44 4.580 
391724'751 
51 58 30'669 

42 38 49.459 
78 6 52-563 
59 14 17'978 

74 27 35'792 
57 43 53'931 
47 48 30.277 

52 24 57'952 
43 28 52.703 
84 6 9'345 

47 18 16.005 
84 42 51'057 
47 58 52'938 

60 41 35.770 
37 21 10.052 
81 56 24.178 

6a 9 23'151 
60 4 26'534 
57 46 10.315 

65 47 35'551 
44 7 41.210 
70 4 43-239 

61 36 15'ogo 
65 57 15.650 
52 26 29.260 

2 

3 
i a 
2 

la 
10 
11 

6 
4 
6 

8 

o 

10 
11 
12 

ss 
31 
8% 

SO 
28 
eg 

6 
4 
6 

8 
7 
9 

6 
4 
6 

8 
7 
0 

18 
16 
17 

16 
1s 
14 

10 

11 

20 
19 
21 

Number of 
Station 

XXXIII 
XXXII 
XXXIV 

XXXV 
XXXVI 
gXgVIII  

XXXPIZI 
XXXVI 
XL 

XXXVI 
XL 
XXXIX 

XL 
XXXIX 
XL II 

XLII 
XXXIX 
XLIV 

XLIV 
XLV 
XL VII 

XL TTII 
XLV 
XLIX 

XLIX 
L 
LN 

L II 
L 
LIV 

LIII 
L v  
LPT 

LPT 
LV 
L T'IZI 

LV 
L ?TI1 
LIX 

L 71x1 
LIX 
XIY 

g , a  
2 
% 

d B  
k b  

9 

10 

9, 

9,  

,, 

,, 

11 

,, 

12 

,, 

13 

,, 

,, 

,, 

& r  
g g  
u o w  

j i  
k &  

1 

2 

,, 

3 

,, 

4 

,, 

5 

,, 

6 

7 

Corrected 
Plane Angle 

0 1 'I 

80 59 54.001 
3027 7.283 
68 32 58.716 

52 40 50'026 
82 22 27'324 
44 56 42'650 

46 5 17'394 
71 15 46'349 
61 38 56-157 

4751x1'303 
72 36 55'187 
5931 53'510 

57 46 1 1  '572 
65 738.556 
57 6 9.872 

53 27 43'865 
48 5 1  26.240 
77 40 49'895 

67 5 50.466 
49 3 52.442 
63 50 17.092 

55 56 1.754 
62 50 44'783 
61 13 13'463 

63 2 44.220 
62 51 44.309 
54 5 31'471 

98 55 57'389 
37 25 48.809 
43 38 13.802 

38 24 15'519 
r r x  25 2.878 
30 10 41 $603 

59 47 10.382 
66 37 26.660 
53 35 22'958 

73 37 41 '976 
53 1940.432 
53 2 37'592 

55 50 14'894 
61 59 21 '795 
62 10 23.311 

% 

63 

61 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

1 

1 
-i m 

4 

1'368 
1.367 
1'367 

1.663 
1.663 
1.661 

1'450 
1.451 
1.450 

'952 
'953 
'953 

'785 
'785 
'784 

'359 
'358 
'359 

'304 
'303 
-304 

'239 
'239 
'239 

'249 
'249 
'248 

'221 
'220 

'221 

'2" 

'211 

'21 I 

'276 
-276 
'276 

'311 
'311 
'311 

'180 
-180 
'180 

Number of 
Station 

XLI 
XLIV 
II 

I 
111 
IV 

IV 
ITI 
VI 

VI 
VIII 
ix 

IX 
VIII 
XI 

XI 
XIII 
XIV 

XIV 
XIII 
XVI 

XFI  
XFIII 
XIX 

XIX 
XVIrI 
XXI 

XXI 
XXII 
XXIII 

xxm 
XXIV 
XXVI 

XXV 
xXvII 

17 

16 

14 

16 

14 

- 

49 

50 

61 

52 

63 

64 

66 

56 

57 

58 

59 

Logarithm 
of Side-length -" 

5.1799380,6 
4.9901710,8 
5-2541461,o 

5.1895968,~ 
5.~852253~8 
5'1381524,5 

5.0986603~9 
5'2174330,O 
5'1895968,a 

5'0185048,o 
5'1281303~5 
5'0838972,g 

5'0217343,7 
5'0521333,3 
5'0185048,o 

4.8480958,8 
4'8199665,6 
4'9330"0,5 

4'8593750,s 
4'7732412,8 
4.8480958,8 

4'753990419 
4'7850382,9 
4.7784961~4 

4'7955835,6 
4.7948741~8 
4'7539904,9 

4'9096312,4 
4.6986876,s 
4'7538358,6 

4.7751914~5 
4.gso8791,o 
4'6832567,7 

4.8061403,7 
4'8323548,o 
4'7752303~5 

4.885~658~1 
4.8077523,~ 
4'8061403,7 

4'6920244,3 
4'7201758,6 
4'7209139,3 

XXVIII 

X X V ~ I I  
XXVII 
xxx 

XXX 
XXXII 
XXXIII 

2 

4 
a 
6 

"a 
t;; 

2+3 
4 
1 

18 
16 
17 

15 
13 
14 

18 
16 
17 

15 
13 
14 

18 
16 
17 

16 
18 
I4 

18 
16 
17 

15 
13 
14 

4+6 
3 
6 

4 
2+3 
1 

18 



THE NON-CIRCUIT TI1IANGLES. [ell 
The Jodhpore Meridwnal Seriee. Fhal Figlcral ddjzlstmente of the Nofi-Circuit TTialtglee. 

Figure 1. 

Triangle 49. 

Constants (from page 85). 
Contained Angle. 

XLIV to XLI Log. feet 5.254146 I,O ... 3+2  .. . 80' 59' 55"*529 
XLI ,, I1 J J  4'990'706,7 

Equations to be satisfied. Adopted Errore. 

x1 + x4 - - + -160 I XI 
- - 

- - + '"039 
36 ~4 - gxi - + 4 - 1  - + .121 x4 

fl 

Figure 2. 

Figure 3. 

Triangles 52 and 53. 

2 

Triangles 50 and 5 1. 

Constants (from pages 85 and 86). 
Contained Angle. 

I to I11 Logfeet  5.1381529~7 1 ... 1 6 t 1 3  ... 153' 38' 17".025 
I11 ,, VI j, 5.0986612,~ 

Equations to be satisfied. Factor. 

X16 + '17 + X i a  . . . - e, = • 000, 
- 
- A1 

XIS + Xlr + X i s  ... - e, = • 000, ... ... - - e, = - '238, 
x, 

X16 + Xls - 21 X17 + 21 XIS - - - e4 = -3.1, 
x, 

16 x1, 10 x14 x4 

Constants (from page 86). 
Contained Angle. 

0 

V I  to VIII  Log. feet . . . 16 + 1s . . . r 3 7' 44' 35"- 660 
VIII  ,, X I  ,, 

Equatioris between tlie Factors 

Equations to  be aatisfied. Factor. 

Values of the Factora 

X, = + -056 
%a = + ' 0 7 2  

x4 = - so03 
= - .183 

No. of 
e 

1 
2 
3 
4 

-- 

In the tables of the equations between the factom the m-ef8cient.o of the terms below the d iegod are omitted for mnvenienoe, the co-e5cient of the pth 
tsrm in the qth line being alwayo the same M the oo-efficient of the qth term in the pth line. 

Adopted Errora 

x I J =  -".111 xlB=-" . l27 
x i 4 =  + '100 X I , =  + 'I17 
X15 = + -011 X18 = + -010 

Valne of 
e 

' 000 

' 000 

- -238 
-3.1 

Co-efficients of 

A1 x ,  x, A4 

+ 3  . . . + I - 5 
4- 3 + I  + 11 

+ 2  ... 
+t + 1238 



INTRODUCTORY. 

The Jodhpore Meridional Series. Fir~al Figural Adjustntente of the Non- Circuit Trictltgles. 

Figure 3- (Continued). 

Figure 4. 

Equations betwee11 the Factors 

Figure 5. 

Values of the Factors 

XI = + -056 
& = + '047 
& = -  '141 
A = - -005 

Triangles 54 and 55. 

Constants (from pages 86 and 87). 
Contained Angle. 

X I  to XI11 Log.feet 4.9330134~9 1 ... 16+13 . 97' 55' 1g1"565 
XI11 J, XVI JJ 4 '  85~3774Jo 

Equations to be satisfied. Factor. 

X16 + Xu + X 1 ~  ... - - el = • 000, 

X l t  3- '14 + X l s  ... - e4 = • 000, 
- 

X16 + XU ... - - e, = - -222, 
2 

+ '8xl, -11 x14 - - e, = -9.1, 
x, 

l6 x18 - 5 %I X4 

Triangles 56 and 57. 

Constants (from page 87). 
Contained Angle. 

XVI to XVIII Log.feet 4'7784986,6 1 ... 16+13 ... I 25' 42' 29"' 745 
XVIII ,, XXI JJ 4 '  7955865J4 

Equatio~is to be satisfied. Factor. 

Xl6 + X17 + Xis . . . - e, = • 000, 
- 

X13 + xi, + '16 . . . - e4 = '000, 
- 

X16 + X 1 ~  ... ... - - e, = - '165, 
: 

- I I x17 +lox1, -6x1 ,  - - e, = -4-6, 
x, 

14x18 A4 

Adopted Errora 

xl, = -jl.ogq xld = -".085 
x 1 4 = + ' 1 0 7  x 1 , = + ' 1 1 5  
x16 = - ,013 x18 = - '030 

Co-efficient8 of 

h.1 x, x, A4 

+ 3  ... + I  + 6 
+ 3  + I  0 + 2 

+e G868 

No. of 
e 

1 
2 
3 
4 

v 

Value of 
e 

.OW 
' coo 

- "79 
-3-6 

Adopted Errors 

xis = -"a 165 xis = -"*057 
Xa = + '301 X r r  = + ' 2 7 0  
x l 6 = - ' 1 3 6  X l 8 = - ' 2 1 3  

Values of the Factors 

X, = + "55 

x , = -  -213 
h, = + '048 

A, = - -023 

Equations between the Factors 

Co-efficients of 

A1 x, x, A4 

+ 3  . . . + 1 + I 1  

+ 3  + I  - 3 
-t-2 ... 

* + 466 
i 

No. of 
e 

1 
2 
3 
4 

I 

Value of 
e 

'000 

' 000 

- ' 222  
-9.1 



THE KON-CIRCUIT TRIANGLES. [631 

The Jodhpore Meridional Series. Final Figural Adjustments of the hTon- Circuit Tf*ianyles. 

Figure 5- (Continued). 

Figure 6. 

Triangle 58. 

Constants (from page 87'). 
Contained Angle. 

XXII to XXI Log. feet 4' 7~38389~3 
XXI ,, XXIII 

... 4+a  ... 98' 55' 57"-623 
,J 4' 6986909J8 

Equations to be satisfied. Adopted Errors. 

'8 + 4 - - + -013 - -".o41 I % - 
27 X8 - 2 2 ~ ~  

- - -2.3 '6 = + ' 0 5 4  

Equatious betweeu the Factors 

Figure 7 .  

Values of the Factors 

A, = + -046 
X, = + .026 
x , = -  -119 
X, = - - 0 0 7  

No. of 
€3 

1 
2 
3 
4 

Triangle 59. 

Constants (from page 88). 
Coutained Angle. 

XXIII to XXIV Log.feet 4.6832601~5 
XXIV JJ XXVI 

] ... s+a ... 1110 25' 3"*347 
J, 4' 775'950~4 

Equations to be satisfied. Adopted Errors. 

x1 + 4 
- - + -258 - +"- 141 I 11 

- 
26 x4 - 36 x~ - -2 ' 1  - + '117 - x4 - 

Adopted Errors 

XIS = - a ' ~ 9 3  = -"'072 
X l r = + ' 1 3 7  X 1 7 = + ' 1 2 2  

X16 = - '044 X18 = - '050 

Figure 8. 

Value of 
€3 

. 000 

-000 
- ex65 
-4-6 

Triangles 60 and 61. 

Constants (from page 88). 
Contained Angle. 

XXV to XXVII Log. feet 4'7752348,o 
XXVII J, XXX ... is+is ... lryO 57' 7"*841 

JJ 4' 8855711>7 

Equations to be satisfied. Factor. 

'16 + X17 + X i e  ... - - el = • 000, 

XIS + X l r  + XIS . . . - ep = .ooo, - 
'16 + X1s . . . . . . - - e, = - '162~ 

?I 

- 6  x,, - - e, = -9.1, 
x, 

1 2  X18 -I5 + 6x1, x, 

Co-efficients of 

Xl x, x, x4 

+3  ... + I  + 3 
+3  + I - 6 

+ 2  

* $'& 



[MI IN!I'RODUCVPORY. 

The Jodhpore llleridional Series. Final Figural Adjustment8 of the Non-Circuit Triangles. 

Figure 8-(Continued) . 

Figure 9. 

Adopted Errors 

XIS  = -)'. 097 x16 = -"-065 
x14 = + 203 xl, = + - 221 
x 1 6 = -  -106 xl,,=- -156 

Figure 10. 

Values of the Factors 

Xl = + . o l r  
x , = -  ' 021  

X, = - -076 
X4 = - -014 

Equations between the Factors 

Triangles 62 arid 63. 

Constant8 (from pages 88 and 89). 
Contained Angle. 

XXX to XXXII Log. feet 4 .7209196 ,~  ... 13 +lo ... r56O 26' 7"' 636 1 X X x I I  ,, XXXIV J I  4'659227'>6 

Equations to be satisfied. Factor. 
... X18 3- x14 + =l6 

- - el = -000, 
= q =  ' 000, ... 

x, 
x10 + '11 + Xl9  

... ... - e s = -  A, 
X18 + x10 - ' 150, 

- 1 1  xl, -21 xll - e, = -5-5, 
x, 

1 5 x15 + 24 x19 A4 

Triangles 64 to 68. 

Consta~lts (from page 89). 
Contained Angles. 

XXXV to XXXVI Log. feet 4~8090908,1 ) ... 4 + 7  +lo ... 186~32'24'.637 
XXXVI JJ XXXIx JJ 4 ' 5 7 ' 0 ~ 9 3 , ~  ... ... XXXIX ,, XLIV JJ 5 '07~2328,4 ] 12+31+28 124 55 38 -667 

Equations to be satisfied. Factor. 
... ... ... X4 -t Xfi + X6 - el = -000, 

- 
... ... ... + Xa + Xe - eg = x7 - ' 000, 

... ... ... Xlo + "11 + XIS - ey = • 000, 
- : 

... ... . . .  - e, = • 000, - h, 
xs1 + Xs9 + xsu - x4 

... ... ... Xne + Xw + "so - es = • 000, - A6 

... ... ..a 4 + x7 + XIO - e, = + '122, 
= % =  

x, 
... ... ... XIS + Xsl + xa + -218, - 14 x, + I I X ,  + r6xl, - - e, = 

x, 
7 xs -7x9 - 29 x19 - - 5.7) - 16 xll - eg = -11.7, 

A8 
O X1O + I 7 X~~ - 4 X ~ 8  + X ~ O  - I 7 X29 A, 

No. of 
e 

1 
2 
3 
4 

Equations between the Factors 

Value of 
e 

• 000 

' 000 

- -162 
-9.1 

Values of the Factors 
No. of 

e 

1 
2 
3 
4 

Co-efficient8 of 

x, x, x, X4 

+ 3  ... + 1 - 3 
+ 3  + r - 10 

... + 2 
* + 661 

Adopted Errors 

Xl = + -046 xl0 = - "-076 xlS = -"-074 = + 
X i l = + ' I ~ 2  X 1 4 = + ' 0 9 3  h , = -  ' 1 2 0  xIP = - '056 x,, = - -019 X, = - 004 

Value of 
e 

- 000 
' 000 - . I50 

-5'5 

Co-efficient8 of 

A1 x, x, x4 

+ 3  ... + I  + 4 
+ 3  + I  + 3 + 2 

* + i36.3 



TEIE NON-CIRCUIT !CRIANGtLES. PI 

m e  Jodh9ore Xeridiowal Series. Final Figural Adjzcstments of the Non- Circuit Trianglee. 

Figure 10- (Con tinued) . 

Figure 11.  

Adopted Errors 

X, = -tn.095 xlS = + Y * 0 9 ~  
x6 = - -1.37 xpe = - -061 
x,, = + -042 'n9 = + .263 
~7 = + -125 xs0= - • 202 

x8 = , -139 x n =  + ,188 
x9 = + -014 Xsn = + - 1 7 7  
X1O = - -098 x , = -  
x,, = + '007 

' 365 

Figure 12. 

Values of the 
Factors 

x,= - 'O77O 
& = - . 0 4 j 8  
& = - '2697 
X4 = + '0737 
A , =  - '1757 
'6 = + ''7'5 

= + '1144 
X, = - -0085 
% = - -0258 

Equations between the Factors 

Triangles 69 and 70. 

Constants (from page 90). 
Contained Angle. 

XLIV to XLV Log. feet 4*9393501,4 I ... 4 + 7  ... 135~50' 47tf '~67 
XLV ,, XLIX ,, 4 -  9501666,8 

Equntions to be satisfied. Factor. 

X4 + XK + Xa ... '000, A1 
- - el = - 

X7 + Xe + X, . . . - e, = • 000, 

... . . . - - es = 
?A 

x4 + X7 + "94, Xs - 23 Xs -73x6 + 6x8 -19x9 - e4 = -10.0, A4 

Triangles 71 and 72. 

Constants (from page 90). 
Contained Angle. 

XLIX to L Log. feet 4*8293997,4 1 ... c+7 ... 128' 11' 43)'*953 
L ,, LIV v 4' 7260047,2 

Equation8 to be satisfied. Factor. 

X4 + Xs + Xt3 . . . - el = - ' 000, 

. . . - - e, = • 000, 
x, 

9 + x8 + % . . . . . . - - es = 
x, 

x4 + X7 + -229, 
16 x, - 2 x,, - - e, = -7.0, x, 

+IgX8 -19Xo A, 
A 

Co-efficients of 

x, x, A8 A4 A6 he X7 Xg x, 

+ 3  ... ... ... ... + I  ... - 7 ... 
+ 3  ... ... ... + I  ... + 4 ... 

+ 3  ... ... + I  + I  - 13 - 16 
+3 ... ... + I  ... + 13 

+ 3  ... + I  ... - 16 
+ 3  ... ... * + 3  - 29 ... 

+1512 -256 
+851 

No. of 
e 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Adopted Errora 

x, = +If'136 x, = 
Xg = - -2.50 Xg = - 

= + -114 
"55 

X9 = + '097 

Value of 
e 

-000 

-000 

• 000 

• 000 

-000 

+ - 1 2 2  

+ ,218 
- 5'7 
- I I - 7  

Values of the Factors 

x , = -  -017 
= - -095 

X, = + "53 
X4 = - '010 

Equations between the Factors 

No. of 
e 

1 
2 
3 
4 

Value of 
e 

.OOO 

• 000 

-I- "94 - 10'0 

Co-e5cients of 

x, x, x, X4 

. + 3  . . . + I  + 10 

4-3 + I - 13 
+2 . . . * + 1095 



1661 INTRODUCTORY. 

.The Jodhpore 1Ileridimal Series. Fhat  Figural Bdjuetmente of tire Non- Circuit TrkgZea. 

Pfgure 1% (Contiaued). 

- 

Triangles 73 to 76. 

Conatants (from page 91). 
Contained Angles. 

LIII to LV Log. feet 4-7ogrozg,o ] ... a + l s + l o  ... 163' 13' 12~~663 
LV ,, LIX II 4' 5428074,a ... ... LIX , XIX JI 4' 705263,510 1 ll+lO 136 159*262 

Equations to be satisfied. Factor. 

... X16 + '17 + ,.. ... - el = - ' 000, - - e, = 'ow, ... XI ... ... x1, + Xl, + Xlr ... ... ... XIO + x11 + XIS - e, = • om, - 

... ... ... x ~ s  + Xm + Xa1 - e, = ' 000, 
- t 
- e S = -  X4 ... ... ... '16 + XI, + X l ~  - "53, ... ... ... ... Xl 1 + XI0 - e6 = - '087, 

1 2 XIB - 3 X17 +rzxl6 - 3  '14 + 21 xls -8~11 = % =  - '5.3, 
:: 

-21 XIS +IlX, ... ... - - eg = -12.4, 
x, 

9 =lo -16 %l x, 

Equations between the Factors 

Values of the Factors 

x , = -  *or 7 
= - -049 

X, = + -148 
A, = - .007 

No. of 
e 

1 
2 
8 
4 

Adopted E m n  

xIo=-"* 170 x16 = +".o40 
x I l =  + .0j3 xI7= + '123 
x,,= + -117 x1 8 =  - '163 
Xis=-.023 X l o = -  140 
x14= + -250 x,= - -230 
XI6 = - '227 XSl = + '370 

I 

- 

Adopted Erron 

x4 = +". 131 x, = +"-98 
x6 = - '128 r, = - -180 
x6 = - '003 xs = + -082 

Valuea of the 
Factors 

XI = + -0658- 
x p =  +.0021 

% = $. '0543 
A4 = + -0146 
x 6 =  -'02j5 
X6 = - '1544 

= - '0191 
X , =  - -0221 

Equations between the Factors 

Value of 
e 

*ooo 
-000 + -229 - 7.0 

Co-efficient8 of 

x, x, x, A4 
__C__--- 

... +3 +I  + I4 
+3 + I o 

+a 
* $2 

Co-efficient8 of 

h % h A, As A, x, &a 

+3 ... ... ... + I  ... + 9 ... 
+3 ... ... + I  ... - I ... 

+3 ... + I  + I  + 13 - 12 
+3 ... + I  ... - 5 

+3 ... ... + 9 
+ a  - 8 ... 

* +971 -441 
+899 

No. of 
e 

1 
2 
3 
4 
fi 
6 
7 
8 

Value of 
e 

,000 
• 000 

'000 

'000 

- '153 - .087 
- 6.3 
-12'4 



THE NON-CIRCUIT ~IANGTLES.  C671 

5 e  Eastern Sind Heridwnal Series. Sides and Angles of the Non-Circuit ITrhngte8. 

Borps.-Bbti~na LXXV and LXXVIII spperbin to the &&hi Longitudinal Series. Station LIX sppertsins to the Great Indua Serier. 



[@I INTRODUCTORY. 

m e  Easterlz Sind ZferidionaZ Seriee. Final Figural Adjwtrnelzte of the Non-Circuit TriangZe8. 

Figure 1. 

Triangles 40 to 43. 

Constants (from page 196). 
Contained Angle. 

LXXV to LXXVIII  Log. feet 4-9613162,o I ... 16+13+10+7 ... = 224' 41' o"a162 
LXXVIII  ,, IV ,, 4' 9426977J 

Equatione to be satiefied. Factor. 
1 + X17 + Xia . . .  . . . . . . ... ... - - el = -000, 

x l ~  + x14 + ... ... . . . . . . ... - - % =  
- .ooo, : 

Xl0 + x11 + XIS . . . . . . . . . . . . . . . - es = • 000, 

. . . . . . ... . . . . . . - e, = • 000, - h, 
x7 + xa + x9 - A4 

Xis +X1s + Xlo + X7 . . . ... ... . . . - e6 = - + '573, 
2oxla -oxl7 + z ~ x , ,  - IZX, ,  +2x1, - 3 0 ~ ~ ~  +6x9 -9xa - e6 = -35.7, 

A6 

'6 

Triangles 44 and 45. 

Constants (from page 197). 
Contained Angle. 

IV to  V I I  Log.feet 4.9354085~1 3 ... 16+13 ... = l loO 33' 57".133 
V I I  ,, I X  ,> 4' 9183'.52,4 

Equatiom to be satiefied. Factor. 

'16 + X a  + x~a ... - el = ' 000, 
- 

. . . - - e, = • om, 
x, 

X 1 ~  + x14 + XU . . . . . . - - e s = -  x, 
'16 + Xls 1 64, h?l - 18 xla -8 ~ 1 7  + 5 - 15 xlr - e, = -53.4, '4 

Equations between the Factors 

Values of the Factors 

A., = + -0642 
X, = + '0242 
'9 = - -2558 
X4 = - -0891 
X, = + '2074 
X6 = - .0200 

No. of 
e 

1 
2 
3 
4 
5 
6 

 equation^ between the Factors 

Adopted Errors 

x., = + " a 1 1 8  xis= +"*232 
x8 = + '091 xl, = + '265 
x, = - ,209 x16 = - '497 
xlo = - .oqg x16= + -272 
xll = + '345 X17 = + -064 
x,, = - '256 xl8 = - -336 

Values of the Factors 

x, = + '3527 
x , = -  x , = -  ' 2 f 0 7  

'1230 
X, = - '0935 

No. of 
e 

1 
2 
3 
4 

Value of 
e 

a 0 0 0  

• 000 

• 000 

' 000 

+ '573 
-35'7 

Adopted Errore 

XIS = - "'394 X16 = + "'230 
x14 = + I  -132 x17 = + I  '101 

X16 = - '738 x18= - I  '331 

Co-efficients of 

x, x, x, '4 '6 '6 

+3  ... ... ... + I  + 2 0  
+3  ... ... + I  + 14 

+ 3  ... + I  - 28 
+3  + I  - 3 * + 4  . . . + 2241 

Value of 
e 

-000 
' 000 

- -164 
-53'4 

Co-efficients of 

A1 x, As '4 

+ 3  . . . + 1 + 10 - + 3  + I  1 0  

* + 2  ... + 638 



THE NON-CIRCUIT TRIANGLES. [69l 

The Eastern Sind Zeridwnal Series. Final Figural adju8tme7tt8 of the Non- Circuit Triangles. 

Egure 3. 

Triangle 4.6. 

Consta~~ts  (from page 197). 
Contained Angle. 

X to  IX Log. feet 4'8911247,o ... 4 + 6  ... = 92' 47' 52X'4~9 1 Ix ,J X I  >J 4 ' 85303 ' 0 
Equation8 to be satisfied. Adopted Errors. 

xs + X6 + '705 + '/' 143 - - el = - 24 X3 - 20 x6 - e, = -7-8 x6 = + '562 

Figure 4. 

Figure 5 .  

Triangles 47 and 48. 

Constants (from page 198). 
Contained Angle. 

X I  to  XIV Log. feet 4.9341 767,2 ... 16+13 ... = I 25' I 7' 31" 836 l XIV ,J X V I  JJ 4 '  8369072J0 

Equations to be satisfied. Factor. 

... 116 + '17 + x18 - el = • 000, X1 
- 

... XI s + Xlr + XIS = ep = ' 000, 
... ... - e , =  - x, 

XI6 + X l 3  - ' 39') - 10 x17 + 1 1  xls - 1 2 XI, - e, = -28.9, 
x, 

20 X18 h4 

Triar~gles 49 and 50. 

Constants (from page 198). 
Contained Angle. 

X V I  to  XIX Log. feet 4 88 10634~6 ... 16+13 ... = 134' 59' 101"428 1 XIX ,, X X I  JJ 4 '  7675552>6 

Equations to be satisfied. Factor. 
... '16 + X17 + Xle = q =  ' 000, - Xl ... XIS + XI, + XIS - ep = • 000, 

... ... X l  6 + XIS 
- - e s = -  
- '436, 

21 XIS - 7 x17 + 15 '16 - 16 x,, - eg = -17.7, 
:: 
X, 

Adopted Errors 

xI9 = - '/. 270 x16 = -'/. I20 
x,, = + '608 x17 - - + -676 
xlS = - '338 x,, = - -556 

Values of the Factors 

X, = + 2650 
+ '1146 x, = 

= - -3830 
X, = - .0411 

Equations between the Factors 

Co-efficient8 of 

x, x, h, X, 

+3  ... + 1 + 10 
+3 + I  - I + 2 
t +'& 

No. of 
e 

1 
2 
3 
4 

Value of 
e 

-000 

' 000 

- '390 
-28.9 
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figure 5- (Continued). 

Figure 6. 

Triangle 51. 

Constants (from pnge 199). 
Contained Angle. 

XXII  to  XXI  Log. feet 4-7626542,1 ... ... 
XXI  ,, XXIII  

1 4 + 5  = 4y0 24' 201"617 ,, 4'  7995299,5 

Equations to be satisfied. Adopted Errors. 
Xs -I- X a  - el = + -267 - 

I x, = - -018 
24 Xs -'7 '6 - e, = - 8 - 1  x, = + ' 28.; - 

Equations between the Factors 

Values of the Factors 

XI = + '2321 
X, = + -1251 
X, = - -3966 
X, = - .0214 

Adopted Errors 

XIS = -I!. 271 x16 = - " *  165 
x14 = + '467 xli = + '382 
x16 = - -196 xlg = - '217 

Co-efficients of 

x, x, h, X4 

+ 3  ... + I  + I4  - + 3  + I  I 
+ z  ... 

* +?71 

No. of 
e 

1 
2 
3 
4 

Triangles 52 to 55. 

Collstants (from page 199). 
Contained Angles. 

XXI I I  to XXVI Log. feet 4 -  7822645,~ 13+10 = 1 3 6 ~  46' 21".or5 ... ... 
XXVI ,, XXVIII  ), 4' 768 5 6 2 2 , ~  

... ... XXVIII ,, xxx >, 4.8506972,9 1 11+26+e2 = 185 29 37 ~ 9 4 1  

Equations to be satisfied. Factor. 
... ... XIS + Xlr + Xis ... - el = ' 000, - 

- 1 ... Xlo + Xn + Xin  ... ... - e4 = ' 000, 

xas + XPS + Xs7 ... ... ... - e, = • 000, - x, 

=%a + XB + =a ... ... ... - e, = • 000, - h3 
- X4 ... ... XIS + Xlo ... ... - eS = - '099, - A6 

... X11 + xs + X ~ 4  ... ... - e, = - -080, 
'3 X16 - 18 x,, + 18 x,, -11 xI1 ... ... = e7 = -7.1, 
9 Xlo -18s1, + 8~~ -14x9, +17% - I 2 xZ3 - - eg = - -6, 

:: 
x, 

Value of 
e 

-000 

'000 

- '436 
-17'7 

Equations between the Factors 

Values of the 
Factors 

A, = + .0130 
$ = + -0880 
h, = + '0359 
X 4 =  + -0436 
X, = - -0906 
X, = - -1203 

No. of 
e 

1 
2 
3 
4 
5 
6 

Adopted Errors 

x lo=-" .o21  xl ,=-"-077 
x l l =  + -081 x,,= + -069 
x , , = -  sc60 x J 4 = +  - 008  
x,, = - ~ 0 7 8  xq6 = - -084 
xl,= + ~ 1 9 8  x,,= + -065 

7 
8 

Value of 
e 

,000 

' 000 

-000 

• 000 

- -099 - -080 

Co-e5ciente of 

A1 x, h, X4 Ax, 6 A, x, 

+ 3  ... ... ... + I  ... ... - 5 
+ 3  ... ... + I  + I  + 7 - 9 

+ 3  ... ... + I  ... - 6 
+ 3  ... + I  ... + 5 

+ z  ... ... + 9 * + 3  - I I ... 
-7'1 
- .6 

+938 - 324 1 %  = - '0103 x16 = - - 1 2 0  xgl = + -019 
+lo98 h, = - '0021 I 
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Figure 8. 

Figure 9. 

Triangles 56 to 59. 

Constants (from page 200). 
Contained Angles. 

XXXI to XXXIII Log. feet 4.8774718.9 .., r + ,  ... = 158' 49: 1 3 ~ - 4 9 3  
XXXIII ,, XXXVI I, 4.80988 16,6 

... ... XXXvI , XXxVllI >, 4.7662962,0 9+16+19 = 180 51 16 '240 

Equ~tions to be satisfied. Factor. 

..a ... ... X4 + X, + Xa - el = • 000, 
- 

... ... ... X7 + + XO - ep = - ' 000, 

... ... ... '16 + '17 + xie - e, = ' 000, 
- 2 

... ... ... - e, = • 000, - x, 
'19 + X?O + X?l - A4 

... ... ... ... X4 + x7 - e, = - - '036, 
e b =  - A, ... ... ... x9 + %a -+ X l 9  '010, 

22 s5 - 16x, +16x, -16xQ ... ... = q =  - + 7'0, 
6 ~7 -16% + 26 x17 XIS +13Xu, - 20 xgl - e, = +5'6, - :: 

7's 

Tria~rgles 60 to 62. 

Constants (from pages 200 a t ~ d  201). 
Contained Angle. 

XXXV to XL Log. feet 4.86322353 ... 16+13+10 ... = 187' 58' 15"-770 I XL ,, XLII I, 4' 7210583,2 

Equations to be satisfied. Factor. 

... ... ... Xla  + X17 + Xis = el = • 000, - XI 
... ... ... X u  + Xlr + X i s  - e9 = ' 000, - - e, = - 000, 

x, 
... ... ... XIO + Xi1  + Xin  - As 
... ... ... XI6 + "1s + XI0 - e, = + ' 102 ,  - A4 

21 x,, -13 xl, + 20xI6 - 10 xi, + 5  xi, - 1 I xll - e, = +6.8, AS 

Itquatioes between the Factors 

Values of the 
Factors 

X I =  + -0002 
= + '0179 
= - ' 0 7 2 2  

XI = - '0039 
X, = - '046.3 
X, = + -0566 
XI = + -0076 
A, = + so064 

Adopted Errora 

x4 = -"' 046 xl,, = -"-016 
x6 = + '167 x17 = + -093 
xs = - . I 2 1  X18 = - '077 
x 7 =  + '010 x l Q =  + '053 
x, = + '037 xs0 = + '079 
xQ = - -047 xPl = - '132 

Co-eficients of 

A1 &a % A4 X, A, x, x, 

+ 3  ... ... ... + I  ... + 6 ... 
+ 3  ... ... + I + I  o - 10 

... + 3  ... ... + I  + 25 
+ 3  ... +I ... - 7 

+ 2  ... ... + 6 
16 ... + 3  - * + 1252 - 256 

+1538 

No. of Value of 4 e 

-000 

+ 000 

4 
5 
6 
7 
8 

' 000 

' 000 

- '036 
- ' 0 1 0  

+ 7 ' 0  
+5.6 
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Rgure 9- (Continued). 

Figure 10. 

Triangle 63. 

Constants (from page 201). 
Contained Angle. 

X L I I I  to XLI I  Log. feet 4.7593005,6 1 ... 4 + 6  ... = 78' 28' 3"'471 
X L I I  JJ XLIV >J 4'6644730J1 

Equations to be satisfied. Adopted Errors. 

X~ + x6 
- - el = - '445 I xS = - - 287 

23 xs -13% - - e, = - 4 - 5  x, = - 158 

Equations between the Factors 

Values of the Factors Adopted Errors Co-efficients of 

Xl  x, h, A4 A6 

+ 3  ... ... + I  + 8 
+ 3  ... + I  + lo 

+ 3  + I  - 6 
+ 3  ... 

8 + I 256 

No. of 
e 

1 
2 
3 
4 
5 

. 

Triangles 64 and 65. 

Constants (from page 201). 
Contained Angle. 

XLV to XLQI Log. feet 4.550631 I ,3 1 ... 4+7  ... 147' 19' 44".161 
XLVI JJ XLIX J* 4 ' 5 7 0 9 ~ ~ 9 , ~  

Equations to be satisfied. Factor. 

x4 + X6 + X 6  ... - - e, = • 000, 

... - - e4 = ' 000, 
x, 

% + x0 + x9 
... . . . - e , = -  x, 

x4 + X7 - ' 446, 
-11 x, -22  xg - e, = +29.8, 

x, 
17 X6 + 14x0 A4 

Value of 
e 

moo0 
a 000 

' 000 

+ '102 
+ 6-8  

X, = - -0367 
Xp = - .0.+36 
x , = -  -0091 
X4 = + -0628 
X6 = + -0oj9 

Adopted Errors 

x4 = -". 289 X, = -I.157 
X6 = + '542 X, = + '590 
X, = - '253 % = -  ' 433 

x,, = +v.054 x,, = +ae077 
x l l = -  '074 x,, = + -026 
xIJ = + -020  x l , =  - '113 
x , , = +  - 0 2 2  x l , = +  '087 
x 1 4 = -  '099 

Values of the Factors 

X, = + '0.594 
X, = + -1920 
h, = - '3487 + so284 x4 = 

Equations between the Factors 

Co-efficient5 of 

x, x, x, X4 

+3  ... + 1 + 6 - 8 + 3  -t I 
+ z  . . . * + 1090 

No. of 
e 

1 
2 
3 
4 

Value of 
e 

.ooo 
-000 

- '446 
+29-8 
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Figure 12. 

Triangles 66 and 67. 

Constants (from page 202). 
Contained Angle. 

XLVIII to LI Log.feet 4.5401566~3 
LI ] ... ~ s + l o  ... = 1230 50' 22"-960 ,, LIX ,P 4' 7085244r3 

Equationa to be satisfied. Factor. 

Xia + '14 + *IK ... - el = 000, 
- 

. . . = % =  ' 000, 
x, 

x10 + Xl l  + XM 
. . . ... = % = + -218, 

x, 
Xia + Xlo 

-I4 xu - 22 Xl1 
- - e, = +60-3, x, 

lo =lL + 7 xl¶ X4 

Equations between the Factors 

Values of the Factors 

X, = + -1861 
& = + .4886 
% = - .2284 
X, = + -0825 

No. of 
e 

1 
2 
8 
4 

Adopted Errors 

xlo = + "'-260 xla = -"'.o~P 
X l l = - l  '30~ x 1 4 = -  ' 949 
X I S =  + I  -046 X I , =  + '991 

Valuo of 
e 

-000 
'ow 

+ -218 
+60-3 

Co-e5cients of 

Xl x, x, h4 

+3 ... + I  - 4 
+3 + I  - '5 + 2 
* +ii9 





PART 11. 

THE DETAILS OF THE OBSERVATIONS 

AND 

THE FINAL RESULTS. 

OF 

THE JODHPORE MERIDIONAL SERIES 

THE EASTERN SIND MERIDION& SERIES 

OF THE 

NORTH-WEST QUADRILATERAL. 





JODHPORE M E R I D I O N A L  SERIES 

AND 

EASTERN S l N D  MERIDIONAL SERIES. 





JODHPORE (JODHPUR) MERIDIONAL SERIES. 

INTRODUCTION. 

This chain of triangles is the eastern of two meridional series which were intended 
to fill up the space between the Gurhkgarh Meridional Series in long. 75" and the Great 
Indus in long. 6B0, and so complete the North-West Quadrilateral. From Calcutta west- 
ward to the Gurhwrh Meridional Series the meridional series were canried at internab of 
one degree ; but infilling up the remaining area two series 2f degreea apart were considered 
sufficient; these series, however, were to be double throughout and to have an extended 
secondary triangulation between them. 

On completion of the revision of the Great Arc Series from Bangalore to Bider, Lieute- 
nant M. W. Rogers, R.E., and his establishment were transferred to Rajputana (RAjput&na) 
to carry out this work. The Jodhpore Meridional Series emanate8 from the side Siinda (nrv) 
to Bonik ( ~ L I )  of the Karhchi Longitudinal Series and closes on the side Kanda (XXI) to 
Kaimsir (XIX) of the Sutlej Series. 

Lieutenant Rogera hving detached Mr. Torrena to finish np the work remaining on 
the Great Arc Series, Section 18" to 24", proceeded withthe 

Bsawn 1872-18. remainder of the party by rail to Poona (Puna), where the 
P~P~oNNXL. 

Eat. M. W. Bogem, B.E., Oilg. Depntl [Jnpt., office and heavy storea were left, and thence to Ahmedabad ' 

8rd w. (AmdAvBd), which, owing to the destruction of several 
Mr. W. C. Price, A&. Bane~or, 1st Gmde. 
,, C .  P .  Torrew, ,, n 8rd rn bridges on the Bombay and Baroda W w a y  and the 
z &."o?"& :: ,, 4th n 

a 4th ,, consequent stoppage of traffic, was not reached until the 
end of November. Messrs. Price and Bryson marched 

thenoe direct to the scene of operations, to insped the country and commence the approximate 
work. Lieutenant Rogers visited Mount Abu, which it was intended to make the permanent 
recess quarters of the party, and marched thence wid Erinpura to aid the assistants in their 
selection of stations. 

The country from the origin of the Seriea for about 60 miles is very favorable for 
triangulation, being generally flat with high isolated  hill^ rising from it. The approximate 
series was soon sdiiciently advanced to commenoe principal observations, and Mr. Oldham 
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having brought up the large theodolite (Barrow's 24-inch No. 2*) from Ahmedabad, where it 
had been left in charge of the Executive Engineer, the measurement of the final angles was 
begun at S6nda (XLIV) of the Karhchi Longitudinal Series on the 31st January 1873 and 
proceeded with steadily until the beginning of April. Observations were taken at 14 principal 
stations, forming 15 triangles, which extended a distance of 95 miles. Lieutenant Rogers also 
took astronomical observations for the direct determination of azimuth at Thob (VIII), about 44 
miles W.S.W. of the city of Jodhpore. The field operations were brought to a close at Dodo 
(x) on the 8th April 1873, and the party marched towards Ahmedabad in separate detachments, 
closing stations on the road, i.e., building small rectangular pyramidal pillars over the upper 
marks to protect them from injury, and arrived at recess quarters in Poona on the 8th May. 

Messrs. Price and Bryson made good progress in the approximate operations, Mr. 
Price having charge of the selection, and Mr. Bryson of the building of the stations. The 
total out-turn of approximate work for the season was the selection of 25 stations extending 
over a distance of 147 miles. 

Mr. Torrens was employed on the Great &c Series, Section 18" to 2 4 O ,  and Mr. 
Oldham acted as Lieutenant Rogers' assistant in the office and observatory. 

The country through which the season's operations were carried, is sandy and flat, 
with an elevation towards the east of about 700 feet, diminishing towards the west and the 
Liini river to 300 or 400 feet. South of the L h i  small detached ranges and isolated hills 
are numerous : their sides are precipitous and covered with jungle, and many of them rise 
to a considerable height above the plain, several exceeding 2,000 feet. To the east, towards th'e 
Lfini, which flowing west across the Series turns south and skirts its western flank, the country 
becomes barren and sandy, with sand hills covered with low shrubs; water is scarce and brackish, 
and villages few and far between. The ranges disappear, and save sand hills, the country is 
level for 70 miles, as far as the Bklmir hills. North of the Llini the country becomes still more 
sandy and desolate, and nearly all the water in the tract embraced by the Series is brackish. 
About 15 miles north of the LGni and 20 miles from the east flank of the Series, is the 
city of Jodhpore, which lies at the foot of the hill on which the fort is situated and at its 
southern side : its greatest length from north to south is 23 miles and its greatest breadth 
$of a mile. It is closed in on the north by the fort, and on the east, south and west by a high 
wall capable of mounting guns, and having six gateways. Jodhpore is a good specimen of a 
native city and is kept fairly clean : it possesses many wells and three tanks; one of the latter, 
which is artificial, is very fine and large, its bed and sides being of stone masonry. 

The fort is built on a hill, the highest in the neighbourhood, rising 360 feet above 
the surrounding country. There are two roads leading up to it which unite a few yards 
from the gateway and turn a sharp corner before reaching the gate; both roads are well 
protected by guns. Besides this gate there are two others to be passed before the fort is 
gained-the first a small though strong one in s narrow pass between two rocks, and 
the second a large one approached by a steep ascent, well commanded by guns, and like the 

* For the dewription of thin instmmmt oids Appendix No. 8, Volume I1 of the A m u t  of U s  Opstdwu, 40. 
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outer one made difficult by being placed round a corner. Access to the fort from any other 
direction would be impossible, as the sides are sheer precipices from two to three hundred 
feet high. The country below is commanded on all sides by the guns of the fort, save one 
small eminence opposite the fort gate and within the outer line of fortification. 

I n  October 1873, Lieutenant Rogers took furlough to England, and the charge of 
S~XUOU 1873-74. the party was transferred to Lieutenant (now Major) 

PXEEONXEL. J. Hill, R.E. Lieutenant Hill left Poona on the 1st Novem- 
Lieut. J. Hill, R.E., h o t .  supt. 1 s t  Grade. ber 1873 and marched to the first station of observation, 
Mr. W. C. Price, h t .  Burveyor 1st  Grade. 
,, C. P. Tomns, ,, ,, 3rd ,, having en route established his ~ e a d  Quarters at Mount 
,, W. Oldham, ,, ,, 4th ,, Abu. The country to be triangulated this season was a 

sandy desert; and the difficulty of obtaining water and provisions soon began to make itself felt. 
By the kindness of the Jodhpore Darbdr (Court), a vakh? (Agent) and staff of sowd?*s 
(mounted men), &c., was attached to the party as in the former season, and by their aid the 
difficulties of the country were successfully surmounted. Lieutenant Hill experienced delay 
from the cloudy and misty weathe'r ; he calculated that he lost 34 days in four months from 
this cause ; however the work was pushed on vigorously by all concerned. The sand hills in 
the desert were generally fiat-topped, low and of about equal altitudes, so that the advantages 
of a hilly country were lost and short sides were unavoidable. Observations were taken at 21 
principal stations extending over a distance of 90 miles. The towns of Phalodi and Pokaran 
were fixed in position and height, and a considerable amount of secondary triangulation was 
accomplished. 

The Superintendent having directed that three sets of observations for the determina- 
tion of azimuth should be taken on the Series, at equal intervals between the Kadchi Longi- 
tudinal and Sutlej Series, astronomical observations were made at Jambo (xxv~) in lat. 27" 16'. 
Angular observations were closed at Harban (XXVIII) on the 3rd April, and the party arrived 
at their recess quarters at Mount Abu on the 30th of that month. 

During the season Mr. Price who was employed in laying out the approximate series 
in advance worked with great energy, and in spite of the di5cult nature of the country, 
pushed on the work for 102 miles, selecting 21 stations. 

Mr. Torrens was employed on secondary triangulation. Mr. Oldham assisted Lieu- 
tenant Hill as observatory recorder. 

Captain Bill writes :-" With the exception of the approximate work which extends 
" into Bickaneer (Bikaner), the field operations of the season were confined to the States of 
" Jodhpore and Jeysulmere (Jhisalmir). This season in the Jodhpore desert the triangulation 
" traversed a sandy country, but towards the close of the season the Series entered a part of 
" Jeysulmere where the ground is hard and strewn with dark, shining stones. The reflection 
" from these stones is something like the reflection from water, and for this reason vertical ob- 
" servations to certain of the heliotropes gave a. good deal of trouble. Mirage was frequently 
"observable in the mornings, but, except in one or two instances, did not retard the work." 

" Throughout the country triangulated, and especially in Jeysulmere, water is scarce 
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c6 and in general brackish. In  many cases, according to the statement of the people, well water, 
" which is drinkable in the cold season, becomes actually poisonous in the hot weather. The 
" villages and wells are few and far between. The former generally consist of a collection of 
" circular wigwams, the inhabitants of which are a primitive, dirty and good humoured people, 
" but given to highway robbery and other forms of thieving. The wells are very deep, one at 
" the village of Akhadna near the station of Nok (xxx) in Jeysulmere, (said by the people to be 
" 80purzcsh in depth) is 6 feet in diameter and 374 feet deep. The water arrived at after such a 
" laborious excavation was unfortunately bitter and quite d t  for use. The deepest well I 
" have seen is at  the village of Bikri in Jodhpore ; it has been bored through a rock and is 5 feet 
" 4 inches in diameter and 450 feet in depth : its water is good. I know of no other well so 
" deep in Rajputana. The city of Jeysulmere, which was fixed this season, is much maller 
" than that of Jodhpore, its reported number of inhabitants being 10,000; but from all I could 
" see and hear the place was once in a far more flourishing state ; the ruins of its former great- 
" ness are yet to be seen. The water supply for the city is obtained from an adjoining lake ; 

when this fails, which is generally the case in June, good water has to be brought from a small 
" village, Kisamghit, which is about 3 miles distant. There are numerous wells in the city but 
" the water is not good. The city used to be closed in by a rampart, now useless, as the wall is 
" rapidly crumbling to pieces. The fort, once strong, is now in a dilapidated state and would 
" ill stand an assault ; it contains no tanks but many wells. The Jain temples in the fort are 
"very h e ,  the carving in the stone being exquisite ; in fact this may be said of most of the 
'' houses in the city, the doors, windows and walls having more or less carving about them. 
"The greater number of the inhabitants who reside within the walls of the fort are Bhati 
" Rhjputa and Jains, and are as a rule great opium eaters." 

I n  November 1874, Captain Rogers having returned from furlough again took charge 
BSUO)) 1874-76. of the party and proceeded at once into the field to carry 

P r s s o n n ~ ~ .  on the principal observations. These were commenced at 
Capt. M. W. Rogen, R.E., Mg. Dy. Bupt., 3rd N Grade. ok (xxx) on the 17th December, and carried on without 
Mr. W. C. Price, Surveyor, 4th Grade. 
,, C. P. Torreno, Awt. Surveyor, 3rd Grade. 

interruption. Work was closed at Bhulan (XLIX) on the 
1, P. F. panty, ,, ,r 4th ,, 21st March, as the party had a long march across the desert 

to Mount Abu. During the season observations were taken at 26 principal stations and the 
Series was advanced 104 miles. The work lay chiefly in the States of Bickaneer and Jeysul- 
mere whose darbdr8 afforded very great assistance to the party. Astronomical observations 
for the determination of azimuth were taken at Mugrala (XLIII) in lat. 28" 31'. The approxi- 
mate series under Mr. Price was pushed on 64 miles and brought to a successful termination 
by junction with the Sutlej Series on the side Kanda (XXI) to Kaimsir (xrx), 17 stations 
being selected and built. 

Mr. Torrens carried a minor series eastward to the city of Bickaneer, of which the 
height had not been fixed by the Gurhhgarh Meridional Series. He effected a junction with 
the minor series emanating from the GurhBgarh, with very satisfactory results. He then re- 
turned to the main series, built small rectangular pyramidal pillars over the principal stations 
at which observations had been completed, and connected the town of Pungal and also the tri- 



junction pillar of the States of Bickaneer, Bahdwalpur and Jeyaulmere by a minor triangulation. 
Mr. Prunty who had joined the p r t y  from the Computing Office at Dehra acted as 

observatory recorder. 

Bickaneer is a fine city, built on a slightly elevated spot in the desert where the ground 
is hard, stony, and intersected by ravines. It has a wall 3+ miles in circuit wholly built of 
stone, in which are eight gates and three sally ports ; the wall is from 15 to 30 feet high and 
in good repair, and has a ditch on three sides about 15 feet deep. There are many highly 
carved houses in the city and two imposing looking Jain temples. Water is plentiful from 
many very fine wells. The chief productions are sugarcandy and blankets, both of which 
are of a superior kind. The population is about 35,000. The fort of Bickaneer which contains 
the MahAriija's palace is about 300 yards N.E. of the city. The palace rises above the 
battlements which gives it an imposing appearance ; it is 1,100 yards in circumference m d  
has two gates, numerous bastions and a ditch all round. 

Owing to the heavy rains of 1875 the return of men from leave and the collection of 
SCMW 1876.76. stores for the party were much delayed and Captain Rogers 

PERSONNEL. did not leave Mount Abu until October 23rd. He however 
Cept. M. w. Rogers, R.E., Dg. supt., 3rd Grade. utilised his time by visiting Deesa and inspecting the Me- 
Mr. W. C. Price, Surveyor, 4th Grade. 
,, C. P. T O ~ ~ B ,  14sst. Surveyor, 3rd ~ r a d e .  teorological Observatory there and laying out a small tri- 
r p. E*. h t y ,  ,, ,, 4th ,, angulation to connect both it and the Telegraph Office with 

the main triangulation of the Kadchi Longitudinal Series. after a long march the party 
reached the scene of operations on the 4th December. Observations were at once commenced 
and the 21 miles remaining to complete the Series were finished on the 3rd January 1876. After 
this the party marched westward to take up the Eastern Sind Series on the meridian of 70". 

Mr. Price was this year employed in selecting stations for the new series. 
Mr. Torrens first took up the connection of Deesa (Disa), on completion of which he 

commenced a minor series on the meridian of 71" 15', starting from the Kar6chi Longitudinal 
Series and effecting a junction in the vicinity of the town of Jeysulmere with a secon- 
dary series which had been extended to this place in the field season of 1873-74. 

Mr. Prunty was employed for a month in connecting such of the Bahdwalpur Revenue 
Survey stations as could be identified near the Series. 

The Jodhpore Meridional Series is 310 miles in length, and with the exception of 
a small portion to the south of the river L6ni, it passes over a sandy tract of nearly utter 
desolation. On all sides nothing meets the eye for miles but sand-hills dotted here and 
there with tufts of coarse grass and stunted shrubs. These sand ridges vary from 20 to 200 
feet in height and are sometimes 2 or 3 miles in length: they appear to be scattered on 
every side like the billows of the sea, but run generally in a N.E. and S. W. direction. The 
villages are few in number and consist of collections of squalid wigwams situated around 
spots where wells have been excavated. These are sometimes as much as 200 feet deep and 
often yield only brackish water; for the soil seems to be impregnated, although capriciously, 
with saline matter, and the water from a large number of the wells is more or less d t  
for drinking purposes. 
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I n  the whole distance between the L h i  River and the Sutlej Series-260 miles--only 
one place, Phalodi, was met with which could be dipifled by the name of a town, and but four 
which ranked as fair sized villages. There is not much difference in the degree of barrenness 
in the country traversed by the whole Series, but if any, the northern portion in Bahhwalpur 
is the most sterile. There the Series passed over a length of 70 miles in which there were 
only three wells of drinkable water, and these were within a, space of 10 miles. I n  
Bahhwalpur the sand hills grow smaller and fewer, and are replaced by long stretches of 
perfectly level hard clay like the beds of dried up tanks, separated by tracts of drifting sand, 
accumulating here and there into mounds ; there is not a particle of vegetation save a few 
sparsely scattered Phog (Calligonm) bushes. However, for two or three months in the year 
the desert presents a cheerful appearance : each village has several hamlets, called dharctk, 
established where there is any hard soil capable of retaining water ; in excavations made in 
this, water lodges for two or three months after the rains, and the inhabitants of the villages 
come to these to feed their flocks and herds on the freshly grown herbage, and to cultivate 
the few miserable fields which they have in the hollows between the sand hills. The rainfall 
is however very small, 4 or 6 inches ; and the inhabitants have a hard struggle for life in 
respect to both food and water; their food they supplement with the seeds of various 
grasses, the principal of which is the bhumt. The grain of this grass is about the size of a, 

pin's head and is enclosed in a prickly husk which causes a great deal of discomfort to both 
man and beast as it sticks in the clothes of the former and the hair of the latter and is very 
difficult to get rid of. Water is collected in receptacles called tankae, cylindrical reservoirs 
about 6 feet in diameter and 8 or 10 feet deep, coated with fine chunam. When full they are 
covered in with brushwood and mud and are not used until the well water fails or becomes 
brackish, as generally happens in the hot weather. When, as is often the case these tanks also 
fail, those who can afford it send for water 16  or 20 miles from the nearest fresh-water well, 
and the poorer drink the brackish water mixing it with a little dahi or curds. 

Under these circumstances great care had to be taken to ensure a supply of whole- 
some water for the main camp and detached signal parties, and in many cases it had to be 
brought from upwards of 16 miles and sometimes over 20 miles, and even with all these 
precautions at times every one had to put up with brackish and hardly drinkable water; 
this was especially the case on the approximate series under Mr. Price, who, having to re- 
connoitre in parts concerning which no sure information could be got, had often to take 
with him a camel load of water and march on, not knowing when or where he might get a, 

fresh supply. However every one bore with cheerfulness these privations when they 
occurred, and owing to the good arrangements for supplies &c., combined with the healthi- 
ness of the desert, there was but little sickness and the party lost but one man during the 
four years. 

The most sterile part of the country, as mentioned above, crossed by the northern 
portion of the Series, is very near the district which at page xx~v-, of the Introduction 
to the Jogi-Tila Meridional Series (see Synoptical Volume VI) is mentioned as having been 
visited by Lieutenant J. Tennant and Mr. J. W. Armstrong with a view to carrying that 
series south of the Butlej. They found it impracticable without the mangements which 
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the experience of the Executive Officers of the Jodhpore Meridional Series had taught them 
to adopt, and moreover they experienced hindrance and opposition from the Bahkwalpur 
Sarddrs. I t  shows the improvement which has taken place in that country under the 
guardianship of Colonel Minchin, that, instead of opposition, Captain Rogers met with 
civility and help from every one, that all trouble rts to carriage of water, provisions and 
materials for station building was taken off his hands, native officials vying with each other 
in aiding the survey operations. This was also the case, though perhaps in a lesser degree, 
in the States of Marwar (M4rwh), Bickaneer and Jeysulmere, the darbdrs of which gave 
great aid to the party. In fact without such assistance no series could have been taken 
across the desert except at an enormous expense. 

The calculations of the triangulation of this Series having been carried up from the 
side of origin, Siinda-Bonik, of the Eadchi Longitudinal Series, to the terminal side, 
Kaimsir-Kanda, of the Sutlej Series, the following discrepancies were met with between the 
original values of the length and azimuth of the terminal side above named and those of 
the latitude and longitude of the terminal station Kanda, and the values of the same as 
derived from the Sutlej Series after the Simultaneous Reduction of the North-West Quadri- 
lateral :- 

... I n  Logarithm of the side in feet ... - o.ooo,o~ 23,4 = 1.8 inches per mile. 

... ,, Latitude ... ... ... - on-172 
,, Longitude ... ... ... ... - 0 , 1 2 1  

,, Azimuth ... ... ... ... - 3 -216 

These discrepancies mere treated as errors in the Jodhpore Meridional Series and were 
dispersed as described in Part I of this Volume. 

The heights of the stations above mean sea level are entirely dependent on trigono- 
metrical determinations, no line of spirit-leveling having been executed in the neighbourhood 
of this Series. The heights of the terminal stations, Kanda rand Kaimsir of the Sutlej Series, 
as brought up by the Jodhpore Series, were in excess of the final values given in Volume IV 
of the Account of the Operations, ec., by 8.6 and 12.8 feet respectively. The mean differ- 
ence 10.7 feet waa treated as an error generated in the Jodhpore Series and was dispersed by 
simple proportion. 

Secondary Triangwlatim. 

This may be divided into two classes :- 

(1st). Secondary series of some length. 
(2nd). Permanent marks intersected from the principal stations with the large the- 

odolite or fixed by one or two triangles observed with a s d e r  instrument. 



X JODHPORE MERIDIONAL SEXES. 

As already mentioned on page m, the intervals between the principal chains of tri- 
angles in this desert country were increased from lo to 2i0. This reduction in the amount 
of the principal required an increase in that of the secondary triangulation, otherwise a 
sufficient number of fixed points of reference would not be provided for topographical 
surveys ; it was therefore decided to run a longitudinal chain of secondary triangles from 
the Indus to the Jodhpore Meridional Series, and dso a meridional chain between it and the 
next intended principal series to the west, which should supply points in the southern and 
better inhabited portion of the country. In pursuance of this scheme the undermentioned 
secondary series were executed :- 

The B M r  and Jeysulmere Secondary Series. The longitudinal portion of this series, 
between the stations of Daichu (XIX), Jalora (XXI), and Ekka (xxm) of the Jodhpore Meri- 
dional Series, and the city of Jeysulmere, was executed in the field season of 1873-74, and 
the meridional portion (which is double throughout) between the stations of Gangdra  (LXV), 
Didhwa (LXII), and T h p i  (LX) of the Kadchi Longitudinal Series, and the city of Jeysul- 
mere, in the season of 1876-76. Both portions were executed by Mr. C. P. Torrens with a 
10-inch theodolite by Troughton and Simms, and extend a distance of about 230 miles, 
The meridional portion passes through the district of Mallani which is well inhabited for that 
region, and fmes the town of BAlmir and many permanent marks. The whole chain has 
been treated as one series in the Synoptical Volume of this series and adjusted between the 
final position values of the principal stations of the Kar4chi Longitudind and Jodhpore Meri- 
dional Series. 

The Bickaneer Secondary series. This series was executed in the field season of 
1874-75 by Mr. C. P. Torrens with a 10-inch theodolite, and emanates from the side Ronesar (XL) 

to Bithnok (xxxm) of the principal series, extends eastwards for about 46 miles, and closes 
on the side Bickaneer-HetM of the Bickaneer Secondary Series which extends westwards 
from the Gurhkarh Meridional Series (see Synoptical Volume IV). Thus the Jodhpore and 
GurhAgarh Meridional Series are connected by a longitudinal chain of triangles. 

Mount Abu hcondary Triangulation. This was executed by No. 7 Topographical 
Survey Party, Rajputana Survey, under Captain (3. Strahan, R.E., during the field season 
of 1869-70, and is based on the side ( 3 G d  Sikkar-Sbnda (XLII-XLIV) of the K d c h i  Longi- 
tudinal Series. At the greater number of the stations, observations were taken with a 14-inch 
theodolite to luminous signals ; but in a few cases, when an ascent was too steep and dangerous 
to carry up the large instrument, a 6-inch theodolite was employed : it will be eeen that the 
summit of Mount Abu rises about 4,700 feet above the plain of Sirohee at the foot of the 
mountain. I n  1876 Mr. Prunty connected the Hospital and the LSurvey Office at Mount 
Abu with the above triangulation, observations being taken with a 10-inch theodolite to 
luminous signals. The stations of this triangdation are in general marked with an engraved 
circle and dot and covered by a cairn of stones. 

The remainder of the secondary triangulation was mdnly e x e c u t e d p a r i p d  with 
the principd series, by the measurement--with the large theodolite-of angles at  the prin- 



cipal stations to the surrounding secondary stations, trijunction and Revenue Survey pillars 
and other prominent objects, the angles at the secondary stations being measured with 
smaller theodolites : in this way the positions of the following places of note were determined, 
the town of Erinpm, the fort of JBlor, the city of Jodhpore, the large w e  of Pungal 
and the towns of lUroth, Mrgarh and Maujgarh in Bahhwdpur. 

MALCOLM W. ROOERS, R.E. 
Augwt, 1884. 





EASTERN SIND MERIDIONAL SERIES. 

INTRODUCTION. 

The Eastern Sind is the western of the two meridional series which have been carried 
across the deserts of Ra jpuh~u  (R$jput&na) and Sind, between the Great Indus and the 
GurMgarh Meridional Series. 

The Series is double throughout and 244 miles in length : it originates from the side 
Rojhra (~xxv )  to Sandohar (LXXVIII) of the Karhchi Longitudinal Series and after passing 
through the Thar and PBrkar district of Sind, the eastern portion of the Khairpur State and 
the western portion of Jeysulmere (Jhisalmir), enters the Ubauro taluk of ShUrpur, its 
eastern flank stations being within the boundaries of the Bahhwalpur State ; it terminates 
on the side Dhowtila (LXII) to MBchka (LIX) of the Great Indus Series. Operations were 
commenced in the field season of 1876-76, and continued the following year, but were sus- 
pended from 1877 to 1879, at first on account of the failure of the rains in 1877 which deprived 
the country of its natural water supply, and afterwards because Major Rogers's services were 
required with the Army in Southern Afghanistan. The Series was continued in 1879-80 
and finally completed by Lieut.-Colonel Branfill in 1880-81. 

With the exception of the last 60 miles of the Series on which Colonel Branfill used 
Troughton and Simms' 24-inch Theodolite No. 1, the observations were taken by Captain 
(now Major) Rogers, R.E., with Barrow's 24-inch Theodolite No. 2. 

On the completion of the Jodhpore Meridional Series in January 1876, Captain 
80- 1876-76. Rogers having been ordered to commence a series on the 

PIBBORKPI* meridian of 70°, marched from Kaimsir (XIX) of the 
Capt. M. W. Bogem, B.E., Oflg. Dy. Bupt., 8rd 

Grade. Sutlej Series where he had closed his observations, through 
Mr. W. C. Price, Surveyor, 4th M e .  
,, C. P. Torrens, dset. Surveyor, 3rd Grade. 

Bahhwalpur to the portion of the Great Indus Series 
,, P. F. Prunty ,, ,, 4th ,, which lies on that meridian. 

Unfortunately the River Indus had washed away several of the old stations about 
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the most convenient locality, so that Captain Rogers had to adopt a side west of the given 
meridian, intending to gradually work on to it and then turn southwards. 

The country south of the Indus is quite flat and covered with dense tree and grass 
jungle and for four or five months in the year is inundated ; it therefore became necessary 
in the 20 miles which intervene between the river and the sand hills to resort to ray-tracing 
and tower-building, and as this style of work was new to all the members of the party, the 
progress was in consequence slow. Eight stations were selected, advancing the Series to the 
the sand hills a distance of 24 miles. Two towers were built and 104 miles of rays cleared. 

Mr. Price, who was to take up the selection of stations in the southern section, was 
delayed for a month owing to his camp being attacked by fever and having to go to Deesa 
(Disa) for medical treatment, he then marched to the meridian of 70" on the KarAchi Lon- 
gitudinal Series and commenced selecting and building. Mr. Price found the station Rojhra 
of the KarAchi Longitudinal Series in complete preservation, and the pillar a t  the station of 
Sandohar was also in good condition except that the upper mark was wanting. The neigh- 
bouring stations of FulrBr and ChAnga were in ruins. He therefore based his work on the 
side Rojhra-Sandohar and rebuilt the stations Fulr&r and ChBnga as nearly on their old sites 
as possible making use of them to construct a hexagon about Sandohar. The elements for 
these stations given in the details of the Karachi Longitudinal Series are therefore no longer 
applicable. He  selected 24 stations and built eight, extending the Series 110 miles. 

During this season there were no final observations taken, but the party was employed 
in pushing on the preliminary work in order to get a fair start for the next season. 

The party took the field in October and marched from Mount Abu to Chrichra in Thztr 
Season 1876-77. and PBrkar, and thence to Rojhra station of the Karkchi 

PEP~ONNXL. Longitudinal Series. Observations were commenced here " 
%gem, R. E.s Off& Dy. supt.s 3rd on the 20th November and were carried on continuously Grade. 

Mr. W. C Price, Smcyor,  4th Grade. 
,, C. P.  Torrens, Asst. Bwcyor, 3rd Grade. through the Thar and PArkar district of Sind, the Khair- 
,, P. F. Prunty, ,, 4th ,, pur State and Jeysulmere, and were closed at  Dhanono 
(xxrv) on the 18th March up to which the weather had been very favourable for observations ; 
after this, as is usual in the desert, high winds and duststorms commenced and made the 
observing d S c u l t  and tedious. 

Twenty-six new principal stations were fixed, extending the Series 125 miles along the 
meridian. An azimuth was observed a t  Malar (XIV) to two circumpolar stars. 

Mr. Price selected 21 new principal stations, advancing the Series 98 miles and com- 
pleting its junction with the southernmost side of the work laid out by Captain Rogers 
during the previous season. 

Mr. Torrens built 19 and closed 16 principal stations, and moreover did a good deal of 
work in identifying and fixing a number of stations of the Sind Revenue Survey. The 
construction of stations in the desert involved a large amount of trouble, owing to the diffi- 
culties of making good bricks and of transporting them, when made, to the sites where they 
were required. 

The country through which the Series passed this season, in the district of Thar and 
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PBrkar, chiefly consisted of narrow sand hills sometimes of considerable height, running 
from south-west to north-east in perfectly parallel lines : they are higher and closer together 
than those in Rajputana, and their slopes are steep, cut up by ravines and covered with low 
thorn jungle. Travelling was thus rendered very tedious, the village tracks had to be follow- 
ed and long detours made, 10 miles was a heavy march for laden camels, and much time was 
spent in moving from station to station. This season, for about 50 miles along the western 
side of the Series, the country was inundated and a vast expanse of water stretched as far as 
the eye could reach. The town of Umarkot, when visited was surrounded on two sides by 
water which came up to the base of the fort. 

I n  the north of Thar and PBrkar and the western portion of Jeysulmere a new phe- 
nomenon is met with. This is the draens or expanse of shifting sand, which occurs here and 
there amongst the desert sand hills and is often many miles in extent. These draens have no 
vegetation, and their surface is continually changing, the sand is in one place scooped out 
into funnel shaped hollows, and in another thrown up into beautifully rounded hills. They 
were only crossed, when unavoidable, and then the road had to be inspected and prepared 
beforehand, and five miles was a fatiguing march. It is a curious fact that in certain places 
in these draens there are wells of water on small pieces of hard ground, which seem to be 
spared by the overwhelming sand, and the water of which is invariably good. The draem 
are very numerous for some 76 miles north of parallel 26". They impoverish the already 
sterile country, the acme of desolation being reached in eastern Khairpur and western Jey- 
sulmere. 'l'here are no crops and the people live nearly entirely on milk in various forms ; 
a little bajri and mot are however imported from Sind in exchange for sheep. The inhabi- 
tants say that the draens travel gradually northwards, but very slowly. Their summits 
rise to a considerable height, in many cases overtopping the sand hills : and it was a matter 
of considerable dificulty to arrange the Series so that the stations should not fall on them. 
I n  two cases this could not be avoided, and although all precautions for stability were taken 
in their construction, i t  is doubtful if they can remain for long. The villages are of the 
same description as those met with in other parts of the desert, and the majority of the 
houses are merely wigwams of brushwood ; a house with mud walls is a rarity, and brick and 
stone are almost unknown. With the exception of Umarkot there is no place along the Series 
worthy of the name of a town. The villages are, nearly without exception, built on the 
summits of sand hills, and often a t  a great distance from their wells, which are in the 
hollows between the hills. The reason for this custom seems to be, that in the cold 
weather the tops of the sand hills are considerably warmer than the valleys where the cold is 
sometimes very great. The party experienced considerable trouble from the difficulty of 
procuring drinking water, especially on the eastern side of the Series, near the junction 
of the four States of Marwar (Mdrwlir), Jeysulmere, Khairpur, and Thar and Pdrkar, where 
there is a tract of country 30 miles broad by 40 long without any drinkable water. 

During the season of 1877-78 the operations of the Eastern Sind Meridional Series were 
suspended owing to the failure of the rains in Rajputana. Captain Rogers and his assistants, 
Messrs. Torrens and Prunty, were sent to carry on a survey across the Frontier in Beluchistan, 
whilst Mr. Price was sent to the Eastern Frontier Series in Burma. 
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During the season of 1878-79, Captain Rogers was sent as Survey Officer with the 
Army into Southern Afghanistan. Mr. Price remained with the party and continued the 
triangulation in Beluchistan, Mr. Torrens joining him after having completed some secon- 
dary triangulation to connect the main series with the Jeysulmere secondary series and 
reconnoitred the intended Sehwh secondary series. 

Having completed the operations on which he had been engaged in Southern Afgha- 
Beoron 1879-80. nistan in connection with the military movements, Captain 

PBBBOLTNEL. Rogers returned to Sind to resume the principal and 
Csptsin M. W. R.E., 011~. D ~ .  gupt., secondary triangulations which had been suspend4 in - - - - -  

3rd Grade. 
Mr. W. C. Price, Surveyor, 4th Grade. 1878 when war with Afghanistan was declared. On his 
,, C. P. Tomem, surveyor, 2nd Q d e .  return he was much delayed for want of transport, all 

available animals being required for the Army, and when he arrived at ~ ~ d e r a b a d ,  Sind, 
where his principal instruments had been left in store, he was further delayed because no 
hammdls or bearers were to be obtained for the carriage of the large theodolite, all persons 
of this calling having either joined the Army or deserted the country through fear of being 
required to do so. Thus it was necessary to wait until bearers could be brought up from 
Poona (Pfma) before operations could be commenced. This enforced delay was utilisled in 
computing and projecting the series of triangles from Quetta to Kandahh the observations 
of which had been taken by Captain Rogers a few months before. 

The amount of work remaining to be completed on the Eastern Sind Series would 
have been just possible to accomplish in a long field season and under a very favourable 
combination of circumstances, if the survey party were fresh and in full vigour after some 
months' residence in recess quarters : but it could hardly be expected from Captain Rogers 
and his party who had just returned from more than a year's continuous field service in 
Afghanistan and Beluchistan, and who were unable to commence their observations until 
late in the season. 

Having obtained bearers from Poona, Captain Rogers left Hyderabad on the 7th 
January and marching through Sind and western Jeysulmere commenced observations at 
RhvilBhu (xxv~)  on the 27th January ; work was closed at Chauki (xxxv) on the 27th March, 
and the party marched to Reti on the Indus Valley Railway, and thence proceeded by rail 
and road to Dehra Dfm. Fifty angles were observed at the stations, advancing the Series 
64 miles : an azimuth was observed at Asu (xxx~)  to two circumpolar stars. 

The country through which the Series passed was much the same as described the 
last season, but draens were not met with outside the tract that lies between the meridians 
of 69" 16' and 79" 15' and the parallels of 26" and 27". It was taken from the amirs of Sind 
after the war of 1845 and given as a reward to the Mahadwal of Jeysulmere to whom it 
etill belongs, it contains no towns of any size, and but three forts, two of which, Sh&hgarh 
and Khhro, are of mud and in ruins, being rapidly buried by the desert sand; the third, 
Gob, is of brick and much larger; it contaim two wells and is in fair repair, with two 
antiquated cannons on the ramparts. 
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Colonel Branfill having finished the principal triangulation in Southern India pm- 

Bearor 1880-81. 
ceeded from Bangalore to Sind, where on the 6th November 

PEBBOHNEL. he assumed charge of the Bombay Party formerly under 
Lieat.-&L B. R. Branfill, ny, gupt., end ~ ~ ~ d ~ .  Major Rogers, R.E.; it had been equipped for the field 
Mr. C. P. Torrenn, Aest. Surveyor, 1st Grade. by Mr. Hennessey who had held temporary charge in 
addition to his other duties since Major Rogers' departure on furlough to Europe in April. 

The southern portion of the country triangulated in this year was desert pure 
and simple, water having to be carried on camels many miles to each station. Then, as 
the boundary between the Bahbwalpur desert and the valley of the Indus was approached, 
hills and long ridges of drift sand were met with, interspersed with stretches of low lying, 
alluvial flats, which are mostly dependent on rainfall for their supply of water, and are thus - -  . 

practically desert for the greater portion of the year : when rain does fall, grass and shrubs 
spring up and render these tracts good grazing ground for cattle and camels for a short time 
afterwards ; to some of them the flood waters of the Indus find occasional access by the old 
river channels, the deeper parts of which contain water for several months after the subsidence 
of the annual inundation,- and are thus natural reservoirs ; they are locally called dhaztds. 
Finally, the valley of the Indus was entered and the principal operations were brought to s 
close on two stations-Dbomtila (LXII) and M4chka (LIX)--of the Great Indus Series, which 
had been established in the year 1869-60 ; this part of the country was covered with a dense 
growth of acacias and other trees, the clearance of the necessary rays through -which wrts 
tedious and laborious. 

The triangulation had already been designed and laid out by Major Rogers in 1876-77 
in the form of a hexagon, a quadrilateral, and two pentagonal figures. Half the stations had 
been built ; but three towers and as many platform stations remained to be completed, and 140 
miles of line had to be cleared on the rays betweenethe principal stations. The ray on the 
side, between the stations of Chauki (xxxv) and Trisingh (XXXVIII) was found to have be- 
come blocked up by a moving sand hill during the interval of six months which had elapsed 
since the stations were last visited; but Major Rogers had fortunately anticipated that 
this might happen, and had taken observations at both the base stations to the forward 
station at the vertex of the first triangle ; thus it only remained to measure the third angle, 
and the necessity for clearing a ray through the sand hill was avoided. 

The terminal stations in the valley of the Indus, consisting of towers about 24 feet 
high, were found still serviceable, having been put in repair in 1876-77, but had both become 
deflected to some extent; it was thus necessary to enlarge the upper portions of the central 

a shafts before the large theodolite could be plumbed over the mark-stone at the ground level. 
The principal triangulation completed this season extended for a distance of 50 milee 

along the meridian, introducing 13 new stations. The vertical angles were observed with 
some trouble owing to variations in atmospheric conditions materially influencing the terrea- 
trial refraction, which in several cases was found to be negative, to an average extent of an 
eighth of the contained arc, thus making aignala at a distance of 10 miles appear to be ae 
much as 14 feet below their actual position. 

Observations for azimuth ta circumpolar stam were taken at two stations on the 



X V m  EASTERN BIND MERIDIONAL SERIES. 

series, Vijnot (XLIV), and DBowtih (~xn)  of the Great Indus Series. 
Although so much of the country traversed by the Eastern Sind Meridional Series is a 

dreary wilderness of sand, it is not entirely devoid of interest, from the fact that it may only 
have become a desert in comparatively recent times, and being in a state of continual motion 
it is now probably spreading in the direction of the prevailing wind during the dry, hot season. 
That a part of the desert was not always so, appears from the existence of many ruined 
places and forts within its borders, and from the change of the bed of the river Indus from 
east to west within historic times. The westerly tendency of the river bed has been at- 
tributed to the natural "set" to the westward of a north to south flowing current in the 
northern hemisphere, due to the increasing velocity of diurnal rotation of the parallels 
which it successively crosses; but a more effective cause of change may be found in the 
prevalence of westerly or south-westerly over easterly or north-easterly winds, especially in 
the dry, hot months of March, April and May, when the sand of the river channel is trans- 
ported continually to the eastward, tending to fill up the more easterly channels and to 
protect their eastern banks from erosion by the water of the ensuing inundation, besides going 
to increase the actual amount of drift sand in the desert to the eastward. However this may 
be, there is no doubt that many towns and villages have been deserted by the rivers which 
once watered them. The ruins of some of these and the traces of the river channels on which 
they were built are still met with, especially on the western and northern edges of the desert 
where the sand has not quite obliterated them ; but most of them have probably been over- 
whelmed and lost in the ever moving flood of sand from the south-westward. 

I n  the portion of Bahkwalpur traversed by the Jodhpore Meridional Series t,he 
ruinous and nearly deserted towns of Maujgarh, Mirgarh and Mhroth mark the course of the 
now non-existent Hurkaru river, and on the north of the Eastern Sind Series were met with 
the ruins of Vijnot and S i rdh i  (or Seode), the former of which is a collection of blackened 
mounds from 10 to 20 feet in height, consisting of the dhbris of bricks and pottery mixed with 
earth and comminuted pieces of charcoal, indicating the site of a considerable town extending 
over half a mile in length and nearly a quarter of a mile in width. Exclusive of suburban 
mounds the site now measures a mile and a half in circumference. The only tradition 
about Vijnot amongst the country folk is, that it was one of the five (or seven) chief 
cities of Sind in the early days before the Muhammadan conquest (711 A.D.). The place lies 
about half a mile east of the Reni nadi, an old channel of the river Indus, and about 4 miles 
south of the Reni station of the Indus Valley State Railway. 

SirwBhi, the site of a lofty fort close to a town which is also said to be one of the 
ancient fortified cities of Sind, is situated about five miles N.E. of Sabzalkot and 3 miles 
N.W. of the Walhh station of the Indus Valley State Railway in the Bahhwalpur State. 
The fort is about a quarter of a mile in circumference and rises 50 feet above the great plain 
around it, whilst the mound on which the adjacent town stood is perhaps half to three quar- 
ters of a mile around and 20 to 30 feet high. 

The calculations of the triangulation of this Series having been carried from the 
aide of origin, Rojhra-Sandohar of the Kadchi Longitudinal Series, to the terminal side, 
Biiichka-Dhowtila of the Great Indue Series, the following discrepancies were met with 



between the original values of the length and azimuth of the terminal side above named 
and those of the latitude and longitude of the terminal station DBow&ltl, and the values of 
the same as derived from the Great Indus Series after the Simultaneous Reduction of the 
North-West Quadrilateral :- 

I n  Logarithm of the side ... ... = - o.ooo,oo74,2 = I* I inches per mile. 
,, Latitude ... ... ... = - 0"'42~ 

... ,, Longitude ... ... = + o 0028 
,, Azimuth ... ... ... = + o '939 

These discrepancies were treated as errors in the Eastern Sind Meridional Series and 
were dispersed as described in Part I of this Volume. 

The heights of the stations above mean sea level are entirely dependent on trigono- 
metrical determinations, no line of spirit-leveling having been executed in the neighbourhood 
of this Series. The heights of the terminal stations, M4chka and DBow&la of the Great 
Indus Series, as brought up by the Eastern Sind Meridional Series, were in excess of the 
final values given in Volume I11 of the Accmnt of the Operatwlts, PC., by 6.0 and 0.3 feet 
respectively. The mean difference 2.7 feet was treated as an error generated in the Eastern 
Sind Meridional Series and was dispersed by simple proportion. 

The secondary triangulation executed in connection with the Eastern Sind Meridional 
Series may be divided into three portions. 

(1st). Secondary Series of some length. 

The Jeysulmere Secondary Series. The extension of the Jeysulmere chain of secondary 
triangles of the Jodhpore Series westward from the city of Jeysulmere to meet the principal 
triangulation of the Eastern Sind Meridional Series. This work was done by Mr. C. P. Torrens, 
Assistant Surveyor, 2nd Grade, in the field seamn of 1878-79. It is about 60 miles in length 
and extends from the side Asu-Maringra of the Eastern Hind Meridional Series to the side 
JeysulmereThaiat of the Jeysulmere Minor Series, thereby establishing a secondary longi- 
tudinal series on the parallel of 27", extending from the Jodhpore to the Eastern Sind 
Meridional Series. 

The SehwBn Secondary Series. This series originates from the side Ramsar (xvr) 
to Patanawhri (xvrn) of the Easteim Sind Series and extends on the parallel of 26" 26' 
to the side Mirkh6n (XII) to Bhit (x) of the Great Indus Series. It consists of % triangles 
extending over a direct distance of 154 miles. The whole of this aeries was the work of 
Mr. C. P. Torrens, in the field seasons of 1878-79, 1879-80 and 1880-81. The instrument 
used for the observations was a 10-inch theodolite; it gave very satisfactory results, the 
cloaing errors at the junction with the Great Indus Series being minute. 
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(2nd). Permanent marks intersected from the principal stations with the large theo- 
dolite or fixed by one or more triangles observed with a smaller instrument. 

(3rd). I n  addition to these triangulations a considerable amount of secondary work 
was executed during the progress of the Series in order to fix ' all the stations of the Sind 
Revenue Survey which could be identified and which fell within the limits of the principal 
triangulation, also the boundary and junction pillars of the States of Marwar, Khairpur, Jey- 
sulmere, Sind and BaMwalpur, and several forts which had once been important in that part 
of the country. Owing to the- nature of the country and the innumerable sand hills, auxi- 
liary stations had to be established in nearly every case. I n  the season of 1876-77 observa- 
tions were taken with a 7-inch theodolite by Mr. C. P. Torrens, and in 1879-80 by Captain 
Rogers with the same instrument. Owing to the desert nature of the country the same 
dearth of intersected points prevails on this Series as was noticed on the Jodhpore Meridional 
series. 

MALCOLM W. ROCIERS, R.E. 

Aagwt, 1884. 
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ALPHABETICAL LIST OF PRINCIPAL STATIONS. 

Adori a . -  . • XI. 
Aukli . . . 8 LII. 
Bl~ada ' . XLV. 

111. 
XVI. 

XXII. 
XV. 
IV. 

XXXVI. 
LIII,  
LIV. 

Bbhdrtijm . . . . V. 

Bhulan . . . XLIX. 
Bijli . 8 I LVII. 
Bikampur XXXIII. 
Bintli . XXIX. 

Malun ga a e 

Mandaula @ I . 
Mankasar I 

Mansa 

Marot 1 . 
XXXVIII. 

XLI. 

Modia . 
Mongolia 8 

XXXIX. 
XXXI. 
XLIII. 

VI. 
XXX. 

Bonik . . 
(of the K&hi Longitudinal Berim). 

Borla . . IX. 
I. 

XVII. 
XIX. 

11. 

X. 
XII. 

XXIII. 
XXXV. 
XLVI. 

XXVIII. 
JJV. 

XXI. 
XXVI. 
XTAII. 
XIX. 

N a gar . . b 

Nok . Borta . 
Chamu 

Daicliu 

DI~nula 

Dodo 

nllgw 
Ekka 

Girondi 

Habib 

Harban 

Hasan 

Jalora 

Ji~rnho 

XXIV. 
XXXII. 

LVIII. 
XVIII. 

XLVIII. 

Pabusar . . 
I Pancll kot 

Pelu . . 
Phogala 

XXXIV. 
LIX. 
XI,. 

XLI. 
VII. 

Sachu 

Samdari . 
XXVII. 

Soma . Jodasar 
SX. 

Kaimsir 
(of tlin Yutlej Serim). Slllkia Thalau . XIV. 
Kanda 
(of the Yutlej Seriem). 

XXI. LVI. 

Siinda 
(of the Kar6chi Longitudinal Beries). 

XLIV. Karamala XLVII. 
XIII. 

XLIV. 

xxv. 

Ketu 

Kl~irsar . 
Khir wa 

VIII. 
IAI. 

XXXVII. 
Telu 
Upertllal 
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NUMERICAL LIST OF PRINCIPAL STATIONS. 

XLI a .  a a 'b 

(of the &&hi Longitudinsl 8eries). 
Bonik. XXXI 

XXXII 
XXXIII 
XXXIV 
xxxv 
XXXVI 

I XXXVII 
1 XXXVIII 

Moll go1 id. 

Pnb~rsar. 

Bikamp~u. 

Pllulilsar. 

Girondi. 

Mankasar. 

Uperthal. 

Bithnok. 

Modia. 

Ronesar. 

Sachu. 

Jodasar. 

Mugrala. 

Khirsar. 

Bhada. 

Habi b. 

Karamala. 

Phognla. 

Bllulnn. 

Soma. 

Telu. 

Aukli. 

Mnnsa. 

Marot. 

Hasan. 

SultBn. 

Bijli. 

Pancbkot. 

Rand* 

Kaimsir. 

XLIV 
(of the Kubohi Longitudinal Series). 

. Borta. 

• . Dhaula. 

. a . Kundal. 

. . . Mandaula. 

. . . Bhhdrhjan. 

VI 
VII  

Nagar. 

Samdari. 
XXXIX . . . 
XL . 

VIII  

I X  
X 
X I  
XI1 
XI11 
XIV 

. . Thob. 

. - a Borla. 

. . Dodo. 

@ . . Adori. 

. . . . Dugur. 

@ . Ketu. 
a . . . . Sulkia Tlialau. 

XLI 
XLII 
XLIII 
XLIV 

XLV 
XLVI 
XLVII 

I 

xv 
XVI 
XVII 
XVIII 

XIX 

Ch amu. 

Pelu. 
Daichu. 

L 
L I  
L I I  

XX 
XXI 
XXII 
XXIII  
XXIV 
XXV 
XXVI 
XXVII 
XXVIII 
XXIX 

Sorau. 

Jalora. 

Lohhwat. 

Ekka. 

Omlo. 

Khirwa. 

Jambo. 

Sirad. 

Harban. 

Bintli. 

1,111 

LIV 
LV 

LVI 
LVII . 
LVIII 
LIX . 
XIX . 
(of the Sutlej 8eries). 

XXI 
(of the Sutlej Series). 

XXX . . . Nok. 
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DESCRIPTION OF PRINCIPAL STATIONS. 

The Principal Statione of this Scries consist of circular masonry pillars from 3 to 4 feet in diameter for 
the large Tlleodolito to rest 011, and in general are surrounded by a platform of stones and earth, or sand, on 
which the o1)servatory tent m 7 a s  pitched. I n  certain instances the sand l~ills, on wllicll several of tile stations 
fell, did not afford a satisfactory foundation for the pillars; and piles were driven deep down on which the foun- 
dations were laid nnd the pillars built so tllnt their surfaces were nearly flush with the level of the hill top. 
When this was the case a platform was not always necessary. Being almost invariably on tlie highest acces- 
sil~le points tile pillars rarely required to be raised more than 3 or 4 feet. Tliey contain mark-stones placed 
vertically over one another, the upperrnost being generally fl~lsh with the surface: over this a reckangular 
protecting pillar, bearing a snfficiently accurate mark for Topograpllical and Revenue Survey purposes-as 
shown at  pnge 74 of Volume I1 of the "Accozcnt of the O p e r a t i d ,  &."-was erected after the completion 
of the observations. 

The followi~~g descriptions have been compiled from those given bp the officem who executed the Series. The ortho- 
graphy of each names of pnrganas, distl-icts &c., as has beer1 fixed by Governmeut for Rajputana has been adhered to. A few 
details, e ~ ~ c l i  cra the name of a village or pargana within w11icl1 a s t a t i o ~ ~  is situated, have beeu obtained from the returns f~lruiahed 
by the political authorities to wl~ose chlrrge the statious have beeu committed. 

XL1.-(Of t k  Karcichi .Longitudinal Series). Bonik Hill Station, lat. 25' 4', long. 72' 64'-oh- 
served at  in 1850 and 1873-is sitruated in a group of llills wllicll are uncorinected with the Aravalli range and 
lie 26 miles north of Mount Abu on the border of Marwar; pargana Jllara Kl~arul  of the Sirohee territories. 
The station is fixed on the most prominent though not the most elevated hill of tlie group, being an acute 
peak crowned with large naked masses of granite of square ontline. Tho platform is built upon and amongst 
these rocks, t l ~ e  upper sulface of the pillar being 2 feet 9 inches below the highest one, oiz., that towards the 
north-west aagle of the platform. 

The pillar, which is surrounded by a platform of the usual construction, is solid, and contains three marks, one at the 
surface, the others 1 foot and 3 feet helow it, the last being at t l ~ c  level of the foundatior~. Wheti visited in 1872 prior to the com- 
mencemel~t of the Jodhpore Meridional Series, the s t ~ t i o r ~  of 1850 was foutld intact. The azimuths and distances of the 
surrourlding villages are:-Whu 190°, at foot of hill; Barwdra 32ti0, miles 2;  Audor 356', miles 2.5; Modolii (temple) 8 3 O ,  
miles 7.3. 
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XL1V.-(Of the Kardchi Zmgitzcdiruct Series). 86nda Hill Station, lat. 24' 47', long. 72" 28'- 
observed at in 1851 and 1873-is situated on an isolated group of hills, about 24 riiiles W. by N. of Mount Abu. 
Tlie soutliern half of this group, known as the Nimbtij hills, from tlie town of Piimbtij, wliicli lies at  their 
foot, belongs to the Sirohee territories. Tlie northern portion, including the hill of S h d a ,  after wliich the 
station is named, is in taluk JBlor of the Jodhpore territories. The ascent commences a t  the small village of 
Usmat on tlre eastern side of the hill. 

The pillar, wl~ich is surrounded by a platform of the usual construction, is solid and co~~ta ins  three marks, one at the 
surface, the others 1.21 and 3.21 feet below it, the last being at the level of tlie fourldation. m'l1e11 visited in 1872 prior to the 
commencement of the Jodhpore 1lei.idional Series, tile station of 1851 was found intact. The azimutl~s a l ~ d  distances of tile 
surrouuding villages are:-Warra 28B0, miles 2.8; Vikanwa 2U0, miles 4.7; Kimbhj (temple) 293", miles 4.1; Rajiraua l55", 
miles 6-0. 

I. Borta Hill Station, lat. 25" 6', long. 72' 23'-observed at  in 1873-is on the highest part of a 
short range running N.E. alid S.W., south of Borta village and 8 miles N.E. of Bl~inmAl, a large village. I t  is 
on the nortl~ern portion of the hill wliich is locally ealled Renbva. Tlie road lias been made from about a mile 
W. of the village and N.E. of the station. The station is in sub-division 13liinrn&l of taluk Jglor of the Jodh- 
pore territories. 

Tlie pillar, which is surrounded by a platform of the ust~al constrtiction, is solid and contains two marks, one level with 
the hill top on a very large stone, and the otlier at the surface of tlre pillar which is 3.10 feet high. The azimuths slid distances 
of the circumjacent villages are :-PBdru 127", miles 2.8; Borta 22A0, miles 1.2; Ledramir 351°, miles 2.7. 

11. Dhaula Hill Station, lat. 26" 15', long. 72' 42'-observed at  in 1873-is situated on a small 
detached Iiill about 440 feet above the plain, tlie platform being on a mass of bo~llders on the eastern and 
highest portion. Tlie hill, which is locally named Panshtia, is appnrently a port,ion of tile Bsarona hills, 
being tlie most soutllmesterly of all. Tile station derives its narne from Dliaula village, in tlie lands of mliicli i t  
lies ; it is in taluk JBlor of the Jodhpore territories. The large town and fort of Jhlor are about 6-41 miles 
W.N.W. of the station. 

The pillar, which is surrounded by a platform of the usual construction, contai~rs two marks, the lower on the rock in 
sit& and the upper ill the surface of the pillar, which is 2.75 feet Iligh. The azimuths and distances of the circumjacent villages 
are :-Bhaugal log', miles 2-9; Dkaula 22a0, mile 1.0; N~rraiitiwa 346O, miles 1.4. 

111. Kundal Hill Station, lat. 25' 29', long. 72" 22'-observed at  in 1873-is on a hill locallv called 
Waduw4r and is on tile peak wliicli is tlie highest and most southerly, and most west,erly but one, of' a I o n s  
range about 10 rililes N. of the Sukri river, 16 miles N.W. of Jhlor and 12  miles S. of Si~v6na village, extrildinw 
in n cllrred line from Kanki to &langi village. Tlie liill on wbiall tlie station is situated is about 1 2  miles s.$. 
of Kundal village from whence the ascent I~egins. I t  is in taluk Silvbna of the Jodhpore territories. Tht.1-e is a 
higlier hill, about 3 miles N., called Saura, or Mall Bdeo-ka-Bakra, which is the highest in that portion of tlie 
country. 

The pillar, which is surrounded by a platform of tlie usual contruction, is solid and contc~ins two marks, one on a 
hnge boulder irnd flush with the surface of the hill, aud the other at the snrface of the pillar wl~ich is 3.33 feet I~igli. 'rile 
aziniuthv and distauces of the circumjacent villages are:-Pgxlru lop, miles.7-9; Kuudal 171°, at foot of hill; Elaua 301°, 
miles 8.5. 

IV. Mandaula Hill Station, lat. 25" 2tir, long. 71" 65'-observed at in 1873-is situated on a sand 
hill (locally called Ura) about 200 yards from the left, barlk of tlie Llini river, and about two miles W. of tlle 
village of Mandaula. The station is in the lands of that village in taluk Mnloni of the Jodhpore territories. 

The pillar, which has no surroundil~g platform but is suuk so that its surface is level with the ground, is solid a~ ld  con- 
tains two marks, otie at tlie top and the other 3.2; feet below at the level of the foundation. The azimuths ar~d distauces of tlre 
cicurujaceut villages are :-Harra 92", mile 1 ; Koela 2%0°, miles 4 ; Ma~idaula 23g0, miles 2-27. 

V. B114drtijan Hill Station, lat. 25" 3Gr, long. 72" 54'-observed at  in 1873-is identical with t l ~ e  station 
of the same name of the Rajput.aria Topograpl~ical Survey. I t  is on the bastion of an old fort on the higlicst 
awl most westc~rly peak of a smail group of liills at the north-eastern foot of wliich lies the Inrge village of 
Bliht11.ajan. The liill is 1oc:llly cnlled Dh~llnra and is in tlie BhMrhjan jAgir, taluk Jodllpore, of the Jodlipore 
territories. Tlie bastion on wliich the station is placed is 16 feet in diameter and the highest on the southern 
face of the fort. 
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The pillar, which is surrounded by a platform of the usual construction, is solid and contains two marks, the lower on 
the rock in 8itU and the upper in the surface of the pillar which is 3.17 feet high. The azimuths and distances of the circumjacent 
villages are :-Agalia 51°, miles 4.5; Rfima 186", miles 4.1 ; BhBdrfijan 270°, at foot of hill; and Koala 307", miles 1.9. 

VI. Nagar Hill Station, lat. 26" 47, long. 72" 12'-observed at  in 1873-is situated on one of 
three peaks locally called Vauki Taunka, on tlie western portion of a long low range running east and west 
about 3 miles S. of Lfini river and 6 miles S.W. of Bhlotra. The station derives its name from the village of 
Nagar which lies at  the foot of the hill on the north. The bill is difficult of ascent; it is in sub-division Jasol, 
tallik Maloni of the Jodhpore territories. 

The pillar, wliich is surrounded by a platform of irregular shape, is solid and contains two marks, one in the foundation 
and the other in the surface of the pillar which is 3 feet high. The azimuths and distances of the circumjaceut villuges are 
Nagar 147", a t  foot of hill; Temawa 216", miles 3.5; and Tfipra 354O, miles 3.96. 

1 Samdari Hill Station, lat. 25" 49', long. 72" 37'-observed at in 1873-is on a small isolated, 
irregularly shaped hill locally named Mdtalalasi, on the north bank of the river L h i  and close to the large 
village of Samdari, in taluk Siwhna of the Jodhpore territories. 

The pillar, which is surrounded by a platform of the usual construction, is solid and contains three marks, one in the 
foundation, 2 feet below the ground, another flus11 with the hill top and the t l~ird on the surface of the pillar; the difference of 
height between the upper and lower marks is 3-13 feet. The azimnths and distance8 of the circumjaceut villages are :-Devalihari 
66", miles 1.7; Mokru~~d i  180°, miles 3-25; Deopura 243", milee 2.1 ; and Komiwaa 38j0, miles 3'6. 

VIII. Thob Hill Stat,ion, lat. 26"3', long. 72", 26'-observed at  in 1873-is on a low hill, about 
half a mile W. of the large village of Tl~ob and 10 miles N. of Pacllbudra village, in taluk Siwha of the 
Jodhpore territories. There is a well of fairly good water near the village. 

The pillar, which is surrounded by a platform of the usual construction, is solid and contains two marks, one in the 
foundation, flush with the hill top and the other in the snrfnce of the pillar whicli is 3 feet high. The azimuths and distances of 
the circumjaceut villages are :-Havadhau IloSro 35") milee 2.95 ; Tliob 266", mile 0.63; aud l l oho  3M0, miles 2.22. 

IX. Borla Hill Station, lat. 26" 9', long. 72" 7'-observed a t  in 1873- derives its name from the 
local name of the sand hill on which it stands, and which is about 3 miles N.W. from the village of Lapdndra 
to the lands of which it appertains. I t  ie in a desolate and barren country the nearest village being Lapdndra. 
Perao rillage lies to the N.E. distant 3.1 milee. The water of the villages is hardly drinkable, but a smaH 
supply for a short time may be obtained from the villagers' tanks. Thestationlies about 16 miles W. of Patodi 
in taluk Miloni of the Jodhpore territories. 

The pillar, which is built on a foundation laid on wooden stakes driven into the ground which had previously been 
excavated to a depth of 4 feet, is solid and coutaiua two marks, one in the foundation aud the other in the surface of tile pillar 3 
feet above it. There is no platform. 

X. Dodo Hill Station, lat. 26" 4', long. 72" 6l'-observed at in 1873-is on a flat rock to tlre west 
of higher but unsuitable rocks on the western side of a low irregular rocky hill about 20 miles south-east of 
Jodlrpore, near the road from Jasol and B4lotra to Jodhpore. Tlle hill is in the lands of Doda-Lonasar village 
in taluk Jodhpore of the Jodl~pore territories. Water can be obtained up to the end of March from a tank 
% mile to the north. 

The pillar, wliich is surrounded by a platform of the usual constriiction,t s solid and contains two marks, the lower on the 
rock in d B  and the upper in the surface of tile pillar 3.33 feet above it. The azimuths and distalices of the circumjaceut villages 
are :-Selawa 91°, miles 2.2; Lauowh 160°, miles 1.8; Kalijha 354O, miles 1.4; and Katowfis 186", miles 4.2. 

XI. Adori Hill Station, lat. 26" 20', long. 72" 23'-observed at  in 1873-is on a small rocky hill 
about 300 feet above the level of the surrounding country and situated amongst the sand hills, between the vil- 
lages of Shera and Sherkda. It is in tlie lands of Tim village in taluk Jodhpore of the Jodhpore territories. 

The pillar, which is surrounded by a platform of the nsual construction, is solid and contnins two marks, the lower on 
the rock in AM and the upper at the surface of the pillar which is 2.08 feet high. The azimuths and distance8 of the circumjacent 
villages are :-Shera 73", miles 3.5; Tina 101°, miles 1.5; Sllersda 2M0, miles 2.0; and Soitra 328", miles 4'0. 

XII. Dugur Hill Station, lat. 26' 17', long. 72" 42'-observed at  in 1873-is situated on a conical 
rocky hill, the northernmost of a range of isolated hills running north and soutll about 23 miles west of 
Jodhpore city. The =cent of the hill is from the village of Dugur. There is a tank of good water about 4 a 
mile from the hill. It is in taluk Jodhpore of the Jodlrpore territories. 
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The pillar, which is surrounded by a platform of the usual construction, is solid and contains two .marks, one on the rock 
in  a;@ and the other on the surface of the gillar which is 1 foot high. The azimuths and distances of the circumjacent villagw 
are :-Angolai 105O, miles 1-34,; Batila 253 , miles 3-22; and Sironi 343O, miles 2-99, 

XIII. Ketu- Hill Station, lat. 26" 31f, long. 72" 33~observed at in 1873-4s situated on a rocky 
hill, distant about 4 miles in cm easterly direction from the village of Ketu, and about 8 miles in a westerly 
direction from the village of Belwa. It is in. taluk Ketu of the Jodhpore territories. The water is good but 
scarce in,the hot weather. 

The pillar, which is surrounded by a platform of the nsual construction, is solid and contains two marks, one on the rock 
in dtd and. the other at the surface of the pillar which is 3 feet high. Ki j a  village lies 8. W. by W., at  a distance of 10.7 
milee,. 

XIV. SulkiaThalau Hill Station, lat. 26" 31', long. 72" 20'-observed at in 1873-is on the westernmost 
knoll of a range of sand hills, and is distant 2 miles to the N.E. from the large village of Sulkia Thalau in 
tduk Jodhpore of the Jodl~pore territories. There is no good water near the station. The water in the 
village of Sulkia Thalau is brackish. 

Tile pillar, which has no surrounding platform, but is sunk so that its aurface is level with the ground, is solid and 
contains three marks, one at the bottom of the foundation, a second 2 feet above it, and a third in the eilrface of the pillar, which is 
8.04 feet high. Tbe azimuths and distances of the circumjacent villages are :-Loharan 20S0, miles 10.6; and Ki  j a  82Z0, 
miles 8.5. 

IEV. Malunga Hill Station, lat. 26" 29', long. 72" 49'-observed at  in 1 8 7 4 4 s  situated on a con- 
spicuous conical-shaped rocky hill which rises to the height of 320 feet above the surrounding country. 
The small hamlet of Digari lies at its foot to the south-east, and the village of Malunga is distant 2.4 miles and 
68" E. of 8. The water at  the village of Malunga is good. The station Lies within the boundary of the village 
of Malunga, taluk Ketu of the Jodhpore territories. 

The pillar, which is surrounded by a platform of the usual construction, is solid and contains two marks, one at the 
surface and the other at the bottom of the pillar which is 3 feet high. The azimuths and distances of the circumjacent places are :- 
BBro 255O, miles 2 nearly; and Jodhpore city all0, miles 20.1. 

XVI. Loharan Hill Station, lat. 269 $Of, long. 72" 25'-observed a t  in 1874-is situated on a low 
mnge of sand hills a t  a distance of 4 of a mile in a direction 22" E. of N. from the village of Loharan. I t  is 
within the boundary of the village of Loharan in taluk Ketu of the Jodhpore territories. There is no pod 
water near the station. 

The pillar, which is solid and 3 feet high, is built on a foundation 2 feet thick. There are three mark-stones, one a t  
the bottom of the foundation, a second 2 feet above it and a third in the surfsce of the pillar. The sand had to be heaped up I*  
feet above the former hill top level, so #a to form a platform flush with the upper surface of the pillar. The bearings and die- 
tances of the circumjacent villages are:-Kanudia W.N.W., about 4 miles; Laurta N.E., about 3 miles; and Daidu E.S.E., about 
8 miles. 

XVII. Chamu Hill Station, lat. ,26" 40', long. 72" 38'-observed at in 1874-is distant about 1 mile 
in adirection $2" E. of N. from the village of Chamu, and is situated on the highest sand hill in the vicinity of 
that village. It lies within the boundary of the village of Chamu in taluk Ketu of the Jodhpore territories. 

The pillar, which is solid and 3 feet high, has been sunk so that its surface is level with the ground, and has been 
built on a circular foundation 6 feet in diameter and 1 foot in thickness, resting on wooden piles. I t  contains two marks, one a t  
the surface and the other at the bottom of the pillar. Barnau village lies about 4 miles N.W. 

XVIII. Pelu Hill Station, lat. 26" 49', long. 72" 30'-observed at  in 18741-is situated on a, small 
sand hill, and is distant 3+ miles in a direction 30" E. of 8. from the village of Pelu. It lies on the boundary 
between the villages of Pelu and Marla in taluk Ketu of the Jodhpore territories. 

The pillar, which is solid and 3 feet high, has been sunk so that its surface is level with the ground and has been built 
upon a circular foundation 6 feet in diameter and 1 foot in thickness, resting on wooden piles. I t  contains two marks, one at the 
surface and the other at  the bottom of the pillar. The azimuth and distance of Biikri village are 235') miles 10.8. 

XIX. Daichu Hill Station, lat. 26" 49, long. 72" 20'-observed at in 1874,-is eituated a t  the east- 
e m  extremity of a long range of sand hills, and lies about 34 miles in a north-westerly direction from the large 
village of Daicl~u and 2 miles in a direction 7" 30' W. of N. from the village of Shgra. It is on the lands of the 
village of Daichu, in taluk Ketn of the Jodhpore territories. 
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The pillar, which is solid and 3 feet high, has been sunk so that its surface is level with th8 ground irnd has beea. built on 
a foundation 2 feet thick. I t  contains three mark-stones, one in the upper surface of the pillar, the second at the bottom of the 
pillar, and the third at the bottom of the foundatiou. The azimuths and distances of the circumjacent villages are :-Marla 14g0, 
miles 4.7; and Koru 191°J miles 7.2. 

XX. Sorau Hill Station, lat. 26" 60f, long. 72" 42'-observed at  in 1874-is situated on the highest 
knoll of a rather elevated sand ridge, and is distant miles in a direction 68" E. of N. from the good sized vil- 
lage of Sorau. It is on the lands of the village of Sorau, in pargana Phalodi of the Jodhpore territories. 

The pillar, which is solid and 3.08 feet high, has been sunk so that its surface is level with the ground, and has been built 
on ,a foundation 2 feet thick. I t  coutains three mark-stones, one in the upper surface of the pillar, the second at the bottom of 
the pillar, and the third at the bottom of tile foundation. The azimuth and distance of BBkri village are 138" 30', miles 6.5. 

XXI. Jalora Hill Station, lat. 26" 58', long. 72" 25'-observed at in 1874-is situated on a rocky 
hill which has but a small elevation above the surrounding country. It is distant 2.7 miles in a direction 33" W. 
of 5. from the village of Jalora, and is on the lands of that village in pargana Phalodi of the Jodhpore territories. 

The pillar, which is snrrounded by a platform of the usual construction, is solid and.contains two marks, one in the'snri 
face and the other in the foundation 4 feet below. The azimuths aud distauces of the circumjacent villages are;-Koru 51°, 
miles 5.4; and Dhaiakor 328" 30', miles 5.4. 

XXII. Loh4wat Hill Station, lat. 27" O', long. 72" 36'-observed at in 1874-is situated on a con- 
spicuous conical-shaped rocky hill which rises to a height of 250 feet above the rather elevated piece of country 
which immediately surrounds it. I t  lies in a direction 80" W. of N. from the Vishnui portion and 66" W. of N. 
from the Jht portion of the village of LohAwat, and is distant 2.4 miles from a point about half way between 
these parts of the village. I t  is within the boundary of the village of Lohhwat in pargana Phalodi of the Jodh- 
pore territories. Good water can be obtained from the village of Loh4wat from a well 333 feet deep. 

The pillar, which is surrounded by a platform of the usual construction, is solid, 3 feet high and contains two .marks, one 
at  its surface and the other a t  the bottom of the pillar. The azimuth and distalice of BBkri village are 332", miles 7.2. 

XXI I I .  Ekka Hill Station, lat. 27" 6', long. 72" 22'-observed at  in 1874-is situated on the high- 
est of a low group of sand hills and is distant 1.1 miles in a direction S.W. from the village of Ekka and 
3.2 miles in a direction 36" W. of S, from tlle fort in the town of Phalodi. It is on the lands of the village of 
Ekka in pargana Phalodi of the Jodhpore territories; 

The pillar, which is solid and 3 feet high, has been sunk so that its surface is level with the ground. It has been built 
on a foundation 1 foot thick which rests on piles driven into the sand. There are two mark-stones, oue at  the top and the other 
at  the bottom of the pillar. The azimuth and distance of Mokheri village are 27"30', miles 2.4. 

XXIV. Omlo Hill Station, lat. 27" 7', long. 72" 31'-observed at  inl874-is situated on a low stony 
hill and is distant 0.8 of a mile from the village of Omlo in a direction 31" W. of 5. It is on the lands of the 
village of Omlo in pargana Phalodi of the Jodhpore territories. 

The pillar, which is surrounded by a platform of the usual construction, is solid, 6 feet high and rests on a foundation 
1 foot thick. I t  contains two marks, one at the top and the other at tlie bottom. The azimuths and distances of the circumjaceut 
places are :-Phalodi town 100°, miles 7.3; and Kicl~am village 108' 15', miles 4.1. 

XXV. Khirwa Hill Station, lat. 27" 17', long. 72" 24'-observed a t  in 1874-is situated on land 
of the village of Khirwa in pargana B6p of the Jeysulmere territories. The station is built on one of a group 
of sand knolls at  a distance of about 24 miles in a direction 65" 30' E. of S. from the village of Khirwa. 

The pillar, whicli is snrrounded by a rough platform of sand covered with a layer of stones 1 foot thick, is solid and 
3 feet high and has been suuk so that its surface is flush with the level of the platform. I t  has been built on a foundation 2 feet thick. 
I t  contains three mark-stoues, one in the upper surface of the pillar, the secoud at the bottom of the pillar and the third at  the 
bottom of the foundation. The azimuths and distances of the circ~~mjacent places are :-BBp village of the Jeysulmere territories 
180" 27', miles 6.641; Agar village of tlie Jodhpore territories 281°, miles 5.75 ; and Phalodi town of the latter territories 357O 
30', milea 10.0. 

XXVI. Jambo Hill Station, lat. 27" 16', long. 72" 3#--observed at  in 1874-is situated on a long 
sand ridge which runs in a N.E. and S.W. direction. It is distant 2.4 miles in a direction due south from the 
village of Jambo and is on the lands of Naneo village in pargana Phalodi of the Jodhpore territories. 

The pillar, which is snrrounded by a rough platform of sand covered with a layer of stones 1 foot thick, is solid and 3 
feet high and has been suuk so that its surface is flush with the level of the platform. I t  has been built on a foundation 2 feet 
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thick. It contains three mark-stones, one in the npper surface of the pillar, the second at the bottom of the pillar and the third 
at  the bottom of the foundation. The azimuths and distances of the circumjacent places are :-Phalodi town 4ti0, miles 18.75 ; 
Sawanti village 76" 30', miles 8; and Btip village of the Jeysulmere territories 12Ei0, miles 12.2. 

XXVII. Sirad Platform Station, lat. 27" 26', long. 72" 28'-observed at in 1874-is situated on an 
extensive flat, the soil of which is very hard and stony. It is on the lands of the village of Bzlra Sirad in 
parganrt Nok of the Jeysulmere territories. The nearest village is Nauagaon, from which the station is distant 
3) miles in a direction 60" E. of 8. 

The pillar, which is surrounded by r platform of the usud constmction, is solid and 3.94 feet high, resting on a 
foundation 2 feet thick the upper surface of which is flush with the surface of the ground. There are three marks, one on the 
upper surface of a large stone in the bottom of the foundation, the second 7 iilclies above i t  aud level with the surface of the 
ground, and the third in the upper surface of the pillar. The azimuths and distances of the circumjacent villagas are;-BBp 54O,  
miles 6.0; and Sirad 16g030', miles 3.9. 

XXVIII. Harban (or Ghatori MAl) Hill Station, lat. 27' 26', long. 72" 17'-observed at  in 1874- 
is situated on a rocky hillock about 60 yards from which is another, surmounted by a stone pillar bearing an 
inscription. I t  is distant from Harban village 3.9 miles, in a direction 24" W. of N. It is on the lmds of the 
village of B&p in pargana B&p of the Jeysulmere territories. 

The pillar, which is surrounded by a platform of the usual construction, is solid and 3 feet high, resting on a foundation 
2 feet thick. There are two mark-stones, one in the upper surface of the pillar and the other at the grourid level. The azimuths mid 
distances of the circumjacent villages are :-Sheora 211" 30', miles 8; BBp 29g0, miles 8.8; and Mondtili 136" 80', miles 2-75. 

XXIX. Bintli Hill Station, lat. 27" 26', long. 72" 39'-observed at in 1874-is named after some 
fields that are in its neighbourhood, and is built on the highest sand hill in that part of the country. The bound- 
ary between the Jodlipore and Jeysulmere states passes close to the station on its eautern side. The nearest vil- 
lage is Part&b Sing-ka-sirad from which the station is distant 6.3 miles in a direction 72" 30' E. of 5. The sta- 
tion is on the lands of that village in pargana Nok of the Jeysulmere territories. 

The pillar, which is surrounded by a rough platform of sand covered with a layer of stones 1 foot thick, is solid and 
8 feet high and has been sunk so that its eurface is flush with the level of the platform. I t  has been built on a four~dation 2 feet 
thick. I t  coiltains three mark-sto~~es, one in the npper surface of the pillar, the second at the bottom of the pillar and the third at 
the bottom of the foundation. The azimuths and distances of the circumjacent villages are;-Jambo in the Jodhpore territories 
82", miles 9.6; and Modia in the Jeysulmere territories 192" 80', mIles 12.0. 

XXX. Nok Hill Station, lat. 27" 36', long. 72" 20'eobserved at  in 1874-is on the easternmost of 
a number of low sand knolls near the village of Nok. Tlie knoll on which the station 11aa been built is known 
as MhtB ji khejri-ka-dhbra. Tlie station is on tile lands of the village of Nok, from which it is distant 3'6 
miles in a direction 46" 30' E. of W.;  pargana Nok of the Jeysulmere territories. The water obtained from its 
wells is good, and the supply never fails. 

The pillar, which is surrounded by a mugh platform of sand covered with a layer of stones 1 foot thick, iu solid and 8 
feet high, and has been sunk so that its surface ia flush with the level of the platform. I t  has beer1 built on a foundation 2 feet 
thick. I t  contains three mark-stones, one in the upper surface of tlie pillar, the second at the bottom of the pillar and the third 
at  the bottom of the foundation. The azimuth and distance of Sheora village are 356" 30', miles 4.8. 

XXXI. Mongolia Platform Station, lat. 27" 38', long. 72" 32'-observed at in 1874-is situated on a 
slight rise near the spot where the former hamlet of Mongolia once stood. The site of that village is still mark- 
ed by a few plum and other trees. The nearest village is Girhjsb from which the station is distant 63 miles in 
a direction 26" W. of S. The station is on the lands of Nok village in pargana Nok of the Jeysulmere terri- 
tories. 

The pillar, which is surrounded by a rough platform of sand covered with a layer of stones 1 foot thick, is solid and 3 
feet high, and has been sunk so that its surface is flush with the level of the platform. I t  has been built on a foundation 2 feet 
thick and contains three mark-stones, one in the upper surface of the pillar, the second at  the bottom of the pillar and the third at the 
bottom of the foundation. The azimuths and distarices of the circumjacent villages are :-Sirad 21°, miles 11.6; Nokra 270" 30f, 
miles 9.5; and Trijunction Pillar on Jodhpore, Bickaneer and Jeysulmere boundary %lo, miles 12.6. 

XXXII. Pabusar Hill Station, lat. 27" 44'; long. 72" 23'-observed at in 1874-is called after the 
village of that name which is distant 0'35 mile at  an azimut'tl of 266". It is on the northern end of a sand hill 
about 62.6 feet high terminating abruptly at the station. Tlie path from.Bikampur to Pabusar skirts its base. 
The village of Pabusar is very small and has a well of brackish water; fresh water comes f r o p  Nok. The vil- 
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lsge of Kolasir a li,tt,le lrrrgcr lies about 6 miles to the E. T l ~ e  station is in that portion of pargana Nok which 
bulongs to the Thakur of Bikampur in the Jeysulmere territories. 

The pillar is 3 feet high having a fotu~dation of 2 feet with three mark-stones, one at the bottom, another 1 foot above it 
and the upper one at the surface. No menti011 is rnade in the records of the existeuce of a platform. 

XXXIII. Bikampur Hill Station, lat. 27" 43', long. 72" 14'-observed n t  in 1874-is on the high- 
est point of a sand ridge about 64.5 feet in heigl~t,t he nearest village beirig Bikampllr d i s t a ~ ~ t  4.9 miles at an azi. 
nluth of 131". The fort, or Thaknr's residence, built of white stone can be seen from the stntion. The water 
a t  ,Bikampur is brackish in the  wells, a small quantity for drinking is stored in small excavations. The station 
is in the lands of tlie Tllakur of Bikampur, in pargana Nok of the Jeysulmere territories. 

Tile pillar is solid and 3 feet high exclusivc of fouadation, m d  has three mark-stoaes; one at the bottom, the second 
9 inches above it arid tile third at the surface. No meiitio~i is made ill the records of the existeuce of a platform. The bearings 
and distances of the circumjacent villages are :-Boron0 Y.W., miles 8; aud Charanala N.N.W., miles 8. 

XXXIV. Phulasar Hill Station, lat. 27" 52', long. 72" 22'-observed a t  in 1879-75-is named after a 
small village of Vishnu morsliippers, whicli is dist,ant ti.3 miles at an azimutl~ of 179". There is a dry tank called 
Natheri about 1 mile soutl~;  and tlie station itself is on the liigllest sand hill in tile vicinity. The only villnge 
seen is Phulasar. There is rt well of bmclcisll water at  Phulasnr but no gnod water nearer than Bika~lipur. 
The station is in the lands of tho village of Gogaliala, belonging to the Tliakur of Bikampur, in pargatla Nok of 
t lle Jeysulmere territories. 

The pillar, wliich is snrrom~ded by a rough platform of sa~id and stones, is solid and 3 feet high excltisive of the founda- 
tion. I t  118s tliree mark-stones, oiie at tlie base on R large stone, another 9 inches above it aiid tlle tliir~l at tlie sn~fi~ce.  The 
approximate azimuths aud distauces of the circumjace~~t villnges are;-Cliarauala 81°, miles 6; slid Gogaliala 47", miles 9. 

XXXV. Girondi Hill Station, lat. 27" 50', long. 72" 32'-observed a t  in 1875-is on a 11igll sand 
hill locally called Qadalet-ka-dhlira near the bolliidary of Jeysulmere. Girondi village is distant 1-79 milea 
a t  an azimuth of 336". The stationisin the lnnds of the villago of Nok in pargsna Nok, of the Jeysulmere ter- 
ritories. There are wells of brackish water a t  Girondi and drinking water call be obtained from tho chunam 
bilks. . , 

The pillar, which is surrou~ided I)p a rough platform of stones and sand, is 3 feet high with a foundation of 2 feet and 
l ~ a s  three mark-stoi~es, one iu the fonndation, another 7 iriclias above it flurih witli the hill top aud tlie tliirct at the surface. Tile 
nrimutlis and distauces of tlie circtirnjttceiit villages are :-Gliariala (whicli is visible from the statiou and is in the Bicka~ieer 
territories) 31@, miles 7.26; aud Girajsar (approximately) 33H0, miles 7. 

XXXVI. Mankasnr Hill Station, ]at. 28" 0', long. 72" 31'-observed at in 1876-is on a sand ridge 
9.62 miles from Mnnkasnr villr~ge wl~icli lies at an nzimut,ll of 216". All tlie villages about are srriall and liave 
wells of brackish \rater, drinkiug water 111:ing ol)ta.ined from tanks. Bnngarsar is the nearest village for supplies. 
The station is on tile lands of Nok village, in pargana Nok of the Jepulmere territories. 

The pillar, which is surro~irided I)y a platform of stones a i ~ d  sand, is solid and 3.71 feet high with a 2 feet foundation. 
I t  contains tliree mark-stones, olle at tile I~ottom, n~iotlier 2 feet nbove it fltish with tlie hill surface aud the third at tlie surface. 
The approximate azimutlr a ~ i d  distance of Uailgxrsar village are 48i0, miles 8 nearly. 

XXXVII. Upertl~al Hill Station, 1st. 28" 0', long. 72" 17'-observed at in 1875-is on a very high 
sand hill called by the natives Upertllnl frorn its I~eing tlie Iiigl~est in those parts; it is 170 feet nbove the plain 
to the east and commands a good vie117 a!l round. The station is on the lands of Nok village, in pargana Nok of 
the Jeysulmere territories. Tile water at  Goru is brackish. 

The pillar is solid and 3.01 feet high exclusive of the foundation. I t  contains three mark-stones, one at the bottom, 
another 7 inches above it aud tlie tliird at the top. The bei~rings and dinta~lces of the circumjace~lt villages are:-Goru 
(a Visli~iu village) S.E., miles 1.16; Nargroh W., about milea 10; Phulasar S.S.E., miles 6; aud Barsalpur tlie ouly large village 
N.N.W., miles 14.6. 

XXXVIII. Bithnok Hill Station, kt8. 27" 53' long. 72" 42'-observed at in 1875-is on the highest 
snnd hill of a range running X. a11(1 8. loo:~lly called Gn,jatli Tl~al a few hundred yards soutll of a cart 
track from Bitllnok to Bago villn,oe. Bitl~nok is u large village with good water. The station is in the lands 
of that village in pargana Mtrgra of tlie Bickaneer territories. 

The pillar, whicli is surro~~nded by a platform of sand and stones, is solid and 8.5 feet al~ove the ground with a founda- 
tion and has two mark-stoacs, oiie ttt the !)ottom a~id  tile otl~er 2 feet abovc it level wit11 tlie top of the hill. No mention is ninde 
of a mark-stone having been placed at the surface of the pillar. The uziri~utl~s and distalices of the circumjace~it villages are :- 
Baugarsar (approximately) 141°, uliles 9 ~ ~ e a r l y ;  Bithuok 275", miles 3 22; aud Afrrudd 323", miles 10 ~ea r ly .  
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XXXIX. Modia Hill Station, lat. 28" 15', long. 72" 27'wobserved at in 1875-ie on a very conzlpi- 
cuous, high, long sand hill overlooking the country on all sides, 11-08 miles S.E. by E. of the large village 
of Bnrsalpur. Tliere are no villages near, only dhanis, e.i, cold meatl~er te~r~porury villages ; of these Modia ia 
the nearest. The station is in the lands of the Rao of Barsalpur in pargana Xok of the Jeysulmere territories. 

The pillar, which is surrounded by a paltform of sand, is solid and 4 feet in height ahove t11e ground and has three 
snark-stones, one in t l ~ e  lowest part of the foundatio~~, the second 2 feet above it flush with the hill top aud the third at the surface 
of the pillar. Ttte approximate azimuths aud distances of the circumjacent villages are :-Mudia 2g0, miles 2.82 ; Bhati Walla 599 
miles 5.61 ; and Bhim. Walla 104", miles 4. 

XL. Ronesar Hill Station, lat. 28" 3', long. 72" 44-observed at in 18i5-is on a high flat and 
extecsive sand hill, not on the very highest point on account of tlie ray to Modia H. 5. No villages are visible 
from the station. Water and supplies are scarce in the small villa~es around. The station is on the lands of 
the village of Ronesar in pargana Magra of the Bickaneer territories. 

The pillar, which is surrounded hy a platform of stones and sand, is solid and 3 feet high above the ground and has three 
mark-stones, one at the bottom of the foundation, tile second 1 foot above it flus11 with the ground R I I ~  the tlrird ou tile top of the 
pillar. The approximate azimuths aud distauces of the circumjacent villages are :-Konesar 31@, miles 6 ;  and Ailgnu 180°, 
miles 6. 

XLI. Sachu Hill Station, lat. 28" 15', long. 72" 7'-observed at in 1875-is on a sand l~i l l  183.9 feet 
high and 10.29 miles distant from the large village of Bnrsalpur to the N.N.W.: t l ~ e  cart track from thence to 
Sachu village runs about 1 mile S. of tlie IiiH. Tlie station is on the lands of tlie village of Sacliu mhieli belongs 
to the Rao of Barsalpur in pargana Nok of the Jeysulrnere territories. The well water at Sachu is drinkable. 

The pillar, which is sul.rounded I)y a platform of stones and earth, is solid arid 3.83 feet high with a fouudation of 1 foot. 
There are three mark-stones, one at the bottom of the foundatiot~, the second 11 inches above t L i ~  flus11 with the hill top aud the third 
a t  the surface of tile pillar. Sacl~u village is distant 2.69 miles at an azimuth of 54". 

XLII. Jodasar Hill Station, lat. 28" 18', long. 72" 44'-observed at in 1875-is on a high sand hill 
called by tlie natives Keridi dhiira, and is 6.1 miles E. of the village of Jodasar and about 8 miles S.S.E. of 
Ramra village. Tlie station is on tlie lands of Jodasar village wllicli belongs to the Rao of Pungal in the 
Bickaneer territories. The water at  Jodasar village is brackish. Good water has to be brought from Pungal 
which is 15 miles distant to the N.E. 

The pillar, which is surrounded by a platform of stones and sand, is ~ol id  and 5.06 feet high with a foundation of 1.75 
feet. I t  haa three mark-stones, one on the top of the foundation, the second 2-64 feet above it and the third 2-42 feet above the 
aecond at the surface of the pillar. 

XLIII.  Mugrala Hill Station, lat. 28" 31', long. 72" 25'-observed a t  in 1875-is on a high sand 
hill called Mugrala. I t  is in tlie lands of the village of Akasar in tlie estate of the Rao of Pungal in tlie 
Bicksneer territories. The water at  Akasar and Siasar is very brackish, at  Balhar sliglitly better, at  Rachni 
there is a small tank. Besides this there is no good water nearer than Bhiawala toba (tank), 24 miles distant to 
the N.N.W., in the Balislwalpur territories. 

The pillar is solid and 5.17 feet high, with a foundation, which with the pillar contains 5 mark-stones, the first at the 
bottom of the foundation, the second 2 feet above it, tile third 0.50 foot above the secolid, and flush witli the hill surface, the 
fourth 2.50 feet ~bove  the third, and the fifth 2.67 feet ahove the fourth aud flush with the upper surface of the pillar. Tlre hear- 
iugs and distances of the circumjacent villages are :-Akaaar N.E., miles 4.8; Rachni S.W., miles 8.46; Balhar s., miles 8; and 
Siasar N.E., miles 10. 

XLIV. Khirsar Hill Station, lat. 28" 30', long. 72" 42'-observed at  in 1876-derives its name from 
Khirsar village in the lands of which i t  lies in pargana Pungal of the Bickaneer territories. The hill slopes gently 
from the south and terminates abruptly to the north being tliere 186 feet above the adjacent plain. The pat11 from 
Dattohar to Pungal runs south of the hill. The water of Khirsar village is brackish, drinking water cornea 
from Pungal. 

The pillar, which is surrounded by a platform of atones and sand, is solid and 5.15 feet high with a 1 foot foundation, and 
has three mark-stones, one at the top of the foundation, a second 2.54 feet above it and the third 2-60 feet above tlie second flush 
with the top of the pillar. The approximate heariugs and distances of the circumjacelit villages are :-Klirsar E. by S., miles 3.37; 
Dattohar S.W. by S., miles 10.05; Pungal E., miles 9.5; and Ramra S., miles 6 nearly. 

XLV. Bhada Eill Station, lat. 28" 4 8 ,  long. 72" 36'-observed at in 1876-is on the highest point 
of an extensive sand hill with many spurs. It is on the lands of Bhada village belonging to the Rao of Pungal 
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in the Bickaneer territories. Tlie track from Pungal to Maujgarh is a little to the north. The water at Bllada 
ia very brackish, at Bl~eria and Siaear slightly so. 

The pillar, which is surrounded by a platform of stones and sand, is solid, 3 feet high with 1 foot foundation and has two 
mark-stones, one on the top of t l ~ e  foundatiou flush with the hill top a ~ l d  the second 3 feet above it at  the surface of the pillar. 
T l ~ e  azimuths and distances of the circun~jacent places are:-Bhada village So, miles 2.90; Siaaar village (approximately) 45", 
miles 8 nearly; and Bheria well 273") miles 6.40. 

XLVI. Habib Hill Station, lat. 28" 44, long. 72" 23'-observed a t  in 1875-is on a low flat-topped 
hill in the desert near no village. The station is in the lands of the village of Maujgarh (24 miles N.N.W.) 
in thhna Maujgarh, pargana Kl~airpur of the Balihwalpur territories. 

The pillar is d i d  and 5.33 feet high exclusive of a 2 feet foundation and has three marks, one on the top of the fonnda- 
tion fluah with t11e hill top, the second 2.33 feet above the first and the third at the surface of the pillar 3 feet above the secotld. 
The boundary between Bickaueer and Bahhwalpur runs near the station and the nearest visible boundary pillars have the following 
azimutl~s and distances :-No. 1, 29g0, mile 0.89; No. 2, 270°, miles 1.13; NO. 3, 243", miles 3.23. Tlle approximate bearings and 
distances of neighbouring places are :-Bhiawala toba (tank) N.N.W., miles 8; and Bhaian-ki-verah (well) S.E., miles 9. 

XLVII. Karamala Hill Station, lat. 28" 45', long. 72" 48'-observed at  in 2875-is on a hill which 
rises gradually from tlie well at Knramala village, the water of which is s l i~ht ly  brackish. It is on the lands 
of that village which belongs to the Rao of Pungal in the Bickaneer territories. 

The pillar, which is surrounded by a platform of stones and sand, is 3 feet high with 1 foot foundation arid has two mark- 
stones, one on the top of the four~dation flush with the liill surface and the second 3 feet above i t  at the surface of the pillar. Tlle 
approximate bearings aud distances of the following places are :-Alden-ki-verah (well) S., miles 6 ~learly ; Naishera S.S.W., miles 
8; Karamala well S.W., mile 0.68; aud Rakasam well E. by S., mile 0.97. 

XLVIII. Phogala Hill Station, lat. 28" 51', long. 72" 28'-.observed at in 1875-is on a low sand 
hill called either "Tappiwala dli&ra" or Phogala from the numerous Phog trees on it. I t  is in the destbrt in 
the lands of Bhiawala village in tllina Maujgarh of the Bahiwalpur stateand pargana. There are a number of 
emall tanks in the neighbourhood which dry up about January. 

The pillar is solid and sunk in the ground so that its top is flush with the hill surface: it has two marks, one at the 
surfirce of the pillar and a second 4.26 feet below it, on the second lowest course of bricks. The Bickaneer and Bahhwalp~~r boundary 
runs near the station, the three nearest visible boundary pillars have the followiug azimuths and distances :-No. 1, 356" 511, milee 
8.78; No. 2, 348" 33', miles 3.64; No. 3, 3" 33', miles 4.01. Bhiawala toba (tauk) is 8 miles W., and Maujgarh 20 miles N.W. 

XL'IX. Bliulan Hill Station, lat. 28" 57', long. 72" 41'-observed at in 1875-is on a rising ground 
4 miles S.S.W. of Bhulan tank and about & mile S.S.W. of Karamala small tank (both dry in February) in the 
heart of the desert. I t  is on the lands of Bhulan hamlet thhna Marot; pargana Khairpur of the Bahawalpur 
territories. 

The pillar, which is surrounded by a platform of sundried bricks and sand, is solid and 3 feet high having three marks 
on bricks, one a t  the very bottom of the foundation, one 2 feet above i t  fll~sh with the surface of the hill and the third 3 feet 
above the seco~rd, :tt the surface of the pillar. Three of the pillars on the boundary of Rikaneer and Bahhwalpur have azimuths 
and distances as followa :-No. 1, 340" 47') miles 2.39; No. 2, 316" 54', miles 2.38; and No. 3, 1" 13', miles 2.78. Mirgarh village 
lies 15 miles N. ; Phulera 15 miles N.E. ; and Sakhi in Bickaneer 14 miles E., the three nearest places at which drinkable water 
can be obtained. 

L. Soma Hill Station, lat. 29" 2', long. 72" 30'-observed at  in 1875-is on a small mound on tlle 
highest sand hill 6.88 miles, 23" E. of S. of Soma well hamlet and about 5 miles E.S.E. of Jalalsar well hamlet 
and about 10 miles S. of Marot town. T l~e  pati1 frorn Marot to Yungal in  Bickaneer passes about a mile and a 
half E. of the hill. The station is in the lullds of Sorna hamlet; th4na Marot, pargana Khairpur, in the 
Balitiwalpur territories. The water a t  Soma and Jalalsar is undrinkable; all supplies of water are got from 

' Marot. 
The pillar, which is surrounded by a platform of sundried bricks and sand, is solid and 3.15 feet high with a foundation 

of 1-75 feet; it has three marks, one at the bottom of the foundation, another 1-75 feet above it aud the third 3.16 feet above the 
mecond, a t  the surface of tlle pillar. 

LI. Telu Hill Station, lat. 28" 56', long. 720 17'--observed a t  in 1876-is on a nand rise of ground 
hardly to be called a liill, about 6 miles N. of Bhiawala tank and 7.77 miles S.E. of Mnujgarl~ town. There 
are two old mud towers near Telu from which the station takes its name, distant 0.55 of a mile at an azimuth 
of 86" 16'. I t  is in tktina Maujgarh, pargana and state BahBwalpur. Water is obtained from eitller Blliawala 
or Mauj garh. 
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The pillar, which is surrounded by a platform of sundried bricks and sand, is solid and 5 feet l~igll with a 2.5 feet founda- 
tion. Tllere nre three mark-stoues, one at tlre Ilottom of the fout~datiorl, tile second 24 feet al~ove it fl~lsll with the lrill top aud ' 

the third 5 feet abore the secoud at the surface of the pillar. The azimuth aud clistance of Oidarwala village are 180°45', 
miles 2.37. 

LII. Aukli Hill Station, lat. 29" 4, long. 72" 40'-observed at  in 1875-is on a black looking hill 
with plenty of shrubs on tlle top, about 6 miles N.W. of Bhulan tank which dries up in January, in pargana 
Khairpur, th4na Marot, and state Bahhwalpur. Water is brohvllt from Mirgarh. 

The pillar, which is aurrourlded by a platform of sulldried bricks a d  saud, is solid and 3.52 feet high having three 
mark-stones, oue at tile 1,ottom of the pillar, a second 2.46 feet above it ar~d flush witlr the hill top, and the third 1.06 feet above 
the second at tile surface of the pillar. The azirnutl~s and distut~ces of the circr~rnjace~lt places are :-Jarngarh 144' 58; miles 
8.2; Mirgarh 177"38', miles 7.2; aud Kheniwaia Tlrul (au old nlud tower) 196' 25') miles 425. 

LIII .  Manse Hill Station, lat. 29" 6', long. 72" 17'-observed at  in 1875-is 2 miles E. of a liigller 
sand hill called by this same on a loose, sllifting sand knoll, having no vegetation on the top, but being the 
best procurable. The country l~ere is rnoro or less n plain, wit11 small rises and gentle slopes. The station is 
in the lands of Chbpu village ; in tlldna Maujgarl~, palgarla and state BahBwalpur. Water is obtained from 
Knndai wells 3 and 4 miles east and from CI16pu village. 

The pillar, wlricll is surrounded by a platform of sulrdried bricks and sand, is solid and sunk illto the hill. I t  is 6.08 
feet high, with three mark-stones, one at the bottom, a secol~d 2.62 feet aljove it atrd the third 2.46 feet above the secol~d at the 
s ~ ~ r f a c e  of the pillar. Tile approximate leariugs ntrd distauces of tlre circumjacent places are :-Maujgarh town S.W., miles 8.2; 
Khirsar hamlet N.W., miles 4; and Chirpu village N., miles 4.51. 

LIV. Marot Station, lat. 29' ll', long. 72" 29'-observed a t  in 18'75-is on the fort on the highest 
nlud bastion at  the S.E. corner which is ahout 160 feet above tile ground. The fort wllicli is of mud, about 
726 feet square is quite in ruins and the town lics partly within and partly witl~oub tlie wtrlls. Tlle bastion on 
which tlie station stands is of solid clay and is app~.oaclied by a ramp. I t  is in pargana Khairpur of the 
f3ah4walpur state. There are a tank and wells at this place. 

T l ~ e  pillar is solid aud l ~ a s  been sunk in the basti011 ; it is 4.25 feet deep with two marks, the lower at the bottom of 
t l ~ e  pillar and the upper 4.25 feet above it at  the surface of the pillar. 

LV. Hasan Hill Station, lat. 29" 14', long. 72" 19'-observed at in 1875-is in the desert on a ridge 
called Hasanwala tibba the top of wllicl~ is loose sand ,  12.6 miles W. 20' N. of Marot town and about 6 n~ilee 
N .  of Chhpu wells. The station is in the lands of Chhpu village, thhna Marot, division Kllairpur, and state 
Bahhwalpur. 

The pillar, which is surrounded by a low platform of bricks and sand, is solid and 3 feet deep with 3 mnrk-stones, one at 
the bottom of the pillar, a second 2 feet above the first aud n third (at the surfirce of tlre pillar) 1 foot xbove the seco~id. The azi- 
muths and dista~lces of the circumjncent places are :-Baksl~a~cwnla hill (approximately) 180°, miles 2; Mwhkiwali thul [deserted 
tower) 230°, miles 1.66; and Saduwala thul 297O, miles 3 nearly. 

LVI. 8;rlttin Hill Station, lat. 29' Q', long. 72" 13'-observed at in 1876-is on a sand liill locally 
named Soltbn~rala tibba, wliich is a mrtss of moving sand hills; but the station has heen carefully built n ~ ~ d  it 
is anticipated tllat it may Le permanent. The Marot-Ball Awalpur track wllioll is marked by py rt~midnl lctlcl~a 
pillars runs about 1 4  miles north ; the nearest pillar-the 7th from Marot on tlle Revenue Survey maps-hav- 
i ~ i g  an azimuth of 139" is distant 18 miles. Tlie station is on the lands of Chbpu and KLirsur villages in the 
Maujgarh thtina, division and state Bahbwalpur. 

Tlre pillar, which is surrounded hy a platform of bricks and mud, is solid and 3 feet deep with two mark-stones, one in 
the f o u ~ ~ d a t i o ~ ~  a l~d  the second 3 feet above it at  the surfiicc of the pillar whtch is flush wit11 the surface of the I~ill. Tlre bearillgs 
and dista~~ces of the circumjaceut places are:-Khirsar hamlet and well S., miles 2 ;  Ch6yu well E., about 5.5 miles; and Mauj- 
garh town S., nriles 9. a 

LVII. Bijli Hill Station, lat,. 29" 18', long. 72" 25'--observed at  in 1875-is on a flat-topped sand 
hill called Bijli by the inhabitants and Jewunee on the Revenue Survey cl~al-ts. It is in thhna Marot, division 
Kllairpur of the Bah4walpur state. I t  is about a mile east of tile track from Marot to Khairpur. Tile nearest 
good well water is obtained from Marot. 

Tlle pillar, which is surrounded hy a platform of sa~td aud bricks, is 3 feet deep with 3 mark-stones, one at the bottom of 
the pillar, a second 1 foot above the first flus11 with the lrill surface and a third 2 feet above tlw second and at the surface of tile 
1)illar. The Ijeurings and distat~ces of the followi~~g places are :-Mtluri Ranit1 temple (eot viaible) S.Y.B., miles 3.50; KLandowala 
toba N.W. by N., miles 2.68; Marot town S., miles 10;  aud Khairpur town N., milea 21. 
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LVIII. Panchkot Hill Station, lat. 29" 16', long. 72' 1W--observed at in 1875-ie on the highest 
portion of a flattopped hill in the desert 18 miles 8. of the Sutlej River, and is called after a toba or tank which 
le 0'65 of a mile dietant at an azimuth of 346'. It is on the h d s  of Bhiawala toba (30 miles S.), thhna Maujgarh, 
division and state BaMwalpur. When the tanks are dry the nearest good water is at Chapu about 12 miles Y.E. 

The pillar, which is surrounded by a low platform of bricks and sand, is solid and 8 feet bigh with 8 mark-stones, one 
a t  the bottom of the pillar, a second one foot above this flush with the hill top and a third 2 feet above the second on the surface 
of the pillar. Gharialwalr toba lies to W., about miles 8. 

LIX. Randu Hill Station, lat. 29' 19: long. 72' 18--observed at in 1876-ie on a fist-topped sand 
hill of the Kali Dhari range, the highest point of whioh is 3 miles to the east. I t  is in the heart of the desert, 
in the lande of the town of' Khairpur, in division Khakpur, of the Boh&walpur state. 

The pillar, which is surrounded by a platform of sand and bricks, is solid and 3 feet bigh with 8 mark-stones, one at the 
bottom of the foundation, a second 1.08 feet above i t  flush with the hill top and a third 1.92 feet above the second on the turface 
of the pillar. The bearillgs and distances of the following places are :-Kimsir well (good) N.W., miles 10; Naganiwula toba N., 
milea 2; Jamsar well (slightly brackish) N.N.E., miles 10; Ganiwala toba N.E., milea 8; Bahawala toba N.E., miles 4; Kohriwals 
N,&, milea 3-60; and Sera well (brackish) S.E., miles 8. 

X1X.-( Of t k  Sutlej Serieu). Kaimsir Tower Station, lat. 20" 26', long. 72" IS--observed at in 1869 
lrnd 1876-is situated in the Bah8walpur territories, and stands in the desert about 7 piles 8. of the village of 
Asrani. There is a well about I f  miles to the N. 

The pillar is perforated, and 10.8 feet high. I t  hm a mark-stone at level of ground floor. The station was visited in 
1876 for the p u p a e  of connecting the Jodhpore with the Sutlej Yeries and the muk-stone at the level of the ground was found 
intact. 

=I.--(Of tk Sutkj Series). Kanda Tower Station, lat. 29" 28, long. 72" 22'--0bserved at in 1862 and 
1875-is situated in the BahBwalpur territories, and stands in the desert about 10 miles S. E. of the town of 
Kkairpur. There is a well about 2 miles to the W. 

The pillar is perforated, and 20'4 feet high. It hm a mark-stone at level of ground floor. The station was risited in 
1876 for the purpore of connecting the Jodhpore with the Sutlej Serier md the mark-stone on the level of the ground was found 
intact. 
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PRINGIPAL TRIANGUUTION. OBSERVED ANGLES. 

, -. 

~m1.--8tationa XLI md XLIV apprkin to the & c h i  ~ongitudirul &riel. 

4 

At XLI (Bonik) 

.February 1873; observed by Liezlt. dl. W. Bogers, B .  E., with Bawm'8 24-inch Theodolite No. 2. 

Angle 
between 

YLIV&l 

Circle readings, telescope being set on XLIV 

879' 1' 99' 1' 8580 18' 1780 18' 77' %' 26T I' lSsO 8' 2860 87' ma SO' 65' W 

I I I I w w I I I w 

Z 34-14 Z 36-24 2 33-91 135'48 Z 37-16 2 36-48 2 33-11 136'38 135.04 13:-oz 
Z 35.84 136'70 135'86 2 35'24 2 36' 14 136.92 235'74 133'92 h36.60 h3.5-56 
235.52 236.16 133.38 2 35-56 137.14 2 55-91 2 35-41 236.70 h35.84 134.78 

234'30 236.38 d3j.93 h35.88 

35-17 36-40 34'37 35'43 36.81 36'44 35'46 35'84 35'85 35-81 

121.50 Z19.80 220'34 Z 19.78 Z 18-94 220.98 2 19-80 Zzx'gq h18-a4 110-10 

1 2 0 . 1 ~  1 19-94 Z 19'66 2 r9.10 2 18.46 2 19-46 1 rga@ 2 zr'gq h 19-41 1 19-00 . 

2 19-86 2 18'86 l zr-32 2 20.86 2 19- 16 2 1g.10 Z 19-98 2 18'46 h 19.08 h 20'72 

Z 18-96 d 19.01 

zo'qg 19-53 20.44 19.91 '8.85 19-85 xg*;.+ 20.18 18-94 19.94 

- 
M - Mean of Oron 
w - Belatire M7eigE 
C - Concluded Angle 

M = 35"*76 

to = 15 -56 
1 - = o -06 
w 
C = 38'58' 35"-75 

M =  191t.79 

w = 20 ' 0 2  
1 - - - o -05 w 
C = 4 z 0  1'19'"78 
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R o T x . - - ~ ~ ~ ~ w I  XLI uld XLIV apperkin to the Eorbhi Longitudirrrl aerier. 

- r 

At I (Borta)-( Continued). 

Angle 
between 

XL1& 
XLIv 

Circle readings, telescope being set on IV M - Mean of  group^ 
w - Relative Weight 

139' 3' 319'3' 218'13' 38O14' L'97a26' ll'P 26' 16'88' 196O38' 95O49' 

Ir  rr 11 II 11 II II i t  rr II 

1 13.52 1 10.78 h 9.94 ,b rx.zo h 9'08 h 12.44 1 10.50 1 12-38 1 10.74 1 11-56 
Z ro.40 1 9-68 h13 .16  h 13'52 h 12-40 h 10 .10  1 10'38 1 9-84 1 9-22 111.74 
1 1 z . g ~  2 8-76 hr3.52 h13.34 h r r a o o  h11.40 111'16 211 .83  111.68 1x0-12  
Z 11.30 110'60 h 1 1 . 6 4  h11.96 h10.82 1 10.72 2 11'54 111'64 
111-oa  h 13-62 h 10.14 

, 

11.84 9-96 12-38 12';o 10'69 11.17  10.68 l r m q 1  10.82 11-14 

At I1 (Dhaula) 

February 1873 ; observed t3y Lieut. X. W. Rogers, R. E., with Barrow's 24-inch 5eodol i te  No:2. 

M= 11u.26 

w = 11 '21 
I - - - 0 -09 
w 
C = 73O15' 110'27 

Angle 
between 

XLI & 
XLIV 

SLIV & I 

I & IT1 

Circle readings, telescope being set on XLI 

0' W 180' 0' 79' IS' 269' 13' 158' 24' 888' 24' 237' 37' 67' 87' 316'4Sn 186'48' 

II II II w 11 11 rr r l  rr II 

h57.64 h58.70 159.88 160.80 159'78 160'64 h60.54 h60.16 16rm4G h59' ;o  
h 6 1 - 3 4  h63.52 162'30 Z 60.88 160'90 1 60.32 h59.96 h58.70 h60.68 h60-56 
h 60.46 h 60.58 1 59-70 1 59-70 2 59.80 1 59'56 h 59-20 h58. 28 h59-84 h59-78 
h 59-98 hs9 - ;4  1 60.08 d60-21  
h60.76 It60.96 

h59 ' ig  

60.04 6 0 . j ~  60.49 60.46 60.17 60'17 59'90 59-05 60.66 60'01 

h 1-70 h 4 - 1 4  h 1'80 1 3'62 1 3-50 2 4-40 h 4.46 i 2-46 h 2'76 h 3-00 
7c 4-28 h I - 1 2  1 3'96 1 3 ' 9 6  2 3-66 1 3'28 h 3-56 h 2.20 h 4.22 h 4-44 
h 2'78 h 2'82 1 2.68 1 5 ' 2 6  2 4 - 2 2  2 3 - 6 4  h 3'08 h 3-60 h 5-26 h 2-30 
h 2-92 h 3.48 2 2-18 1 4 . ~ 2  d 3 -84  h 5 -12  h 2-74 

h 2-98 

M = Mean of (froupa 
w = Relativeweight 
C - Conoluded Angle 

M =  60"'~~ 

w = 20 -98 
I - - - 0 '05 
W 

C = 68' 33' 01"17 

M =  3a.4~ 

w = 18 '15 
1 - = o -06 
C = 36' 28' 31"42 

2'92 2'91 2'66 4-26 3 '81 3'77 3'70 2'75 4'34 3-12 

h 16.74 h 14-34 2 13-34 2 14.53 2 r 5 . q  2 15.04 h 16-34 h 15'80 h 13-60 h 14-58 

l w  
h 14'08 h 14-90 1 15.16 1 15-30 1 15-60 2 13.58 h 16.68 h 14-38 h 15-06 h 14-76 M =  15"'12 
h15-28  h14.86 216'26 2 1 3 ' 1 8  215'18 216.18 h16.86 k 1 5 - 1 0  h12-34 h14-7% 
h 16-04 2 17-58 1 16-28 1 14-04 h r4.90 h 15'34 w = 13 -96 

2 15'04 2 14.92 1 
- = o -07 
w 
C = 65' 16' I$"'II 

28'"79 

w = 16 '20 
- I - - 0 -06 
w 
C = 81' 14' 28".77 

1 15-51 7 0  15-48 1 8  1 - 4 0  14-71 16'63 15'09 13-97 14-85 

IT1 & V 

- h 29-32 1 3 1 -  16 2 28-86 1 29-10 229'28 2 29-32 128.50 h28.58 h30.02 h27.78 
h 28.58 h30.28 2 28.34 1 28.66 1 28.04 1 19-36 h 28-58 130.48 126.82 h 26.80 
h 29-28 h 29-42 1 27-14 2 27-48 2 29-04 2 28-58 h 29.34 h 28'26 h 28'46 h 28-44 

2 28'92 h28'1( ha7-90 h27-54 
1 28'74 ha8.36 

29-06 30.29 08.11 18-58 29-05 09-09 20.81 28-87 28.30 27'78 
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At I11 (Kundal) 

Febrmay and March 1873 ; obeerued hy Aieut. 211. W. Rogere, R.E., with Barrow's 24-inch 

Angle 
between 

& 

VII k v 

I1 

II I 

''IV 

1V & VI 

& 

Theodolite No. 2. 

Circle readings, telencope being ~ e t  on VI 

O0l' 180'1' 79" 12' 259'12' 158" 25' 838'26' 237.37' 5'7"37' 316°49' 136'49' 

M = BCen11 of Group8 
co = Relative Weight 
C = Concluded Angle 

11 11 11 11 11 11 

. h39.46 h37.96 137 '32  137 '98  1 3 7 ' 1 0  h39.74 h38.60 A37.96 2 39'66 138.12 
h38.20 h39.26 238 .18  1,3;.84 140 '80  hq8.98 
h40.58 h37.26 138.08 138.86 Z36.02 h39.72 h37.36 h 3 8 - 1 2  1 37-30 238.72 
11 39.06 1 39-72 d 3 8 - 7 1  2 39'06 w = 1 8  -47 

139.12 1 
139.50 - = o -05 

W 

C = jgO  58'38"-61 

39-33 3 8 - 1 6  37'86 38.23 38';1 j9*48 38.21 38 -15  38 -81  39-03 

h45.42 h4.3-38 1 44-62 145 '54  143.84 h44.52 lrqq.28 h43.96 144 '98  1 4 - 5 8  
h43.90 h43.30 144.68 142.82 242.54 hqg.70 h43.92 h44.54 145'+4 144.22 
h46.06 h43 -04  144.86 144 '68  145 '62  /1+4'88 h45.32 h , ~ . 0 8  Z46 '1o  144 '10  
h44.82 144 '08  143 '94  d45'  18 2 44'32 
h 44.88 d42 .81  144-42  

M = 4411'44 

w = 20 '42 
- - - 0 '05 

W 

45-02 43-14 ' 44.72 43'99 4 ( ' 0 j  G . 0 3  44.68 4 I 4 5 - 2 1  41-30  1 C = 43' 5'44''.44 

h49-74  k 47-64  147.62 148 .62  147.60 h48.86 h49.62 h47.70 146.66 1 48-70 
h 4 8 0 y 4  h46.48 1 ~ 8 . o ~  149.98 148.,6 h47.00 h48.74 h 4 7 ' ; o  14 ; ' o z  1.46'98 
h+Y-yo 148.64 147.24 149.82 1 46.;0 h48.52 h48-40  145.78 146.60 147.34 
h.+y'oz L46.82 d47.99 147.56 

M = 47"'91 

to = I 2  .31 
I 
- = o - 0 8  
W 

49-15 0 (7.63 4 9  I 47.59 48-13 48.58 47-06  46.16 47-67 1 C = 50°38'47U'92 

h32.88 h j1 .62  1,3z-60 1,3r.;6 I33.06 h,32'r4 h g r ' 4 o  h 3 z . q  133 '34  132'00 
h33.20 i433.08 132 '64  1.32'26 152.80 h g 1 . 4 0  h34.04 h32.94 133'82 1.33'52 
h3z .90  h33 '06  2 3 2 ' 1 4  132'19 133 '38  lh31.58 h3.3 '19 h32.72 2 33-48 132'66 

131.74 

32-99  32.59 32.46' 32.05 33.08 I 32'58 32'69 33'55 32-73 

h z 8 - 4 4  128-58  128.66 129'80 128 '98  h z 9 - 9 8  h 28-98 h28-32  127'90 l28.1,6 
B.30'68 130.72 128 '86  1 28-96 1 3 1 ' o z  h30.38 h29-10  1~28 '14  127 '02  b 27.82 
h27.80 129.32 129.32 128.32 1 27.98 127.46 h zy .50  128.34 1 29.24 2 29.66 
h 28'62 Z 29.78 1~30.16  1 29'34 

28'89 29-54 28.9.5 29.03 29.44 29-49 29'19 28.27 28.38 28.58 

h46.02 148.12 148'72 146.68 l + ; ' j 6  h 4 t i . j ~  h45.96 149.06 149.64 148.80 
h q y ' j o  148.22 147.96 148.92 145'50 lr47.82 2 4y-62  1b48'40 2 47.08 1 4 ; ' ~ ~  
h48.96 146.38 148.30 Z 48.18 1 46'26 h 47-74 147.38 148'08 146'  1 2  l q j ' g o  
147 '90  147 '94  1 4 7 ' 1 8  h49.56 147 '32  1 46.66 

1 46.88 

48-10 47'57 48-33 47'93 46'67 47-86 47'57 48 '51  47-32 J i ' i 7  

M =  32"-64 

= 27 .96 
- - - o '04 

W 

C = -5%' 38' 32"64 

M = 28".98 

= 23 .O. 
I - - - o -03 

W 
C = 82'22'28"'98 

M=4, / , . t 6  

w = 1 7  - 8 1  
I ; - = o .06 
w 
C = 71' 15'47*'74 



'18 JODHPOBE MERIDIONAL SERIES. 

$t IV (Mandaula) 

February 1873 ; observed by &ut. 211. W. Rogers, R.E., with Barrow's 24-inch Theodolite No. 2. 

Angle 
between 

VI & I11 

111 & I 

Circle readings, telescope being set on VI 

0'0' 180'0' 70'12' 269' 12' 168'25' 338*25' 23im37' 57'37' Sls"49' 1 8 P W  

M - Mean of (frou 
ro = Helntire IVelgR ' 

At V (Bharfijan) 

March 1873 ; observed by Liezct. 211. W. Rogere, R. E., with Barrow's 24-inch Theodotite No. 2. 

Angle 
between 

'I* 

111 & VII 

n n 4 w n n N n H e 

h 19'58 h 17-22 h 19'58 h 19'98 L20.06 19'00 1 17-32 1 18 -16  h 19-04  h 18-26 
hry .88  h17 -48  h z o ' o z  h 1 9 - 0 4  h 1 8 - 7 2  218.98 1 1 8 . 1 2  117.30 hzo.38 h i 6 - 6 6  
h 19-58  h 18.42 h 17-46 h 19'06 1 18'60 2 1 7 - 7 2  Z 16-58 1 17-66 h 16-62 h 1;'o7 

h 17 -42  h 17'18 
h 16-58  

19-68  17-71 18-62 1y.36 19.13 18-57 17'34 17.71 17-96 17-31  

k46.42 h45.80 h 4 2 - 1 2  h43.10 h43.80 1 ~ ' 5 4  142.54 143.84 h43.96 h 4 3 . w  
lr44.64 h44.14 hq3.10 h4.3.32 h45 -24  145.31 144'00 144.86 h43.48 h44.54 
h45-34  h44.38 h44-06  h.+a'5+ h45' 18 1 44'94 143 '62  2 43-64  h45-08 h43.06 

142.86 h44 -28  
h 44'46 

I 

M =  r8nf.34 

w = 1 0  '39 
I - - - 0 ' I 0  
w 
C = 46' 5' 18"-34 

M =  44"'19 

w = 
1 

13 '70  
- - - o -07 
w 

Circle readings, telescope being set on I1  

256'52' 76'5%' 336'3' 166'3' 56'16' 285' 16' 134'28' 814*28' 21S03Y 38'89' 

n n n u n I n w n N 

h46.88 846.66 48'32 249.32 1 49.24 147.66 248.10 8 47-92  148.96 h48.74 
h47-28  1 4 - 9 6  148 '22  149.76 146.26 1 4 9 ' 3 4  148 '16  147.92 h48.46 h48.14 
149.34 h47.54 149.36 247.82 148.71 2*g0+8 l 4 i . 9 0  148.28 147 .24  b47.96 
h 48.58 h49.42 1 47 ' 98  s 

48-02 48-15 48-63  48-97 48-05 48'89 48-05 4 7 - 8 1  48-22  48-28  

h23.86 hz5.00 125-66  125 '30  126 '92  224-20  226.24 125-22  h a s - 7 2  h 2 7 - 1 4  
h23.94 h25.12 126.32 126.46 226.06 125.76 126'82 1 27-22 hzq .36  h 2 s - 7 6  
823.61 h24.26 Z26.30 2 26'06 225'04 2 24-40 127.26 127.18 hz6.20 h25.76 
L 25-04 h25.60 h27.74 
125.38 
h 25-30 

24-53 25'00 26-09 25-94 26'01 24-79 26'77 26'84 25-43 26-21 

C = q4°56'4.+"' 1 8  
45'47 44.77 43-32 43-31 44.74 44.94 43'39 44.11 41-17 43-68 1 

M Mean of Groups 
w - Relative Wcigl~t 

" ConchJed A1lgle 

= 48"'31 

w = 28 -59 
1 - - - o -03 
w 
C = 48' 6' 48".30 

M =  25ff .76 

w = 
1 

1 2  '93  _ - - o -08 
w 
C = 55O 2'25"*75 

- 



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 

At VI  (~ag'ar) 

March 1873 ; observed by Aieut. B. tP. Rogers, R.B., zoilh Barrow's 24-kch Theodolite No. 2. 

M - Meen of Groupa 
v - Relatire Weight 
0 - Concluded Angle 

M =  l f . 2 5  

w = 2 1  -48 
I - - - 0 -0; 

Angle 
between 

dV1ll 

C'ircle readings, telescope being set on IX 

812' 1(Y 132'10' 31'22' 211'22' I 10'33' 290'33' lWort;* g O G 1  2&3"57' momis' 

I f  I f  I1  11 11 I f  I1  I f  11 I 1  

h 12.po h12.58 1  1 2 ' ~ ~  111 .26  Z 12.88 h  12-24 ~ I I - 1 4  h  13-22 h  11'94 1  12-78 
h  12'28 h 1 1 . 6 4  l 11 .66  1  I r ' r q  113 .00  h12 .02  . 5 1 2 * 2 0  h  1.3'80 h 1 2 - 1 8  1 12.46 
h  1 r 6 z  112.66 I l 1 . 8 6  1  1z.04 1  11-74 h  11.98 h  1.3.18 h r l - j q  1  12.26 110.98 

h11.00 h  14.70 

VIII & VII 

VII bi 111 

I11 & IT 

C = 47O 51' I 2". 26 
12-27 12-29 11-99 11'48 12.54 rz.09 11-88 13'79 12 '13  1a.07 

h.30.92 130.88 131 .64  133 '82  1 .31'56 h32-00  h32.82 832.48 h 3 1 - 2 0  230.74 

l W  
h32.30 130.26 1.31.52 1.31.86 131 .40  h.32.76 h30 .84  h31 .90  h31.08 1 3 1 . 4 5  M=31' ' '61  
h32.90 1 ~ 1 . 2 8  2 3 1 ' 3 4  1  31 '88  132'90 h 3 2 - 1 2  h32 -52  h 3 1 - 8 6  130.68 I 30'88 

h  28 -81  w = 16 - 1 6  
h 29-46 I 

- = o -06 
w 
C = 48° 42' 31"- 60 

32-04  30'81 31'50 32-52 31 '95  32-29 32'06 30.91 30'99 31-01 

h r2 .10  114.44 ~~~~84 1 r z a q z  113.76 h 1 2 . 1 2  h13.46 h12 .96  h 1 3 - 7 6  2 12-62  
h13'++ 113'82 114'76 z13 .78  113 .68  h r d ' o 4  h14.24 h r r . 76  h14 .46  1 13.18 M =  l jn'47 
h 12-72 1 13-60 1  14-30 1  13.58 l  14-62 h  13-14  h  12 .18  h  13-52 h  13 '18  1  13.96 
h  14.50 h ~ a - 5 8  h  13 -96  w = 32 -90 

h 13-20 
I - - - 0 . 0 3  
w 
C = 67' 47' 13'''4.5 

13 -19  13'95 13'97 13-26 I t ' oa  13.10 13 '12  13-08 13-80 13'25 

h55.98 155.76 157.82 1.56*,3a 158.84 h57.88 h58 -36  158 .18  h57-58  158 '42  
h57 .10  h57.92 157 ' j+  1 5 8 . 1 4  1 5 ; ' r o  h58.36 657.74 h56.44 h58.24 157.42 M =  ~ 7 ~ ~ 5 7  
h.58.62 155 '38  256'80 1 5 ; ' 8 z  h58-04  h57.40 h59.32 h56.04 h57.18 158 .04  
h  j7 '68 2 56-8+ h56 -56  w = PO -98 

h ;I)-20 h 56.06 
- - 0 '05  1 6%038'5f'm54 1 57.35 56.82 57.45 57'43 57.99 5 i .88  58.47 56.66 51-67 57.96 

At V I I  (Samdari) 

March 1873 ; observed by Lieut, M. W. Rogers, R. E., with Barrow's 24-tXch Theodolite No. 2. 

Angle 
between 

& 111 

C = 81' 51' 53"'67 1 53.53 54'00 53-55 54-27 53 -96  53-10  52.98 53.75 53-17 54-19  1 
-' 

Circle readings, telescope being set on V 

0" 0' 180'0' 79' 12' 269' I?,' I%'%' 3S025' 23i0 37' 67' 87' 316' 49' 136'49' 

I 1  11 11 I( I 1  11 11 I f  11 I 1  

152'30 2 5.3'64 2 53'72 Z 53-90  h54.98 16 Z 5 1 ' 6 0  1 ~ 3 . 8 8  153.48 h 5 4 -  12 . 
153 '50  154.12 1.51'52 2 55-42 h.53'58 h53.80 1 52.38 152 '30  152 '96  h55 '10  
155 '26  1 5 4 ' 2 . ~  152'32 152'yo h53 -32  h52.64 153 -98  254.78 153'38 h.54-90 
1.53'04 1  53-66 154 '84  253.98 154'02 h52.64 

iK = Mean of Groe a 
u, = ReloLive%VriR!t 
C = Concluded A ~ ~ g l e  

M =  ~ 3 " ' ~ 7  

w = 25 '52  
_ I - - o -04 
W 





PRISCIPAL TRIAXGULATION. OBSERVED ANGLES. a1 

- 

Angle 
between 

- 

I S & =  

'I 

STIBX 

X B V I I  

At VIII (Thob)-( Cmtitiued). 
b 

Circlo readings, telescope being eet on VII 

0' 1' 180' 1' 79.13' Zb9O18' 168'' 25' 8 W  25' 287' 36' 6 7  86' 816a 49' 196.48' 

v I n fl fl n I rt n 

139.92 139 '82  841.36 I 4 0 ' 1 0  h39.74 138 '94  h40.02 hg8.94 h j g - 8 4  h40 .1z  
138 .80  140.82 h 3 y - 4 0  1 3 8 ' 1 6  h 4 0 - 1 4  138.50 h37.88 h40.36 1637-54 h 3 8 - 7 0  
141 .38  Z42.20 1 3 9 ' 8 4  239.24 h38.20 138.58 h38.52 h39.34 h 3 8 - 4 4  137 .94  
h  37'78 h  38-92 h37 .38  h  39-78 h38.54 
139.82 

39'54 40'95 40'20 39-17 39'25 38'67 38'45 39'55 38-90  38-83  

h19.40 h  1 8 - 9 3  h 1 7 - 3 2  2 20'06 h  18 '14  h18.02 hzo.52 h  18 'qz  h  17-96 h18 .76  
h  19'62 1  1 9 - 1 8  h20.46 I 19.88 h  18-46 h  18.86 h  20.42 h  17-44 h 18'76 h  1 9 - 0 8  
h18.52 1-17-78 220.98 l 2 1 . 1 8  h  19.52 l x g b o r  h 1 9 - 4 8  1 1 y . 5 0  119 .76  h 1 y . 1 4  

1 21  -76 h  1y.50 Z 20.58 h  20.42 A 18.42 

19-18 18-63 20.13 20.37 18-91  19-12  z o m z r  18'45 18-83 18.85 

h  1 - 7 6  h  3 '68  h  4 - 9 0  1  4 '44 h  3'26 h 3 '94  h 1-36 1  3 - 9 0  h  4 -04  h  4 '76 
h 2-03 2 3 - 8 4  h 2 . 2 2  1 4 ' 4 6  h  3 - 9 2  h  4 -16  h  3 - 1 2  h  3 - 0 2  h  3-60 h  2 '70  
h 3 . 4 6  1 4 - 3 2  4 3 - 4 4  1 3 - 6 0  h 3 . 1 4  1 2 - 4 0  h 4 - 2 4  h 2 . 8 4  h 2 . 9  h 2 . 8 6  
2 4.36 2 3 - 0 4  h  1 -44  

2 ' 9 0  3'95 3 - 4 0  4 - 1 7  3 '44  3 - 5 0  2-54 3 '25 3 - 5 1  3 '44 

h ~ o - 9 6  h21 .38  h 1 9 - 2 8  z20.42 7 ~ 2 3 ' 4 4  hz0.74 120.96 1 2 2 ' 3 8  h 2 1 - 0 4  8 2 0 ' 3 6  
h z r . 5 2  121.02 h21.32 2 2 1 - 4 8  h  19-32 h 2 0 - 3 4  h 2 2 - 0 0  h 2 2 - 4 2  h 2 1 - 7 6  h22.04 
h 2 1 - 5 4  I? 21'98 h20 .38  Z 20.46 h19.06 1 2 1 . 2 4  h20.18 h23-06  h z o - 1 6  h 2 1 - 0 6  

Z 20.58 l 1 9 - 3 2  h r y . 5 8  h  2 1 ' 2 2  

h  20'58 h  18-62 

21-34 21'24 20'08 20'79 20'40 20'77 21-05 2 I ' j 4  20'99 21'15 

iK - Mean of Group 
w = Relatire Weight 
C - rnoluded Angle 

M =  39tt.45 

= 12 '42 

I - - - o -08 
w 
C = 6j0 7'3gt"43 

M =  19t*.27 

zu =Ti14 .46 
1 - - - o -07 
w 
C = 54°17'~9"'28 

M =  3v.41 
, 

w = 23 -78 
I - - - 0 '04 
W 
C=40023'3'"39 

M =  201"93 

tu = 21 -18 
I - - - 0 '05 
w 
C = 54' 5' 2on.92 

At IX (Borla) 

March 1873 ; obsemed by Lku t .  M. IT. Rogers, R. E., with Barrow's 2$-%'9~ch Theodolite No. 2. 

Angle 
between 

kV1ll 

k. 

Circle redings, telescopo being set on XI 

OOW 18VW 79'13' 269' 13' 16&i024' 338'25' 837°37' 67-37' 81G048' 156045' 

n n n n 8 n Y I o n 

h r o ' g o  A 1 2 . p  ~ I I - 6 0  h12 .88  h13.26 2 1 1 - 6 4  2 12.14 113.16 1 1 1 . 1 6  I I Z - 2 0  
k 1 2 - 9 8  h13 .08  h12 .38  h 1 1 - 8 6  h12.92 112.56 1 1 2 ' 6 0  I 1 3 . 4 6  h 1 2 . 1 2  k12.98 
1 1 3 . 1 4  h13.86 h 1 3 . z a  h13 .04  1 1 1 - 6 0  213 .42  1 x 2 - 1 6  h 1 1 . 8 8  111.46 h  10.80 
h 1 3 - 1 8  h  12.86 

- 

11-40  13-28 12.40 12-19 12.59 12-54  12.30 12.83 11-58  1 2 - 2 1  

M = Mean of Group 
ro - Helative Weight 
C - Concluded Angle 

- 

. M =  1a1"47 

', = ,7 .76 
I - - -  0.04 
W 

= 570 46112X'47 

I 



22' , JODHPOBE MERIDIOX-4L SERIES. 
- -  - -- 

At I X  (Bor1a)-(Continued). 

M - Mean of Group8 
w - Relative Weight 
C = Concludeddngle 

M =  511t.51 

= 2 3  '48 

5 -  - o -04 
w 
C = 59' 31' 54" '48 

Angle 
between 

VIII & VI 

Circle readings, telescope being set on XI 

0'0' 180°0' 7Qa1Sf 45S013' 168'24' 538'25' 237'37' 67'37' 316°4!3' 136°49' 

4 n n ,I 0 )I n n n n 

155.32 154.36 154'36 h53.36 553.72 155.60 154'22 153.16 154.58 h52.02 
h55.02 h54.46 h55.34 853.34 h53-44 254'65 153.88 153.20 h53.02 h55.02 
h54.60 855.34 h54.80 h54.80 h54.36 154.46 2 56-70 h 5 3 . j ~  h53'4.4 h56.68 

h54.68 h54-36 154'36 1~53.52 855.44 h55.86 
h56.88 1153.58 

54'98 54-72 54'83 54-05 53-97 54-91 54'79 54-06 54-12 54'63 

At X (Dodo) 

April 1873; observed by L k u t .  M. T. Roger8, R. E., with Barrow'e 24-inch Theodolite No. 2. 

M = Mean of Groups 
w - Relative Weight 
C - Concluded Augle 

M =  5"-03 ' 

w = 
I 

35 ' 7 0  
- =  0 . 0 3  
W 

C = 4 7 ' 2 ' 5 " ' 0 3  

M =  49"-48 . 

w = 29 -46 
I - - o -03 
W 

C = 58' 28' 4gt ' '46 

Angle 
between 

VII &VIII 

VIII & XI1 

Circle readings, telescope being set on VII 

464'SW 74'30' 53S041' 153' 4' 6B0 64' 232' 54' 132'6' 312.6' 211' 18' 81'18' 

N n n n II I n n n e 

1 4-90 h 4'44 1 5-22 h 5-08 h 4'46 fi 4-04 h 5-32 h 4.44 h 5-62 1 6-46 
h 4-34 h 5'54 h 4-96 h 4.12 h 5-22 A 5'72 h 4-86 h 5 '25 h 4 - 6 1  h 4-90 
h 3 -24  h 5-62 h 4-84 h 6-08 1r 4 -54  h 5'86 h 5 - 1 6  h 4.50 h 6-28 7r 5.14 

4 - 1 6  5 -20  5-01 5'09 4 -74  5-11 5.11 4.74 5-51 5'50 

h49-78 149'34 150.44 h49-26 847.78 h49'46 hqg-40 h4g-20 h 48.18 h 48-74 
h49.72 h50.84 h48-06 150.36 hq8'ga h49.48 h50m.54 h48.80 h43.42 h49.14 
h50m3a h49.30 h50.54 h48.36 h.+9-12 h49-28 i +9'r.j6 h48.46 h48.02 h50-44 

h 49'86 h50.64 h49.64 150-00 
851-20 

49'94 49'83 49'73 49'33 48-96 49-41 49'97 49-03 49-16 19-44 

At XI (Adori) 

' December 1873 ; observed by Lieut. J. Hill ,  R.E., zoith Barrow's 24-inch Theodolite No. 2. 

M - Mean of Gl&u s 
w = Relatire wei& 
C - C01101uded Angle 

M =  44'"05 

w = 1 2  .57 
1 - = o -08 
W 

c = 5 3 ° 2 7 ' ~ 1 " 0 5  

Angle 
between 

SIV 8i 91LI 

Circle readings, telescope being set on XIV 
. 

247'56' 67O64' 527'21' 147"20' 46'21' 226" 20' 1 2 5 O 3 S f  SO2"'7' 204O 46' 24'46 

n n n n n n n n I n 

143'70 h45.42 143-50 1 . ~ 4 ' 3 6  R4.5-32 h43.33 143'38 h44-30 143.72 2 43.46 
h4a-50 2 45-56 1 43-90 2 42-92 h 44'36 7144.94 2 +1'82 h44-50 2 44';0 143'42 
h43.36 145'24 Z ~ ~ 5 8  144'42 145'56 144.84 143'72 h43.93 113.96 145'06 

Z 41-78 

43-19 45-41 43'99 43-15 . 45-08 44'36 42'97 44-23 44-13 43'98 



Pl i ISCIPlL TRIANGUL-4TION. OBSEBVED ANGLES. a3 

- 

At X I  (8dori)- (Continued). 

df = Mean of Gpupr 
w - Relative Weight 
C = Concluded Angle 

M= 4"'2g 

w = ' 39 '20 
I - - - o '03 
w 
C = 58O 35' 4"*30 

Angle 
between 

'I1 

Circle readings, telescope being set on XIV 

247' 55' 67'54' 827' 21' 147" 20' 46"21' 226'20' 125°3S' 305'37' 20L046' 24'48' 

I1 11 11 I1 I1 11 11 11 11 11 

h3.98 h4.92 25 -54  2 4 - 1 8  h3.28 6 4 - 2 4  14 .22  h.5-36 1 5 - 0 4  2 4 - 8 4  
lr3.72 1 4 ' 0 8  16 .26  14.60 h 5 . 1 4  1 3.72 1 3 ' 9 8  W ~ ' + O  2 3 - 2 4  2 4 - 5 8  
h3 .90  2 3 - 8 8  1.3'28 1 3 - 8 4  183.24 1 4 - 0 8  1 4 - 5 0  h3 .86  4 3  14.30 

14.12 

a 3'87 4 - 2 9  4 ' 80  4 '21  3 -89  4 ' 01  4.23 4'87 4 - 2 0  4.57 

M~trch 1873 ; obsemed by Zicut. X. U7. Roger8, R.E., with Barrow's 24-incli Theodolite No. 2. 

Angle 
betweell 

XI1 & VIII 

Circle readings, telescope being set on XI1 

OoO' 180°(Y 79' 12' 26g012' 158'25' 338'25' 23T 36' 67'36' 316a 49' 136°49'. 

II II 11 n I n n )I 11 I1 

h53.48 h54 -52  h54.44 155 .91  h55.96 i 5 4 . 9 4  151.64 k56.62 155.36 154.90 
h56.14 h54.84 h55.28 h54.04 h53.96 Z53.6+ 153.78 h55.50 lh5+'52 h54.28 
h56.02 .i5+-18 h54.90 h54.98 153 '30  155.78 152 .91  h5+'50 h53.36 h53.28 
h54-00  155 '84  155-82  h54.90 h56 -86  

d54 '  ' 3  d 5 3 - 7 6  

df = Mean of Groupr 
E = Relative Welglit 
C = Concluded Angle 

M= 

w = 19 -29 
- 1 - - 0 '05 
20 

c = 72' 1 4 ' 3 4 ~ ~ 7 2  

~ = ~ ~ " . ~ 8  

W = 27, '45 . - 
I 
- = o '04 
w 
C = 57' ~~~~~~78 

1 54.91 54.51 54-57 54'99 54.64 55.05 53.80 55.87 54.41 54-15 

VIII & 

h r r ' g o  h ~ o - 5 4  h r r - 2 6  h 9 '72  h x r - 0 8  210 .76  1 r o . j ~  1 1 1 . r z  h r o . 1 4  h r 1 . 0 8  
h 11'92 h 10.7a h 9 - 5 4  h 1 1 . 3 6  h l a m o o  2 11 ' 61  ~ I I - 6 2  1 9-65. h 10.74 h11 .16  
h 11'48 h 10.90 h 10.16 k 1o.10 h 12.60 1 9 - 2 4  h 10.34 I? 10.52 h 9 '20  li 10.38 

d11 .2;  l 11 .56  d r o - ; o  110 '74  h 1 0 m 6 4  

I 10.72 10.32 10.39 11.73 10.80 10.75 : I O . ~ O  10.18 10.87 

At XI1 (Dupr)  

March 1873 ; observed by Lieut. M. W. Rogers, R. E., with Bawozo's 84-inch Theodolite No. 2. 

Anglo 
between 

X&VIII 

Circle readings, teleecope being set on X 

0" 0' 180' 0' 79' 13' 259' 13' 168O24' 338O24' 237' 37' 67' 37' 316'49' 136'49' 

I I  I I  11 n 11 II I I  I )  I1 I1 

h r o . i a  h 8.62 h g - 2 8  h 8 - 7 0  1 9 - 8 8  1 9 ' 9 8  1 8 - 4 0  110 '28  1 8-90  1 8 ' 8 4  
h 10.64 h 9 - 3 1  hg.20 h 9 . 1 4  2 8 -22  1 1 0 . 2 2  l g ' j o  1 9 -38  1 9 - 9 4  1 9 - 2 0  
h 7 -60  h 1 2 . 1 2  h9 .44  h 8 - 0 4  1 9 - 9 4  1 9 - 2 8  1 8 - 5 0  2 1 0 . 7 0  110 -58  2 8 - 7 6  
h I 1 -04  h 9 - 9 8  
h 8 '92  

9 '66  10.0% 9 -31  8 '63  9 '35 9 - 8 3  8-87  I O ' I Z  9 - 8 1  8 '93  

M -  MemofGItOu I 
ca - %latire weigEt 
C - Conoluded Angle 

M= 9/t.45 

w = 21 - 09 .  

- I - - o -05 
W 
C ='81° 8' 9".46 



24 JODHPORE MEBIDIOXAL SERIES. 

. 
At XI1 (Du,m)-(Contiwed). 

M - Mean of Group 
w S. Relative Weight 
C = Concluded A ~ ~ g l e  

M = 48".55 

=25.60 
- - - o '04 
w 
C=53°27'48*'55 

Angle 
b s t w m  

=&XI 

Circle readings, teleecope being eet on X 

o O W  18000' lQO 18' %0°18' 1W24' 338' 24' %7"37' 6T37' 818949' lW49' 

I1 11 I1 I1 I1 11 11 11 11 " 
149.90 150.10 149.90 - 148.16 147.02 2 47.40 2 47-90 2 47-78 Z 49-80 2 48-08 
148.24 R48-72 h48.02 h47.56 248.14 148'78 248-44 1 4 8 ' j 6  1 4 8 ' j 4  148.60 
149-08 h48.22 448-aa h49.44 147'76 148..+0 248.40 148'oa 149'94 249'18 

49-07 49-01 48-71 48-39 47'74 48-19 48-25 48-12 49-13 48-62 

December 1873 ; observed lg Lieztt. J. Hill, R.E., with Barrow's 24-wtch Tkodoli te  No. 2. 

Angle 
between 

XI&XIII 

XIII&XV 

Circle readings, telescope being aet on X I  

OO(Y 17O05D' 79'11' 259' 10' 168'25' 838' 25' 237O 36' BY 816°47' 186' 47' 

11 I1 11 I1 11 11 11 11 11 I1 

138.88 h39-30 140.54 137.98 137'34 Z39-16 h36.36 lr37-10 h38*00 137'8% 
138.68 136.60 h38.08 h37-7% 237.96 229'46 136.54 h37-5% h37.46 136.84 
h38'oo h37.24 h37-10 h37.24 139'58 138'06 138'42 R3;';o 137 '04 137.28 

7~36'90 136.18 139.M h 37'38 
h37.00 
h35-90 

- 

38'52 37'5' 35'47 37'65 38-58 38'89 37-18 37'44 37-50 37-31 

h 7 - 0 4  h 6'7% h 3 -41  h 6-78 Z 5-00 Z 5-66 h 7-18 h 8-20 h 8-14 2 7-88 
h 7-28 h 8 - 1 4  h 5-82 h 6.22 1 7 -60  1 7.34 b 7-10  h 7 - 7 0  1 7.94 h 8-36 
h 7-22 h 8-78 h ; ' 4 z  h 5 . 4 8  2 6-20 1 6 ' 6 6  h 6 - 2 8  h 7 '04 1 8 - 5 4  h 6 . 9 6  

h 8.94 h 4-98 2 5-80 
4 -40  

;.18 8 -15  5 -21  6 -16  6 -15  6'55 6-95 7-65 8 - 2 1  7-73 

M - MeanofGm 
a - Relative w e i z  
C = Concluded Angle 

M =  37"'80 

w = 16 -61 
I - - - o -06 
w 
c = 4 9 O  54' 37"' 79 

M =  6"'99 

w = 8 -65 
= - - - 0 'I2 
w 
C = 5 jO 52' 6Y. 98 

At XI11 (Ketu) 

December 1873 ; observed hy Lieut. J. Hill, R.E., with Barrow's 24inch Theodolite No. :2. 

4310 
betwean 

XII&XI 

Circle readings, telescope being set on XI1 

85Q059' 179' 59' W 11' 2699 10' 158" 23' 838" 23' 291" 38' 67" 38' 3189 49' 136' 49' 

I1 I1 I1 I1 11 11 I I  11 11 I1 

221.28 2 20.60 h20-9% 2 19.42 h17.98 1 ~ 0 . 4 2  hro.56 h 19-76 2 18.84 h 19.00 
Zzo.04 219.26 h20.70 218.76 h19.90 221'40 h20.36 h19.34 h a o ' j 8  120'28 
hz1.68 2 19-54 2 ao.10 2 18'74 h20.92 120.04 h20-80 1 19'68 Irzo-zo 2 19-26 

h 20.58 

21.00 19-80 10'57 18-97 19'85 20.62 20'51 19'59 19'94 19-51 

M- Mmnof Group 
ca - Relative Weight 
C = Concluded Angle 

= 201'm04 

= 19 '05 
I _ - - o -05 
W 
c = 71° 30' !2O0*'04 
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At XI11 (Ketu)-( Contittued). 
- 

Angle 
between 

- 

S I & x l V  

Circlo readings, teleecope being set on XI1 

359'59' 179'19' 79'11' 259'10' 158'23' 33S023' 237' 38' 6 i 0  38' 316'49' 136' 49' 

a # ll V H ' I1 V Y H V 

2 25'66' 2 24.60 h26.86 2 2 7 - 8 2  h25 .98  2 25-56 h z 6 - 0 6  h26.52 E28 .10  h  25'90 
125 .88  1  26-72 h z g - z o  126.90 h  26-20 125.60 h z 5 - 7 4  h 2 6 - 3 4  826 .12  h 2 5 - 8 2  
h27.84 2 26-68 2 27-00 227.06 126.44 127.22 h  25.58 225.74 h28 .12  1 2 7 . 1 4  
h  26.66 d26 .63  ir 27.38 

26-51 26-16 26-35 27'26 26.21 26-13  26.19 26.20 27-45 26.29 

M = Mean of GIroll 
w - Bclatire M'eigE 
C - Concluded Angle 

M =  26".48 

w = 25 ' 84  
I - - 
tu 
r 0 . 0 4  

. C = 4 8 ° 5 ~ ' 2 6 " ' 4 7  

M =  520.66 

tu =i 18 .go 
I - =  0 . 0 5  
w 
C = 49' 3' 52"- 65 

M =  1yf"29 

t(1 = 2 0  - 1 3  
I - - - o  -05 
w 
C =  6 2 0 j 8 ' ~ 9 " - 2 9  

M  = 2f3'"83 

= 25 .2g 
I - - -  0 ' 0 5  
W 

c = 7 1 0 5 1 ' 2 8 " - 8 3  

M = 32"'32 

lu = 16 -6% 
I - - -  0 . 0 6  
20 

C = 5 5 ° . # ~ ' 3 2 ' " 3 2  

h 5 1 . 5 2  2 53'90 h52.16 152.28 7~52.20 1 5 2 ' 5 0  h52 .94  h52 .58  153.06 h53e48 
h54-70  1 5 2 ' 5 4  h 5 1 - 4 0  2 5 a 7 0  h g a - 7 4  h  52-34 h 5 4 - 1 2  h53.62 

1 5 2 . 6 4  152.64 h52.22 2 5 2 ' 0 0  h52.94 152 '20  h54.58 2 5 1 ' 6 2  h54 .10  151 .96  
2 53-08 2 50'80 
d 53'40 1  50'92 

52-16  32-27 52'18 52'47 53-42 52-18 53'76 53-02 

XVI & XVII 

XVII&XV 

XF & XII 

h  18-40  Z 19-44  h  19-54 2 20.94 h  19.68 1  18-38 h  19-24 h  18-40 2 18-56  h  18-42 
i 18-86 h  19'78 h  17-26 2 19-36  h  19.64 I z o . 1 ~  h  1 9 - 9 0  h  20-28 71 18-90 h  1 8 - 5 4  
h19.08 Z 19.18 218.76 1 2 1 . 1 8  h z o . 1 2  2 19.88 h 17-96 I z o . 1 ~  h19 .94  l 1 8 . 6 2  

2 18.62 

18-78 19-47 18-55 20.49 19-81  19'46 19.03 1 9 - 6 0  19-23 18 '53  

h  27-74 h28 .78  h  29-72 2 27-96 h  27-72 1 30.20 h 28-16 h  28-48 Z z g - j o  h  29-48 
h 3 0 - 1 2  Z29.86 128.56 l 2 9 . 1 2  h z 8 - 3 6  228.66 h z 8 - 1 4  h27 .86  h z 7 - 6 0  h 2 8 . 4 0  
h a  '50 229 '52  230.56 l z y - 4 0  h28.82 128.40 8 2 8 . 7 8  129 .64  827 .44  1 2 9 - 3 0  
h 2 8 - 0 2  

28'85 29'39 29-61 28'83 28'30 29.09 28-36 28.66 28.15 29.06 

6 3 4 ' 0 8  h 3 1 . 7 2  h 3 0 - 9 8  2 3 1 - 0 4  h 3 1 - 6 0  2 32.22 h 3 3 . 7 0  h 3 3 - 9 0  E 32'02 lr33.20 
h 3 1 - 4 0  130.94 h31.86 2 3 3 - 6 0  la31.98 E 3 1 - 8 6  h32 .64  h 3 3 - 1 4  h 3 1 . 6 0  2 33'26 
h32.24 1 3 1 ' 9 4  2 31 '86  1  32'88 h  33-06 2 32-96 h  32-28  1  32-66 h  30'72 2 33-34  
h  30.80 I  32'76 

- 
3 2 ' 1 3  3 I .53  3I .57 32'57 3 2 ' 2 1  32'35 32'87 33-23  31'45 3Sm27 

At X I V  (Sulkia Thalau) 

December 1873 ; ojserued by Lieut. J. Hill, R. E., with Ba~*rozu's 24-iuch Theodolite No. 2. 

Angle 
between 

XI1 &XIXI 

Circle readings, telescopo being set on S V I  

0'0' 159'59' 79'13' 469'13' 158'25' 338'21' 23Y035' 57'3%' 316°48' 136O47* 

I n H w I I Y I I 

6 5 2 ' 1 2  h j 1 . 1 8  1 5 0 . 5 ~  852.24 h50.20 149.22 h 4 9 - 5 0  h50.00 7r4ge48 h 4 9 ' 7 4  
h49.98 h j 0 . 5 2  h52.70 h50.58 2 50 '00 h 4 9 . 1 6  h 5 1 . 0 6  152 .14  h50.42 hqg.58 
h 5 1 - 7 0  h50 .52  152.96 h50.06 149.80 W ~ I - 3 2  h50.66 h51.28 850.16 1850.98 
h  53'32 h j 0 . 4 0  h50.72 h  52.26 
h  52.82 

312 = Mean of  Groups 
w - Relative Wcigl~t 
C==ConcludedAngle 

M = 5 0 * ' 7 ~  

w = 1% -78 

'- = 0 . 0 8  
w 
C  = 67' 5' 50"'74 

51.99 j0.74 5 1 . 6 j  50.90 5O.M 4 9 - 9 0  5 0 . 1 1  I 50.02 50.10 I 
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i 

At XIV (8ulkia Tha1au)- (Continued). 

- 
1C Mean of h a  
m - %wive ~e&I%tz 
C - concl~aal  Angle 

M =  5oU'21 

= '9 '32 
I 
- = o -05 
w 
C = 77°40'~0nm21 

b % s  
itctwesn 

Circle readings, telescope being set on XVI 

on W 17B06W 7go 13' 259' 18' 168°%' 338.21' 2S10 35' 67O54' 316. a' 156047' 

w m rr rr m 11 rr r )  tr rr 

h48.96 h50-64 550.16 h50m1a 149.84 248.62 149.40 149.56 h50.38 h51-02 
h50.22 150.54 h49.46 h j o . 6 ~  1 5 0 ' ; ~  h51.34 h49.22 h5o.10 h5z-08 h5r.86 
h49-88 149.94 h48.94 h50.04 150'80 h43.30 h50.70 h50'0a h51-ga  h49.98 

h 49-66 

49-69 50'37 49-52 50.26 50'45 49-;3 49'77 49'89 51-46 50'95 

At XV (Mdunga) 
I 

January 1874; observed by Ijieut. J. Hilt, B. E., with Barrow'a 24-inch l'heodolite No. 2. 

Angle 
bstwesn 

XI1 & XI11 

XI11 82 XVII 

Circle readings, telescope being set on XII* 

35g0 66' 179" 55' 79' 12' %9"11' 158O25' 3380 25' 2W034' 67" 34' 316'49' 136"49' 

rr rr II N II II rr A rr II 

hzo-88  h22-66 Z 23-66 h22.02 2 21'62 2 23-70 h ~ 3 - 9 4  Z22*42 h22-  18 h 22-88 
h2rm92  123.34 1 22-58 ha0.68 121.62 123.38 h21.96 2 22-84 h22-30 h 2 1 - 0 2  
hzzega 2 22-52 2 23-00 h21-56  Z 20.24 2 22'06 2 22-42 124.88 hza-.+a ha1.96 

h 20.46 h 21-48 d22.88 
h 22'68 

~ 1 . 9 1  22-25 23-08 21'42 21-16  23-05 22-77 22'86 22-30 42-18 

h 29-16 h29.18 Z 29-06 8 2 8 -  18 2 30.72 Z 29-46 hz9.08 E 28'64 hz8-08 ha8.10 
129.16 Z 27.88 2 27-90 h 2 9 . ; ~  Izg.02 2 29- 14 328.20 12i .68 h29.58 h z 7 . 1 ~  
h26.40 128'72 z27'40 h29' 12 E 29-88 2 29-34 h29-40 2 27-22 h28'5a h30.06 
h 2 8 - a  Z 26'84 128.64 

da9'41 

28-29 28-59 28-12 29'01 29'87 29-31 28-89 27.60 98-73 28-67 

df = M a n  of h a p  
w - Relative Weight 
C = Conclnded Angle 

M =  2 t ~ . 3 0  

W =  
I 

'5 ' 7 0  
- = o -06 
w 
C = 68' 23' 2zn-3:  

M =  28Ym71 

w = 17 -4% 
I - = o -06 
W 

C = 41' 2' 28". 70 

At XVI (Loharan) 

January 1874; observed by Lieut. J. Hill, R.E., zoith Barrozb's 24-inch Theodolite No. 2. 
- 

M = ?dean of Gmnp 
en = Relative Weight 
C = Concluded Angle 

M =  l'''g7 

= 
I 

15 ' 9 0  
- = o -06 
w 
C = 55'56' l"'97 

h 3 l e  
between 

mX&XVIII 

Circle readings, telescope being set on XIX 

0' 0' 180' 0' 7g0 12' $59'12' 16S0 24' 838" 24' 237" 39' 67O58' 316O49' 1360 49' 

11 rr II rr II II II 81 rr . 1' . 
h 2-44 Z 2'76 h 2-89 h 1-38 E 1-26 1 2-08 Z 0'86 h 0-58 h 0'64 Z 2 -16 
h 3-49 1 2 - 0 4  h 4 - 1 6  h 2 - 0 0  1 r.oo h 0'48 2 1-74 h 1'04 1 2 ' o a  h 2-70 
h 2.84 b 2.76 h 2'36 h r.gz h 2-69 h z'oa 1 0 ' 6 6  h 1-48 1 2-28 2 

- 

2.90 2'52 3 - 1 1  1-77 1'63 1-53 ~ ' o g  1-03 1-65 2-43 
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At XVI (Loharan)-(Conthwd).  

3f - Mean of Qmup 
w - Relative Weight 
C - Concluded Angle 

M =  49'"77' 

w = 17 ' 7 0  
1 - = o -06 
w 
C = 6r0 47' 49". 77 

M =  501f.07 

= 3' ' 7 0  
I - = o -03 
w 
C = 5°021'50"'07 

M =  17' '*43 

= 36 .30 
1 - =  0 . 0 3  
W 

C = 6 3 ° 5 0 ' 1 7 ' 1 ' 4 2  

Angle 
between 

XV1ll'XT1l 

XVI1kX1ll 

< 
* 

Circle readings, telescope being set on XIX 

OoO' 180'0' 79'12' 25D0 12' 158'24' 338'24' 23i039' 57'38' 316'49' 136'49' 

N N V I W I V ,I N # 

149.08 h49-06 151.06 hjo.42 250.86 h50.60 249'62 149.68 h51-48  248.78 
7148'48 h 49.98 h48'84 150'24 1 49-24 h 49-56 1 48'38 hg1 '08 1 50'66 1 48-80 
h49.28 149.76 150.52 150.28 149.72 h50.08 149.42 h49.88 249.98 148.60 

R48.66 851.50 

48-95 49-60 49'77 50.61 49'94 53-08 49-14 50.21 56-71 48'73 

150.92 h50.36 1 49-36 h51.24 7 50'12 h48.82 150.68 I49.68 h49.46 149'84 
h55.86 hjo .86 h51.08 h49.88 h4g.02 h50.04 250-36 h49.36 250.16 849.46 
h50.24 hj0 .60 hrg.18 1 j r . o ~  h4g.30 h51.04, 249.96 h+g.r,+ 249.50 lgo.08 

h 50.26 h 49' 76 

50'67 50'61 50'02 50.71 49.48 49-92 50.33 49.43 4 g . i ~  49-79 

817.78 l 1 7 ' 0 0  h17.00 h 17-82 2 17-36 h 1 8 - 1 8  2 16.72 h18'04 l 1 6 ' 9 0  h 18 '18 
h17-72  115.92 h17'r;o h 1 7 - 1 8  h18'4.4 h17:12  1 1 7 - 1 8  h 16'58 118'06 h 17-90 
h15.96 h 16-00 117.42 117.20 h 17-68 h 18-12 117.22 h17.06 2 18-86 h 17-02 

h 18-76 

17-15 16-ga 17-31 1; '4o 17-83 17 '81 17.04 17-23 1:'g4 I ; . ;o  

At XVII (Chamu) 

January 1874; obseroed by Lieut. J. Hill ,  B.E., with Ba~*row's 24-i1tcI~ Tl~eodolite NO. 2. 
a 

M - Menn of ~ r o u  a 
a, = Relative Angle 

Circle readings, telescope being set on XV 
between 

xV 

XIIIaXVI 

002' 18001' 79'7' 259'6' l58a24' 838024' 237O37' 67'37' 3161 47' 136" 47' I C - Coucluded Angle 

n w q n 'I w N T I 

h 4 - 3 4  h 3-92 1 2-68 Ji 5-26 2-78 1 4 - 5 6  1 3 - 9 4  A 4-40 2 2-98 h 1-74 
h 3-86 h 2-76 2 2-84 h 4'56 h 2';8 1 2-84 24.00 h 2.96 1 3'94 h 3-14 
h 3-36 h 4-78 h 2-94 h 3'56 1 4 ' 1 2  2 3 ' 1 8  h 4-66 h 3-78 1 3 ' 6 4  h 3-70 

h 3'36 d 3'47 

3-85 3 - 7 1  2-82 4-46 3'23 3-53 4-20 3 - 7 1  3-51 2-86 

151.96 A52'90 250.88 h52.80 h50.70 1.52'35 15a'za h50m5a 152.82 k50.60 
852-24 h 50.74 151.08 h52-30 W52-68 151'40 1 50'20 h 5 1 - 8 8  2 51'.50 7152.52 
2 j1 .02  h50.42 h51.56 h51.52 251'34 l 52.08 h51.06 h50.36 152.12 h51.36 

h51*24 h51.54 d 5 2 . 1 ~  

51.74 5 1 - 3 3  51-17  52-21 51-58 51-95 51-25 50.92 52.14 51.49 

M =  ~ ' ' ' S Y  

w = 2 5  '40  
I - - 0 '04 
w 
C = 67' 6' 3'"59 

M =  5 I f ' . 5 8  

w = 30 '57  
I - - - o -03 
W 

. C = 66°39'51'"58 
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I 

At XVIII (Pe1u)-( Continued). 

M - Mean of Groups 
w - Relative Weight 
" Conoluded 

M = 31'"42 

W = 4.5 '95 
I - - - 0 '02 

W 

C = 66' 30' 31"-41 

M=++'"94 

= , 3 1  -62 
I - - - o -03 
w 
C = 62°508++'"~5 

M = w''-46 

w = 1 0  s4% 

' - - - 0 ' 1 0  
w 
C = 6 2 ° 5 ~ 1 4 4 " ' 4 6  

Circle readings, telescope being set on X X I  
Angle 

between 
369" 69' 179°tj9' , 79' 11' 259' 11' 168' 20' 3380 19' 237 37' 5 7  36' 816" 47' 136°47' 

XV1l'XV1 

XVI&=X 

XXI 

131.78 h31-12 130.80 230.84 13z 'zo  h3r.24 132-08 130'18 232'30 130.08 
h31-86 h31-08  131-92 h31-40  h31-34 h.31-50 132'26 131'18 231'62 151.36 
h31.00 1.31.86 132.02 h31.40 131 '76 h31.08 131.04 1 j z . z ~  131.86 130.90 

l30.10 

31-55 31.35 31'58 31'21 31-77 31'27 31-79 30'92 31'93 30'78 

1.+4'6.+ h45-70 145.20 144 ' jo  h45.18 h45.68 144.28 145.60 143'46 144.82 
h44.60 A44.38 1 4 5 ' i 4  h45.16 h44.42 h45.58 244.24 146'64 144.76 144'20 
h.15'12 145.60 143.76 h44.76 h + + ' ; 4  f~43.82 14j .52 145'52 244'53 245'10 

1 46-24 

44-79 4-5-48 44.90 44-87 44.78 45-03 44.68 45-92 44.25 44.71 

142.56 h43-42 245.22 143'12 143'90 h44.16 144.40 146'00 h43.72 145'96 
14.&';4 h44.26 144.94 143'96 -145 '00 h43.48 144.32 144'88 l44 .68  146'76 
h42.84 1 .++'26 144.42 142.56 h4.l. 74 h 44.34 1 45.50 1 45.74 1 44-56 1 45-78 

4 2 . ~ 4  

43.27 $3.98 44'86 43-21 44.55 43'99 44'74 45'54 44-32 46-17 

At X I X  (Daichu) 

January 1874; observed by Lieut. J.  Hill, B.E., with Barrow's 24-inch Theodolite No. 2 .  

Angle 
between 

X X I L X V I I I  

XVILI & XVI  

, 

Circle readings, telescope being set on XXI 

0'0' 180" 0' 79' 14' 269' 14' 1680 25' 838°26' 23784' 57" 34' 316O 40' l W 9 '  

)I 11 I1 11 I1 11 11 I1 I ,  11 

h44.10 h15.44 h4.3'54 244.24 z4.5'12 144'40 14.3'28 145'52 h44.78 143'36 
144.26 h+j.ro 145.48 144.06 1 ;  143.98 z44.40 143.86 h41.94 h44.98 
A45.74 h-15-4.1 2.14'78 144'90 143.60 144.14 144'42 1-15-34 h44.34 h44.12 

M = Mean of Grol~pa 
w = Relative Wcigl~t  
" Collcluded *llgle 

M = 44"-51 

= 3 7  .oo 
- 

i w  
- o '03 

44'70 45-33 44-60 44.40 44-48 44 ' I i  44-03 44-91 44-35 44.15 C=63O 2'44*'51 

h 1 4 . ~ 2  h 12.62 h ~ ~ ' 9 2  1 14'56 1 13'44 1 14-84 1 14.06 1 12-54 h 14-18 h 13-34 
h14.48 h ~ 2 ' 9 8  1 14'12 1 13'32 1 12-84 1 14'62 I 13-24 1 12'94 h 14.44 h 1.1'7+ 
h13.80 h ~ z - 9 0  2 13-80 113.48 l13 'y6  1 r5.24 l13.68 113.36 hrq.50 h 1 3 - 1 8  

14-17 12-83 14-28 1.3'79 13-41 14.90 13-66 12'95 14-37 13-42 

M = 13". 78 

= 21  '3' 
1 - - - 0 ' 0 5  
W 

C = 6,' 13"-78 
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At XX (Sorau) 

Februay 1874; observed by Lieat. J. Hill ,  R. Z., with Bqrrow's 24-inch Theodolite No. 2. 

M - Menn of QPCIU~S 
w = Rrl~ttire Weight 
C - Concluded Angle 

M = 26".48 

w =  14 .OH 
- - - o - 0 7  
W 

C = 5 9 O 4 5 ' 2 6 " ' 4 8  

M =  7'''65 
= .20 

I - - - o - 0 7  
W 

C = 6j034' 7.-65 

Angle 
between 

XVII & 
SVIII 

XvIII & 
XXII 

Circle readings, telescope being set on SVII 

234'42' 64'41' 318'54' 13S053' 33'3' 21S03' 112" 16' 292' 16' 191°3Cf 11'30' 

# 4 n w 4 n w w # w 

h z j - 0 4  h 2 7 . 4 4  h25 .62  1 2 5 ' 5 2  2 2 7 - j z  127 .64  125 .78  l 2 6 ' 1 2  125 .60  h 2 7 . 8 2  
h26.38 h  25 '54 h  26 -72  2 25-48 h27.20 1  2 4 - 9 4  1  25 -16  126.08 126 .84  h28 .84  
1 2 7 ' 4 6  h25.52 h z 6 - 7 4  125 .98  h26 .06  127 .56  1 2 7 - r a  1 2 5 ' 8 6  2 2 5 . 7 4  828 .02  
h27 .98  126 .46  

26-72  2 6 - 1 7  26-36 25-66 26.93 26-65 26-02 26.02 26.06 28.23 

h  7 - 2 0  h  6 - 2 0  h  8 - 8 2  2 9 ' 1 2  1  8 - 7 6  1  6 . 7 0  1  7 .98  1  8 - 4 0  1 7.76 h  8 - 1 4  
1, 7 .42  h  5.86 h  8 - 8 2  1  8.36 h  7-00 1  7 - 1 2  1 6 .58  : 7 .74  1  7.28 h  6.88 
1 8 - 5 8  h  6.92 h  9.22 2 8 - 2 8  h  7 .36 1 7 - 6 8  1  7 -06  1  8 - 3 0  C 6 ' 8 4  h  7 - 1 0  

/ 7 ' 7 3  6 .33 8 - 9 5  8 - 1 9  7 - 7 1  1 - 1 7  7 - 2 1  8 - 1 5  7 - 2 9  7.37 

At XXI (Jalora) 

February 1874; observed by Lieut. J. Hill, R. E., with Barroto's 24-imh Theodolite No. 2. 

A n ~ l e  
between 

XXI V 
XXT1l& 

XXIV & 
XXII 

XSTI & 
SVIII 

XVTIT& 
XIX 

Circle redings, telescope being set on XXIII 

Ia!P 14' 312'14' 211'27' 31'46' 290'39' 110'40' 9°60' 189'60' 8P0' 269'0' 

iK - Blran of Groups 
m - Relative Weight 
C - Concluded Angle 

n Y n n n n n n n 

h 4 7 - 3 8  h 4 7 . 3 4  h48 .48  h q 9 - o o  148.52 848 .78  1 4 7 . 7 4  h48 .26  h 4 6 . 2 0  h46 .18  
" i = 47''97 h 4 7 - 6 6  147.36 h 4 8 - 6 2  h 4 8 - 1 0  148 .38  h48 .62  147 .92  2 48-86  h 4 7 . 9 4  147 .86  

h 4 8 ' 4 0  147 .82  h 4 7 . 6 8  1 4 8 ' 8 8  1 4 7 ' 1 6  848 .38  h48 .90  2 4 8 - 5 8  h 4 6 . 6 0  h 4 7 - 5 8  

47-81  47-51  48-26  48.66 4 8 - 0 2  4 8 - 5 9  48-19  48-57  46-91  47-21  

h10 .24  h  9 -30  h  9.06 h 1 0 . 6 4  1  8.68 h  8.36 h 11.oo h  9.62 h  10.38 h  10.82 
h  10 '16 C 9.80 h  8 - 6 0  h 1 0 - 9 2  1  9 -08  h 9 ' 4 8  h  8.96 1  8 ' 7 6  h  1 0 . 2 0  Ii 10.54 
h  9 -80  l 1 1 . 2 6  h ~ o - 8 4  I ro.ro 1 9.38 h  9 - 9 4  h 9.06 2 9 - 3 0  h  9 - 3 8  h  9 - 2 4  

h  9 ' Y z  1  10.06 d  9 - 6 1  

10.07 ro .12 9.61 10'55 9 - 0 5  9 - 2 6  9 - 7 7  9 - 2 3  9 ' 8 9  1 0 ' 2 0  

h45 .48  h45.72 h 4 7 . 0 0  h 4 6 . 8 4  1 4 6 ' 2 4  h 4 j . 7 8  h 4 5 . 2 8  h . + j ' 9 0  1 4 6 . 5 8  h 4 6 . 6 0  
h 4 6 - 5 4  1  4 j .98  h 4 5 * z z  h 4 6 . 1 2  146 .18  h 4 4 . 1 6  h 4 6 . 1 6  1 4 5 ' 4 2  h45 .38  h45.96 
h45 .48  146 '00 1 4 5 . 4 4  145.50 1 4 5 ' 7 8  h 4 5 - 6 6  ~~~~~72 2 4 5 - 1 0  h  46 '54  h 4 5 - 1 8  

d 45-68  d45 .79  
- 

45'83 45 '85  45.89 46 '15  46-07  45.20 4 6 - 0 5  45 '47 4 6 - 0 7  4 5 - 9 1  

h31.66 h 3 2 . 1 0  8 3 2 . 5 4  h29 .80  I 30.82 h 3 0 . 7 8  h 3 1 . 3 6  h 3 2 - 0 8  232 .10  h32 .88  
h 3 1 . 5 2  1 3 2 . 1 8  h 3 3 - 5 8  h 3 0 - 2 4  1 3 2 ' 1 0  h 3 1 - 7 0  h 3 3 - 0 4  1 3 2 ' 8 6  h 3 ~ ' ~ 8  h 3 2 - 6 0  
h 3 1 - 3 8  2 3 1 ' 9 0  h 3 2 - 6 0  h30.18 232 .52  h32 .08  h 3 1 . 2 4  1 3 3 ' 3 0  h33.06 h 3 1 . 4 4  

d 3 1 . 8 4  1  31 -72  1 3 1 . 4 2  h 3 1 - 2 8  

31-52  3 2 - 0 1  32-91  30.48 3 1 - 8 1  31 '52 3 1 - 8 8  32-75  32-27  32.05 

w = 22  -20  
I - =  0 . 0 5  
w 
C = 4 9 0 1 5 1 4 7 4 * 9 i  

M =  9"' 7 7  

w = 28 -75 
I - - - o -03 
W 

(; = 49040' 9"-77 

M =  45'"85 

to = 57 '00 
I - - - 0 ' 0 2  
w 
~ = : 4 O 4 ~ ' 4 5 " - 8 5  

M =  31'"92 

U) = , 17 '30 
- - - o -06 
W 
C = , 5 4 O  j831' ' -92 



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 31 

At XXII (LohBwat) 

February 1874; observed i5y Xieut. J. Hill ,  R.E., with Barrow'e 24-&nch Theodolite No. 2. 

df Mean of Qroupm 
w - Ralatice Weight 
C E. Concluded Angle 

M =  1 6 ~ ~ 6 4  

= 3 2  
1 
- - - o -03 
W 
C = 57' 3' 16"-64 

M =  30'''01 

w = 15 .60 
I - -=  0 . 0 6  
W 
C =56°13'30"-01 

M= 49n.28  

w = I 3  ' 2 5  
I - =  0 ' 0 8  
W 

C = 3 7 O 2 5 ' 4 9 " ' 2 8  

M =  35"'94 

w = 1 7  '20  
I - = 0 . 0 6  
W 

C=33'~0 '35 ' ' ' ( )~  

Angle 
between 

XX & xVIII 

XVIII & XXI 

XXI XXIII 

XxTII A 

Circle rendings, teleecope being set on XX 

0' 1' 180' 1' 7g0 13' 469' 13' 15S027' 338'97' 23i036' 67'36' 316'45' 136'46' 

w n rt  rr n II II n I f  I 1  

h 17-04 h 15.86 2 17-32 116.46 h 17.04 l  16-18  l  17-68  h 15 -04  h r7.26 1 17-14 
h 15.14 1 I;'.?+ 1 15'78 h 17.94 h 16-30 l 16-58  1 17.66 h 16 -24  1 15-62  1 16-76  
h 17.92 1 16'26 1 16'90 h 16-52 h 1y.64 1 16'34 2 16-04 h 16-26 1 16-28 1 17-64 
h 16'36 h 17-62  

16-62  16-49 16-73 16-97 16-65 16-37 17'13 15-85 16.39 17.18 

h 29.60 1 29'44 i 32 .10  2 30'48 h 28.76 130 '64  128'52 h 29-36 230'30 129'78 
h 30.34 i 30'64 2 -3 1 - 4 2  h 30'06 h 29-78 130.32 1 28-82 h 29.54 130.88 1 28-88 
h z y - 7 4  229.46 230.78 830.46 h30 -34  130  60 228.94 h30-58  130 '86  128.96 

29-99 29-83 31 -43  30'33 29'63 30.52 28 -76 '  29'83 30'68 29-21  

h50.00 149'.30 147.74 149 '86  h48.50 150.00 150 '46  h49-32  h49.14 2 47 -84  
1150.46 1 48'78 148.68 h48.56 h 47-36 150 '64  149.66 h48.82 2 49-44  1 49' 10 

h49.34 249.34 148.96 h+8'oo h.+9-42 150 '52  1 5 1 ' 4 8  h50-30  249 '40  148 '44  
h 47' 7 2  

49.93 49 -14  48-16 48'81 48-25 50.39 5a.53 49'48 49.33 48'46 

h35.82 136 '04  135.98 134.80 h35.78 13j .56  2 35-72  h ~ 5 . 5 4  137.08 l j 7 - 1 0  
hg6.08 135 '56  137.42 h34.32 h35 -62  134.86 234 '88  h.36-24 836.66 138 '28  
h34.84 136.18 135.50 135.92 137.50 135.38 l 35 .72  h35.22 136.12 136.32 

35-58 35.93 36-30 35.O' J 6 ' J 0  35'27 35'44 3 j a 6 7  36'62 37'23 

At XXIII (Ekka) 

Fehudly  1874; observed by Liez6t. J. Dil l ,  R.E., roith Barrow's 24-inch Theodolite No. 2. 

Angle 
between 

XXVJt  
XXVI 

Circle ~meadings, telescope being set on XXV 

O0 1' 180' (Y 70" 13' 25Q013' 158°0,8' 338' 23' 237O 36' 67'35' 31649' 136" 48' 

rr rr 11 I) r I  11 11 II 11 rr 

h56.74 h58.08 2 55-62 h56 -82  h56 -36  h57.60 158 '  10  2 56-26  1.58'70 l g j . 8 4  
h j 6 . 9 8  h j7 .86  156.52 h57.68 h57.34 h57.04 156 .32  h5.5'48 h57.70 h57.20 
157.08 157.04 157.42 h j 6 . 9 6  156.38 156.52 156.40 h j 6 - 9 4  155.56 155.42 

h59.02 h 55 ' 6 4  
h p - 3 6  h56 .  38 

56'93 57'66 56-39  57-15 56-69  57'05 56'94 56-23 56-80 56-15  

iif = Mean of Ornupa 
ur = llelative \Velght 
C - Concluded Angle 

M =  56lj.86 

w = 2 5  - 7 8  
I - - - o '04 
w 
C = 36'46' 56"-86 
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- -  - -  - .- 

At XXIII (Ekka)- ( Colztiw~ed). 

M - M ~ I I  of Qrounr 
co - Relntire Weight 
C - Concluded Angle 

M =  15~).31 

w = 
1 

9 '83 
- - - 0 ' 1 0  
W 

C = 38' 24 '15" '32  

M = 3 n . 6 7  

w = 1 4  -06 
I -  - - o so7 

W 

C = 35'22' 3"-67 

M =  14'f*00 

w = 2 2  -64 
I - - - o -04 
W 

C = 43'38' IJ".OO 

Angle 
between 

XXVISXXIT 

XXIV&XXII 

XX1l kXX1 

Circle readings, telescope beiug set on XXV 

o" 1' l8o"O' 7p 18' 259' 18' 158'23' S38°J3' 237' 36' 670 35' 816'49' 136'48' 

I 1  11 I f  I 1  I f  11 I 1  I1  I1  11 

h 1 7 . 4 4  h 1 3 . 3 6  2 1 6 . 9 4  h14 .80  h 1 4 . 7 8  h 15 -56  Z 1 5 - 0 0  116 .46  h13 .02  h 1 5 - 8 2  
h  1 6 ' 2 2  h 1 4 . m  1 1 6 - 8 4  h 14-74  h  13-56 h 16-46  1  1 6 ' 8 8  h 15.64 h 1 5 . m  h 1 6 ' m  
h 1 5 - 3 4  h 1 4 - 9 8  ) I S - 1 8  h 1 4 . 9 2  h 1 4 . 2 4  h 1 6 - 5 6  2 16-02 h15 .86  h14.66 h 1 5 - 3 4  
h  17 -10  h  13.82 

h  13.80 

16 .53  r 4 ' r 1  1 5 - 3 2  1 4 - 8 2  1 4 - 1 9  1 6 - 1 9  15-97  1 5 - 9 9  14-23  15-72  

h 2 - 3 4  h  4 - 7 8  1 4 - 9 4  h  5.18 h  3.22 h  3 -02  1 4.22 1 2.54 R 3.38 h  3 - 3 6  
h  4 - 9 2  h  4 - 9 4  1  5'04 h  4 - 2 6  A 4 - 1 8  h  2.36 2 3 '04 1 3 '30 h 4 ' 3 4  h 3 - 5 2  
h  3 ' 9 4  h  4 - 6 4  h  3 - 7 0  h  5-06 h 4 - 1 0  h  2 - 4 0  1 2'76 h  3 - 0 4  h 3 ' 5 4  h 2 - 1 8  
h 2 - 1 4  h 4 - 4 0  

h 3 '22  

3 '34  4 '79  4 - 2 6  4 ' 8 3  3 '83  2 - 5 9  3 ' 3 4  2 -96  3 '75  3.02 

h  1 4 - 1 8  k  1 3 - 5 8  1 1 2 . 7 6  h  13 -34  h 1 4 . 6 4  h 14.18 2 13.90 1  1 4 ' 8 4  h  15.64 h12 .88  
h  1 2 - 4 8  h  1 3 - 4 4  h  13 -88  h  1 4 - 5 8  h  13.48 h  15.30 2 12.78 I 13.84 h 1 4 - 9 4  h13.22 
h  15 -22  h 1 3 - 1 8  h  14 .54  h14.04 h  13-92 h  14.80 I! 1 2 - 7 6  h  13 -62  h 1 3 - 9 8  h 1 4 - 4 2  
h  1 4 - 9 0  It 14.98 

14.20 13'40 14.04 13-99  14-01 14-76 1 3 - 1 5  1 4 - 1 0  14.85 13-51  

At XXIV (Omlo) 

Februay  1874 ; ob8emed by Lieut. J. BiH, R.E., with Barroto'e 24-inch Theodolite No. 2. ' 

Angle 
between 

XXII XXI 

&XXIII 

Circle readings, telescope being set on XXII 

001' 180°1' 79" 13' 259" 18' 16e" 26' S8s0 26' 287" 34' 670 84' 8160 48' 186048' 

I1  11 I1 I 1  I1 I f  If 11 I 1  11 

125.02 h26.06 7126.32 2 26'20 h  26-30 h25 .62  1 2 4 ' 7 8  h z g - 3 2  h26 .00  h25 .52  
h 2 5 - 6 8  h  25 -32  h  26-62 1  2 4 - 9 4  71 25-62  h 2 6 . 4 8  2 25-16 h  25-96 h 24.30 1  25 '60  
2 2 6 - 8 4  h  26 -14  h24 .50  1125-70 h 2 6 - 4 0  2 24.88 1 2 5 ' 9 6  824.80 h24 .98  126.08 

h  25 '64 125 .64  

25'85 25'84 25-77  25.61 2 6 - 1 1  25.66 25-30  25 '36 25-23  2 5 - 7 3  

" 4 - g o  h 5 4 - 9 4  h 5 4 - 8 4  156 .22  1 5 5 - 3 4  h  55 -58  1 5 5 ' 5 8  h  5 5 - 3 0  h 5 6 - 3 0  h  56-00 
h  55 '32 R55.44 h  53 '50  2 54-06 lr 55-26 h  56 '54 1 5 5 . 6 8  h 55 -50  h56 .52  h 55'82 
1 56.22 h 5 4 - 7 6  h  54.48 h54.98 h 5 5 - 9 0  1  55'86 1  54 '78 h 54-52  h  54-76 h54.00 
d 5 4 - 6 6  d 5 3 . 5 3  h  54 '16 

55 '28 55.05 5 4 - 0 9  54 '85 5 5 - 5 0  5 5 - 9 9  55-35 55-11  55.86 55'27 

M - Mesn of Groups 
w - Relstive Weight 
C - Coticluded Angle 

M =  25" '65  

w = 54 '3' 
1 -  - - 0 ' 0 2  
a0 

C = 

M =  5 5 " - 2 4  

= 25 
I - - - o '04 
W 

C = j 1 ° 4 3 '  55"'23 

- 
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At XXIV (Omlo)-( Continued). 

M - Meall of Groups 
w - Relnti~e Weight 
C - Concl~tded Angle 

M = 53"-99 

= 13 .06 
I - - - 0 . 0 8  

Angle 
between 

XXIII & 
XYV 

Circle readinge, telescope being set on XXII 

0" 1' 180' 1' 79O IS' 259" 13' 16e0 26' 33S0 26' fSiO 34' 57'33' 818048' 136' 48' 

II 11 I( n I I 10 11 II 11 11 

h  55'22 h 5 4 - 2 0  h 5 4 - 9 6  t 5 4 - 3 0  h 5 3 - 5 8  52-88  2 53.82 h 5 2 - 9 8  h 5 5 - 5 8  I s 3 - 0 8  
h  55.40 h  54 -62  h 54.82 1 52 -94  h  53 -12  h  53 '14  153 .30  R 54-56  h 54 '20  2 53 '48  
2 54 '92 h 54-16  h  55 -44  153.26 h  52 '98 1 52.34 1 5 4 ' 7 8  h 54-42  h  55‘64 1 5 2 . 8 0  
d54.36 d 54'33 

XSV & 
XXVI 

54'98 54 '33 54 '89 53 '50  53 '23 52 '79 53'97 53 '99  55 '14 53.12 i a = 221,v'99 

h r o - 4 6  h  8 - 8 6  h  7 - 3 2  1  8 .24  h  9.20 h  9 - 4 0  110 .46  h  7 - 7 4  h 1 0 . 5 4  h 8 ' 1 8  
h  9 - 9 8  L 8 .70  h  10 '18 I 9.04 h  9 .78 1t10.20 2 9 -90  h  9 - 9 6  h  10 '48 1 7 - 4 6  
h  7 . 7 4  h 8 - 9 8  h  9 - 6 0  1  8 .12 h  9.68 1 8 - 2 6  1  8 - 3 2  h  9 - 5 6  h  8 - 8 2  1  7 '86  
1 7 ' 7 8  h 9 - 5 8  h 9 ' 5 4  

8.99 8 - 8 5  9 - 1 7  8.47 9.55 9 - 2 9  9 - 5 6  9 - 2 0  9 '95 7 - 8 3  

At XXV (Rhirwa) 

Narch 1874 ; observed by Lieut. J .  Hill, R.E., with Barrow's 24-inch Theodolite No. 2 .  

M = 9"-og 

= I 7  ' 7 7  
I 
- = o -06 
w 
C = 4 7 ° 2 ' g " ' 0 9  

M = Meun of Groups 
w - &Intire Weight 
C - Co~~cluded Al~gle 

M =  10"'16 . 

w = 1 2  -37 
- - - o -08 

W 

C = 5 9 ° 4 7 ' 1 0 " ' 1 5  

M =  5 2 " ' 0 ~  

w = 17 ' 2 0  
I - - - o -06 
W 

~ = 6 ~ o ~ ~ ~ ~ ~ ~ 1 . ~ ~  

M =  2511.~1[  

w = 2 7  - 4 1  
I - - - 0 -04 
W 

c = ~ 4 ~ 2 ~ ' 2 5 " ' ~  

Angle 
between 

XXPIII & 
XXVII 

XXV1l ' 

XXVI & 
XXIV 

Circle readings, telescope being set on XXVIII 

234°19' 54' 18' S13°S2' 133'32' 32043' 212'45' 111°56' 291°56' 191°9' 11°9' 

w n n n I n n I I rn 

h  9 - 9 0  2 8 - 2 0  ?I 10.66 h  10.06 h  10.98 h10.28 I r o . 0 4  1 10.30 h  1 2 - 4 6  h 1 1 . o ~  

h  9 - 3 8  h  10'38 11 8.90 h  9.22 h  10.46 h 9 - 4 2  H 8.58 h 1 1 - 0 8  h  11 '26 h 1 1 - 3 6  
1 9 .52  h  9.22 h 1 0 ' 2 a  Ir 11.2a h I Q - ~ O  h r o - 8 0  1 9 '42  h  9 -20  h r o . 6 0  h 1 1 . 4 2  

h  7 ' 6 0  

9.60 8.85 9 - 9 3  10.17 10.61 10.17 9 - 3 5  10.19 1 1 - 4 4  1 1 - 2 7  

h s o s 6 2  h52 .68  h53 .22  h 5 1 - 1 6  h52.08 h52.26 A j0.98 1 5 1 ' 5 6  h 5 1 . 7 8  152 .56  
h51 .04  h52 .20  h j 1 . 9 4  h51.50 1 5 z . o ~  1 5 2 . 7 8  151 .06  h g z . g o  h51 .80  h51 .34  
h 5 1 - 3 8  153.20 1 5 1 . 8 4  1 5 1 . 9 2  h53.26 h52.70 1 4 g n g 4  h 5 3 . 2 2  h51 .48  152 .88  

51'01 52.69 52-33  51 '86  52 '45 52-58  50'66 52'56 51-69  52'26 

h 2 6 - 0 6  225.68 124 .32  124 .16  h23.36 h 2 6 - 3 4  1 2 4 . 1 0  124 .92  h z 5 - 3 6  k z s - 5 2  
1 2 4 . 8 0  h24.44 h25.88 h 2 3 . 9 4  h25 .62  h 2 4 . 1 ~  h z g - z o  h z 3 - 8 0  W 25.80 h27.06 
A 2 5 - 7 0  k 2 4 - 9 4  h 2 5 - 9 8  h 2 5 - 2 4  h24 .52  hz5.00 1 2 5 ' 8 2  h 2 5 - 0 8  h  23 '62 h z 5 - 2 8  

h25 .88  h z g . 1 2  1 2 5 ' 9 6  

25-52 2 5 . 0 ~  25 '39  24'45 24'85 25-14  25-04  24.60 25-19  25'95 
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NOT&-B.M. denokra Referring Msrk. 

At X X V  (Khirwa)-(Continued). 

iK - Mean of Oroupr 
w - Itelatirn Weight 
C - Coticluded Angle 

M =  54"'7a 

to = 
1 

29 '34 
- - - o -03 
W 

C = 40°25'54".72 

Angle 
between 

XXIV & 
XXIII 

Circle readings, telescope being set ou XSVIII  
234' 19' 64' 18' SlSO 38' 133'33' 32'43' 213' 43' 111'56' 291' 66' 10l0W l la  9' 

11 11 I# v v w v v I v 

153.96 1 53.84 h55.82 h54.32 h  53'64 h 5 5 - o o  h54.86 1 55'72 h  55-70 h  5 5 - 1 4  
h  53.72 h  53'80 h  54-80 h  ~ 5 . 5 ~  h  56'10 h  55'62 h  53.30 h  54-80 h  54-36 h  54.62 
h 5 4 - 2 8  h54.96 1154.06 h53.88 653.54 h54 .80  h54 .84  h55.48 155.80 h53.94 

h 5 j m 6 6  154.82 

53'99 54'2C 54'89 54'58 54'74 55-14 54'45 55'33 55'29 54'57 

At X X V I  (Jambo) 

Febmary and March 1874; obserued by Lieut. J. Hill, B.E., with Barrow's 24-i1tch Theodolite No. 2. 

M - Blean of Oroupa 
w P. Relntlve Wetyht 
C - Concl~tded Angle 

M = 4zf"39 

w = 1 2 . 7 0  

- - - o -08 
W 

C = 3 0 ° 1 0 ' 4 2 " ' 3 ~  

M =  44"'05 

w = 17 - 2 0  
I - = o -06 
W 

C = 48°25 '44"-05  

M =  2gv'43 

w = I j  ' 2 8  
1 - - - o -07 
w 
C = 61Oq0'28''-44 

M =  9"-66 

w = 26 ~ 9 3  
1 - - - o -04 
W 

C = 3'19' 9*-66 

Anple 
between 

XXIV' 
-I1 

XX1ll' 
XXV 

z;g 

5V11& 
B. M. 

* 

- 
Circle readings, tele~coye being set on XXIV 

0'0' 17S06W 79' 11' 459' 11' 168" 26' 398"26' 237'3R' 67' 38' 316'47' 136'47 

11 I1 I1 11 11 I1 I' 11 11 I1 

h 4 2 - 6 2  h 4 a - 6 4  140.34 h42-20  140.74 h43.38 h43.68 h 4 3 - 6 2  h42.46 L41.86 
h'43-68 h40.50 h41.30 hq2 .10  h 4 1 - 8 6  h43.34 h44.02 l 1 4 2 . 1 4  h42.92 h42.88 
h4r.20 h42.70 h 4 1 . 6 0  h42.98 h4r .54  143 .58  143.04 h 4 z . 1 4  142.70 h40.94 

42.83 41.95 41-08 42-43 4 1 - 3 8  43.43 43.58 42.63 42.69 41-89  

1 4 3 ' 8 4  h 4 5 - 2 2  843.88 h  44.06 h44.26 h44.38 h42.28 h42.96 h43.90 h  43-76 
h44.16 0 4 1 . 1 4  h45.22 143.38 h 4 4 . 1 4  h45 .70  h42.46 143.42 h43.22 143 .28  
h43-66  h 4 3 . 1 ~  h45.52 h 4 4 - 6 0  144.74 h45.72 h43.86 143.72 h 4 4 - 2 8  h 4 4 - 6 4  

43'89 44'16 44'87 44-01 44'38 45-27 42.87 43'37 43-80 43'89 

s 

h27.42 h30-36 R29.52 h28.34 227.56 228.84 h27.34 h29.34 h29.54 h27.14 
h  29-12 R 28-04 h  29.62 h z g - z q  2 28-08 I zg.ra L  28-56 h 26.82 h  29.16 1 27-86 
127.18 h 29-66 h27.48 h z 7 . 9 4  l r 8 - 2 2  117.88 h r 6 . 6 2  h30.04 h  28.50 127.58 
d 29-29 h30.64 h  27-72 1 26.90 
d 28.67 d 19-45 

28-34 q . 6 8  28-'58 28.51 27.95 28.61 27-51 28-51 29-07 27'53 

h 9 . 7 8  h1o.70 h  9.32 h  9.66 2 9.70 1 9-20 1110.46 h 9 - 2 4  h 9 - 8 4  1 9-80 
h  8.90 h  9.22 h  10'28 h  9-52  1 9-20  1  9-46  h  9.88 h  10'62 h  9-46 1 1 0 . 1 4  
h  8 - 5 4  h  9-02  h 1 o . g ~  h 9 . 0 6  1 8 - 5 4  1 9 - 1 6  h 1 1 . 7 4  h  9.26 1 8 . 1 6  2 8 . 4 0  
d 10'45 d 10'88 
d 9 - 8 3  

9 - 5 0  9 '65 10'17 9.41 9 - 1 5  9'47 10'69 10'00 9'15 9'45 



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 

At XXVI (Jambo)-( Continued). 

Angle 
between 

R.M. & 
XXIX 

Circle readings, telescope being set on XXIV 

OD 0' 179'69' 79O11' 259' 11' 158'26' 838926' 237 38' 67'38' 816' 47' 186'47' 

If If I f  f l  I f  I1 If 11 I1 If 

h x o - 0 4  h  9.48 h 1 o . 1 8  h  9-20  2 1 1 - 1 8  1 9 - 1 4  h  8-70 h  9-60 h10 .64  1 8-72  
h  9 - 7 4  h10 .74  h  8 - 6 8  hx0.08 2 1 1 - 1 0  1  9 - 1 0  ~~~~56 h 1 o . 1 4  h  8'84 h ~ o - 4 4  
~ I I - 9 4  1 1 1 1 - 1 2  h  8 - 7 8  h 1 0 - 2 8  1 1 1 ' 3 0  1  8 '92 h11-oo  h  8.26 h  9'82 h  9.20 

I 8 '76 h  1 0 - 1 6  

10.57 10.45 9 - 2 1  9-85  10.59 9-05 10'10 9'33 9 '77 9'45 

Af = Mean of &ups 
cc = Relative Weight 
' 

M =  9"'84 

w = 19 ' 2 8  
I - - - o -05 
w 
C' = 49' 17' 9#.85 

At X X V I I  (Sirad) 

March 1874 ; observed by Lieut. J. Hill,  R.E., with Barrow's 24-inch ~ h e o d o l i t e ' ~ ~ .  2. 

Angle 
between 

XXIX & 
XYITI 

'"I ' 
XXV 

- 
XXV t 
XXVIII 

XXVIII& 
X X X  

- 

Circle readi~~gs,  telescope being set on XXIX 

OoO' 180°0' 7g0 13' 259" 13' 168"26' 338'26' 237°37' 67'37' 816'47' 136'47' 

11 11 I I  11 II II II rr 11 If 

h54.84 155 '68  t 53'84 h55-40  h 5 5 - 3 2  154.30 h 5 3 - 7 4  h  55.02 h53.80 h53.90 
h54.46 h54 .16  h54 '70  h55.66 h 5 5 - 5 8  h 5 3 - 9 6  h53.40 h  54'76 h55-08  2 56-14 
h55.22 h 5 3 ' j 8  h g j . 1 2  h55-20  h54.14 155.70 h 5 4 ' 1 0  ir53'54 h 5 4 ' 1 0  153'96 

h 5 3 . p  i156.70 1 j3.86 

54'84 54'33 55'09 55'42 55-01 54'65 53'75 54'44 54'33 54'47 

h 4 1 - 4 4  h 3 9 - 3 4  141.30 h39-42  h q r - 3 6  I 41-26  h 4 1 - 8 4  Ado-go  140 .18  h40.02 
h41.58 139.72 h39.62 h40.36 h j g . 4 8  h40.50 ~ 4 0 . 4 6  h40.46 h40.56 l 40'16 
1140-10 h 4 1 . 1 6  840.16 h 3 g - 1 8  hqo-04  841.46 h4o*o2  h 4 1 - 3 2  h40-04 140.24 

4 1 - 0 4  40.07 40.36 39-65 40'29 41.07 40.77 40.89 40.26 40.14 

h26.52 h26.82 127.96 h27.30 h26.44 127'46 h z 6 - 5 8  h26.96 h28.20 127.60 
h26.76 125.98 825 '74  h25.62 h  28-08 h  27-52 h27.66 h28 .10  h26.96 128'22 
127.44 h 2 8 - 1 2  h z q - g o  h26 .14  h z 7 - 7 8  h26.26 h z 8 - 2 0  h z 7 - 2 4  h26.84 127.26 

h25.18 h z q - 7 4  1 2 7 - 1 6  
h z 6 - 5 8  

26'91 26'53 25'98 26'35 27-43 27-08 27-48 27-43 27-33 27'56 

h41.88 hqo.12 139.84 h40-84  h40.60 1 41-oo  h41.26 139.48 h  41.02 140-00  
h40.38 h39.42 h40.84 h40.76 h39.82 h41 .44  1440.48 h39.60 hq1 .20  140.48 
h 4 1 - 4 0  h40.82 h42-00  h39-86  h40-24  h 4 1 . 1 8  h 4 1 - l o  841 .54  h40.40 139'76 

h40.06 h41 .68  h  q z ' z a  

4 1 - 2 3  40.11 41'09 40.49 40.22 4 1 - 2 1  40.95 40.71 40-87 40.08 

M - Mean of G ~ ~ I I ~ V J  

w = Relative We~ght 
C = Cwlcluded Angle 

M =  ~ 4 . ~ 6 3  

w = 2 5  -84 
1 - - - o -04 
W I 

C = 63' 28' 54'.63 

= 40"'45 

w = 29 '40 
1 - - - 0 'C3 
w 
c =  52025140tt.45 

M =  2711'01 

w = 2 0  - 8 2  
1 - = o -05 
W 

C = 66' 37' 26"' 99 

M = 40n.b9 

w = 31 ' 2 0  
I - - - o -03 
W 

C = 53'19'40n.69 





PRINCIPAL TRI-ISGCLATIOS. OBSERTED ASGLES. 3 7 

At X X I X  (Bintli)- ( Colztinued). 

M - Mean of Groups 
w = Relntive Wclgllt 
C -- Concluded Angle 

M =  26"'24 

w = 16 -18 

- I - - o -06 
w 
C = 6.1' 49' 26"- 23 

Angle 
between 

XXVII & 
XXXT 

Circle readings, telescope being set on XXVI 

00 1' 180'1' 79" 14' 250" 14' 158'24' 838" 24' 237'36' 57035' 316"611 136"50' 

11 I 1  I 1  11 I 1  I 1  I 1  11 I1 11 

Aa7.zo 826.88 226.24 225.78 h  27.84 h  25.82 825.78 h  24-52 h24.60 8  26-04 
h z 7 ' z a  2 25'84 1 2 7 ' 1 6  226 '48  h28 .64  h z 6 - 7 0  h z 7 - 0 2  h25.58 h 2 6 - 4 8  h25 .10  
127.28 126.40 2 25-70 126 .44  h z 6 - 0 2  h 2 6 - 8 2  h z 6 - 8 4  h24 .60  h 2 4 - 4 6  h z 6 - 2 6  

h  25.86 A25-48  h25.60 

27-23 26'37 2 6 - 3 7 ,  16-23  27-09 26-45 26'55 .25'05 25'28 25'80 

At XXX (Nok) 
tlllarch 1874; obsemed by Ziezct. J. Hill, R.E., toith Bar*row's %&-inch T?&eodolite No. 2. 

*December 

Angle 
between 

8 

XXXIII & 
X2CXII 

8 

XXXII& 
XXXT 

t 
XXXI& 
XXVII 

- t 
XXVII 
XXvIII 

1874; observed by Captain M. W. ~ o ~ e r ' s ,  R.B., with Barrozo's 8.4-i?tcA 

Circle readings, telescope being set on XXXIII 

341'94' 81'94' 920'46' 140'46' 39'68' 219'58' llgO 11' 299' 11' 198' 12' 18'22' 

11 I 1  I f  I 1  I 1  I 1  I f  11 11 11 

h 1 5 - 7 2  114.26 h  15-52 1 1 6 - 2 8  116 .08  h  16-10 h 15-66 h  15-06  8  15'44 h  14-04 
h 1 5 . 1 4  h14 .74  h13.02 216.38 h15 .12  8 1 6 . 1 6  1~16 .10  h14.86 h15 .24  h15.26 
h14-06  h  15.42 h 1 6 - 6 0  2 1 3 - 3 0  h  13.70 k 14'60 h  14 '68  h  14-72 h  14-60 11 1 5 - 6 4  

2 13.52 2 14.92 h 1 5 - 9 6  
2 14-04 
Z15.64 

14-97 14-81  14.67 15-09 15-21 15-65  15.48 14-88 1 5 - 0 9  1 4 - 9 8  

h 1 1 ' 4 2  8  1 1 - 5 8  h13.86 21r .40  2 1 0 - 1 6  h  11.80 h  13-72 h  1 2 ' 1 8  h  14-52 h 1 2 - 3 4  
h  8'36 h  12-08 h  1 3 - 0 4  2 1 3 . 7 0  h  12.06 h 10.18 h  12.62 h 1 z . 8 a  h  13-22 h 1 2 - 8 6  
h 1 2 - 2 8  810 .52  h12 .30  Z 15-28  ~ I I - 7 0  h  9.82 h 1 3 - 0 6  h 1 1 . 4 8  h13 .82  h 1 1 . 2 4  
h  8 '82 h 12'52 h10.76 l 13.20 h15 .26  h 1 1 - 2 8  
h 1 3 - 1 4  h 10'74 1 1 1 ' 4 0  h  12 '04  
h  12'46 2 11.30 

11-08 11.49 12'49 12 '71  1 1 - 3 1  10 '60  13-13 12-94 13-85 11'95 
- - - -- 

Circle readings, telescope being set on SXXI 
002' 180'2' 19'11' 259"111 158'24' 838'24' 337037' 67036' 916050' 138060' 

I 1  11 I f  11 I 1  I f  I 1  I' I 1  I 1  

248.68 247 '78  146.26 h45m40 h47 '56  8 4 8 ' 7 2  246.66 147 .58  846.22 h47.04 
148.72 248.68 147.94 h46.44 7146-80 1/49-36 246 '54  h46.24 h47 .20  h47 .64  
248.80 248.10 h47-76  146.80 1 4 7 - 8 8  248.32 h 4 7 - I Z  1 4 5 ' 4 8  847 '70  h 4 7 - 1 0  

h  47.68 h 4 7 - 1 2  

48'73 48-19  47.54 4 6 - 2 1  47-41 48.80 46'77 46.60 4 7 - 0 4  47-26 

2 37.66 2 37.54 2 39-30 h  38-10 h  38.60 h  38-  14  2 38.88 838.68 h 18-82  h37.68 
2 3 7 ' 1 a  1 3 7 . 1 4  138'72 h 3 9 ' 4 4  h37.52 h38.06 138.36 838 .44  h39.08 1b36.42 
237.64 236.94 238 .14  1 3 9 . 1 2  h37.62 139.86 h 3 7 - 5 6  138.48 h38.18 h37.40 

37-47 37-21 38-72 38-99  37-91 38-69 38-27 38'53 38.69 3 7 - 1 7  

Theodolite No. 2. 

M = Meall of Groups 
w - Heldive  Wclgllt 
C -- Collcluded Angle 

M =  15,,.08 

w  = 3' '59 
I 
- = o '03 
W 

C = 55°50'~$"'08 

M =  13"* 15 

w =  7 ' 0 2  

- I - - o -1.1 
w 
C = 6!a0 36' I 2"- 14 

M = 47'"46 

w = 1 1  ~ 8 4  
I - - - o -08 

C = 68°24'47H*46 

M =  38'"'7 

w = 1 8 ' 5 0  
1 - - - 0 -0; 

tu 
c = 2'38".17 



88 JODHPOBE MERIDIONAL SERIES. 

At XXXI (Mongolia) 

t 2 fmch  1874; observed by Lktst. J. Hill, B. E., with Barrow's 24-inch Theodolite No. 2. 
*December 

Angle 
betwren 

- 
.) 

XXIX & 
XXVII 

t 
XXV1l a 
z= 

a 

xXX it 
-11 

a 

XXXII & 
XXXV 

1874; observed by Captain M. W. Rogers, R. E., with Barrow's 24-inch 

Circle readinga, bleecope being eet on XXIX 

0.8' 18008' 79' 14' k g 0  14' 168OL4' 8S8'2S1 237" 36' 57" 35' S1fla49' 136'49' 

a a I a a I a T a I 

143 '32  h41.78 h 4 4 - 5 4  A43.02 H 42-78 h42 .14  h43-98  h42.62 142.22 2 44'08 
143 '70  143.08 143.60 h42.32 h43.36 h q a - 9 6  142.88 7143.66 h41.06 2 42-38 
h41.80 142.81 h42 .88  h43.72 143.84 h 4 3 - 3 4  h q a - 3 8  143.18 142.90 142.20 

144 '52  - 
42'94 41'89 43-67 43-02 43'33 42-81 43-08 43-15 42'06 43'30 

149.08 I 4 9 - 3 8  h 5 o - 4 2  h 4 7 - 2 6  247 '84  .h47'86 h47 '46  I 4 9 - 4 6  143.72 1 4 7 - 4 4  
h49.84 h48.58 h 4 9 - 8 8  147.82 2 46-46 h 48-72 h 47-66 149.04 h 49-76 2 47'06 
149-90  h48.62 150.04 h148.52 1 46.46 h48.68 h q 7 ' 5 0  h48.80 h49.85 2 46-94 

49.61 48.86 50.11 47.87 46-91  48-41  47'54 49.10 49.45 47'15 

Circle readings, teleecope being eet-on XXX 
136' 48' 

QO' 1SO.O' 79Ol8' 19'18' 168'26' 888'26' 2S7O37' 57'88' 816'4' 2m 

I a a I w I I I I I 

157.76 A ~ j . 9 2  h54.68 254.84 256.34 155.98 156.64 5 4  
h s 4 : 7 2  ;;;;I. 155.24 h 55-98 2 54-82 1 55'18 2 55'96 1 58-96 h 55.24 h 56'38 1 5 3  30 

155.90 1 5 7 ' 1 4  155.02 155 '86  156.24 1 5 5 ' 4 2  156.56 h55.88 254'10 155.40 
h 56 .  oa 1 56'42 2 54'84 157.72 
h 5 6 .  I Z  2 ~ 6 . ~ 6  

56-30 55'84 54'84 55-19 56.18 56'70 56'15 55'73 54-21  55'73 

110.76 h 1 6 - 2 8  110 .18  1 9-88  112 .86  113 .98  211 .54  213.68 h13.78 h 1 3 . 8 ~  
A13.98 ~ I I - 4 1  2 12.76 2 11.68 113.30 1 1 4 ' 0 8  2 14-83 11a.40 h13 .84  lm 
h 1 2 - 1 2  1 13-16 114.38 1 I I . o a  111.68 1 14'42 1 12-52 1 12'60 I 1 3 . 6 8  i 1 4 . 5 0  
h 15'28 L 11'3a 1 14-22  1 14-72 1 1 3 - 0 0  
h 12-50 1 1 2 - 3 0  1 1 5 - 7 6  
1 1 2 . 7 2  1 24-54 

- 
12-89 13-05 12.88 11-92 12-61 14-16 1 3 - 7 0  12'89 13-77 14-17  

I'heodolite No. 2. 

Bf - Mean of Qmupr 
w = Relati~e Weight 
C - Concluded Angle 

M =  43"'os 

W Z 3 0 ' 7 2  

' =  0 .03 
W 

C = 38°31'43"-02 

M = 48"- 50 

'0 = 7 ' 9 0  
I - - - 0 . 1 3  
w 
c = 6 4 ~  5t48e.50 

M =  55'070 

w = 1 2 . 6 . ~  
I , = o -08 

C = 50O17 '55" ' io  

Y =  13"-z1 

w = 10 -14 
I 
- - - 0 . 1 0  w 
C = 54'41' 13"'17 

At XXXII (Pabusar) 
December 1874; obsemed by Captaifi M. W, Rogers, R. E., with Barrow's 24-inch Theodolite No. 2. 

dngle 
betwwn 

XXXV & 
XXX1 

Circle readings, teleecope being set on XXSV 

0'0' 1WO' 7Q018' 269' 18' 168°44' 838°%' 237'37' 67" 86' 8 1 V W  186.48' 

I 11 I 11 n 11 I1 v I1 11 

h 16-70  h 17'04 h 17'36 I 1 5 . 7 8  H 16-08 1 1 7 - 3 8  2 16-84 2 17-22 H 18-98  h 16-54  
h 16-92 h 16.08 h 15.80 1 15-82 h 17-00 1 16-76 1 17-54 1 17-72 h 18-94 h 16.48 
117.98 116 .60  116.16 h17.02 1 15-38  1 17-90 1 1 5 - 7 2  1 17-34  h 16-84 h 1 6 - 8 0  

L 16.90 h 16.78 

17.20 16-57 16.56 16.21 1 6 - 1 5  17-35  16-70 17-43 17.88 16.61 

M - Mean of UTO 
w - b1ati.e 
C = Concluded Angle 

M =  1 W . 8 7  . 

= 22 ' 5 %  
I - - - o -04 
w 
C = 6 9 0 2 7 ' 1 6 " ' 8 7  



PRINCIPAL TRIANGULATION. OBSERVED ANOLES. 39 

-1 

At XXXII (Pabusar)-( Continued). 

Circle readings, telescope being set on XXXV 
between 

180" (Y * 79" 13' 259' 13' 168" 24' 3880 84' 2510 87' 67" 36' 8160 43' 136' 48' 

& 
XXX 

XXX& 

xxxlllL 
-Iv 

XXXrV& 
m v  

df - Menn ot Groapm 
ca - Relatire Weight 
' 

M = 54"'94 

= I4  .68 * 

I - - - o -07 
w 
C = 67' 5' 5.4"-97 

2r'*'54 

w = E3 -34 
- - - o -07 
w 
c = 61" 59' 21"'55 

I1 I1 I t  I 1  I 1  I1 I1 I1 11 . 11 

156.64 151.30 153.60 155.54 h5j .50  2 54-46 z54'32 154'60 h52.92 h.55-36 
h54.86 h55.68 h53.52 154 '72  154.54 2 55-18  154'06 156 '44  7r55-3% h5 j . 62  
h53.18 155.60 h54 -32  h5+-32 h56.80 154 '44  1 j3 '86 1 54-92  155.66 153.78 
h52.88 h56.14 , h54.38 h5 i . 30  h57.98 
h54.16 h 5 j . 4 4  h56' 12  h55.44 

51-74  55'44 53'81 54-88  56-05 54'69 54'08 55-32 55'46 54-92  

h z x - 0 8  523.36 h z o - o o  hao.88 hzo .ra  Z 22'68 Z za.50 122.08 h31 .16  ha1.50 
h20.34 h20.94 h19.98 A m - 0 2  h22 .04  2 21-92  222.98 1 20.50 h 19.40 h 2 1 - 0 8  
h z a - 9 0  h z o - 8 6  h19.82 821 '30  haa .14  121.84 121 '92  123 '28  ha2 ' ;8  h20'7a 
h23.72 h z o - 7 8  A za.40 122.26 Lao-08 
I z r ' y o  h 22.56 h ~ 1 . 2 4  

21-99 21-49 19-93 21-83 21-43 22'15 22'47 22'03 20.97 2 1 ' 1 0  

144.44 h44.90 h q - 0 6  148.90 h 46'50 1 ~ 1 . 9 6  1 44.  18 2 45-90 A j.+*oB 144.76 
146.50 h44.32 h46.86 145.10 145.30 2 43'96 144 '88  144.92 h45.92 144.26 
143.46 h45.18 h46.44 h46.48 h ~ . o )  245.62 2+(.8m 144.74 h++.:o 143.86 
143.66 * h45 '46  h45.48 h44.24 2 43-22  h43.66 
h 43'62 h+) ' oo  

44'34 44'80 46'46 45'99 45-02  45'85 44'96 44-69 44'59 44-29 

hqo 'o8  h40.82 h39.56 h39.02 h39.98 139.84 h41 .16  1 4 1 - 7 8  h40.90 A41.60 
h4o.00 h41.56 h42-60  h40.14 h40-26  140.86 h40-38  1 4 1 - 8 0  839.76 h40-28  
~ + I . I Z  h41 .82  140.96 hqo -52  h38 -5% 140 -40  h39 -26  139.60 h40.40 i4a.66 

h 4 1 - 2 %  Z40'4-t h38-70  
39'44 139.22 

40'40 41-40 40'76 39'89 39'59 40'37 40'27 40'91 10'35 40'49 

= 45p.00 

w = 13 -34 
! - - o -07 
W 

C = g.cO 26' 45"' o 1 

M = 4ow-e) 

W = 19 '74 
1 = 0 . 0 5  
w 
C = 67O 0'40"-46 

At XXXIII (Bikampur) 

December 1874; obemed by Captain dl. T. Rogers, R.E., with Barrozo'r, 24-i?lch Theodolite No. 2. 

i 

Angle 
between 

XXxlVL 
-I1 

Circle readings, telescope being set on XXXIV 

0'0' 18000' 7Q013' 269" 13' 1580%' 338'26' 237087' 61036' 316043' 136048' 

'I I 1  I1 I 1  I 1  11 I1 11 I f  I1 

h 3 5 . 2 ~  135.76 134.16 h36.10 136.38 137 '06  h34 -34  Z .38'oz 136.80 235'36 
139'  14 h37.86 136-02  133.82 136'  18 135.36 2 36-26 2 36'68 Z 36' 14  136.04 
h33.92 h37.10 135.96 136.32 h36.72 136.14 136.86 139.68 136.76 135.78 
h35.12 h36.64 135 '40  135 '86  135 '54  

135 '80  

35'85 36-84  35-38 35-41 36-43 36-19  35-83 37.14 36 . j :  35-73 

M = Mean of Gror~ps 
w = Relstire Weight 
" 

M = 3(it/o14 

= .44 

f - - o - 0 7  
w 

C = 40° 46' 36"'16 



JODHPORE MER.IDIOKdL SERIES. 

At XXXIII (Bikampur)-(Cmtinzced). 

itf - Mrnn of Glroupa 
w - Rolat~re Weight 
C - Concluded Angle 

M =  23"*18 

to = 8 .26 
I - - - 0 'I2 
to 
C = 62' 10' 23"*18 

Angle 
between 

XXXII & 
XXX 

Circle readings, telescope being set on  XXXIV 

oQ(Y 180'J(Y 7Q013' . 269" 18' 168°25' 338.25' 437°37f 67'36' 316O48' 1S6°48' 

I m I1 I1 4 I1 11 # I1 11 

i 2 1 . 7 0  Z22.90 122.42 h z 1 . 5 4  h20-72  Wz3.84 h23.68 124.56 121.68 122 '20  
h22 -22  122.68 h24-30  h24.62 120.96 h24.86 h zq . zq  1 2 3 ' 1 4  2 2 2 ' ~ 8  223.56 
h20.58 h23 -72  h21 .86  h23.64 h23.56 h25.04 h z q - r z  224'58 223.98 222.06 

h25.00 h 24-00 h21.82 1 24'82 
h 23 ' 2 0  1 23 ' 6 4  

21-50  23-10 23-36 93-45 21'77 24-58 24-01  24-09 23-30 22-61 

At XXXIV (Phulasar) 

December 1874 arcd January 1875 ; observed by Captain H. W. Bogera, B.E., roith Barrow's 24-inch 

Angle 
between 

XXXVII& 
X n V I  

XXXVI & 
XXXV 

XXXV 
XXXII 

XXXII & 
XXXIII 

a 

Theodolite No. 2. 

Circle readings, telescope being set on XXXVII 

l Z l O ( Y  801" (Y ZOO0 11' 20°11f 27S0Z3' 99'93' 358°34' 17E03# 77'47' 257'47' 

I1 11 11 11 11 I1 I1 I1 I1 /I  

158.74 258.78 157.72 158-10  ~~~~04 158.10 159.70 h59.98 2 58-64  1 ~ 9 . 2 ~  
258.02 258.70 h 5 9 - 4 4  156.56 h58.30 158 .12  hg9 .10  h59 '12  158.06 159.12 
158.98 2 59 -18  h59-02  h57.54 860.34 1 59-40 158.32 h58.72 158 '40  158.36 

h58.28 h59 -98  d57 '60  

58-58 58.89 58-62  57.40 59-16 58.31 59.04 59-27 58.37 58.91 

148.66 249.00 h49 -42  147.06 h51 .16  147'80 h4g -82  h48.98 249'66 148 '18  
148.64 149.24 h50-42  h47.34 851 .62  147 '80  148.70 h46.81 1 49'68 149 '62  
249.34 2 48'68 147-28  h 5  1 - 2 4  h 47-04  248.52 h49 -04  h 47-26 1 48.32 1 49.42 

145.50 h49.56 149 '44  d47.10 h47-08  
150.64 h5o.10 l .+gnoa 
h46'68 150 '2% 149 '72  
147 '10  

48-88 48'97 48-15  49'25 49'67 47 -81  49'19 47'53 49-22 49'07 

849.06 150.52 1 4 9 ' 1 2  147.66 150.08 149'60 1 4 8 - r o  h48.14 148.28 249.60 
h48 -go  h j g - 3 0  249.24 147 '58  h 4 i . 3 0  147 '08  h 4 8 . 9 ~  h48 .18  248.58 E 49-48 
h l ; * + o  147.78 2 49.30 1 48-90  h49.44 148.26 h47 -7% h48.06 148 '40  148.44 

h 49' 70 h47.32 146.06 
148 '28  1 4 7 - I Z  

48'45 49-33 49-22 48-05 48.46 47'62 48-23 4 8 - 1 6  48'42 49.17 

138.54 137 '36  138 '84  138 '88  136 '98  137'26 h38-36  138.32 139 .16  139.22 
137 .18  1 3 7 ' 1 0  139 '12  137 '70  137.68 136 '40  h39.44 h ~ f . 7 2  138 '98  2 35-96  
1 3 9 - 2 6  h38.92 137.81 137'28 139.89 159.22 h39 -62  139.04 1 38-50  1 38-40 

h41.80 1 3 9 . ~ 8  
140 '80  
2 40.36 

38'33 37'79 38'59 37'95 39-60 37'99 39-14 38-36 38-88  38'86 

&f 0 Mean of Qro~~p 
n - Relntire Weight 
C - Concluded Angle 

M= ~ ~ " ' ~ 5  

w = 24 '34 
I - - - o '04 
w 
C = 68' 16' 58"-65 

M = 48". 77 

w = 1 1  -68 
I - - - o '09 w 
C = 57" 57' 48"'76 

M =  48,,.51 

W = 
I 

'9 '90 
- =  0 . 0 5  
w 
C = 67'59'48".50 

M =  38It'5j 

w = 16 - 1 1  
I - =  0 . 0 6  
W 

C = 44' 46' 38".58 



PRINCIPAL TItIANQULATIO?V. OBSERVED ANGLER 41 

r --- - 

At X X X V  (Girondi) 

January 1875 ; obsemed by Captain M. W. Rogers, R.E., with Barrow's 24-inch Theodolite No. 2. 

XXXI '% 
XXxlI  

XXXII & 
XXXIV 

dl 0 Mean of Qrou 8 
w Relntire 
C - Concluded h ~ g l e  

Angle 
between 

XXXIV & 
XXXVI 

Circle readings, teleecope being set on -1 
36S059' 179'59' 79'13' 259' 13' 15S024' 33S0r'  237"37' 67'87' 918048' 188046' 

I 

XXXV & 
xxxrv 

At XXXVI (Mankamr) 

Janaary 1875 ; obaemed by Captain bl. W. Rogers, R.E., with Barrow's 24-inch Theodolite No. 2. 

Circle readings, teleawpe being aet on XXXV 
between 

@ 1' 180'1' 79' 12' 259'12' 158' 25' 533'25' 281036* 57'36' 816°48' 136°48' 

M- Mean of -po 
ca - Relative Weight 
C = Conclttded Angle I 



4d JODHPORE MERIDIONAL SERIES. 

At XXXVI (Mankasar)-(Cmtinued). 

Bf = Mean of Groups 
m - Reln~ive Weight 
C - Co~lcluded Angle 

M =  22".09 

= 9 .46 
I - - - o ' 1 1  
w 
C = 45O48'22"' lo  

M = 24"*36 

w = 9  ' 59  
I - - 0 ' 1 0  a 

w 
C = 76' 14' 24"'37 

M =  57"-68 

w = 11 ' 2 0  
I - - - o -09 
w 
C = 89'43' 57".68 

M =  17* '53  

w = 8 - 9 8  
1 - - - 0 ' I 1  
w 
C = 47' 20' 17"'52 

M =  9".62 

w = 23 -08 
I - =  0.04 . 
w ,  
C m 49' 28' 9"- 6 5  

Angle 
between 

XXXIVBt  
XXXVII 

SXXVII & 
XXXTX 

XXXIX & 
XL 

XL & 
XX8VIII 

XXXVIIIk 
3XXV 

Circle readings, telescope being set on XXXV 

0' 1' 180' 1' 79' 12' 2.59' 12' 15s025' 838'25' 287' 36' 67' 36' 816'48' 136e 48' 

I! II w I ly .l w v ,I n 

h22-80  121.48 h22-04  h20.68 h24.00 2 19-56 h22.72 122'74 123 '88  1 2 1 ' 8 8  
h21 .68  120.96 h z 2 . p  h ~ o - 4 6  1 2 2 - 2 2  h 2 1 - 8 0  h22.26 124.16 1  19-52 1 2 4 ' 1 4  
h a q ' o z  hzo .14  h21.82 h z o - 7 0  120.34 h z 3 - 7 2  h z o - 8 6  123.10 1 2 1 . 5 4  1 2 1 . 8 2  
1 20'68 dz1 .50  1 19.88 h23 .10  123.84 h23.46 
l 2 0 . 6 4  2 2 1 ' 1 0  h24-70  h  23-76 

h 2 3 - 1 4  h23-50  

51-96  20.86 22.25 20.84 21-51, 22-67 21-95  23-33 22'67 22'82 

h25 '22  h21.74 123.86 825.08 h 2 1 - 7 4  123.80 h25'46 1 2 3 ' 1 4  225'66 123.20 
ha2.26 h23.04 h  24.10 h23 .50  122.36 C 25.94 h  25-56 2 24-38 125.28 123.48 
1~25.32 h24.58 h24.62 h26.60 1 2 2 - 0 6  h27.02 h25 .14  122.98 124.68 123 .12  
b 2 4  82 h z 4 - 4 8  h z 5 . 4 8  h23.36 h26 .44  
h  24-60 h z 6 - 5 4  h 2 3 - 9 6  h24.38 h z 5 - 1 6  

d z 5 - 8 1  h  24.68 123.96 

24-44 24-08 2 4 - 1 9  25-07 23-10 25-39 25'39 23'50 2 5 - 2 1  23-27 

A 58-34 h 55-82 h  55-78 156 .80  h 58.68 1  58-46 h  57-44 h  58-04 h 57.92 h  55-78 
h  59'30 h56 .40  h  57-86 h  56.26 2 57-86 1  58-66 h  58.01 h  57-86 h  57.24 h  56.61 
158.78 h  57-30 h  57-78 h  59-32 1  59-52 h58.98 h 57'96 h  57'06 h  57-88 h57.14 

h  57- 10 h  59-48 h 56-08 
1 5 7 ' 0 8  

58-81 56.51 57-13  57-79 58'69 58-70 57-38 57-65 57'68 56-51  

h  15-76 1  18-06 h 2 1 - 4 0  h  17-16  h  18'38 2 16-76  h  17-30  h  16'76 h 17-22 h  16'44 
h  18-02  2 17.26 h  18-30  h 18-36 2 18-36 1  17.94 h  16.88 h  16-16 h  15-86 h  1 6 - 6 0  
h  18-32 2 18.76 h  19.2a h 17-62  1 17-58 2 1 5 - 4 0  h 16.24 h  16-48 h  18.68 1 18'02 
h  19-60  2 18-44 h 16-72 
2 15-38 1 1 6 - 3 0  

17-42 18-03 19.64 17-71 1 8 - 1 1  16-97 16-81 16-47 17'11 17'02 

813 .18  1  8-16 hx1.08 h  ~ o - o o  1  8.86 1 10.06 h ~ o - 7 0  L 11'06 1  8-52  2 10'54 
h 9 - 4 2  1 1 2 ' 9 2  h  10'56 h  ' 7 0  1 9 - 8 4  2 9 -26  k 10'26 2 8.98 1  9 '78 1 6 - 9 8  
A 9 - 7 1  1 1 0 . 1 0  h  8.86 h  ! - 7 2  1  9 - 4 4  1 9 - 7 1  1 9-92  1  9.64 2 9.10 1  8-46  
h 8.88 1  9-98  h 9-60 k 9 - 3 2  2 9 - 7 0  1 1 0 ' 2 2  
h  7.36 2 9 - 2 2  
l10 .32  1  8.64 
2 9-38  

9'75 9 - 8 4  10.03 9-47  9-38  9-68 10.05 9 - 8 4  9 ' 1 3  9-05 



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 43 

. 

At XXXVII (Uperthal) 

January 1875 ; observed by Captain H. W. Roger8, R.B., with Barrow's 24inch Theodolite No. 2. 

Angle 
between 

XLI 8 
XXXIX 

XXYIX 
XXxVI 

Circle readinqa, telewope being set on XLI 

170°48' 860°48' 250'0' 70°V 829°12' 149'12' M024' 228"M' 127"86' 207'38' 

I1 I1 I1 I1 If I1  I1  I1 I 1  I1 

h  55.52 h  54-36 h  53-08 1 5 5 ' 3 4  A  56-56 h  56-96 2 53'74 h  51'7a h  5a.52 h  55-28 
154.78 h54.28 h52.94 h53.72 h55-90  154.60 156.58 h53.60 h 5 3 - 8 2  h ~ 4 - 9 6  
h 5 4 - 1 2  h54-02  h 55.40 155.40 h 5 4 - 7 2  154-50  h 5 4 - 3 6  ir55.66 h54-46  h55-50  

h  53-98 h55-02  h 5 2 - 8 4  154.26 
h  53-26 11 56-80 

h53.12 
h  54-04 

54-81 54-22 53-85 54-82 55'73 55-27 54-16 54-17 53'60 55-25 

h 55'58 h  56'02 h  56-24 h55-86  h  54.48 h  52-32 1  56.56 h  56'02 h  56-86 h  56-12 
153.56 h55.44 155.36 156.14 153.56 1 54-10  2 56-18 154.68 h  55-08 A S S - 7 4  
H 5j .32 h54.78 h55.36 h  55-64 h  56.00 1  53-86 2 53-86 h 53-41 h55.12 'h55.30 
h 5 5 - 9 8  h  56.82 h 57-42 154.26 254.96 157.80 h 5 4 - 1 8  

856.10 h  56.30 

M - Mean of Oroup~ 
a - Relative Weight 
C - Concluded Angle 

M =  5411.59 

w = 12 -84 
- I - - o -08 
w 
C = 62' 27' 54.~57 

= 5 5 " ' ~  

w = 112 '10 
I 
- = o .c8 
w 
C = 60' 49' 55". 3 4  

M =  39Ir'39 

w = 
1 

9 ' 2 3  

- - - 0 ' 1 1  
w 
C = 6j054'39'"37 

I 55-11  55-83 5 6 - 1 0  55-88 54'57 53'81 56-14 54-58 55'69 55-72 

XXXVIB 
XXXIV 

h 3 8 - 8 4  h 3 9 - 2 6  h41.02 h 3 7 - g o  h 3 9 - m  h 4 o - 1 4  2 37-96 h40-58  h38.32 h39-80 
h39.68 h39.70 142.50 h39.78 h38.66'  140'26 2 37-86 h41.58 h40.36 h 3 8 - 9 4  
h37-50  h 3 6 - 8 8  139.42 138.16 h 3 9 - 6 2  2 39'08 2 38-86 h 4 1 - o o  h40.34 h38.28 
h38.42 h41.78 h38.74 2 37.18 h39.02 h39.60 
h36.34 h 4 1 - 2 6  h39.50 h 3 8 - 8 8  
h  38-88 h  38'58 

h  40.38 

38'28 39'69 40.42 38-61 39'09 39'83 38-17 41-05 39'51 3 9 - 1 0  

At XXXVIII (Bithnok) 

Janzlay 1875 ; ob8erved by Captain N. W. Rogers, B.E., with Ba~row's  24-ircCh Theodolite No. 2. 

Angle 
between 

X&%\t 

Circle readings, telescope being set on XXXV 

OO V 108'0' 70°12' 269' 12' 168'30' 83SO80' 237'87' 67'87' 8160 48' 186048' 

I1 I1 I 1  I' f l  I1 f I  I1  I 1  11 

h z z ' 5 a  h21.50 h19 .16  A Z I - 7 8  223'56 123'86 h z 1 ' 7 0  h22.94 h23.16 h22.90 
h22.71 A22.72 h 2 1 . m  h21 .74  122 '10  2 22'96 hz1 .78 '  h21 .88  h z z - 8 0  h21.38 
hz4 .34  h z r . 4 2  h21.84 h 2 o . m  220.26 121.82 h21 .18  h20.68 122 '76  hzz .60  
h  24' 10 h  20'96 f 23-50 122.40 
h  22-31 h22.36 2 23-56 

23-80 2 2 - 2 1  21-06 21-17  22.60 22-76 21-55  21-83 22-91 22.29 

41 Mean of k u  a 
w - Relutire weigEt 
' Angle 

M =  22~~.22 

W = 1 0  -44 
_ I - - 0 'I0 
w 
C = 56' 47' 22''. 23 



44 JODHPOBE MEIlIDIONAL 8EEIES. 

I 

At XXXVIII (Bithnok)-( Continued). 

M = Mean of Groups 
cc - Helutire We~ght  
C - Conclutled Angle 

M =  32tf-73 

= '3 'I0 

- I - - 0 . 0 8  
w 
C = 62O 5' 32" '73  

Angle 
between 

XXXV1& 
XL 

Circle readinge, teleecope being set on XXXV 
0'0' 180°0' 79O18' 259" 18' 168'80' 83SQ30' 23i0S7' 67'37' 816°4,R' 136O48' 

11 II II n I: 11 11 I: II II 

h33.68 134.14 h35.50 h33.39 1 3 1 ' 8 2  131.52 h33.58 h32.74 h35.44 h30.64 
h33.86 h3a -84  h32.78 h32 '64  1 3 1 - 0 8  132.48 hg3.00 h j 2 . 7 8  h ja .86  h32.68 
131.24 h3a.62 h34.34 h33.56 133.34 131.16 h31 . ;8  1534.58 h j2 .74  B31.76 
h32.68 h31.92 1 30'54 h 3 1 - 0 8  132.68 

h32.94 

33'87 33'20 33-50 33-19 31-69 31-73  32-79  33'37 33-03 31 '94  

At XXXIX (Modia) . 
Theodolite No. 2. 

iK - Elfenn of  group^ 
w = ltelat~re Weight 
C = Coricluded Angle 

M =  3".63 

w = '9 '34 

_ I - - o '05 
2U 

C = 83'20' 3'"62 

M = ~ 7 ~ . 7 4  

w = 17 -80 
I _ - - o so6 
w 
C = so0 7' 57n' 73 

M = 25". 10 

w = 10 '07 
I - - - 0 ' 1 0  
w 
C = 39°17 f25 ' "13  

M =  12".q9 

w = 8 -65 
- I - - 0 - 1 2  
w 
C = 4 9 O  1 ' 1 a U ~ ~ 0  

J a m a y  1875 ; obemed by Captain M. W. 1Coger8, R.E., with Barrow'e 24-inch 

Angle 
between 

XL1 & 
XLIII 

XLIII& 
XLIV 

- 
XLIV& 

XLII 

XLII & 
XL 

Circle readinge, telescope being set on XLI 
0'1' 18O"O' 79" 18' 269'12' 168024' 8380%' 287'37' 67'38' 81648' 18648' 

n w 9 w e n H w w w 

h 4-88  h 3 -96  1 4 '42  h 4 -68  k 5 '22 1 5 '74  1 2'64 h 5 - 4 8  h 2-78 1 2-30  
h 5 -34  h 3 - 3 0  1 2-48  h 2.86 h 3 ' 0 4  1 4 - 7 6  1 2-66  h 3 - 5 8  h 3 -70  1 a - a  
h 3 - 6 4  1 3 - 5 8  1 3-76  h 4 -36  h 4 -06  1 2-06  1 ~ I O  h  2 . j0  h 3.82 1 3 - 1 2  

1 4 - 3 0  h 4 -20  1 1-90 1 3 -04  1 2.46 h 4.00 
1 2'38 1 3 - 0 2  

4 '62  3 - 6 1  3 '74  4-03  3 - 3 1  3.7% 3 .21  3 '89  3 '43 2-62  

h 5 5 - 1 4  h58.10 156'42 157 .14  h.q;'oo 156 '98  157 '58  157.58 h57 -66  157 '78  
h 5 7 - 1 2  hg8-12 156 '90  h5g i z  h57.42 1 5 7 ' 1 8  158 '26  h59.38 158.00 156 '44  
h58.78 159.18 156.22 h57.00 156.90 159 '84  155.20 h j9 .08  h58.30 157'86 
h 59' 7 0  157'20 157.36 158 '18  157.98 h58.32 
h57.88 h 59'00 
h 57-50 

57'69 5 8 ' 4 i  56-69  57.75 57-17 58.04 57-60  58-59  57-99  37-36 

h 2 1 - 2 2  h2+-28 1 25.96 haq -08  h 25-98 1 24-76 1 28-02 h 23.80 h 27-40 1 94-54 
h ~ 4 - 5 2  h25.86 223'68 hz4 .08  126 -02  124.08 1,26.j6 h24.78 hag -28  126 . i 0  
hz3.+2 h24.84 124.38 h 2 4 . 0 ~  1 2 8 . 1 0  Lz+.rz rlra3.40 h24.26 h24.48 124.26 

Z 26'44 1 26-80  1 26' 14 h 24-99 h 24. 8% h 26'26 I 26-60 
h 27 -36 
h 24'60 
da3 -57  

24-05 ' 24-99 25'12 24'06 26-72 24-78 25-50 24-41 25-86 25-52 

h 1 1 ' z o  k12 .90  112.02 h 1 3 - 5 2  brz .28  1 1 3 . 1 2  1 1 ' ~ ' 7 6  hro.28 h 1 1 - 8 %  211.50 
h 1 1 ' 6 o  h 9 '88 1 12'88 h 1 4 . 4 ~  h 12-78 1 15-40  h 13-28 h 1 3 - 1 2  h 1 1 ' 2 2  Z 12-94 
h11 .30  1 9 ' 18  112 .84  h13.34 1 1 0 ' 2 8  Z I Z ' ~ O  h 1 6 . j ~  h 1 2 - 2 8  h13.64 2 1 1 ' 5 8  

1 1 3 ' 2 6  h 13 -  10 1 12-06 1 13-22 d 12-34 h 12-36 
1 13' I 0  d 11 -81  
2 12'42 

11'37 11 -79  12-58 13-60 11-84  13-56 14-oz  1 1 - 8 9  12-26 1 2 ' 0 1  
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, 

. 

b 

At XXXIX (Media)-( Cmthced) . 

4 Mmn of Gh.ollpa 
to - Relabire Welght 
C = ~oncloded Angle 

M =  6oU.93 

= 6 -94 
- - - o ' 1 4  
w 
C = 36' 37' 0"- 93 

M =  4 1 ~ ~ 9 %  

w = 6 -13  
I = o -16 
w 
C = 42'55' 4lW'94 

M = 37''- 81 

w = 1 2 - 1 6  
1 
- = o -08 
w 
c = 58O40'37"'82 

Angle 
between 

XL it 
mVI 

XXXVI& 
-vII 

XHXVn 
XLI 

Circle readings, telescope being set on XLI 
b 1' 180°W 79' IS' 269" 12' 168'24' 388'24' 297'87' 57'36' 816.48' 136°48' 

w w I1 I1 w I 1  11 w I f  11 

h63-02 h60.82 161.52 h59-70 h62-78 1 6 . 7 2  159'98 h60.28 h60-94 161 '30  
h63.64 862.74 162 '12 h59-70 h6r -16  1.59'34 138.58 lr61.86 1~61.08 162'08 
h59.94 162'40 161.08 h63-18  169-18 16o'yo h57.08 h 6 0 . r ~  k y j ' 8 8  1 h1.22 
h62-60 160.16 h59-26 d62.00 h58.12 161.98 
A61 '80 1 60.46 h60.30 

- -- 

62-20 61-32 61-57 60.43 62.03 60.32 58-44 60.75 60'63 61'65 

h37.76 h43'00 140'08 lr+3.20 h39-26 140.84 1++'86  h + ~ ' 9 0  h41.26 I! 44-80 
h38.84 Wqr.z8 142.00 h43-78 842.42 140-50 243.70 h+oa96 h.+1.80 242.46 
h44.96 140.38 143.08 840-44 14r.50 140.18 24.&-j4 h43.70 h42.48 l . + r ' y z  
h 4 I 28 1 40'30 h41-94  140'14 h44-64 h43.42 14%'76 
142' 2% d40.79 h 42' 28 143'10 
h 42'66 

41-29 41.24 41-39 42-34 40.82 40'51 44'04 42'75 41-85  43-01 

h40.50 h36.56 140'56 h36.78 h38.34 138.34 136',34 h36-52 hg8'1a 1 .?8'04 
h 38-10 h37.76 137.32 h35.29 1135'56 1.38'06 2 .?6'22 h37.48 h 38'78 2 g7.00 
137.32 137'22 136.18 h 3 i . 1 2  Z38' j8  Z39.06 1 ~ 5 . 4 ~  h.jj.68 1~36.94 2 39-48 
h 36-38 1 99-14 h36 ' ;o  1 40'42 2 41-56  h38-82 1 36-94 
838.42 1 39'08 138.28 h 36.30 139.48 

h 7;-64 
h38.80 

38'18 37-18 38'48 36'47 38-24 38-49 37'47 37-63 37'95 38-05 

At XL (Ronesm) 
J a ~ ~ t m y  1875 ; obserued ~IJ Cqta in  M. W. Rogers, R.E., with Barn-ow's 2 4 k c h  Theodolite No. 2. 

Angle 
between 

X X X ~ T I  
-JTI 

XXXm & 
XXXIX 

Circle readings, telescope being set on XXXVIII 

W'l' 180' 1' 79' 12' $ 5 P  12' lS8°%' 8 s "  26' tS7°37* 67'37' 316°49' 1860 49' 
-- 

I1 U I t  11 11 I1 11 11 I1 11 

hrr.98 h 9.72 1 9-58 1 9-28 h 9-60 Lro.52 h 8.64 1 IoSaq 1 9-64 1 ro'ro 
h11.36 h 8.48 1 8-64 1 9-06 h 9'14 k 10'66 1 8-50 1 1o.50 1 12-56 1 10.06 
1 9 - 8 4  1 8 - 9 6  1 7 ' 9 2  1 8 - 9 1  h g - 0 8  k g - 7 6  110.48 1 9 - 0 8  111.26 110.16 
H 11-48 b 9'86 1 10*3o 
h 9'78 

10'89 9-05 9-00 9-09 9-27 10'31 9-21 9'94 10'94 10'14 

h 4-22 h 3 -18  1 3-08 1 2.68 h 3-84 h 2 - 0 2  h 3.14 h 3 - 1 8  h 3'14 h 3-10 
h 0.86 h 4-22 1 5-80 h 4-32 h 2-94 h 3-68 h 4-08 h 3-44 h 3-60 h 4-34 
h 3-60 h 3-38 1 1-88 h 2-94 h 4 -24  h 3-70 k 3-06 h 3 -71  h 2'1+ h 2'54 
A S - 3 0  1 4-98 3'54 

2-74 4'54 
h 3-06 h 3'80 

2-80 3'59 4-01 3-37 3'67 3'13 3-49 3-45 2.96 3'33 

dL = Mean of Qmup 
w - BBlntive Weight 
C = Concluded Angle 

2#= cf.78 

w = 1 3 . 6 z  
I - - - o -07 
w 
C = 70°34'  9"-80 

M =  3'"38 

w = 3 1  '99 
- = o -03 I 
to 
c = 5 3 O  39) 3"'39 
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At XL (Ronesar)-(Cmthued). 

An~le  
botween 

- 

& 

Circle readings, teleecope being net on XXXVIII 

O*lf lWO 1' 79'11 269' 12' 158' 25' 8880 26' 2370 37' 67'87' 81R0M 1188.49' 

# # I 8 a 8 8 8 I I 

h39-60 139.80 h 3 8 - 2 6  h 3 9 - 8 2  h43.10 141.66 h 3 9 - 9 8  h38-90 h39-02 138.88 
137.90 138.92 h39.74 h41.46 h41.40 h38.30 h 3 9 - 8 8  139.54 h39-28  h40.20 
h 3 8 - 2 4  h39-20 1538.64 h38 .34  h40.34 h 3 8 - 9 8  H39-30 139.70 h39 .24  h39.18 
139 .54  140.84 h41.08 h3g.04 

h 3 g - 4 8  hqo.ra h39.90 

38'82 39-31 38-88 39.99 41-21  39'58 39-72 39-38 j9'18 39-42 

3f - Mean of Qmnp 
v - Relative Weight 
C - Concluded Angle 

M =  39''-55 

= 15 - 2 7  
1 - - - o -07 
w 
C = 5i044 '39"-58  

At XLI (Sachu) 

,?away 1875 ; observed by Captain M. W. Rogers, R. E., with ~arroto's  24-inch Theodolite No. 2. 

Angle 
b t w m  

XL1ll& 
XXXIX 

XXXIX & 
XXXVII 

Circle reading4 telescope being aet on XLIII 

% W 8 1  78. W 88562' 155'52' 65'4' aS04' 194'15' 814°16f %la0 W 8a0W 

I I1 8 I I4 I I1 11 It 11 

h 1 1 - 5 8  h a 3 - 8 2  ha1.20 225 '38  2 19'50 123 '54  121.98 222.14 219.56 l t z - 8 0  
111.86 h 1 1 - a 6  h22 '72  2 22-40 119 '02  2 22.16 120 '38  l 2 0 ' 9 0  1 2 1 - 7 4  121.50 
110.66 112.88 haz.58 224.68 1 1 9 ' 4 4  124.16 l20.26 120.68 221.74 223.24 

h z r - a a  1 a3.1a I 2 1 - z o  h a 3 - g o  1 ~ 3 . 5 2  C 21-64 2 21.92 
i 2 1 . 0 0  1 ax -92 1ao.68 

1 2 1  ' 7 2  

11'70 22'30 22'17 13-89  20'03 13-49 21-63  21'24 21'27 13-11  

h29.74 h26.48 h30.14 h 2 8 . a ~  1 3 1 ' 2 0  228.76 118.96 2ga.10 131.78 h z 8 - 9 6  
h27.46 h z 7 - 6 2  hzg-02  1 27-76 2 28.32 2 29'16 1 3 0 ' 1 0  2 30.78 229.56 h 29-86 
h 26-88 h 28'12 h 28.56 1 27-01 1 31.28 2 29. 14 1 29.44 1 32- 56 h 17-64 h 29-34 
h30.02 C 29-65 h zy.98 h 99-54  
h ag-04 hag 'ga  127.96 

h a 8 . 1 0  h 3 1 - 7 0  

28-63 27-44 19-24 27-67. 30.12 29.02 29.50 30'57 29-70 29-39 

M - Mean of (3mn 
w - %Mire 
c - c o ~ ~ l u d e d  Angle 

M =  22f#.08 

= ' I 3  
I - = o - 1 6  
w 
C = e0 zg'22"*07 

M = agw-  13 

" =  7 - 5 3  
_ I - - 0 . 1 3  
w 
C = 58' 51' agu. 17 

At XLII (Jodasar) 

J m y  and Februa y 1875 ; observed by Captain M., W. Rogers, R. E., with Barrow's 24-iuch Theodolite No. 2. 

Angle 
between 

XL & 
XXXIS 

Circle readinge, teleecope being set on XL 

@ 0' 180.0' 79.18' 269' 18' 158'26' 888*24' 4'7O87' 67-81' 81648' 186.48' 

# # 8 I 8 I # I I # 

h 8 - 5 2  1 8-42  8 8'22 h1a .18  % 1 2 - 0 0  h 10'78 h 9.02 h 9-81  h 9.84 h 7 - 9 4  
h12.38 2 9'22 h 8.16 h 9 '62 h 9-10 h 9 - 0 0  h r o ' g a  810.44 h ~ o - 5 2  1 7'56 
h10 .74  1 8 '64 h 9-76 h 9'56 1 1 0 - 7 0  h 8 '32 h 9.82 h 8 ' 1 1  h 9'66 111 .36  
h ~ o - $ ?  1 6 - 8 4  h 9.46 h 8 - 7 2  h r o ' o o  h 7.40 h 9 '28  C 1 0 ~ 2 a  
h 8 - 9 8  2 x r - z q  .. h 8 - 9 4  l 1 1 . 2 8  

1 6.00 

10'aq 8 - 7 6  8 '37 1 0 ' 2 1  9 -89  9 - 5 1  9 - 1 9  9-42  10-01 9-67  

df - Yem of Ornu 
w - Belatire ~ e i $  
0 Conoluded Atlgle 

M =  9.33 

to = 13 '15 

5 = 0 .08.  w 
C = 79'14' 9"52 



PBINCLPBL TIUAXGULATION. OBSERVED ANQ LES. 47 

At XLII (Jodasar)-( Cmtinued). 

Angle 
between 

XXXIX & 
SLIV 

Circle readiugs, teleecopo being set on XL UJ blnt irc  Weight i Y - Men11 of (fmnp~ . 
000' 180"W 79" 13' 26Q013' 158025' 33802A' 237O37' 67°37' 816*48' 18648' C - Cotloludad A~igle 

11 II II II II II II 11 n n 

h 7.84 1 7 - 2 4  1 6 -46  h 3 -48  h 6 -68  h 0 0  h 4 h 2 6 0  h 4-36  h 4 - 8 1  
h 3 -34  2 6 -40  2 5.40 h 7 -40  h 5 - 3 1  h 6 - 0 3  h 3 '96 h 1-94  h 3 -92  h 4 '42 
h 4-36  1 7 -96  1 7.22 ' h  4-78  h 3-58 h 4 . 7 ~  h 5.10 h 2-86  h 4-16  h 3 -56  
h 5 -22  1 4-08  h 5 -08  h 4 - 5 4  b 5 - 2 2  h 3.80 
h 6'76 1 5 - 2 0  h 2.90 h 4 '76  
h 3 -18  

5 - 1 3  6 - 1 8  6 -36  5 .19  4-60 5 -25  4 - 6 1  3 - 1 9  4 - 1 3  4-27 

At XLIII (Mugrala) 

February 1875 ; observed by Captain dI: W. Roger8, B.E., with Barrow's 24-inch Tkodol i te  No. 2. 

= 4w,89 

w = 8 so6 

_ 1 - - 0 'I2 . 
w 
C = 88'44' 4'08~ 

Angle 
between 

R. M. & 
XLVI 

XLVI & 
XLV 

Circle readings, teleecope being set on It. M. 

202' 1' 28'1' 281'13' 101°13' 0°25' 180026' 79.87' 269037' lS804Q' W48' 

tt I1 I1 If 1) If I t  N 11 11 

141.50 142.30 l q l - a q  142.24 142 -63  842.54 h 4 1 - 4 3  h.13'54 140-66 h 4 1 - 6 2  
1 42-04 142'06 142 '36  lrqr'g4 l j 4 . g ~  h42-56 142.24 142'98 141.g+ h41 .72  
140.58 143.04 141.66 hqo -54  1 .ja'.qa h41.86 141.58 1 4 2 . 0 ~  1 4r.28 h40-20 

h 4 3 . 4  

41'.?7 41\47 4 1 ' ; s  4a.24 43'08 42.32 41-75 42-85 41-29  41.18 

h58.50 h3; -98  158 '88  156.24 b s 6 - 5 8  h58.94 h58 .10  157.98 158.64 h.58'98 
h58.88 h58.06 157.70 k55.94 158.62 h g 8 . 0 ~  158.18 h57-08  h58 -  18 h58.42 
158.80 h57-82  158.08 h.59'32 157 '28  h j7.23 1 5 8 ' ~ a  h58.10 A58-22 h58-00  

h 58.03 h 57'36 h 56-61 
156 -84  

58.73 57'95 58'22 57-97 57'46 58-07 58-23 57'45 58-35 58-17 

,If - Mmn or  group^ 
w - Relative Waigl~t 
C - Co~~cl~tdcd At~gle 

M = 42"03 

W = 18 '00 

- I = o -06 
w 
C = 55' 1 I' 42"#04 

= 58w,0z 

w = 27 *4% 
_ I - - o -04 
w 
C = 46'42'57"*99 

- 

3 ~ . 7 0  

w = 10 -66 
I - - - o -09 
w 

' C = 56' 5' 3"-70 

34-9 

w = 15.58 
! = .d 
W 

C = 77' 27' 34"49 

1 2 - 1 8  2 4 -62  1 5 -92  h 3 -40  1 3 - 2 8  h 4-00. h3 .04  h 4.52 1 3.48 1 5 ' 4 0  
1 3 - 8 0  1 3 - 2 8  2 6 -88  h 2 - 1 6 ,  1-2-36 h 2-32 1 4-06 h 4 -54  1 3 ' 9 4  1 3 - 8 8  
1 1 - 1 0  1 1-30 2 6'38 h 5 -66  1 4'82 h 1-32  1 3 - 1 0  1 4.10 1 4 ' ~ ~  l . + ' g S  
1 3 - 1 8  h 2.88 h 4 -  1 2  h 3-53  h a.96 

h 1-08 h 4 - 0 6  
h 3 - 8 0  
h 3-06  

3-07 4 -29  3 -90  3 -99  2'6.i 3 -40  4-39  3-95  4 . i ~  

XL'Vb 
XXXIX 

237'60 133.98 h34-02 h34-24  h33-98  h34.38 h3.5-12 132.96 135.10 1 3 z m ; 6  
134.86 1.33'56 133.81 h3+.00 131-10  h3.5.94 1.35.56 134.64 134.68 135 .5 )  
135.26 233 'go  135.38 135.98 h33.40 134.84 h33.40 h34.96 233.76 1 3 4 ' . p  
135.94 132.80 h35.ao h34.66 h 54.32 131 '48  

133 '88  234.78 

35'92 33-62 3+'4I 34'74 33-69 35'09 34-68 34'za 34'5' 34-00 



48 JODHPORE BfERIDIONAL SERIES. 

At XLIII (Mugrala)- ( Cm t intbed). 
- 

I I 

At XLIV (Khirsar) 

Febmary 1875; obsemed by Captah M. W. Bogers, B.Z., tuith Barrow's 24-inch Tlieodolite No. 2.  

Circle readings, telescope being set on 8. M. ' / 1 W 1  Bl'13° - 1 W I S '  V25' 160'26' W W  25987' 168'49' 3W48' 

Circle readings, telescope being set on XLII 

266.88' 75'88' 884°60' 164'60' 64'1' 234'1' 133'14' 813'14' 212°P6' 82'26' 

M- Mean of(3ron 
c = b l a t i w  
C - C o n d n d e d ~ l e  

M = Menn of Qronpa 
v Relntive Weight 
C = Concluded Angle 

XLII & 
xxxrx 

XLIII & 
XLV 

NOTE.-I&. M. denote8 Eeferriug Mark. 



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. " 49 

At XLV (Blmb) 

Theadolita No. 2. 

M = Mean of Oroup~ 
w - Relnkte Wetgl~t 
C - Cotrcluded A ~ l ~ l ~  

M =  ~ ~ " - 8 ~  

= 
I 

' 3  ' 7 4  
- = 0 .c7 

,111 

C = 78' 6'52". 85 

M =  59..-12 

w = 32 ' 9 %  
I - - - 
W 0 '03 
C = 62' 7' j 9 . v  12 

M =  5''-35 
= I o 0  ' 2 5  

I - = 0 ' 0 1  
W 

C = 57O 7' 5"'35 

M =  571'.46 

= 28 
I - = o -04 
W 

C = 43°5Y'578"46 

M =  1oN.27 

w = 22 -58 
1 - - - 0 - 0 4  
w 
C = 60°j4 '  10". 26 

M = 53"-59 

w = 7 '93  
I - - - 0 . 1 3  
W 

C = 57" 43I 53"'58 

February and 

Angle 
between 

XLV1l & 
XLlV 

XLIV & 
XLUI 

XI.111 & 
XLVI 

XLVI & 
SLVIII 

XLVIII & 
XLIS 

XLIX L 
XLFlI 

A 

March 1876 ; ojserved by Captain M. V. Rogerrr, 2. E., with Barrow'e 2 &inch 

Circle readings, telescope being set on XLPII 

000' 180'0' 79'12' 1Q012' 158'24' 898-24' 237'37' 57'31' 816*49' 1313~49' 

rl n n n 4 n I n n 'I 

h51.40 152.06 2 52-88 153 '26  153.48 152.36 152.08 2 54-72 h53.42 155.20 
h52.50 h53.54 2 52-34  15 .& '08  h50.84 h 52-00 h52.64 h 5 3 -  96 h 51-42  h 55-14  
h53.86 h5a.42 i 5 2 . 1 ~  152.98 150.98 h53.74 h52.90 h52 -64  h s r - 6 6  h53.24 
h54.78 151 .08  h5a -oa  h52 -84  h53-08 
h53 -24  

53 -16  52-67 52-45 53'44 51 '60  52'70 52-54  55'33 52 '34  54'19 

158.50 158.86 158.74 157 '9% 158.38 158.92 159.62 157.92 h 5 9 - 4 %  159.64 
h59'66 158.92 1.59'48 158 '28  h61.00 h59.48 h60-02  h ~ 9 - 2 6  h60 '38  159.98 
h.59-00 158 '64  257.83 Z59'5$ h58.98 h 5 6 - g o  1 5 9 . 1 4  h58.82 h59.56 h5cj.50 

h53.96 
h 5 8 - 9 1  

59'05 58-81 58.68 58-58 59'25 59-10 59'59 93-67 59'79 59'71 

f i  5 -08  h 5.44 1 5 - 1 3  I  5 -46  h 4 -78  h 5.94 h 5 - 2 3  h 4 -24  h 5 - 5 2  h 5.66 
h 6-60 h 5 ' 54  1 5 -60  Z 5 - 3 4  h 5 - 2 0  h 5 '46  h 5 -56  h 5 - 9 4  h 6.28 h 4 - 5 4  
h 5 . ~ 8  h 5 - 1 2  . l  5 - 5 4  1 4 - 7 2  h 5.40 h 5 - 2 0  h 5 - 4 2  h 4 - 8 0  h 5.02 h 5 - 5 0  

5 '59 5'37 5 - 4 1  5 -17  5 - 1 3  5 ' 56  5 - 4 2  4 '99 5'6' 5 ' 23  

L59-20 h58.60 157.80 2 $7'90 h57.52 h56.82 h 5 7 . 4  h57.60 h j6.82 157.20 
157.48 h57.80 156.78 1 5 7 ' ; o  h56.94 h57.78 155.98 h g ; ' 1 8  h56.06 h55 -62  
h57.84 h57.98 159.00 157 '50  h58.28 h51.34 157 .84  857.20 157.40 h j 7 - 8 8  

1 56-90 

58 -17  58-13  57 -61  57 -70  57-58  57 -31  57'10 57-33  56.76 56-90 

h ta .65  h10 '74  110'12 110 '38  h 1 1 . 4 3  h 8 - 8 0  h1o.40 h 9.80 h10 .38  h 9 - 2 0  
h 8 - 3 4  h10.66 I 10.94 I 9 -32  h 1 1 ' 5 4  h 10'92 h 8 - 9 4  h 11 '38  h 10.96 Ir 9 - 6 0  
h ~ o . o a  R I I ' I O  Z 9 -58  Z 9 - 2 8  h11 .16  h ro .14  h 10.10 h 9 '66  h i o e o z  h 10.44 
h 9 -40  h 1 0 . 8 ~  
7 9 - 9 0  
110.01 

10.10 10.83 1 0 ' 2 j  9 - 6 6  11-37 10.17 9 - 8 1  10.28 10.45 9 - 7 5  

149.76 L54.30 159'5a 153.86 153'42 h53.48 154.46 155 '56  1 5 j . 5 2  154 '30  
h53.80 853.86 15a'4a 153-00 h50.68 152.56 h54-56  h51.36 h54-30  h5a -92  
153.78 153 '58  154.04 1 5 3 . 1 ~  853.56 h55.24 153.08 h 5 5 - 9 4  h55 'x6  154.72 
h51'6.c 151 '64  hg1.16 153 '54  h 56-74  
151 '94  h 55-52  

h 51' ' 6  

52 '18  53-91  53'33 52.91 52'20 53'7' 54 -03  54-71 54'99 53 -98  



60 . JODHPORE MERIDION-AL SlBIES. 

- 

At XLVI (Habib) 

February 1875; ob8emed by Captain M. W. Bogera, B.E., with Barrow'e 24-inch Tl~eodolite No. 2. 

df = Mean of Gmopr 
UJ = Relatire Weight 

concluded -%Ie 

I - 

M =  28"'41 

w = 
I 

7 -38 

- - - 0 '14 w 
C = 61' 41128' .$3 

M =  57X'40 

W = 1 4  '21  

I - - - 0 '07  
w 
C' = 76' 9'57".39 

Angle 
between 

XLVIII b 
XLV 

XLV 
XLIII 

Circle readings, telescope being set on XLVIII 

00 1' 180°(Y 7B018' 259O13' 16S025' 338'25' 23'P 38' 61O36' 81G0 19' 13Cia48' 

I1 I1 I1 11 11 I1 I f  I f  I1 I1 

h31.34  1 ~ 7 . 7 4  127.64 127.64 128 '72  128'42 2 28'32 129 '10  1 26-28 129'42 
h26 -62  h28.68 hz6 .79  828.72 128.58 126.52 129.96 1 .?0'7+ 227.34 h28.78 
h30.90 h a ; - 6 4  ha7.82 h26.96 128 '88  127.60 129'3.1 129.92 1 z;'oS h27'9.4 
1 30.42 
h ag-08 
h3l .10  

. 

29-91  28.02 27-41  27'77 28-73 27'51 2 9 - 2 1  29-91  a6-90 28 -71  

h56.98 1 5 6 ' 8 4  156.30 h57 .94  1.55'94 156 '88  l 58 .04  257 '96  158.88. h.58'90 
156.62 h57 .14  h58.28 155.72 158.06 156.18 155.90 157.38 157.98 158 .14  
h56.44 h57.50 1556.68. 156.80 1 5 6 . j ~  1 5 7 ' 1 %  1 5 6 ' 7 4  1 58-02  159 '14  158.42 

h j7-28 2 59'52 2 56.74 
h 56-48  

56'68 5 7 . ~ 6  57-09  56 '84  57'56 56'73 56'86 57'79 58'67 58'59 

At XLVII (Karamda) 

drzarch 1875; observed by Captain M. W. Roger8, B.E., with Baf*ro,w'a 24-i?cch TIieodolite T o .  2. 

M - Mean of Qrorrp~ 
UJ - Helatire Weight 
' dng'e 

M =  18"'83 

w = 2 o V 4 o  - 
1 - - - 0 -05 
w 
C = 5 9 O  14' 1 8 ~ ~ 8 3  

= 36,,.Iz 

w = '9 '33 - 
I - - - o -05 
w 
C = 74' 27' 36"- r 2 

I 

Angle 
between 

=IT & 
XLV 

' 

7 

Circle readinqe, telescope being eet on XLIV 

tfeO18' 46018' 805°31' 126°S1' Z04°4Y 10s064' 28S064' l8So6' 8'6' 

11 11 I1 t I  I1 11 11 I1 I1 11 

h20 -84  h2o'oa h 18'90 h 18'64 h 17'98 h 17-78 1 18-74 1 19'60 h 18-80 h 18-74 
h 19-44 h 18-06 h 18-64 h 17-94 h 18.46 h 17-52 h 18-96 h 19 -22  h20 .16  h 19-58 
1 18-70 118.78 h rg 'a4 h 18'22 h 18-96 h 18-06 h 19-20  h 19-26  h 18-52  hz0.28 
h 19'36 h 18-46 

1 17.48 
116 '70  

19.59 18-95 18-93 18-27 18-47 17.79 18-25 19-36 19-16  19-53 

136.32 h35-20  136'50 135.74 h '3~ ' -71  135.86 136 '86  135 '98  136.40 136 '68  
137.96 h35.36 h37-20  h37.20 h36.24 13; '2a 134'00 h 3 j - 6 2  h35 -82  h35 -58  
h38.76 1136.26 136 .16  136.74 h36.50 Z 3 6 . j ~  133.98 h35.82 h d 5 . ~  136.33 
136.12 h 35 '00 

h 35 ' 8 8  

37'29 35-61  36-63  36-56 36.15 35'93 35 '14  35-81 35'89 36.19 



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 

At XLTrIII (Phogala) 

Z%eodoZite No. 2. 

M - Mean of Oroupr 
w = Relatire Weight 
C = Concluded Angle 

M =  3sXs63 

w = 7 ' 1 4  

- I - - 0 'I4 
w 
C = 72' 28' 3jt' .62 

= 47X.S8 

w = 7 "7 
= - - - 0 ' I 4  
w 
C = 53' I 2' 47"'59 

M =  8".18 

w = 14 -66 
1 - = o - 0 7  
W 

C = 75' 38' 8"- I j 

M =  34"'9j 

w = 10 -76 
- I - - 0 '09 
w 
C = 74' 18'34".g7 

February 

Angle 
between 

LI & L 

L & XLTX 

XLIX&XLV 

XLV & XLVI 

1875 ; observed by Captain 211. W. Rogers, R.E., with Barrow's 24-inch 

Circle readings, telescope being set on LI 
O0 1' 180'1' 79' 18' 259O.18' 158' 1' 838'25' 2%' 37' 67'97' 816'49' 186' 48' 

11 11 I1 4 11 1' rt I' 11 I I  

839.20 h35.20 1 3 4 ' 0 0  1 3 5 ' 5 0  8 3 3 ' 3 6  h 3 7 ' 5 4  h36 '78  1 3 6 - 1 8  A 3 4 ' ~ 2  136'02 
h 37.68 134.88 1 34.98 1 36.66 1 3 4 .  16 h 35.44 7t35.94 h 36.90 1 36-34 136.44 
h36.70 h34.44 2 35-30 1 3 5 ' 4 4  h35.50 h34 .18  135.50 7~36 .32  133 '32  1 35-88 
h 38-26 1 35'60 135 .14  h 3 2 ' 0 2  1 3 5 ' 4 2  

1 3 5 ' 2 8  134 '36  
h 3 4 - 4 4  

37-96 35-03  34'76 35'87 34'54 34-82 36-07 36'47 3 4 - 7 1  3 6 - 1 1  

h 50.54 h 51-18 1 4 9 - 8 1  2 47-92 h 17-64 h 47-  1 2  h  48-06 h 47.58 h 47-21  1 46-16 
h47.94 h 48-66 1 49-34 1 44-92 h 46-98 h 48-16 h 48-16 h 45-70 1 47.26 1 47-32 
149.08 h 48'40 1 47-52 1 47-60 h 45'54 145 .88  145 .98  h 47-00 1 47-38 1 46-32 
h 4 7 - 7 8  2 4 9 ' 1 2  1 4 9 ' 3 4  146.80 147 .28  1 4 8 . 0 0  146 .96  2 46.26 

1 50'06 

48-84  49-48 49-01 46-68 46-86 47-29  47-29  46-76 47-04 46.60 

h 7 - 1 2  h 5-08 1 8.08 1 8 - 9 4  h 7 ' 6 8  A 9-26 h 9 . 1 0  h 7 - 2 2  h 8.96 1 9 - 1 4  
h 9 - 4 0  h 6 - 3 4  2 7 - 4 6  1 9 - 1 8  h 8.48 1 7 - 6 6  Ii 8 - 2 4  h 7 ' 3 4  1 7 ' 4 6  1 8.08 , 
h 8 - 1 4  h 8.66 1 9 . 0 4  1 8 - 5 4  h 6.94 h 7 ' 8 2  h 8.04 h 7 ' 2 8  1 -48 1 9 -32  
h 6 - 8 0  1 9 - 1 8  h 7 ' 8 8  1 9 '88  1 I e 3 6  

1 5-76 
1 10.70 
1 5 '44  

7 - 8 7  7 - 3 1  8 ' 1 9  8 '89  7 ' 7 4  8 - 2 5  8 - 8 2  7.28 8 -56  8.85 

h 3 4 . 1 4  h36.28 233.34 136.98 134.82 132.96 834.66 134.58 h 3 6 - 1 6  135.86 
h 31-74 Ii 36.64 1 3 5 . ~ 0  135.54 1 3 4 - 4 0  h34.40 134 .42  135.40 133.76 135.50 
1 3 3 ' 8 4  h34.12 1 34-26 1 38-38 h 36.62 h 35'42 1 3 5 - 7 0  h 35.12 1 34-84  1 3 j .48  
h34.48 133 '02  1 35-72 134.22 h 3 5 - 2 6  1 35'66 

135 '32  

33'55 35-08  34-20  36-66 35-01 34-51  34'93 35-03  35-11 35-61 
9 

At XLIX (Bhulm) 

H a r d  1875; observed by Captain M. W. .Rogers, R.E., with Barrm ' s  24-inch Theodolite No. 2. 

Angle 
between 

XLvlI & 
XLV 

Circle readings, teleecope being set on XLVII 
001' 1800 1' 79" 12' %9°18' 158'26' 838°%' e87°S6' 67'86' 8IE'W 186048' 

m n n n 4 n m n I ry 

h32 'T4  h29.20 829.36 232.34 2 30'50 1 3 2 ' 6 8  132 .54  130.78 129 .92  1 3 i . 3 4  
h 3 2 - 3 4  h30-06 1 3 1 ' 2 2  1 3 2 - 2 8  2 31-74 1 3 1 ' 2 0  h 3 2 ' 2 2  130.36 132 .24  h 3 1 - 9 6  
h32.94 h29.96 130.74 132-06  130.42 1 3 2 - o r  h 3 o S g r  h j o . 3 4  h30.92 h 3 1 - 4 8  

h 3 1 - 2 8  1 28-86 h 3 1 ' 1 8  
h 30'92 

v 

32'67 30'28 30'05 32'23 30'89 31-97 3 1 - 8 9  30.49 31.06 33-59 

Bf = Mean of Omu r 
w = k h t i v e  wei&t 
C E. Co~~cluded Angle 

3rW'31  

, = ,, .95 
1 - =  0 . 0 9  
W 
C = 47O48'31'"30 



53 JODHPORE MERIDIOXAL SERIES. 

At X L I X  (Bhulan)-( Continued). 

Angle 
between 

XLV & 
XLVIII 

X L m  & L 

I4 & L1-I 

Circle readings, telescope being set on XLPII 

0' 1' 180' 1' 79'12' 259' 18' 158" 25' 838'24' 237" 36' 57' 36' 316O 49' 1360 48' 

11 r w w w w 4 w w w 

h43.00 144'22 1 43-46 2 43'54 144'20 1 42-90 b42.36 h44' 16 2 45.84 L4zm86 
142.84 14j.42 144.16 242.94 143.78 243.04 h . p - 7 4  h43-10 h4.3-48 443.90 
h4a-98 h45.88 142.50 143'76 1 43-84 143'78 142.52 h4a.88 h43-94 843.42 
d.+3'2a 

43-01 44'84 43'37 43-41 43'94 43'24 42-54. 43'38 43'75 43'39 

126.26 h 23-56 125-80 la3.16 124.48 1z.+'r6 h 25-82 h25-52 2 25-66 126-06 
h25.82 h2+'go 123'90 223.88 123.92 2 2 j . 0 2  h26.30 hz7.80 123'62 125.68 
h25.32 h24.14 124.30 1 24-34 2 25.31 2 25.30 126.54 1 26-04 h z j a 5 a  bz5 -72  
h 23' 86 225.42 . 2 25'58 h z 7 - 1 8  
d25.60 2 24-42 

25-37 24'20 24-67 24-24 24.j8 24-83 26'22 26'24 25-49 25-82 

658.66 i61 .00  138.42 158.70 h58.62 R58-28 158'24 h58-02 i? 36-26 h58-;6 
h58.94 h57.72 156.68 257.72 h58.36 li 57-80 158.96 h 57-98 256.70 156.90 
h60a60 h59-oa 158'46 155'76 h59.18 h58-24 h58.74 159.18 h57-98 158.50 

h 58- 84 2 57'04 h58'7a 
159.06 

59'40 59-13 57'85 57-31 58-72 58-11 58-65 58-39 57-41 58-05 

2f = Mean of Qro~pa 
w - HelnLive Weight 
C - Cotlcluded Angle 

M =  4 f . 4 9  . 

w = 
I 

23 '35 
- - - o -04 
W 

c = 43O27'43"'49 

M=2jJ'"7 

w = '3 '14 
1 - - - o -08 
W 

C = 54' 14' 2jn'17 

M =  58"'30 

W = I4 '73 
I - - - o '07 
w 
C = 52' 24' 58"- 30 

At L (Soma) 

Xarch 1875 ; obeemed by Captairt M. W. Bogerg, R.E., m'th Bawmo's 24-inch Theodolite No. 2. 

Angle 
between 

LII &XT;IX 

xLvnl 

Circle readings, telescope being set on LII 

O" 0' 18000' 79'18' 259"lY 168'%' 838'23' 237"36' 57'36' 816O48' 1M048' 

V Q W I / t, 4 4 W W 

153.18 651.64 153.26 153'36 153.62 151'74 153'42 2 52-04 2 52-00 452.58 
153.60 152.98 h j 4 ' j 8  253.20 153'38 h51-60  152.46 l . p . 4 2  151 '60 h52.40 
h53-56 151.74 252.68 2 5 ~ 7 0  154.28 h52.68 252'72 252.90 h52-80 852.70 
155.64 
152-7% 

53-74 52-12 53-51 52'75 53'76 52-01 52'87 52'45 51-13 52'56 

h48.46 1348.94 149.52 2 48'36 2 49-76 147.96 148.72 148'84 ' 149'56 148.64 
h49-22 150' 16 2 48'88 2 47-92 1 49-90 h49.88 1 49-26 149 '18 2 50' 18 h49.74 
2 49-08 h48.70 147.26 147.90 150.26 048.78 1 5 o - s  248-50 148.68 148.50 
146-70 h47.68 149.4% 
hq8-52 

48'40 48-87 48'77 48-06 49-97 48-87 49-51 48-84 49'47 48'96 

M Mean of Qronpr 
UJ - Heletive Weight 
C L. Colicluded Angle 

M = 52.~79 

w = '7 '37 
I - = 0 '06 
W 

C = 43' 28' 52"-80 

M = 48"' 97 

w = 2 1 . 6 0  
I - - o -05 
w 
C = 72O32'48".96 





64 JODHPORE MERIDIONAL SERIES. 

At LI (Te1u)-( Continued). 

ilf - Mean of Qron I 
to = Belatire ~e ig ! t  
C - Concluded Angle 

M =  ~C)"'32 

= q3 ..50 
I - =  0 ' 0 2  w 
C = 53'48' zg?-3z 

Angle 
between 

a 
L &XLVIII 

Circle readings, telescope being net on LIII 

0" 1' 180" 1' 19" 18' ' 259' 18' 16S0 24' 83S024' 237" 36' 610 86' 816O 48' 188" 48' 

I1 I1 I1 I t  I1 11 I1 I1 11 11 

h a g - 3 8  h  28.84 8 2 9 ' 3 0  h  29'30 h  29-24 h  29'22 h 29-38 h  28-40 h  30.14 z 30.26 
hzg.02 hzg .12  hz9.06 h28.84 h z g ' 7 2  h30.72 h29.16 h z 9 - 8 4  h z 9 - 7 0  128.88 
h28 '82  h.28'04 h29 '08  h.28-60 h29 '50  h 2 9 - 9 4  h z 9 - 3 6  h z 8 - 8 8  h z g - 8 2  Z 19-86 

29-07 28'67 29-15  28-91 19-49 29'96 29'30 29'04 29'89 29'67 

At LII (Aukli) 

March 1875 ; obeerved by Captain M. W. Rogers, B.E., with Barrow's 24-inch Theodolite No. 2. 

A@ 
between 

XLIX& L 

L & LIV 

Circle readings, telescope being set on XLIX 

O0lP 180'1' ?BO 12' Z39'18' las" 24' 338"24' 237O36' 67'86' 816" 49' 186" 48' 

I t  I I  I t  I1 I1 I t  11 11 I1 I1 

1 8-10 h  8-96  h  9-26 Z 10.40 2 9.08 1 8 - 7 8  h  9-96 h  9-80  i 1 o . 0 8  h  8-36 
h  8-70 h  7 - 9 8  h r o - 9 4  2 9 - 3 0  2 10.42 1 9 - 1 4  h  9-48  h  10.06 h 9 - 8 4  h1o.20 
h x o - 5 2  h  9 - 1 6  1 9-12  1  8.84 1  9 - 5 0  Z 9 - 1 4  h 1 0 - 2 2  h 9 - 6 4  h 9'36 h  6 '72 
h 10.14 h  8-66 

h  9.02 

- 
9'37 8 - 7 0  9 '77 9-51  9'67 9 - 0 2  9 '89  9 '83  9'76 8 - 5 9  

118.36 h 16-38 h 14.34 2 15.06 Z 16 '18  Z 17-00 h  16-64 L 16-48 h  17-18  h  17-08  
h  15.98 h  17-46 h  15.06 Z 16-30 2 16.22 1  17-16  h  16-28 h  17-46 h  15.76 h  17-32  
h  16'66 h 16-84 h  14-94 l 18-34 Z 15.92 1 16-02  h  16-10 h  15-88 h  16-88 h  15-71  
h 15-50  A15.98 1 1 5 ' 8 0  

115.88 

16'63 16.89 15-08 16'28 1 6 - 1 1  16'73 16-34 16-61 16.61 1 6 - 7 1  

M = Mean of G m n p  
w - Helatire Weight 
C = Concluded Angle 

9".41 

w = 25 ' 8 1  

! = .oq w 
C! = 84' 6' 9"*39 

M =  16"'40 

w = 23 '17  

I _ - - o -04 
w 
C = 47' 18' 1 6 ~ ~ 3 8  

At L I I I  (Mansa) 

December 1875; obeemed by Captaia M. W. Rogere, R.E., with Barrow'e 24-inch TheodoZite No. 2. 

angle 
between 

LVI & LV 

t 

Circle readings, telescope being set on LVI 

246" 66' 86D 66' 826' 7' 1 N  7' 46' 19' 226' 10' lZ4°81' 804' 81' 20S048' 28' 48' 

I1 11 I t  I1 11 I1 11 11 I1 I1 

h23.18 h24.52 h27.38 127.46 h z 5 - 6 8  h 2 6 - 7 2  125.98 l a 6 - 3 2  h24.32 h25.76 
Az7.18 h27.10 h28.46 h25.90 h25.96 h z 5 - 7 8  h25-50  825.82 h z 6 - 2 8  h z 6 - 2 2  
h25.82 h24.16 h27.06 h z 6 - 3 6  h 2 6 - r o  ha6-66  h26-30  h 2 5 - 7 8  hag-02  h a s - 8 8  
126.46 h 2 6 - 3 2  125.92 
h 26' 26 h 2 5 ' 2 0  

25'78 25-53 26-80 26-57 25-91 26-39 25-93 25-97 I 25.95 

M - Mean of Qmn 
UJ - Belatire W'eigK 
C - Concluded Angle 

M = 26'"oo 

= 22  .20 
I - =  0 . 0 5  
w 
C = 60' 42' 26"*01 



PRINCIPAL TlEIdNUULATION. OBSERVED ANGLES. 66 

At LI I I  (Mama)--(Continwd). 

M = Mean of Gmnpr 
UJ = Eelatire Weight 
C - Concluded Angle 

M =  56"*44 

to = 22 .6* 
I - - - o '04 
10 

C = 52' 22' j6"'43 

Angle 
between 

LV & LIT 

Circle reedings, telescope being set on LVI 

216066' 66066' 82807' 146'7' 46'19' 225" 19' 124'31' 804"311 Z0S043' 28'43' 

# n n n u n n n n 8 

h57-08  1 57.50 154.12 h57.28 1 57-08 h57 .12  h 56-40 h 56'88 h55.78 156.76 
h 55.28 h 56-90 156.26 h 57-96 1 5 5 ' 3 4  h 55-86 h 55-90 h 55-60 h 57-64 h 56-52 
855.88 h55-68  h 5 5 - 8 2  h56 .40  h56 '06  657 .18  854.74 h57-40  A56.28 h 5 7 - 6 2  

h 56'60 
h 5 5 - 7 4  

56.08 56-69 55-71 57-21 56'16 56'73 55'68 56-63 56'57 56'97 
I 

blarch' 1875 ; observed by Captain H. W. Rogem, B.E., with Barrow's 24-inch Theodolite No. 2. 

M = Mean of CftO 
w - Relatircr ~ e i x  
C - Concluded higle 

M =  548'.51 

w = 13 -81 
I _ - - o '07 
w 
C = 94O16'54"-52 

M =  391.25 

w = 15 5 
_ I - ' - o so6 
w 
C = 76'48' 3gN-26 

Angle 
between 

LIV & 

L & L I  

Circle readings, telescope being set on LIV 

0.0' 180'0' 79'13' 259'1s' 158'85' 8s8025' 237"87' 51087' 816'49' 186.48' 

n II n II n )I I I  n 11 I I  

h56.24 1 5 5 ' 3 8  1 54'94 1 5 3 ' 5 4  155.04 1 53-68 1 54-60 1 5 3 ' 1 2  1 53-66 153 '36  
152.68 h55.02 156.04 2 5 3 ' 1 2  154 '70  256.54 153.18 1 5 2 ' 4 8  1 5 6 ' 1 2  155.10 
h54.60 2 56 '10 2 53'38 153 '80  1 54'90 153*02 155 '66  1 5 3 ' 8 4  2 55'44 154 '96  
A53.66 1 54'32 1 5 4 ' 8 0  155 '36  1 5 5 ' 1 2  
h 55'82 
154.76 

54'63 55'50 54'67 53'49 54'88 54'51 54-70 53-15 55-09 54'47 

139.60 h38.06 1 4 0 - 1 8  137.80 2 3 8 ' 1 4  240-82 141.36 140.72 140.26 138.24 
h40-98  h 38-78 1 38-24 1 39.42 2 37-48 140.12 1 40.82 1 39'32 1 40- 10 1 38-96 
h38.60 1 3 9 - 3 a  1 3 8 ' 7 4  138.80 138 '98  138.68 1 3 8 ' 3 2  139 .54  1 3 9 ' 7 4 ' 2 3 8 ' 6 0  

1 40.08 239.72 
1 38'30 

39'73 38-72 39-05 38'67 38'20 39'93 39-70 39-86 40.03 38'60 

At LIV (Marot) 

.jllarch 1876 ; observed by Captab M. W. Bogers, B.E., with Barrow'e 24-inch 5eodolite No. 2. 

Angle 
between 

LII & L 

Circle readings, teleacopo being eet on LL1: 

8120 2' 132'1' 81' 14' 211° 14' 110.56' 2900 861 1890 38' 0 ~ 8 8 ~  ~68~5(y 880 6w 

n n n v n n n n n n 

150'70 L53.08 152.82 1 5 1 ' z o  152.62 1 53-30 1 5 0 ~ 6 6  2 49.62 h 52.86 153.66 
1152'54 h53.50 h 5 2 ' 2 0  h 5 z - 6 4  2 52'28 152.82 1 5 4 - 1 4  h 5 1 - 6 2  h51 .96  854.40 
h52'4a 155.40 152.92 h52'10 1 5 1 ' 8 2  1 5 z S g o  1 5 1 - g o  b55-30  1151'96 k53-08  

h51 .78  t 1 51-20  1 53-80 
h 53 ' 0 8  2 51'90 

51'89 53'17 52'65 51'98 52'24 53-01 51'96 52'59 52-26 53'71- 

M - Mean of Grou 
UJ = Relatire ~ e i g c  
C - COncluded Angle 

M-= 52"'55 

= 14 -38 
I - =  0.07 
w 
C = 47O58'52#'55 - 



56. JODHPORE MERIDIONAL SERIES. 

A 

At LIV (Marot)-(Cmthued). . 

Angle 
betwoan 

L & LILI 

Circle readings, telescope being net on L I I  M - Mean of Qmups 
to = Relative Weight 

812'2' 18801' 81°14' 211°14' 110"28' 29001' 189038' V8S' 2680SV 88°6(Y C - Concluded Angle 

I I  n 11 11 11 11 11 11 11 II 

h55-08 152-14 152.36 h51-50 152'78 152'28 Z 52-66 154'16 151.26 h49-60 
h54.08 152.12 652-52 151.86 152.68 152 '68  152'76 151.80 k52-98 h52.96 
hga-8q k ~ a - 3 6  h5a-26 h51.48 152.18 1 51'34 1 53-30 k54-02 h52.54 h52.28 
151.92 152.58 h52-02 
h51-98 h 52-42 152.26 

53-18 52-21 52-38 51'61 5a-55 52-10 52-91 53-00 52-59 51-82 

December 1875 ; ob8med by Captah M. W. 30gf?T8, R.E., with Barrow'e 26dnch Theodolite No. 2. 

M = 52@'43 

= 23 .43 
I - - - 0 -04 
w 
C = 72' 20' 5f9'44 

h g l e  
between 

L1ll &LV 

LV&LVII 

Circle readings, telescope being set on LI I I  

MP8' 810 8' 8160 16' 16@ 16' 6S0%7' %6°117' 144O8Q' 8M0 89' %?So 62' 48' 6s' 

I t  I t  I1 I t  11 t I  11 11 11 I t  

159.50 I60 '10  h57-58 h60-32 158.92 160'28 160.80 161.30 h59-66 158-88  
158-8a  h59-44 1 5 8 - 1 0  W57-80 160'84 158'46 160.08 160'20 157.26 157.38 
h58.44 h58.84 h57.80 158.66 159'94 160.34 160'54 160.74 h 58.84 h58-80 

h 58'38 158.86 h 58-70 

58-91 59-46 57-83 58-79 59-90 59-69 60.07 60.75 58-62 58'35 

h 17-18 k 2 0 . 4 ~  ha2.44 k 20.04 1 20.66 1 19-80 I 18-98 1 20.00 A 20.26 A 21-18 
i 1 8 ' o a  k20.08 h21-14 hzo'44 t19'7a 1x9'52 l18*70  118'16 h19-74 h19-92 
h18'06 haoS7a hzo.14 h21-aa  121'08 120'06 118.82 221.76 hzo-74  621-44  
h 20.70 h 19.68 h21-14 
h 19'50 h 20.16 

I 

18-71 20.41 20.85 20.57 20'49 19-79 18-83 20'24 20'25 20.85 

M = Man of Group 
w = Belative Weight 
C = Co~icluded Allgle 

M = 59"'24 

= 1 0  ' jS 
_ I - - o '09 
w 
C = 47' 41' 59@*24 

= 20,,,10 

w = 12 -60 
I - - o 008 
w 
C = 45' 15' 2oU'09 

At LV (Hasan) 

December 1875 ; observed by Captain X. W. Rogers, R.E., with Bawow'8 24-inch Tlreodolite No. 2. 

M = Mesn of Qmu 
o - Belatire ~ s i g g t  
C = Concluded Angle 

M = 15".65 

= 25 -18 

_ 1 - - o -04 
w 
C = 56' 49' 15'- 65 

Angle 
between 

LIXk "I1 

4 

Circle readings, bleecope being set on LIX 
091' 18001' 79" 1!2' 269' 1%' 168OOS' 398924' 2310 87' 610 87' 816'48' 186O 48' 

a a v w 0 a v w w 

h17.10 615.54 Z 15.34 h15-ao h15.46 h 15-12 514'82 Z 15-98 W 15-92 i 1 5 - 6 6  
h16.04 h 17-16 1 16-38 h 15-54 8 17-94 h15'60 h 16-36 h 15-94 h 15'24 h 15-10 
I I Z 1 4 3 0  I I h I I I h 15-24 I 

t 14-70 h 16'02 h 15-86 

16-71 16.04 15'18 15-23 16-16 15.22 15-73 15-55 15-47 15.17 



PRTNCIPAS TRIANGULATION. OBSERVED ANGLES. 

* 

At LV (Eman)-(Continued). - 

M = Mean of Qroups 
w Relut~ve We~ght 
C -- Concluded Angle 

M =  25"'75 

w = 30 '81 
I - - - 0 'C3 
w 
C = 60' 2' 25".76 

M =  5".68 

w = 14 -05 
I - - - 0 .07  
w 
C = 79'55' 5"'70 

M =  Io,,.07 

w = 23 '99 
I - - - o -04 

Angle 
between 

LVII8LIV 

LIV & LLII 

'I1'& 

Circle readings, telescope being eet on LIX 

o"lf 180" 1' 79" 12' 859" 12' 158" 23' 338'29' 237'37' 67'87' 818048' 136'48' 

n 'I v ,, n n n II w v 

hz7 .10  h z 4 - 7 4  126.72 h23.96 hz5.82 h25.46 h z5 -70  125-.;4 h z 6 - g q  h z 5 - 6 2  
lr 26-80 h ~ 5 . 5 4  1 25.14 h 26'09 h 25. 24 h 26-28 h 25-52 h 26.72 h 25.24 h 26-10  
hz5.02 125'08 126.78 h26.68 h z 5 - 3 8  h24.86 h z 5 - 7 6  h z q - 6 6  h26.34 h z 4 - 2 8  
h 26-90 h 26-08 h26.16 

h 26'06 

26'46 25 '1% 26'21 25-68 25-48 25'53 25-66 25-83 26-17 25-33 

h 6 - 7 6  h 8 '14 1.3'76 h 8 '68  h 5 -40  h 4 ' 1 8  R 6.26 2 6 - 0 0  h 5-02  ' 2 0  

h  6.06 h 5.10 t? 5 -38  h 6 - 1 2  h j.58 h 6 .14  h 5 .8 ,  h  4.84 h 5.26 ! i . 8 8  
h 7 - 3 8  1 6 '06  1 5 -26  h 6 -10  h 4 '66  h 4 -32  h 5 .94  h 5.76 h 7 -26  h 5 - 5 0  
h 5 - 7 2  1 7 - 0 8  h 6 - 9 8  h 4 -60  

1 4 - 8 0  

6.48 6 - 2 4  4-80  6.9; 5 - 2 1  4 -88  6 - 0 1  5 - 5 1  5 - 5 4  5 - 1 9  

h 8.26 h 1 0 . 1 ~  1 10.96 h 8.80 h 1 l .00  h 1 0 . 1 ~  h  10.42 1 9 -92  h 1 0 . 7 ~  h 9 .b2  

h 1 1 . 0 0  h ~ o ' g z  1 8'56 h I O * O Z  h  10.26 h 10 .12  h 9 '60  h 8-90  h 9 '72  h 10'38 
h 8.82 1 I I - Z . +  1 1 1 - 4 6  h 10.58 h 9.92 h 9 - 6 2  h roml;+ h 9 - . y  h 9.40 h 9.98 
h 9 -18  1 11-04 h 1 1 . 8 8  

LVI & LVIII 

LVIII & LIX 

9-32  10'76 10.50 9 -80  10.77 9 '96  10.19 9 '35  9'95 10'00 
C = 37' zr' I O " . O ~  

hz9.96 h 36-68 1 23.34 h 26'68 h 26.54 h 24-92 h 26-48 1 29-78 h 25-36 ha6 'oq  

I W  
k 23-58 hz6.02 2 27'62 h 28'03 h z 6 - 2 6  h 25.88 h 26.58 h 25-96 hzb.56 h 26-94  
h27.92 126.36 1 2 ~ ~ . 6 0  l b ~ j ' ~ 8  hz7.qS h z ; - 3 6  hz6 .90  hz5.88 hz5 .a8  h26:28 M =  26"'49 
Ic 26-34 1 24' 1 4  h 26'86 h 2 s .  24 
h 27- 18 1 2 8 ' 4 4  h 26'24 w = 14 '97 
h27 -34  1 2q'yS 1 

126.32 - - - o -07 
W 

C = 60' 4' 26".48 

27-05 26-35 25.73 z ; ' ~ z  26'76 26-16 26-65 26-62 25-73 26-42 

h ~ o - 8 6  h34.20 2.39'76 h 36-00 h j t . 04  H34' J Z  h34.94 1 34'48 h.35'48 h 35-88 
h35.64 135.92 138.20 h 31.90 h36.70 h36-20 h35.28 A35.84 835.74 h.3.5'44 
h j 3 . 8 2  136.38 235.68 834.88 635 .12  h36.36 135 .84  h36.34 h3 i . 08  1 3 6 . ~ 0  3SVs67 
h 3 4 ' i S  1 36-34  Z 38-06  

35-04  2 34' 76 w = I0 '04 
1 37-76 1 - 
236.76 - - 0 '10 

W 
C = 6 5 O  47' 35"'68 

34'03 35-71 37-28 55.26 35-95 35'66 35-35 35'55 36.10 35'84 



JODHPOBE lKERIDIONAL S&&IE9. 

At LVI (Sult8n) 

December 1876 ; observed by Captain M. W. Rogers, B.E., with Barrow's 24-inch Theodolite No. 2. 

M - Mean of G m p s  
w - Relative Weight - 

M =  23".45 

w =  14 '39 
I - - - o -07 
w 
C = 62' 9'23'.44 

M =  24"'10 

w = 
I 

7 '93 
- - - 0 '13 
w 
C = 81'$'y"-1o 

Angle 
between 

LW16LV 

LV & LIII 

Circle readings, telescope being riet on L m  

0'0' 180'0' 7Q01Y 259'13' 168°24' 898024' 5!8'PNf 67'37' 8ltP49' 186'48' 

II 11 tf 11 11 II II n II II 

kaq.90 823-32 123'30 ha.+-44 2 22.18 z 23'10 h24'64 122.56 h 24-22 h23'3a 
hz4 ' za  haam;6 h23.02 hz2.94 1 2 1 - 2 0  1 2 1 - 4 4  h21.64 h z j - 1 8  h 14-50 h23.16 
h25.10 123.36 124.96 123.90 222.30 l23.20 ha1.96 121.34 h24.30 h23.68 

2 23 -58 

24';4 23'15 13-76 23-76 22-32 22-58 23.41 a;-03 24-31) 13-39 
I 

128-04 h23.84 hz3-66 124.36 2 26-70 2 23'64 71 23-40 h23' 1 0  h 23.34 h24.20 
hz6.18 hz3.80 h ~ q - 3 2  ha.+-56 1 2.+'28 2 24-76 h21.08 h24-38 h ~ z - 6 0  h23.72 
h z 6 - 1 4  125.52 h23.72 ha.+-46 124.74 1 23-56 h a z . 1 ~  i z 1 . 9 2  h23.94 ~ Z J - o o  
h 21-44 2 24'20 h 2 1  '66 h 24.30 
h 26-18 h 22.62 

26'26 24-39 23-90 24-44 24-98 23-99 ,22.38 23-13 23'26 23-97 

At LVII (Bijli) 

December 1875 ; observed by Captain M. ?V. Bogem, B.E., with Barrow's 24-inch Theodolite No. 2. 

dl - Yban of G m p o  
a - Relative Weight 

. ' Cmchdsd 

&f= 1411'24 

w  = 17 -78 
_ 1 - - 0 -06 
w 
C = 74'42' 14"'27 

M =  55a-~8 

w =  
I 

'3 '39 
_ - - o -07 
w  
C = 53'56' 55"-09 

d 

Angle 
between 

& LV 

LV & LIB 

t 

Circle readinqs, telescope being set on LIV 

, 0'1' 180'' 1' 79'12' 269" 18' 1580 24' 888'24' 337°87' 6?O 86' 81V4Qf 136.48' 

11 11 II 11 11 II II 11 11 II 

h 16'40 h 1j .18 1 13.00 h13-26 Ar.+.ro h 13-56 h rq.ra h14-26 h13.84 213'82 
h 15-96 h 15.78 h 13'76 h 13-06 h 14-08 h 13-62 h 15.18 h 13'88 1 14-34 2 15.34 
L17-28 h13.46 h13.66 h13-74  h13-76  h15-08  h13.84 h14.46 21+*oo 2x3'60 
h 16.21 h 14-34 114.58 
2 ' 5  '44 
2 14-30 
1 1.1'54 

15-73 14-69 1 3 - 4 7 ,  13-35 14.13 14-09 14-38 14'20 14-06 14'25 

157.64 h54.50 2 53.42 856.60 A54-54 h56.04 h53.00 h55.30 h56.96 Z 56-60 
A5j-30 h54-72 h ~ 5 - 3 )  h56-38 h5.3-86 h3.3'06 155.30 h j4 '4a  15.+'68 153'82 
h 57-32 h56.76 h53-5% h56.36 h55'a3 h55.32 h55.54 h54.51 1 5+'70 156'34 
154.16 h55-44 hss-5' h55-84 2 55-00 2 53'44 
h54.18 2j3.88 
1 56.00 . 

55-77 55-36 54'09 56.45 54'51 54'75 54-92 54'75 55'34 54-82 



PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 69 
/ 

Non-Ytstiolls XIX and X X I  appertein to the Butlej Berien 

A t  LVII (Bij1i)-(Continued). 

Angle 
between 

LIX&XXI 

Circle readings, telescope being aet on LIV 

O0 1' 1800 1' ?Yo 12' 26g0 12' 168' 24' 83E0 24' ZS7O 81' 67' 86' 816'49' 1360 48' 

I! 11 n n n n w v n w 

h 15-16 h 17-24 h16.72 h 17'26 A 1;-40 A 16-82 h 1 7 - 7 1  h 17-48 Z 16-32 E 16-20 
h14.26 h I ; ' P ~  i 16-40 h 16.52 h16.6a h 16.00 h 16-44 h 16-21 l15-82 l15.58 
h 13-62 It '6.26 h 15.38 h 16-08 h 17-02  h16.08 L 1 7 . 1 ~  h16.18 Z 15.78 2 15.46 
hrg-08 
1 1'6.94 
1 16-84 
1 16'44 

15'19 16-91 16-17 16-62 1 7 - 0 1  16-30 17-09 16-63 15-97 15'75 

df = Mean of Groups 
w - Relative Weight 
' Co"duded &gle 

M =  J6'"36 

w = 17 -65  
I - =  0 . 0 6  
w 
C = 63' 2'16"*33 

At LVIII (Pttnchkot) 
' 

December 1875 ; observed by Captain H. W. Rogere, R.B. ,  with Barrowye 24-kwh Theodolite No. 2.  

Angle 
be tween 

& L= 

LIX Bi L~ 

LV LVI 

Circle readings, telescope being aet on XIX 

1' 1800 1' 190 1 1  269" 12' 158026' 888' Z6' 297'88' 610 87' 8160 40' 186049' 

n n N w n n n 0 n n 

h 13-78 hrg.84 h 16'14 h 15.42 116.76 h 15-12 h14.44 h15-12 h 15-60 h 14'82 
L15.32 hr5.00 h14.76 h 16'1a h 14-64 h15.80 h 14 74 h14-88 h 16-72 h15'j8 
k 15.12 h15.38 h I.+'I,+ A 15-32 h 15'9a h 14-56 h14-72 h 14.72 h 14-28 h 15-18 

h 15 -04 h 17-26 

15-41 15'41 15'01 15'62 15-59 15-16 14'63 14-91 15.97 15'13 

h p . r o  h40.80 h41.04 h40.52 141-10 h41.44 h42.04 h41.00 h 4 a . o ~  140.96 
h41.20 h42.42 h41.46 h40.42 h40-06 h41-54 h40.76 h41-26 141.40 h40.94 
~~~~20 A ~ I - 2 4  h42-34 h38-26 h40.78 h41-56 h41-46 h4rS4a h40.98 hqa-04 

h 41 '32 

41-83 41-49 41-61 40'13 40'68 41-56 41'4% 41-23 41-47 41-31 

h r ~ . r o  k10.34 k 9.62 h~o 'o ,+  h10.36 A10.86 h10~18 h 9-70 h 11-06 h 9-16 
h 9-68 h 9-30 h 9.74 h 11'06 h 11'18 h 11-34 h 10.34 h 10. $3 h 9-94 h 10'28 
k 8.96 h roa;o h 9 . 8 . ~  h 12-30 h 10.50 h 10.68 h10.58 h 10.16 h 10.68 h 11'08 

9'58 

9-58 10.11 9-73 10.75 10.69 10.96 10.37 K O - ~ I  romj6  10.17 

s 

Jf - M a n  of Qrou 8 

to = Helatire weigEt 
" Co'lduded hgle 

M =  1.!jn.28 

= 35 '30 
1 - - - o -03 
w 
C = 61'36' 1 5 ~ ~ 2 9  

M =  41tt.27 

w = 27 ' 2 4  
I - - - o -04 
w 
C = MO 7' 41'" 2 6  

M =  

w = 33 -68 
I - - - o -03 
w 
C = 57'46' 10"-32 



N~.-$tatiom-XIX and XXI appertain to the Sutlej aerier. 

At LIX (Randu) 

December 1875 ; obsemed by Captain H. W. Rogers, R.E., with Barrow's 24-imh Theodotite No. 2. 

M - Mean of ffroups 
w - Helatire Weight 
' bsgle 

M=48"'90 

w = 2 0  - 1 3  

I - - - 0 '05 
W 

C = 69' 13'48".90 

~ = ~ ~ u . ~ ~  

w = 2 4  -05 
I - - - o -04 
w 
c = 700 4' 43"'34 

M =  15"'85 

w = 10 -06 
I - - - 0 ' I 0  
W 
C = 63'57' 1 5 ~ ~ 8 6  

M=4+@'48 

w = 14 -37 
I - - - o -07 
W 

c = 73' 52' 44"'47 

M =  26*.91 

w = 9 '7O 

- - - 0 ' 1 0  
w 
C = 80°5~'z6".g4 

Angle 
between 

LV1l 

LV&LV1ll 

LVIII & XIX 

XIXBiXXI 

8i LVII 

Circle readings, telescope being set on LVII 

0'0' 180°(Y 79'13' 19' 13' 158' 24' 938'24' 237'36' 67'36' 816°49' 136'49' 

11 I1 11 I1 I1 I ,  11 11 I 1  I 1  

h48.68 E49'54 148.52 148 '66  h49.56 148.42 h 4 9 ' 2 6  h50.28 1 4 8 ' 8 8  148.08 
h49 '26  1 4 8 * 3 0  1 4 9 ' 4 6  1 4 7 ' 8 8  h50.96 1 4 7 . 8 2  1150.08 h48.00 148.90 148 '16  
148.06 i 49.30 147.90 249.56 1 4 9 . 1 4  h 4 9 . m  149 .84  h49 .48  2 47.98 147 .52  

h49.76 

48-67 49.05 48.63 48-70 49'89 48'41 49'73 49'38 48'59 47'92 

144.78 242.62 1 4 3 ' 9 8  1 4 3 ' 9 4  h42.30 143.76 1 4 2 ' 5 2  h43.80 243.82 i 4 3 . 9 0  
h 4 3 - 3 4  143 '38  141.90 144 .42  L43.34 142.46 h42.32 h42.86 144 .16  144.36 
h44.72 l 4 3 . 4 6  143.72 I q z . 8 0  h 4 3 . 9 ~  h42 .66  h43.46 h42.70 2 4 3 - 2 0  243.36 

1  41 ' 3 4  

44'28 43-15 4 2 - 7 6  43-72 43'19 42-96 42-77 43-12  43'73 43-87  

h 1 7 - 8 2  1 1 3 . 6 2  1 1 4 . 3 8  114 .68  h 1 4 . 1 8  h15.06 h15 .86  h15.20 1 1 5 ' 3 4  1 1 5 ~ 5 8  
h 1 6 - 5 0  2 15-62  I I j . 7 4  l I 7 . 7 4  h  1 7 - 4 0  h19.00 k 15.68 h  15.98 1 1 5 . 4 8  l 1 6 . 2 6  
l  1 6 - 1 4  I 14.50 I 1 4 - 3 0  1  17-62 h  14-22 h  14'76 I r 7 - 7 2  h 1 6 - 0 4  1  16.52 1  15.86 
h  1.6-02 h  15'62 h  1 4 - 1 4  2 17.76 h  14-52 h  1 7 - 3 8  h  16-26 
d 18.14 E 17-00  - 11 13-62  h  16-30  

16-92 14.84 14-64 16-96 14-79 16.50 16-38  15.74 15-78 15-90 

h42.62 245.96 144'08 1 4 3 ' 8 2  h 4 7 - 2 4  h43.82 h 4 4 - 6 4  h 4 2 - 7 2  144 .10  143 .94  
h44.20 145.06 1 4 4 . 9 2  244.70 1144.72 h 4 5 . 9 0  h44 .76  h44.80 144 .34  143.60 
142.00 245.90 144.32 1 4 2 . 8 0  h4+'98 h44.46 h 4 4 - 2 2  h44 .44  143 .60  244.66 
2 43 '74 k 4 3 . 1 8  245.46 h 4 5 - 3 0  846.20 I 44'60 
d 44.66 

43'44 45'64 4 4 - 1 3  44-19 45'56 4 5 - 1 0  44'54 4 4 ' 1 4  44-01 44-07  

h25.88 127 .30  Z Z ~ . ~ ~ '  127.40 h24.96 h28.22 h 2 6 - 0 0  h26.50 125 .32  127.31 
126.96 128.38 1 2 9 ' 7 4  25.02 h27.00 h25 .08  h27.00 h26.70 126.40 126 .64  
125.50 1  28'76 1 31-14  I 27-22 h z 6 - 8 8  h  26'44 h 2 6 - 7 6  h 2 8 - 6 4  2 26-08 2 26-74 

h 2 7 - 7 0  h z 7 - 3 6  227.16 h 2 5 - 2 8  h26.36 h  27-56 
h 27-92 ?t 28-36 
1 2 6 - 0 0  

26-11 28-04 28-61 26'70 26-03  26 '89  26.59 27-35 25'93 26-90 



PRINCIPAL TRIANGULATION. OBSERWD ANQLES. 61 

Nmn.--Stations XIX u d  XXI apperhb to the lutlej Beriea 

At XIX (Kaimsir) 
* 

JMZW y 1876 ; observed by Captain H. W. Rogers, B.E., with Barrow's 24-inch Tkodolite No. 2. 

Augwt 1878. In char@ of Computing O@. 

w e  
between 

Xm&LIX 

LIX & LVIII 

Circle readings, telescope being set on XXI 

Sl041'  71°W m 0 6 8 '  150°5z1 60°4' eSo"4' l ss*  16' 309" 16' zoa" 29' 28'29' 

I1 I1 I t  I t  I1 11 11 I1 I t  11 

h i 3 -  18 115.18 1 11.41 123.44 h i5 '14  h15' 14 1 13'41 213.44 h i 5 - a 8  ho5.90 
h i 6 - 8 4  123.66 l13.06 113.82 h15'10 h i 4 - 3 4  125'59 125.38 124'3% h25.74 
125.36 ia5 '70  114-14 h15.16 k14.66 214'10 124'08 125 '18 113.66 816.92 
1 13 ' 8 4  1 14' 84 h I h 2 - 6 4  
113'11 h ~ 3 . 3 ~  

- 
24-47 24'88 23-24 14-17 25'03 24-53 24-47 24'67 14'36 25'50 

h18.44 h 29-14 h 28.41 h i ; - 9 4  h 26-88 hz8-74 2 3o'ia 119'08 h28.18 h 3 o - i ~  
hag.a8 h31.14 h18.16 haam lo  h29.76 630.36 1 go.30 129.60 h28.34 h18.52 
hag-18  h 27-82 129.76 h28.08 h 29-92 119 '41 119-14 119-60 618'74 h19'80 

h 18'38 2 29'76 
1 28'36 

18-97 a9.15 28-79 18.04 z8 'g l  29-51 29'92 29-43 18-41 39-51 

M - Mean of Qmn 
w - Relative weigK 
0 - Concluded Angle 

M =  ~ ~ " - 5 3  

= '74 
I 
- = 0 006 
w 
C = 5 5 O  ~ 3 ' z 4 ~ ~ 5 5  

29"'07 

w = 20 -18  
I - E 0 -05 
W 

C = 52' 26' zg'"o7 

At XXI (Kanda) . 
December 1575 ; observed by Captain X. W. Rogera, B.E., with Barrow's 24-inch Theodolite No. 2. 

Angb 
betasen 

LV116 LL% 

LIX&XIX 

Circle readings, telescope being set on LVII 

273" W 9S0W 8530 53' 172'60,' 720 6' 262°6' 161' 16' SS1°16' 230" !N W 28' 

I1 If I t  11 I1 11 I1 11 I' n 

k 13-74 h 16-98 h 17.94 Z 17-58 h 16'28 h 17-46 h 18'66 11 16'84 h 17.08 h 16-64 
h 16.66 h18.10 h 16-82 117.42 h18.20 h 17'26 h 17-92 h 1 5 . 8 ~  h 16-74 h i j .92 
k 18-08 h18.01 h 1 8 . ~ 8  1 18-08 116.96 h 1 6 . m  ii17.90 h 17.18 h 18-06 h i8 .16  
h 16-10 115'52 h 17'14 

16-67 I 1 7 ' 7 1  17-69 16-74 16-91 18.16 16-77 17-29 16-91 

149'36 149'88 149'08 150.54 1150'56 h48-54 150.42 150.90 h51.70 h50-00 
150'00 149'10 149'10 1 j0.52 h50.88 h48.24 150 ' la  149.89 ,h48'58 h49.10 
149'10 1 50.14 150'00 149 '74 h 4 9 - 1 4  h49.68 150.80 149'68 h48.74 h49.94 

148.56 
1 47-18 

49-51 49'71 49'39 50'17 50.19 48-82 $ 0 ' 4 ~  50.13 49-07 49-71 . 

M - Mean of Group8 
w - Relative Weight 
C - Concluded Angle 

M =  17"'25 

= 23 '39 
I - =  0 - q  
w 
C = 36' 6 ' 1 7 ~ ~ 2 3  

M =  4gn.73 

w = zz  '09 
- I - - 0 '05 
w 
C = j o 0 1 3 ' 4 9 " ' 7 2  



60 JODHPORE lKEEIDIONAL SERIES. 

N~.-Btstiona-XZX and XXI appertain to the Sutlej hrier. 

r 

At L I X  (Rltndu) 

December 1876 ; observed by Captain H. FV. Rogers, R.E., with Barrowye 24-inch Theodolite No. 2. 

M - Mean of Groups 
w - Helntire Weight 

M = 4 8 ' " 9 0  

w = 2 0  -13 
I 
- = 0 -05 
w 
C = 69' 13' 48"- go 

M =  43t~.35 

w = 24 -05 
I - - - o -04 
w 
C = 70° 4'43"'34 

M =  15'"85 

w = 10 -06 
I - - - 0 ' 1 0  
W 
C = 6j057115'1.86 

M=+lt ' '48 

w = 14  '37 
I - - - o -07 
w 
C = 7 3 O 5 ~ ' 4 4 ~ ' 4 j '  

M =  2 6 ~ . 9 1  

W = 9 ' 7 O  
I - =  0 ' 1 0  
w 
C = 8 0 ° 5 ~ ' z 6 " . 9 4  

Angle 
between 

Lm &" 

LV & IiVIII 

LVIII & X I S  

XIX&XXI 

XX18iLVII 

A 

Circle readings, telescope being set on L'FIT 

0'0' 1wO' 79'13' %£F' 13' 168' 24' 938' 24' 235'36' 67'36' 816"49' 136' 49' 

11 11 I1 It I1 11 I1 11 I 1  11 

h48.68 249.54 248.52 248.66 h49.56 148 .42  h49.26 h 5 0 - 2 8  148.88 E48.08 
h 4 9 - 2 6  148.30 149.46 147.88 h  50.96 h  47'82 h  50.08 848.00 148.90 2 48-16 
148.06 149 .30  147.90 1  49.56 h49.14 h49 .00  h49.84 h49.48 247.98 147.52 

h  49'76 

48-67 49-05 48-63 48.70 49-89  4 8 - 4 1  49'73 49-38  48'59 47-92 

h 4 4 - 7 8  1 4 2 ' 6 2  143.98 1 4 3 ' 9 4  h42.30 h43.76 h49.52 h43.80 1 4 3 ' 8 2  1 4 3 ' 9 0  
h43 .34  1 4 3 - 3 8  2 4 1 - g o  244.42 A43-34  142 .46  h 4 a - 3 2  h42.86 1 4 4 . 1 6  144.36 
h44.72 143.46 243.72 l q a . 8 0  h 4 3 . 9 ~  h42 .66  h43.46 h42.70 243.20 2 43'36 

1 4 1 ' 3 4  

44'28 43'15 4 2 ' 7 1  43.7; 43.19 42-96 42-77 43-12 43-73  43'87 

h 1 7 - 8 2  113.62 1 1 4 . 3 8  114.68 h 1 4 . 1 8  h15 .06  h 1 5 - 8 6  h 1 5 . 2 0  115 .34  115 .58  
7 ~ 1 6 . 5 0  2 1 5 ' 6 2  1 1 5 . 7 4  1 1 7 . 7 4  h 1 7 - 4 0  h 1 9 . m  h 1 5 - 6 8  h15.98 1 1 5 . 4 8  116.26 
2 16 .14  I 14.50 I 1 4 - 3 0  2 17.62 h  14.22 h  14-76  h  17'72 h  16 '04  l 1 6 . 5 2  1  15-86 
h1,6'oz h15.62 h 1 4 . 1 4  1 1 7 ' 7 6  h 1 4 . 5 2  h17.38 1516.26 
d 1 8 - 1 4  2 17.00-  11 13.62 h  16-30 

16-92 1 ~ ~ 8 4  14-64 16-96  14-79 1 6 - 5 0  16'38 15'74 15.78 15.90 

h 4 2 - 6 2  t 4 5 ' 9 6  144.08 1 4 3 ' 8 2  h47.24 h 4 3 - 8 2  h 4 4 - 6 4  h q a - 7 2  244.10 Z43*g4  
h44.20 1 4 5 ' 0 6  144.92 144.70 h 4 4 - 7 2  h45.90 h44.76 h44.80 144.34 143.60 
142-00  145.90 144.32 142.80 h44.98 h44.46 h44.22 h 4 4 . 4 4  1 4 3 ' 6 0  144 '66  
1 43'74 k 43. 18 2 45.46 h45.30 h  46-20 k 44-60 
d 44'66 

43'44 45'64 44-13  44-19 45'56 4 5 - 1 0  44'54 44-14  44-01 44-07  

h  25'88 1  27-30  2 29-48 1  27'40 824.96 h 2 8 - 2 2  h  26-00  8 26-50 1  25-32 1 2 7 - 3 2  
h  26-96 1  28-38 2 29-74 1  25-02 Jb 27-00 h  25'08 6 27-00 h  26.70 1  26-40 1  26-64 
125.50 228 '76  1 3 1 ' 1 ~  l 2 7 . 2 2  h26 .88  h26.44 h26.76 h28.64 126.08 126.74 

Az7-70  h 2 7 - 3 6  1  27'16 h 25'28 h 26.36 h 27.56 
h  27'92 h  28.36 
h26'00 

2 6 - 1 1  28.04 28-61 26-70 2 6 - 0 3  26-89  26-59 27-35 ~ 5 . 9 3  26-90 





J O D H P O R E  M E R I D I O N A L  S E R I E S .  

S u m  of Squares of Apparent Errors of Single Observations, and of Apparent Zn*m of Single Z e m .  

. 
Xorrc.-Stations XLI s n d ' X L 1 ~  appertain to the lcarhchi Longitudinal Seriem, 

Btation of 
Otmerr&ion. 

Number of 
Ohserva- 

tiono. 
Obwrred Angle. 

I0 

10 

LO 

10 

so 

10 

I 0  

10 

10 

10 

I 0  

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

I0 

Sum of 8qunws of 
Ermm of single 

Observatiom. 

XLI 1 XLIV & I  '5'37 

99 I & I1 I 1 18.78 

Sum of Squarm of 
Ermrn of slngle 

Zeroe. 

of 

Barrow'e 24-inch No. 2. 

XLIV 

99 

I 

99 

I 1  

I I  

I1 

19 

I I  

II  

I11 

99 

11 

19 

I9 

I9 

IV 

I9 

V 

99 

4 

4.47 1- 
1-76 

4'1 8 

3'33 

5'4-2 
6.21 

3'69 

5-71 

1'94 

3'54 

4'49 

4'2 5 
2.76 

3.28 

6*00 

2'39 
1.85 

2.50 

6'59 
5.28 

1-39 

5'74 

~ ~ K ~ B I E .  

L 

1 ,  

1 

s 

25'52 

26.?3 

45'23 

8'33 

40.69 
4ra8a 

33'16 
22-12 

29'54 
18.27 

28.16 

17-40 
16-22 

8.1 I 

24.66 

36-60 

23'77 

14.50 
20.8 I 

15'54 

I & I1 

I1 & XLI 

IV & I11 

I11 & I1 

I1 & XLI 

XLI & XLIV 

XLI & XLIV 

XLIV & I 

I & 111 

111 & V 

VI & VII 

VII & V 

V & I1 

I1 & I 

I & I T  

I V  & VI 

VI & I11 

I11 & I 

I1 & I11 

I11 & VII 

36 

3 7 

36 

32 

39 

4 I 

3 7 

38 

38 

36 

36 

38 

3 4 

31 

3 4 

3 7 

33 

3 3 

33 

3 5 



SUMS OF SQUARES OF APPARENT ERROM. 63 

Sum of Squares of 
Errom of single 

Zeroa 

3-32 

3'67 

1-47 

2'72 

1-72 

1-10 

5-22 

4-88 

3'70 

4'74 

5'24 

4'44 

1-94 

"75 
1-70 

I '46 

1.44 

1'22 

5'77 
1-12 

2.88 

2'33 

2'39 

2'37 

3'37 
8-63 

3'49 

2-06 

3-05 

3'33 
2-03 

4-08 

5'16 

3'47 

3'93 
3.60 

4'77 

4-09 

2-12 

1-17 . 
2.48 

Station of 
Obaewutio~~. 

VI 

u 

99 

99 

VII  

$9 

I 9  

99 

VIII  

" , 

$ 1  

9 )  

>9 

99 

I X  

91 

X 

91 

X I  

99 

9 )  

91 

=I 

Y> 

98 

99 

XI11 

99  

9 )  

$9 

9 )  

99 

XIV 

99 

xv 
9 )  

XVI 

9 )  

39 

99 

XVII 

\ 

2 

RPY*ann. 

B m w ' e  24-inch No. 2. 

Observed Angle. 

I X  & VIII 

VIII  & VII  

VII & I11 

I11 & IV 

V & I11 

111 & VI 

VI & VIII 

VIII  & X 

TI1  & VI 

VI & I X  

I X  & XI 

XI & XI1 

XI1 & X 

X & VII 

XI  & VIII 

VIII  & VI 

VII & VIII 

VIII  & XI1 

XIV & XI11 

XI11 & XI1 

XI1 & VIII 

VI l I  & IX 

x & VIII 

VIII & XI 

XI & XI11 

XI11 8: XV 

XI1 & XI 

XI  & XIT 

XIV & XVI 

XVI & XVII 

XVII & XV 

XV & XI1 

XVI & XI11 

XI11 & XI 

XI1 & XI11 

XI11 & XVII 

XIX & XVIII 

XVIII & XVII 

XVII & XI11 

XI11 & XIV 

XV & XI11 

Sum of Bquarea of 
Errors of single 

Obaervationa 

9'56 
20'24 

16.03 

19'90 

24'74 

16.97 

22.10 

, 20.92 

17-37 

15-71 

27'72 

23'87 

20.92 

34'95 
16.70 

37'09 

10'01 

23'07 

14'65 

12-31 

25'69 

12.58 

21'23 

11.56 

27'99 

20.66 

12-39 

16-58 

20.47 

11-88 

15'17 

15'23 

34'47 

11-64 

21.77 

19'09 

8-70 

11-31 

7'57 

U.07 
10.90 

Number of 
Observa- 

tions. 

32 

32 

34 

3 5 

36 

35 

36 

36 

35 

3 4 

36 

35 

33 

36 

32 

38 

30 

35 

3' 

31 

3 7 

35 

33 

30 

36 

3 4 

3' 
33 

3 4 

31 

31 

32 

3 5 

31 

34 

3 4 

30 

32 

32 

3' 

32 

of 

I 0  

10 

10 

10 

10 

10 

10 

10 

1 0  ' 

1 0  

I 0  

I0 

10 

I 0  

10 

10 

I 0  

I0 

I0 

10 

10 

10 

I0 

10 

I 0  

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

I0 

I 0  

10 



64 JODHPORE BfERIDIONAL BERIBB. 

NOTE.-B. M. denotes Referring Mark. 

Btation of 
Observation. ' 

XVII 

I9 

19 

XVIII 

YI 

n 

II 

99 

99 

XIX . 
99 

XX 

99 

XXI 

19 

91 

IS 

XXII 

I9 

99 

n 

XXII I 

29 

9) 

II 

XXIV 

JI 

12 

99 

XXV 

IS 

IS 

I9 

XXVI 

IS 

$1 

99 

I) 

XXVII 

18 

9) 

O b m e d  Angle. 

XI11 b XVI 
XVI & XVIII 
XVIII & XX 
XXI & XXII 
XXII & XX 
XX & XVII ' 

XVII & XVI 
XVI & XIX 
XIX & =I 
XXI& XVIII 
XVIII bc XVI 
XVII & XVIII 
XVIII & XXII 
XXIII & XXIV 
XXIV & XXII 
=I & XVIII 
XVIII & XIX 
XX & XVIII ' 

XVIII & XXI 

XXI k =I11 
XXIII & XXIV 
XXV & XXVI 
XXVI & XXIV 
XXIV & XXII 
XXII & XXT 
XXII & XXI 
XXI & XXIII ' 

XXIII & XXV 
XXV & XXVI 
XXVIII & XXVII 
XXVII & XXVI 
XXVI & XXIV 
XXIV & XXIII 
XXIV 9 XXIII 
XXIII & XXV 
XXV & XXVII 
XXVII & R. M. 
B.Bf. & XXIX 
XXIX & XXVI 
XXVI & XXV 
XXv 6 XX'nII 

lumbar of 
Obreroa- 

tions. 

3 3 

3I 

32 

32 

30 

30 

31 

31 

3' 

30 

30 

32 

30 

30 

33 

' 32 

34 

32 

3O 

3I 

30 

3 4 

3 3 

33 

32 

3 a 

33 

32 

33 

31 

30 

3 3 

3 2 

30 

30 

36 

33 

32 

3 3 

30 .  

34 

Sum of Square4 of 
Ermm of single 
ObservaLioar 

14'35 

12'37 
16.60 

17'37 
8.16 

7'32 

7'34 

9-92 

8'47 

9-51 
3.6 I 

1 7-98 
7-01 

7.13 
12-25 

8.78 

I 1-56 

I 5-06 

5-21 

q 8 4  ' 

10'26 

2 1-40 

19-48 
I 3-26 

13-86 

10.47 
12-05 

TO9 
21-17 

14-18 

T72 
I 8-60, 

14-02 

1w26 

9-28 , 

15-85 

13-70 
I 8-90 

16.28 

IO'I I 

20'1% 

10 

10 

I0 

10 

10 

10 

10 

10 

10 

10 

10 

I 0  

10 

I 0  

10 

10 

I 0  

10 

10 

10 

10 

10 

10 

10 

10 

10 

I 0  

10 

10 

10 

10 

10 

10 

10 

10 

I0 

10 

10 

10 

10 

I0  

Sum of Squarer of 
Errors of eingle 

Zsm. 

1-67 

4-53 

3-83 

0.92 
1.13 

2.32 

1-29 

1.91 

7-79 
1'40 

3'87 

4'73 
5'20 

3'29 
2.11 

O.79 
4'22 

1-42 

5'24 

5'89 

4-14 
1-72 

7'43 

5-30 
2-67 

0.69 

2-55 
6-25 

3-27 

y 8  I 

4'37 

1-75 
1-81 

6-02 

4-25 

3'94 
2-13 

2-96 

r o 3  
1-98 

2-73 

J 

Ilrumte. 

7 

J 

L B ~ ~ o w ' o  W-mch NO. 2. 



SUMS OF SQUARES OF APPARENT ERRORS. 'BB 

hY)k 

10 

10 

10 

10 

10 

I 0  

I 0  

I 0  

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

I 0  

10 

I 0  

10 

I 0  

10 

10 

10 

10 

10 

I 0  

I 0  

I 0  

B I0 

10 

10 

8u1r1 of Sq~~ared of 
Errom of slngle 

Obc.ervet~ons. 

12-61 

10.62 

16.62 

27-71 

15-83 
15'20 

I3'4O 

26'44 

57'35 

7'63 
6.61 

13.52 
4'68 

30'89 
68-09 

12-35 

33-14 
28.63 

35-61 
28-38 

41 '22 

29' 16 

I I -83 

59.00 
22-17 

32-15 

34-80 

30.13 

34'49 

29'51 

23'74 

60'47 

44-54 

19'09 
32'68 

49'95 

39'72 

29' 70 

43-91 

30' 27 
36-00 

station of 
ObmrT&n. 

XXVII 

99 

n 

XXVIII 

19 

XXIX 

19 

XXS 

n 

n 

n 

XXXT 

P9 

n 

n 

xKxrI 

n 

n 

89 

91 

XXXIII 

n 

XXXIV 

n 

n 

99 

Xxxv 

1) 

n 

91  

XXXVI 

99 

n 

n 

99 

99 

XXXVII 

99 

n 

XXXVIII 

99 

Okened Angle. 

XXVIIT & XXX 
XXX dz XXXI 

XXXI & XXIX 

XXX & XXVII 

XXVII JZ xxv 
XXVI & XXVII 

XXvII & xxm 
XXXIII & XXXII 

XXXII & SXXI 

SXXI  & XXTII 

X X V ~  a XXVIII 

XXIX & XXVII 

XXVII & XXX 

XXX & XXXII 

XXXII & XSXV 
XXXF & XXXI 

XXXI Ce XXX 
XXX & XSSIII 

XXXIII ‘4, XXXIV 

XXXIv & XXXV 

XXXIV & XBXII 

XXXII 9 XXX 

XXXVII & XXXVI 

XXXVI & XXXV 

XXXF & XXXTI 

XXXII & XXXIII 

XXXI A. XXXII 

XXXII & XXXIV 

XXXIV & XXXVI 

=TI & XxXvII I  

XXXV & XXXIV 

XXXIV & XXXVII 

XXXVII & XXXIX 

XXXIX&XL 

XL & XXXVIII 

XXXVIII & XXXV 
XLI & XXXIX 

XXXIX & XXXVI 

XXXVI A XXXIV 

XXXV & XSXVI 

XXXVI & XL 

2 

Bum of !3j 
Emma mingle ? o f  -- 

Number of 
O h r v a -  

tions. 

33 

32 

34 

36 

32 

3 3 

3 3 

3 5 

42 

32 

30 

31 

30 

36 

40 

32 

39 

38 

38 

3 5 

36 

36 

33 

42 

35 

34 

37 

35 

37 

37 

36 

42 

* 43 

34 

3 5 

4 1 

38 

39 

43 

3 7 

36 

1-78 

1'87 

1-80 

1-25 

1-17 

1-47 

4'4I 
0.80 

9'63 

6'95 

4-13 
1-61 

10.86 

4-85 

4'74 
2-92 

4-01 

4-86 

4-38 
1'30 

3-21 

8-73 
2-68 

4'40 
2-81 

3-00 

5'47 

3-38 

6-47 

3 'O7 
I -03 

6'23 

6'98 

6.48 ' 

7-46 
1'11 

4'33 

5'57 

7'37 
6-46 

4-26 I 

. Barrow's 24-inch No. 2. 



Etation of 
ObMn.ti011. 

XXXTX 

1s 

11 

1) 

O h n e d  Angle. 

XLI & XLIII 

XLIII & XLIV 

XLIV & XLII 

XLII & XL 

Sum of Syym of 
Errom o alngle 
~ ~ r r a t i o m .  

32-41. 

33'35 

43'45 

45'35 

Number of 
Obeewa- 

tione. 

38 

3 9 
40 

3 9 

1s I XL & XXXVI 

ts XXXVI & XXXVII 

n XXXVII & ZLI 
XL XXXVIII & XXXVI 

19 XXXVI & XXXIS 

11 XXXIX & XLII 

XLI XLIII  & XXXIX 

$1 XXXIX & X x X v I I  

XLII XL&XXXIX 

11 XXXIX & XLIV 

XLIII B.M. & XLVI 

n XLVI & XLV 

*I XLV & XLIV 

n XLIV & XXXTX 
$1 XXXIX & XLI 

XLIV XLII $ XXXIX 

n XXXIX & XLIII  

11 XLIII & XLV 

11 XL v & XLVII 

XLV XLVII & XLIV 
$1 XLIV & XLIII  

n XLIII  & XLVI 

n XLvI & XLVIII 

11 XLVIII & X L I x  

11 SLIX & XLVII 

XLVI XLVIII & XLV 

11 XLV & XLIII  

XLVII XLIV L XLV 

19 XLV&XLIX 

XLVIII LI & L 

11 L & XLIX 

11 XLIX & XLV 

9 1  XLV & XLVI 

XLIX XLVII & XLV 

11 XLV & XLVIII 

11 XLvIII  & L 

$1 L & L I I  

34'69 

69'49 

75'76 
16.36 

14-99 

23'73 
40.85 

47-33 
66-68 

53'32 
11-14 

14-44 

55'16 

23-44 

33'77 
21.23 

23'53 

26.34 

48-69 
27.11 

9-79 

5'57 
12-24 

18.42 

49-00 

a 5'33 
16-72 

I a.9a 

16.01 

31-92 
30'18 

42'2 5 

32'30 

13-40 

,5'69 
~ ~ 8 8  

22-00 

39 
42 

44 

34 

37 

3 7 

41: 

39 

43 

41 

31 

34 

39 

38 

3 7 

35 

38 

3 7 

38 

36 

32 

30 

3' 

34 

38 

33 

34 

3 4 

33 

38 

3 9 

38 

3 7 

34 

31 

36 

34 

of 

10 

10 

10 

10 

,. 

Barrow's 24-inch No. 2. 

,. 

I 

. ' 

L 

I 

I 

I . 

f 

J , 

Sum of 8 uarm of 
E m n  01 ringlo . 

&roe. 

2.56 

2.98 

6-3 I 

7-51 
I0 

10 

10 

10 

I 0  

I0  

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

I0 

10 

10 

10 

10 

I0 

. 10 

I 0  

10 

10 

10 

10 

10 

10 

10 

10 

10 

I 0  

10 

Rlylpnr. 

10.84 

10.89 

3-66 

5-22 

1'1 I 

4-2 I 

I 2.32 

8-84 

3-41 
8-08 

3'95 
2 -08 

4-98 
4-22 

2-42 

3'74 

4'73 

3'9 2 

4.53 
4-60 

1-82 

0 3 9  
2'02 

2-44 
8.1 I 

10-01 

4-94 

3'32 
3-22 

10.44 
10.65 

3-36 
6-11 

7-12 

3'32 

5 
4.28 

5 

(. 



8UW OF SQUARES OF APPARENT ERRORS. fn. 

. NOTE.-Stations XIX and X X I  appertain to  the Sutlej Seriee. 

Station of 
Otwervstion. 

L 

1 3  

11 < 

YV 

9 1  

YY 

a LI 

99 

L I I  

99 

L I I I  

9 1  

99 

#Y 

LIV 

Yl  

n 

99 

LV 
9) 

I 9  

YY 

99 

99 

LVI 

91 

LVII ' 

#9 

YY 

LFII I  

n 

9) 

LIX 

99 

~9 

99 

n 

XIX 

n 

XXI 

tY 

O h r r d  bugle. 

LII  & XLIX 

XLIX & XLVIII 

XLVIII & L I  

L I  & LILT 

LI I I  & LIV 

LIV & LII 

LILI & L 

L & XLYIII 

XLIX & L 
" L & LIV 

LVI & LV 

LV & LIV 

LIV & L 

L & LI  

L I I  & L 

L & LIII  

LII I  & LV 

LV & LVII 

LIX & LVII - 

LVII & LIV . 

LIV & LIII  

LI I I  & LVI 

LVI & LPIII 

LVIII & LIX 

LVIII & LV 

LV & LIII 

, LIT & LV- 

LV & L I S  

LIX & XXI 

XIX & LIX 

LIX & LV 

LV & LVI 

LVZI & LV 

LV & LVIII 

LVIII & XIX 

XIX & XXI 

XXI & LVII 

XXI & LIX 

LIX & LVIII 

L v I I  & L I x  

LIX & XIX 

Number of 
Obsctwa- 

tiona. 

32 

34 

44 

40 

4 5 

34 

3 4 

30 

3 3 

34 

3 5 

.32 

37 

13 

3 5 

36 

3 3 

3 5 

33 

34 

3 5 

3 3 

40 

3 7 

31 

36 

36 

39 

34 

32 

31 

31 

3' 

31 

41 

3 7 

3 9 

36 

33 

3 3 

32 

Bum of Sqnsrecl of 
Errom of aingle 

Z e m  

4'04 

1-77 
6'29 

3'39 
2.29 

3'32 
1-56 

1-64 

2.06 

2-41 

2-01 

1-39 

4'43 

4-05 

3'24 

2'3 5 
7-12 

5'27 

. 2-39 
1-61 

4.63 

2'33 
2-27 

5'85 

4-96 

9.84 
3.88 

4'1 I 

3'32 
1-40 

2.25 

1-75 

3'38 

2-39 
6.68 

4'69 
6.87 

3'1 5 
2-83 

2'50 

2-61 

Bum of Squaw of 
Errma of single 

Ohwationa. 

I 2-46 

16-56 

59'50 
29-00 

66-10 

19'35 
17'42 

4-53 
I 6'08 

17-59 

26'39 

16-55 
30.21 

'9.97 

39'14 

20-39 

16-35 

13'42 

13-03 

15-93 
. . 

23-50 
16-27 

61-93 
42.86 

13-30 
20.62 

15.23 

40'97 
20'52 

11-03 

10'95 
9-88 

10.74 

13'05 

40'44 

22-55 
38.86 

30.09 

19'42 

15.~7 

BIYIPP3. Nnmber of 

10 

10 

10 

10 

10 

I 0  

10 

10 

10 

10 

1 0  

I 0  

10 

10 

I 0  

I 0  

10 

I 0  

10 

10 

10 

10 

YO 

10 

10 

10 

10 

10 

10 

10 

10 

10 

I 0  

I 0  

10 

1 0  

10 

10 

10 

I 0  

J 

Barrow'e %inoh No. 2. 

-- 



From the preceding data of the snms of the squares of the apparent ermre, in the merulnrement of ench angle, we may 
ascertain the e. rn. 8. (error of meau square) of observation of a single measure of au angle, autl the e. rn. 8. of graduation and 
observation of the mean of tire meaalires 011 a siugle zero, fdr each group of augles metllrured with the same iustrumeut, by the 
same observer, aud under similar circumstances. 

The instrument employed was Barrow's %-inch l'heodoiite No. 2, having 5 microscopes to read the ssimnthal circle; 
observations were takeu on 5 pairs of zeros (face right and face k f t )  giving circle readiugs a t  7' 12' apart. 

Sum of squares of apparent errors of obeervatioas. 
The a. r. 8. of &m& of a single meaaore of m a@. = Z/-- No. of obeervtrtions - No, of augles x No. of chnngee of zero. 

The a. m. 8. of gr&tion and obrstoation of the mean of the Sum of squaree of apparent errors of zero. 
measures on a single zero. 

J. 8. N. HENNESSEY, 

In a h a l p  qf Cornputiff0 Wce. 

a. 8. of 8rrdd0n Wid 
o h m t i o n  of B angle urra 

{ m'69 ] * - + 0:698 
1620- 168 

j* - r o-na  

1 :Liy j*-+0*666 

t 

Group. 

I 

IL 

&-.a. of 0b8fIdhll Of 

B k g l e  mewue.  

4186.07 I lb,O] ' - + 1k1 

967.18 { z2,r-,lo j ' - + 0." 

Inntnment and 
Obearver. 

Barrow's 24-inch Theodolite 
No. 2 ;  CapL Y. W. Bogem, 
R. E. 

(Barrow's Zbinch Theodolite) 
1 No. 2 ; Lieut. J. Hill, B. E. ) 

Barrow's 24-inch Theodolite 

Number of o 
G = d p.4 .- 

00.67 * ] -+O.Q!#6 
No. 2 ; Capt. M. W. Rogers, 
BE. 

B 
'" 

& 

Hille, 

" 

S 
+ 
3 

1620 

710 

jc 
I z -- 

8-60 

8.m 

Ega Q 

"4 
0 8 

7  11 

7  18 

4 184 

d 
g 

162 

71 

I 
- 
M 

4 

6456 

un 



JODHPORE MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION, REDUCTION OF FIGURES. 



JODHPORE MERlDION&L SEltIES. 

Figure No. 1. 

In the tables of the equations between the fsdom the co-emcienta of the terms below the diagonal ue omitted for wmenience, tho co-efticient of the pib 
term in tho 9th line baing always the m e  oa the oo-efficient of the qth term in the @i line. 

Observed Angles 

A gs 
No. Value .!? 

1; 
O ' U  

I 68 33 0'17 '05 

2 42 1 19-78 *05 

3 38 58 35'75 '06 

4 30 27 8-60 -06 

5 37 '9 9-51 '07 

6 7 3 1 5  11.27 '09 

7 32 57 39'54 '07 

8 36 28 3-42 -06 

Values of the Factors 

A, = + 0.0872 

X, = - 0.9132 
XS = + 4.3381 
A, = - 0.1837 

Equations to be satisfied Factor 

XI +Xa +XS + '4 = e, = + 0.198, A, 

Xs +X4 +% + Xa = ep = + 0.493, Xq 

Xs + Xa +X7 +Xe = e3 = + 0.517, &3 

-9% +4 % -22 x9 
- e, = - 4-2, 1 - A4 

+ 1 2 4  +6 x7 + 29 x8 

Equations between the factors 

Co-efficienta of 

x, x, x, x4 

+oS22 +o.rz - 1-57 
+0.28 +o-16 - 0.24 

* +oa29 + 3.24 

+99'83 

No. of 
e 

I 

2 

3 

4 

Angular errors in seconds 

x, = + -087 x6 = + *zqo 
x, = - -032 x6 = + - 1 1 0  

x3 = + '193 x7 = + -226 

x, = - ,050 x, = - '059 

[ W X ~  = 2.j8 

Value of 
e 

+ 0.198 

+ 0'493 

+ 0.517 
- 4'9 



PRINCIPAL TICIANGUUTION. REDUCTION OF FIGURES.. 

figure No. 2. 

Observed Angles I 
No. Value 

Equations to be satisfied Factor 

+% +xs - - el = - 0.427, x, 
+Xs +X, - ep = + 0.647, Xq - 
+4 +%I = % =  - 0.357, Xs 
+ xn + X1s = e 4 =  - 0.158, x4 
+ Xlr + xu - e, = - 0.7311 X, - 

=I,, + '1.1 + XIS - e,, = - ~. '538,  Xa - 

I Equations between the factors 

I 
- 

Co-efficients of 
No. of Value d 

B s 
- % % b A, A, A, % A, 

Values of the Factors I Angular errors in seconds 



e 

JODHPORE MERIDIONAL SERIES. 

Figure No. 3. 

Observed Angles 

4 
d ~ 1  Ec 

No. Value . a . ~  - 
8B 
E 

0 I ll 

r 73 29 40-52 -06 

z 4 8 4 2 3 1 . 6 0  -06 

3 57 47 50'94 '08 

4 54 5 20.92 -05 

5 78 52 36-91 '07 

6 47 2 5.03 -03 

7 40 23 3'39 '04 

8 58 28 49.46 -03 

9 81 8 9-46 .o j  

lo  54 17 19-28 -07 

11 53 27 48'55 '04 

12  72 I4 54-72 '05 

13 65 7 39'43 '08 

14 57 6 10.78 -04 

I5 57 46 12-47 -04 

16 72 36 56.03 '07 

17 59 31 54'48 '04 

18 47 51 12.26 -05 

Values of the Factors 

X, = + 1.0346 

= - 0.1704 

X, = - 3.1415 

X4 = + 1'0044 

A, = .  + 2.9635 

X, . = -  + 0.2866 

X, = - 1.8j20 

X8 = - o.wg8 

3 

Equations to be satisfied Factor 

X1 + 's +xs = e , = + o - 0 9 6 ,  

'1 + X s  + 'a - - e, = - 0-121, ~g 

LI + Xs +XQ = % =  -0.4491 X, 

Xlo + '11 + '1% = e4 = + 0.034, X, 

'1s + Xir  + Xlr = e, = + 0.326, X, 

Xlb + xu + =la 
- - e, = - 0.088, X, 

X1 +X4 +X7 + xlo + X i a  = e7 = - 0.43, x, 
14 xs -19 XI + I9 Xa 

- 4 %  + 3'9 
-I2.. 1 = e,, = - 0.6, 

+ 6 '1, -15 X l l  + '3 X l s  
x, 

. .  - '3 xu + l 9  X18 -I3 

Equations between the factors 

No. of 
e 

' 

I 

2 

3 

4 

5 
6 

7 
8 

Angular errors in seconds 

\ 
\ 

x1 = - -049 X, = - -200 X, = -$ -089 

Xs = + '073 x , = -  -091 Xl4 = + '1 ' 124 
\ 

x, = + -072 = - .158 . x16 = + h ~ 1 3  

s4 = - '101 xlO = - '059 Xla = - .? lo 
I 

xs = - . oog xll = + ,046 xi, = + 'of7 

x6 = - -011 k,, = + '047 x18 = + ' O O A  
t 
? 

[wxB] = 3-31 

Value of 
e 

+ 0.096 

- 0'121 

- 0'449 

+OSO34 

+ 0'326 

- 0.088 

- 0'43 

- 0.6 

Co-efficients of 

x, x, X, A 4  A6 x, x, x, 

~ 0 . 2 0  +0.06 - 0.02 

4" 0.15 +o.o5 + 0.29 

s o - I 2  +0.04 - 0.21 

+0.16 +o.og - 0.30 

* +om16 +0.08 0.00 

*+om16 + 0 * 0 7  + 0.43 
I 

> 4 .  4-0'37 
'\ 
\ 

+ 103.19 



PBINCIPAL ~ G U L A T I O N .  REDUCTION OF FI GlJRE8. 

Figure No. 4. 

r 

Observed Angles 

32 
No. Value a.5 8 %  .- 

b s  
pS 

o r II 

I 71 30 20'04 '05 

2 58 35 4.39 '03 

3 49 54 37'79 '06 

4 55 44 32-32 '06 

5 55 52 6.98 -12 

6 68 23 22-31 -06 

7 71 51 28-83 -04 

8 41 z 28-70 '06 

67 3'59 '04 

10 62 58 19-29 -05 

I 66 39 51-58 -03 

12 50 21 50.07 '03 

'3 49 3 52-65 '05 
14 63 50 17-42 '03 

'5 67 5 50'74 '08 

16 48 51 26-47 . '04 

17 77 40 50.21 -05 

18 53 27 44-05 -08 

Values of the Factors 

X, = + 3'1093 

X, = + 0.2855 

X, = - c-1993 

A, = + 1-184j 

A, = 3- 0.1166 

X, = - 1.1860 

= - 2'0075 

X, = - 0.0622 

Equations to be satisfied Factor 

XI +x, +% = e , =  +0.292, X, 

x4 +xs + ~ a  = e, = + 0.019, L, 

X7 +Xa +% - - eS = - 0'041, 

x10 + x11 +I13 
- - e, = + 0.015, X4 

XIS + 4 r  + Xu - - e, = - o-101, X, 

=16 + '17 + xu = e6.= - 0.346, X, 

x1 + x4 + LI + X 1 ~  + x l ~  +X16 = q = - 0 . 4 0 ,  A, 

18x, ' -I3 X, 

- I4 x, 3- 9% = e s = -  7.1, X, 
+ ' 7 x13 - 9 X l l  + 8 Xl, 

-11  xlC + 16 x18 - 5 X17 1 
Equations between the factom 

NO. of 
e 

I 

2 

3 

4 

5 
6 

7 

8 

Angular errors in aeconds 

xi = + '055 x, = - ,088 Xls = - '095 

x, = + -118 x, = + -078 xI4 = + -024 

xs = + ,119 % = -  '031 xlS = - '030 

x4 = - '103 Xlo = - '041 xl,, = - -128 

Xs = + '139 XI, = + '05% Xl7 = - '044 

x,, = - -017 XIS = + '004 Xl8 = - '174 

[wxPJ = 2.58 

Value of 
e 

+0 .292  

+ 0-019 

- 0.041 

t 0.015 

- 0.101 

- 0.346 

- 0.40 

- 7.1 

Co-efficient8 of 

X, x, x, k4 k6 x, x, )I8 

$0.14 +om05 + 9-69 

+0°24 +0.06 - 1-14 

+OoI4 +oeoq - 1.08 

SO-11 +0.05 + 0.24 

* +o* 16 +0.05 + 0.31 

+oa17 +om04 + 1.03 

$0.29 

+ 132'27 



JODHPOEE MERIDIONAL SERIEB. 

Figwe No. 5. 

Observed Angles 

3 3  
No. Value CL.G 

r, M . r( 

8E= 
IS 

0 8 ll 

I 66 30 31-41' -02 

2 61 47 49-77 -06 

3 51 41 39-74 '06 

4 61 22 37-03 '03 

5 58 5' 57'43 '06 

6 59 45 26-48 -07 

7 57 22 36'77 '02 

8 65 34 7'65 '07 

57 16'64 '03 

10 49 I 44-98 -03 

11 56 13 30.01 -06 

12 74 44 45-85 '02 

13 62 51 44-46 -10 

14 54 5 31-92 -06 

15 63 2 44-51 '03 

16 62 50 44-95 -03 

17 61 13 13-78 -05 

18 55 56 1-97 -06 

Values of the Factors 

X, = + 0.9406 

X, = + 0.6341 

X, = + 1'1271 

A, = + 0-6200 

X, = + 2.1181 

X, = + 0.7016 

$ = - 3.0941 

A,, = - 0'0772 
v 

Equatious to be satisfied Fact or 

XI +Xa +Xs - el = + 0.042, \ - 
x4 +xs +x, - - e, = + 0.004, x, 
LI +% +X, 

- - e, = + 0.095, Is 
Xlo + Xn + X ~ P  - e, = + 0.031, x4 

- 

XIS + '14 + XIS = e, = + 0-144, As 

Xle + =I? + Xie = eg = - 0.017, x, 
X l  +x, +4 +x,o +xu +X16 - - e, = - 0-40, x, 

I7 53 -11 x, 

-13% + I 4  x, = e 8 = -  9.8, + 10 x,, 
x, 

+ 6x1s - I4  XI, 

-16 x,, + 14 Xie - I I x17 I:: t 
Equations between the factora 

Co-e5cients of 

% % 5 x4 A, kg % h 

+O'I4 +om02 + 0.36 

+om16 +0.03 + 0.06 

+oS12 +oeoz - 0.28 

+o-11 $0.03 - 0.72 

+oe19 +omxo - 0.66 
* +oSrq  +oao3 + 0.29 

+0'23 

+ 106.35 

- 

NO, 01 

e 

1 

a 

3 

4 

Angular errore in seconds 

x1 = - ' 043 4 = - '039 xlS = - -098 

4 = + '107 % = + '133 x14 = + • a01 

x3 = - '022 x, = + -001 xl, = + -041 

4 = - xlO = - '074 x16 = - -072 '074 

x, = + -098 xll = + '102 x17 + -078 

x,, = - -020 x18 = + '003 Xl8 = - '023 

[ W X ~  = 2-46 

Value of 
e 

+ 0'042 

+ 0.004 

+ 0'095 

+ 0.031 

5 1 + O n 1 4 4  

6 

7 

8 

- 0.017 

- 0.40 

- 9.8 



PRl?XCIPBL' TRIANGULATIOlV. REDUC!FiON OF F I G W 8 .  

Figwe No. 6. 

Observed Allglee 

d e 
v * 

No. Value .- 2 %  ;g 
PI 

0 8 W  

r 59 13 25-64 '02 

2 33 40 35'94 '06 

3 37 25 49'28 '08 

4 49 40 9'77 '03 

5 49 '5 47'97 '05 

6 43 38 14-00 -04 

7 35 22 3'67 '07 

8 5' 43 55-23 '04 

Values of the Factors 

x , = -  2.2040 

X, = + 1.008a 

X, = + 2.3138 

h4 = - 0-2166 

Equations to be satisfied Factor 

XI + Xs + X s  +X4 = e, = - o*oo9, x, 
Xa +x4 + Xc + '6 = % =  + 0'3581 X, 

x b +x, +% +=a = % =  +o.311, X, 

-13x1 + a x p  -20%j = e4 = - 9-, h4 
+I8 x, - 4 4  +17xs 

Equations between the factors 

No. of 
e 

I 

2 

3 

4 

Angular errors in seconds 

x1 = + -012 x , =  + -166 

xp = - '236 x, = -- .023 

x, = + -251 % =  + -223 
x, = -- -036 x, = - '055 

[wxqj = 3.11 

- 

r 

Value of 
e 

- 0.009 
+ 0.358 
+ 0.311 

- 9'3 

, 

Co-efficient6 of 

x, x, x, h4 

+ o * ~ g  +O*II - 1-38 
+ooze +0.09 - 0.88 

+om2o + 1'1% 

+64*86 



JODHPOEE MEEIDIONAL SERIES. 

F i r e  No. 7. 
- 

Observed Angles 

If;  
No. , Value r- 

n.5 .- 
3s . & 

0 '  8 tt 

1. 30 10 42-39 -08 

2 47 2 9-09 -06 

3 64 22 53'99 '08 

4 38 24 15-32 'I0 

5 36 46 56.86 -04 

6 40 25 54'72 '03 

7 54 ZI 25-11 *04 

8 48 25 44-05 -06 

- 

Values of the Factors 

x , = -  9 ' 8654 

XP = + 5.7692 

X, = + 2'4556 , 

A, = - 0'4741 

w 

Equations to be satiefied Factor 

X1 +% +% +x4 - e, = + 0'157~ - 

Xs + X4 +Xr +Xa - - e , =  +. 0°151, Xp 

XI +x6 +% +=a = e, = - 0.108, X, 

- 36 XI -8% -18 x, 
34'8, A4 - e 4 = -  1 - + a6 x, + % +I9 Xe 

1 

Equations between the factors 

No. of 
B 

- 

I 

2 

3 

4 

Angular errors in seconds 

x1 = + .576 x, = + '329 

. x, = - -364 x, = - '123 
4 = + '355 4 = + '079 
s, = - -410 4 = - '393 

[wxq = 15-56 

Value of 
e 

+ 0.157 
+ O * I ~ I  

- 0.108 
-34'8 

Co-eficients of 

X, X, X, A4 . 

$0'32 4-0'18 - 4-80 

+oW25 + 0.07 - 0.66 
+onxc/ + 1-96 * 

+ 175'42 



PRINCIPAL !l'RIANGULATION. REDUCmON OF FIGURES. 

Epre No. 8. 

Observed Angles 

d gz 
No. Value . n . .~  - 

sB 
& 

0 1 11 

1 52 25 40'45 '03 

2 65 53 5z.01 .06 

3 61 40 28.4 -07 

4 63 28 54-63 004 

5 52 36 19.51 -09 

6 63 54 46-40 '04 

7 76 38 51-60 '05 

8 64 49 26.23 '06 

38 31 43'02 '03 

lo 47 29 25.66 -03 

11 64 5 48-50 -13 

IZ 68 24 47.46 -08 

'3 53 '9 40'69 '03 

14 53 2 38'17 '05 

1.5 73 37 42'06 '04 

16 66 37 26.99 .05 

17 53 35 23-48 '03 

18 59 47 10.15 -08 

Values of the Factors 

X, = + 1.8938 
x, = - 4'3"7 
x , = -  0.6375 

A4 = + 0.9908 
A, = - 2.6764 
ha = + 0.1704 

= 0'9113 

& = - 0'5C15 

Equations to be satisfied Factor 

x1 +% +% - - el = + o-210, X, 

'4 +xs +% = e , =  -0.175, x, 
LI +=a +Xo - % = - 0'1491 & - 
x10 + Xll + - - 0, = +0'5561 A4 

x1s + Xl4 + Xls - - e6 = - 0-013, & 

Xla + '17 + Xle - - ed = - 0-208, Ad 

X1 +X4 +x? +XIO + x ~ 8  +XI, = e7 = + 0-02, x, 
12% -10 x, 

-16 x, +27 Xo - 10 xS 
= e, = -57.3, - I 0  Xll A8 + 9 X1s + 6 XI6 

-16 x,, + I3 XIS -16 x,, +IiXa I 
Equations between the factors 

NO. of 
e 

- 

I 

2 

3 

4 

5 
6 

7 

8 

Angular errors in seconds 

x, = + -084 X, = + ,014 Xl8 = - '053 
f9  = + '415 x, = + -262 x,, = + -267 
x8 = - 289 $ = -  425 xI6 = - -227 
x4 = - 136 xlo = + '057 Xla = + '054 
XS = + '334 xll = + -781 x,, = + 246 

xd = - '373 xu = - -282 x18 = - -508 

[el = 3O.55 

Vdoe of 
e 

+ o-zro 
- 0.175 
- 0.149 
+ 0.556 
- 0.013 
- 0.208 
+ 0.02 
-57'3 

e 

Co-efficients of 

hl x, b h4 h, X, X? x, 

+o.16 +oS03 + 0.24 

+on17 +ow04 - 1.04 

+oSI4 +oSo5 + 0.21 

+o.z~ +o-03 - 0.58 

+om12 +0.03 - 0.56 * 
+o.16+0.05 + 0.56 

+0.23 

+ 125-91 

, 



JODHPORE MEXDIONAL SERIES. 

Figure No. 9. 

Observed Angles 

e 

g3 
No. Value . C2.6 + 

%I= 

0 1 It 

1 67 5 54'97 '07 

2 62 36 12-14 -14 

3 52 17 55.70 '08 

4 69 27 16-87 -04 

5 54 41 13-17 '10 

6 55 51 29-87 -09 

7 67 o 40'46 -05 

8 44 59 31-50 '06 

9 67 59 48'50 '05 

I0 94 26 45-01 '07 

11 44 46 38-58 -06 

1 2  40 46 36.16 -07 

13 61 59 31.55 '07 

1 4 .  62 10 23.18 - 1 2  

15 55 50 15.08 -03 

Values of the Factors 

xl = + 8'4337 

X, = - 2.9636 

X, = + 1.1983 

X, = - 2.4887 

X, = - 1.4088 

X6 = - 4'6638 

A, = $ 0-1076 

Equations to be satisfied Factor 

X1 + X ¶  +Xs - - e l  = + 2.115, x1 

x4 +XS +xo - ep = - 0.894, X, - 

f 7 +Xe +% = es = -0''34, & 

x10 + x11 + X1¶ 
- - e 4 =  - 0.779, X4 

XIS + Xlr  + X i r  
- - e6 = - 0'730, A, 

x1 + x4 +x, +X10 +XIS 
- - e 6 = -  1.14, A6 

17X3 -1OX' +14X6 -15X6 + 87 = = +20'5, 
- 2 1 X 8  +24Xlg -21X11 f15Xl6 - I I X I 4  

x, 

Equations between the factors 

No.of 
e 

1 

2 

3 

4 

5 

6 

7 

Angular errors in seconds 

x1 = + -264 x6 = - -131 x1 = - '285 

x, = + I . G ~ O  x , = -  -173 xlg = + 0007 

xS = + -821 x , = -  -064 xis = - '425 

x4 = - ' 305 x, = + mi03 xlC = - -311 

X6 = - '458 x10 = - -501 xlS = + -006 

[wx'] = 30.82 

Vdueof 
e 

+ 2'115 

- 0.894 

- 0'134 

- 0-779 

- 0'730 

- 1-14 

+20.5 

Co-e5cients of 

x, x, x, A4 X6 X6 x, 

+0'29 +OWO7 - 0 . ~ 4  

+0°23 +0.04 - 0.14 

+0.16 +omo5 - 0.86 

+ O a 2 0  + O ' O ~  + 0'42 

+0.22 + o . o ~  - ,0.87 

+ov3o 

+194'97 

I 



PRIRCIPAL !I%IANGULATION. REDUCTION OF FIGtUB;ES. 

Figure No. 10. 

. 
Observed Angles 

C( 

d 
v 
0s 

No. Value . k.gJ - 
:s 
P4 

0 1 I1 

23 44 29 92-07 -16 

24 52 10 36-63 -cj 

25 50 7 57'73 06 

26 77 27 34'49 06 

27 52 24 29-51 '07 

28 39 17 25.13 10 

29 51 58 31-15 -06 

30 88 44 4-89 -12 

31 49 I 12.50 -12 

32 79 14 9-52 -08 

33 51 44 39'58 '07 

H 

d, 
as e M No. Value .- c - 5  
~9 Is 

0 1 I1 

1 51 24 48'47 '03 

2 57 57 48'76 'O9 

3 70 37 22.86 -10 

4 49 28 9-55 '04 

5 73 44 28'74 '06 

6 56 47 22-23 '10 

7 47 20 17'52 -11 

8 62 5 32-73 '08 

9 70 34 9-80 '07 

l o  89 43 57-68 -09 

I I 53 39 3'39 ' 03 

Equations to be satisfied Factor 

... ... ... Xl + X n  + X s  ... = el s - 0.764, XI 

... ... ... ... X4 + X r  1- X6 = ep = - 0.236, % 
... ... ... ... =7 +X8 +x9 = eg = - 0.841, x, 
... ... ... ... X l o  + Xn + Xln = e, = + 0.468, h4 

... ... ... ... XIS + Xlr + Xis = e6 = + 0 .~82 ,  X, 

... ... ... ... '16 + X17 + Xis = e, = - 0.767, x6 

... ... ... ... XID + Xoo + Xni  , = e, = - 0.706, % 

... ... ... ... XPP +xns +X% = % = - 0'101, x, 

... ... ... ... X, +XN + X w  = eg - - 0.315, X, - 

... ... ... ... Xpa +Xpo + Xso  - qo = - 0.468, A10 
- 

... ... ... Xsl + Xsa + X s  ... = ell = - 0.325, X11 

... X1 + X 4  +X, + '10 + Xu + xla = el* = - 0.21, XIS 

'1% + X14 + I1# + x~ + x ~  + *S + %I = qs = - 0.339 4 3  

7 X~ -'3Xn +'4x6 - 7Xs + 7% - I I X s  - - eI4 = -15.7, ... 
+29xlS -16xl1 +r2x16 -23X1, +gx18 -IOX17 

Xl, 

5xls -12x,, +16x,, - ox lo  + 4 x s 2  - 1 7 ~ ~  = qs = - 
Xso + 4 %  -161, $ 2 2 ~  I + I I X ,  - 13%~ 

$- '4'5, %5 

H * 4a 
O,- 

b0 No. Value . a-G - 
zk= 
& 

0 I1 

1 2  36 37 0.93 I4 

I3 76 14 24'37 -10 

14 42 55 41-94 -16 

15 60 49 55'34 '08 

16 45 48 2 2 - 1 0  -11 

7 65 54 39'37 '11 

18 68 16 58-65 '04 

19 58 40 37-82 -08 

20 62 27 54-57 -08 

21 58 51 29-17 '13 

22 83 20 3-62 -0; 



80 JODHPORE MXRIDIONAL SERIES. 

R p r e  No. 10-(Continued) . 
- - 

Equations between tlie factors 

Co-efficient~ of 

% % x~ A, A, he % ?%I b A,, 1 A,, A,, xl4 h6 

+0.22 + 0.03 - 0.47 
+ 0.20 + 0.04 + 0.98 

+ 0.26 +O.II - 0'39 

i 0.26 +o.og $0'14 + 3.58 + 0.48 

+ c.34 + o . I o + o . I ~ -  2.72- 0-46 

+ 0.26 + O - I I  - 0.74 

+ 0'29 + 0.08 - 0.81 

-t 0.26 + 0.0 j + 2.67 

+oa19 + 0'06 - 0.88 

* + 0-28 +O.IO + 0.90 

+ 0.27 $ 0.12 - 0.87 

+ 0.48 + 0.50 

+om7 I + . 0.38 

+ 291.58 - 19.20 

+ 203.09 

No. of Value of +- 
I 

3 

4 

5 
6 

7 
8 

9 

10 

I I 

12 

I3 

I4 

15 

- om 764 

- 0.236 

- 0.841 

-t 0.468 

+ 0.082 

- 0.767 

- 0.706 

- 0.101 

- 0.315 

- 0.468 

- 0'325 

- 0.21 

- 0'33 

-15'7 

+I4 '5 

Values of the Factors 

= - 3'8972 

= - 0.9014 

Xs = - 3'9763 

A = + 2.6530 

I -  1055 A' = - 
X,, = - 3-8427 

A, = - 2.3671 

&, = - 0'9341 

h, = - 1~5112 

x,o = - 1.9155 

$1 = - 1.1572 

A,, = + 3'3554 

= + 0'2470 

XI4 = - 0.1122 

X16 = + 0.0485 
Y 

Angular errors in seconds 

X, = - .076 xla = - ,049 % = + '021 

x, = -  ' 220 XU = + '049 X, = - so88 

x, = - -468 X14 = f '275 ss = - '076 

X, = + -018 Xi, = - '241 xgd = - 'Of9 

xS = - ,007 fld = - '274 x,= - -160 

x# = -  ' 247 X1, = - ' 299 % =  - -167 

x, = - .288 x18 = - 'I91 % = - -065 

x,, = - -219 x10 = - -170 x, = - 236 
. . . . 

x,, = -  ' 334 x,= - '146 = - -109 

rlo = + ,361 $1 = - '390 439 = - '077 

xll = + -156 x,=- '034 xss = - ' '39 

[wx? = 16-26 

- 



PRINCIPAL 'IlUANQULATION. REDUCTION OF FIQUI1ES. 

Figure No. 11. 

. 

Observed Angles 

@ m 
U ' 

No. Value . fi-z - 2 %  
t 3s 

o t n  

I 62 7 59.12 '03 

2 56 5 3-70 .09 

3 61 46 58.64 -06 

4 78 6 52-85 -07 

5 42 38 49.56 -09 

6 59 14 18-83 -05 

7 57 43 53'58 ' I3  

8 74 27 36-12 -05 

47 48 31'30 *09 

l o  60 54 10.26 '04 

11 43 27 43'49 '04 

12 75 38 8-15 -07 

13 43 59 57'46 '04 

14 74 18 34'97 '09 

I; 61 41 28-43 -14 

'6 57 7 5'35 '0' 

17 76 9 57:39 '07 

18 46 42 57'99 '04 

Values of the Factors 

X, = + 1.0128 

X, = + 3.7811 

&3 = + 0'4230 

A4 = + 7'8435 

& = + 0.1934 

= - 5.1249 

= - 6.2498 

X, = 4- 0.3378 

Equations to be satisfied Factor 

Xl  +x, +xs - - e l = -  0.218, k, 

4 +4 + X 6  - - e S = - o - ~ 4 o ,  Xp 

X7- +4 +X, - e , = - o - 2 2 2 ,  X, - 

I10 + Xn + XIS - e, = + 0'734, A4 
- 

X1s + X l 4  + X l 6  
- - e, = + 0.140, Xg 

X1o + X17 + Xie  
- - e 6 = -  0.539, A6 

'1 +'4 +GI +'lo + '16 = q = -  1-38, X7 
I 2  x, -15 xs + 1 2 X 6  

-23 x, +'9 XP - - ee = +47'9, + I I x,, 

- 6x81 x, 
+ 5 xis - 23 x11 

-- 6 x14. + 19 Xie - 5 X17 

Equations between the factors 

Co-efficient8 of 
No. of 

e 
Xl Xp A3 X4 A6 X7 x, 

I 

2 

3 

4 

5 
6 

7 

8 

Angular errors in seconds 

x1 = - ' '57 X 7  = - '7@ XlS = - '242 

x , = -  ' 365 X ,  = - -080 xl, = - -165 

x, = -k '304 x ,  = + -616 XI, = + '547 

x4 = - ' I73 xlo = + -064 x16 = - -114 

XI = - '359 X1l = + '003 X1, = - '477 

4 = + '392 xlS = + -667 XI, = -i- ,052 

[wxp] = 32-51 

- 0'218 

- 0.140 

- 0 ' 2 2 2  

+ 0'734 

+ 0'140 

- 0'539 

- 1-38 

+47'9 

+0#18 +on03 - 0.63 

$0 .21  i -0 .07  - 1-47 

+as27 +oa13 + 1-41 

+0.15 +omo4 - 0'57 

. +0.27 +Om04 + 1.00 

* + O S I 2  + O ' O I  + 0'41 

4-0'32 

. +177'27 



JODHPORE MERIDIONAL SERIES. 

Figure No. 12. 

Observed Angles 

@ 

*a ;% 
No. Value . 2'6 - 

:s  
& 

O f M  

I 72 32 48.96 -05 

3 53 12 47'59 '14 

3 54 14 25'17 '08 

4 43 28 52-80 -06 

5 52 24 58'30 '07 

6 84 6 9'39 .04 

7 84 42 51-22 -06 

8 47 18 16-38 -04 

9 47 58 5 2 . j ~  '07 

l o  63 22 13.72 -06 

I1 72 20 52-44 '04 

1 2  44 16 54.52 '07 

13 42 10 17-63 '06 

14 76 48 39.26 -06 

15 61 I 4-08 .oq 

16 53 42 56-01 -10 

I7 53 48 29-32 '02 

18 72 28 35-62 'I4 

I 

Values of the Factors 

Aq = + 1'2381 

kg = - 3.1290 

X, = - 2.4916 

h4 = + 0.9886 

As = - 0.0218 

X, = - 0'1244 

A, = + 1.4616 

& = - 0'3300 

Equations to be satisfied Factor 

XI +=!a +xs - - e, = + 0.678, X, 

x 4  +X6 +Xa - - ~ = - O ' I O I ,  Xp 

X7 +Xe +X, - - % =  -0.524, X, 

Xlo + X n  + XIS = e4 = - 0.13;~ h 4  

XIS + Xl4 + Xl, - - e6 = + 0.038, A, 

'16 + X17 + X18 - - e , =  -0-104, X, 

'1 +XI +% +xis +xl, = q =  + 0'34, '% 

16 x, -15 XP 

-16 x, + '9 %I -I9 X8 
= e, = -51.2, 

+ 2 1  x,, - 7 X l l  + 11 x,, A8 

- 5 Xis + 7 x18 -16 xI7 +2=1 
Equations between the factors 

No. of 
e 

I 

2 

3 

4 

5 
6 

7 

8 

A~lgular errors in seconda 

x, = -I- 'I35 s, t,= - -062 xls = + -086 

x, = + -866 x, = + -151 x14 = + -098 

xS = - '323 x, = - -613 xl, = - -146 

X4 = - '100 Xlo = + 'I.)'/ Xla = + '134 

X6 = + .I51 Xll = + 'I32 X17 = + '103 

X, = - • 15% x19 = - -416 x18 = - ' 341 

rwx7 = 19-73 

Value of 
e 

+ 0.678 

- 0.101 

- 0.524 

- 0.137 

+ 0.038 

- 0.104 

+ 0'34 

-51'2 

Co-efficient8 of 

S X, X, k 4  A6 6 % x, 

+0°27  +oS05 - 0.82 

$0.17 +om06 - I '04 

+0°17 +om06 + 0.57 

+ o W l 7  +oa06 + 1.19 

+a016 i-0.06 + 0.14 

* +o-26+0'1o + 0.66 

fo.39 

+ 160.92 



PBJNCIPAL TII;IANGULATION. REDUCTION OF FIGURES. 

Figure No. 13. 

Observed Angles 

@ 
rd 
u t3 
EG No. Value n..~ .- 
:$ 
& 

0 1 11 

I 79 55 5'70 '07 

2 52 22 56-43 -04 

3 47 41 59'24 '09 

4 60 2 25-76 -03 

5 45 15 20.09 08 

6 7 4 4 2  14-27 .06 

7 56 49 lj .65 '04 

a 53 56 55-09 ' -07 

- 9 69 1 3 4 8 . 9 0  '05 
- n , u .  

Equations to be satisfied Factor 

... ... ... 3 +Xa +Xs ... = el = + 0.717, 4 

... ... ... ... X4 + X 6  + X, = e, = - 0.333, X, 

... ... ... ... L, +X, +X, = e, = - 0.639, h 

... ... ... x10 + %I + x a  ... = e4 = - 0.075, h4 

... ..a ... ... X18 + '14 + x l ~  = e, = - 0.195, x5 

... ... ... ... X16 + '17 + '18 = e, = - O ' I j I ,  x, 
... ... ... Xlv +Xpo + Xa1 ... = e, = - 0.281, % 

... ... ... ... =a¶ +Xm + X M  = q ,  = -  I -890, % 

... ... ... ... x, +xm + =a7 =q, = + O'C39, x, 

... X1 +X4 +% + Xlo + Xis + Xis = qo = - 0.66, x10 

=9 + X l l  + '10 +xa¶ +x, - - ell = - 0.49, hl 

20 x, -16x, + 6x, -zix, + 8% -16x, ... = e l ,  = +33*8, 
+2Ix1, -8x l ,  +12x,, -l3x1, +12xl8 -3x17 X19 

9x10 -zlxla +16r8 -14x1 
+29 ... ... = el, = + 29.3, 

- IOXPr  +I4Xgg -18x, + I I X ,  -16x,, hs 
i 

H 

a, 
O A  & M No. Value a.8 .- zk= 
& 

0 1 I1 

l o  65 47 35-68 -10 

I I 70 4 43'34 '04 

12 7 41-26 -04 

13 60 4 26.48 -07 

14 57 46 10.32 -03 

15 62 9 23'44 '07 

16 37 21 10.07 '04 

17 81 56 24-10 '13 

18 60 42 26-01 '05 

1- 
0 0  

No. Value &.g' . - gs 
P4 

0 1 I1 

19 65 57 15.86 -10 

20 61 36 15-29 'c3 

21 5% 26 29-07 -05 

22 73 52 44'47 '07 

23 55 53 24'55 06 

24 5 0 1 3 4 9 ' 7 2  -05 

25 80 51 26.94 '10 

26 36 6 17-23 -04 

27 63 2 16-33 -06 
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Epre  No. 13-(Continued). 

September 1878. 

Equationa between the factors 

J. B. N. HENNESSEY, 

fi charge of Computing O*. 

No. of 
e 

I 

2 

3 

4 

5 
6 

7 

8 

9 

10 

I I 

12 

13 

Value of 
e 

-t 0.717 

- 0'333 

- 0'639 

- 0.0;s 
- 0.195 

- 0.151 

- 0.281 

-1 .890  

+ 0'039 

- 0.66 

- 0.49 

+33-8 

4-29'3 

Co-efficient8 of 

X, X, b 4 Xe Xs X, X, '10 1 XIS 

+ 0.20 + 0'07 + 1-16 

+0.17 + 0.03 - 1.32 

+c16  + 0.04 +oao5 - 0.72 + 0.56 

+oa18 + 0.10 + 0.04 + 0-52 + 0-06 

+oe17 t 0.07 + 0'45 

+ 0.22 + oro4 + o-zr 

+c18  +oSxo - 0'47 

4-0.18 + 0.07 - 0.06 

+ 0.20 +o'lo + 0.56 

+ 0'3 j + 0'34 

+oS36 + 0.08 

+ 148.52 - 35-56 
+ 135'53 

Values of the Factors 

X, = + 2.6042 

hq = + 0'4294 

X, = - 4,2697 

X4 = - 0.9689 

h6 = - 1.1747 

X, = - 0.6407 

= - 2'2597 

% = - 11'4442 
x , = -  2 -  0023 

A,, = - 1'6667 

X,, = + 2.6889 

X12 = + 0.2697 

4 s  = + 0.3046 

Angular errora in seconds 

X, = + .065 xI0 = + '011 X ~ O  = + '043 

xp = -  -068 xll = - .ox8 + =  + '033 

x, = + -720 x19 = - -068 $1 = - '357 

x, = -  'O37 xlS = - ' I99 xs9 = - -613 

x6 = - '419 x14 = - '140 x, = - '431 

x, = + '123 xi, = f '144 x, = - '846 

x, = - -408 x16 = - -092 qs = + -069 

x, = - -260 xl, = - *189 x,= + '273 

x, = + -029 Xl8 = + '130 x,=- ' 303 

[wxq = 44.86 



JODHPORE. MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. TRIANGLES. 

l i o ~ ~ . - l .  The d u e s  of the dde are given in the came line with the opposite angle. 
8. Btaliom XLI end XLIV opportsin to the gUg,hi Longitudd Berim 

' 

No. of trimgle 

circuit 

I 

4'637 

XLI 
I 
I1 

XLI 
XLIV 
I1 

I 
I1 
111 

3'457 

I1 
I11 
V .- 

4'343 B 

zit 

a 

3 

4 

Btation 

XLI 
XLIV 
I 

49 

Distanw 4 8 
% M  n.W m 
- 

w 

1'545 
1 .546  
1 .546  

Corrected PLsne 
dngle 

O I *  

38 58 34'073 
67 46 16'374 
73 I5 9'553 

Milm 

22.335 
32.870 
34'003 

Correctionr to Obmmed Angle 

Non- 
Figure I Cirauit I  mui it 1 Total 

5'0716171,6 
5.2394300,7 
5'2541461~0 

w 

--'193 
- - 1 9 0  
- . I I O  

117928'06 
173552'19 
179533'76 

w 

+'061  
-000 

--'061 

w w 

- '132 - '190 
- '171 



JODHPOEE MERIDlONhL SERIES. 

. 

station 

111 
' V  
VII 

I11 

VII VI 

I 
111 
IV 

+ 
Correotionlr to Oboewed Angle Distance No. of 

Circuit 

5 

6 

triangle 

E",it 

\ 

50 

7 

8 

9 

10 

I I 

11 

Figure Circuit Log. feet 

0 I 11 

- '073 43 5 41.962 5'0882240,5 
+ '287 55 2 24'631 5.1672452,i + 'I43 81 51 j1.407 5'2492748,6 

4.117 + '357 180 o o'ooo 

Feet 

122524.82 
146975'60 
177.53 1'15 

13j456.80 
~15.505-06 
140975'60 

154738'2r 
192852.91 
137452.62 

5' 

5% 

53 

4'988 + '538 180 0 0-000 

TI1 
IV 
VI 

M iler 

23.105 
27'836 
33.623 

25.033 
13.770 
27'836 

29.306 
36.515 
26.033 

1.159 
1'260 1.259 

3.778 

VI 
VII . 
VIn 

VII 
TI11 
X 

VIII 
S 
XI1 

VIII 
XI1 
XI 

VI 
VIII 
IX 

V1l.I 

I$ 

XI 
XI1 
XI11 

XI1 
XI11 
XV 

59 58 57'375 
52 14 10'4i.+ 
67 47 12'101 

180 o 0.000 

5 2  40 50.016 
82 2% 1;-451 
44 56 42'5.33 

- 'ooa +.o26 + '024 

+ . 0 5 9 1 + : 0 6 4  + -101 - 090 
1'1131 + -011 

+ -1j8 

5'1381661,9 
5.0y86612,i 
5-x672452,2 

ja1895975,8 
5'2852261,9 
5'1381529,7 

4'351 

'988 
'988 
'988 

2 '964 

-994 
'994 
' 9 3  

2.981 

-919 
-910 
'920 

2'759 

1.663 + '399 -010 

1.663 + '007 
1'662 + -132 

+ '389 
+ ,134 + '015 

- '073 +'046 1 I - '072 +'045 + '049 -'091 

+ '009 +'089 , I  I + '101 -'043 + ' O H  -*046 

+ -100 -'o90 
+ 1 +-089 1 + '158 +'OOI 

'8.39 

- 0 2 ;  

- '027 
- '041 

- '096 

+ -098 
+ '058 
- '035 

+ -111 

+ - 1  ro 
+ -180 
+ 'r.59 

5'03229I2,1 
5'0838982,o 
5.1381661,g 

5'1596842,1 
5.0763667~8 
5'0j22912,1 

4'9;64158,6 
5'09.~576.?,7 
5'1596842,2 

48 .+a 30'585 
57 47 49.925 
73 29 39.490 -- 

180 o 0'000 

78 52 36.014 
54 5 '9.984 
47 i 4 . 0 0 ~  

180 o o-ooo 

40 23 2.581 
58 28 46.710 
81 8 8-699 

+ -104 
-000 

- ' 138. 

5'026.?010,9 
5'0217355,9 
5'0955763,7 

+ '449' 180 0 0.000 

54 1 7  18.545 
53 27 47'71% 
72 14 53' 743 

2.516 - '034 180 o 0'000 

5'0185059,a 
5'1281314,8 

'953 5.0838982,o 

2.858 

5.0521346,8 
5'0"7355,9 
5-0185059,~ 

2'354 - '316 180 o 0'000 

4'9804877,8 
.).9?.?0'34,9 
5'0263010,9 

I '8.38 

104.353 '23 
134317'r.i 
I21310'$5 

1ri754'fo 
105132'15 
104353.23 

95606'58 
85706'45 

106243'18 

107; 18';4 
1 2  13 10'45 
13;+j6'80 

144438'91 
1192a4.86 
107718.74 

94i14'36 
124616'74 
14.4438'91 

19.764 
25'4.39 
22.975 

21'355 
19'911 
19'764 

18' 107 
'6.231 
20' 112 

20'401 
21'975 
26'033 

27'356 
22'580 
20'401 

17'938 
23'602 
27'356 

106243.18 
105132' 15 
124616'74 

4'930041r,o 
4'9293907,l 
4.980487;,8 

20'1aa 
19-91 1 

23 '602 

'5.30 
'530 
'53' 

+'116 
-'o81 
-'0.?.5 

- '139 + '103 
+ '0'7 

85111'86 16'122 I 
1-59' 

84994.47 
95606'j8 

- -019 180 o o'ooo 

- -023 
+ -oaa - -018 

16'097 
18'107 

55 52 6-427 
55 44 31'8xa 
68 2.3 a1.761 



PRINCIPAL ~ANGCULATION. !J!RJANGtLES. 

No. of triangle 

Station 
Non- 

Correctad Plme 
Angle 

3 a E 8 
c M 

m Log. feet 

'3 

I4 

Corrections to Oboemed Angle D h c e  

Feet FYilr i 1 i t  

54 

0 I It 

- '014 71 51 28'429 4.9435461~4 
4';829932,9 

67 6 3.177 4'9300411,o 

+ 'ojr  180 o o'ooo 

4-8462130,o 
'309 - '052 + '084 4'8593;74,0 
-308 - '004 - '134 -- q7829932,g 

' 925 

:zit / TOM 

87810'44 
606;aS69 
85121'86 

70179.94 
73339.82 
60672'69 

70485'18 
66064'51 
85706.45 

'5 

16 

'7 

I 8 

' 9  

20 

XI11 
XV 
XV3.I 

XI11 
XVII  
XVI 

X I  
XI11 
XIV 

'359 
-558 
'359 

16'631 
11.491 
16'122 

13'29% 
13.7'11 
11'491 

13'349 
12-512 
16'233 

59325'81 
72339'82 
70+85-18 

6 
60048'02 
70179-94 

66817.50 
68521'62 
67437'32 

67060.01 
72492'08 
66817.50 

56733.42 
62437'78 
7a492'08 

56753'57 
60959'45 
60048'oa 

61355'86 
62457'78 
56753'57 

50358'15 
62475'15 
56733'42 

48223'66 
49967'88 
62475'15 

11'236 
13'701 
13.349 

12.7, 
11'373 
J3.292 

12.655 
12'978 
1%-771 

~ a ' f o r  
13'730 
11'65.5 

10'745 
11.829 
13' 730 

10.749 
11'545 
11.373 

1 1  '810 
11'829 
10'749 

9'534 
11'83s 
10'745 

9'133 
9'464 

"'832 

.J 

55 

56 

57 

+ -346 180 o o'ooo 

+ '174 + '128 
+ '044 

+ .a13 
+ '057 - ,270 

XI11 49 3 52'607 4'7732438,o 
xlv 67 5 50 .60~  , 4'85937;3,9 
XVI 4'8.~809;8,0 

180 o 0'000 

4'8480578,o 
4'819968a,.+ 
4'9330134,9 

+ '387 + '185 
- '226 

XVI 
XVII 
XVlII 

. 53 27 44.078 
48 51 26'297 
77 40 49'625 

2 
-292 
'293 

XVII 58 51 57' 144 4'82489ta,3 
XVl I I  61 aa 36'719 4'8358276,o 
XX 59 45 26.137 4'8a89003,o 

'936 

- I 

+ 'om 
+ '045 

XVIII 
xx 
XXII 

. 

3 ,  
4';784986,6 
~'8+62130,0 

180 o 0-ooo 

61 4 6 
~ rq r . 39 ' 533  
66 30 .3r.o61 

-878 

: 1 + '063 

-322 
'323 
3 2 1  

-96.5 

- '04% 

- 0 1  + '085 
- '056 

xVIII + ''4% 49 I 44'853 4'7538389,3 
XXI I  - '063 56 13 29'677 4.79.55865,4 
XXI 4'8602905,7 

- '031 180 o o'ooo 

XVI 4'7539932,r 
XVI I I  4'78.50410,a 
XIX 4';784986,6 

SVIII q7948772,z 
XIX 4'7955865,4 
X X I  4'7539932,l 

XXI 4.;01897.3,2 
X XI1 + '084 71 6 25'091 4.7957073,a 
XXIV - '0.57 59 13 25'370 4'7538389,3 

'639 + -09 180 o o-ooo 

+ -039 - -061 
- '133 + '115 1- 0 0 1  1- 054  1 

XXI  
XXIV 
XXI I I  

'186 
'186 
'187 

559 

4'82646356 
.~.860290j,i 
482(8902,3 

- 'oaa 
- '018 
- '0.5s 
- ' 9 5  

57 2% 36'426 
65 j4  7.310 
57 3 16'264 

180 o omooo 

- '166 + '067 I I + '055 + '034 
- -200 - '101 

49 15 47'685 
51 43 55'1.33 
79 o 17'183 

180 o 0'000 

- '099 + '0% 
- '301 

- *.?n 

4'68.32601,~ 
4'6956909,8 
qj957073,a 
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Didiulce 

sbtion 

X X I  
X X I I  
X X I I I  

No. of 

C i i t  Log. feet / 
4.9096344,~ 
46986909,8 
4'7538389,3 

C o d o n o  to Obeerred Angle triulgle 

Non- 
airnuit 

58 

2 I 

22  

23 

24 

25 

26 

27 

28 

11 

'221 
-220  
- 2 2 1  

'662 

59 

60 

61 

~ e e t  1 
81214'66 
49967.88 
56733'42 

Hila 

15'382 
9.464 

10'745 

X X I I I  + '136 75 11 12'069 4'8566423,~ 
X X I V  - -239 64 2 2  53'505 4.8263806~9 
X X V  - '048 40 25 54.426 4'6832601,5 

- -151 180 o 0.000 

X X I V  4 '729666~~9 
X X V  4.7751950~4 
X X V I  4.8566423,~ 

X X ~ I  '211 + '410 - '117 + '293 38 24 15.402 4'7751950~4 
S X I V  + '258 + '267 11125 3.136 4.9508827~8 
X X V I  ' 2 1 1  - '576 '141 - '717 30 10 41'462 4'6832601,5 

'633 - '157 1 180 0 O ' m 4  

X X V  
X X P I  

- '356 65 53 51'424 4.7910041,~ + '375 61 40 28.585 4'7752348,o 
X X V I I  - '229 52 25 39.991 4'7296662,9 

-690 1 - ' Z I O  180 o o'ooo 

71885'67 
67047'20 
48223'66 

53661'92 
59592'98 
71885'67 

59592.98 
89306.44 
48223.66 

61802'23 
59598'42 
53661'92 

54669.42 
61572'80 
61802'23 

85392'73 
79427'87 
54669'42 

6267 '86  
76 ! 37-13 
79427'87 

63994'90 
67976'63 
59598'42 

64232'94 
76837.13 
63994.90 

60689.22 
52591'99 
62967'86 

59835'39 
68663.05 
60689.22 

'0311 

0 1  * 
- '117 98 55 57.402 - ' 2 1 0  37 25 48.850 - 43 38 r3.748 

- ,358 180 o o'ooo 

X X V I  
X X V I I  
XXIX 

13'615 
12'698 
9-133 

10'163 
I 1'287 
13'615 

11'287 
16.914 
9.133 

11.705 
11'288 
10'163 

10.354 
11'662 
11'705 

16'173 
15.043 
10.354 

11'926 
14'552 
15.043 

12'120 

12.874 
11 '288 

12'165 
14'552 
12'120 

11.494 
9 . ~ 6 1  

11.926 

11'332 
I 3 ' m 4  
1 1 4 9 4  

I' 

+ '013 + -041 
- '054 

I1 

- '130 
- '251 
+ '023 

I' 

4.7377444,7 
4.7893888,8 
4'79x0041~2 

'238 
-238 
'239 

'715 

4y314209,2 
4-8999729,o 
4.7377444,7 

4-7991189,6 
qa8855711,7 
4'8999729,o 

- '334 + '144 52 36 19'082 
+ '136 - '086 + '050 63 28 54'442 1- -058 I 1- . I"  1 
+ '373 + '315 635446'476 

)+ -175 180 0 0.000 

X X V I I  
S X I X  
XXSI 

'999 

- '043 - '108 
+ '300 

+ '149 

+ '041 
- '742 
+ ' I45 

- '556 

X X V I I  
X S X I  
X X X  

X X V  + '156 + -664 59 47 10'538 4.8061453~4 
X X P l I  + '065 + '011 66 37 26'725 4.8323596,4 
XXVIIL '221  - '467 53 35 22'737 4.775~348~0 

+ '208 180 o 0'000 

S X V I I  53 19 40.529 4.8077577~7 
XXVIIL 73 37 42.062 +8855711,7 
XXX 53 2 37'389 4'8061453,4 

xxx 4'7831115,6 
XXXI 4.7209196,2 
XXXII . +.7991189,6 

'695 

76 38 51 '224 
64 49 25'789 
38 31 42'987 

180 0 0'000 

472925'347 
64 5 47'403 
68 24 47'250 

180 o 0'000 

'354 - '057 + '098 I-!-- '355 - '781 + '039 
'355 + '282 - '137 

I '064 

X X X I  
X X X I I  
n v  

.268 

-268 

' 804 

+ .458 + '157 2 6 8 + 3 0 5 0 7 5 1  + -131 - '082 
47769581~3 
4'8367231,2 
4.7831115~6 

+ .615 
+ '230 
+ 

54 41 13'517 
69 27 16.832 
555129.651 

+ .894 / 180 o o m o m  
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No. of 

oimuit 

29 

30 

31 

32 

33 

3 4 

3 5 

* 

trim& 

:zit 

62 

63  

64 

65 

Distance Corrediono to Obrved Angle 

Btation Angle 

11 0 1  * 
XXXII '198 + '173 + '038 
X X X V  '198 + -064 + '066 
XxXIv -198 - '103 - '104 

' 594 

XXX 
XXXII 
XXXIII 

'540 

XXXII '177 + '501 + '076 + '577 94 26 45'410 
XXXIII '176 - '007 + '056 + '049 40 46 36.033 
XXXIV '176 + '285 - '132 + ' I 53  44 46 38'557 - 

' 529 + '779 180 o 0.000 

XXXIV 
XXXV 

57 57 48'648 

XXXVI 
70 37 23.172 
51 24 48'180 

Log. feet 

4.77386458 
4'6592271,6 
4'776958113 

4.6920302~5 
4'7201817,4 
4'7209196~2 

4 ' 8 4 2 9 3 0 5 ~  
4 6592271,6 
4.6920302,5 

4 . 8 0 ~ g o 8 , 1  
4.8555191~1 
4.7738645,s 

4'8631164,8 
4.7506005,7 
4.8555191~1 

5'017~721,8 
4'9710293,6 
4.8631164~8 

5.0326460,s 
5.0164405,~ 
5.0172721~8 

5'1321256,3 
4~9806505~1 
5'0326460~5 

4'9668150,o 
5.0712328,4 
4.9806505,1 

4'8688143-2 
+'7673860,5 
4 80gogo8,1 

4.7607854~7 
48405886,1 

, 4 8688143,~ 

5.0650027~1 
4.9710293~6 
4.8405886~1 

S x X I v  
xxxn 
XXXVII 

XXXVI 
XXXVII 
XXXIX 

1'532 - .468 1 180 o omom 

-'I 
59410.68 
45627.55 
59835'39 

49207.38 
52502'72 
52591.99 

69651.50 
45627.55 
49207.38 

64430.40 
71699.99 
59410.68 

72965.32 
5631 I .94 
71699.99 

104057'21 
93546'89 
72965.32 

107$06'78 
103;558-14 
104057'21 

135558'14 
95642'42 

107806'78 

92643.51 
117823'75 
95642'42 

73928.92 
58531'02 
64430'40 

57648'17 
69276'92 
73928.92 

116145.59 
93546.Y9 
69276'92 

'854 

,296 
'295 
'296 

'887 

'523 
'523 
'522 

I - 568 - 

1 
. 

11.252 
8.642 

11.332 

9.320 
9'944 
9.961 

13.192 
8.642 
9-320 

v 

12.203 
13'580 
11.252 

13.819 
10'665 
13'580 

19.708 
I 7.717 
13.819 

2 0 ~ 4 1 9  
19'670 
1y.708 

25'674 
18'114 
20.418 

17.546 
22.315 
18.1 14 

14'002 
11.085 
12'203 

10.918 
13.121 
14.002 

21'997 
17.717 
13.121 

I+ .764 1 180 o 0.000 

XXXVII 
XSXIX 
S L I  

+ -194 + '046 + '274 + '072 
+ ' ryy I- -118 1 

+ -216 
+ '246 
+ 2 

+ '706 

+ '089 + '127 
- I 

XXXIX 
XLI 
XLIII 

62 27 54.030 
58 40 37.311 
58 51 2 8 . 6 5 ~  

180 o 0.000 

83 2 0  2.902 
442921 '390  
52 10 35.708 

- '049 + '132 + '083 76 14 23'930 + '242 + ' 2 2 1  60 49 55.038 
- '275 i- ;386! 4 2 5 j 4 1 ' 0 3 2  

1 -  -082 1 180 o 0.000 

+ '340 + '346 + '181 

+ '767 

180 0 OeOOO 

50 7 57'323 
77 27 33.8" 
52 24 28.866 

180 0 0.- 

73 44 28'598 
49 28 9.252 
56 47 2 2  ' I 50 

XXXIX 
SLIII 
XLIV 

XSXV 
XXXVI 
XXXVIII 

2.266 

68 16 58'594 
45 48 22.151 
65 54 39'255 

180 o 0'000 

'807 
'807 
'807 

XXX.1 
XXXVIII 
XL 

2'421 I+ -101 

+ '034 - ' 021  

+ '088 

+ '055 + '148 
- '203 

'681 + '076 + '198 + '274 
6 8 2  (+ 0 7 9  (- 0 7 6  ( 1 + '003 
-682 + '160 - ' 1 2 2  + '038 

=I I f  '315 

'i I +  '288 1 1 - '125 
'297 + '219 + '139 
' 2  7 t '334 - '014 

+ '137 
'285 - -018 - '095 
'285 + '247 - '042 

+ '236 I 180 o 0'000 

'5" 
'5" 
'510 

+ '144 
- '113 
+ '205 

+ '163 
+ '358 + '320 

+ '841 

- '263 - '163 - '042 

- '361 1 I + .098 - '156 - '007 + '049 - -091 

47 20 17'386 
62 5 32.791 
70 34 9.623- 

180 o o-ooo  

89 43 56.906 
53 39 2.716 
36 37 0.378 
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. 
No. of 

~irouit  

36 

37 

3 8 

39 

40 

4 1 

42 

43 

triangle 

zit 
67 

68 

69 

70 

D h n c e  

Beet 

92837'50 
89253-20 

11614j.59 

74629'96 
117823';5 
92837'50 

86966'13 
92342'36 
92643'51 

69230'16 
79865.01 
923+2'36 

49952'04 
63309'52 
69230' 16 

80421'31 
89159'30 
63309'52 

68564.87 
99035'84 
86966'13 

78249'79 
89x59'30 
68564'87 

67514.91 
6 8 4 ~ ' 3 7  
80421'31 

80831 '87 
68328'4.1 
68409.37 

55736'84 
73625'02 
80831'87 

68129'03 
53211.40 
72625'02 

XLIII 
XLIV 
XLV 

XI;ZII 
XLV 
XLVI 

station 
Log. feat 

0 I It 

XL 4'9677234,5 
XXXIX 4'9506238,o 
Y L I I  5.0650027,~ 

"925 

XXXIX '546 + '167 + '061 + '228 39 17 24'812 4'8729131,7 
XLII '546 + '236 + '202 + '438 88 44 4.782 5'0;123a8,4 

Yila 

'7'583 
16'904 
11'997 

14.134 
a2.315 
17'583 

16'471 
17.489 
17'546 

13'11% 
15.116 
17'489 

9'461 
11.990 
13'11% 

15'231 
16'886 
11'990 

12.986 
18'757 
16-47' 

14'820 
16'886 
12.986 

12.787 
~ ~ ' 9 . 5 ~  
15'231 

15'309 
12.941 
12.956 

'0'5.56 
13.755 
1 5 - 3 9  

12'903 
10'078 
13.755 

XLIV '546 + '065 - '263 

r '638 

I.2, I , , I -678 

'423 - -052 +* lo6  
'423 + '114 + '021  

'423 + '477 - ' I 2 7  

- ' 198 51 58 30'406 -- 

+ -468 

+ '294 - -165 
+ '089 

4.9677~34~5 

XLV 
XLVI 
XLVIII 

'720 

XLV 
XLVIII 
XLIX 

XLV 
XLVII 

- '058 + "700 57 43 53'873 4'8934831~4 
+.155 + '235 74 a7 35.947 4'9501666,8 

XLIX - -713 47 48 30'180 4.8361016,5 

1.222 + '222 180 o 0.000 

XLVIII 4.8293997,4 
XLIX 
L 

4'83.51155~5 
4'9053711,5 

+ -409 72 28 35.677 4'9075826,o 
L - '035 534255.624 4'83460153 
L I  - ' 270 53 48 28'699 4'8351 155 ,~  

1 '054 + '104 180 o o'ooo 

L '310 - '086 +*049 - -037 qo ro 17.283 4'7461423~8 
LI  '31t + '146 +'oj7 + -203 61 I 3'972 4'8610862,o 
LI I I  *.3:1 - '098 -- lo6 - -204 76 48 38.745 4.9075816,o 

'932 

L 

' I 
- '038 1 180 0 0.000 

'272 - -147 +'136 63 2% 13.437 4'8333321,g 
LII I  272  + -4161 -'087 + -329 441654.577 4'7260047,a 
LIV / - 'Oi1 1 

'273 - 'I32 -'049 - .181 72 2 0  51 '986 4861086a,o 

'817 + '137 180 0 0'000 

XLIV 
YLV 
XLVII 

4.6985532,8 
4'8014+0,a 
4.8402953,a 

4'9053711,S 
4'9501666,8 
4.8014690,~ 

43361016,5 
4'9957923,9 
49393501,4 

180 o 0'000 

56 5 3'435 
614657'916 
62 7 58'649 

+ '293 - '490 
+ '057 

- '140 

+ -126 - -700 

- -160 

- - 734 

4'9393501,4 
4'9654010,o 
4'9668150,o 

+ -218,  180 o 0-000 

+ '054 +6 4% 57'621 + '135 57 7 5'062 + '350 76 9 5 7 . ~ 1 7  

+ '539 180 o oSooo 

435957'51.3 
61 41 27.700 
74 18 34.787 

180 o o'ooo 

6054 9'997 
75 38 7-06: 
43 27 42'942 

180 o o'ooo I '  166 

'460 
'460 
'460 

4'8402953,a 
4'9023565,3 
4.965+010,0 

+ -609 42 38 49.709 
+ -037 78 6 51.427 - 0 6  59 14 17.864 i 
+ .140 / 180 o 0.000 

+ '359 I I +'250 + '173 -'136 
- '392 I 
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Son.--8t.tionn XIX and XXI appertain to the Butlej Seriw. 

Sqtembm 1878. 
J. B. N. HENNESSEY, 

I n  h r g c  of Cocrrputittg OO$icc. 

Bktion 

XLIX 

LII . 

L 
LII 
LIv 

LIII 
LlV 
LV 

LI v 
LV 
LVII 

LV 
LVII 
LIX 

LvII 
LIX 
X X I  

LTX 
XXI 
XIX 

No. of 

Cirouit 

44 

45 

46 

47 

48 

Correctionn to Obwrved Angle Didanoe 
Corrected Plme 

73 

74 

75 

76 

triangle 

Non- 
drcuit 

71 

72 

Mil- 

10'187 
8'846 
12.787 

13'654 
10'078 
10'187 

10.381 
9.693 
12-go3 

7'644 
9'324 
10.381 

6'842 
6.610 
7'644 

10.350 
11'464 
6.842 

12'009 
9.608 
10.350 

53787'64 
46705'38 
67514.91 

' 59' 

8.538 
5'940 
9'693 

8'748 
8'925 
8'538 

8'658 
6.610 
8'925 

9'608 
9'974 
8.658 

L m  4.653995~~ 
L v  4'496402 ,I 
LVI ~~7091025,o 

'331 

LV 
+ 

+ -023 + '222 60 4 26'557 4.6645259,~~ 
LVI 4.67323~3~7 
LVIII 4.653995~~0 

LV 4'6600620,7 
LVIII 4'5428074,2 
LIB 4.67323~3~7 

+ '075 180 0 0'000 

LVIII '167 - '033 + '230 + '197 613615'320 4'7051635,o 
LIX '167 - '043 + '140 + '097 65 57 15'7YO 4'7215129,4 
XIX '167 + '357 - '370 - '013 52 26 28'890 4'6600620,7 

01 + -281 180 o 0.000 

-225 
-224 
'225 -- 
-674 -- 
-218 
-217 
-218 

- '036 
+ '029 
+ '531 
+ '524 
+ '158 
- '692 - '183 

4508.1'21 
31361.93 
51180'26 

46187'66 
47123.27 
45081.21 

45715.35 
34898'56 
47123'27 

50729'84 
52663'90 
45715.35 

+ '062 - '098 
- '151 + '180 
+ '613 - '082 I I 84 42 50.959 

47 18 16'185 
47 58 52.856 

180 0 0.O00 

52 22 56.370 
47 41 58.331 
79 55 5.299 

40359'89 
49231'46 
54811'46 

36127'71 
34898'56 
40359'89 

54646'19 
60531'29 
36127.71 

65405'40 
50729.84 
54646'19 

+ -068 - -720 
- '065 

4.6059499~7 
4.6922427,~ 
4'7388713~6 

+ '500 56 49 16'057 4'5578404,4 
+ '309 535655.306 4'5428074,2 
- '170 69 13 48'637 4.6059499~7 

' 279 + -639 180 o 0.000 

+ -09 + '028 - '118 

4'8578855,6 
4.7260047,2 
4'73068a5,o 

4.7388713~6 
4'7091025~0 
4'8333321,9 

'I54 + '303 + '210 
-069 - '005 ::I: 1 273 1- 2 0 5  / 

T I  

72091'75 
53211'40 
53787'64 

54811.46 
51180.26 
68129.03 

' 630 

+ -513 - '074 
- 478 
- '039 
+ '672 
+ '945 + '273 

, '210 
'210 
'210 

+ '613 + '059 
+ '846 + -099 + '431 1- 1 5 8  I 

63 2 16.689 
80 5 1  26'712 
36 616.599 

180 0 O'OOO 

73 52 44.932 
50 13 50'455 
55 53 24'613 

4'73755984 
4'781 798, 
4.557404~4 t 

4'8021262,9 
4'7052635~0 
4.73755988 



JODHPORE MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. LATITUDES, LONGITUDES AND AZIMUTHS, 

Nor~.-StcrLione XLI aud XLI~ 'apprbiu  to the Kw6chi Longitudinal Herier. 

Station A Station B 

Bsriw No. 

XLIV 
I 
I1 
I 
11 

I1 
111 
Iv 
111 
v 

IV 
V 
VI 
VII 
VI 

Bide AB 

Cr 

I 

II 

II 

Axhuth at A 

0 8  # 

55 4 15-67 
94 2 51'29 
136 4 11.20 
167 6 44'65 

204 25 54-05 

24051 53-70 
178 46 38.21 

126 5 46.53 
126 16 16-06 

207 30 44'75 

81 8 53.65 

255 29 4's6 
15% 24 41-56 
212 23 20-20 

214 51 

series NO. 

XLI 
JI 

>I 

XLIV 
I# 

I 
IS 

~~~~~~~~t 

0 8  

725421.85 
#a 

># 

72 27 44'54 
#s 

722258'39 
SJ 

Name 

Bonik 
IJ 

IS 

S6nda 
#I 

Borta 
II 

IJ 

72 42 3-97 
I) 

72 a2 26.38 

##  

ss 

IJ 

71 54 38'69 

2 

I# 

. e 

5.2541~61~0 

5'239430017 
4.9901706,g 
5'0716171~6 

5'279938~r5 

5.0802173~1 

5'138r529,7 
5.2852261~9 
5-1262127,6 
5.142686237 

5.1895975,8 
~ ' ~ 4 9 ~ 7 4 ~ 1 ~  
5.0986612~2 

5.167~452~2 
38'38..5'2~74339~4 

Iltitude North 

0 1  1 

25 351.50 
I# 

#I 

24 46 50'77 
IJ 

25 549.53 
S# 

Aximuth at B 

0 8 .  

234 53 '2.57 
273 49 32-90 
315 58 57-05 
347 4 43'99 
24 31 57'10 

61 o 0.63 

358 46 24-54 
305 53 41-41 
306 7 52.00 

27 35 45-70 

260 56 57-21 

75 42 33'g2 
332 20 6-50 

32 29 33-12 
34 59 4'11 

#I 

25 15 28.46 

I# 

25 28 30'85 

#J 

## 

>J 

25 24 32'35 

#I I JJ 

I1 

I# 

111 

IJ 

##  

## 

IV 

Dhaula 
># 

Kundal 
#J 

##  

##  

Mandaula 



PRINCIPAL !L'RIANGULATION. LATI'PODES, LONGITDDES AND AZIMUTHS. 

Lonpitude Enrt 
of Greenwich 

O R  Y 

72 j 3  43-89 
72 11 j0.44 

2) 

J J 

72 36 48-02 

JJ 

72 24 49-35 
23 

I1 

91 

72 6 43-60 

72 51 12-79 
722242.07 

JJ 

I> 

72 41 46-35 
>J 

72 33 23-52 
JI 

#J 

JS 

72 20 27.84 

724855.92 
72 24 59-81 

JJ 

n 

72 37 53-46 
JJ 

72 30 17-16 

I# 

I¶ 

J> 

72 19 50-89 

724225.33 
72 25 18-36 

& 

Station B 

Serie~ No. 

VII 
VII 
VIII 
IX 
VIII 

X 
IX 
X 
XI 
XI1 

XI 
XI1 
XI1 
XI11 
XIV 

. XI11 
xv 
XIV 
XV 
xvI 

XVII 
XVI 
XVII 
XVII 
XVIII 

XIX 
XVIII 
XX 
XIS 
XX 

XX1 
XXII 
XXI 
XXII 
X S l I  

Latitude North 

0 R I/ 

2.5 35 4 8 . 2 ~  

25 46 52-33 
JJ 

J J 

25 48 59'55 

JJ 

26 3 5'85 
JJ 

J# 

JJ 

26 8 33-54 
26 3 44-63 
262020.83 

JJ 

JJ 

26 16 51.33 

>J 

26 30 43'00 

J) 

## 

JJ 

26 31 3-92 
262919.00 

26 39 58.22 

JI 

JJ 

26 39 52'74 
J> 

26 48 40.25 

JJ 

I1 

JJ 

26 48 54-50 

265025.99 
26 57 57-81 

Azimuth at A 

0 I It 

130 44 59'96 
264 32 53-04 
215 50 21-47 

147 59 9-18 
142 31 35-72 

221 24 12'73 
108 32 58-12 

268 21 0.44 

773 40 37-56 

227 57 56'94 

230 38 48-14 

147 I 25-63 
281 2446'79 

222 49 42'57 
169 21 58-14 

151 27 51-69 
207 I y  58'65 

91 45 54' 70 

27 j  39 35-81 
I4O 49 47'(j1 

203 48 6.99 

204 34 17-51 
136 49 0.62 

270 24 12'22 

208 36 22'52 

I52 40 20'48 

142 11 39-24 

201 3 36-70 

91 29 30-40 
26045 36-92 

I54 a1 15'O5 

203 23 0' 17 
208 22 3-38 
146 25 13-16 

259 34 14.18 

Station A 

Name 

BI14dr4jau 
Nagar 

JJ 

>> 

Samdari 

JJ 

Tilob 
J J 

>I 

JJ 

Borla 
Dodo 
Adori 

>J 

JI 

Dugur 
JJ 

Ketn 

>J 

JJ 

IJ 

Sulkia Thalan 
Malunga 
Loharan 

J) 

JJ 

Chamu 
JI 

Pein 

n 

JI  

JJ 

Daichu 
Soran 
Jaiora 

Circuit 
No. 

3 v  

4 

>J 

5 x  

6 

J I  

7 

8 

93 

9 

- 

&ria 

VI 
91 

JJ 

VII 

J J  

VlII 
#J 

J# 

JJ 

IS 

XI 
JJ 

JI 

XI1 
29 

XIII 
99 

J? 

19  

SIV 
XV 
XVI 

>I 

>> 

XVII 
>J 

XVIII 
JJ 

$9 

JJ 

XIX 
XX 
XXI 

Side AB 

Log. Feet 

5'0882240..5 
5'1381661~9 

5.0838982~0 

5'1281314j8 
5'032291 2,' 

5*0763667,8 

5 m ~ ~ 8 5 ~ 5 9 j 2  
5'1596842,2 

5'02'735599 

jm0955763)7 

5'0521346~8 

4.9764158~6 
5-0263010~9 

4'9330T3499 
4.8199682~4 

4.9804877~8 

4'929390792 
4'84809i8)o 

4'9300411~0 

4'8593774,0 

4.78~9932~9 
407732438~0 

4-9435461,4 
4'8462130,o 

4~7784986~6 

4'7850410~2 
4-8289003,o 

4.8358~76~0 

4*7539932,1 
4*8248902,3 

4 ' 7 9 5 ~ ~ ~ 5 9 4  
4.8602905~7 

4~7948772~2 
4~82646.35~6 

4-753838y,3 

Azimuth at B 

0 I I/ 

310 37 39-31 
84 43 44-81 

3 j  56 1.90 
347 j 6  54-86 
322 26 21 '42 

41 30 30.99 
288 25 o . j I  

88 32 35'99 
353 39 41-37 
48 5 25'41 

50 45 j1.92 
326 57 15-80 
101 33 13-96 

42 54 p 8 ' ~ 4  
349 20 58-40 

331 24 8-15 
27 23 9'5.5 

271 40 8-41 

95 46 31-81) 
3g0 46 2''5 

23 j o  7.80 

24 36 19-25 
316 44 4'24 

90 29 59-43 
28 38 45-30 

332 38 1-48 

32% 8 13-95 

21 5 39'07 
271 24 47-90 
8 0 5 1  5-52 

334 I8 59-92 
23 25 24-10 
28 24 31-50 

326 22 7-51 

79 38 54-04 
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Circuit 
N ~ .  

10 

1 1  

1 1  

J l  

1% 

J J  

13 

'4 

J I  

15 

I J  

16 

Side AB 

1 Agimuth st A 1 AzimuUt a& B 

2 

Statiot~ B 

Beries No. 

XXIII 
XXIV 
XXIII 
XXIV 
HXIV 

XXV 
XXvI  
XXV 
xxvI 
XYVI 

XXVII 
XXVIII 
XXVII 
XXlX 
XXVIII 

' x X I X  
XXX 
XXxI 
XXX 
XXXI 

XXKI 
XXXII 
XXXIII 
XXSII 

. XYXV 

XXXIII 
XXXIV 
XXXV 
XXXIV 
xxxv 

XXXVI 
. XXXVII 

XXXVI 
XXX\'lll 
XXXVII 

'a,$$;E 

0 1  1 

7225 18-36 

J J  

72 35 35-25 
1 1  

72 22 15-04 

J J  

J J  

72 31 3.07 
J l  

72 23 38-18 

J I  

J )  

gz 33 32-71 
IJ  

72 28 25'53 

J J  

J J  

J J  

72 16 3j.84 

72 38 32-30 

72 20 24.63 

1 )  

31 

72 31 47-62 

J J  

72 22 52.77 

I I  

J J  

7~13j9.97 
72 2r 34-21 

1 1  

J J  

72 32 18-78 

I J  

72 31 1'30 

Beriw No. 

XXI 
JJ 

XXII 
JY 

XSIII 

J J  

IJ  

XXIV 

J J  

XXV 

J J  

J J  

XXVI 

J l  

XXVII 

JJ 

I >  

I J  

XXVIlI 
XXIX 

XXX 

J I  

J J  

XXXI 

J J  

XXXIl 
J J  

J J  

XXXIII 
XXXIV 

I I  

J J  

XXXV 
JJ 

U X V I  

0 1  11 

160 38 16-55 

209 54 4 . 4 ~  

"7 4 43' 1 1  

150 4j 19'35 
261 36 35-87 

186 25 23'5j 
223 12 20.26 

146 3 30-20 

'93 539'80 
271 38 41'9j 

205 44 50'29 
145 57 39-48 
153 23 43-23 
206 0 2.55 

92 24 29-32 

269 52 ~ 7 . 4 ~  
145 44 10-16 

193 13 35-86 
198 41 19.9~ 
154 46 33-02 

257 1 j 40.40 

194 39 29-24 
138 49 14-15 
127 38 51-98 

182 20 5-76 

76 40 0.08 

171 6 45-67 
238 7 26-34 
21j 49 16.00 

283 6 20.74 

225 8 31-80 

156 51 32.91 

173 48 45-27 

247 33 14'r.5 
91 I 19-90 

, 

b 

Station A 

Name 1 I.atit.de North 

4*6986909,8 

4'7957073~2 
4'90963er12 

4'7018973J2 
4m683260115 

4.8263806~9 

4.9508827~8 

4-8566423,2 

4'775'95O,4 
4.729666~~9 

4.775~348~0 

4'832359614 
4'7910041,~ 

4~7893888~8 
4'8061453,4 

4'7377$44,7. 
4.8855711~7 

4'8999729,o 

4.8077577~7 
4.9314209~2 

4.7991189~6 
4.7209196,~ 

4*7201817,4 

4.7831 ~ 5 , 6  

4.8367231~2 

4.6920302~5 
4'6592271,6 

4.776~581~3 
4.8429305~0 

4.773864~~8 

4'85j5191~1 
4'7506005,7 
4*8090908,1 

4'7673860J5 
4.8631 154,8 

Jalonr 

JJ 

Lohiwat 

J l  

Ekka 

I J  

I J  

on110 

>) 

Khirwa 

J I  

JJ 

Jambo 

JJ 

Sirad 

IJ  

I J  

J J  

Harban 
Biu tli 

Nok 
I I  

19 

Mongolia 

J J  

Pabusar 

J I  

J I  

Bikampar 
Phulasar 

J J  

J J  

Girondi 

IY 

Maukasar 

O I  u 

340 36 53-24 
~9 56 41 '13 

296 58 39-27 

330 43 15'55 
81 40 36-45 

6 26 1-54 

43 17 29-86 
326 o 6.87 
I3 648'1~ 

91 43 14'41 

25 47 2-32 

325 54 25-40 
333 21 22-10 
26 2 20.19 

272 19 2-39 

89 57 6'90 
32j 40 28-00 
13 15 9-18 

18 43 5-70 

334 43 25-96 

77 20 57.03 
14 40 38.03 

318 46 15-60 

307 34 43-44 
a 20 20.26 

256 35 52-21 

1351 6 9-03 
58 1 1  50-18 

35 52 47-76 
103. 11 21-81 

45 12 57-46 

336 49 37.23 
13.53 48 8.99 
67 37 55.9' 
270 9 57-68 

0  I I 

265757'81 
J l  

26 59 39-13 
JJ 

27 5 44-66 

I J  

J J  

2: 6 54-07 

JJ 

27 16 44.49 

I J  

J J 

27 16 18-88 

t~ 

27 Zj 36-03 

l J  

I J  

I J  

27 26 2.16 

27 25 36-85 

27 36 4.67 

J J  

J J  

27 38 21.71 

I J  

27 44 28-51 
J J  

I J  

274235.85 

27 51 54-92 

I )  

J I  

27 49 41.1~ 

JJ 

28 o 15-40 
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I 

Circuit 
No. 

16 

>> 

JJ 

17 
9) 

33 

I> 

I> 

18 

JJ 

19 

8 )  

J J 

II 

20 

>I 

21 

J* 

>J 

11 

Btation B 

Berim No. 

XXXVIII 
XXSIX 
XIA 
XXXIX 
XLI 

XL 
XL 
XLI 
XLII 
XLIII 

XLIV 
XLII 
XLIII 
XLIV 
XLIV 

XLV 
XLVI 
XLV 
XLVII 
XLVI 

XLVII 
XLVIII 
XLIX 
XLVIII 
XLIX 

XLIX 
L 
LI 
L 
LII 

LI 
LII 
LIII 
L l v  
LIII 

Iatitude North 

O I N  

28 o 15-40 

J) 

JJ 

28 o 27.62 

Js 

27 53 22-03 
28 15 18-87 

J) 

>) 

a> 

J J  

28 2 49-20 

28 1455'74 
28 17 32-17 
28 33 57-06 

99 

) J 

28 29 40'9' 

>J 

28 42 51 ' 12 

s9 

)J 

IJ 

28 43 59-93 
28 4 j  6.50 

28 50 49'77 
IJ 

J) 

28 j6 36-70 

JJ 

29 I 54.8j 
21 

JB 

9 )  

28 56 11'34 

Azimuth at B 

0 1  n 

124 25 18.34 

347 13 55-60 

77 5 35-79 
30 9 37-16 
327 32 14.09 

6 31 25.67 

130 44 39.01 
268 40 44-68 

81 43 48.98 

352 9 9-51 

42 25 19-37 
z 29 39-56 
44 19 46-02 
350 26 48-42 

94 49 48-91 

. 38 41 40.98 
351 52 3 ~ ~ 3 ~  

336 33 41-77 
19 18 33'40 
275 42 34-62 

78 32 51-73 
319 45 3-02 
20 45 45.78 
34 3 38-04 
332 57 15-20 

64 13 29.11 

1 0  55 19-47 
298 20 6-12 
298 22 30'70 

350 52 12-59 

244 31 37-07 
74 58 22-13 
286 42 12-38 

350 9 56-95 
3 30 j1.44 

Azimuth s t  A 

304 19 59-46 
167 15 4 - 3 6  

256 59 4I.77 
210 5 2.12 

147 37 7.33 

186 30 51-43 

310 36 54-71 
88 50 15-22 
261 35 42.29 
172 10 18-93 

222 18 16-94 
182 29 19-10 
224 1 1  22'48 

170 27 54-31 
274 41 35.02 

218 36 31-02 

I7I 53 32-98 
156 36 47'40 
'99 '5 37'57 
95 48 46.46 

258 26 48-88 

1.3948 44-21 
200 42 54-60 
214 I 6.68 
153 o 28-08 

244 6 55-57 
190 54 8-94 
113 25 32-91 

118 27 54-16 

170 52 53-04 

64 38 15'45 
254 53 37'93 
106 48 33-04 
170 10 46-75 

183 30 32-79 

Longitude East 
of 

0 1 n  

72 31 1.30 

I) 

JJ 

72 17 27.29 
1) 

72 42 21 '73 
72 27 10.63 

)I 

> j 

)J 

J l  

72 43 34-73 
7% 7 5-29 
72 44 18-09 

72 24 44'59 

I) 

1J 

72 41 59'52 
J I 

72 35 31-79 

91 

JJ 

J) 

72 22 38.06 
72 48 6-58 

72 27 52'35 
>I 

J) 

72 41 26-80 

rr  . 

72 30 18.12 

J) 

91 

J J 

72 16 35.98 

hriee NO. 

- 

XXXVI 
)J 

Jt 

XXXVII 
I) 

XXXVIII 
XXXIX 

>J 

I) 

3 )  

JJ 

XL 
XLI 
XLII 
XLIII 

I) 

PJ 

XLIV 
J a 

XLV 

J J  

JI 

a? 

SLVI 
XLV LI 

XLVIII 
9) 

JJ  

XLIX 
IJ 

L 
>J 

IJ 

J> 

LI 

Side A B  

Log. Feet 

4.8688143~2 

4*9710293,6 
4'8405886J1 
5.0172721~8 
5'016440j,z 

4'7607854,7 
5-0650027~1 

5.0326460~5 

4'9677234,5 
4.9806505~1 

5*071~328,1 
4.9506238~0 

5'1321256~3 

4.8729131~7 
4.9668150~0 

4-9654010,o 

4.90235~5~3 
4'9393501~4 
4'995792319 
4.840295342 

4<8361016,5 
4.8~14690,~ 
4-y50~666,8 

4'6955532,U 
4.8934831~4 

4-9053711~5 
4'835115535 
4.83460153 

4.8293997,4 
4'6693669J3 

4.9075826~0 
4'730682jP 
4.8610862~0 

4.7260047~2 

4.7461423~8 

Station A 

Nume 

Ma~ikasar 

>) 

JI 

Uperthal 

J: 

Bitl~llok 
Modia 

1J 

JI 

>I 

JJ 

Ronesar 
Sachu 
Jodasar 
Mugrala 

3) 

IJ 

Kliirsar 

IJ 

Blrada 

J> 

81 

J f 

Habib 
Karamala 

Phogala 

9) 

)) 

Bhulan 

>J 

Soma - 

> J  

23  

J J  

Telu 
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J. B. N. HENNESSBY, 

In charge of Computing Om. 

Ststion B 

S e N  No. 

LTV 
LIV 
LV 
LVI 
LV 

LVII 
LVI 
LVII 
LVIII  
LIX 

LVIII  
LIX 
XXI 
LIX 
XIX 

XIX 
XXI 
XXI 

d 

Circuit Berim No. 
NO. 1 

Side A B 
- 

Azimuth at A 1 h g .  Feet I Azimuth at B 

Station A 

22 

I) 

23 
IS 

v 

LII 
L I I I  

)I 

J J  

LIV 

II 

LV 

II 

JI  

II 

LVI 
LVII 

$1 

LVIII  

>I 

L I x  
JI 

XIX 
XXI 

O t t f .  

302 11 3-87 
62 30 49-21 
10 3 10'01 

309 17 41-77 
290 8 4'49 

335 26 15.69 
227 21 17-61 

50 8 29-77 
28; 24 38-86 

353 16 0.09 

345 l o  49-07 
284 2 11.36 

347 6 27-17 
63 20 43-39 
I 40 50'71 

309 14 21-65 

23 12  43-92 

73 26 34-58 

o t u  

12% 16 38-54 

242 25 17.53 
I90 2 20'94 

129 19 54-90 
110 12 47'75 

155 28 8.46 

47 24 20'13 
230 5 38.82 
107 28 46'83 
173 16 22-67 

165 11  54-08 

104 5 25-17 
167 7 42-01 

243 16 57'65 
181 40 42'16 

129 17 59-35 
203 10 44-49 
253 20 56-83 

0 1 1  

72 40 3'38 
72 17 14.43 

II 

IJ 

7 2 "  35'73 

29 

721855.14 
JI 

a> 

SI 

72 12 40.84 

7% 2444'85 
#I 

72  10 27.60 

IJ 

72 18 8-95 

IJ 

72 10 45-04 
72 22 12.29 

A a m  1 Latitude 

4'8j78855,6 
4-8333321,~) 
4'70()1025,0 
4'4964028,l 
4.7388713~6 

4 . 6 9 ~ ~ 4 2 7 , ~  
4'6539955,o 
4*60594y9,7 
4'67323j3,? 
4.5428074,~ 

4*6545259,9 
4'5578404,4 
4'7819798,8 
4-66m620,7 

4'7215129,4 

4'70j2635,o 
4'7375598,9 
4-8021262,9 

Aukli 
Manaa 

91 

JI 

Marot 

I) 

Haaan 

IJ 

JI 

II 

Sult4n 
Bijli 

>I 

Pauchkot 

18 

Randu 

JI 

Bairnair 
Kanda . 

O l d ,  

29 4 13.28 
29 5 22-15 

I# 

IJ 

29 1033'95 

II 

291341.10 

II 

IS 

18 

29 8 38.88 

29 17 j7.32 
I) 

29 16 0.97 

IS 

291924'24 
IJ 

29 24 42.15 
29 27 41-52 
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JODHPORE MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 

Tlie followitlg talrle gives, first, the ns11a1 datn of the observed vertical a~lgleu and the lleights of tlle signnl and instriiment, 
&c., ill pairs of 110rizolltnl li~le*, tlre first liile of wllicl~ gives tlle data for tlle 1st or tlre fixed statioa, and the secotld line the data 
for the 211d or tile deduced station. This is followed by tile arc ct)~~titilled I~etwee~l the two statiolrs, a11d tlleir hy tlre terrestrial 
rrfractioll, and the lreigllt of the 211d station above or llelon the lst ,  as co~np~lted from tlle vertical angles in the uaanl mnn~ler. 
T l~ is  differellce of lreiglrt applied to the given height a1)ove 11lea11 sea level of the fixed statiorl, ,gives tllat of the deduced station. 
Usually there are two or three i~~dcperide~it values of the Ileiglrt of the dedlic-ed s t a t i o ~ ~ ;  the details nre ao arrnnged aa to  
ellow these cotlsecutively and their mean in the c o l ~ ~ m ~ r s  of " Tripollonletric~~l Hes~llts ". l'lre mean results thus ol~tai~led are r , llowever liable to receive corrections for the er1.01-s ge~lernted i t 1  the trigollornetrical operatio~ls, wlticl~ are s l~ow~l  up by the 

t spirit leveling operntiolls, wl~erlever a jullction I~etweel~ the two 11ns beerr erected. Tll'e spirit leveled deteroli~~ations, ~vlle~l available, 
are always accepted as final, and the trigoaon~etriclrl I~eigl~ts of statiolls, lying between otlrer statio~rs fixed by the leveling 

I operatioas, a n  adjusted-usually by aimple proportio~~-to nccorcl nit11 the latter. 

? Tlre l~eigllts of Jodllpore Meridioll~i Series have 1)f:cn adj~isted lretnee~l the final values of Bollik nnd Siitlda the fixed points , of the KnrBcI~i Lo~lgitlidi:~lrl Series, alld tliose of tlle fixed stlrtio~is of Kaimsir a ~ i d  Kanda of the Sutlej Series. Tlle heights of 
the fixed y o i ~ ~ t s  are as follows :- 

4 

XTIT, Rorlik 
X I J V ,  S611da "' 2M)8 ) feet nbove Menn Seu Level at Karkchi from Kar le l i  Lolrgitudinal Seria.  ... 325'2 
XIX, K H ~ I I I S ~ C  ... 461 
XXI, Iia~rda ... 478 ] I) 11 

from Sutlej Series. 

I Tlle trigonometrical heiglrts always refer to tlle npper mnrk-stoee, or to the upper sr~rface of tlle pillar an which tlle theodolite 
I stood. Wlletl the pillar of t l ~ e  stntioll is perforated, the heipllt give11 ill the 1a.t COIIIIIIII, is t l ~ i ~ t  I)et\r.ee~l tile upper surfar:e of 

pillar and gronnd level mark-stone ill floor of pnssage; otherwise i t  is the al)pruximute l~eigllt of the atructnre above tile ground 
ut tlre base of tlre stntion. 

I 

r. 

Astrt)norniml D~ite  

18,8 

Feb. 15 

Jan. 31 
Yeb. 15 

9, 11 
3, 15 

Mean of 
Tilllea 

of obrer. 

r n t i o ~ ~  

h. m. 

3 4 5  

3 2 4  

3 23 

3 zo 
3 19 

18 8 .  2 45 
11 10 2 46 

I. 
k 
b 
a. 

- - 5 z 
C 

3 
4 

fact 

3.1 

P 
8 .- - 
d 
b 

C 

8 

2 
t 
- - 
Z 

12 

I 2  

rz 

12 

12 

12 

12 

XLI 
I 

XLIV 
I 

11 
I 

XLI 
11 

T~.~I . cPI  rial Height in feet g Hrfrncti011 .- Height in feet of 2nd Station 
above 4iea11 Sen Level 

Ol~served 

VrrLicd Angle 

0 1  1 

E o 2 52.8 

" I 3 
E o 47 33.9 

D o 4 16.7 

Do y 59.8 

D o 39 31'2 
E o 25 26'2 

a - 
M .- 

f a  

4-10 

Filial 
Rcsult ' 

-- 

1326 

Trigot~o~~iotricrl 
Ik~llltll 

l3y e11c1i 
deducrio~~ 

1325'3 

1325.7 

1326'9 

1175.2 

e 
-4 

m 
n 

Ifeat' 

1326.0 

5-25 

2'70 5.'5 
2.69 5.25 

------ 
m 

1715 

1165 

1188 

966 

2.69 

2'56 

2.56 

4-42 

5-25 

5.25 

5'25 

5'25 

113. 

72 

80 

64 

'5j' 
(H 

I '066', - 772'7 

-062 

.068 

'066 

-1926.3 

+ 152'5 

-922'8 
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PRINCIPAL TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 99 

t Pihr S feet iu height ir runk having ita upper rurface f l d  with the ground. 
. . - > . . . - ...-.. . . . . . . - * - -  -.: . .  . . . - .  .. . - . * ,  

e 
4 

3 
8 

I1 

1031 

1178 

1039 

1114 

loso 

936 

loso 

847 

945 

653 

696 

840 

841 

715 

586 

;i I 
Obsarved 2 

Verlical Angle c, 

i - - 
2 

0 I 11 

D o  11 35.2 12 

I) 0 3 52.8 12 

D o 11 54.2 I =  

D o 5 27'8 12 

D 0 7 40'0 16 

D 0 1 39'5 1 2  

D o 13 48'9 12 

E O  049'4 I 2  

I) o 17  36.5 12 

o Z o m r  l6  

I) o [a 5 . ~ 6  

D o  7 S2'3 
D 0 1034'5 12 

D o 034 '3  12 

D o 13 12 .0  12 

5" ' 
D o 3 30'1 16 

E o o 20.8 rz 
D o 12 55.8 rz 

E o 3 4.3'0 16 
D o  17 36-7 12 

D o 7 37.1 11 

D 0 2 19'9 12 

D o 15 47'2 12 

E o 5 2 0 ' 1  12 

E 0 8 9 1 . 2  I Z  

D o 2051.3 12 

D o  3 13.1 12 

D o  847.4 ra 

D o  12 8.0 13 

E o r 30.1 12 

D o o 11.9 12 

D o 8 45'4 12 

Btation 

VIII 
IX 

VII  
x 
VIII  
X 

VIII 
X I  

B 

Ix 
XI 

XI1 
XI  

VII I  
XI1 

X 
XI1 

XI  
XI1 

31 
XI11 

XI1 
XI11 

31 
XIV 

XI11 
SIT 

XI1 
x3 
3111 
xv 
XI11 
XVI 

XIV 
XVI 

])ate 

Mean of 

Tilllea 
o f o k r -  
vatlon 

h. m. 
j 3 
3 4 

3 19 
6 3 2 c  

j 14 
3 19 

3 5 
3 5 

2 57 
z 58 

3 27 
3 27 

3 8 
3 8 

3 13 
3 13 

3 27 

3 27 

3 21 

3 2 I 

3 1 8  
3 16 

3 15 
3 I4 

3 6 
2 46 

2 55 
2 55 

3 28 
3 26 

3 19 
3 18 

3 23 

3 23 

Astronon~ical 

Mar. 17,I8 
I, 25 

I, 8 
Apr. 

Mar. 18 
A .  6,i 

Mar. I7,18 

o 2s 

19 25 
8 ,  28 

t 9  81 
8 ,  28 

,, 17,18 
8 ,  31 

Apr. 6,6 
Mar. 81 

He 

- a 
1 
= " 

--. 

57 

72 

86 

60 

58 

62 

77 

56 

63 

53 

62 

37 

42 

57 

63 

4; 

34 

Height 

T 
& 
S 

-- 

2-71 
2-56 

2.56 
2 - 7 1  

"55 
2.58 

2-69 

2'59 

2'68 
2 - 7 0  

~ ' ~ 9  
2-56 

a ' s6  
2-58 

2'56 
1-56 

"s6 
2'69 

2.59 
2-69 

2'58 

~ ' ( 5 9  

1-58 
a.69 

2'59 
2-57 

2-58 
3 - 7 0  

2'6a 

2-57 

1-57 
2-57 

2-57 
1'62 

1 

in feet 

2 
4 
2 a 
CI 

5-13 
5-15 

5.25 
5-15 

Sn25 
5-15 

5-15 
5-15 

5-15 
5-15 

5"5 
5-15 

5'25 
5'25 

5-15 
5-15 

5"5 
5-15 

5-25 
5-25 

5-25 
5-23 

5'25 
5-25 

5.25 
5-15 

5 '2 j  
5.25 

5-15 
5 . 5  

5-15 
5-15 

5-25 
5'25 

1, 28 
n 81 

Dec. 16,17 
,, 25,29,30 

,, 10,ll  
,, i27,30 

~9 16 
22 ,* 

,, 27,29,30 
,, 22,23 
1873-74 

Dec. 11 
2 Jan. 

Dec. 25,27,80 
Jan. 2,3 

Dec. 29 
Jan. 13 

Dec. 20 
Jm. 18,14 

I. 

C 

I. 

2 - 
E ... 
2 
i 

.- 

fmt 

3'3 

2 ' 1  

1 

3 

o t  

3 

o t  

Terrratr~d 
fraction Height in feet of 2nd Btation 

04 
2- a 
.. .s 
g: 
A6 

'055 

-061 

~ ~ 6 ~ .  

'058 

'052 

v 0 j 9  

.0& 

'059 

soS9 

'063 

'066 

'057 

'060 

'068 

'075 

'066 

'058 

CI 
0 % -  
, - m  
c , , d  
. 6g :  m z . -  

J 
tn 
5 

m n 

- "7 '1  

- 111.6 

- r20.0 

+185 '8  

+ 302.3 

+ 132.6 

+ 55s1 

+;176'3 

- 132.6 

+ 165.6 

+ 296'6 

- 50'7 

- 216'6 

+ 363'3 

+ 66'9 

-143.5 

+ 73-8 

Level 

Final 
~ e s u l t  

735 

1042 

910 

1207 

990 

1173 

1063 

above Mean Sea 

BY ew'r 
deductiou 

740'1 

735.3 

737.2 

1043.0 

1042'7 

1045.0 

912.3 

912.5 

910.3 

raog'a 

1208.3 

992'9 

992'2 

1275.0 

1275'7 

1065'3 

1066.3 

Trigonometrical 
R B E U I ~ ~  

Man 

736'2 

1043'6 

911'7 

1108.8 

992'5 

1275.3 

1065.5 
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t Pillor 3 feet iu heigl~t ia sunk hsrillg i ~ s  upper aurruw flush with the grou~id. 

Antronomical 

1873-74 7 
Jan. 8,9,10 
,, 13,15,16 

Dec. 31 
Jan. 8,9 

,, 3 
,, 8,9 

,, 18,15,16 
,, 8,9,10 

,, 15,16 
,, 244,2S 

,, 9,lO 
9, %,29 

,, 14,15 
,, 19,20,22 

,, 29,31 
97 20922 

,, 8,lO 
Fob. 2 3  

Jan. 28 
Feb. 2,5 

Jan. 29 
Feb. 11,12 

Jan. 19,22 
Feb. 11,13 

7y 6,7 
9, 11912 

Jan. %,28,29 
Feb. 7 

$7 2,5 
1) 6,7 

,, 11,12 
9 ,  6,7 

27 13 
,, 16,17 

Oboerved 
Verticd Angle 

0 1  * 
D o  5 20.7 
D O  5 6'8 

D o  12 36.8 
E 0 3 27.2 

D o 14 27'9 
E 0 I 47'9 

D O  5 6.8 

D o 5 20.7 

D o 5 4'7 

D O  3 54'2 

D o  5 lO.9 
D 0 4 23'3 

Do 6 51'9 
D o  2 28.7 

Do 5 58'5 
D 0 2 30'3 

E 0 0 13'2 
D 0 10 25.4 

E o I 6.0 
u . 0  I1 2'3 

D O  3 46.8 
Do 5 38'6 

D o 2 9.6 
D O  7 11.7 

Do 15 30.0 
E 0 7 5'6 

E o 4 17'4 
D o  15 1.7 

D O  0 36'3 
Do 9 22'6 

E o 7 5'6 
Do 15 30.0 

Do 14 22.1 
E o 6 26.9 

Date 

Mean of station 
Times 

ofobsar- 

o .- 
tl 
IZ 

8 
* 

$ 
g 

16 
12 

xa 

I2 

12 

I2 

12 

16 

12 

I2 

I2 

12 

1 2  

8 
I2 

I2 

I2 

12 

I2 

8 
12 

12 

12 

1 2  

12 

12 

12 

12 

12 

12 

12 

12 

12 

vation 

h m 

3 I I 

3 20 

3 o 
3 o 

3 18 
3 17 

3 20 
3 r I 

3 8 
3 2 

3 12 
3 31 

3 2 

3 2 

3 28 
3 24 

2 57 
2 5 5  

3 23 
3 22 

3 9 
3 8 

3 12 
3 11 

3 33 
3 32 

2 46 

2 48 

3 7 
3 6 

3 32 
3 33 

3 13 
3 14 

XVII 
XVI 

XI11 
XVII 

XV 
XPII 

XVI 
XVII 

XVI 
XVIII 

XTII 
XVlII 

XVI 
XIX 

XVIII 
XIX 

XVlI  
YX 

XVIII 
X S  

XVIII 
XXI 

X I S  
XXI 

XXII 
XXI 

XVIII 
SXII 

XI 
XYII 

S S I  
XXII 

X S I  
XXIII 

2 
Tj - 
3 
6 
U 

11 

693 

599 

867 

693 

593 

666 

603 

561 

677 

660 

617 

616 

561 

716 

662 

561 

493 

Ileigl~t 

2 
L zi 

2-57 

2.69 

2.70 

2-57 

2.70 

1-73 

2.69 

2-57 

2.62 

2.58 

"59 
2-71 

2-71 

2.58 

2-69 

2.62 

2-73 

2.71 

2-72 

2.67 

2-59 

2.55 

2'58 

2'70 

2-57 

2.58 

2'56 

2-56 

2-55 

2-71 

2-58 

2-57 

2-78 

2-57 

in feet 

Y 

B 
E 
C * 
d 

5-25 

5'25 

5-25 

5'25 

5-25 

5-25 

5-25 

5-25 

5-25 

5-25 

5"5 
5'25 

5-25 

5.25 

5-25 

5'25 

5'25 

5-25 

5-25 

5-25 

5-25 

5-25 

5-25 

5'25 

5-25 

5-25 

5-25 

5-25 

5-25 

5'25 

5-25 

5.25 

5-25 

5.25 

Ter~ 
Hefract+~o~~ 

4 
4 
$ 

41 

34 

- 
6 
+ .- 
d 

2 2 -  f';z 
. f 6 3  *.- - 3 

m 

2 EI  

- 2'3 

- 141.9 

c~tl.iu1 

b z 
O-a! 

5 -  
E g  

.5 2 

zg 0 

'059 

'057 

60 

41 

36 

39 

31 

37 

41 

40 

35 

36 

39 

4 4  

40 

39 

19 

f 3 

h 
L. 
0 
L - - 
k 
C 
0 

2 

.? 2 

feet 

I 
Bsigltt ill feet of 411d Statiot~ 

ot 

ot 

of 

of 

4 

3 

-069 

-059 

'061 

.059 

'051 

'066 

'061 

.061 

'057 

'058 

'070 

'061 

'060 

'070 

I 

'039 

b v e l  

F i ~ ~ a l  
Heault 

1065 

1052 

1023 

1170 

1069 

1255 

above Meut~ Sen 

I'rig1~110111~trtcul 
Results 

1067'6 

1068'1 

4 

1055'2 

1054.9 

1026'5 

1026.4 

1173'6 

1x73'1 

1072'0 

1072'2 

1072'4 

1258'8 

1258.9 

1258.5 

920.8 

- 207'7 

+ 2.3 

- 10.3 

- 1z.6 

- 39-0 

- 28'7 

+ 106'1 

+ 118.0 

+ 16.9 

+ 45'8 

- 186.4 

+ 203.7 

+ 85.6 

+ 186.4 

-151.4 

detlort "y ion I 

1064'9 

1066.9 

1067'5 

1055'1 

1026.4 

1173.3 

1072'2 

1258'7 

eat1 
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f Appmrimste, we Description of the Station. 

Aatronomid 

18" 

Feb. 9 
,, 16,17,18 

,, 20,23 
,, l7,19 

11 14 
,, 20,23,24 

11 6,7 
,, 21,24 

,, 17,19 
,, 20,23 

,, 17,18 
Mar.lO,ll,lS 

Feb.21,23,24 
Mar. ll,12 

11 8 
,, 10,12 

Feb. 16,18,19 
,, 28, Mar. 3,s 

,, 20,21,33 
,, 28, Mar. 6 

Mar. 10,12 

1, 3 

,, 10,12 
,, iq~s,ie,is 

1, 6,6 
14 11 

,, 13,16 
,, SO, Apr. 2 

Feb. 27 
Mar. 20,23 

,, 13,18,19 
,, 20,21,23 

,, 16,17,18 
28 19 

I. 

E 
8 

3 - # 

G 
c O 

6 
d 

feet 

o 

5 

3: 

3: 

4 

3 

3$  

J 

Sbtion 

XXII 
X S I I I  

=IT 
XS11I 

XXI 
XXTV 

XXII 
XXIV 

XXIII 
XXIv 

S X I I I  
XSV 

SXIV 
XXV 

XXVI 
XXV 

XXIII 
XSVI 

XXIV 
XXVI 

XXV 
XXVI 

SXV 
XSVII  

XXVI 

SXVII  
XSmTI 

XXVI 
XXIX 

XXvII  
X X I x  

XXVII 
SXX 

Date 

Me.n of 
Timer 

of obaer- 
vation 

h. m. 
3 30 
3 33 

3 3 
3 o 

3 12 

3 9 

3 6 
3 3 

3 o 
3 3 

3 16 
3 16 

3 a8 
3 26 

3 7 
3 10 

3 7 
3 7 

3 16 
3 13 

3 lo 
3 7 

3 r 
a 57 

3 15 
3 I3 

3 g 
3 9 

3 19 
3 19 

3 4 
3 7 

3 ao 
3 a1 

Terrestrial 
Refraction 

a 
8 " 
A 

48 

21 

28 

21  

21 

3r 

37 

28 

40 

29 

28 

18 

- 2 

5 

28 

7 

- 5  

Obaened 
Vertical Angle 

I 3 
'3 
3 m * 

0 r 
,?, 
.&! g.5 
E 3  
i 
2 
N 

-337 '8  

- 5'8 

- 143'7 

- 329-8 

+ 5'8 

- 174.7 

- 180'3 

- 98.8 

- 144.6 

- 151'6 

+ 28.8 

- 2 '7  

- 32'0 

- 12.2 

+105 '3  

+ 135'7 

- 58'4 

3 
Qz 
S.5  
z g  
C G  

'050 

'044 

'045 

'042 

'044 

'047 

'052 

'053 

'045 

'0.19 

'053 

'031 

'003 

'008 

-046 

'013 

'007 

Height in feet of 2nd Station 

3 
% 
4 4 
u 

------ 

: I S 
t 

% 

p" 
5 
R 

I t  

802 

476 

617 

497 

476 

662 

710 

530 

882 

589 

530 

569 

611 

63a 

608 

540 

759 

Level 

- 

~ i n i  
Result 

-- 

918 

924 

743 

772 

740 

728 

876 

above Mean 8ea 

Height 

, . z  s 
Trigonometzicd 

Re~ulta 

deduction each 

920'9 

922'9 

928'5 

928.9 

926'7 

746'8 

747'7 

747'8 

776.9 

776'4 

7;6'1 

744'7 

744'5 

732.4 

881 -8 

880'3 

686.2 

0 I 11 

D o 20 17.5 
E o 8 17-6 

D o  4 12'3 

D o  3 23.9 

D O  12 ++'o 
E o 3 j . 0  

D o  2629.8 
E o 1 8 3 2 - 7  

D o 3 23.9 
D o 4 12.3 

D o  14 6 - 0  

E 0 3 49'4 

D o  14 3.0 
E o  311 '9  

D 0 5 59'3 
D o a 16.9 

D o rz 20.6 
D 0 I 12.9 

D o 13 21'0 

E o 4 8.1 

D o  2 16.9 

D 0 5 59'3 

D o 4 56'0 
D o  438.2 

D o  6 56.8 

D 0 3 23'7 

D o  5 59'3 
D o 440.9 

E o I 7 - 7  
D o 10 37'8 

E o 3 59.1 
D o 13 5.2 

D O  9 8 '9  
D o  3 56.0 

in feet 

t; 

3 - 
P 
A 

2 - 7 1  

2'57 

2 - 7 7  
1-56 

2-58 

1-55 

2-56 

2-55 

2-56 

2 - 7 7  

2-5; 
9-74 

2'58 
2-58 

2'57 
2'65 

2 - 7 1  

2-74 

2.71 

2-54 

2-65 

2-57 

2-73 
2.57 

5'86 

5':I 

2'58 
2'58 

2-57 
2'58 

2-58 
9'56 

I 

2-58 

Mean 

921'5 

928'0 

747'4 

776.5 

744'6 

732'4 

881'0 

12 

rz 

12 

1 2  

12 

12 

ra 
12 

rz 
12 

12 

12 

12 

ra 

12 

12 

12 

12 

12 

12 

12 

12 

16 
16 

6 

4 

12 

ra 

12 

12 

18 

14 

16 
12 

5-23 
5-25 

5'25 
3-25 

5-25 
5-25 

5-25 
5-15 

5'2.5 
5-25 

5.25 
5'25 

5-25 
5-23 

5-25 
3-25 

5-25 
3-25 

5-25 
5'25 

5.25 
5'25 

5-25 
5'25 

5.25 
5-25 

3-25 
5-25 

5.25 
5.a5 

5-25 
5-35 

5 ' 2 j  
5-23 
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3 Approximate, oee Dsroription of the Shtioa 

XXVIII 
XXX 

XXXI 
XXX 

XXVII 
XXXI 

XXIX 
=XI 

XXX 
XXXI 

XXX 
XXXII 

S X x I  
XSXII 

XXX 
XXXIII 

XXXII 
XXXTII 

XXXII 
XXXIV 

X'XXIII 
XXXIV 

XXXV 
xXX~V 

XXXI 
XXXV 

XXXII 
XXXV 

XXXIV * 

XXXV 

XXXIV 
XXXVI 

XXXV 
XXXVI 

Artronomid D+ 

lW4 

Mar. 80 

,, 2738 

I, 25 
27 11 

,, 14,16,17 
25 19 

w 23 
ss 26 

st 27 
26 I# 

Dec. 18,19 

,, 23,241 

,, 2192 
,, 2344 

,, 18,19 
38 8 ,  

n 24 
28 I, 

1874-75 
Dea 81, J=. 1 

l ,  28 
,,31,Jan.2 

Jan. 4,6 
Dm-8l,Jm.l,a 

,, 21,22 
Jan. 4,5 

h. 28,241 
Jan. 4,5 

Dea8l,J.n.l,a 
Jan. 4,6 

Dm. 31, Jan. 1 
Jan. 14,16 

1875 
Jan. 4,6 

,, 14,16 

. 

Obwned 
Vertiul Angle 

0 1 It 

D o  733.3 
D o a 42'9 

D o 10 47.5 
E o o 11'5 

D o 454'5 
D o  8 31.8 

D o  10 29.2 
D o  a 58-9 

E o o 11.5 
D o 1047.5 

D o  a 49-4 
D o 5 37.0 

D o  8 45-1 
D o  030.0 

D o  5 14'3 
D o  259-I  

D o 640.1 
D o  1 8'0 

D o 7 29'6 
E o oa1.g 

D o  5 55.0 
D o  435.3 

D o  7 45'7 
D o  I 20.3 

D o  gas-o 
D O  3 92'4 

D o 4 21.0 

D o 443-4 

D o I 20.3 

D 0 7 45'7 

D o 6 a n . 5  

D o 4 34'6 

D o  856'4 

D o  049'9 

I 
Mean of 
Timer 

ofobwr- 
ration 

h. m. 
2 4 6  
a 46 

a 52 
a 5% 

3 17 
3 16 

3 15 
3 15 

a 5% 
a 52 

a ,+I 

a 40 

3 13 
3 la 

a 46 
2 4 8  

a 48 
n 53 

a 48 
a 56 

3 I 

3 3 a  

2 5% 
a 51 

3 I 

3 I 

a 42 
a aa 

a 51 
a 5% 

a 57 
a 56 

.g 17 
3 17 

3 
O 

E 
+ 
$ 

j 
! 
Pi 

11 

1% 

1% 

a 

14 
I n  

12 

12 

ra 
1% 

16 
16 

16 
16 

16 
16 

I n  
12 

1% 

16 

1% 

16 

" 
11 

no 
10 

ra 
ra 

ra 
12 

1% 

1% 

ra 
12 

R 
b - 3 
E 
C 

; 
O 

." 
d 

fmt 

33 

3 3  

3 

3 

3 

a 

Height in f a t  of 2nd Btntion 
E 

.S 
3 m 

C 

o r ,  

$4 
*s6.1 

1 
OP 

- 45'1 

-100.6 

I 
+ 41'8 

- 93'1 

+ 100.6 

+ 11.3 

- 79'9 

- 17-3 

- 39'6 

- 51.3 

- 13-6 

.- U.6 

- 69'7 

+ 3'3 

+ 55'6 

- 18'7 

- 75'9 

Height 

i! a 

2 .71  

2-58 

2.71 

2-68 

1-68 
2-58 

2-68 

3.59 

2-68 
3-71 

2 . 7 ~  

2'59 

I 

2 - 7 2  

3-72  

0.60 

1-74 
1 - 7 3  

2-50 
a071 

1-58 

3-73 

"74 
1-39 

2-58 
Z ' f I  

9.60 
7 2  

a059 
2-74 

2-58 
1-68 

2'58 
2'71 

h i d  

h d t  
Find 

681 

781 

706 

665 

653 

709 

633 

above M w  L a  

in fset 

3 
li 

---- 

5.a5 
3-25 

5-25 
5-25 

5'25 
5-25 

5-15 
5-25 

5'25 
3-25 

5'25 
3-25 

5-25 
5'25 

5 . ~ 5  
5 . ~ 5  

S'a5 
3-15 

5'25 
5-25 

5.25 
5 . a ~  

5"5 
5'25 

5-25 
5-25 

5'25 
5-25 

5-25 
5-23 

5'ag 
5 9 5  

5.25 
5-25 

B - 
s 

635 19 

622 I 

784 - 4  

843 a5 

621 I 

519 18 

599 31 

518 a3 

486 19 

451 a4 

688 37 

587 3I 

678 - 5 

591 33 

587 31 

708 33 

636 34 

h a l t .  

deduction 

687.2 

686'5 

786'4 

787.8 

787'3 

707'9 

714'3 

669'3 

671.5 

658'8 

656'8 

6&a4 

717'5 

7 4 4  

713'4 

640'0 

639.3 

Tmdrid 
Befmction 

u 04 f? 
3% 
R - 4  

8 

'030 

'wa 

'005 

'030 

'ooa 

'035 

'05% 

'OH 

'039 

'053 

'054 

m053 

'007 

'056 

'053 

'047 

'054 

!i!rigonometrionI 

~ e . n  

686.6 

78;'s 

711.1 

670'4 

658'7 

7'5" 

639'6 
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m 

a. 
g 
& 
6 
i 
.r is 

5 
6 

fact 

3 

3'5 

3 

3'8 

5-1  

5.a 

" 
ii m 

" 2 0  
3 1 3  

OD 3 .3  J 
a 
I! 

- 31'0 

- 10.7 

+ 64'7 

+ 140.7 

+ 55'9 

- 84'6 

- 2 5 1  

- a - 7  

- 77'2 

- 75'4 

- 67'8 

+ 41'6 

- - I  

- 95'3 

- 24.9 

- 85'4 

- 8.0 

Eeight in M or 2nd BWim 
t! 
4 

3 
d 

P I  

556 

721 

578 

730 

684 

570 

92.1 

1147 

1026 

1065 

917 

88, 

944 

1339 

915 

1164 

Level 

Find 
~ e r u l t  

622 

774 

689 

610 

544 

653 

517 

.bore M a n  Sea 

Trigonomstrid Berult. 

'5 
t 
p, 
a 
3 3 '  
9 
2; 

12 

12 

I 2  

12 

16 
16 

16 
1 2  

12 

12 

1 2  

12 

12 

1 2  

I 2  

1 2  

12 

1 2  

12 

12 

12 

I 2  

16 
12 

I 2  

12 

1 2  

12 

20 

8 

12 

12 

12 

12 

Height 

2'57 
2-70 

2'57 
1 -66  

2'57 
2-71 

1 -58  
2.58 

2.58 
2'70 

3-00 
2-58 

7-26 
2-66 

"59 
2-57 

5'67 
4.58 

2-75 
1 -57  

2'72 

3-59 

3-63 
5-60 

"73 
2-57 

2'71 
2-50 

5-85 
5-83 

2-70 
1-60 

2-59 
5'60 

BY sroh 
ci,uotionJ 

627'7 

628'9 

779'8 

780'3 

695'5 

695'4 

614'5 

619*6 

618'3 

552'9 

549'7 

659'1 

6 6 1 . ~  

522'2 

526.4 

525'6 

609'5 

Obaened 
ve&*ng,e 

0 1  * 
D o  6 7 '3 
D O  2 19.4 

D O  5 56.1 
D o  454 .8  

D O  0 39'1 
D o  8 14.4 

E o I 1'6 
D o  12 3.3 

D o  2 36-2 
D o 8 8 '1 

D o  9 26'6 
E o o 37'4 

D o  7 56.8 
D o  6 16-5 

D o  7 55'7 
D O  7 21'3 

D o  10 55-7 
D o .  6 23'5 

D o 10 15.0 
D o  5 16.0 

D o  10 r .4  
D o 5 43'2 

D o  5 26'7 
D o '8 26.8 

D o  3'4 
D o 5 26'2 

D o 10 27'4 
D o  3 36'6 

D o  10 40.4 
D o  9 24'8 

D O  10 2'0 

D o  3 42'1 

D o  9 3.9 
D o  8 29'7 

Terrertrid 
Refraction 

i a 

35 

44 

32 

42 

28 

t g  

36 

&, 

54 

52 

65 

44 

4a 

56 

68 

52 

58 

in feet 

a 

I = n 

5'25 
5 ' 2 j  

5'25 
5-25 

5-25 
5-15 

5 '2 j  
5'25 

5'25 
5'25 

5'25 
5'25 

5-25 
5-15 

5"s 
5-15 

5-25 
5'25 

5'25 
5-15 

5'25 
5-15 

5-25 
5-25 

5"5 
5'25 

5-35 
5-15 

5-35 
5-25 

5'25 
5 -25?  

5-25 
5'25 

MU 

628'3 

780.0 

695'5 

617-5 

551'3 

660.3 

524'7 

-Of h t i m  71 la'&76 fob- 

I 

b f! 

- .i$ 
R J  

-063 

-061 

'055 

'058 

'041 

-051 

'039 

.058 

'047 

'051 

'061 

'048 

.048 

'059 

-051 

'057 

-050 

Dm. 81, Jam 1 

Jan. 18 
1876 

ss 14 
18,19 

8s 4,5 
7,8 n 

,, 14,15,16 

1s 7 

, 14,15,16 
o 9,11 

s, 7 
~1 9 

15 YS 

2536 

1) 

n 2536 

I$ 11 
,, 25,20 

n 19 
PS 21 

1, 26 
3132 

26 lt 

n 80 

12 n 

n 80 

,, 2626 
,, 15,16 

,, 2132 
Feb. 16 

n 7 
)I 16 

Jan. 2S,26 
Feb. 7 

h m 
3 2 

3 3 

2 47 
2 4 6  

2 57 
2 57 

3 16 
3 6 

3 14 
3 13 

3 16 
3 1 8  

z 48 
a 47 

3 22  

3 2 3  

r 57 
2 59 

2 54 
2 55 

2 57 
2 57 

2 34 
2 33 

2 55 
2 55 

2 44 
2 50 

3 30 
4 12 

3 4 
3 7 

2 43 
r 44 

XXXIV 
XXXVII 

X'XXVI 
X U  

xxxv 
XXXVIII 

XXXVI 
XXXVIII 

XXXVI 
XL 

XXSVIII 
XL 

XXXVI 
XXXIX 

xXXV1l 
xxcIx 
XL 
XXXIX 

X n V I I  
XLI 

X X X X  
XLI 

XXXIX 
XLII  

XL 
' 

XLII 

XXXIX 
XLIII 

XLI 
XLIII  

XLIV 
XLIII 

SXXIX 
XLIV 
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3 

! 
------ 

I1 

737 

9'5 

912 

859 

789 

684 

978 

677 

625 

493 

794 

881 

773 

794 

676 

667 

675 

I 
6 .- 
d 

p f 
.g 
$ 
a 
P 

5 
% 

12 

I 2  

I P  

12 

12 

I 2  

'2 

IZ 

12 

16 

16 
12 

12 

fi 

12 

11 

11 

12 

I 2  

12 

1 

a 

12 

13 

12 

IZ 

12 

13 

16 
16 

12 

12 

ra 

drtronomical 

1876 

Jan. 30 
Feb. 6 

1) 16 
11 7 

,, 16,17 
1, 28 

91 6,6 
Dl 27 

91 l6,16 
,, 22,28 

,, 27,28 
,, 2523 

,, 6,7 
Mar. 2 

E'eb. 2'7,28 
Mar. 2 

Feb. 27 

I# 24 

,, 22,23 
24 ll 

Mar. 21 
Feb. 24,25 

. 11 28 
Mar. 4 

9s 2 
11 4,G 

Feb. 24,25 
Mar. 21 

Feb. 24,2.5 
Mar. 7,8 

IS 4 
1) 7,s 

Feb. 26 
. 12 

Y 

Station 

S L I I  
XLIV 

XLIII 
XLIV 

XLIII 
XLV 

XLIV 
XLV 

S L I I I  
XLVI 

XLV 
XLVI 

XLIV 
XLVII 

XLV 
XLVII 

XLV 
XLVIII 

XLVI 
XLVIII 

XLIX 
XLVIII 

.XLV 
XLIX 

XLVII 
XLIX 

XLVIII 
XLIX 

XLVIII 
L 

XLIX 
L 

XLVIII 
LI  

Date 

Me.n of 
Times 

otobser- 
ration 

h. m. 
3 21 

3 23 

3 7 
3 4 

2 53 
2 52 

3 5 
3 7 

3 6 
3 5 

3 12 

3 11 

3 14 

3 15 

2 53 
2 53 

a 48 
2 47 

2 52 

2 52 

2 58 
2 58 

3 27 
3 26 

2 39 
2 39 

2 58 
2 58 

3 4 

3 5 

2 53 
2 53 

2 58 
2 5 8  

L 

El 
L 

= a 
& * 

5 
w" 

fat 

5.2 

3 

5'3 

3 

o 

3 

3-2 

5 

Obsened 
Vertical Angle 

O I  * 
D o 7 52'9 
D 0 3 17'3 

D o 3 42.1 
D O  10 2 . 0  

D o  6 44.1 

D 0 7 44'2 

D 0 9 39'4 
D O  3 35.5 

D o 8 19.0 
D o 5 1.4 

D o  8 23.1 
D o  a 56.1 

D o g 2 0 ' 0  

D o 5 35-6 

D o 4 1.8 
D o  6 31.7 

D o 647.0 
D o  3 21.4 

D o 2 42.7 
D o 5 36'8 

D o  7 45.5 
D o 6 5.9 

D o  7 54.6 
D 0 7 12.6 

D O  7 55'7 
D o 448.4 

D o  6 5 '9  

D o 745.5 

D o 4 2 7 . 2  

D o 633'7 

D o  5 23.8 

D o 5 29.3 

D o 7 5 . 2 1 ' 2  
D o 4 28-9 

Height 

a 
L M  a 

2-59 
6-56 

2'60 
2 - 7 0  

2.56 
2-71 

1-57 
2'58 

2'56 
2.72 

2-59 
2'56 

2.73 
9.58 

2-73 
2 . 7 0  

a'73 
2-56 

1-72 
2.76 

4-33 
2-60 

2-60 
2 - 7 1  

2'60 
2.58 

2-60 

4-32 

2-69 
2-71 

2-57 
"71 

2-57 
2.73 

in feet 

.. 
I 
o 
9 
I 4  

5 - 2 5  
5'25 

5-25 
5-25 

5-25 
5-35 

5-25 
5'25 

5-25 
5-25 

5.25 
5-23 

5'25 
5.25 

5.25 
5-25 

5-25 
5-35 

5'25 
5.25 

5-25 
5-35 

5-25 
5-15 

5-25 
5-25 

5-25 
5-25 

5-25 
5-25 

5-23 
5.25 

5'25 
5'25 

4 

36 

52 

28 

40 

a 

so 

47 

30 

18 

7 

-15 

- 7  

12 

-15 

16 

15 

- 1 

Terrestrial 
Refraction 

e,. 
04 

i % . n  "s 

-0.19 

'057 

'031 

'047 

'003 

'015 

'048 

'044 

'029 

'014 

'019 

'008 

'016 

'019 

'024 

'023 

' 0 0 1  

.- 
Height in feet of 2nd Station 

above Mean Sea Level 4% 1 bulb 

Final 
&EJult 

603 

528 

476 

55' 

496 

5x7 

517 

470 

s I E  

Mean 

610'5 

536'1 

483'9 

558.7 

504.8 

5 q . I  

526'0 

478'6 

. !higonometrid 
m z  

S 
m 
a each 
N deduction 

- 47.9 

+ 85'4 

+ 13.6 

- 76'7 

- 38'2 

- 54'9 

- 54'0 

+ 24.9 

- 31'7 

+ I 

- 20.3 

- 9'0 

- 35'5 

+ 20'3 

+ 21 '0  

+ 1'0 

- 25'8 

612.4 

609'7 

538.3 

533'8 

486.5 

481.2 

556.5 

561.0 

504'4 

505.1 

504'9 

527'1 

523'2 

525'1 

525.8 

526'1 

479.0 
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NOTE.--Stations XIX sud XXI appertain to the Sutlrj Seriem. 

Ootobm 1878. 
J. B. N. HENNESSEY, 

In charge of Oomputirpg O&. 

Station 

L v  
L.l.X 

LVII 
L I x  

LVIII 
L I S  

LFIII  
XIX 

LIX 
XIX 

LVII 
XXI 

LIX 
=I 

Terrentrid h n o m i d  Dab 5( 
.S 
3 

LI 
w 

0 % -  
,,a 
% l a  
' S 5 . g  
E Z  

3 m 

2 ea 

+ 9 '4  

- 19'3 

+ 16'6 

- 5'9 

- 24'6 

- 30'2 

- 11'3 

Observed 
Vertid Angle 

0 1 4  

D o  2 4 '9  

D o 3 55'9 

D o  452 .3  
D o  I 11.5 

D o  2 28.9 
D o  4 57'8 

D o  4 37'9 
D O  3 51'9 

D o  6 9 '4 
D O  2 48.6 

D o  6 54'9 
D 0 3 29'3 

D o  5 z a - 7  
D O  3 56.6 

Refraction 

4 

1 - 

g 

13 

15 

15 

- 8 

- 4 

- I 

'm6 

?&a?. 

18 2 1  

11 21 . 24,25,28 

II 13 
II 25 

Dec. 14 
1876 

1 Jim. 
1876 

Dee. W,28 
in6 

Jan. 1 
1875 

Dee. 22 
29 11 

II 25 
ID 29 

i! ." 
a 

C 
1 
B 
A 

12 

12 

16 
20 

12 

12 

'2 

1 2  

16 
16 

12 

12 

I 2  

,E 
04 

i% 
5.9 
'g $ 

'026 

'036 

'033 

'029 

-016 

'007 

'002 

of 
Timer 

ofobser- 
ration 

h. m. 
1 5 2 3 4  

2 34 

a 58 
3 3 

3 12 

3 1 2  

2 29 
2 30 

3 4 
3 5 

a 43 
2 50 

2 30 
2 32 

E 
4 

3 .- 
0 
o 

e 

345 

357 

452 

520 

501 

598 

540 

Height in feet 1 
I. - 
rl 
PI 
c 

5 
r;i 

fmt 

1 - 9  

10.8 

20.4 

3 
6 
iZ 

a-58 
2.67 

2.57 
2-60 

2-58 
2'70 

13-43 
2.70 

13-30 
2-57 

22'90 
1 2 2 1 ' 0  

22.90 
2'57 

Height in feet of h d  Btation 
above Meur &a Level 

t; 

$ o 

2 
----- 

5-35 
5-25 

5-25 
5'25 

5-25 
5'25 

5-25 
5-25 

5-25 
5-25 

5-25 
5-25 

5-25 
5-25 

Final 
X ~ B U ~  

487 

461 

478 

Trigonornetrid 
Result. 

By ewh 
deduction 

496'8 

497'9 

497'4 

474'9 

472'8 

487.0 

486'1 

M~~ 

497'4 

473'8 

486.6 



JODHPORE MERlDlONAL SERIES. 

PRINCIPAL TRIANGULATION. AZIXUTHAL OBSERVATIONS. 

At VIII (Thob) 

A m  
Lat. N. 26' 3' 5"%5 : Lone. E. 72' 54' 49".35 = 4 49 39.3: Height above Mean Sea Level, 856 feet. 
March 1873; observed byv~ieutenant M. W. Rogers, R. E.,.withu~arrowJe %-inch ~heodolite No. 2. 

Stars observed a Urm Minoris (West) and No. 1612t (East) 
Mean Right Ascension 1873.0 x h  1 2 ~  18' 1 3 ~  46m 4' 
Mean North Polar Distance 1873.0 I' 22' 4'"30 6' 36' 38"*70 
Local Mean Times of Elongation, Mar. 16 Western 7" 32m Eastern ah 1 8 ~  

t Of Greenwich New Seven-Year Cbblogue of 2760 Sbm for 1864 

C 
0 -  

9; 
0 0 -  4 
$ $ 
a2 
Y 

0 I 

r80 0 

& 
o o 

180 0 

& 
o o 

259 13 
(e 

79 13 

259 13 
A 

73 13 

f 
3 

g 
3 

Mar. 16 

,, 17 

,, 18 

,, 18 

5 
a m 

p 
Si 

W. 

B. 

W. 

E. 

Redr~ced Oboemation 
Bef. Mark- Y* 

at 

o I 11 

+143 57 39'37 
39 '30 

' 
38'43 
38.95 

+135 4 31'34 
29'58 
3 1-34 
31-22 
28- 78 
29-38 

+ 143 57 44'58 

41-53 
43'37 
43'93 
43'93 
& ' I D  

+ 135 4 32-40 
30'40 

32'46 
30'61 

Observed 
H~~~~~~~~~~ "gle ' 
])iff. of %adi~~gm 
&f.Mark-Stru 

0 I I1 

+143 57 36'94 
57 38-80 

5731.70 
57 29.50 

+135 5 6'38 
453.70 
439'04 
431.32 
6 44-52 
7 7-08 

+ 143 57 44-52 

j 7  42.50 
57 jz. I Z  

57 27'70 
57 7-98 
57 1'66 

+ 135 4 37-38 
4 j1 '2o  
5 16'78 
5 33'78 

Reduced Obwnntion 
Ref. Mwk-Star 
at Elongation 

I 
0 I I1 

+143 57 31'73 
35 '42 

34-08 
36' 78 
36' 13 

+I35 4 26.21 
26-62 

35'32 
25' 13 
13-81 
23-87 

+I43 57 32.88 
31-99 
33-89 
30'86 

+I35 4 24-71 
19'97 
22-  84 
90'59 

PACE BIGHT 

Reduction in 
Arc ,Time of 

Elon@ion 

t a 

+ 0 15-87 
o 12-76 

0 0'44 
0 "38 
0 26'43 

- 2 7'57 
142.14 

o 9'84 
o 16-07 
045'89 
1 3'05 

+ 0 4-00 
o 2 '27 

o 2.65 
o 4-20 

- I 9'19 
0 37'55 
0 3-60 
o 10'81 

Observed 
Horizontal Angle : 

of RndingB 
&f. ~ ~ k - 8 h ~  

o I II 

+143 57 15.86 
57 22.66 

57 33-64 
57 35'40 
57 9-70 

4-135 6 33-78 
6 8 ' 7 6  

4 35-16 
441.20 
5 9-70 
5 26-93 

+ 143 57 28-88 
57 29.72 
57 31-24 
5726.66 

+135 5 36'90 
4 57'52 
426'44 
431.40 

.e e g 
3 ' 3 
g g i  

m r 

6 50 
3 5 

1 1 2 %  

'3 28 

r r  51 
9 5 Q  
I 40 
0 3 8  

23 13 
2 j  1 

1 3 
o 46 

14 4% 
17 40 
26 18 

27 54 

4 28 
1 47 

13 17 
15 51 

.e 6 g 
5 $ 3  : , ; M 

m r 

17 27 
15 39 

' 54 
5 9 

22 33 

22 38 
20x5 

6 16 
8 o 

1331  
15 50 

8 46 
6 36 

7 8 
8 5 9  

I5 47 
12 '6 

3 47 
6 34 

YAOP LPlT 

Red~~ction i n  , , ,me of 
Elongation 

I I1 

+ o 2-43 
o 0.50 

0 6 - 7 3  
0 9'45 

- 0 35-04 
o 24-12 
o 0.70 
o o ' r o  
2 15-74 
2 37-50 

+ 0 0.06 

o 0.03 
o 11.25 
o 16-23 
0 35.95 
o 40'46 

- o 4-98 
o 0.80 

0 44-39 
1 3-17 
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0 -  

4 

Itfar. 19 

,, 19 

,, 20 

,, 20 

IS 21 

,, 21 

,, 22 

22 

Oblewed 
Horisont.ldngle : 

m i f f .  of w i n g 8  
BetMwk-star 

0 1 .  

+143 57 39'40 
57 32'28 
57 24-02 
57 16-64 

+135 4 31-18 
4 07-88 
5 48.~8 
6 7-82 

t143 57 34-08 
57 34'84 
57 36-52 
57 32-48 

+I35 4 32-90 
4 30.90 
5 24.70 
5 48-82 

+I43 57 39-26 
57 38-14 
57 32-16 
57 27'46 

+135 4 39-04 
4 32-50 
5 6-74 
5 25-72 
6 49-08 

+143 57 34-50 
5734'94 
57 26.42 
57 21-34 

+I35 4 31-02 
q 27-34 
5 28-64 
543'90 

Observed 
Hori.ontal Angle : 

of 
&f. y v k - & , r  

0 1  m 

+143 57 31.60 
57 34'96 
57 35'92 
57 34'76 

+135 5 27-62 
5 7-68 
4 47'28 
4 57'12 

t 143 57 22'92 
57 27'66 
57 40.72 
57 39'50 

+I35 5 8-10 
4 58-08 
4 36-12 
446-10 

+143 57 34'78 
57 31-76 
57 42'48 
5742.40 
57 20'04 
57 12-84 

+135 5 26-66 
5 10'74 
4 35-60 
439-02 
7x4'10 

+143 57 31-80 
57 33'14 
57 44.06 
57 38'18 
57 8-64 

+I35 5 7-68 
4 53-06 
4 39-28 
4 51-86 

W. 

E. 

W. 

E. 

W. 

E. 

W. 

E. 

PA01 LE9T 

.- 

Y 

o I 

338 24 
& 

158 24 

338 24 
& 
19 as 

57 36 
& 

237 36 

57 36 
& 

237 36 

136 49 
& 

316 49 

136 48 
& 

316 49 

180 I 
& 
0 1  

180 I 
& 
0 1  

- .E % o .- 8 
+ 

Z C zgi 

PACE 

.5 6 a - 2 3 
2 $ 

fi g 

m r  

13 50 
12 I 

6 3 
9 45 

14 55 
12 21 

8 14 
10 21 

18 7 
1 5  50 
0 59 
2 39 

12 35 
10 41 

5 33 
8 5 

12 47 
11 10 

2 10 

4 6 
21 7 
23 26 

14 35 
12 25 

3 19 
6 2 4  
2530 

14 5 
xa 18 

3 49 
6 39 
26 13 

1 1  52 
10 o 

5 12 
9 28 

Redoction in 
A n  to Time of 

BIBET 

Reduction in 
Am to Time of 

Elongation 

I v 

+ 0 9-98 
0 7'53 
0 1-90 
0 4'95 

- 0 55'55 
o 38-07 
o 17'02 
c 26-93 

+ 0 17-10 
o 13-08 
0 0.05 
0 0'37 

- 0 39'52 
o 28-47 

0 7-71 
016.40 

+ 0 8-51 
o 6-50 
o 0.24 
00'88 
o 23'17 
o 28-54 

- 0 53-10 
o 38-48 

0 2-77 
0x0'25 

243'67 

+ o 10.35 
o 7-89 
0 0.76 
o 2-30 
o 35'70 

- 0 35'14 
o 24'95 
o 6-76 
o 22.51 

Reduced Oblenation 
Bef. Mark-Star ' Elongation 

Reduced 0 h w . t '  
Ref. Mark-Edrn 
nt Elongation 

o t I I  

+143 57 41-58 
42'49 
37-82 
39'71 

+135 432'07 
29-61 
30'26 
30' I9 

t 143 57 40.02 
40' 74 
40'77 
39'87 

+I35 4 28-58 
29-61 
28'40 
19-70 

+I43 57 43'29 
38.26 

42' 72 
43' 28 
43-21 
41'38 

+135 4 33'56 
32'26 

31-83 
28-77 
30'43 

+143 57 42'15 
4 I '03 
44-83 
40' 48 
44-34 

+I35 4 32.54. 
18' I I 

32-51 
29'35 

0 1  9 

+143 57 40'75 
32'59 
38.80 
36-77 

t135 4 27.09 
27'77 
27'93 
25'87 

+143 57 38-89 
37'54 
39'77 
37'23 

4-135 4 30'07 
30'64 
28.51 
19-09 

4-143 57 40'95 
38-77 
39 '08 
36'74 

+135 4 30.43 
29-48 
31-11 
30' 30 
31' 39 

+143 57 35-80 
35'41 
38-15 
37' 56 

+135 4 27-90 
27'06 

27-33 
26.82 

5 5 
2 27 

16 51 
19 41 

4 3 
0 39 
I7 53 
20 8 

9 36 
7 1% 
7 54 
9 33 

3 22 
1 1 

14 57 
17 49 

5 41 
3 29 

1 1  32 
13 21 

5 52 
3 29 

11  55 
14 51 
23 23 

5 o 
3 1 

15 I 
17 6 

3 32 
I 3 
I5 37 
1730 

I .  

+ 0 1-35 
o 0.31 
o 14-78 
o 20'13 

- 0 4-09 
o 0.11 
I 20'35 
I 41-95 

+ 0 4'81 
o 2-70 

0 3'25 
0 4'75 

- 0 2-83 
o 0.26 
0 56-19 
1 19'73 

+ 0 1.69 
0 0'63 
o 6-91 
o 9.28 

- 0 8-61 
o 3-02 

0 35-63 
0 55'42 
17-69 

+ o 1-30 
0 0'47 
0 11-73 
o 15-22 

- 0 3-11 
o 0.28 
I 1-32 
117.08 
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Abstract of Astronomical Azimuth observed at V I I I  (Thob) 1873. 

1. By Eastern Elongation of No. 1612t. 
- - -  - -~ 

Face L B L It L B L It L B 

. Zero 180' 0" 259' 19' 838' 158' 68' a380 1370 8110 

Date March 17 March 18 March 19 March 20 March 21 

? I I I ? I I ? 

31.34 26-21 32-40 I 27-09 32'07 30.07 38-58 30.43 33'56 
29'58 26-69 30.40 1 9 . ~ 7  17-77 29-61 30.64 zy.61 29-18 32-26 
31-34 25-32 32-46 12-84 27.93 30.26 28-51 28'40 31'11 32-83 

Observed difference 31-22 25-13 30'61 20.59 25.87 30'19 29'09 29-70 30'30 28'77 
of Circle- lteadings, 28-78 23-81 31'39 30'43 

Ref. M.-Star 29'58 2.3'87 I 

reduced to Elongation #26'36 #,TI '00 

e25.52 *26'57 
#25'78 #j0.98 

j '28 #27*81 

Meane 28.48 26-73 .?1'+7 22-03 27-17 30'53 29'58 29.07 30.54 31-57 

0 1  * * ? I I 

Meana of both fama +135 4 27-61 26.75 28.85 29-33 31-06 
Love1 Corrections - '08 + 1'61 - ' 2 1  - ' 1 1  - '59 
Corrected Meana +135 4 27.53 28.36 18-64 29.22 30'47 
Az. of Star fr. Y., by W. 187 21 56-96 56.65 56 * 3.5 56'04 

322 26 z+'+g 15-01 25-26 
55'74 

A z. of Bsf. M. ,, 24'99 26'21 

2. By Western Elongation of a Ursse Minoris. 

t Of Qrrenwioh New leverr-Yerrr Catalogue of Zit30 Stnm fivr 1RW. 
No~~.-W'hrre oblervativr~a av i~rred  orr the sarne pnir of rema on dilfereut niylrts t l ~ e y  sm radrrced in thir ahtract to one date-the mart oonrenmnt-by 

JlowLig for rtPr'r dungs of pkce. l'he d.ts w adopted a p p m  at the head of the oolumn, and the reduced oblsrrrtion i preceded by an mterirt 

v 

Face L li L R L B L B L B 

Zero 180' 0° 259' 79' 338' 158' 580 235' 137' 817' 

Data March 16 March 18 March 19 March 20 March 21 
I1 11 11 I f  I1 I1 11 I f  I f  11 

39-37 31'7.3 44'58 32'88 40.i.5 41'58 38-89 40'02 40'95 43-29 
39'30 35-42 42'53 31'99 32'59 42-49 37.54 4O.74 38'77 38'26 
38'43 34'08 43'37 33'89 38.80 37-81 39-77 40'77 39'08 42'72 

Obeerved difference 38-95 3()'/'8 43.93 30.86 36-77 39.71 37'23 39'87 36'74 4.3'28 
of Ci~-c-le-lieatli~~g, "33'80 36-13 43'93 43.21 
lief. M.-Star '33.41 #+O' IS  4 a - r ~  41 '38 

reduced to Elollgution 9 6 '  15 *39'03 
'35 '56 #42'82 

*38 -48 
*42'34 

- 

Mealis 36-87 37-70 43'41 32-41 37-23 40'40 58'36 40.35 38'89 42-01 

0 1 1 1  I1 ,I If I1 

.Means of both fncer + 143 57 37-29 37 '9' 38'81 - - 39'3'5 40'46 
Level Corrections '03 + 1-38 + 1.26 '04 + '0.2 

Corrected Means + I43  57 37-26 39'29 40.08 39'32 40'48 
Az. of Star fr. Y., by W. 1;8 28 46'78 46' I I 4.5 ' 78 45'45 4S'lI  
Az. of Hsf. M. ,, 3x1 26 24'04 25.40 25 '86 24' i7 25 '59 

r 
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At VIII (Thob)-(Conhzted). 
a I * 

Aetronomicrrl Azimuth of Referring Mark or by Eastern Elongation ... .em ... 322 26 25'19 

VII  (Samdari) by Western ,, a*. ..* .me B 15-13 

Astronomical Azimuth of VII (Samdari) by observation, mean of above ... ... 321 16 15-16 

Qeodetical Azirnuth of 9 )  by wlculation from that adopted (Pol. 11, page 141) 

at Kalihnpur, see page 93 m t e  ... ... ... ... ... ... 322 a6 z1-4a 

Astronomical- Geodetical Azimuth at VIII (Thob) ... ... ... ... ... + 3'74 

At XXVI (Jambo) 

I n  8 

Lat. N. 2P 16' 28 .88;  Long. E. 72' 83' 82".71=4 50 14.2; Height nhove Mean Sea Level, 772 feet. 

February aud March 1874; observed by Lieutenaut J. Hill, R. E., with Barrow'r 24-iuch Theodolite No. 2. 

Stam observed a Ursa Minoris (West) and 1612t (East). 
Mean Right Ascension 1874.0 x h  1zrn 38' 1gh 46" I@ 

Mean North Polar Distance 1874.0 I' 21' 45"'24 6" 36' 56#* 74 
Local Mean Times of Elo~rgation, Feb. 26 Western 8" ++m Eastern gb 35' 

t Of Qreenwich fiew Yevon-Year Catalogue of 2760 Stam for 1664. 

- 
0-  PACE LPIT 

. 

Red~~rsd Obwwation 
hf, & f u r k - Y h  

at E1011ption 

0 1 .  - 21 45 13-89 
23.70 
36-37 
24'51 

- 30 44 16-66 
19-71 
19'68 
19.40 

.e a g 
of 

4 

?ACE 

Feb. 26 

a 40 

Ohwed 
Boriroll+nl AnRle : 
Diff. of Hrndinpm 

M a r k s  

o t  rr - 21 45 34'26 
45 25'80 

45 32'94 
45 39'00 

- 30 44 19'34 
4qzo'tt 
41 58'06 
41 10.12 

JlIQRT 

.F. - E 
e 3 
, m 

m 8  

14 56 
9 53 
13 53 
16 54 

I 57 
0 2 8  

a3  38 
27 17 

Redoction in 
Arc to Time of 

Elongabion 

t rn 

+ o 11-69 
o 5'" 
0 10.09 
0 11-93 

- o 0'97 
o 0.06 
2 22-33 

3 9'71 

W: 

E. 

Becttoed Obeewation 
Ref. Dlark - Stnr 

at lElonption 

0 0  

- 21 45 22-57 
30'69 

21-85 

, 24-07 

- 30)) 20.21 

20. 28 

'0.39 
19-84 

-- 

o I 

323 36 
& 
36 

323 36 
,% 

'43 36 

o r  

- 21 45 23-go 
45 24-54 
46 0'08 
46 9-88 

- 30 43 33'22 
43 54'14 

43 51'14 
43 33-36 

8 8 8  

o 22 
4 I 
25 24 

29 29 

I3 7 
10 3 
ro 36 
'3 27 

I 11 

+ o 0.01 
0 0.84 

0 33-71 
o 45-37 

- 0 43-44 
0 25'57 

o 28'54 
0 46-04 
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-- 

PACE LIm PACE BIGHT 

Observed .E E g Oboewed Red~lction in Beduoed Obmewntio 

Feb. 27 

,, 27 

28 

,, 28 

Mar. 3 

8 

,, 6 

6 

n 6 

,, 7 

W. 

E. 

W. 

E. 

W. 

E. 

W. 

W. 

E. 

E. 

o I 

42 48 
& 

222 48 

42 48 
& 

222 48 

122 I 
& 

302 I 

122 I 

201 14 
& 

21 I4 

201 I4 
& 

21 14 

280 23 
& 

IW 13 

280 23 
& 

IW 23 

280 23 
& 

IW 23 

122 1 
& 

302 2 

o r  r r  

- 21 45 36.44 
45 33-04 

45 39'60 
45 45'44 

- 30 42 1-22 

42 45.14 

44 12-40 
4359'32 

- 21 45 32.52 
45 29.90 

45 43'76 
45 51.18 

- 30 42 57'68 
43 2.4'68 

- 31 45 40'94 
45 32-78 
45 32'76 
45 40.10 

- 30 41 59-86 
42 37' 18 
44 12-34 
44 0.92 

- 21 45 33-96 
45 31'60 

- 21 45 27'98 
45 15-64 

45 41-98 

- 30 42 44-71 
43 6-00 
44 15'12 
44 4-00 

- 30 44 5'94 
43 34'30 

m r  

14 12 
11 13 

1 5  1 1  
18 46 

23 34 
19 3 
6 IY 
9 2 3  

12 29 

9 8 
18 I9 
21 15 

17 57 
14 53 

17 33 
I4 31 
14 26 
18 3 

23 31 
20 13 

5 18 
8 40 

14 56 
1 1  42 

9 20 
5 43 
I9 26 

I9 21 
17 7 
4 56 
8 X I  

5 7 
12 28 

1 I I  

+ o 10'55 
0 6-59 
o 12.06 

0 18-40 

- 2 19'74 

131'47 

o 10'13 
o 22.33 

+ o 8-16 
0 4'37 

0 17-55 
o 23'60 

- I 21-13 
0 55'97 

+ o 16'15 
0 11-04 

o 10.p 
o 17-06 

- a 19.13 
I 43-01 

0 7'58 
o 19.0) 

+ o 11-68 
o 7-18 

+ o 4-56 
o 1.72 

0 19'75 

- 134'35 
I 13'83 
o 6.18 
o 16-97 

- o 6'65 
0 39'55 

0 I I1 - 11 45 25.89 
36.45 

37-54 
27'04 

- 30 44 20.96 
19-61 

22 '53 
21-65 

- 11 45 24-36 
25-53 

26-21 

17-58 

- 30 44 18-91 
20'65 

- 21 45 24'79 
24-74 

21.86 

23-04 

- 30 44 18-99 
20.19 

19-92 
19 '96. 

- 31 45 22.t8 
24-41 

- 11 45 13-41 
23-93 

22-23 

- 30 44 19-07 
19'83 
21-30 

30.97 

- 30 44 12-59 
13'85 

o r  tt 

- 21 46 4.68 
4552'24 
45 21'32 
45 22'20 

- 30 43 57'82 
44 11-16 

42 27.54 
41 38'16 

- 11 46 0'26 

45 52-76 

45 24-60 
45 26'34 

- a1 46 14-66 
46 3-14 
45 24-61 

45 22'66 

- 30 43 56-80 
44 7-96 
42 41-78 

41 57-78 

- 21 46 10.24 
45 59.10 
45 20'82 

- ax 45 53'28 
4544'14 

45 23-92 
45 27-14 

- 30 44 2-60 
44 13-30 
42 48.68 
42 9-61 

- 30 43 20'24 
43 41.66 
38 1-18 

m r  

28 15 
2428 
I 26 

2 15 

8 42 
5. 7 
21 I 

24 56 

26 12 
22 48 

2 53 
6 39 

31 38 
27 32 

2 29 

I 7 

9 36 
6 15 
19 32 
23 42 

30 33 
27 o 

o 4 

24 31 
2010 

6 22 
9 21 

8 I 3  
4 47 

18 43 
22 31 

15  22 
12' 21 

38 22 

I I I  

+ 0 41-80 
031'37 
0 0'11 

0 0'27 

- o 19'16 
o 6'61 

I 52'58 
2 38'48 

+ o 35-96 
o 27-25 

o 0.43 
0 2-32 

+ o 52-40 
0 39-72 
o 0'32 

o 0.06 

- o 13-33 
o 9.88 

1 37'19 
2 23-12 

+ o 48.92 
o 38'19 
o 0.00 

+ o 31-51 
o 21'30 

o 2'12 
o 4'58 

- 0 17.08 
0 5'78 
I 29'21 
2 9-12 

- o 59'59 
o 38-48 

6 15'89 

o I II - 21 45 22.88 
20.87 
22'21 

'1 '93 

- 30 44 16-98 
17-77 
20- 12 

16.64 

- 21 45 24-30 
25'51 

24.17 
24-02 

- 21 45 22.26 
23-41 
24'30 

22.60 

- 30 44 20'13 
17'84 

18'97 
20.90 

- a1 45 11-32 
20.91 

20.82 

- 21 45 21-77 
22.84 

21'80 

22'56 

- 30 44 19-68 
19-08 

17-89 
18-74 

- 30 44 19-83 
20'14 

17-07 



JODHPOEE MERlDIONAL 8ERIES. 

Abstract of,  Astronomical Azimuth observed at XXVI (Jambo) 1874. 

1. By Eastern Elongation of No. 1612t. 

Pace L It L R L R L R L R 

Zero 824' 144' 43" 223' 122' 302' 201' 21' 2800 100' 

Date February 26 February 27 March 7 March 3 March 6 
I f  I f  rr I f  I f  I f  11 I f  I f  I 1  

Observed differenca 16-66 so-zr 20'96 16-98 *r;'z7 19-83 18.99 20.13 19-07 19'68 
of Circle-Readinge, 19'71 20.28 19-61 17'7; *rg'or zo.r+ 20'19 17.85 19'83 19-00 

Ref. hi.--Star 19-68 20.39 OZ'j3 lo'lz 12',59 17-07 19-91 18.97 11'jo 17-89 
reduced to Elongation 19-40 19'84 21'65 16'64 13-85 19.96 so'go 10-97 18-74 

Meana 18.86 20'18 91-19 1;.88 15.68 1.9'01 19'77 19-46 20.29 18.85 

O f  v e v 

Means of both facer - 30 qq rgV5a 19'54 1; '35 19-60 - - 19-57 
Level Corrections . ' 2 7  '89 - *62 + '40 + 1-16 
Corractrd hlea~la - 30 44 19'79 19'93 '7 '97 19.22 18-31 
Az.of Ytarfr.S.,byW. 187 17 12.29 rz.05 10- 10 11' la 10-qa 
Az. of Ref. M. ,, 156 qa j2.50 52' 12 ~ 2 . 2 ~  5 ['go 52.11 

, 

2. By Western Elongnt.ion of a Ursae 1\Iinoris. 

Face L R L R L B L lt L R 
Zero 824' 144' 4 3' 223' 122' 302' 201' 21° 2800 100" 

Date February 26 February 27 February 28 March 3 March 6 
T v v v v 0 If 

23'89 22.57 25'89 22'88 24'36 a4'.30 14-79 22-26 *ia'o5 *a1'09 

Observed difference 13'70 20'69 26'45 ao'8j 15.53 15.51 24.74 a3'.+z 2 1 9  *20.68 
26'j7 22'85 af.54 12'21 26'21 14'17 21-86 24-30 2.;-42 *20-59 of Circlra-Rta~tdi~~gs, 

Ref. M -Star 24.51 24'0; a ;  21-93 17-58 z.+'oz 23'04 22'60 23-92 2 1 - 7 7  

22.13 22'84 reduced to Eluugation 
21 '90 
22'55 

bfe811e 24-62 22-55 16'73 21.9; 35.92 14'50 23'61 23-15 23-16 21'62 

O f  T v T v T 

Means of hoth facer - 21 45 13.55 24' 35 a.5'21 2.3 ' 38 - - 92-39 
Level Corrections '27 - '59 .3+ + '34 + ' 7 7  
Corrected Meane - 11 45 1.3.86 14'94 2.5 ' 55 2.3 '04 ar'6.r 
Az.of S~nrfr .Y. ,byW. 178 18 16'95 16.71 16.49 1.5 '59 14-80 
Az. of Ref. M. ,, 156 41 5.3'08 51'77 50.94 55-55 5.1'18 

... ... ... by Eastern Elongation 

Astronomical Azimuth of Referring Mark by Western ,, ... ... ... 
Mean ... ... ... 

Angle Referring Mark and XSVII (Sirad) see page 34 ... ... ... ... 
... ... Astronomical Azimuth of Sirad by observation ... .. 

Geodetical Azimuth of ,, by calculation from that adopted (Fol. 11, page 141) at 
Kalihnpur, see page 94 ante ... ... ... ... ... 

Astronomical-Geodetical Azimuth at XXVI (Jambo) ... ... ... 
- - - -  - 

.) Of Greenwirh Yew Reren-Penr Cntnlop~~e of 2760 Stfirs for lW4. 
NOTK.-Where obaarvatio~~a ocrllrrrd on 111e rsllle pnir of remn or1 different nirhta t h q  are n d u d  in thin shrt.ract to one dnte-the mat owre&nt-by 

allowing for du'e change of p h .  The drb w adopted a p p w  aL the had  of the oolumn, and thr reduoed obwrr.tiou ir preoeded by ur m k i k  



At XLIII (Mugrala) 

A m  8 

Lat. N. 2B0 30' 67".06; Long. E. 72' %' 44".59 = 4 49 3 9 . 0 ;  Height above Mean Sea Level, 617 feet. 
i February 1876 ; observed by Captain M. W. Rogers, R.E., with Barrow's %-inch Theodolite No. 2. 

Stara observed a Ursae Minoris (West) and No. 1612-f (Eaat). 
Mean Right Ascension 1876.0 I" lzm 59s 13" 46rn d 
Mean North Polar Distance 1876.0 21' 2611'18 6' 37' 14"'77 
Local Mean Times of Elongation, Feb. 16 Western gh 28m Eastern loh 19" 

3 
a 
mi 
l 
4 

Feb. 15 

,, 16 

,, 16 

, 16 

a 

% 

W. 

E. 

W. 

E. 

C 

i? .* a 
8 j W  
d*.z 
2 
E% gF4 

0 I  

180 25 
& 
0 '5 

180 25 
& 
O as 

259 37 
& 

79 37 

259 37 
& 

Obsemed 
Horizon* Angle : 
, 

~~k - sUI 

O I *  

- 61 46 15-62 
46 11'18 
4550'40 
4549'58 
46 17'64 

- 7048 52-54 
qg 16-24 
5053'66 
5047'54 
48 33-80 

- 61 46 0'32 
46 2-70 

45 57-16 
45 58.10 
46 26'70 

- 70 49;55'98 
qg 21-16 

79 37 

338 49 
& 

158 49 

33\49 

158 49 

22 I 
- & 
202 I 

Greenwich New 

.i 0 g 
1 2 i 
t 

2 2 4 
m 2 

20 12 
18 26 
I 5 0  
0 3 0  
21 45 

22 29 
20 3 
5 7 
7 I 
23 55 

13 2 
10 58 

4 32 
6 rg 
24 32 

16 42 
12 57 

50 32'24 

50 59-62 
50 53'24 

- 61 46 7'80 
460.66 
,45 56-84 
46 0-10 
45 59-46 

- 70 49 50.32 
50 20'86 
5027'22 

51 '3' 
50 57' 4 

- 61 46 6.28 
46 1-02 

45 56-00 
45 48-88 
4549'76 

Reduced O b a e d i o n  
Ref. Mark-Star 
at Elongation 

0 1  4 

- 61 45 50.41 
46-17 
47'93 
47'90 
49'67 

- 70 50 57'02 
54'50 
52-50 
53'75 
56'43 

- 61 45 50'33 
48 ' 50 
47-06 
47-06 
50' 29 

- 70 50 59-53 
54'72 

BAOB IUQET 

Reduction in 
Aro to Time of 

Elongation 

I  * 
+ o 21-50 

o 17'93 
0 0 . 1 8  
0 0'01 
o 24.90 

- 2 8-91 
I 42'56 
0 6 - 7 2  
012'66 
2 17-67 

+ 0 8-95 
o  6-35 
o 1'08 
o 2-10 
o 31-67 

- I 11-18 
o 42'90 

Observed 

DiC of Reading8 
Ref.MsrL-Star 

0 1  w 

- 61 45 58-40 
4551.22 
45 50'42 
45 52-61 
46 6.22 

- 70 50 55-68 
5054'50 
50 14'42 
50 3-64 
49 18.78 

- 61 45 51-22 
45 48-68 
45 53-92 
45 56-70 
46 11-58 

- 70 50 53-50 
50 53-06 

I I 1  2 

3 45 
6 12 

15 13 
1 x 2 2  

9 52 
5 51 
7 33 

16 54 
12 32 
1047 
I 41 
3 39 

17 36 
1346 
11 7 
I 39 
329 

54'47 
54'53 
54-42 

- 61 45 59.43 
53-14 
49'05 
50' 48 
53-21 

- 70 50 57.47 
56-18 

58-15 
58' 19 
51.50 

- 61 45 49-19 
45-61 
46'18 
45-22 
47' 38 

B s d u d O b a m t i o n  
Ref. Mark-Stu 
st Elongation 

. I  * 
- 61 45 54-12 

53-25 
50'22 

49'57 
51-74 

- 70 50 61-45 
58.80 
60.38 
60 ' 20 
61 :47 

- 61 45 51-37 
56.35 
56-08 
56 '00 
55'03 

- 70 50 67.16 
64-06 

0 31.14 
0 3-61 
o 9-90  

+ o 12-20 
0 6 - 8 2  
0 5-13 
o 1-81 
0 3.01 

- 1 12.94 
0 40'2~ 
029'77 
0 0.73 
0 3.4 

+ o 16-33 
010'00 
0 6-52 
0 0'14 
00'64 

5011.38 
49 57-66 
48 55'28 

- 61 46 o.02 
45 53-14 
46 0'70 
46 5'78 
4620.26 

- 70 50 49.12 
50 52-40 
50'36.88 
50 18-38 
49 37-50 

- 61 45 50.86 
45 46'.34 
45 51'20 
4552'60 
46 4-30 

Berm-Yesr Catalogue 

,, 18 

,I 18 

,, 19 

63-38 
63-13 
63'14 

- 61 45 55-60 
53'84 
51-71 
58-19 
56'45 

- 70 50 63-26 
61-08 
56.99 
62.63 
61-26 

- 61 45 49'95 
51-02 
49'48 
48-74 
49' 12 

" .g 
2 5 % 
5 6 4 dhFil 

m r 

12 19 
9 4 7  
6 53 
9 28 
17 44 

2 17 
0 8 
12 10 

13 57 
19 27 

4 6 
I 52 

11 25 
13 32 
20 7 

4 51 
2 33 

W. 

E. 

W. 

PACE LBBP 

Reduction in 
h e  Timeof 

Elongation 

I * 
+ o 7.99 

O 5"=5 
0 2-49 
0 4'72 
0 16.55 

- o 1-34 
o 0.00 
0 38'08 
o 50'11 
137'65 

+ ' o  0.89 
o 0.18 
o 6-86 
0 9-64 
0 21-29 

- o 6'03 
o 1'66 

1256 
14 51 
21 ag 

3 20 
0 2 

14 52 
17 3 
22 41 

5 43 
3 53 
g 6 
10 46 
16 57 

5 37 
3 43 
9 46 

1 1 5 0  

1756 

of 2760 t Of 

043.09 
0 56-87 
1 59-14 

+ o 0.59 
0 0 '00 

o 11-65 
0 15-30 
o 27-05 

- o 8.35 
0 3-88 
o 21'27 
o 29'81 
1 14-00 

+ o 1-67 
0 0'73 
o 5-02 
o 7-38 
016'92 

8- for 1864, 



Abstraot of Bstronamical Admuth observed at XLIZI (M+), 1875. 

1. By Eastern Elongation of No. 1612t. 

4 

.- .i! 
! 
! 
3 

Feb. 19 

,, 20 

,, 20 

Face L B L It L B L, B L B 

Zero 180" 0" 2800 80" 8 8 9 O  1590 22" 202O 101" 281' 

Date Febl7lay 16 Febrrrary 18 Febrrrary 18 February 19 Februarp 20 

1 * * * * e * rn * * 

Obeerved difference 57-02 61-45 59'53 67-16 57'47 63'26 59-69 60'72 54-70 61-52 
of Circle-Readinge, 54-50 58-80 54-72 64-06 56'28 61-08 60.65 61.69 57-35 61-43 

Ref. M. -Star 52-50 60.38 54'47 63-38 58-15 56.99 58-90 63-11 56.19 59-05 
reduced to Elongation 53'75 60'20 54'53 63'23 58.19 62'63 59'69 58-21 55'65 60'82 

56'43 61-47 54-41 63-14 51-50 61-26 58-41 69-08 59'96 

Meane 54'84 60.46 55-53 64-19 56-32 61-04 59'47 60.76 55-97 60.55 

0 1 1  a w  v 11 

Meaneofbothfeces - 7 0  50 57-65 59-86 58.68 6oWra 58-26 
Level Corrediona - 2-05 - '21 - '70 - '18 - '03 
Corrected Meane - 70 50 59'70 60.07 59'38 60'30 

48-23 
58-29 

As. of Star fr. 8., by W. 187 32 48'85 48-69 48.38 48.06 
Az. of Ref. Id. ,, 1x6 41 49'15 48.62 49'00 47-92 49'77 

t Of Greenwich New Seven-Yew Catalogue of HW Stun for 1864, 

g 
-4 

a 

E. 

W. 

33. 

C 
0-  

52 
~ 1 ,  - 
% 
2 %  e c  - a d  
0 I  

a2 I 
A 

20% I 

IOI 13 
& 

281 13 

101 13 
B 

281 13 

Reduced Obamtion 
~ a t ~ a r k - a w  
8t 

0 1 .  

- 70 50 59-69 
60'65 
58-90 
59'69 
58-42 

- 61 45 45'59 
51'90 
46-50 
50.08 
48-60 

- 70 50 54'70 
57-35 
56'19 
55'65 

O h m o d  
Horizontal Angle: 
~ a . ~ f ~ s s d w  
&f.Mark-Star 

0 I  I1 

- 70 49 38.42 
5059'90 
50 55-72 
49 37'26 
49 18-14 

- 61 45 45-62 
45 57.86 
45 56.oa 
46 35-38 
46 50.04 

- 70 49 19-42 
50 57-30 
5053.92 
48 38'96 

Reduced Obamati 
~ . , r . ~ ~ k - s d ' "  
at Elongation 

0 1  * 
- 70 50 60'72 

61 -69 
63-11 
58.21 
60.08 

- 61 45 49-19 
53'94 
54'32 
54-24 
53-65 

- 70 50 61-52 
61 -42 

59 '05 
60'82 
59'96 

. 

B o ~ ~ ~ ~ f n d e  : 
Ds.ofPId.p 
a t .  &k- sk 

0 1  * 
- 70 50 19'92 

5030.76 
5042'90 
50 17-96 
4755'96 

- 61 45 50'78 
45 55'96 
46 11.44 
46 14-06 
47 1892 

- 70 50 49-74 
50 55-32 
50 45-36 
50 40'36 
47 17-46 

" g .: 
2k ;$ 
j z g  

m J 

17 51 
I43 
3 31 
I7 53 
19 43 

o 47 
10 38 
13 26 
39 fl 
34 ra 

19 19 
0 27 
2 5 8  

rg I 

PACE LPPT 

Reduction in 
h t o ~ u n e o r  

Elm&ion , 

I  * 
- r 21-27 

0 0'75 
0 3'18 
I at'qg 
I 40.28 

t o 0.03 
o 5'96 
o 9-51 
0 45-30 
I 1-44 

- I 35-28 
0 0'05 
o 2'27 
a 16-69 

PACE 

.E? 3 E P z g 

jia 
A 

m r  

12 38 
1 1  o 

852 
12 30 
2642 

5 29 
6 12 
18 2 

19 24 
40 19 

6 47 
4 53 
7 18 
8 55 

2 9  21 

BIGHT 

Bsdoction in 
i r r M i b e a f  

Elongation 

I  * 
- o 40'80 

030.93 
oto.21 
o 40-a5 
3 4-12 

+ o 1-59 
o 2-02 
o 17-13 
o 19'82 
I 35-27 

- o 11'78 
0 6'10 
o 13.69 
o 20'46 
3 42-50 



PRINCIPBL TI1IANGULATION. AZIMUTHAL OBSERVATIONS. 

Abstract of Astronomical Azimuth observed at XLIII (Mugrala) 1876-(Coltti~zwd). 

2. By Western Elongation of a Ursse Minoris. 

Face L B L B L R L B L B 

Zero 1 80" 0" 260" 80° 839' 159' 22O 2020 lolo 281' 

Date February 15 February 16 February 18 February 19 February 20 

rr rr rr rr 11 rr II rr rr rr 

Observed difference . 50'41 54-12 50'33 51-37 59'43 55-60 49-19 49'95 4.5'59 49-19 
of Circle-Rendingrr, 46-17 5.3'25 48-50 56'35 53'14 53'84 45'61 51'02 jr.90 53'91 

Ref. M.-Stnr 47'93 50'22 47-06 56-08 49-05 51-71 .46.18 49'48 46.50 54.32 
47'90 49'j7 47-06 56.00 50.48 58-29 45-22 48-74 50.08 54'34 reduced to Elollgution 
49-67 52-74 50'29 55-03 53-21 56'45 47'38 49-12 48'60 53'65 

Meana 48-41 51-98 48.65 54-97 53'06 55-18 46'72 49'66 48'53 53.07 

- 
o I rr rr I r  r t  rr 

Means of both faces - 61 45 50'20 51-81 54-12 48' 19 50'80 
Level Correctio~ls - 1-21 +' '34 + r'ra ,- 1-36 - '03 
Corrected Mealle - 61 45 51-41 51'47 53 '00 49'55 50'83 
Az. of Star fr. S., by W. I 78 2; 40-43 40'20 39'97 39 ' 74 39-51 
As. of Ref. M. ,, 116 41 49-02 48.73 46.97 !i0'19 48'68 

. ... ... ... by Eastern Elongation 
... Astronomical Azimuth of Referring Mark by Western ,, ... ... 
... Mean ... ... 

Angle Referring Mark and XLVI (Habib) see page 47 ... ... ... ... 
... ... Astronomical Azimuth of Habib by observation ... ... ... 

Qeodetical Azimuth of ,, by calculation from that adopted (701. 11, page 141) at 
... ... Kalihpur, see page 96 ante ... ... ... ... ... 

Astronomical-Geodetical Azimuth at XLIII (Mu@a) ... I.. I.. ... 

J. 9. N. HENNESSEY, 

In charge pf Compu.ting O#cs. 
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E A S T E R N  B I N D  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. ALPHIBETICAL LIST OP STATIOPU'S. 

Arrabhit . 
Asu 
Badhor 
BBndri 
Bh4di 
Bhitala 
Bi tri 
ChBnga 
Chauki 
Dhowtila . 

(Of the Qmt Indue Series). 

Dewari 
Dhanono . 
F~.ll& s 

Qhundi , 

Qirhja 
Got Mfr Muhammad 
Harnho 
Hatodan . 
Jeysulmere . 
Joganali . 
anakotr i  . 
Kardo 
Khho 
Kirariw&ro . 
Kolu 
Kot Sabzal . 
Kubba 
Longwtili . 

XXII. 
XXXI. 

xv. 
xxv. 

XXXII. 

xxxv. 
LXII. 

XLVIII. 
XXIV. 

I. 
LI. 

XXVIII. 
XLVII. 
XXIII. 

VI. 
XIII.  
XIX. 
VIII. 

XX. 
XXXVI. 

XL. 
XXXIV. 

XLIX. 
L. 

XLV. 

Mhhka 
(Of the Ghalrt Indue Series). 

Mtiliu 
Malar 
Mangtor . 
Miri 
Mkringra 
Morgich 
Narllar 
Nari t ha1 
NGrpfr 
Paretllal 
Patatonk 
Potanawbri . 
Ramsar 
RgvilBhu 
Rojhra 

(Of the gkiohi  Longitudinal Series). 

Rupihar . 
Sanahu 
Sand011 ar 

(Of the garichi Longitudinal Series.) 

Sinaba . s 

Singra . 
Thakur . 
Thar Muh4ri . 
Trisingh . 
Vijnot . 
vin . 
Y4m 

LIX. 

XXVII. 
XIV. 

IX. 
XLI. 

XXIX. 
XXXVII. 

XI. 
IV. 

XLIII. 
XXXIII. 

XVIII. 
XVI. 

XXVI. 
LXXV. 

VII. 
XXI. 

LXXVIII. 

XVII. 
XXX. 

XII. 
XXXIX. 

XXXVIII. 
XLIV. 
XLVI. 
XLII. 



E A S T E R N  B I N D  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. NUMERICAL LIST OF STATIONS. 

LXXV Rojhra. 
(Of the K d c h i  Longi- &.rim). 

LXXVIII . San dohar. 
(Of the Kariclli Longi td id  Seriw). 

I . Fulr6r. 
I1 . . Chhga. 
111 Patatonk. 
1V l Nari thal. 
V . Bh Bdi. 
V I  . . Hatodan. 
VII  . Rupihar. 
VIII  . Kanakotri. 
I X  . Mangtor. 
X l . . Bhitala. 
X I  . Narhar. 
XI1 . . Thakur. 
XI11 . . . Jeysulmere. 
XIV . s . . Malar. 
XV . . . Badhor. 
XVI . Ramsar. 
XVII . . . Sinaba. 
XVIII . . . Potanamhi. 
XIX Joganali. 
XX . Kardo. 
XXI Sanahu. 
XXII . Arrabhit. 
XXIII . H a d o .  
XXIV Dhanono. 
XXV Bhdri. 
XXVI Rhvil8hu. 

XXVII . . . l l U a .  
XXVIII . . . . Qir4ja. 
XXIX . Mhingra. 
XXX . . . . Sinpa. 
XXXI . . . . hu. 
XXXII . . . . Bitri. 
XXXIII . . . Parethal. 
XXXIV . . . . . Kolu. 
XXXV l . . . Chauki. 
XXXVI s . . . I(-. 

XXXVII . . Morgich. 
XXXVIII . . . . Trisingh. 
XXXIX . . . . Thar Muhhi. 
XL . l l l l K h d w h e  
XLI Y . . . l MBsi. 
XLII l . . Ygsn. 
XLIII . . l l . Nibpfr. 
XLIV . . . . Vijnot. 
XLV l . . . I;ongwBli. 
XLVI . . . . . vin. 
XLVII . Got Xfr Muhammad. 

' XLVIII . Dewari. 
XLIX . a . Kot Sabzd. 
L Kubba 
L I  . . Qhundi. 
LIX . M4chka. 

(Of the Otat Indur 8eria). 

LXII . . DhwBla. 
(Of the arest Indur aeries). 



E A S T E R N  S I N D  M E R I D I O N A L  S E R I E S .  

DESCRIPTION OF PRINCIPAL STATIONS. 

Of the 61  Principal Stations composing this Series, those numbered I to XLI I I  and XLVII are 
situated on sand hills. Each consists of a solid, circular, isolated pillar of masonry surrounded by an annular 
wall, the pillar being sunk to a depth of 3 feet, and having its upper surface flush with the hill top. I n  the centre 
and upper surface of the pillar a mark (circle and dot) engraved either on stone or brick, was imbedded in the 
normal of one or two other similar marks previously inserted within the pillar. Stations LXXV and LXXVIII 
of the Kar&clii Longitudinal Series are similar in construction to those above described, with tlie exception tliat 
the pillars are not sunk but rise above the hill tops and are surrounded by platforms about 14  feet square for 
the observatory tent to stand on. The remainder with stations LIX and LXII  of the Great Indus Series, on 
which this Series closes, are tower stations. Each consists of either a solid or perforated central pillar surrounded 
by solid towers of sun-dried bricks set in mud cement for the accommodation of the observatory tent : the pillars 
themselves are composed of rectangular blocks of masonry surmounting one another, each succeeding block 
being contracted, so as to leave a plinth at  its base, the uppermost block, for the theodolite to stand on, is 
circular, 39 feet in diameter, and isolated from tlie tower. The solid pillars have marks,. as already described, 
at  top and bottom and others intermediately, tlie perforated pillars have a mark imbedded at about the level of 
tlie floor and another below in the foundation. I n  the case of perforated pillars access to the upper mark is 
obtained by a vaulted passage, especially constructed. for the purpose, through tlie tower and the central pillar. 
The upper mark-stones, where the pillars are solid, are protected by a rectangular pyramidal pillar of masonry 
erected after the completion of the observations, and bearing a sufficiently accurate mark for Topographical and 
Revenue Survey purposes-its shown a t  page 74 of Volume I1 of the Account of the Operations &c. 

The following descriptions have been compiled from those given by the officers who executed the Series. The ortho- 
graphy of such names of parganss, di~tricta kc., ae has been fixed by Government for Rajputana and Sind has been adhered to. 
A few details, such as the name of a village or pargana within which a station is situated, have been obtained from the returus 
furnished by the political authorities to whose charge the stations have been committed. 

LXXV.-(Of the Kardchi Zongitudinal Sees ) .  Rojhra Hill Station, lat. 24" 57', long. 70" 17'- 
observed a t  in 1861 and 1876-is situated on a high, narrow hill 1) miles west of the road from Ch&chra to Isldmkot. 
Tlie hill lies in that part of the Tliar or little desert which appertains to Bhuj. It is in the bnds of Rohrara 
village, taluka Chdchra, district Thar and Phrkar. 

The masonry pillar, which is surrounded by an annular wall, is solid and 8 feet high. I t  contains three mark-atones, 
one at the foundation, another 2 feet above it, and the third at the surface of the pillar. When visited in 1876 for originating the 
Eaaterri Sind Meridional Seriecr, the pillar was found in good order and the upper mark-stone intact, and no alteration in the 
cor~atructio~l of the station was made. The azimuths and distances of the circumjacent villages are :-Pariara la0, milee 3-4; 
and Dllakla 297O, miles 2. 
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LXXVII1.-(Of th Kadchi Xmgitudinal Se&e). Smdohar Hill Station, lat. 25" 3', long. 70" 1'- 
observed at in 1851 and 1876-is situated on a narrow and extensive hill in that portion of the Thar or little 
desert appertaining to Bhuj, about 2 miles N. of the road from CMchra to Chelsr. It is in the lands of akli 
village, taluka Chhchra, district Thar and YBrkar. 

The masonry pillar, which is surrounded by an annlilar wall, is solid and 3 feet high. It contains three mark-stones, one 
a t  the foundatio~~, another 2 feet above, and the third at tlie upper surface of the pillar. When visited in 1876 for originating the 
Eastern Sirid Meridional Series, the pillar was found in good preservation, but there was no upper mark : on cutting into the 
pillar the second mark on stone was found intact one foot below the surface. The pillar was then re-built to its origiual height and 
a new mark was placed in its upper surface oije foot above and in the normal of the mark found. The azimuths and distances 
of the circumjaceut villages are :-Sandohar 88O, mile 0.5 ; and Arnka  198O, mile 1. 

I. Fulrhr Hill Station, lat. 2P 63', long. 70" 6'-observed at in 1876-is on a high and narrow 
sand hill in that portion of the Thar or little desert appertaining to Bhuj. It is in the lands of PuMr village, 
taluka ChBchra, district Thar and YBrkar. 

Tile masonry pillar, which ia surrounded by an annular wall, is solid, 3 feet deep and 34 feet in diameter. It 
contains two mark-sto~~es, one at the bottom and the other 3 feet above it a t  the surface of the pillar. This station is nearly iden- 
tical with station LXXVI of the Karhhi  Longitudinal Series estal~lished in 1851, which was found almost totally destroyed in 
1876. Tile centre of the old pillar was determined from the lowest layer of bricks indicating its circumference. The azimuths and 
distances of the circumjacellt v~llages are :-Fulriir 157") mile 1; Dkurio looJ miles 2; and Bisasar Q4P, miles 4. 

11. Chhga Hill Station, lat. 24' 69', long. 69' 64'-observed at in 1876-is situated on a sand 11iU 
bearing that name in that portion of the Thar or little desert appertaining to Bhuj. It lies 19 miles S.W. of the 
road from Chelh to Nabisar. The nearest good water is at Asar 2'4 miles S.E. The station is in the lands of 
C h e k  village, taluka Chbchra, district 'l'har and Ptirkar. 

The masonry pillar, which is surrounded by an annular wall, is solid and 3 f  feet deep. I t  contains three mnrks, two 
on atone, one at the foundation, the other l f  feet above it, and the third on brick at the surface of the pillar. This station is 
nearly identical with station LXXX of the Karslchi Longitudinal Series established in 1851, which was f o u ~ ~ d  entirely destroyed. 
The prese~it pillar is erected on tlie ruina of the base of the old pillar. The azimuths and distances of the circumjacent villagea 
are :--ChelBr 276O, milea 3-8 ; and Jojar 26a01 miles 4.6. 

111. Patatonk Hill Station, lat. 25" 10', long. 69" 48'--observed at in 1876-is eituated on a hill peak 
midway between the high roads from Umarkot to Nabisar and Chelsr, 7 miles E. of the former and the same 
distance W. of the latter, and 4 miles E. of the plains of Sind. I t  is in the lands of Pata village, taluka 
CMchra, district Thar and Ptirkar. 

The masonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 34 feet in diameter. I t  contains 
three marks, two on stone, one at the foundation, the other 1 foot above it, and the third on brick at  the surface of the pillar. 
The station mark at the foundation was originally fixed in the course of the execution of the Umarkot Minor Series of the Ka- 
r h h i  Longitudiual Series. Pata (Ali Akbar) well azimuth 187O, mile 0'5. 

IV. Narithal Hill Station, lat. 25" 16', long. 69" 65'-observed at  in 1876-is situated on a sand llill 
of the same name. The high road from Umarkot to Clldchra runs 1 t miles W. and that to Kesar 4 miles N. It 
is in the lands of Kacholi village, taluka Umarkot, district Thar and PBrkar. 

The masonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 34 feet in diameter. I t  contains 
three mark-stones, one a t  the foundation, another 1 foot above it, and the third at the surface of the pillar. The s t a t i o ~ ~  is 
identical with that of the Umarkot Minor Series of the Karkhi  Longitudinal Series, the marks being plumbed over the old station 
mark. The azimuths aud distances of the circumjacent places are:-Ajba well 205', mile 4; and Rojhra or Rodhar well 36O, 
miles 2. 

V. Bhkdi Hill Station, lat. 25" 16', long. 70" 14'--observed at in 1876-is situated on a high, narrow 
and very long sand hill, 2 miles E.N.E. of Blltidi sweet-water well. Gatta village and well lie at the foot of 
the hill to the N.W. The road from Umarkot to Kesar runs about 7 miles N. It is in the lands of Bhadi 
village, taluka Chtlchra, district Thar and Phrkar. 

The masonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 34 feet in diameter. I t  contains 
three marks, tlie upper engraved on stone is let illto the surface of the pillar, and two otl~ers on bricks are 2 and 3 feet respectively 
below it. The azimuths and distances of the circulnjacent villages are :-BhBdi 75", miles 2;  and Gatta 230°, mile 1. 
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VI. Hatodan Hill Station, lat. 26" 30', long. 69" 62'-observed at  in 1876-is situated on the northern 
extremity of a long sand hill running in the usual direction and terminating abruptly towards the north, about 
19 miles W. of the road from Umarkot to Randhu village, 3 miles W. of the low ground inundated by the 
N&ra river, and 2+ miles S.E. of Sinai (new) sweet-water wells. It is in the lands of Chor village, taluka 
Umarkot, district Thar and PBrkar. 

The masonry pillar, which is surrounded by an annular wall, is 3 feet deep and @ feet in diameter. I t  contains three 
mark-stones, one at the foundation, another 1 foot above it, and tlie third on the surface of the pillar. The azimuths and distances 
of tlie circumjaceiit places are :-Kerlo sweet-water we11 280°, miles I f  ; Chor village old (Sinai) 134O, miles 4; and Chor village 
new 1860J miles 2.2. 

VII. Rupihar Hill Station, lat. 26" 27', long. 70" 6'-observed at  in 1876-is situated on a sand hill 
1 mile north of the village so called on the high road from Umarkot to G a b  and Balmer. It is in the lands 
of Rupihar village, taluka Umarkot, district l'har and Phkar. 

The masonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 34 feet in diameter. It containe 
three marks, the upper engraved on stone is flush with the surface of the pillar, and two others on brick are 2 and 3 feet reg- 
pectively below it. Itupihar well azimuth 23f0, mile 0.9. 

VIII. Kanakotri Hill Station, lat. 25" 30', long. 70" 17'--observed at  in 1876-is situated on a lligll 
sand hill about 33 miles S. E. of the road from Umarkot to Kesar village. I t  is in the lands of Kanakotri 
village, taluka Umarkot, district Thar and YArkar. 

The mRsonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 34 feet in diameter. I t  containe 
three marks, the upper engraved on stone flush with the surface of the pillar, and two others on brick 2 aiid 3 feet respectively 
below it. The azimuths and distauces of the circumjacent villages are :-Jagmal 174O, miles 1'5 ; and Silali lWO, mile 0.7. 

IX. Mangtor Hill Station, lat. 25" 39, long. 69" 67'--observed at in 1877--is situated on a low flat hill, 
about 2 miles 5. of the well of the same name, and 5 miles E. of the road from Chor and Umarkot to Ititn&hu. 
It is in the lands of Mangtor village, taluka Umarkot, district Thar and Phkar. 

The masonry pillar, which is surrounded by an annular wall I f  feet thick, is solid, 3 feet deep end 34 feet in diameter. 
I t  contains tliree marks, one at the foundation, another 1 foot above it, and the third on the surface of the pillar. The azimuths 
and distances of the circumjacent wells are :-Goedaui 4B0, miles 4 (by road 4.7 miles) ; Bandho 4B0, miles 6.7; and Mangtor 
180°, miles 2. 

X. Bhitala Hill Station, lat. 28" 39', long. 70" IS--observed at in 1 8 7 7 4 s  situated on a long, 
narrow sand hill running N. E. and 5. W., about 3 miles 5. W. by S. of Kliuiri or Kllokro village, and 3 miles 
8. of Lapla well. It is in the lands of Khara Lapla village, taluka Umarkot, district Thar and Ptirkar. 

Tlie masonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 34 feet in diameter. It contains 
three mark-stones, one at the foni~dation, another 1 foot above it, and the third on the surface of the pillar. The azimuths aud 
distances of the circumjacent wells are :--Datura 1330J miles 8.5 ; and Somo 157", miles 8.9. 

XI. Narhar Hill Station, lat. 25" El', long. 69" 67'--observed at  in 1877--is situated on the hill 
on which the Revenue Survey station of Bamniwtiro formerly existed, and about 5* miles E. of the road 
from Umarkot and Chor to W h u .  It is in the lands of Narhar village, taluka Khipra, district Thar and 
Phkar.  

The masonry pillar, which is surrounded by an annular wall 1 4  feet thick, is solid, 3 feet deep and 34 feet in diameter. 
It contains three mark-stones, one at the foundation, another one foot above it, and the third on the surface of the pillar. Narhar 
village distant 1-6 miles, azimuth 68". 

XII.  Thakur Hill Station, lat. 25' 50', long. 70°10'--observed at in 1877-is situated on a sand 
ridge, about 3 miles W. of the boundary between Jodhpore and Sind. It is in the lands of Juma village, 
taluka Khipra, district Thar and Phkar. 

The masonry pillar, which is surrounded by an annular wall 14  feet thick, is solid, 3 feet deep and 34 feet in diameter. 
I t  contains three mark-stones, one at the foundation, another 1 foot above it, and the third on the surface of tlie pillar. The 
azimuths and distances of the circumjacent places are:-Katarlo well 345") miles 3 ;  Tar Rang Dahar (large village) 152", 
miles 54; Marwar village 26B0, milea 5; and Juma well 6g0, milea 2. It is identical with the Revenue Survey station of the 
m e  name. 
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XIII. Jeysulmero Hill Station, lat. 26" 6', long. 69" 64'-observed a t  in 1877-was situated on the 
highest elevated sand knoll of the Jeysulmere draen (a tract of shifting sand) which extends for a space of 
about 60 square milea and has in parts sand knolls of considerable height. I t  was close t.o the Itevenue Survey 
station of the same name. There are two wells of good water in the draen, about 2 and 13 miles respectively 
W. of the site of the station, which is in the lands of Lodl~ar village, taluka Khipra, district Thar and P&rkar. 

The maaonry pillar, which was surrounded by an annular wall, was solid, 5 feet deep and 3+ feet in diameter. I t  
contained three mark-stones, one at the foundatioo, another 2 feet above it, atrd the third on the surface of the pillar. Lodhar 
village is distant 3.6 miles, azimuth 77". This station was reported by the district officer in May 1879 to have been completely 
carried away by the shifting sand, the deb& were collected and heaped together cloee to the original site. 

XIV. Malar Hill 8tation, lat. 26" 2', long. 70" 6'-observed a t  in 1877-is situated on'tlle lowest and 
southernmost of three sand hills about a mile distant from each other, named after a hamlet about 2 miles to 
N.W., and 2 miles W. of the boundary between Sind and Marwar. It is in the lauds of SaiadBhu village, 
taluka Khipra, district Thar and Parkar. 

The masonry pillar, which is surrounded by an antrular wall 14 feet thick, is solid, 3 feet deep and 38 feet in diameter. 
I t  contains three mark-stones, one at the foundation, another 1 foot above it, and the third ou the surface of the pillar. Saiadahu 
village, on the road from Kllipra to Jeysulmere town, ie dietaut 4 miles, azimuth 128". 

XV. Badhor Hill Station, lat. 26" 0', long. 70" 20'-observed at in 18774s situated on a high sand hill 
in division Giraub, taluka Shiu, territory Jodhpore. 

The masonry pillar, which is surrounded by an annular wall 14 feet thick, is solid, 8 feet deep and 39 feet in diameter. 
I t  contains three mark-stones, one at the foundation, anotlrer 1 foot above it, and the third on the surface of the pillar. The 
azimuths and distances of the circumjacent places are :-Saijado well 217", miles 3; and Sundra 14a0, miles lo. 

XVI. Ramsar Hill Station, lat. 26" 13', long. 70" 2'-observed at  in 1877-is situated on a hill 
2 miles N. of the boundary between Thar and Phrkar and Kllairpur State. It is in lands of WuriAhu village, 
Klidrpur State, Sind. 

The masonry pillar, which is surrounded by an a n n ~ ~ l a r  wall, is solid, 3 feet deep and 39 feet in diameter. I t  containa 
three mark-stones, one at the fou~ldntion, anotlrer 1 foot above it, and the third on the surface of the pillar which is fluslb with 
tlre hill top. The azimuths aud distances of the circumjaceut villages are :-Ramear Bhil 325", mile 1 ; and Wuriiihu 175", 
miles 2. 

XVII. Sinaba Hill Station, lat. 26" 12', long. 70" 14'4bserved at  in 1877-is situated on the 
northern summit of a long sand ridge, about 4 miles N.E. of Khara well and a mile N.W. of the path from 
Saidihu to Jeysulmere town, which passes by Khara. The nearest good water is at  Saidtihu, 14 miles S;W. 
It is in village and division of Mehiijliar, Jeysulmere State. 

The masonry pillar, wlrich is surrounded by an al~nular wall, is solid, 3 feet deep and 39 feet in diameter. I t  contains 
three mark-stones, one at the fol~ndation, nnotlrer 1 foot above it, and the third on the surface of the pillar which is flush with 
the hill top. The azimuths and distances of the circumjacent places are:-Badhi Baor hill (close to which is the quadri-junctioo 
pillar of Th~rr a~rd Pbrkar, Jeysulmere, Khairpur and Jodhpore) 36", miles 4 ;  Sundra (in Jodhp~re)  3W0, miles 9; aud Melr4jliar 
(in Jeyeulmere) 250°, miles 12. 

XVIII. Potanawhi Hill Station, lat. 26" 24', long. 69" 66'-observed at in 1877-is situated on a low 
sand hill 2 miles W. 19" N. of Bakshiwhi village. I t  is in the lands of Bakshiwtiri village, Khairpur 
State, Sind. 

The masonry pillar, which is surrounded by an annular wall, is solid, 8 feet deep and 39 feet in diameter. I t  contains 
three mark-stoaes, one at the foandatiot~, another 1 foot above it, and the third on the surface of the pillar which is flush with 
the hill top. The azimuths and distances of the circl~mjace~~t places are :-Juma wells 382", miles 2 and 3; Chan4hu well 116O, 
milee 1-6; Rakn4hu well 255', miles 3.3; and Bakshiwfiri village 28g0, miles 2.3. 

XIX. Joganali Hill Station, lat. 26" 26', long. '70" 6'-observed at in 1877-is situated on the second 
highest hill in the locality, about 1 4  miles S.E. of Gauj Sing's wand and the same distance S.W. of Gagu hill 
which is the highest in this part of the country. It is in the lands of Sartadhu village, Khairpur State, Sind. 

The maaonry pillar, which is surroilnded by an annular wall, is solid, 34 feet deep and 39 feet in diameter. I t  contains 
three mark-stones, one at the faundntion, anotl~er 1) feet above it, and the third 34 feet above, on the surface of the pillar which is 
flush with the ground. Azimutl~ aud distance of Sartatltihu vill~ge are 54', llliles 4.8. 
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XX. Kardo Hill Station, lat. 26' 24', long. 70" 17'--observed at in 1877-is situated on a long 
sand ridge running N.E. and S.W. in the lands of Kardo (Khrora) village, division MeMjliar, Jeysulmere 
stat%. . 

The masonry pillar, which is surrounded by an annular wall, is solid, 8 feet deep and 8+ feet in diameter. It contain0 
three mark-stones, one at the foundation, another 1 foot above it, and the third on the surface of ,the pillar which is flush with 
the hill top. The azimuths and distances of the circumjacent places are :-Pochina well 350°, milea 2;  and Komprajro Par 27", 
milea 84 ; and Kardo or Karora village 2090, miles 2.2. 

XXI. Sanahu Hill Station, lat. 26" 34, long 70" 1'--observed at in 187'7-21 situated on a sand hill 
- conspicuous from its having several brge trees on it, about of a mile N. E. of a well so called, and 2 miles S. of 

the boundary between Khairpur and Jeysulmere. To the west, north and south there are extensive h e n s .  
It is in the lands of Sanahu village, Khairpur State, Sind. 

The masonry pdar, which is surrounded by an annular wall, is solid, 8 feet deep and 8+ feet in diameter. I t  con- 
tains three mark-stones, one at the foundation, another 1 foot above it, and the third at thesurface of the pillar. The azimuth 
and distance of Sumrtlhu village are 853O, miles Sf. 

XXII. Anabhit Hill Station, lat. 26" 34: long. 70" 12'--observed at in 1877-was situated on a long 
sand hill, about 200 yards N.E. of the boundary between Jeysulmere and Khairpur, and 4 miles N.E. of Sonhar 
village. It is in the lands of Shem village, Jeysulmere State. 

The masonry pillar, which was surrounded by an annular wall, was solid, 8 feet deep and 8+ feet in diameter. I t  con- 
tained three mark-stones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar which was flnah with 
the hill top. The azimuths and distances of the circumjacent villages are :-Petri0 4g0, miles 24; Sumr$hu 61°, milea 12. Thin 
etation was reported in 1880 by the Diatrict Officer aa totally destroyed. 

XXIII. Harnsro Hill Station, lat. 26" MI', long. 69" 59'--observed at in 1877-waa situated on the 
highest knoll of the draen called after the well of Harntlo about 14 miles east. I t  was in the lands of 
H a d o  village, hluka Shhhgarh, Jeyaulmere State. 

The masonry pillar, which was surrounded by an annular wall, was solid, 5 feet deep and 84 feet in diameter. I t  con- 
tained three mark-stones, one at the foundation, another 2 feet above it, aud the third flush with the surface of the pillar. The 
directions and distances of the circumjacent places are :-Harnhfir conspicuous sand-hill N.N.E., miles 4; Saunhar well E.N.E., 
miles 8; Kharodi well W., mile 1. This station was reported by Major Elogere in 1880 to have been completely carried away by 
the shifting sand. 

XXIV. Dhanono Hill Station, lat. 26" C6', long. 70" 13'--observed at in 1817-is situated on the 
highest part of a long sand ridge, about 6 miles N.W. of Dhanono well, 9 miles E.S.E. of Saunhar well, 
and 8 miles S.S.W. of BhoiBna well. It is in the lands of Dhanono d h g e ,  division Shem, Jeysulmere 
State. 

The masonry pillar, which is anmnnded by an annular wall, is solid, 8 feet deep and feet in diameter. It contaim 
three mark-stones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. 

XXV. Bhdri Hill Station, lat. 26' 66', long. 69' 52'--observed at in 1877-is situated on a sand 
hill, which, though low, is the highest for some miles around. It is in the midst of draens, the largest of which 
is to the west and extends to the foot of the station hill. Saira well is 4.7 miles to the west. The station is in 
the lands of BBndri well, division ShBhgarh, Jeysulmere State. 

The masonry pillar, which is surrounded by an annular wall, is solid, 8 feet deep and 84 feet in diameter. It contains 
three mark-stones, one at the foundation, another 1 foot above it, and the third at the surfaca of the pillar. 

XXVI. RgivUhu Hill Station, lat. 26" lit', long. 70' 6'--observed at in 1877 and 1880-is situakd on 
the highest sand hill in the vicinity. R&vil&hu freah water well is distant 1.6 miles and Saunhar well 6.7 miles. 
I t  is in the lands of Rhvilhhu well, taluka Shfihgarh, Jeysulmere State. 

The masonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 34 feet in diameter. I t  contains 
three mark-stones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. When again visited 
in 1880 for continuing the Series northwards, the station was found iu good order and the upper mark-stone intact, and no alteration 
in ita construction ie stated to have been made. 
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XXVII. M&hu Hill Station, lat, 27" 6', long. 69" 48'--observed at  in 1880-is situated on a sand hill 
which is also called RamliwBribhit from the toba (or tank) of that name at its N.W. foot. About 32 miles W. 
of MBhu well. Maiha compicuous Tar tree on a draen is distant 4 miles. The station is in the lands of M a n  
well, taluka ShBhgarh, Jeysulmere State. 

The masonry pillar, which is surrounded by an annular wall, is solid, 8 feet deep and 34 feet in diameter. It con- 
tains three mark-stones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. 

XXVIII. G i j a  Hill Station, lat. 27" 2', long. 70" 3'-observed a t  in 1880-is situated on a high 
sand hill 8 miles S.S.W. of the village of Shhhgarh, and 3 miles E. of Qidja well. It is in the lands of G S j a  
well, taluka Shhhgarh, Jeysulmere State. 

The masonry pillar, which is surrounded by an annular wall, is solid, 8 feet deep and 3+ feet in diameter. It con- 
tains three mark-atones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. 

XXIX. Mhringra Hill Station, lat. 26" 59', long. 70" 16'--observed a t  in 1880-is situated on the 
highest part of a long sand hill, 4.6 miles 5. of Mirw4la well ; and about 3 miles W. of Mhingra well. I t  is in 
the lmds of Wringra well, taluka Shem, Jeysulmere State. 

The masonry pillar, which is surrounded by an annular wall, is solid, 8 feet deep and 34 feet in diameter. It con- 
tains three mark-stones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. 

XXX. Singra Hill Station, lat. 27" 14', long. 70" l'-observed at in 1880-stands on a rather cop- 
spicuous sand hill midway between the villages of Sh4hgarh and Gotaru, the road between them passing by 
the eastern base of the hill. The nearest fresh water is obtained from a small well on the north side of 
the ShBhprh draen, distant about 6 miles. The station is in the lands of Shahgarh village, taluka ShBhgarh, 
Jeysulmere State. 

The masonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 84 feet in diameter. It con- 
tains three mark-stones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. The d-ons 
and distances of the following places are :--Gotaru fort N., miles 8; and Shhhgarh village S., miles 8. 

XXXI. Asu Hill Station, lat. 27" ll', long. 70" 13'-observed at in 1880-is situated on a sand hill 
known in the neighbourliood as Bfimalwhla, which has several of equal or even greater height near it. The 
mad from Gotaru to Jeysulmere, vid Khiwdla, passes about 8 miles N. Asu well is distant about 5 miles. The 
station is in the lands of Asu well, taluka KhiwSlla (Kh&ro), Jeysulmere State. 

The masonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 8+ feet in diameter. It contains 
three mark-stones, one at the fouhdation, another 1 foot above it, and the third at the enrface of the pillar. 

XXXII. Bitri Hill Station, lat. 27" 23', long. 69" SV-observed at  in 1880-is situated on a sand hill 
locally known as Saian-ki-Khabri, about 1+ miles 8. of the path from Qotwu to Mitmu in Sind, and 4 miles 
E. of the Sind boundary. Qotaru fort and village, the nearest places for water, are about 7+ milee S.E. by E. 
The station is in the lands of Gotaru village, taluka Qotaru, Jeysulmere State. 

The masonry pillar, which is surrounded by an annular wall, is solid, 8 feet deep and 88 feet in diameter. It con- 
tains three mark-stones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. 

XXXIII. Parethal Hill Station, lat. 27" 22', long. 70" 8'-observed at in 1880-is situated on the 
highest sand hill in the neighbourhood, which is not much above the general level of the country, about + mile 
E. of the path from Gotaru to Hingora well. Gotaru fort, at  which fresh water is obtained, is distant 5 milee 
S.W. The station is in the lands of Gotaru village, Muka Gotam, Jeysulmere State. 

The masonry pillar, which is surrounded by an annular wall, is solid, 8 feet deep and 34 feet in diameter. It con- 
tains three mark-stones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. 

XXXIV. Kolu Hill Station, lat. 27" 26', long. 70" 2Ol-observed at  in 1880-is situated on a low 
sand hill locally called BaurawBla, about 2+ miles E. of Kolu well, and 7 miles distant in the same direction from 
Hassu and Hakara wells. It is in the lands of Kolu well, taluka Khiwtila (Khko), Jeysulmere State. 

The masonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 34 feet in diameter. It con- 
tains three mark-stonee, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. 
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XXXV. Chnuki Hill Eltation, lat. 27" 34', long. 69" 66'--observed at in March and December 1880- 
is situated on the top of the sand hill which rises about 120 feet above the adjacent hollows. Fresh water 
is available from the Kiridi wells, 12 miles to N. The station is in Deh Sutiyko, taluka, Mkpur, district 
Shikhrpur. 

The maaonry pillar, which ia surrounded by an annular wall, is solid, 8 feet deep and 34 feet in diamete~. I t  con- 
tains three mark-stones, one at the foundation, another 1 foot above it, arid the third at the surface of the pillar. When again 
visited in December 1880 for continuing the Series northwards, "the station was evidently iu perfect order, and the upper mark-atone 
intact," and no alteration in its construction is stated to have been made. The directions and distances of the circumjacent placea 
are:-Ditta-ka-Toba N.E., mile 9; Korhdara N.W., miles 8; Shtlhbk Khhn Wali Toba S.S.W., miles 2; Bandli N, milee 9; 
and Sone-ka-Dara (Dam Sono) W.S.W., miles 2. 

XXXVI. Kh&ro Hill Eltation, lat. 27" 33', long. 70" 8'--observed at in 1880-is situated on a flat- 
topped sand hill called by the natives Koudiwtlladara from the tank at its northern base. The road from Khbo 
to Bandli in Sind passes 2 miles S. of the station. Kh&ro ruined fort is distant 33 miles S.S.E., and Hingora, 
well 7 miles 8. Drinking water must be brought from Hassu well, about 12 miles S.E. It is in the lands of 
Hingora village, taluka Khiwkla (Khho), Jeysulmere State. 

The masonry pillar, which ia surrounded by an annular wall, is solid, 8 feet deep and 84 feet in diameter. It con- 
tains three mark-atones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. 

XXXVII. Morgich Hill Station, lat. 27" 35', long. '70" 17'--observed at in 1880-is situated on a 
small sand hill west of and close to the track from Kolu well to Khairgnrh in Sind, and about 5 miles N. 
of the Karibhar well. I t  is in the lands of Karibhar well, taluka Khiwhla (Ehko), Jeysulmere State. 

The masonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 39 feet in diameter. It con- 
taim three mark-stones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. 

XXXVIII. Trising Hill Station, lat. 27" 42', long. '70" 8'--observed at in March and December 1880- 
is situated on the northernmost of three high sand hills of that name lying together in the heart of the desert, 
far from any place. The station is built 200 yards 5. of the declivity. Tlle hill is a, narrow ridge, 120 feet high, 
and steep except on the south side; a, stone on the boundary of Sind -md Jeysulmere, at the S.W. foot of the 
hill, is distant 1,106 feet W.S.W. from the station. Good water is available from the Kiridi and Sand (Khairgarh) 
wells in Sind, distant 16 and 14 miles respectively. The station is in the lands of Hingora, well, taluka Khiwhla 
(Khtlro), Jeysulmere State. 

The masonry pillar, which is eurrounded by an annular wall, is solid, 8 feet deep and 84 feet in diameter. I t  con- 
tains three mark-stones, one at the foundation, another 1 foot above it, md  the third at the surface of the pillar. The approximate 
directions and distances of the circumjacent places are :-Isldm-ka-Tarhi S. by W., miles 8 or 4; Kardo W. by S., miles 8 or 4; 
and Band Lodi E.N.E., miles 8 or 4. When again visited in December 1880 for continuing the Series northwards, it is presumed 
from the absence of any remarks in the original records that the station was found in good order and the upper mark-stone intact; 
and that no alteration in its construction was made. 

XXXIX. Thar Muh8ri Hill Station, lat. 27" 42', long. 69" 43'-observed at in 1880-is situated on 
the northern summit of the sand hill of that name which rises to a height of about 100 feet above its base, I& 
miles 8.8. W. from the present hamlet. It is in the lands of Saranwslro village, Deh Sutiytlro, taluka, Mirpur, 
district Shik-ur. 

The masonry pillar, which is surrounded by an annular wall, is aolid, 8 feet deep and 39 feet in diameter. It con- 
tains three mark-stones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. l'he directiona 
and distances of the circumjacent placea are:-Saranwiiro village N.N.E., milee 14; YBru Ltmd N.W., miles 94; and Thar 
Bangfiu well W., miles 14. 

XL. Kirariwko Hill Station, lat. 2'7" 46', long. 69" 62'--observed at in 1880-is situated on the sand 
hill locally known as Kfr-ri-wfiro, about 80 feet high, which stands out from the more desert tract to the south- 
east, in the Patti or low ground which is still occasionally reached by the (Sind) inundation, and is called Kirari 
and Kanderawslla. I t  is in Deh Sutiyfiro, taluka Mirpur, district Shikhrpur. 

The masonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 39 feet in diameter. I t  con- 
tains three mark-stones, one at the fouhdation, another 1 foot above it, and tile tliird at the surface of the pillar. The directions 
and distances of the cucumjacent placea are :-Bandli S.S.E., miles 5 ; and Janganmsli N.N.E., miles 6. 
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XLI. M&ri Hill Station, lat. 27" El', long. 69" 46'--observed at in 1880-is situated on the top of n 
large sand ridge about 70 feet above the plain, known as Daro Mhri from an old deserted hamlet at  its south- 
west foot. I t  is in the lands of Bhhghibhit, Deh Sutiydro, taluka Mirpur, district ShikBrpur. 

The maaonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 84 feet in diameter. It con- 
tsina three mark-stones, one at the fouudation, another 1 foot above it, and the third at the surface of the pillar. The directions 
and distances of the circumjacent places are:-Y4m Lund W.S.W., miles 8; Bhtighibhit S,SJ3., mile 1; Chaneear E.N;Emj 
miles 6; Chandan N.N.W., miles 9; and Simna or Sinwga NeEmj mile 1. 

XLII. Y h  Hill Station, lat. 27" 55', long. 69" Sl'-observed at in 1880-is situated on a sand hill, 
locally known as Chor-ka-Dam, rising about 70 feet above the adjacent ground to its N. and W. It is in Deh 
Su t iyh ,  taluka Mirpur, district Shikhpur. 

The masonry pillar, which is surrounded by an annular wall, is solid, 8 feet deep and 39 feet in diameter. I t  con- 
tains three mark-stones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. The direction8 
and distances of the circumjacent places are:-lteti Railway Station N. by E., miles 124; Chhdan ImBmw6h W.N.W., miles 
8 f ;  Chanesar S.S.W., miles 24; and Khenju N.E. by E., miles 5 f .  

XLIII. Nfirpir Hill Station, lat. 27" Sli', long. 70" 2'--observed at in 18804s  situated on the present 
ctentral summit of the somewhat isolated sand hill of that name which rises to a height of about 120 feet above 
the ground at its base, about 14 miles W. by S. of Khairgarh fort, and 330 feet 8.8. W. of the piles of old bricks 
supposed to mark the grave of Nhpir, after whom the place is named. I t  is in the lands of Deh Poh, Muka 
Mqur, district Shikkpur. 

The masonry pillar, which is surrounded by an annular wall, is solid, S feet deep and 3+ feet in diameter. It con- 
tains three mark-stones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. The directions 
and distances of the circumjacent places are:-Khe~Ju W.N.W., miles 7;  Sand wells S.S.E., miles 2; and Kkhgarh village 
N., miles 2f. 

XLIV. Vijnot Tower Station, lat. 28" 2', long. 69" 63'-observed at in 1880 and 1881--stands on one 
of the highest mounds of the ruins of the ancient Hindu town of Vijnot, 3.8 miles S. by W. from the Railway 
Btation of Reti. It is in Deh Vijnot, taluks Mirpur, district Shikdrpur. 

The station consists of a tower of sun-dried bricks set in mud cement, 20 feet square at base and 14 feet square a t  
top, enclosing a central, perforated pillar of masonry 13 feet high. There are two marks, one engraved on stone is imbedded in the 
floor (15 feet above ground level) and the other, cut on a large brick, is 3 feet below it in the foundation of the pillar. A 
vaulted passage especially constructed for the purpose gives access to the upper mark. When again visited in 1881, the station 
was found in good preservation, the upper mark-stone intact, and no alteration in its construction is stated to have been made. The 
directionn and distances of the circumjacent places are :-Reti village N.W., miles 4.2; and Heninadi W, milea 3). 

XLV. Zongwfi Hill Station, Iat. 28" 2', long. 70" 2'--observed at in 18814s  situated on the N.N.W. 
mmmit of the somewhat isolated sand ridge which rises to a height of 80 or 90 feet above the low ground at 
its base on three sides, &z., the western, northern and eastern. The ridge is known as Rabbmwtila Tibba, and 
among the J&ts as Un iwf i  Muhh, and is about 1% miles N.E. by E. from the pond called Longwfi Talhi, and 11 
miles E.S.E. from the Reti Railway Station. The station is in the lands of Lakhiwhh village, tahsil Shdikabad, 
Babbwalpur rBkte. 

The masonry pillar, which is aurrounded by an annular wall, and a platform of earth and bmhwood, is solid, 10 
feet high and 36 feet in diameter. It contains five mark-atones, one at its upper surface, and four others a t  4, 7, 9 and 10 feet 
below it reepectively. 

- 
XLVI. Vin Tower Station, lat. 28" 7', long. 69" 57'-observed at in 1881-is built on a small mound 

on the northern edge of the southern branch of the rice fields, about a mile S.E. of the Indus Valley State 
Railway, and 750 yards S.E. by E. from the old masonry well of Vin deserted village. It is in the lands of 
Sabzalwih village, tahsil Shdikabad, Bahhwalpur State. 

The station consista of a tower of sun-dried bricks set in mud cement 164 feet square at base and about 14 feet square 
at top, enclosing a central, perforated pillar of masonry 12.2 feet high. There are two mark-stones, one 0.2 foot below the floor level, 
and the other 2-76 feet below it in the foundation of the pillar. A vaulted passage especially constructed for the pur- 
pose gives access to the upper mark. The directions and distances of the circumjacent places are :-Reti Railway Station 
W.S.W., milee 8.8; Dhandi villnge N.N.W., miles 2.7; and Kalandar SlrtikJs tomb S.E. by S., miles 1.1. 
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XLVII. Qot W r  Muhammad Hill Station, lat. 28" 8', long. 70" 3'-observed at in 1881-is situated 
on the northern end of a low sand ridge, perhaps better known as Dhandhi TsllibwAli, from the slight hollow or 
low ground so called to the N.N.E., and otherwise named Wslhi Uhde D&s from a masonry well of that name 
about 1 mile to N.W. and 1+ miles E.N.E. of Got Jumma village. The station is named after Got Mfr Muham- 
mad, a hamlet about a mile N.W. by W. and near the brick well of Uhde Dh. The sand ridge may be about 
20 feet above the adjacent low ground. Formerly it was called after M@a MBchi who occupied both ends of 
the ridge and a hamlet to the N.E. The station is in the lands of Got Mfr Muhammad village, tahsil Shdikabad, 
Bahawalpur State. 

The. masonry pillar, which is surrounded by an annular wall, is solid, 3 feet deep and 34 feet in diameter. It con- 
tains three mark-stones, one at the foundation, another 1 foot above it, and the third at the surface of the pillar. The azimuth 
and distance of Walhk Railway Station are 168" 38' and miles 4.4. 

XLVIII. Dewari Tower Station, lat. 28" 9', long. 69" 60'-observed at in 1881-is built on the top of 
an old earthen watch-tower of Abdul Kllair Dahar of Ubauro, which stands on an irregular mound long used 
for a, graveymd, and named after one Mahmfid Bkiah. It is in the lands of Dewari village, taluka Ubam,  
district Shikhrpur. 

. The masonry pillar, which is enclosed in a tower of sun-dried bricks aet in mud cement, 18 feet aquare at base and 
14 feet square at top, is solid, 16 feet high and 3jt feet in diameter at top. I t  carries a mark at ita top and others below, the num- 
ber and their distances are not forthcoming. The directions and distances of t l ~ e  circumjacent places are:-Dewari village 
S.E., 0.6 mile; KBdu Rind (Juna) hamlet W.N.W., about 600 yards; Ubauro W. by N., 33 miles; and Reti Bailway Station 
S.E., 6jt miles. 

XLIX. Kot Sabzal Tower Eltation, lat. 28" 13', long. 69" 66'--observed at in 1881-is built on the mound 
which once formed the south-western round tower or bastion of the fort or fortified town of this name, and 
immediately over the new bridge across the SabzalwBh canal at the S.W. corner of the place. The station is 
about 28 feet high above the level of the adjacent fiat ground. I t  is in the lands of Kot Sabzal village, 
tahsil Sakabad, Bahdwalpur State. 

The isolated masonry pillar which is enclosed in a tower of sun-dried bricks set in mud cement, 14 feet sqnare, is 
solid, 8 feet high and 3jt feet in diameter at top, built on the top of the old tower which was cut down to afford a level platform. 
The pillar has a mark on ita upper surface and others below it, the number and the relative distauces apart of these are not 
forthcoming. 

L. Kubba Tower Station, 1st. 28" 12', long. 69" 44--observed at in 1881-is built on a low mound 
about 30 yards N.E. of another such mound said to be the site of a ruined kubba (tomb or mausoleum) of 
Walla KaUl. The remains of a, well are to be seen between the two mounds. The station is a few yards 
E. of the road, 3.2 miles N.W. of Ubauro. I t  is in the lands of Ungha village, taluka Ubauro, district 
S hikhrpur. 

The perforated maaonry pillar which is enclosed in a tower of sun-dried bricks set in mud cement, of the usual 
dimensiona, is 21 feet high above the floor of the vaulted passage. I t  contains two marks engraved on bricks, one in the floor 
and the other in the foundation 2 feet below it. A vaulted passage especially constructed for t l ~ e  purpose gives access to the upper 
mark. The directions and distances of the circumjacent places are :-Basti Jiwan Shtih N.W., milea 8; and Ubauro S.E., 
milea 8. 

LI. Ghundi Tower Station, lat. 28" 15: long. 69' SO'--observed at in 1881-is built on the south 
bank of the canal called (Abul Khair) Dahrw&h, about 28 feet above its bed, and 160 yards S.E. of a 
rough stone set up on its N̂. bank, said to mark the tenth mile-stone. It lies 1 mile S.W. by S. from the old 
Ghundi gmveyard. It is in the lands of Ghundi village, taluka Ubauro, district Shikkpur. 

The station consiste of a tower of sun-dried bricks set in mud cement, 21 feet sqnare at bane, 15 feet square 
at top, enclosing a central, perforated pillar of masonry 21 feet high. The upper surface of the pillar is 18.8 feet above 
the mark imbedded in the floor of the vaulted passage, this mark is 3 inches below the floor level, a second mark-stone is in 
the foundation 1 foot below the upper mark. A vaulted passage especially constructed for the purpose gives access to the upper 
mark. 

LIX.-(Of the Great Indue Series). Mhchka Tower Station, lat. 28" 20', long. 69" 42'--observed a t  
in 1869,1861 and 1881-is built on an island near the left bank of the Indus, or on a flat between the present 
main channel and the K i k  and Qudu branches, about 7 miles south of Kasmor. The flat is annually flooded 
during the inundation. The station is in the lands of Mtichka village, tahsil Stidikabad, Bahslwalpur State. 

The station as originally constructed in 1859 and 1861 consists of a tower of sun-dried bricks eet in mud cement, en- 
closing 8 central, perforated pillar of masonry 21.6 feet high above the mark-stone at the ground level. When again visited in 
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1881, for the purpose of closing the Eastern Sind Meridional Series, the tower although somewhat settled and split, was found in a 
very serviceable condition, and the mark-stone at the floor level appeared unaltered. The pillar had however become inclined to the, 
S.S.E., so that it was necessary to enlarge the perforation on the N.N.E. side to a depth of about 2 or 3 feet from the top of the 
pillar to allow of the mark-stone being plumbed over. The isolation and stability of the pillar were tested and seemed sufficiently 
perfect, and no alteration in the construction of the station was made. The directions and distances of the circumjacent places 
are :-MSchka (the present site of) S.E. by E., miles 14  ; Dsulatpur N.E., miles 14 ; and Kharor W.S.W., mile 1. 

LXII. (Of the Great 1adw Series). D&ow&la Tower Station, lat. 28" 20', long. 69" 63'-observed 
at in 1860-61 and 1881-is situated on low flat marshy ground of the Dhora Simnrt. It lies about If miles 
N.E. from D&ow&la village, the same distance N.N.W. of Mub4rak BMra, a mile E. from the head of the 8abzal- 
w6h canal. It is in Mauza DdowAla, tahsil S&dikabad, Bah&malpur State. 

The station as originally constructed in 1860-61 consists of a tower of sun-dried bricks and mud cement built on an 
artificial basement 8 feet high and 23 feet square, enclosing a central, perforated pillar of masonry 22.4 feet high and 34 feet in 
diameter at tap, having a mark-stone at ita floor level. The station was visited by Captain Rogers in 1880 who identified and re-' 
stored it; but the records do not say in what condition it was found. When again visited in 1881, for the purpose of closing the 
Eastern Sind Meridional Series, the station was in the eame state as left by Captain Rogers. The top of the pillar was found 
deflected a couple of inches to the north, but no alteration in the construction of the station was made. The directions and 
distance8 of the circumjacent places are :-Khambra S,W., miles 34 ; and Kot Sabzal S.S.E., milee 9.3. 

December, 1883. 
W. H. COLE, 

In c b r g e  of Cbmputing O&. 
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PRINCIPAL TRIANGULATION. OBSERVED ANGLES. 

Non.-&&iom LXXV (Bojhm) and LXXVIII (hdohar) mppertain to the Kuichi Longitudinal Beriw of the North-Wart Qludrilstsral. 

At LXXV (Rojhra) 

Noventbet* 1876 ; observed by Captaitb M. W. Rogers, R.E., with Barrow's 24-inch Theodolite No. 2. 
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Circle readinge, teleecope being eet on I (Fulrk) 
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N o n . ~ t i o n r  LXXV ( B o j h )  and LXXVIII (8.ndohu) apprt.kr to the M a h i  b n g i t d i d  &aior of the North-Wmt Q m  

At LXXVIII (Sandohar) 

November and December 1876; observed by Captain 111. 7. Bogers, B.E., with Barrow's 24-inch 
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and 
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and 
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and 

V ( B W )  

Theodolite No. 2. 

Circle readings, telescope being set on LXXV (Bojhra) 
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h  5-76 1 8 -20  h  9 - 5 6  h  8 - 8 4  h  9 - 1 8  1 9 - 0 0  h 9-26  1 8 - 2 2  h l o - 7 8  h  9 -16  
h  9 - 2 4  1 6 - 7 6  h  9.36 h  8 - 9 4  h  9.50 2 7 .62  h 1 1 - 6 0  h  9.62 h  8.38 Z 7 - 1 6  
h  7 - 7 2  1 7 - 1 0  1 8 . 4 6  h 8 - 6 8  l h 9 . 4 4  1 7 - 8 0  h10.42 h ~ o - 3 8  h  7.50 2 9 - 5 0  
2 5 -96  d g - 4 5  h 1 o . 1 6  h  9.94 h 8.74 1 8 . 9 0  
1  6.96 

7 - 1 3  7 '35  9 '13  8.82 9 '37  8 '47  10.36 9 ' 5 4  8 '85  8 - 7 6  

h  34-30  2 34-04  h  3 8 -  18 h  37'74 h  36-74  2 37' 10 h  37-04  h  37-38  h  36' 34 h  36-61  
h36.62 2 35-78  h 3 j . 9 6  h37.68 136.22 2 37.76 135 .80  h36 .10  h35 .70  256 .12  
h37.96 Z 37-04 h37.30 h36.76 h 3 6 - 0 6  2 36.82 h  37.88 h 3 6 . 6 4  h36 .70  136.40 
2 37-64  1 36.26 h  3 6 - 8 8  d 3 8 - 5 4  h36.46 h 3 6 ' 1 a  
2 37'70 2 35'04 

3 6 - 8 4  35 '63  37-08 37'39 3 6 - 3 4  37-56 3 6 - 7 9  36.56 36-25  36-38  

h 1 - 1 0  Z 3 . 1 4  h a .74 h  3.62 h 2.40 2 3 .14  h  1.64 h  1 - 5 4  h  2 - 2 2  12 2 - 5 2  
h  3 - 9 0  2 2.56 h  3.24 h  3.28 h  2.42 2 3 - 1 2  h  2 . 1 4  h  0 .06  h  3 - 5 8  1 2-04 
h  0.16 1 4 . 8 8  h  0 . 6 0  h 2 . 2 2  A1 1.84 1 2 - 0 6  h  1.26 h 1-96  h  2 - 2 0  1  3 .12 
1  2 - 6 8  2 1.62 h  4.58 1  2 - 9 2  
1  2 - 3 2  l 4 . 2 2  h  1 - 8 6  

a ' o j  3 - 2 8  2-60  3-04 a - 2 2  2 - 8 1  1 - 6 8  1 - 1 9  1 - 6 7  1.56 

M - Yean of ~ r a u  
to - %latire weigRi 
C - Concluded Angle 

M =  21"-80 

= I 6  .33 
- = o '06 
w 

C = 44O j7' 2lUn83 

M =  5'"'g8 

w = 16 048 

- I - - 0 006 
w 

C = 81~16'52"-98 

M =  8U.,8 

w = 8.80 
I - = 0 '11 
w 

C = 60° 1' 8@*78 

36"'68 

w = 1 9  '90 
I 
- = 0 -05 
w 

C = 38O 25' 36"-68 

= 2X.4r 

w = 20 '65 - 

I - - - o '05 
w 

C = 66'39' 2"-43 



PRINCIPAL TRIANGULATION., OBSERVED ANQLES. 188 

Nm~.--Stetionr LXXV ( R o j h )  md LXXVIII (Bendohm) ~ppertain to the -hi Longitudinsl Sarien of the No13h-Weat QmdrWard. 

At LXXVIII (Sandohm)-(Cmtinued). 

M - Mean of Grou r 
co - Relative weigEt 
C - Concluded Angle 

M =  $Y.66 

w = 28 -17  
I - L 0 *oq 
w 

C = 68' 39' 56"- 69 

Angle between 

V (Bhsdi) 
and 

LXXV (Bojhra) 

Circle readings, telescope being aet on LXXV (Rojhra) 

OO(Y 180' 0' 79' 13' 259' U' 168" 24' 338O 24' 237" 37' 6T37' 81640' 186 W 

N N I n m n a I n N 

h56 .08  1 5 7 ' 5 8  h55.44 h58 .38  h 5 7 - 0 2  Z 56.64 h56.72 h56 .08  h55 .70  156 .78  
h 58.80 2 55-78 h 56'70 h 57-08 h 57-22 1 54-96 h 56'42 h 57.92 h55 .96  1 57-22 
h 5 4 . 6 0  1 55'82 h 56.70 h 5 6 - 6 0  Z 57.04 1 57-14  h 5 6 . 5 0  h 55-38 h 57-04 Z 56'92 
h 56.00 2 55.48 h 58.58 156 .92  h 5 7 . 6 4  h56 .72  
h 5 7 . 5 0  

55-46 

5 6 - 4 1  5 6 - 1 7  56-85 57'35 57'09 56-42  56.55 56.75 56.36 56.97 

At I (Fulrk) 

December 1876 ; obsemed by Captain iff. W. Rogers, R.E., with Barrow's 24-inch Theodolite No. 2. 

M - Mean of ~ r o u  r 
UJ - Relative ~ e i g R t  
C - Concluded Angle 

M=53""+3 

la = 32 
- - - o -03 w 

C = 39°13'531'.43 

bf= 51H'09 

w = 31 -50 
I - - - o '03 
w 

~ = 8 8 0 ~ ~ ~ ~ ~ n . ~ ~  

Angle between 

11 ( m t z a )  
and 

LXXVIII (Sandohar) 

LXXVIII (sandohm) 
and 

LXXV ( R o j h )  

Circle readings, telescope being eet on I1 (Chbga) 

232°32' 682.31' 811°44' 131' 44' 80" 66' 210" 66' 11O0 8' 290' 8' 18g0 2(Y 9' 20' 

w I n n I n n n v " 
h53 .18  h 53'48 h53.36 h53 .80  h 5 3 - 4 6  h 53'18 h 5 4 - 4 6  h55 .36  h 5 3 - 3 2  h53.26 
k 52.92 h 52.36 h 5 3 . 1 2  h53 .60  h53-06  h 5 2 - 7 8  h53.60 h53 .68  A52.62 h 5 3 - 4 8  
h54 .48  h53 .02  h53 .96  h 5 3 . 5 8  h 5 2 - 5 6  152 .82  h 5 4 . w  h 5 4 . 1 8  h53 .66  h52 .66  

53'53 52'95 53'48 53'66 53'03 52'93 54.02 54-41 53 '20  53.13 

h50-62  h 5 0 . 8 4  h 5 1 . 6 4  h 5 1 - 8 8  h50 .34  h 5 1 - 8 2  h50-96  h50.62 h51 .66  h 5 0 . 7 4  
h 5 1 - 6 6  h51 .26  h 5 1 - 3 8  h51 .36  h50.82 h 4 9 - 5 2  h 5 0 . 1 4  h 51'48 h 50.64 h51 .46  
h49 .98  h52 .46  A51082 h 5 1 . 6 4  h50.48 h50.78 h50 .64  h52 .18  h 5 1 . 6 2  h50.96 

1 4 9 . 7 8  

50'75 5 1 - 5 2  51 .61  51.63 50'55 50.48 50.58 51.43 5 1 - 3 1  51'05 

At I1 (Chknga) 

December 1876 ; obsemed by Captain M. W. Rogers, R.E., with Bamw'8  24-inch Theodolite No. 2. . 

Angle between 

I11 (Patatonk) 
and 

LXXVIII (9andohar) 

Circle reallings, telescope being set on I11 (Patatonk) 

000' 180'0' 79" 13' 269" 13' 16E024' 338" 24' 2379 87' 67O 87' 31649' 136 49' 

w I n I N I 8 I N N 

h40-06 h39.40 h 3 8 . 1 0  h38 .68  h 3 6 . 1 4  h 3 8 . 4 0  h 3 8 - 7 8  137 .14  h37 .42  h 3 8 - 5 2  
h36.26 h37 .76  h36 .38  h 3 6 . 8 4  h39 .08  h38.22 136.96 1 3 8 . 1 8  h 3 8 . p  h 3 8 - 1 2  
h37 .92  h38.50 h37 .52  h 3 6 - 1 8  h 3 7 . 6 4  h 3 9 - 5 8  Z 38.28 1 3 8 . ~ 2  h38 .02  h 3 7 . 4 0  
h 39'24 h 3 8 - 1 4  h38 .76  , 
h 38.62 

38'42 38.55 3 7 - 3 3  37'46 37-91 38.73 38.01 37.78 3 8 - 1 1  38.01 

di - Mean of  Grou 
w - Relatire 
C - Concluded Angle 

M =  38"'03 

rd = 23 -03 
I - - - o -04 
w 

C = 84'46' 38"-03 



EAElTEBN BIND MERIDIONAL SERIES. 

No=.--Station LXXVIII (bndoher) appertaine to the -hi Longitudinal Berie. of the North-Wwt Q-ted. 

A 

At 11 (Ch6nga)-(Ucmtinued). 

M - Mean of Gttou 
to - Relative weigE 
C - Concluded Angle 

M =  14*'07 

= 39 '00 
L - - o -03 
w 

c=5 9 ° 2 9 ' ~ 4 n . ~ 7  

Angle between 

LXXVIII (Sandohar) 
and 

I (Fulrhr) 

Circle readings, telescope being est on I11 (Patatonk) 

O00' 1WO' 79013' 259" 13' 15a024' 338'24' 237'37' 67'37' 316040' 136049' 

n n n I a w * 4 a w 

h  12.90 h 14.33 114 .08  h  11.94 h  14.30 h  14.22 Z 14.24 2 14-44 h  14.28 h  12.56 
h r g - 4 0  h 1 3 . 5 8  h 1 4 . 1 6  h r q . 2 0  h 1 4 - 0 8  h 1 4 . 7 2  l 1 4 . 1 8  114.76 h 1 4 . 5 2  h 1 5 - 3 8  
h  14.18 h  14.08 h  14.34 h 14.20 h  13-88  h  1 4 - 5 4  1 13-68 1 13-94 h 15-02  h  1 4 - 3 4  

h13 .56  

13-49 13-99 ' 4 . 1 9  13.45 14.09 14-49 14-03  14.38 x4-61 13-96 

At I11 (Patatonk) 

December 1876; observed by Captain M. V. Rogers, B.E., with Barrow's 24-inch Theodolite No. 2. 

df - Mean of (%mu 
to - Relative 
C - Concluded Angle 

M =  55~.98 

= ' 4  :65 
I - - -  0.07 
w 

C = 73°40'56"~00 

M =  13"-27 

= 19 . Z O  
I - - - 0 '05 
w 

C = 35O 12'13'''27 

Angle between 

IV (Narithal) 
and 

LXXVIII (Sandohm) 

LXXVIII (Sandohar) 
aud 

II (Chhga) 

Circle readings, telescope being set on IV (Narithal) 

861°7' 71' 7' 830' 19' lW' 19' 49' 31' 229431' 1280 44' 8W 44' 207065' WS6' 

n I 4 a e a n n n e 

li55.36 h54.66 h55.62 h54 .30  h 5 6 . 8 4  h55.64 h56 .02  h 5 5 - 3 4  h56-06 h57.32 
h56 .92  h56.62 h56 .08  h 5 5 - 2 8  h 56.06 h  55.76 h 5 6 - 0 4  h  55-80 h53 .04  h57 .64  
h56.42 h 5 5 - 4 8  h57.66 h55.16 h55.64 h56 .38  h54.76 h 5 5 . 1 0  h56 .98  h57 .18  

h  56.82 1 5 4 . 5 8  h 57.34 
h57 .58  
h 57.66 

56.23 55'59 56.55 54'9' 5 6 - 1 8  55'93 55-61 55-41  55'98 57'37 

h  12-42  h  11.50 h  13.90 h  1 3 - 3 0  h  13-92 h  14.62 h  11-92  h  12.70 h  13.38 h  13.96 
L 11 '26  h  13-42 h  14.66 h  12-96 h  13-94  h  13'76 h  13'78 h 12-34 h  13.34 h  12-34 
h12.72 h12 .76  h13 .82  h13 .66  h13 .50  h 1 3 . 6 8  h 1 3 . 5 8  h13 .30  h 1 4 - 3 0  h  13'46 

12 '13  11-56 14-13  13-31 13-79  14-02  1 3 - 0 9  1 2 - 7 8  13.67 13'25 

At IV (Narithal) 

December 1876 ; observed by Cccptain bl. V. Rogers, R.E., with Barrow'e 24-inch meodolite No. 2. 

Angle between 

VI (Hatodan) 
and 

VII (Eupihar) 

I 

Circle readings, telescope being set on VI (Hatodan) 

0"O' 180°0' 79' 13' 25g0 13' 168'24' 838'23' 2870 37' 670 37' 816. W 136049' 

,I n # o )I n u n ? ? 

h  8.54 h 5 -68  1 4'52 h  6.44 h  4.80 h  6 - 7 6  h  6-66  h  5'74 h  7 - 7 8  1 5'54 
h  9-00  h  7 . 1 0  1 8 . 1 4  h  6.28 h  6 - 3 2  h  7.62 h  8 - 1 8  1 4.48 h  8.90 h  7.26 
h  8 - 6 0  h  7.58 h  4.26 Ir 4.20 h  5.12 h  8.04 h 7 - 7 6  h 5.76 h  7.16 h  3 - 9 2  
h 4.66 h  6.46 h  7 - 1 6  h  8 - 5 2  h 5.80 
2 5.42 h 6.08 h  6 - 7 8  h 7 . 8 6  
I 5-10 h  7 ' 7 6  

6.89 6.71 6 - 0 3  6.66 5 - 4 1  7 - 4 7  7 - 5 3  5.33 7 - 9 5  6.08 

M - Mean of Qroupa 
a = Belative Weight 
C - Concluded Angle 

M =  6".6r 

= 8. -42 

L =  .Iz w 

C = 49' 24' 6w- 60 



PRINCIPAL TRIANGULATION. OBSERVED ANQLEB. 135 

Norx.-Stetiom LXXV (Bojhm) and LXXVIII (8sodohsr) apwtkn to the b & h i  Longitudinel Berim of the North-Wert Q u d r h h d  

At IV (Nasithd)-(Continued). 

M- Mean of Grou I 
w - %latire ~ a i g E t 8  
C - Qonaluded Angle 

M =  57u.oo 

w = 21 -61 
- I - - 0 '05 
w 

C = 54' 30' 56u. 98 

M =  28.-29 

w = 16 -94 
I - - - o -06 
w 

C = 63'27' 28"-30 

M =  28".01 

w = 18 -06 
I - - w - o -06 
~ = 6 ~ o ~ ~ # ~ 8 ~ . ~ ,  

Angle between 

VII (Rupihar) 
and 

V (Bhf i )  

V (BhMi) 
and 

LXXVIII (Sandohar) 

LXXV1ll 
and 

I11 (Patatonk) 

Circle readings, telescope being set on VI (Hatodan) 

0'0' 18000' 79" 13' 2690 13' 1 W  24' 838°23' 237'37' 67.37' 816.49' 1888.49' 

w n II ,I n 1 I II n I 

h 55.68 h56 .76  1 56-90 h 5 7 - 9 4  h 5 7 - 8 2  h 55'62 h 5 7 - 7 6  h 5 7 - 4 4  h 55-72 h 5 7 - 2 2  
h57 .32  h57 .86  156 .94  h 5 5 - 2 4  h 5 7 - 5 0  h 5 8 - 0 0  h 5 6 - 0 8  h58 .30  h57 .94  h 5 7 . 7 4  
h55 .58  h57 .04  h56.08 h 5 j . 5 8  h58.30 h56 .46  h56 .34  h57.08 h 5 7 . 7 0  h56.90 

h 56.66 h 57-44  h 56.34 h 5 7 . 9 0  
h 57'58 
h 5 5 - 2 8  

56.19 57-22  56-65 56-51  57-87  56.60 56-73 57-61  57.32 5 7 : ~ ~  

h 26.90 h 27-60 1 27.76 h a g -  h  26.78 h 27-96 h 29-04  h 27-96 h 28-96 h 17-78  
h r 7 . 1 4  127.90 1 ~ 7 . 0 2  h z 9 . g  h27 .50  h 28.12 128 .96  1 2 7 . 8 6  h27 .92  h29 .36  
h28.76 h 2 8 . 7 4  h 29-80  h30 .94  h 2 7 - 6 0  h29.64 h a g - 0 8  h28 .20  h28 .12  h a g - 5 0  

h z 7 . 1 0  h 2 6 . 8 8  
h z 9 - 1 4  
h a 8 - 2 0  

27.60 28.08 27-91  ' 9 . 1 4  27-29  18-57  29-03 28-01 28.33 28.88 

h26 .98  h28 .02  128.40 h27.70 h26 .20  h a 7 . 1 2  h28 .50  h28 .58  h 2 7 - 7 4  h 2 0 . 8 ~  
h 2 7 - 7 2  h z 7 - 4 6  1 2 7 ' 9 8  h28.62 h 2 8 . 1 4  h27.76 h28 .38  h28 .38  h a 6 - 5 6  h z 8 - 1 2  
h25.98 127 .58  h z 8 . 5 a  h29 .76  h28.86 h a 6 - 5 6  h 2 g . 1 ~  h27 .98  h27.92 ha7.80 
h27.56 h z 7 - 8 8  h t g - 1 0  h29.82 

27-06 27'69 28.30 28-49 28.08 27 '15  28.67 a8.31 27-41 28.89 

At V (Bhtldi) 

December 1876 ; observed by Captain M. W, Bogers, R.E., with Barrow's 24-inch Theodolite No. 2. 

M - M a n  of Gmu 
w - Relative weigK 
C - Concluded Angle 

M = 27"'67 

w = 
I 

'9 '93 
- - - 0 '05 w 

C = 50~54' 27"'65 

Angle between 

LXXV (Rojhra) 
and 

LXXVIII (Sandohar) 

Circle redinp, teleacope being eet on LXXV (Rojhra) 

161.64' 34l064' 241'6' 61'6' 320°18' 1400 17' 89'30' 2lQ0W 118O42' -42' 

n n N n n n n I n I' 

h25 .08  h z 6 . p  228 .88  128.06 h 2 8 . 1 8  ha8 .18  B28-56 h 2 6 - 6 2  127 .30  Z 26.68 
h24 .68  h27 .88  127.28 1 2 8 - 5 8  h 2 7 - 4 4  h 2 6 - 8 4  h27 .84  h28 .54  1 2 7 ' 9 8  128.60 
h 28.74 127 .28  127 .34  127 .74  h 2 g . w  h 2 9 - 0 0  h 27.54 627 .34  1 2 7 - 1 6  127 .38  
h 26.5a h 2 8 - 3 2  d 2 8 . 5 1  
1 2 5 ' 6 4  
1 28 .oa 

26.45 27-35 2 7 * 8 3 ' a 8 . 1 3  28-21 28-09  28-11  27.50 27.48 27-55 



136 EASTERN BIND MEEIDIONAL SERIES. 

~ O T & ~ O M  LXXV (Bojh)  and L X X V m  (bdohar) ~pperbb to the Ksrichi Iangitudinal8ezi6s of the North-West Q u d r W e d .  

> 

At V (BMi)-( Continued). 

-19 betweem 

LXXVm (Sandohar) 
and 

IV (Narithal) 

IV (Narithal) 
and 

VII (Rupihar) 

VII (Rupihar) 
and 

VIII (Kanakotri) 

Circle readinge, teleecope being set on LXXV (Rojhra) 

161'64' 841'64' %lo 6' 61" 6' 920'18' 1400 17' SSOW 2lO"W 118" 4' 299" 4Z' 

n n * v n I n n n v 

h 3 1 . 1 6  h29 .58  1 31.00 1 3 1 . 2 8  h 3 0 . 5 4  h30-70 h 3 0 - 9 8  h30.98 1 3 1 . 1 8  130.82 
h z 8 - 8 4  h30-50  229.40 129.96 h30 .84  h30 .82  h 3 1 - z q  h30.20 130.76 230.92 
h32.02 h30-36  1 30'58 1 30.48 h30.96 h30.04 h30.26 h 3 0 . 9 4  1 30.06 1 3 1  -80 
h 30-36  d 29.36 
h31 .06  d 3 1 - 3 6  
h 30.98 

30.74 30'15 30.33 30.57 30'78 30.52 . 3 0 ' 6 4  30'71 30.67 31.18 

h a 3 - 0 2  h 2 3 - 1 2  123.30 Z 22.48 h z z - 4 2  h 2 1 . 9 8  h 2 1 - 2 2  h 2 2 - 3 6  1 ~ 0 . 0 8  1 2 2 . 5 8  
h a t - 2 8  h22.62 1 zo.go 1 2 3 . 1 6  h z z - 9 6  h 22.36 h 21-92 h z o - 9 6  2 2 1 . 1 0  1 ~ 1 . 7 8  
h 1 9 . 1 8  h t 1 . 5 2  222 .60  122 .62  h 2 2 . 2 4  h 2 1 - 9 2  h21 .54  h22 .62  121 .42  222.06 
h 32-74  l 2 2 . 0 8  d 23-91  122.84 h 2 1 . 8 6  
h 23-68  d 20.41 
h 21-88  

12 '30  22'42 2 2 ' 2 2  12-75 22-88  12 '09  21'59 21'95 20.87 22-14  

h 6.64 h 6.50 1 7 - 2 0  1 6 - 3 8  h 6.98 h 5 - 5 0  h 8.64 h 7 - 1 8  1 8 - 6 2  1 4 - 1 6  
h 4 - 5 6  h 4.62 1 6 - 0 6  1 5 - 1 0  h 5.64 h 4.08 h 5.32 h 6.28 2 4 - 9 0  2 7.56 
h 8.50 h 6 - 2 2  1 6.22 2 6 . 1 0  h 6 .02  h 5 - 2 6  h 6.86 h 6 - 4 4  1 8 - 2 8  2 6 - 5 6  
h 4 ' 7 4  d 7 - 5 8  h 6.46 1 5.84 2 6.76 
h 5 - 8 1  1 5 ' 7 0  1 5.74 1 6 - 6 8  
h 5 - 4 8  

5.96 5 - 7 8  6 - 4 9  5.86 6.56 4.95 6.60 6 . 6 3  6 - 6 8  6 .  34 

M - Mean of Group 
w - Relative Weight 
C - Concluded Angle 

M =  30n.63 

w = 5 3  - 8 2  

- I - - 0 '01 
w 

C = qgO 53' 30". 63 

M =  22"'12 

w = 1 9  -3.5 
I - - - o -05 
w 

C = 51°49'22"12 

M =  6 " - 1 9  

so = , 1 7  ' 1 9  

- = o -06 
w 

= 45' '9' 6"' 'O 

At VI (Hatodan) 

December 1876 ; observed by Captain M. V. .Rogers, 2. E., with Barrom's 24-itlch Theodolite No. 2. 

Angle between 

IX (Mangtor) 
and 

VII (Eupiher) 

Circle readings, telescope being eet on I 3  (Bbngtor) 

216' 2!Y 35'22' 294O 84' 114' 33' 13' 46' 193' 46' 920 58' 2720 68' 1720 11' 9620 11' 

v n n n v w II w x w 

h 3 5 - 3 0  h32 .88  h33 .08  h 3 6 . 1 0  2 32.44 Z 35-36 136 .30  133.86 h g a . 1 8  h33.26 
h32 .82  h 3 4 . 7 0  h 3 2 - 2 2  h33 .28  133.00 133 .62  134 .22  230 '56  h 3 4 - 0 8  h 3 4 - 6 2  
A33-86 h33.20 h 3 4 . 3 4  h34 .22  134.08 1 33.16 1 3 3 ' 6 2  1 3 1 . 9 8  h33 .66  h 35-46 
h 3 3 . 5 0  h33 .76  h36 .56  1 3 3 ' 5 8  134 .28  1 3 1 ' 0 0  h34 .60  

1 3 5 ' 9 6  234.98 
233.68 

33'87 33 '59  33'35 35-22  33'17 33 '93  34'61 31-68  3 3 - 3 1  34 '48  

M - Mean of arou 
w - Relative weigK 
C - Concluded Angle 

M =  3 3 ~ . 8 z  

w = " -38 
1 - - - o *09 
w 

C = 76' 1'33"-83 
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* 

At VI (Hatodan)-( Continued). 

M - Mean of OTOU 
w - %btive weiggt 
C - Concluded -10 

M =  34'"62 

Ur = 23 '17 
_ I - - 0 -04 
w 

C = 68'36'34".62 

Angle between 

VII (Rupihar) 
and 

IV (Narithal) 

Circle readings, teleecope being set on IX (Mangtor) 

216'22' 86" 22' 294O84' 114'SS' 13'46' 193O 46' 92O 68' 272.58' 17z0 11' 8680 11' 

N n n v n I n n n n 

h 3 3 - 7 4  h36 .34  h 3 5 - 1 0  h 3 4 - 8 2  h 3 3 - 1 2  2 3 3 ' 9 8  1 3 3 ' 8 0 1 3 5 ' 3 8  h 3 6 - 2 8  h 3 6 - 4 6  
h 3 4 . 1 0  h 3 4 . 1 8  h35 .58  h  34 '90  1 3 4 ' 4 4  134.42 133.96 h 3 4 - 3 4  h  32-64  h 3 4 - 6 8  
h 3 4 * 1 ~ h 3 5 * 7 4 h 3 4 ' 4 8 h 3 4 . 1 8 1 3 4 ' 1 8  134.96 1 3 4 ' 7 4 h 3 5 * 2 8  h 3 5 . 5 4  h35 .10  

h  3 4 - 1 0  h33 .22  1  34.22 h 3 5 . 6 0  h 3 4 . 1 2  
h  34.48 

33 '99  35 '09  35-05  34-28  33'99 34 '45  34.17 35-15  34.61 35'45 

At V I I  (Rupihar) 

December 1876; obserued by Captain bl. V. Bogere, R.E., with Barn-ow's 24-inch l'heodotite No. 2. 

41- Mean o f  Urou r 
P - Relatire weipEt 
C - Concluded Angle 

M = 3 7 w - z g  

= 22  .,= 
_ I - - o '04 
w . 

C = 48'34'37''-3% 

M =  34""9 

w = ' 9  ' 5% 
- I = o -05 
w 

C = 5 8 0  5834w'22  

M =  50w.52 

w = 16 -80 
I - = o -06 
w 

C = 4S0~3'5o"-52 

Angle between 

VI (Hatodan) 
and 

IX (Mangtor) 

I X  (Mangtor) 
and 

X (Bhitala) 

X (Bhitala) 
and 

VIII (Kanakotri) 

Circle readinge, telescope being aet on VI (Hatodan) 

001' l&W 1' 7g012' 269"lY 168'24' 8 ~ 8 ~ 2 4 ~  28~87' 6 ~ 3 7 #  816048) 1860488 

N N N n w e n w N n 

h37-04  h 3 6 - 5 6  h37 .26  h 3 7 . 8 0  h 3 8 . 0 4  h 3 7 ' 4 0 h 3 7 - 4 4 1 3 7 . 6 0  h 3 6 . 7 o h 3 6 - 3 4  
h36.78 h 3 9 . 7 0  h36.38 h 3 6 . 6 4  h 3 7 . 1 4  h 3 7 . 6 8  140.50 h37.06 h37.90 h36 .78  
h38 .42  h 3 6 - 8 0  h 3 8 - 4 6  h37-06  h 3 6 . 1 2  h 3 6 . 6 0  1 3 7 ' 4 4  h 3 6 - 7 0  h 3 5 . 2 4  h36 .80  

h37 .02  h  37 '64  1 3 7 ' 5 2  . h39 .20  
136.80 238 .94  h 36 a06 

3 7 - 4 1  37.38 37.44 3 7 ' 1 7  37 '10  3 7 ' 2 3  38-37  37' 12  37-02 36.64 

h 3 1 . 9 2  h 3 4 - 3 8  i 3 4 . 2 6  h 3 3 . 4 4  h36.04 h 3 3 - 5 8  h 3 3 - 6 0  134 .74  h 3 4 - 4 0  h34 .24  
h34 .42  h34 .84  133 .72  h33 .64  h33 .48  h j 3 . o ~  1 3 4 . 1 4  h 3 3 - 2 8  h 3 3 . 6 4  h 3 4 . 8 0  
h 3 5 . 6 0  h  36.04 h34 .16  h32.80 h33 .28  h34.02 1 3 5 ' 0 0  h34 .48  h33 .82  h33 .94  
h  35.10 h  36.60 h 3 4 - 2 6  1 3 5 ' 6 6  
h  34-46  h  35'24 

3 1 - 3 0  35-42  3 4 - 0 1  33-29  34.27 3 3 - 5 4  34.60 3 4 - 1 1  33.95 34.33 

h51.46 h53.22 h50 .58  h50 .98  h50.70 h 5 1 - 8 8  i 5 1 - 4 0  1 4 9 ' 7 6  h51.16 h 4  -36 1 h 5 1 . 7 4  h 4 9 - 3 0  h49 .86  h 5 1 . 9 2  h50.06 h49 .64  Z 48.80 h 4 8 - 7 2  h49.42 h 4  -98  
L50.60 h  50.96 h50 .68  h51 .40  h  50.30 h  51.58 149 .64  h50 .68  h50.26 h50eg4 

L  49.62 h49.50 2 5 1 - 4 2  
h  51.20 

51'27 50.86 50'37 5 1 - 4 3  50.14 5 1 - 0 3  50'32 4 9 - 7 1  50.28 49.76 



EA8!FERN BIND MERIDIONAL SERIES. 

At VII (Rupihar)-(Cwthwd). 

Angle between 

w3.I ( K a d o G )  
and 

V (Bhhdi) 

v (Bhhdi) 
and 

IV (Nsrithal) 

IV (Narithal) 
and 

VI (Hatodan) 

Circle readinge, telescope being set on VI ( H a t o h )  

O" 1' 180" 1' 79"W 269" 1%' 1158024' 888024' BSTW 67" 37' 316"48' 136°48' 

I v v v a I a I a v 

h 56.32 155.56 h 55.66 h 56.90 h 55-88 h 56-80  157.46 1 56.60 h 56-68 h 57-02 
h55 .72  h 5 5 . 5 0  h55.66 h57 .58  h58 .04  h56.86 156 .62  156.04 h58 .02  h54 .68  
h 56-24 h 5 4 - 7 6  h 5 5 - 4 4  h55.86 h 5 6 - 6 6  h 5 6 - 9 2  1 57.30 157 .36  h56.86 h56.40 
h 5 5 ' 3 4  h 56-46 h 56-82 h57.28 

55'9' 55'27 55'59 56-78 56.76 56-86 57-13  56-70 57-19  56'35 

h38 .21  h40.58 h41 .60  h 4 1 - 6 8  h41 .82  h41.80 h42 .02  2 40.88 h 41.90 h42.08 
h4a .12  h42.00 h43 .34  h 4 3 . 1 0  h41.94 h42.34 141 .38  142'76 h 4 1 - 5 8  h42.54 
h 4 0 - 8 4  h41 .70  h42.50 h40 .18  h 4 1 . 3 8  h40.36 1 4 1 . 9 4  h 4 1 . 9 4  h4a.08 h 4 2 . 1 0  
h43.10 h 4 1 . 5 6 '  h 4 1 . 4 2  
1 40.76 
h 44.02 
1 4 0 . 8 2  

41 '41  4 1 - 4 3  4 2 - 4 8  41-63  4 1 - 7 1  4 1 - 5 0  41.78 41.75 4 1 - 8 5  42.24 

h z z - 3 2  1 1 9 . 6 0  h19.26 h18 .20  h r o - 3 0  h20.18 1 1 8 . 5 4  120-22  120-50  h20 .38  
h 18.84 h 20.18 h 18.04 h 19.92 h 1 9 - 3 8  h 19.40 1 17-94 121 .54  h 20'98 h 19.80 
h22 .34  hao.60 h19 .76  h 18.96 h z x - 2 4  h 1 8 . 8 2  1 20.18 1 20.14 h 1 7 . 5 4  h r g - 2 4  
h 19-84  2 20.54 1 1 9 . 7 6  h 1 9 .  
1 22'52 h 1 8 . E  

11-17  20'13 19'02 19.03 20.31 19-47 1 9 - 3 0  20.42 19.56 19.81 

3f - Mean of Gron 
w - Relative - angle 

M =  56w'45 

w = 18 ' 6 0  

_ I - - o -05 
w 

C = 68O56' 56"-45 

41"'7~ 

w = 
I 

25  '95 
- - - o -04 w 

C = 7 3 O  39' 41"' 75 

19f,m8z 

w = 13 -58 
I - = o -07 
w 

C = 61~59'19"-84 

At VIII (Kanakotri) 

December 1876; observed by Captah bl. 7. Rogers, R.E., with Barrow's 24-inch Theodolite No. 2. 

M - Mean of Omnpa 
w - Relative Weight 
C ' cbncluded 

58a'w 

W = 16 '01 

- =  I 0 . 0 6  
w 

C = 65" 33' 58'"' 00 

Angle between 

V (BMdi) 
aud 

VII (Bupihar) 

Circle wadinga, telescope being eet on V (Bhtidi) 

0" 1190 69' 79" 13' 259" 13' 158" 25' 33E0 25' 237" 87' 67" 37' 818.49' 136O 49' 

a I a ? a I I I I I 

h58.66 1 5 7 . 1 4  h57.78 h55.86 h 5 7 - 2 6  157.50 158.56 157 .24  h 5 9 - 5 2  h 5 7 . 1 2  
h58.86 h 5 8 . 1 2  h 56-70  h 5 8 - 3 4  h58.06 h 5 9 - 2 0  h58.28 h 5 7 - 7 8  
h 5 8 - 8 a  h 5 5 - 3 a  h56.98 h 57.74 h 5 8 - 2 4  h 59.46 h58 .20  h 5 8 - 3 2  

h 57'66 h 56.64 

58-60 58.44 58.49 56-74  56.98 57.86 58-29 58.13 58'67 57'74 
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At VIII (Kanakotri)-(Continued). 

Angle between 

VII (Rupihar) 
and 

X (Bhitala) 

Circle readinp, teleecope being set on V ( B M )  

0°C)' l79"60' 7Q013' 269'13' 168"26' 83E026' 2379 37' 61037' 816"' 186'49' 

v v w I v u u v v 1 

147.08 h 4 6 - 1 0  147 .30  h 4 4 - 1 6  h45 .62  147 .32  h48.86 146.52 148 .38  147.38 
h 4 6 - 7 8  h 4 7 - 5 6  h46 .58  h46.98 h44.86 h45 .58  h47 .88  h47.68 h 4 6 - 0 2  A46.78 
147.60 147 .42  146.28 h48.76 h48 .02  h q 7 - 2 4  h 4 8 . 8 0  147 .44  h 4 6 - a 8  h 4 7 - 0 4  

h45.94 h44.38 h46.78 
h 4 7 - 1 1  h45.90 
h  46-40  

47.15 47-03  46-72  46-56 45-76  4 6 - 7 1  4 8 - 5 1  47-21 46.87 47-07  

iK- M a n  of Urn 
o - Relative  six 
' Concludedhgle 

46#,96 

w = 14 '17 
I - = o '07 
w 

C = 71~47'46"-93 

At IX (Mangtor) 

J m u a y  1877 ; obsemed by Captain M. W. Rogers, R.E., with B a r n ' s  241-inch Theodolite No. 2. 

41 - Mean of arou 
P - Relative ~ e i $  
' COncludeddnglb 

M =  17'"85 

= I =  '74 
- I - - o so9 
w 

C = 49' 41' I 7"' 86 

M =  331,82 

.2z 
I - - - 0 '05 
w 

C = 43' 6' 334)m 84 

M =  5 ~ . 1 8  

w = 21 '84 
- I - - 0 '05 
w 

C = 57'15' 5"31 

i 

Angle between 

X I  (Narhar) 
and 

XI1 (Thakur) 

XI1 (Thakur) 
and 

X (Bhitala) 

X (Bhitale) 
and 

VII (Rupihar) 

Circle readinp, telescope being eet on X I  (Narhar) 

00 1' 190" 1' 79" 12' 259' 12' 1Ti8024' 3980%' eS7°37' 679 37' 316O49' 138049' 

I v I v I v If v I u 

h  17-06 h 1 7 . 1 4  h 19.10 1 1 7 . 9 2  216.56 1  18-22  h  17.58 h 16-88 1  17.26 1 1 8 ' 5 0  
h  19.78 h  17'48 h  18.30 1  17.88 1 1 5 . 5 4  1  1 7 - 0 0  h  18.36 Z 17.00 Z 18.50 1  18-10  
h 1 9 . 4 8  h 1 7 . 8 8  h 1 7 - 8 6  116.22 1  17.40 2 17-96  h1g.08 117 .58  116.22 2 18-70 
hz1.00 h 16-42  
h  18.64 : :%:if 

19.19 1 7 - 5 0  18.41 1 7 - 1 1  16.50 17-73  18'34 17-15 18-16 18'43 

h35 .88  h 3 3 - 4 0  h 3 3 - 1 0  132.60 1  33.12 133 .18  h 3 3 - 6 6  h33.18 133.60 133.30 
h 3 2 - 8 8  h34 .74  h3a.76 1 3 3 - 7 8  135 '38  1  35-58  h 3 3 . w  Z 33-70  236-76  1 3 2 - 5 6  
h 3 2 . 7 0 h 3 4 ' 6 8 h f ) - 4 2  1 3 3 ' 0 0 2 3 3 ' 5 6 1 3 4 ' 2 8 h 3 3 ' 3 4 Z 3 5 ' 5 o ~ 3 3 . 8 4 2 3 3 . 6 4  
h34.72 h  33-20  1  3 4 -  28 1 34' 38 1  33-36 1  34-88  
h33 .34  h  34' lo 1  34.58 

3 3 - 9 0  34'27 33 '09  33'34 34 '09  34'35 33'33 33'94 34'73 33-17  

h  7.66 h 6.64 h  6-40  1  5-16 h  3.76 h  4-38  h  4.74 h  6 - 1 4  1 7 - 8 0  1 4 ' 9 8  
h  4.46 h  5 - 3 2  h  5.06 1 7 - 5 8  h  4 - 9 2  h 5 - 3 8  h  5 - 0 0  h  5'02 1 4 ' 5 4  1 4 - 9 0  
h  6 .60  h  4 - 6 4  h  4.74 1  4.41 h 4.16 h 5-36  A  5-76 2 5 - 1 6  1  6 ' 9 6  1  5 ' 1 0  
h  4 ' 7 4  A 3 ' 9 4  h  5 '02  1  4.91 1 4 ' 7 4  
h  6 - 3 4  h 5-06 1 5 '74  

5'96 5 - 5 3  5 - 4 0  5 - 2 3  4.28 5 - 0 4  5 - 1 3  5 '31 5 '96  4 '99  



At IX (Mangtor)-(Contiratced). 

41 - Mean of Brou 
a - hlative wekc 
0 - Concluded hlgle 

M = 4 9 " ' 5 7  

W = 4 3  '47 
I - - - 0 ' 0 2  
w 

C = 55' 23' 4 g U ' 5 6  

Angle between 

VII (Rupibr) 
and 

VI (Hatodan) 

Circle readings, telescope being set on XI (Narhar) 

001' 1 W  1' W 12 SQ" 12 l W  838" 24' 2970 37' 67" 37' ale an 1 8 e u  

I 4 4 R I 4 4 4 I I 

h 4 9 . 6 6 i 4 9 . 0 6 R 5 0 . 1 8 1 4 8 . 3 8  h 5 0 . 0 6 i 4 9 . ~ 4 h 5 0 . 2 8 1 4 9 . 5 8 1 4 p - 4 8  149.76 
h 4 9 - 7 8  h49 .12  h 5 1 . 1 0  2 50.04 h 5 0 . 1 8  h 4 9 . 3 4  h49.20 h50 .38  2 49.04 149 .52  
h 4 8 . 8 2  h 4 9 . 5 0 h 5 0 . 0 8  1 5 0 - 4 o h 4 8 . 9 2  h 4 9 . 5 4  h49 .28  247 '92  1 4 9 ' 2 4  1 4 9 ' 6 8  

1  48 ' 4 6  h49 .76  2 50.14 

49-43  49 '23  50'45 49'32 49'72 49'47 49 '63  49'51 49'25 49'65 

At X (Bhitala) 

January 1877 ; observed by Captain M. 7. Rogers, R.E., with Barrow's 24-inch Theodolite No. 2. 

~ - ? t f e c m  of (h.o 
m - Rahtire ~ e i x  
C ' Concluded dngle 

M = 22"- 96 

W = 34 ' 7 6  
I - - - o '03 
w 

C = 5g028 '22"-95  

M =  21M.43 

W = 21 ' 2 2  
I - - - 0 '05 
w 

C = 64O39 '21"-44  

M =  40"'17 

w = 28 '41 
I - - - 0 -04 
w 

C = qxO r 2'40"- 19 

Angle between 

VIII (hakotrj )  
and 

PI1 (Rupihar) 

VII (Rupihar) 
and 

IX  (Mangtor) 

IX (Mangtor) 
and 

X I  (Narhar) 

Circle readinge, telescope being eet on PI11 (Ksnakotri) 

00 1' 180" 1' 70" 13' SO" 13' 168' 24' 8380 24' 287'36' 67' 36' 316" 49' 136O 49' 

I 4 4 R 4 4 R I I 4 

h23 .08  h23.46 i z 4 - 1 6  423 .96  1 a z . p  i 2 3 . 0 2  h 2 3 - 1 8  h z 3 - 2 2  h23 .36  h13-20  
h z 4 - 1 6  h22 .76  h 2 3 - 4 8  h 2 2 . 1 0  1 2 2 . 7 4  h22 .08  h 2 2 . 2 0  h 2 2 . w  h 2 3 . w  k 23'20 
h24.46 h t z - 2 8  h22.42 h22 .76  122.30 h 2 1 - 9 6  h22 .40  h.22.80 h23 .22  h23.02 

d 2 2 - 5 6  

23'90 23-77  23'35 22'94 22'65 22'35 22.59 22'67 23'19 23-14 

h a 1 . 9 2  h z o - 7 4  1 2 4 - 1 2  h a o - 5 8  1 21.44 h a 1  -86 h  21.30 8 2 1 . 0 2  i 2 2 . 8 4  h  20'68 
h 1 9 - 4 6  h z r ' 1 8  1 2 2 . 0 0  121.36 1 2 1 . 1 4  h a o - 7 6  h21 .62  h22 .32  h22 .48  h22.12 
h 1 9 . 1 4  h z a - 2 2  1 2 1 . 5 2  121 .62  Z 2 1 . 1 0  h 2 1 . 5 4  h 2 2 - 0 2  h20 .92  h21 .60  h 2 1 ' 1 a  
h z o . 5 4  d 2 x . 1 1  1 2 1 . 2 8  

122 .34  
2 21.72 
d 2 2 . 8 7  

20.27 31'31 22.26 2 1 - 1 9  1 1 - 2 3  21'39 2 1 - 6 5  21'42 21-31  21'31 

R42.48 h39 .88  140.38 h42 .38  140 .72  L 3 9 - 3 8  h40 .36  h 3 9 - 6 4  1 3 9 ' 7 8  h39.64 
h 4 1 - 6 4  h 3 9 - 1 6  139 .74  140 '06  140.26 h 4 0 - 3 2  h 4 0 . 2 0  h 4 0 . 1 6  Z 39.62 h40 .32  
h 3 9 - w  h 3 8 - 7 6  1 4 0 ' 1 0  2 41.24 139 .44  h 4 1 - 2 8  h 3 9 . 9 8  h 4 0 . 4 4  140.54 2 3 9 - 5 4  
h  40.04 d  40.78 1 4 0 -  26 
h40 .18  
d  40'37 

40'62 39-17  40.25 40.99 40.14 40.33 40.18 40.08 39'98 39'83 
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#. 

At X (Bhita1a)-( Cmtinzced). 

Angle between 

XI (Narhar) 
and 

XI1 (Thaknr) 

Circle readings, telescope being set on VIII (Kanakotri) 

00 1' 180" 1' 79' 13' 259' 13' 168" 24' 338' 24' 2370 38' 670 36' 316' 49' 136" 49' 

I e a I I v n a I n 

A ~ I - 2 2  A3o-70  l 2 9 . w  A29.26 129 .72  A30.40 h28 .66  h30.40 229.82 h  29-56  
h a g - 5 6  h 3 1 . 1 8  129 .68  130.52 130 .12  1 3 1 . 6 2  1 3 0 . 6 8  h 3 0 - 2 0  230 .52  h 2 9 . 6 8  
h30 .86  h29 .28  1 3 0 ' 6 0  1  2 9 - 6 4  130 .26  h z g - 9 2  h  29.90 h30.06 1 3 0 - 0 8  1  2 9 - 7 4  
d 3 0 . 2 5  1 3 0 ~ 1 0  h 2 9 . 2 6  

30-47 30.39 29.76 29.88 30.03 3 0 - 6 5  29.63 j o - 2 2  30.14 29.66 

M Mean of (3ron r 
w - Relative 
C - Concluded Angle 

M = 3ot"08 

= 46 ' 8 ~  

_ I - - 0 ' 0 2  
W 

C = 41° 19 '30 f"08  

At XI (Narhar) 

Jantcay 1877 ; ob8erved by Captain bl. W. Rogers, R.E., with Barrow's 24-inch Theodotite No. 2. 

Angle between 

XT*(Jeyeulmem) 
and 

X J T  (-1 

= ( M a w  
and 

XI1 (Thakur) 

XTI (Thakur) 
and 

X (Bhitala) 

X (Baitale) 
and 

Ix (&%tor) 

Circle readinge, telescope being set on XI11 (Jeysulmere) 

000' 1 W ( Y  79'12' 259' 12' 16V 25' 338'26' 237" 36' 67O37' 316049' 136'49' 

n n n e I n n a w e 

h 4 9 - 2 6  A46.68 h 4 6 . 2 4 1 4 6 . 8 2  147 .42  h 4 6 . 4 2  h 4 5 - 7 6  h 4 6 . 4 4 h 4 4 - 8 2  h 4 5 . 7 4  
h 4 7 . 8 2  h48 .66  2 4 6 - 9 4  146 .78  148.86 h 4 7 -  10 h 4 4 . 3 0  h q 7 - 0 6  h 4 8 . 1 6  2 47 '02  
h 4 7 ~ 8 0 h 4 7 ~ 0 6 1 4 6 ~ 5 2 1 4 7 ~ 7 0 1 4 8 ~ 4 4 h 4 6 ~ 4 0 A 4 7 ~ 1 0 h 4 7 ~ 8 6 h 4 6 ~ 6 8 1 4 5 ~ 8 4  

h  46-56  h 4 7 ' 8 4 1 4 6 . 7 0  
h 4 6 - 6 4  

4 8 - 2 9  47 '47 4 6 - 5 7  4 7 - 1 0  4 8 - 2 4  46.64 4 5 - 9 3  4 7 - 1 2  4 6 - 8 3  4 6 - 3 3  

h 6 1 . 8 8  h 6 1 . 6 8  h60 .12  159 .58  162.06 1 6 1 . 4 2  h 6 2 . w  h60-26  h 6 1 - 4 8  h60.18 
h 6 2 . 1 2  h  59-96  161 .40  160.34 160.10 h 6 0 - 5 8  h 6 0 - 1 8  h 59-76 h 6 0 - 7 4  1 6 0 . 9 8  
h 6 0 - 4 4  h 6 1 - 3 4  1 6 1 ' 9 6  Z 59 '64  2 60 '32  h61.06 h 6 2 - 2 6  h 6 1 - o o  h 6 1 . 3 6  161 .26  

h  6 1  -06 

6 1 - 4 8  60.99 61 .16  59.85 60 .83  61-02 6 1 - 3 8  60.34 6 1 - 1 9  60 .81  

h22 .32  A 2 3 - 2 8  h a j - 2 6  1 a z - 8 2  Z22 .12  h 2 2 - 4 0  h 2 3 - 9 2  h 2 2 - 3 8  h22 .36  122 .54  
h a z . 1 8  h20 .86  122 .28  122.76 Z 21 -72  h a 1 . 5 8  h22 .82  h21 .02  h 2 1 - 6 0  222.78 
h z a - w  h 2 1 . 8 8  122.68 1 2 2 ' 3 6  Z 21.98 h z a - 5 8  h 2 1 . 8 8  h 2 1 . 6 2  h 2 2 . 2 0  1 2 2 . 0 4  

h 2 1 . 7 8  h  22-06 

12.17 2 1 - 9 5  2 1 - 7 4  1 2 - 6 5  21 '94  22 '19  23-67  21-67  21-05  22 '45 

A29-56  h 2 7 . 8 8  229.72 230.74 2 29.52 A 2 g - 5 8  h 3 0 ' 1 4  ha8.90 h29.72 2 2  '00 
h 2 8 . 6 4  h 2 8 . 5 2  127.96 129.38 1 2  - 8 8  h29.86 1 1 9 . 9 4  h 3 0 . 3 8  h z 9 . 2 4  l2P .62  
h ~ 9 - 6 4 h a 8 . 3 o l a g . 4 a  129 .16  1 2  P . 5 6 h 2 9 . 8 2  h 2 9 . 2 4 h z g - 9 2  h 3 0 . 5 4 1 2 9 . 2 8  

29.28 2 8 - 2 3  2 9 - 0 3  1 9 - 7 6  29.32 29.75 1 9 - 7 7  29.73 2 9 ' 8 3  28 '97  

di- Maan o f  C)mu I 
(D - Belatire weigEt 
C = Concluded Angle 

M = 4 7 " ' 0 . 5  

u , = 1 2 . 8 0  
1 - =  0 . 0 8  w 

C = 46O38 '47" -04  

M =  6or'.91 

w = 26  -53 
I - - - o '04 

. w  

c = 6 0 0 4 1 t  on.go 

M =  22" '25 

= 4 6  -40 
I - - w - o ' 0 2  

C = 36015'21"*25 

M  = 2gU'37  

w =  2 8 ' 6 0  
I - - - o '03 
w 

C = 4 5 ° 5 9 r 2 9 n ' 3 7  



1412 EASTERN BIND MElUDIONAL SERIES. 
I 

At XI1 (Thakur) 

Theodolite No. 2. 

M - Mean of Qroa 
o - Bal.tive 
C - Concluded Angle 

bf= 1 6 ~ ~ 9 6  

w = 2 0  ' 3 7  
I - = o -05 
w 

C = 5 4 ° 2 ~ '  17"'01 

M =  52~.05  

w = 11 ' 7 4  
_ 1 - - o -09 
w 

c = 48' 3' j2" 04 

= 28~.30  

w = 10 -16 

_ I - - 0 ' 1 0  w 

= 67031'28"*3a 

M =  abY.64 

w = 9 -48 
I - - - 0 ' 1 1  
w 

C = 5p0 3*a6'-65 

Janzlc~y 1877 ; observed by Captaila H. W. Rogers, R.E., with Barrow'e 24-inch 

Angle between 

X (Bhitala) 
and 

Ix (Manstor) 

IX (Mangtor) 
tmd 

XI (Narhar) 

XI (Narhar) 
and 

XIV (Malsr) 

XIV 
and 

XV (Badhor) 

Circle readings, telescope being set on X (Bhitala) 
133" 1' 813' 1' 219 13' 32" 13' 291'24' 111'24' 10'37' 1900 ST 89'48' 2690 48' 

.I n n n w n e w w w 

h17.32 h  1 8 - 6 2  1  19.96 h  1 8 - 0 2  h  x5.9a h 1 7 . 0 0  l 1 8 . 0 4  1 1 8 . 3 6  116 .34  116 .66  
h  1 6 - 5 0  h  15.88 116 .68  h  1 7 - 8 4  1  1 6 - 2 6  h  1 6 - 6 0  1  16.00 1  1 5 - 7 2  1  16-32  1  16-78  
h 1 6 . 3 2  h 1 7 . 1 2  1 1 8 ' 0 4  h 1 5 . 8 6  1 1 7 ' 7 8  h 1 7 . 5 0  1 1 7 . 2 0  1 1 6 . 8 2  1  15 '48 1 1 6 ' 3 8  

A  17.30 1  18.82 h  1 7 - 3 8  1 1 8 . 4 6  1 1 5 ' g o  
1  1 8 ' 0 2  
h  1 5 - 3 8  
h  17-96 
h  18 '18 

16.71 1 7 - 2 3  17.88 1 7 - 2 8  1 6 - 6 5  17-03  17-42  16.70 16.05 1 6 - 6 1  

h51 .28  h52 .38  1 48.82 h53 .62  h 5 z - 7 6  h 5 2 - 5 4  1  50.98 1  50.26 1  51 '94 f 50.94 
h 5 2 . 5 2  h 5 3 - 1 4  1  54-56  h 5 1 . 3 8  153.20 h 5 2 - 0 2  1 5 1 . 9 2  2 5 2 - 7 0  1 5 1 ' 7 2  150.78 
h 5 4 . 4 4  h 5 2 . 1 8  154.72 152 .36  1 5 1 . 8 6  h 5 3 . 1 2  1 5 1 ' 6 8  152 .36  152 .42  2 5 1 - 2 8  
h 5 1 . 6 4  h 5 4 . 0 8  1 4 9 . 9 2  1 5 z ' q a  1 5 1  -76  
h 5 2 . 5 ~  h 4 9 . 5 4  

h 4 9 . 1 4  

5 2 - 4 8  52 '95 51 '12  5 2 - 4 4  52-61  52-56  5 1 ' 5 3  51 '77  52 '03  51 '00  

h26.26 h 3 0 - 5 6  1  3 1 - 3 0  h  29'20 h  29-42  h 2 7 - 0 4  1  28-34  1  27.52 1  28.02 1  29-26  
h 2 9 - 1 2  h  28'38 1  27 '36 h 3 0 - 5 4  2 2 7 - 7 4  h 2 7 . 5 2  1  27 '64 1  2 6 - 1 0  1  27 '48 1  28.32 
h28.22 h 2 9 ' 2 a  1 2 6 ' 4 4  1  28'62 1 2 8 - 7 4  h 2 7 . 0 0  1 2 7 ' 6 4  1 2 6 ' 9 0  1 2 8 . 9 6  1 2 8 ' 5 4  
h 2 9 ' 6 0  326 .60  1 29'66 1  2 9 - 7 1  1  26'70 
h 2 7 . 6 4  130 .14  h 2 9 ' 1 4  

1 2 9 . 7 8  

28.17 28.98 1 8 - 9 5  29.53 28.63 I 27.87 2 6 - 8 0  I 2 8 - 7 1  

h 2 7 - 8 6  ha?-20  1  2 8 - 9 0  h 2 8 . 2 4  h a g - 0 4  h a s - 8 4  125.72 1 2 5 - 5 0  1  a s - 1 0  1 2 7 ' 4 6  
h27.06 h a 6 - 1 6  129.80 126.66 h25 .28  h24 .78  126 .60  1 2 8 . 3 4  1 2 6 . 3 4  1  26-70 
h 2 5 . 7 2  h 2 7 . p  1  26.64 1  26-66  h  2 6 - 3 0  h 2 4 - 7 4  1  2 4 - 5 2  1  27.60 1  15-66  1  26.32 
h  23 '76 1 28.58 1  ap.88 1  26.56 1  27.80 
h 26-  48 h 25 '84  

h 2 6 - 0 6  k 2 7 - 1 4  
h 25-08  

1 6 - 3 4  2 7 - 0 9  2 7 - 1 7  27-36  1 5 - 5 4  1 5 - 1 2  1 5 - 8 5  2 7 - 3 1  25-90 2 6 - 8 3  

At XI11 (Jeysulmere) 

January 1877 ; observed by Captaita 22. W. Bogera, B.E., with Barrow'a 24-imh meodolite No. 2. 

h g l e  between 

XVI (Bamssr) 
and 

XIV (Mdar) 

+ 

Circle readinge, telescope being set on XVI (flamaar) 

238'17' 62" 17' 81 lo 29' 131°W 80041' 210° 40' 10gO 6 1  2890 6 1  189" 6' 9' 6' 

w w I w w I w n w w 

h24 .66  h 2 7 . 3 4  h27.70 h26 .16  h 2 6 . 7 4  h  25.80 ha6.08 h 2 6 . 8 4  h 2 4 . 1 6  h 2 7 - o o  
h 2 4 . 1 0  ha6.30 h 2 6 ' 9 a  h a 7 - 9 8  h 2 6 . 0 2  h 2 6 - 1 2  h 2 8 . 9 4  h 2 7 . 1 0  h25 .74  1 2 8 . 8 4  
h a 6 . 5 0  126 .50  h26.96 h 2 8 - 1 6  h 2 6 . 8 8  h 2 6 . 6 4  h 2 5 . 9 4  h 2 5 . 8 8  h 2 5 . 7 4  h 2 6 . 6 8  
h  26-76  h 2 6 - 2 0  h25 .42  h z 7 - 4 8  

h  26.63 
- 

25-51  2 6 - 7 1  27 .19  1 7 - 4 3  26.55 2 6 - 1 9  26.76 3 6 - 6 1  2 5 - 2 6  ~ 7 ' 5 0  

M - Mean of Groups 
MI - Relative Weight 
C - Coucluded duglo 

M = ~ 6 ~ . 5 7  

W = ' 3  ' 6 %  
I - = o - 0 7  
w 

C = 6 r 0 1 1 ' 2 6 " . 5 6  
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At XI11 (Jeysu1mere)-( Continued). 

M - Mean of Groupr 
w - Relative Weight 
C - Coticluded ,411810 

M = 20"-74 

fp = 2 5  '13 

- = o -04 
w 

C = 66" 32' noU.  7 4  

Angle between 

XIV (Malar) 
and 

X I  (Narhar) 

Circle readings, teleecope being eet on XVI (Ramsar) 

232'11' 6aDl7' 81l029' 131'28' 50'41' 210''W 10S062' 28905e' 18906' D05' 

m 4 I ~l ~l a m w 4 m 

h 2 0 . 4 0  h z 1 . 1 2  h z 1 . 3 0  h 2 2 . 7 4  h 2 0 . 8 8  hao.50 h 1 g . 5 0  h21 .40  h z o . 0 6  h21 .26  
h 2 1 - 7 6  h z 1 . 4 0  h 2 1 - 1 8  h 1 9 - 8 8  h20 .96  h 2 0 . 2 0  h  1 9 . 1 4  h20 .86  h20.16 h 2 0 . 0 8  
120 .66  h 2 1 . 6 6  h 2 0 . 6 4  h 2 0 . 5 6  1 2 0 . 1 8  h z o . 4 4  1 1 9 . 6 6  h z 1 . 4 4  1 2 1 . 3 0  121 .06  

h 20 '88  

20.94 2 1 - 3 9  2 1 - 0 4  t r ' o a  20 '67 20.38 1 9 - 4 3  2 1 - 2 3  20-51 20.80 

At XIV (Malair) 

Theodolite hTo. 2. 

M - Mean of Gmn 
UJ - Relative 
C -- Co~lcluded Angle 

M =  3,t~.55 

w = 16 ' 7 7  
1 - = o -06 
W 

C = 56" 8 ' 3 1 ~ ~ ~ 5 5  

M =  5 0 * ' 2 2  

w = 13 - 9 7  
1 - - - o -07 
w 

C = 64O 1 ' 5 d . 1 9  

= 34'"35 

w = 4 6  - 2 2  
I - - - 0 ' 0 2  
w 

C = 62O44' 34".36 

M =  32f"13 

= 24 .73 
I - = 0 '04  
w 

c = 5 1 ° 4 7 ' 3 2 w ' 1 2  

January 1877 ; observed by Captain 111. T. Rogers, R.E., with Barroods 24-inch 

Angle b e t w ~ n  

XVI (Ramaar) 
and 

XVII (Sinaba) 

XVII (Sinaba) 
and 

XV (Badhor) 

XV (Badhor) 
and 

XI1 (Thakur) 

XI1 (Thakur) 
and 

XI (Narhar) 

Circle readings, teleecope being eet on XVI (Ramsar) 

0'1' 180' 1' 79' 13' 259O 13' 158' 25' 338' 25' 237" 36' 67" 36' 316"48' 136' 48' 

I m I I I m n m m a 

h 3 1 - 6 0  h 3 2 . 0 0  h a g . 3 4  2 2 9 - 7 0  h 3 1 - 0 6  h30 .58  hg1 .06  h 3 2 . 3 0  h31 .70  h31 .58  
h 3 0 . 6 8  2 33 '76  1  2 8 - 3 2  1  3 1 - 7 4  h 3 1 - 7 6  1  3 1 - 0 8  h 3 1 - 3 6  h 3 0 - 1 2  1  31.62 h 3 1 . 1 8  
h32.04 1 3 4 ' 6 0  1 3 1 . 3 8  h30 .56  1  3 1 . 4 4  1 3 2 ' 8 6  Ir32-20 h 3 0 . 7 4  1 3 2 - 1 6  h 3 1 - 6 0  
h 3 2 . 6 0  1 3 1 . 4 6  Z 33 .12 h31 .76  1  32.16 h 3 2 - 1 6  

h32 .74  1  30.30 
2 31.34 

3 1 ' 7 3  32 '91 3 0 - 6 3  30.94 3 1 - 4 1  3 1 - 6 7  31 .54  3 1 - 3 3  3 1 - 8 3  31 '45 

h 5 0 . 6 8  h48 .38  h50-02  1  52.68 h 4 9 . 5 0  h 5 0 . 8 8  1 4 9 . 9 6  h50 .06  h 5 0 - 5 2  h 4 8 . 7 8  
h 5 0 . 8 8  1  46-80 2 5 1 - 5 0  1 4 8 . 8 2  h52.00 150.76 h  50.50 h 5 0 . 5 8  h 5 1 - 5 4  h 5 0 . 0 8  
h51 .60  1 4 7 . 8 6  150 .48  h 5 3 . 1 2  1 4 9 . 6 2  1 5 0 ' 3 0  h50.54 h 5 1 ' a z  1 4 9 . 9 2  h 5 0 . 4 4  
h  48.32 148 .70  1  50.04 h  4 9 - 8 6  Z 49.02 h5o .82  
h  4 9 - 1 6  h 4 9 - 0 2  1 5 1 - 0 2  

h 5 0 . 1 4  h 49.10 

50 '13  4 8 - 4 8  50-51 50.77 50.04 50.65 50.33 50.61 50.66 50'03 

h  34' 8  h 3 3 - 4 1  2 34.82 1 34.88 133 .42  h  3 4 - 6 4  h 3 4 - 9 4  h  33.90 L 3 4 - 5 1  h  3 4 - 4 4  
h 3 4 - %  1 35-22  134 .42  1  3 3 - 1 8  1 3 3 . 6 4  1  35.62 h35.10 h 3 4 - 1 8  h 3 3 . 7 4  h 3 4 . 0 2  
h 3 3 - 9 6  1 3 3 - 6 4 1 3 4 - 1 6  h 3 5 - 2 8 1 3 4 . 7 2  1 3 3 - 4 8  h 3 3 ' 9 4 h 3 4 - 6 0 1 3 4 . 4 2  h 3 3 - 3 8  

h35 .72  

34 '58  3 4 - 0 9  3 4 - 4 7  34 '77  3 3 - 9 3  34 '58  3 4 - 6 6  34 '23 34 '23  33 '95  

h 3 1 - 4 8  832 .26  133.90 1 31.74 h 3 3 - o 4  1  3 2 - 0 0  h31 .80  h 3 1 - 7 0  h 3 2 - 4 4  h 3 0 - 8 4  
h31 .52  1 3 3 . 3 8  1  32'44.1 33.94 h 3 1 - 6 0  132.30 h 3 2 . 6 0  h 3 1 - 2 6  h32 .32  h g 1 . 9 2  
h  31-30 1  31-08 1  31-52  131 .62  1 3 2 - 3 1  1  34-16  h 3 z - 3 0  h 3 1 - 9 6  1  3 3 - 2 2  h32 .22  

1  30 '34 h 3 ~ 2 4  h 3 1 - 5 6  h  30 '12  
2 32.28 

31-77  31.87 3 2 - 9 5  3 2 - 3 9  3 2 - 3 1  32.53 33.23 3 1 - 2 6  3 2 - 3 3  3 1 - 6 6  



+ 

At XIV (Ma1ar)-(Continued). 

d i - M m n  of &on 
a - aelstirs weigE 
C - Concluded Angle 
M = 52#*68 

= l8 '32 
_ I - - 3 -05 
w 

c=66O48'52"'68 

M =  38"'16 

w =  27 -80 
I - - - 0 '04 
W 

c = ,..80 28t38u. 16 

M =  4zN'22 

w = 18 - 4 8  
I - = 0 -05 

W 

~ = ~ ~ 0 ~ ~ ' ~ ~ ~ ~ ~ z 3  

Angle between 

XI (Narhar) 
and 

XJII (Jeyenlmere) 

XLU (JeyaSnere) 
and 

XVI (Earnear) 

XVI (IEamf3ar) 
and 
B. lld. 

Circle readinge, teleecope being eet on XVI (B9mear) 

0'' 1' 180" 1' 790 13' 259" 13' 158" 26' 5980 25' ST 88' 57" 36' 816" 48' 136048' 

a I I I I n n I I I 

h 52-16 h  5 3 - 4 0  h  5 1 - 0 2  Z 52 '38 h  5 3 - 7 4  1  53-00 h  53-42  h  5 1 - 1 2  h  5 1 -  
h 5 4 - 3 6  1 5 2 ' 4 2  1 5 2 . 9 2  155 .30  h 5 3 - 2 0  1 5 2 ' 3 8  h 5 2 . 3 8  h 5 2 - 3 8  A52' f' 4  h 5 3 - 4 2  52'm 

h 5 2 - 6 8  1  53.98 1  5 2 - 9 0  h51 .90  1  53.38 h53 .46  h52.36 h 5 0 - 5 4  1 52.80 152 .82  
h 5 1 - g o  h 51-48  

52.78 5 3 - 1 7  5 2 - 2 8  53-76  53.44 52.95 5 1 - 7 2  51-35  52-51  52-75  

h  3 6 - 7 4  h40.06 h  38 '46 Z 38.28 h  37.58 1  3 8 ' 1 2  h  37-56  h  38-04 h 3 8 - 2 8  A38.36 
h 3 7 - 1 6  1  3 8 - 4 8  h39 .76  h 3 7 - 9 8  h 3 7 . 1 4  1  38.22 h 3 7 . 9 2  h 3 8 ' 4 2  h 3 8 . 8 4  h 3 9 . 1 4  
A 3 7 - 6 8  138 .40  1 3 7 . 9 4  h38 .36  1 3 7 ' 6 8  h 3 7 . g o h 3 7 - 9 6  h 3 8 - 4 6  1 3 7 . 7 o h 3 8 . 1 0  

3 7 - 1 9  3 8 - 9 8  3 8 - 7 2  3 8 - 2 1  3 7 - 1 7  38-08 3 7 - 8 1  3 8 - 3 1  38-17  3 8 - 1 3  

1 4 2 . 6 8  h q o . 7 4  h41 .50  140.76 A 4 3 ' 0 4  1 4 0 - 7 0  h 4 1 - 5 8  142.36 h 4 2 - 0 4  h 4 1 . 6 6  
h 4 2 . 6 2  142 .88  h42 .36  142.30 h q a - 4 6  1 4 1 . 7 0  h 4 2 - 3 2  141.36 h 4 1 . 9 6  h43.04 
h  45-00  1 4 2 . 7 0  1  42.26 1 4 2 . 5 8  1 4 2 . 5 0  1 4 2 . 3 2  h 4 1 . 8 6  1 4 1 . 5 2  1 4 2 ' 4 8  h41.66 
h 4 4 -  82 1  4 2 - 8 8  

43.78 4 2 - 3 0  4 2 - 0 4  4 1 - 8 8  42.67 41.57 41 '92  4 1 - 7 5  4 1 - 1 6  42 '12 

At XV (Badhor) 

February 1877 ; obeerved by Captain 111. W. Bogere, R.E., with Barrow's 24-inch 5eodol i te  No. 2. 

M  - Mean of e n p  
w = Relative Weight 
C -- Concluded hngle 

M =  6oU* 2 1  

= 3' '5' 
I - =  0 . 0 3  
W 

C=60012' 

M =  56"'45 

ta = 3 1  - 6 8  
I - - - o -03 
W 

c = 55049'56u-45 

Angle between 

XI1 (Thakur) 
and 

(-1 

XIV (Molar) 
and 

XVII (Sinaba) 

- Circle &go, teleecope being eet on XI1 (Thakur) 

Cf'(Y 1fM"O' 79" 11 259" 11 1680 25' 8380 25' 237 87' 67" 37' 816' 4S' 136048' 

I v n I n I I I I I 

h 5 g - 8 4  h 6 1 . 1 6  h 5 g - 3 4  h 5 9 - 6 0  160.32 160.72 260.32 159.06 h60.04 h58 .96  
1 6 1 . 9 0  1 6 0 . 3 8  h 6 0 . 0 0  159 .94  160.62 1 6 0 . 1 8  1 6 1 . 2 4  h 5 9 - 6 4  h 6 0 - 8 2  h 5 9 ' 4 0  
h 61 '12  8 6 0 . 4 6  160.30 1  59-32  1  59 '90  1  60.36 160.02 h 6 0 - 3 2  h 6 0 . 6 8  h60.18 
h 6 1 - 1 8  

6 1 - 0 1  60.67 5 9 - 8 8  5 9 - 6 2  60.28 60.42 6 0 ' 5 3  59.67 60 '51  59-51  

457 .76  A 5 6 - 2 2  h 5 6 . 1 4  Z 55.42 2 55.28 2 56.80 1  56.18 Z 5 6 - 4 4  h  5 6 - 5 4  h 5 5 . 8 8  
h 5 5 - 7 6  h56 .86  h  55.50 156 .72  1 5 7 - 5 8  1 5 7 - 1 4  156 .62  157 .42  h58 .56  h 5 6 . 8 0  
h 5 6 . 0 4 h 5 6 . 4 6 h 5 5 - 9 4 2 5 6 - 5 6 2 5 5 . 7 0 1 5 7 - 4 2  1 5 6 . 7 6 1 5 6 . 5 4 h 5 6 - 3 8 h 5 4 - 9 2  
h55 .50  1  57 '52  h  55.80 

56-27 56-51  55.86 56.23 5 6 - 5 2  5 7 - 1 2  56.52 56.80 5 6 - 8 2  5 5 - 8 7  
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At XVI (Ramsar) 

Pebrwary 1877 ; observed by Captain M. W. Rogers, B.E., with Barrow's 24-inch Theodolite No. 2. 

Angle between 

XVIII (Potannwiri) 
and 

X I S  (Joganali) 

XIX (Joganali) 
and 

XVII (Sinaba) 

XVII (Sinaba) 
and 

XIV (Malar) 

XIV (Malar) 
and 

XI11 (Jeyeulmere) 

Circle readings, telescope being set on XVIII (Potn~lawhi-i) 

OO(Y 180°ff 79'12' 259" 12' 158'24' 338"24' 23T 37' 57' 36' 316'49' 136°48' 

v I n v n v n 0 n I 

h60.10 h60.04 h  59.56 1 6 0 . ~ 0  2 60.32 h60 .88  h 6 1 . 0 0  h  58.54 h60 .10  h60.06 
h60-08  h59 .96  h 6 1 . 1 6  158 .70  1  59.22 h60 .68  h 6 1 . 0 0  h60 .78  160 .36  h60 .84  
h60.86 h60 .88  1 5 9 . 2 8  1 6 0 . 1 ~  h60.32 h 6 1 . 5 8  h 6 1 . 2 2  h 6 1 . 5 4  1 6 0 . 3 2  h59.36 

h  60.92 

60'35 60'29 60.00 59.67 59.95 61.05 6 1 ' 0 7  60 '45  60.26 60.09 

h z 6 - 8 0  h 2 5 . 9 4  h z q . 1 4  123.86 1  25-20 h24 .36  h z 3 . 9 0  h z q . 7 2  1  24.60 h25.46 
h26.52 h26.22 h 2 5 . 5 0  125 .98  1 2 4 . 7 8  h z 5 - 4 2  h 2 4 . 8 4  h24 .42  h23 .56  h24.28 
h 2 6 . 4 4  h25 .66  1  25-70  124.46 h25.42 h25 .80  1 2 4 . 3 0  h 2 4 . 9 4  h24 .40  h 2 4 . 1 0  

125.40 h 2 4 . 3 4  h25 .14  

26'59 25.94 2 5 ' 1 1  24.93 25.13 2 5 ' 1 9  24'34 2 4 - 8 1  24.19 24-61  

h26 .90  h 2 7 -  1 2  h  27.10 127.36 1  28-84  h28 .84  h  26.70 h  28.14 1  27.18 h27.62 
h 2 7 - 7 2  h27 .34  h27.50 129.22 1 2 8 . 1 6  h27 .80  h28 .82  h26 .32  h 2 7 . 5 4  h27.44 
h z 7 . 3 4  h z 7 - 4 2  h27 .62  Z 28.02 h 2 7 - 1 6  h 2 7 . 4 4  h27.50 h 2 8 . 5 4  h z 8 . w  h27.50 

h  27.82 h  29.16 

27'32 27-29  27.41 28-20  28.05 28 '03  27.71 28'07 27'57 27-52 

h 5 5 - 2 6  h56.46 h55 .74  157.22 1 5 7 ' 1 4  h 5 5 . 4 4  155 .30  h56 .64  h 5 6 . 1 0  h56.80 
h55 .58  h  55-76 h 5 6 . 2 4  156 .94  h 56.48 h  56.54 h 5 4 . 6 0  h 5 6 . 0 0  1  56'60 155.28 
h g j - 0 8  1 5 6 . 4 6  156.04 155.42 1 5 5 . 6 6  h  55.92 h55 .56  1 5 4 . 9 4  1  55.80 156.02 

55'3I S6"3 56'01 s6.53 s 6 ' 4 3  5 5 - 9 1  5 5 ' I 5  5 ~ ' ~ ~  5 s 6 ' ~ 3  

dZ - Mean of Gh.ou 
w - ReLative ~ e i g c  
C = Concluded Angle 

M = 60"-32  

= 3' " O  

1 - - - o '03 
w 

C = 4 ! j 0 3 2 '  0"'32 

= 251"08 

w = 16 '85 
I - - - 0 . 0 6  
w 

C = 7 7 ° ~ ~ ' 2 ! j " - 0 8  

= 27"'72 

w = 41 ' 1 0  

I - - - 0 ' 0 2  
w 

C  = 6 6 ° 3 ~ ' z 7 " ' 7 2  

M = j f . 9 7  

: = 35 '70 
- - o '03 

w 

C = 6 0 0 1 g # 5 5 W . 9 7  

At XVII (Sinaba) 

Febrwary 1877 ; observed by Captain M. W. Rogers, R.E., with Barrow's 24-inch Theodolite NO. 2. 

di = Mean of Grou 
to - Relative ~ e i g f f l  
C Pncluded Angle 

M = 14". 19 

= 35 ' g 8  
I _ - - o -03 
w 

= 600 8 '14" ' rg  

Angle between 

XV (Badhor) 
and 

XIV (Malar) 

Circle readings, telescope being set on XV (Badhor) 

0'0' 18000' 79O 12' 259'12' 158O24' 838'24' 237036' 67036' 316949' 1 3 6 ' H  

I I n n N t 'I I v R 

114.26 1 1 4 . 3 2  1 1 3 . 4 2  h12 .46  h 13-76  h 1 3 . 8 8  1 1 4 . 5 2  1 1 3 . 7 4  1 1 4 . 1 8  115.66 
1  15.50 1  14.56 h  14.66 h  1 4 - 1 4  h  1 3 ' 8 8  h  13.62 1 13.22 1 1 5 . 7 6  1  1 4 - 4 0  h  1 4 - 1 8  
1  14.66 115 .16  h  14.60 h 1 3 . 9 4  h  14.22 h 1 4 - 0 8  114 .08  1 1 3 . 4 6  113 .58  h  13.98 

1  14'14 

1 4 - 8 1  14-68  14.23 1 3 - 5 1  13-95 13.86 13.94 14-28  14.05 14.61 



At XVII (8inaba)-(Continued). 

Angh between 

(M*) 
uld 

XVI -1 

XVI Pm=) 
uld 

= (Jogand) 

XIX ( J o g a d )  
and 

xx ( g i d o )  

Circle reding., telescope being ret on XV (Badhor) 

vv lRP(r 19.U' WlZ US"&' 1380%' WS6' 5foW 81BW l W W  

I I * I I I I I I 

h63-14  k62-54  k6a-36 k60-82 b63.40 k 6 1 - 0 0  161-56 161.92 162-96 160-00 
h61.66 h60.38 h60-56 h62-46 h 6 1 - 4 4  h 6 1 - 6 0  162.34 162-52 161-96 h6o-88 
h63.26 h61-02 h 6 1 - 2 4  h62.00 k62.96 h62-46 161-40  l62 .02 2 61-86 h60-34 

h62.12 

62.69 6 1 - 5 2  61-39 61.76 62-60 61.69 61-77 62.15 62-26 60.41 

h21.54 h 2 1 - 3 4  h19.14 k20.18 hzo -08  k z o - 1 6  121.38 119.44 121-32  1  19-44 
h z 1 . 1 8  h  19-92 h ~ z - 3 6  h  19-28 h  19-94 h 19-60 119.76 119.74 119-48  h  19-12 
k z o - 3 8  k ~ g - 6 6  hzo -46  h z o ' a ~  h 1 9 - 6 0  hao.60 121.56 1 z o . g ~  2 19-32 h21.32 
h  zx -oo  h  20.18 h  20-24 h19.66 

~ 1 . 0 3  20.27 20'55 19-82 19-87 20-12  20-go 19.90 20.04 19-89 

k 6 o . g ~  h64-36 h 6 1 - 8 0  k 6 2 - 1 0  h61-40  k 6 z - 3 8  1 6 0 . p  161-50  160'44 161.32 
h60.72 k62 .12  h 6 0 . z ~  h  59-66 h6r.52 k 6 1 - o o  1  60.94 161.36 160.40 R61.72 
h 6 1 ' 1 o  h62.96 h60-32 k61-46  h60-44 h61-12  161-10  1  60.46 159-88 h60-66 

h60-56 
k63.34 
h  60.86 

60.91 62-37 60.78 61-07 6 1 - 1 2  61-50 60.98 6 1 - 1 1  60.24 6 1 - 2 3  

Y = = M C I ~ ~  0 1 ~ m  -  tire w+X 
C-=ConelndedAngle 

M  = 6xa.82 

= 17 '30 
I - = 0 . 0 6  
w 

C =57°21' la'82 

M =  2oU'24 

w = 28 -32 
1 - - - o -04 
w 

c =5j032'20w-25 

M =  6lU.13 

w = 20 -50 
I - - - o -05 w 

C = 4X0 55' lY' 16 

At xvII1 (Potanswtiri) 

F e b w r y  1877 ; obeemed by Captain dl. W. Bogere, B.E., with Barrm'e U-inch Theodolite No. 2. 

M==Ycan of G~OU 
P - Relative weigK 
C -- Concluded Angle 

M = 26'"57 

w =  6 . 4 9  
- I - - o -15  
w 

C = 54' 43' 26" - 53 

M = 57".13 

w = 23 -82 
1 - - - o -04 
w 

C = 7 2 0  4'57u'x2 

Angle between 

XXI (8anahu) 
and 

XIX (Jogansli) 

XIX (Joganali) 
and 

XVI (Bsmaar) 

Circle readings, telescope being set on XXI (Sanahu) 

0' 1' lw 1' $9' 12' 259' 12' 158'24' 536'24' 237'38' 65.36' 816.49' lSG.49' 

* I I I I I I I I . 
h 28-10 h  22-96 h  23-60 1  24.94 1 24.88 1  24-96 1  30.42 k z 7 - 6 0  h  28-04 h  27.80 
h27.78 h25-34 h 2 6 - 1 4  125.84 126'28 2 27-70 126.96 h 25-92 hz7 -76  h  25-84 
h 2 7 . 3 ~  h  23-02 h  23.90 1  24.64 1  28.34 1  26.78 1  28.24 h 27-02 h  27-40 k26.20 

125.62 k27-24  124'52 127.18 1  26-86 130.12 
h  26.50 h  25.64 2 26-or 1  25'  16 227'54 
h  27-30 h 25-76 125.76 

27-73 25.12 25-38 2 5 - 2 0  26-37 26.58 28-17 26-85 27'73 26-61 

k56.62 h58-80 h 57-04 157.64 157.98 1  58'00 155'06 h  57-38 k  56.78 h 57'12 
h  56-30 h 58.80 h56-56 156.94 2 57-80 158.02 154-76 h57-80 h  56-04 h 55-64 
h 56-70 h  56.94 h  57-66 2 57'76 1  57-94 2 56.30 1  58.30 h56-38 h  58.12 h  57'02 

h  55.68 257'04 h 57'06 
7~56.86 158.02 

56-54 57-42 57-09 57-45 57.91 57'44 56.64 57.19 57-00 56-59 
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At XIX (Joganali) 

February 1877 ; 

Angle between 

SSI  (Sanahu) 
and 

XXII  (Arrabhit) 

XXII (Arrabhit) 
and 

XX (Kardo) 

XX (Kardo) 
and 

XVII (Sinaba) 

XVII (Sinaba) 
and 

XVI (Barnear) 

XVI (%mar) 
and 

XVIII  (Potanawhri) 

XVIII(Potanaw6ri) 
and 

XXI (Sanahu) 

observed by Captah H. W. Rogere, R.E., 2aith Barrow'e 24-inch 

Circle readinge, telescope being eet on XXI  (Sanahu) 
0' 1' 180° 1' 79' 13' 26Q0 13' 158O 24' 338O 24' 237' 37' 67' 37' 316" 48' 136~48~ 

R R n I n n 14 1 R R 

h 5 - 2 8  h 2-38  1 2.60 h 2 - 1 4  h 3.66 h 2.94 h 2-16 h 3 - 4 0  h 2 - 4 2  h 2.38 
h 1.42 1 4 - 0 2  h 2.72 h 1 - 7 8  h 2 - 0 2  h 3 - 5 2  h 3 - 3 6  h 2.98 h 2.60 1 3.62 
h 2.92 1 2.56 h 4 - 9 8  h 2.46 h 3.28 h 2.04 h 3 - 0 2  h 2.46 h 2.92 1 1.84 
h 2 - 4 8  h 1.98 
h 3 - 6 8  

3.16 2 '99 3.07 2 ' 1 3  2 '99 2-83  2.85 2.95 2 - 6 5  2.61 

h 8 - 5 2  h 7.58 1 7.26 h 5.88 h 6 . 1 6  h 7 - 3 8  h 6.54 h 6.18 h 6.96 h 6.82 
h 6.66 1 7 - 6 6  h 7 .42  h 7 - 8 6  h 8 - 1 0  h 6 - 7 8  h 7.90 h 7 ' 6 0  h 7.32 1 6 - 4 4  
h 6 - 4 2  1 8.28 h 4.46 h 5-30 h 6.56 h 7 .56  h 7 . 1 4  h 7 ' 2 8  h 7 . 1 6  1 6.68 
h 7.86 h 7 .18  h 7 - 1 8  
h 8.14 

7.52 7.84 6.58 6.56 6.94 7 - 2 4  7 . 1 9  7.02 7 - 1 5  6.65 

1 2 0 - 8 8  h26 .52  Z a2.48 h a q - 1 8  h 2 2 - 3 8  h a 3 . p  ha4.56 h23 .44  h23 .24  haa.82 
h24.76 123.06 1 25.04 h26.58 h a q - 7 6  h 2 5 - 1 8  h24.28 h z q . 4 0  h 2 4 . 1 6  h23.94 
h24.82 122 .72  h25.20 h24 .64  h 2 3 - 1 2  h z 5 - 1 0  123.36 h 2 4 . 2 4  h24-06  h23.68 
h 24.12 1 26.14 h 23.86 h 27.48 h 24.86 
h 23.36 1 23.56 h 24.80 

23.59 24-40  24.15 25.54 23.78 24-73  24-07 24-03  23.82 ~ 3 . ~ 8  

h17.36 h 1 5 . 8 6  1 15'56 h 1 6 . 4 2  h 1 6 . 8 0  h14 .84  h 1 7 . 2 8  h 16-06  h16.30 h 1 6 . 5 4  
h 1 5 . 1 2  1 1 7 - 0 8  116 .54  h 1 6 . 2 2  h 1 5 . 9 2  h 1 6 - 7 4  h 1 5 - 2 4  h15.78 h 1 5 - 3 4  h 1 5 - 6 4  
h 15.30 1 14.26 1 1 6 ' 0 8  h 1 6 - 8 0  h 17.18 h 15-82  h 16.02 h15 .42  h17.40 1 1 5 ' 9 4  
h 1 6 . 4 4  1 15.06 h 16.22 i 1 5 . 4 8  
h 16 .16  

16.08 15.57 16.06 16.48 16.63 15-80 1 6 - 1 9  15.75 1 6 - 1 3  16.04 
- - - - -  

h 3'26 h 2-86  1 4 ' 7 4  h 2-58  h 3 '34  h 3-00 h 2.84 h 3.26 h 1 - 5 4  h 3 '26 
h 5 '66  h 4.24 1 4.36 h 1.92 h 2.96 h 2.60 h 2-70 h 2 '34  h 2.74 h 2 - 9 4  
h 4 ' 1 2  1 4 ' 3 0  h 3 '98  h 2-60 h 3 '52  h 2 '24 h 2.78 h 3 - 7 2  h 2.58 Z 3 '34  
h ~ - 4 8  1 5 ' 3 0  
h 4 . 1 0  

3 '72  4 - 1 8  4.36 2'37 3 '27  2.61 1 - 7 7  3 - 1 1  2 - 6 1  3.18 

h 4 - 5 2  h 4.12 1 5-14  h 6 - 9 8  h 5.86 h 5.64 h 6.08 h 6.78 h 6.70 h 6 - 2 6  
h 4 - 3 8  h 3.84 1 5'76 h 7 .48  h 6 . 1 4  h 4.78 h 7 . 3 8  h 6.36 h 7.64 h 6.98 
h 4 - 6 4  h 6.22 h 5.86 h 6 .10  h 5.66 h 5.36 h 7.30 h 6.62 h 6.94 h 7.66 
h 5 - 0 4  h 5 ' 3 0  
h 8.06 h 7.82 

5.33 5-46 5 - 5 9  6 - 8 5  5.89 5-26  6.92 6.59 7.09 6 - 9 7  

Theodotite No. 2. 

df - ~ e a n  of G ~ U  
w - Relative ~ e i $  
C - Concluded Angle 

M =  

w = 
I 

34 '39 
- = o '03 
w 

C = 57" $ 2".84 

M =  7Y.07 

= n9 ,49 
I - - - o -03 
w 

C = 6 g 0  3'7"'07 

M =  24"*16 

= l4 .40 
I - = o -07 
w 

C =51°36'24"'18 

M = 16".07 

= 41 .75 
I - - - 0 '02 
w 

C = 4 7 ° 1 6 ' ~ 6 " . 0 6  

M =  3"'22 

= r6 .69 
I - = o .06 
w 

C=62°23'3'"23 

M =  6".20 

= .54 
I - = o -08 
w 

C=7S036'  6"18 
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r 

At XX (Kardo) 

February 1877 ; obsemed by Captain N. W. Rogers, R.E., with Barrow's 24-inch Theodolite No. 2. 

Angle between 

XVII (Siiba) 
and 

XIX (JOganali) 

XIX (J0fz-w 
and 

XxII (Amabhit) 

Circle readings, telegcope being set on XYU (Sinaba) 

VQ lWd 7V13' eSIP10' 168°24' 3380%' 23737' ST%'' 316.M 1WW 

I I * * I I I I I I 

135 .48  h35.86 135.46 h 3 4 - 2 6  h34 .48  h 3 5 - 6 4  h37 .10  h 3 j . 7 2  h37.22 1 3 6 - 3 6  
h36.46 h j j - g o  h36.52 h 3 j - 8 2  h 3 7 . 1 2  h36.66 1 3 6 - 8 8  h 3 6 - S 6  137 .55  237 .00  
h 3 5 . 4 8  h 3 7 - 3 4  h36-20  h36.02 h 3 6 - 6 6  h35.58 h34 .24  h 3 j . 3 0  2 3 7 ' 0 2  1 3 5 ' 4 2  

h38 .62  1 3 6 - 3 0  h 3 5 - 7 2  
h 3 7 - 5 8  
h35 .28  

3 5 - 8 1  36'37 36.06 36-26 36-14  35'96 35.99 35-96 37.27 36-26 

H - L C -  ofarm - W i r e  
C - Chucluded Angle 

M=36w.21 

w = 24 -45 
- I - - o -04 
w 

C = 86°28 '36"-21  

At XXI (Sanahu) 

February and March 1877 ; observed by Captain dl. W. Rogers, R.B., tcith Barrow'a 24-inch 
Theodolite No. 2. 

Angle between 

XXIII ( H a d )  
and 

XXIV (Dhanono) 

XXIV @hanono) 
and 

X x I I  ( h b h i t )  

. 

I 
i 4 4 . 8 8  h q 6 - 1 2  h43 .94  h 4 5 - 0 8  h44.62 L46.02 h45.74 h44.38 h 4 5 - 9 4  242.50 M =  qf .29  h45.58 h46.32 145.60 h43.36 h44.64 h45.22 h45.06 h 4 5 . j 0  146 .36  245'14 
h 4 6 - 3 6  h 4 5 - 5 6  h 4 5 - 3 6  h 4 4 ' 5 8  h44 .84  h 4 6 - 3 0  h46.22 h45-04  145.20 2 4 5 - 9 2  

145.78 
245.42 

45-61 4 6 - 0 0  44-97' 44-34  44-70 45-85  45-67 44'97 45-83  44'95 

Circle readings, telescope being set on SXIII ( H 4 )  

143'6' 323" 2220 20' QZD W 301° 31' 121' 31' 200 43' 200'43' 99- 55' Zi9" 55' 

I I e I I I I e I I 

h36.26 h38.82 h40.38 143 '76  h 4 2 . 1 6  h41.30 h 4 1 - 4 6  h40-08  h 38.40 h39.54 
h 3 9 ~ 4 0 h 4 1 ~ 2 6 1 4 0 - 8 2 h 4 0 ~ 4 0 h 4 0 ~ 5 4 h 3 9 ~ 6 4 h 4 0 ~ 7 0 h 3 9 ~ 6 6 h 3 9 ~ 4 8 h 3 9 ~ 2 8  
h 4 1 . o ~  li38.42 2 4 0 ' 1 4  h 4 r . 6 6  h39 .04  h41.40 h 3 9 - 7 0  h40-04 h39.60 h 3 9 . 7 0  
139.06 h40.00 h 39'64 h 40.36 
h 37'94 h 40' 74 h 39' 42 
h 3 7 ' 98 h39.32 

38-61  39-63 40.45 40'92 40.30 40.78 40.62 39-93  39'16 39-51 

h 4 2 . 7 0  h 4 1 - 1 2  h 4 0 - I Z  138 .28  7139'46 137 .64  h39.82 h39.96 h40.40 i 3 9 - 1 6  
h 40'04 h 40.32 h 39-32 h40.34 h 40'86 II 39'54 h40.72 h 39-56 h 40.14 h 40-32 
h36.54 h39.96 h38.88 h40.68 h40.34 h39 .84  a40.24 h40.56 h 4 0 . 1 4  h40.02 
1 3 9 ' 6 0  h 4 1 . 7 2  h 39'84 
h39.56 h39 .54  

39.69 40-47  39.44 4 0 - 1 1  40'22 39-22 40.26 40.03 40.23 39 '83  

= 2 I  . Io  
I - - - 0 '05 w 

C = 5 6 0 5 8 ' 4 s H - 2 9  

M = Mean of (tron 
P - Rektire 
C -- Concluded Angle 

- 
- 3 9 " ' 9 9  

w = 1 1  .47 
I - = o -09 
W 

C = 53O51 '39"-98  

M =  39''.9j 

w = 2 2  ' 2 8  
I - = 0 -04 
w 

c = 45"32 '39 '"93  
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At XXI (Sanahu)-(Contintced). 

h g l e  between 

XX1l 
and 

XIX (Joganali) 

X I S  (Joganali) 
and 

XVIII (Potanawsri) 

Circle readings, telescope being set on XXIII ( H a d o )  

143'6' 829" 6' 222'201 42O20' 301°31' 121°31' 20°43' 2000 43' 99O66 279" 6 6  

I I w w w w ll Y I w 

h44.72 146.16 845.70 148.06 h 4 6 . 1 0  h46-06  h 4 6 - 6 4  h 4 5 . 6 4  h46 .40  h46 .16  
h46 .02  h46 '72  1 45.58 h 4 6 . 0 4  h45 .86  h45 .88  h 4 5 . 6 4  h 4 5 - 5 2  146 .18  h46 .44  
1 4 6 . 1 6  146.72 1 47.86 h 4 7 . 3 4  h47 .10  1 4 6 . 8 2  h46 .10  h45.92 145 .96  145 .66  
A 46 '28 1 48'22 h45.56 
h 47'40 

46.12 46 '53  4 6 - 8 4  46-75  46-35  46.25 46-;3 45.69 46.18 46-09  

h27 .60  h27.82 h 27'96 1 27.86 A27.52 h 27.30 A 28.30 h 2 9 . 5 0  h 28-50 A28.60 
h 2 8 . 6 8  h27 .76  1 2 8 . 3 4  h28 .96  h z 8 - 3 6  h 2 7 . 7 0  1127.64 h28.86 h28 .60  h28 .72  
h 27'66 h 2 8 - 8 1  1 29-98 h 28.44 1 2 8 . 8 4  828 .54  h 28-62  h 29.42 h 28.02 h 27.52 
h 28.26 1 ag.18 
h 28-00 

28.04 28-13  28.87 28.42 28-24  2 7 - 8 5  28-19  29-26 28-37 28-28 

M - Mean of C)rou 
0 - ~ e l a t i s e  ~ e i g g f  
C - Concluded Angle 

M = 46". 29 

= 37 -88  

_ - - o -03 
w 

C = 64O48'46".30 

M =  28w'37 _ 40 
I - = 0 ' 0 2  
w 

C=52O40'28~*36 

At XXII (Arrabhit) 

February 1877 ; obeerved by Captain M. 7. Rogers, R.E., with Barrow's 24incA Theodolite No. 2. 

Angle between 

XX (Kardo) 
a11d 

XIX (Joganali) 

XIX (Joganali) 
and 

XXI (Sanahu) 

XSI (Sanahu) 
and 

=I1 m) 
- 

Circle readings, telescope being set on XX (Kardo) 

000' 180'0' 7g018' 269" 13' 168'24' 338" Z4' 237 37' 5 7  37' 816"48' 136"48' 

w w w I ll w w I w w 

h 9.46 h 9 - 0 8  1 6 - 9 8  1 5 - 3 2  1 7 . 4 8  h 7 . 1 4  R 8.36 h 7 . 6 4  h 7 - 5 8  h 7 - 4 0  
h 8 -10  h 6 - 9 4  h 8.20 1 7 - 7 6  1 7 - 8 8  h 8.56 h 8 . 1 0  h 7 - 9 4  h 8.06 h 7 - 8 0  
h 6.94 h 7.32 h 8.06 1 7 ' 7 2  1 8 . 4 8  h 7.28 h 7.24 k 7 - 5 6  h 7 . 4 2  h 7 ' 3 8  
h 7 - 9 4  1 6 - 4 4  

8 - 1 1  7 ' 7 8  7.75 6 - 8 1  7 ' 9 5  7.66 7 - 9 0  7 .71  7 - 6 9  7 ' 5 3  

h 8.74 h 1 1 . 0 8  h12 .42  111.08 1 1 1 . m  h 1 2 - 5 8  h10 .96  h 1 2 - 1 6  R13.56 h x z ' a 8  
h 1 1 . 7 2  h 1 2 - 6 4  h10.82 1 1 1 . o o  1 1 2 - 1 0  h 1 3 - w  h 1 3 . 6 6  h14 .36  1 1 1 . 3 4  h 1 1 . 5 4  
h 1 3 . a ~  h 1 1 ' 1 4  h 1 1 . 6 6  1 r a m r q  112.46 h 1 1 . 3 6  h r o - 7 6  L I I - 1 2  h 1 2 . 8 4  h1a .38  
h 14.24 h 1 3 - 5 0  h 11.54 h 12.42 
h 1 2 - 7 2  h 10.56 A 1 2 - 0 2  
h  12.94 
h 1 z e 5 a  

12'30 11 .62  1 1 - 6 3  11.41 1 1 - 8 5  1 2 - 3 1  r1.89 ~ z ' z q  1 1 - 5 4  12'07 

h29 .72  h 2 8 - 5 6  h 2 7 . 1 4 Z 2 8 . 0 4 l a 6 . 8 8  l128.56 h27 .80  h27.46 h 2 9 . 1 8 R 2 7 . 8 0  
126 .80  h27.96 h27.86 128.30 127.60 h 2 8 - 3 1  h z 8 - 9 2  h z g - 4 0  h 28.32 h a 7 . m  
128 .94  827 .50  h 2 8 - 4 6  1 29-22 1 2 6 . 5 8  h z g - 6 0  ha8.86 h27 .96  828 .94  h27.52 
h a 8 - 4 0  h27.48 

28.47 27'87 27.82 28.5a 27-02 28-83  28.53 28'27 28-81  1 7 - 4 4  

M - ?dma of Qrou 
w - Relative 
C - Concluded dngle 

M =  7'.69 

w = 38 -34 
I 
- = o -03 
w 

C = 53O58' 7"-68 

M =  11'.99 

w = '3 '15 
_ I - - o a04 
w 

C = 58' 6' 12"'03 

M=28'*'16 

w = 20 -66 
I - - - o '05  
w 

C = 4 2 e z ~ ' 2 8 " - ~ 6  
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t 

At XXII (Arrabhit)-(Conthwd). 

df- &an of Gh.on 
w - Bclstive 
C - Concluded Angle 

bl= 24#'24 

= 20 .65 
I - - - o -05 
w 

C = 54O 26' 24"' 25 

Angle between 

xxnr (Hamaa) 
and 

XXIV (Dhanono) 

Circle readings, telescope being set on XX (Kardo) 

OOO' l W ( Y  79' 13' 269' 13' 168024' 338024' 2570 37' 67" 37' 816'48' 136048' 

I I 'I w m m II m I I 

h a s - 4 2  h23.08 h z s - 4 8  l a 5 - 3 2  123 .86  h24.14 h a s - 2 8  h24.74 L 2 5 ~ 8 ~  h a q - 1 6  
i 26.84 11 23.00 h  24.50 1  23.40 1 2 4 ' 8 4  h  23-38 h  23-68 h  25.90 h  13-38  h 23-38 
h z 3 . 7 4  h z 4 . 1 8  h z 3 - 4 4  123.42 123 .38  h 2 4 . 5 4  h z 6 - 0 4  h24.84 h24 .24  h23.56 
h  23.76 Z 23.96 h  23.70 
h  22-88  

24.53 23.42 24'35 24'05 24'03 24-02 24'67 25*16  24-49  23-70  

At XXIII (Harnho) 

Illarch 1877 ; observed by Captain bl. W. Rogers, R.E., with Barrow's 24-inch Theodolite No. 2. 

df - Mean of &onpa 
w - Relative Weight 
C -- Concluded Angle 

M =  54#'04 

to = l o  .34 
I - - - 0 ' 1 0  w 

C = 59'41' 54-'06 

~ = ~ 6 n . ~ ~  

a = 1 0  '74  
I - - - 0 .og 
w 

C = 53' 5' 46#. 36 

~ = ~ ~ u . ~ 8  

w = 26 '47 
- I = o -04 
w 

C = 4 6 O  6'10u'37 

M = I 2''-30 

= I 1 '  '5' 
1 - = 0 ' 0 1  
w 

C = 38' 14' 12"'30 

Angle between 

XXV (Bhdri) 
and 

XXVI (BQvilshu) 

XxvI ( B . s f i u )  
and 

XXIV (Dhanono) 

XXIV (Dhanono) 
and 

XXII (Plrrabhit) 

XXII (Arrabhit) 
and 

XXI (Sanshu) 

Circle wadinga, teleecope being set on XXV (Bhdri) 

OO 1' 180" 1' 79" 12' 269" 12' 168'24' 3380 24' 2970 36' 670 37' 8160 48' 136" 48' 

I 'I I I I I w 'I n m 

h  57.52 i 54-62 h s 6 - 1 2  h s 2 . 6 2  Z 53-62 h  53-90 h  53.68 h  52-64  h54.46 h54-70  
h  56.14 h  53.56 h  54-02 h  52-82  h  53-48 h  54-04  h  53.90 h  53.02 h  54-42 h 53.02 
h 5 6 * 2 0  h 5 2 . 3 4  h s s - 2 2  h54 .42  h 5 4 . 8 4  h54.42 h 5 2 - 5 2  h53.16 h53.82 h53 .86  
h  54-88  h  53-  54 h  55.02 
h  55'28 

5 6 - 0 0  53-52  55'09 53'29 53'98 54-12  53'37 52-94  54'23 53-86 

h 4 6 ~ 4 6 h 4 8 ' 0 4 h 4 6 ' 9 0 h 4 5 . 3 6 1 4 7 ~ 5 4 h 4 6 - 8 0 h 4 5 - 8 6 h 4 4 ' 2 4 h 4 6 ~ 8 4 h 4 5 ~ 2 4  
147 .60  h 4 7 - 3 2  h47.16 h 4 6 - 2 2  h 4 9 - 8 8  h 4 6 . 1 2  h44 .70  h 4 6 - 4 6  h 4 5 - 5 a  h46.02 
h 4 6 - 7 8  h 4 8 ' 3 o h 4 5 - 1 8  h 4 5 ' 8 0 h 4 6 ' 3 4 h 4 7 ' 1 o h 4 5 ' 9 4  h44.28 h 4 7 - 1 2  h45-60  

h  47.62 h  46.26 h 4 5 - 2 2  
h 4 6 - 1 0  

46-95  47.82 46.41 4 5 - 7 9  47'22 46.67 45-50 45.05 46-49  45-62  

h 1 0 . 3 2 h  9 . 2 4 h 1 o . q o h 1 1 ' 1 o h  8 ~ 7 2 h 1 1 - 0 0 h 1 0 ~ 1 6 h 1 0 ~ 1 6 h 1 1 ~ 3 0 h 1 0 ~ 5 2  
h  9.28 h  10.50 h  10.52 h  10.68 h  1o.40 71 9.80 h  xo.xa h  10.80 h  10.26 h 11.02 
h  8 '76 h  8.20 h 1 0 . 4 8  h 1 1 - 0 8  b10 .74  h 1 1 . 9 2  h  10.76 h 1 0 . 4 8  h ~ o - 7 4  h ~ o - 7 4  

h  12.16 h  10.08 
h  9.62 

9 - 4 5  9.94 10.47 10.95 9 - 9 5  10.70 10.35 10.48 10.77 10.76 

h 1 1 . 8 6  h 1 2 . 0 8  h 1 1 . g ~  h 1 2 - o o  h 1 2 . 1 8  h 1 2 . 0 8  h12 .72  h 1 1 . 9 6  h 1 2 . 6 6  L12.66 
h 1 3 . 3 6  h 1 1 . 7 8  h 1 z . 4 0  h 1 z . 1 ~  h 1 z . 8 0  h11.68 h13 .02  h 1 2 . 3 6  h 1 z . 1 0  h 1 1 . 2 8  
h  1 1 - 9 4  h  12'46 h  12.72 h  12.34 h  12-46 h  12-48 h  1 z . m  h  12-72 h  11-92  h  12.80 

12.39 1 2 - 1 1  12.35 1 2 - 1 5  12.48 12 '08  12-58 12-35 12-23 12'25 
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At XXIV (Dhanono) 

Barch 1877 ; obeerved by Captain 111. T. Rogers, R.E., with Barrow's 24-inch TheodoZite No. 2. 

Angle between 

XXII (Arrabhit) 
and 

XXI (Sanahu) 

XXI (Samhu) 
and 

XXIII ( H d o )  

X X I L I ( H a 6 )  
and 

XXVI ( W l s h u )  

XXVI (UviUhu) 
and 

XXIX (MQringra) 

Circle readings, teleecope being set on XXII (Arrabhit) 

1W 14' 369" 14' 5!68" 26' 78" 26' 337"38' 167'38' 660 419' 2360 40' 136" 1' 816"2' 

M 4 4 4 4 4 4 4 M a 

h26.02 h28.92 A29.38 $ 2 8 ' 3 0  hz8 .70  A29.00 h28.20 h29.12 h 2 7 - 1 4  h29 .70  
h a 8 - 6 6  1128.82 h29.76 h28.88 h27.36 h z 8 - 5 8  h28.22 h28.56 h z 8 - 1 8  h 2 8 - 8 6  
h  28.70 h  28'30 2 29-16 h28.92 h29 .34  h29.74 h a 8 - 3 0  h 2 8 - 6 4  h27 .76  h z 8 - 4 6  
h  19-74  h  29-06 
h  27.86 

28.20 28.68 29'43 28'70 28-47 29.11 28.24 28-77 28.04 29.01 

h58.94 h58.66 h58.96 157.64 1 5 8 . 9 8  Z58.66 h57.78 A 5 8 6 6  h 5 9 . p  h 56-36 
459.28 h 5 8 - 6 6  h58.38 h 5  -06 h58.34 h57.72 h 5 6 - 5 8  h  58-12 h  57-20  h 5 7 - 5 4  
h 5 9 ' x 2  & 5 9 ' 9 4  1 59'34 h 5  1 ' 3 4  h59 '80  . ( 5 9 ' 1 4  h59 '96  58.74 57.7' 5 8 ' 6 2  

h  59'" h 59'24 h  57-88 
h58 .90  

59 '11  59-09  58'89 58'35 59-04  58.51 58-44  58.51 58-52 57'60 

h  6 - 7 4  h 7 '36  k 7 - 8 0  1  7 - 5 2  I  6.94 h  6 - 6 8  h  7 ' 1 4  h  6 - 7 8  h  7 '22  h 7 .00  
h  6-90 h  7 - 3 4  h  7 - 5 2  h  6 . 1 4  h  6.28 h  6 - 3 0  h  8 - 0 4  h 6' h  8 - 0 0  h  6 - 3 4  
h 6 . 6 8  1 7 . 9 6  1  1 7 . 5 6  1 6 - 6 2  1 6 - 7 2  1 6 . 9 8  h 7 . c  h 7 . 5 0  1 6 - 3 6  

6 '77  7 5 5  7 ' 7 5  1 - 0 7  6 .61  6 ' 5 7  7 ' 3 9  7 7  7 ' 5 7  6 '57  

h 7 '06  h  7 - 7 6  h  7 - 0 2  1 6 . 7 6  h  7.02 h  6 - 1 4  h  7 - 3 2  h  7.88 h  7-06 h 5-56  
h  7 - 9 8  h  6.60 2 6 ' 2 2  h  5 '74  h  5'76 h  5'66 h  5.92 h  7 - 8 0  h  7 - 6 8  h  7 - 1 6  
h  9.62 h  5 '54  Z 5.30 h 6 - 3 6  h  7 .32  h  6.48 h  7 .58  h  7 - 4 6  h  7 ' 6 a  h 6 - 1 0  
h  9 - 5 4  h  5 - 6 8  
h  4-42  
h  5 '92 
h  6 .12  

7 - 2 4  6 - 4 0  6.18 6.29 6 - 7 0  6-09  6 - 9 4  7.71 7.45 6.27 

M - ?dean of h u  
w, - BeLstire 
C - Concluded Angle 

28W'67 

w = 30 ..+a 
I - - - o '03 
w 

C = 37O39' 28"-64 

M =  58N.61 

to = 26 .17 
I - - - o -04 
w 

C = 4 1 ~ 4 7 ' 5 8 ~ - 5 9  

M = 7 n . ~ o  

= 4 I  .70 
- , - - 0 '0% 
w 

~ = ~ ~ o ~ , ~  7u.I0 

M =  bn.73 

w = 16 ' 2 0  
I - = o -06 w 

C = 50'52' 6"74 

At XXV (Bhdri) 

*iffarch 1877 ; and t January 1880 ; observed by Captab 111. W. Rogers, R.E., with Barrotu'e 24-inch 
Theodolite No. 2. 

di - Mean of &OU 
ul - Relative weig& 
C - Concluded Angle 

M =  32u'51 

w = 
I 

30 ' 30  
- - - o '03 w 

c = 7 0 ~ 1 0 ' 3 2 ~ ' 5 2  

Angle between 

t 
XXVII (MBhu) 

and 

XXVIII (Qidjs) 

Circle readings, telescope being set on XXVII (MBhu) 

889041' 69041' 318 63' 138062' 8896' 218O6' 117"lT 897017' 196029' 18029' 

a a a w v 4 4 w 4 w 

h33.84 134.02 h 3 2 - 8 4  h 3 1 - 3 0  2 30.70 131.98 1 3 1 . 4 8  i 3 2 . 2 2  h33.02 I g z . 1 0  
h32.84 h33 .18  h32.80 h 3 3 - 8 6  134.16 132.02 h 3 z - 3 6  h 3 2 - 8 6  h  33'14 h32-08  
h31 .78  h 3 3 - 1 6  133 .00  h31.98 131.78 132.10 h 3 1 . 4 8  h32.06 h 3 2 - 4 4  132 .94  
h31.60 h32 .78  132.66 1 3 2 ' 7 6  

133.50 

32.52 33'28 32.88 32-45  32-58  32.03 31.77 32-38  32'87 32'37 



i sa  EASTERN SIND MERIDIONU SERIES. 

At XXV (B4ndri)-(Continued). 

Y - Mean of &on 
w = Relstire ~ e i g F t  
C - Concluded Angle 

M = 3f"74 

:= ' 5 ' s 6  
- =  0 . 0 6  
w 

C = so0 9' 3'#' 74 

M = 1qW'55 

w = 22 '10 
I - = 0 ‘05 
w 

Angle between 

t 
XXVIII (Girhja) 

and 
XXVI (BeviKhu) 

I, 

-1 (Rrivildan) 
and 

XXIII (EisITlh) 

Circle readinge, telescope being set on XXVII (Mhhu) 

239" 4' 69" 41' 818'53' 1880 W 880 8 21E0 6' 117O17' 8970 17' 196" 29' 160 29' 

a n a n a a o a o a 

h 6.96 h  2.56 h  3.52 h  5 - 1 4  Z 4 - 3 8  Z 3.06 h  1 - 9 2  h  3 - 6 0  h 3 - 4 4  h  4 - 2 8  
h  4 - 6 0  h 5.02 h  3 - 7 6  h  2 - 0 0  2 3 . 2 6  2 3 - 2 4  h  2 - 4 8  h  4 - 2 4  h  3 - 2 4  h  4 '58 
h 4 - 4 6  1 3 . 0 2  h 4 . 3 2  h 4 . 5 2  1 3 - 4 6  1 9 - 7 2  h 3 . 0 8  h  5 .14 1 2 - 2 6  1 3 - 1 8  
h 4 - 6 4  h 2 - 4 6  h  3 '36  I 4 - 2 0  h  3 - 9 4  

5 - 1 7  3 - 2 6  3 ' 8 7  3 ' 7 6  3.70 3 - 3 4  2 - 9 3  4 - 2 3  2 - 9 8  4 - 1 5  

k16.02 h13 .12  h 1 3 . 1 4  k 1 5 . 1 4  I 1 5 . 5 8  h 12-66  h 1 5 - 2 2  h 1 4 - 7 0  h14 .40  k 1 4 - 1 4  
h  1 5 - 2 6  h 14.10 h  15.20 h  14 '80 A 14.00 h 1 4 - 4 8  h 14.30 k 1 4 . ~ 0  h  1 4 - 7 0  k 14.08 
h 1 5 - 1 2  h  15-66  h 13.18 h  14.88 h 1 4 - 7 8  h 13-86  h 1 5 - 1 0  h 1 3 - 6 0  h  14-22 A 1 3 - 7 4  

h 17-76  h  14 .34  h 1 5 ' 4 4  
h  1 4 ' 1 2  
h 1 3 ' 9 4  

g g  , c = 49O 49' 14~'54 
1 5 - 4 7  14.78 13.97 1 4 - 9 4  1 4 - 7 9  1 4 - 1 1  1 4 - 8 7  1 4 - 1 7  1 4 - 4 4  

At XXVI (ILg,vil&u) 

*March 1877 ; and t January 1880 ; observed by Captain M. W. Bogers, B.E., with Barrow's 24inch 
Theodolite No. 2. 

Angle between 

t 
XXV (Bhdri) 

and 
XXVIII (Gidja) 

t 
XXVIII (Girhja) 

and 

= 

Circle readings, telescope being set on XXV (Bhdri) 

0' 1' l W  1' 79' 13' 25g0 13' 15S025' 3%' 26' 237'36' 67'37' 316O49' 136O49' 

n a a 0 o n n a a v 

h30.84 h 2 8 - 8 0  l 2 9 . 5 8  130 '08  h 2 8 . 6 0  1 2 8 . 7 0  h30.74 h31 .04  h30.60 h  30 '42 
h 3 1 - 4 4  h a g - 1 8  1 2 6 . 7 0  h 2 8 - 2 2  h 2 9 . 3 2  128.90 h30-06 A29.52 hz9 .80  h 2 g - 4 4  
h 3 1 . 0 6  h 2 8 . 2 4  128 .36  h  2 7 . p  h 3 0 . 2 8  1  z g - 2 4  h30.44 1 3 1 . 5 2  h 2 9 . 6 4  h 2 7 . 8 8  
h 30 '66 1  25 '54  h  28.38 h30.20 

129 .66  
h  29.02 

3 1 ' 0 0  a8.74 2 8 - 1 4  28 '65 29.40 28 '95  30.41 30 '69 30-or  29.48 

h 1 1 . 6 8  h 1 3 . 7 2  111.80 Z 1 2 ' 3 ~  h  12-24  h x o - 9 8  1 x 0 - 4 .  h 1 2 . 6 2  h12 .04  h13 .76  
~~~~58 h 1 1 . 4 8  l 1 1 . 8 a  h 1 1 . 9 8  h 1 2 . 8 4  h 1 1 . 5 8  h 1 1 - 1 6  h ~ o ' g q  h 1 x m g a  ~ I I - 2 6  
h  1 2 ' 2 2  h 1 3 . 0 6  1 1 3 . 1 6  h  1 5 - 5 0  h 1 2 . 3 4  h 1 2 . 1 2  h  12-66 h  12-04 A r 1 . 5 2  h 1 3 . 1 0  

h 10'44 h  12.1a h 1 1 . 8 2  A12.26 
1  1 1 . 1 0  

11 '49 1 1 - 9 6  12.26 1 2 - 9 8  11-47  1 1 - 5 6  I 1 1 - 8 7  1 1 ' 8 3  13-59 

M - Mean of amu 
w - ~ a l s t i v e  weigK 
C - Concluded Angle 

M =  29".55 

t t ~  = 8 ' '5 
I - = 0 ' I 1  
w 

C = 66' 17' 29w-5.+ 

M =  12~ .05  

w = 2 0  -62 
I - - - 0 '05 w 

C = 64Oj9 '  1 2 ~ - 0 6  
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h 

At XXVI (RgivUhu)-( Continued). 

M - Mean of &on 
w - Relative w c i g E  
C - Concluded Angle 

M =  1 9 ~ ~ 4 6  

= I4 -4% 
I - - - 0 sop w 

C=81°471~9"'46 

M= 7'''44 

= s9 -68 
I - - - 0 '02 
w 

c = 76O21' 7"-44 

M =  51~t.85 

w = 22 '43 
_ 1 - - o -04 
w 

C=7°028'51u'83 

Angle between 

t - (-1 
and 

XXIV (Dhanono) 

I, 

XXIV (Dhanono) 
snd 

XXrrI ( H d )  

I, 

=I1 
and 

XXV (Bbndri) 

Circle readings, telescope being set on XXV (BBndri) 

00 1' 1800 1' 79.18' 259" 13' 168025' 9380 25' 297"36' 67O37' 316" 40' 1H49' 

R 4 II R n I n II m I 

Azo.34 h 1 9 - 1 2  118 .80  1 20'14 h 18.24 h20-46  A z o - 6 6  h 17-86  A 19.74 A ~ O ' I Z  
h 1 9 - 5 2  h z o ' o z  1  19.86 h 18.40 h 1 7 - 9 0  h20'02 h z 2 - w  h 18-64 h 19-06  Azo.oz  
h  18.74 A I ~ - 6 0  120.56 h 19-32 h 1 8 . 1 1  h19 .50  hao .18  h 1 9 - 1 4  h ~ o - 0 0  h20'00 

h 1 7 - 7 0  h 19-58 

19'53 19-58 19.74 18.89 1 8 - 0 9  19.99 20.61 1 8 - 5 5  1 9 - 6 0  20.05 

h 8.98 h 7 ' 0 2  h 7.40 h 7 - 5 0  1 8.00 2 6 - 9 6  k  8 -04  A 7 - 1 0  1 7 - 5 2  1 8 - 1 6  
h 6 . 4 6  h 7 . 0 6  h 7 - 3 2  h 7 . 6 8  1 7 - 8 4  1 7 . 4 2  h 7 . 9 4  h 7 - 1 2  1 7 - 6 8  1 7 - 4 0  
h 7 - 1 6  h 7 - 1 4  h 6 ' 9 8  h 6 - 6 1  1 7 '76  1 6 . 9 4  h 7 ' 6 2  h 7 - 0 6  1 7 - 1 2  1 7 - 9 2  
A 8 - 0 0  

7 ' 6 5  7 - 0 7  7 - 2 3  7 ' 2 7  7 ' 8 7  7 - 1 1  7 - 8 7  1 - 0 9  7 ' 4 4  7 - 8 3  

h48 .38  k 5 1 - 9 2  h 5 1 - 8 6  h51.60 851.68 1 5 2 . 9 ~  h 5 3 - 3 0  150.96 151 .96  1 5 1 . 5 8  
h 5 1 . 3 4  1 5 2 ' 4 2  h 5 1 . 9 2  h 5 0 ' 9 2  152.56 1 5 2 . 1 0  1 5 3 . 1 6  1 5 2 ' 3 2  151.94 151.70 
h49.72 h50.78 h 5 1 . 7 2  h52.52 151.90 l 5 1 * 6 2  1 51.46 1 5 3 ' 3 8  1 5 1 . 7 8  1 51-98 
h 5 2 .  38 1 51'80 
h 51 '44  

50'65 51.71 51'83 51-68 52-05 52-21 5 2 - 6 4  52-12 51-89  51-75 

At XXVII (Mahu) 

February 1880 ; observed by Captain H. W. Rogers, R.X., with Barrow's 24-inch Theodolite No. 2. 

M - Y B ~  of Grou n 
rr - Relstire weig1t 
0 - Ooncladed Angle 

M= 61'.30 

W = I 8  'I3 
I - - - o -06 
w 

C = 51~x0' 6"-30 

M =  3gn*23 

w = 9 *38 
I - - - 0 'I1 
w 

C = 56O 10'39"'23 

Angle between 

XXX (Singra) 
and 

XXVIII (Girsja) 

xmII (Gsja )  
and 

XXV (Baadri) 

Circle readings, telescope being set on XXX (Singra) 

00 0' 180" 0' 79" 12' 25S011' 168O 26' 338O24' 237" 36' 67" 36' 316'N 136O48' 

R n a v 4 II v 4 R v 

A 7 - 2 0  h 6 - 5 4  h 5'40 h 4.34 h 6.04 A 6 - 1 6  I 5-96 h 4.96 h 5'82 1 4 . 1 8  
h 6 - 1 8  h 5-60 h 6 .64  h 7 .32  h 6.72 h 7.88 h 7 - 5 8  h 5.88 h 6 - 6 0  1 6 - 7 4  
k  9 - 2 4  h 6 -60  h 6 '96  h 4 - 5 0  h 6.74 h 7-06  h 6.76 h 5 -36  1 5 - 5 8  1 5 '20  
k  5 '48  d 6.55 h 7.06 i 6 . 3 g  

7 ' 4 2  h 7 . 1 6  
h 5 - 1 0  

7 ' 1 0  6 - 2 5  6.39 5 -91  6 - 5 0  7 - 0 3  6 - 7 7  5 - 4 0  6 - 0 0  5 - 6 3  

A ~ I - 9 8  h40.78 h 3 9 - 0 4  h36.82 k39 .62  h 3 9 - 6 8  k 3 8 - 3 0  h 3 9 - 1 8  h 3 9 - 0 2  Z 39'04 
h40.86 h 3 9 . 9 0  h 3 9 . 1 0  Ir40.az h 3 7 - 9 4  h38 .28  h 3 8 - 5 8  h42 .12  h 3 9 . 3 0  1 3 9 ' 3 2  
h37.68 h39.22 h36.92 h 4 1 . 1 6  h37.26 h37 .40  h 3 7 - 1 8  h39 .94  1 3 9 . 2 4  1 4 0 ' 3 0  
h 39'76 1 3 7 . 0 4  h36 .74  h 3 9 - 2 4  h 4 1 . 3 4  140.44 140.38 
h 40'44 d38.25 h 3 8 . 3 0  A 41 '08 
h39 .84  h 38.82 

40'09 39'97 38'07 38-68  38-52 39-56  38.02 40.42 39.19 39-76 



At XXVIII (Girhja) 

P e k r y  1880; 

angle between 

XXIXw-) 
and 

xxv1 ( B 6 v w n )  

w v i u h n )  
m d  

XXV (Undri) 

XXV (Bhdri) 
and 

XXVII ( m u )  

XXVII (Mala) 
and 

= (Singrs) 

xxx (8ingn) 
and 

xx= 

x2Cx.I 
and 

==(Mkingrrr) 

obeemed by Captah dl. W. Bogere, B.Z., with Barrow'u 2 6 h h  

Circle wsdings, telescope being set on XXIX (Mkingrrr) 

@@ 1W'@ 7V11 W 1 1  1W24' 888'24' 88TW 61036' 816046' l.WW 

4 4 * 4 4 0 0 

1 x 2 - g r  1 12-78 h 12-04 2 13-08 h 13-02 h11 '94  1 11.86 h11.74 Z11.66 1 10.32 
112.60 1 11.98 11z .26  111.54 i r z - 2 8  I r z ' q a  h 1 3 - 1 4  h12-04  113.50 h12.1a 
1 12-52 2 12 -02  111.98 111.92 h1a.16 bra-70 h11.46 Z 11-62 I 12-48 h11.5a 

I 12.50 

12-49 12-26 12.20 11 -18  12-49 12-35 Ia.15 11 -80  12-55 11-32 

1 26-74 1 26-74 h27.82 1 27-98 h27-84 h 26'10 h 27-10 3 27-18 1 28- 14 1 26-06 
l27 .90  I29 .10 h28-34 1 28-92 1 27-48 h 27-06 1 26.34 h26-50 1 26.68 127.02 
126.34 129-92 h19.68 128.96 h27.18 h27.06 ha6-44  127.74 127-16  2 ~ 7 . 9 6  

127.02 
127.48 

26.99 28-05 28-61 28-61 27-50 16-74 26.63 27-17 17-33 I 

1 5 0 - 1 0 1 4 8 ~ 6 4 1 4 7 ' 6 4 h 4 9 ~ 4 8  150-02 h48.12 h49.92 h 4 g - 5 0 1 4 9 ' 3 4 1 4 7 ' 7 0  
149.06 145-26 h48.64 h49-46 h48.50 h49-22 h 4  '64  h 49.86 1 48.26 149'66 

147'34 h48-76 h 49-04 
t 1 49- 14 1 46-34 147.70 h47-86 hq9-66 h46.44 h 4  '92  h49.08 I 49-92 I 48-62 

148'88 

49'43 47-19 47'99 48.89 49-39 48-21 49-49 49-48 49-17 48-66 

h25-34 hag-30 h 22-56 h 19-36 k 2 1 . 1 t  ~~~~6s h z a - 1 2  hz1.80 121.94 122.34 
h t 1 . p  123.64 hr1 .76 122-48  hr1.36 h r t . o r  120.82 1 2 1 . 1 8  122.98 I r x m r o  
hz3 -08  h20-64 hao-32 h20.46 haa.08 bar-74 ~~~~50 ha1.12 Z 21.62 1 t1 .20 
h23.76 1 21-62 b 20.98 h z 2 - 5 8  
h 22-28 h21.52 h 20'90 
h21.48 ha2.04 

22-97 22.46 21 -41  21-16 2 1 ~ 5 2  21-46 21-48 21-37 22-18 21-58 

h30-54 h30-48 h31-40  1 19-54 hag-22 h 29.70 hag-86 h 29-56 130'90 130 '20  
h 29-42 h30-72 h 31-54 1 27-28 h30.68 h 28-go h30-98 h30eao  I 30.94 I 29.98 
127.72 h32.80 129.18 129.06 h30-00 h29.94 h30.94 2 29-14 130.58 Z 30.98 
h 3 1 - 4 4  h3z -04  1 30.66 130'08 
h32.38 h30.64 129-36  
h 30.02 h 31 - 2 0  
129.52 1 3 1 - 2 6  

30.15 31-31 30.43 18-99 39-97 29-51 30.59 29'67 30.81 30.39 

h39.12 h38.62 140.86 139.22 h38.76 h39.06 h38.62 h40.52 140'06 h 38-48 
h38-30 h38.68 h40-30 140.60 138'78 h38-12 h38-44 h 3  ' 5 0  14oSgo  139-68  

137.66 h39-20 140-80 240-40 
d 141.78 140.06 138.70 141.36 h38-50 h38-84 138.36 1 3  -34 139.18 138.42 

Z 40'03 
h 38'28 136.30 

39-03 38-57 40.17 40.39 38'68 38'67 38-47 39-60 40.05 38'86 

Theodolite No. 8. 

~ - ~ e a u o f o ~ o  - ~elative we"& 
C - CQndudedhgie 

M = 12'-18 

= 45 ' 9 5  
I - - - 0 ' 0 0  
w 

C = 6 2 ° 5 6 . 1 2 u ' ~ 8  

M = 

w = 14 -15 
- I - - 0 -07 
w 

C = 6 3 ° 3 3 ' 1 7 a - 4 8  

~ = ~ 8 w . 8 ~  

= I 2  .86 
I - - - o -08 w 

C =53O38 '48" -78  

M =  11u'76 

w = 16 * X I  

--= 1 0 . 0 6  
w 

C = 68' 17' %la -80  

M = 30w.18 

W = I j  ' 0 3  
I - - - o -07 w 

C = 5 5 O  2%' 3oa- 20 

= 394.25 

= 
_ I - - o - 0 8  
w 

C = 56°11'39a*26 
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At XXIX (Mhringrrt) 

P e k r y  1880 ; observed by Captah M. 7. Rogers, B.E., with Barrow's 24-inch meodotite No. 2.  

M = ~ e a n  of omn 
w - &Istire ~ e i g K  
C - Conoluded Angle 

M = 34w.95 

.20 
I - = 0 '08 
w 

C = 47°20'34w'3.j 

M = 36".26 

, 13 86  
I - - - o *07 
w 

c = 520 4'36u*26 

M = 35"'95 

= 28 .so 
I - - - o -04 
W 

c =700r I f35@.95  

Angle between 

XXIV (Dhanono) 
and 

XXVI ('B8vilBhu) 

XXV1(Bivimu) 
and 

=I11 (GMja) 

XXV'll(Gidjs) 
and 

XXXI (Ann) 

Circle retrdinge, telescope being set on XXIV (Dhanono) 

00 1' 18000' 79"lS' 259" 13' 16S025' 83E0M' 237"86' 67O88' 816'49' 138048' 

a a I a a a a a n a 

h36-58 h33.64 133'38 136.10 236.08 134-28 Z 34.76 Z 34-86 133.76 Z 33-76 
h36.32 h 3 4 ~ 3 0 1 3 4 ' 8 0 1 3 5 ' 3 0 1 3 4 ' 8 8  134'66 1 3 6 ~ 3 0 1 3 5 ' 4 0 1 3 5 ' 1 6  133-68 
h35.72 134.76 133'44 137.16 135.56 134'30 134'72 134'96 135.22 134'56 

36'21 34'23 33'87 s6"9 35.5' 34.4' 3 5 ' ~ ~  35'O7 34'7I 34'w 

h 37.60 138.26 1 37.20 1 35-68 1 35.72 1 35.92 1 36-90 1 34-94 Z 37-10 135.52 
L 36.46 h 36.46 1 35.42 1 36-90 1 35-20 1 36-72 1 36.22 1 35-52 1 36-72 1 35.42 
h38-98 h 37.50 1 36.60 1 34.40 136.50 1 35-42 1 36.38 1 35.00 1 36-30 1 35.20 
h 36-21 136.62 

37-31 37.41 36'41 35-90 35-81 36-02 36-50 35-15 36-71 35-38 

h36.76 h37.02 Z 35-38 136.86 Z 35-78 234.76 136.20 136.02 135.94 135'70 
h35.66 h 35.82 135.08 138.24 135.06 135.44 135.30 134.00 136.02 136.70 
h35.30 137.16 136.68 135.38 135.44 136.48 236.26 135.96 136.02 236.80 

135.60 35'58 

35'9' 36-67 35'71 36-51 35'43 35'56 35'92 35'39 35'99 36-40 

At XXX ( S i n e )  

Pebrwry 1880 ; observed by Captain H. W. Rogers, R.E.,  with Barrow's 24-inch Theodotite No. 2. 

X- &fean of C)mu 
a - Eelatire ~ e i g f f t  
C - Conoluded Angle 

M =  1zU*22 

w = 9 '67 
- o '10 w 

C = 49' 35' I 2". 23 

M = 3 7 " ' 8 0  

w = 12 '00 - 
I _ - - o -08 
w 

C = 67O44'37"77 

Angle between 

XXXII (Bitri) 
and 

XXXIII  (Pamthal) 

XXXIII (Pmthd) 
and 

XXXI (Aen) 

Circle readings, telescope being eet on XXXII (Bitri) 

00 0' 1800 0' 79' 13' 869" 13' 158°1' 83S0 26' 237" 36' 6 7  35' 816" 49' 186"' 

a a a a w a a a a rn 

h1z.50 h1a.54 h12.66 h13-32 112.74 Z 11.66 113-34 ~ I I - 5 6  h ~ o - 3 2  I I I - 4 2  
h12-34 h 12 .52  h13-78 hxz'q8 111'30 Z 11'54 112.78 h1o.68 h 1 2 - 4 4  h11-82 
h14.02 h15.76 h12.86 h11.96 111.74 110.42 l11.38 ~ I I - r o  h1z.46 h 9-18 
h 13-64 h 13-28 I 10.92 h12-76 h12.38 
h15.68 h11.96 h11-72 

13-64 13-21 13-10 12-59 11.93 11'21 12 '11  I I ' I I  11.99 11'30 

h 3 8 . p  I39 '28 h38.50 h36-52 l 3 8 . w  137.34 135.76 h38-48 h38.30 h38-68 
h34.92 h36.74 h36.14137.76 Z 3 8 ~ 3 0 1 4 0 ~ 3 0 1 3 5 ~ 7 0  h37-62 h38.92 h36.96 
h39-08 h35-72 h37-56 h37-22 137.58 138.80 138.78 h37-38 h40.06 h38.12 
h37-60 h35-18 h37-zo Z 39- 40 h 38. 18 
h37.34 h36.46 h37.38 
h38.22 h38.12 

37-68 36-92 37'36 37'17 37'96 38-96 37'16 37.83 39-09 37-92 



At XXX (8ingra)-( Continued). 

Angle between 

~~ (b) 
and 

XXVIII (Qirt5ja) 

XXV1ll (OiAja) 
and 

XXVII (Mtihn) 

Circle readings, telescope being net on XKXTI (Bitri) 

000' W0' 79018' 26sDlS' 168'25' 898046' 287''M' 67"SS' 816"4&' 196043' 

1 w a a e * * a 

h 4 9 . 9 0  h50-96  h 5 1 - 7 0  h 5 1 - 7 6  I  5 2 - 2 4  I  5 1 - 6 4  153.80 h 5 1 - 2 8  h 5 0 - 7 2  h52.52 
1 5 1 . 2 6  h 5 1 . 8 0  h51 .30  1 5 2 . 7 8  1 5 1 . 7 0  1 5 1 ' 1 4  1 5 1 . 6 8  h 5 1 - 2 0  150-90  h 5 2 - 6 2  
h 5 1 - 1 6  h 5 0 - 8 6  h 5 0 - 9 6  h 5 1 - 6 2  1  5 1 - 8 8  1 5 0 ' 7 6  253.38 h50 .76  h51 .94  h 5 2 . 3 8  

h  5 2 - 5 0  1  52-36  1 5 2 ' 3 8  

50.77 5 1 - 5 3  5 1 - 3 2  52-05 5 1 - 9 4  51.48 5 2 - 8 1  51-08 5 1 - 1 9  52 '51  

h 3 1 - 9 6  h 3 3 . 1 0  h33 .06  h 3 4 - 0 8  1 3 3 . 8 0  132 .38  133.30 h 3 4 - 7 4  h 3 3 - 3 2  h 3 1 - 7 4  
h 3 3 . 5 6  h  35-66  h 3 3 . 9 2  h  33.92 132.34 132.04 2 3 3 ' 6 4  h 3 3 . 0 2  h 3 2 - 8 6  h 3 z - 3 2  
h 3 3 . 8 0  h 3 4 - 8 0  h32.72 1 3 3 . 9 8  1 3 2 . 9 0  1 3 4 . 6 4  1 3 3 . 9 4  h34 .10  h33 .76  h 3 z - 0 2  

h 3 4 - 1 8  131.88 

3 3 - 1 1  34 '44  3 3 - 2 3  33 '99  3 3 - 0 1  3 1 - 7 3  33 '63 33 '95 3 3 - 3 1  3 2 - 0 3  

di - Mean uf aroap 
a - Belatire Weight 
C-CondndedAngle 

M  = 51'-67 

= 19 .56 
- = o '05 w 

C = 680 a' 5 1 ~ ~ 6 8  

M =  33''34 

w = 15 08% 
I - - - o -06 
w 

C = 60°3a'33"-34 

At XXXI (hu) 

February 1880 ; obserued by Captain dl. W. Bogera, R.E., with Barrow's 24inch llieodolite No. 8. 

Angle between 

xxEC ( M ~ P )  
and 

XXVIII (Qirhja) 

XXmn(Qirha) 
and 

= (rskgrrr) 

xxx ( a h 3 4  
and 

XXXIII (Parethal) 

Circle readinge, telescope being set on XXIX (Mbringra) 

158'29' 88a0!29' 282°46' 62O46' 811°67' 131° 67' 81'9' 211°9' 110' 20' WWY 

1 I I I 1 e a a I 

h 42-26 h 4 5 - 0 4  1  4 3 - 6 8  1  4 4 - 3 4  h  46-36 145 .62  1 4 5 - 1 4  1  4 5 - 9 6  h46.04 h  47.54 
h  43-72  1  46.84 1  45-76  1  41 .  8  1  45-36  2 4 6 - 4 6  2 44 '44  h43 .92  h  4 6 - 0 8  h  44 '38 
h ~ 6 ~ j o Z ~ j ~ z ~ l ~ r ~ ~ ~ h 4 ~ ~ ~ ~ 1 4 6 ~ 6 ~ 1 4 4 ~ ~ 4 1 4 6 ~ ~ 0  1 4 6 . 4 6  h46.zoh.+t.90 
h  43.44 1  4 3 ' 8 4  143 .86  1 4 6 . 4 1  h 4 6 - 2 4  h44 .38  
h  4 3 -  56 1  43 '52  1  4 4 ' 5 4  h 4 4 . 6 4  
h  43-82  h 4 5 . 5 8  

43 '85 4 4 - 5 0  44-08 4 3 - 7 1  4 6 - 1 1  45 '54  45 '73  4 5 - 6 4  4 6 - 1 1  4 5 - 1 4  

h  3 9 - 2 8  h  3 9 - 2 4  1  3 7 - 9 0  2 41.32 h  3 8 - 1 8  I  37 '96 2 38.06 1  39.68 h 38-00 h38 .52  
h 3 8 - 8 0 1 3 8 . 3 2  1 3 9 - 0 2  h 3 8 . 1 8  1 3 9 . 0 4 1 3 8 . 9 6  138.52 h 3 8 . 3 4  h38 .62  h 3 9 . 1 6  
h 3 8 - 2 8  1  4 1 - 0 6  1  38.34 h  39.06 1 3 8 - 6 6  138 .18  137.96 h 3 9 . 2 8  h39 .52  h 3 9 - 1 2  
h 3 6 . 9 2 J 4 0 . g 2  h 3 9 - 8 2  1137.82 

h  38 '78  
d  39 '69  

38.32 3 9 - 8 9  38-42  3 9 - 4 7  38.63 38-37  3 8 - 1 8  38.78 38-71  3 8 - 9 3  

h19 .46  h20 .32  I 2 0 - I P  Z 1 8 . 6 2  h t o . 7 6  120.90 120.40 118 .32  I t o . 9 2  I t o . 4 4  
h 1 9 . 9 8  h19 .58  1  19-44  h z o - 3 8  2 20.88 I  2 1 - 0 4  120 '72  h z o - 7 0  h a 1 . 1 8  h 1 9 . 9 8  
h 2 1 . 7 6  h z 0 . 2 2  119.38 h20.06 1  ~ 0 . 5 2  1  ~ 0 . 1 4  1  2 0 - 1 2  h ~ o - 7 8  h ~ o - 7 8  h 2 1 ~ 0 2  
h 2 1 . 7 4  d 1 9 . 9 5  h 1 9 - 2 8  
h 20.64 

. -. 

20.72 2 0 ~ 0 4  19.65 1 9 - 7 5  20.72 20.69 20-41 1 9 - 7 7  20.96 20.48 

M - d amn 
so - Behtive 
C - Concluded Angle 

= 45'*05 

= 
- = 0 '11 
w 

C = 53O 36'451'01 

M=38'-77 

w = aa -16 
I - = 0 '05 
w 

C = 56O34'38'-80 

M = 20@.3a 

w = 29 -61 
I - a o -03 w 

c =53°~0'~'"3~ 



PRINCIPAL TB;IA.NQlJLATION. OBSERVED ANGLES. 

NOTE.--B. M. denote8 Referring Mark. 

C 

At XXXI (Am)-(Continued). 

M - Mean of ff rou 
to - Relative weigK 
C - Concluded Angle 

M =  11~.59 

w =  9 . 8 8  
I - = 0 ' I 0  
w 

C = 43' 6' I in.57 

M =  52"'29 

w = 1 8  053 
I - - - o '05 w 

~ = ~ , 0 ~ ~ ~ ~ ~ n . ~ ~  

Angle between 

XXXIII(Paretbal) 
and 

X X X V  (Kolu) 

XXXIV (Kolu) 
and 
It. M. 

Circle readinge, telescope being eet on XXIX (MBringra) 

1M0!29' 839" %9' 2320 $6' 62046' 811" 67' 131°57' 81° 9' 211'9' llOOW 290020' 

* * 4 4 u * * * m I 

~ I I - 1 6  h12.08 1 14'46 111.94 h 9-02 111-06 1 13-74 1 13-14 ~ I I - 3 4  ~ I O - 8 6  
h 8-02 h13-12 110.88 Z 10.44 110 '12  111.76 112.78 h r1 .12  h 8.98 h11.72 
~ I I - 1 0  hxz'60 211.76 h1o.10 Z 12.24 111-18 113.24 h12.78 ~ I I - 4 1  ~ I I - 9 4  
h 11-64 Z 11.30 h11.58 2 12.71 h 10.32 h 10.40 
h 10.96 111.36 Z11.96 

Z 11'04 

10.58 11-60 11-97 11'01 1 1 2 1  11.37 13'25 11-84 10'53 11-51 

h52-84 h53-42 1 51-78 1 51-38 h50-80 2 54-14 2 51.56 1 52-82 h50-78 h 52-94 
h52.52 h52.26 153-42 154 '82  151'90 151.42 150.52 h53-56 h52-14 h51-98  
h51-14 h50.80 153.34 h51.72 Z 52-26 156'62 151'52 h51.74 h53.26 h51-92 

h52-46 151 '38  li51.80 

52-53 52-16 52-85 53.10 51.65 52-39 51-20 I 51-99 52.18 

At XXXII (Bitri) 

February 1880; observed by C q t a h  M. W. Roger8, B.E., with Barrow's 24-inch Theodolite No. 2.  

M 0 M ~ U  of Q ~ O U  
a - Relative 
C - Concluded Angle 

M  = 56"-69 

' f = 1 8 ' 7 '  

- = 0.05 w 

= 53' 8'56u'68 

M =  3tt.12 

w = 23 '24 

_ I - - o -04 
w 

C = 54'14' 3 " -~3  

M =  41u.68 

w = 
I 

'7 ' 8 3  
- - - o - 0 6  
w 

C = 73°26'41"-63 

Angle between 

XXXV (Chauki) 
and 

XXXVI (Khlrro) 

XXXVI (Khsro) 
and 

XXXtII (Parethal) 

=XI11 (Pmthal) 
and 

= (Sing4 

Circle readings, telescope being get on XXXV (Chauki) 

179" 11' 86Q0 11' W 28' 18'28' 83'P 84' 15'P 94' 66" 47' e860 47' 185" 68' 81S067' 

4 u * u I u * * * 
h56.84 h56.66 h58.20 I57.24 h55.20 1 55-90 Z 56-68 156.18 155.22 157.96 
h56.20 h57-14 h57.16 h57-12 h57-38  156-22 1 54'90 154.60 156.50 h57.76 
158.12 h58.26 h56.60 157.02 h55.92 1 56-70 156.76 156 '40156 .86  1 56-16 156.44 h56.66 

57.05 57.35 57-33 57-13 56-30 56.29 55-99 55.95 56.05 57.46 

h 3.46 h 4.00 h 5-04 h 3.00 h 2.38 1 2-26 1 2-50 1 3 . 3 2  2 4.16 h 4.46 
h 5-68 h 4-42 h 3-50 h 1-40 h 2.88 1 3 - 5 4  Z 1.72 1 1.90 1 3 -88  h 3'48 
h 2 - 1 0  h 2.16 h 3-30 h 3-08 h 1 - 7 0  1 1 . 6 6  1 2 . 8 1  Z 2'46 Z 1.40 h 3 -36  
h 3'00 h 3 '40 1 2 . 5 4  
h 2.96 

3 -44  3-50 3'95 2.83 2-65 2 -81  2.68 2.56 2-99 3'77 

I ~ I ' I ~  h41-26 h39.32 I41.52 h42-60 144.60 Z 41-36 142.80 1 4 1 . p  h42.38 
h38.42 h41-82 h41-68 h43.12 h 4 0 -  4 240.88 141 '34  142.00 143.92 h41.14 
139.98 h4a.06 h41.  8 h41.16 h 4 1 - i 2  l 3 9 - 8 8  z42.32 t41 .02 141.66 h42.04 
h 40. 74 h41 '  1 8 2 40'94 1 41 .96 
h 41-78 hqz-80 140-30 
h39.64 141.46 

40'45 41'71 41'73 41-93 41'79 41-34 41-67 41-94 41-36 41'85 
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At XXXIII (Parethal) 

March 1880; 

Angle between 

XXXVI (Khsro) 
and 

xxx.w (Kolu) 

XXXIV (Kolu) 
and 

= (Am) 

-1 (h) 
and 

= (SinIP) 

XXX ( S i n e )  
and 

XXKII (Bitri) 

XXXII (Bitri) 
and 

XXXVI ( K b )  

obeerved by Captain M. 77. Xogers, B.Z., with Barrow'e 24-inch 

Circle readings, telescope being set on XXXVI ( K h h )  

869" 6Y 179'69' 79" 12' 259" 12' 158°25' 3 3 8 O  24' 257" 86' 6T 96' 81@49' 1860 49' 

* 0 I m 1 * I m I 1 

h 1 2 - 7 0  h 15-68  h 14-04  2 17.14 h 13.92 h 1 3 - 1 4  h 14-44  h 14-36 h 15'90 h 15'68 
h 1 4 - 1 6  h 15.20 Z 17.06 1 1 4 ' 9 4  h 13'02 h 14.30 h 15-76  h 13' 8  h 15-64 h 1 4 - 4 6  

h 15.16 1 16'78 1 1 4 ' 2 0  
8 h 14-80 h14.30 1 16 .18  2 15.34 h 1 z . 3 4  h 13.94 h 15-28 h 1 6 .  o h 15-32 h 1 5 . 8 8  

h 15-48 
h 13-70 1 14-86 

14.10 15-06  15-78 15-41 13-09  13.79 15-16 15 '10  15'62 15'34 

h 55-76 A 57-82 h 58.58 2 59.48 h 57-38  h 56-90 156.72 h 57-96 h 57-08 h 58-64  
h 5 8 ' 3 0  h 5 g - 1 8  2 58-90 Z 57.71 h59.06 h 5 8 - 4 2  h 5 9 - 4 2  h58.44 h 5 7 - 4 2  h57 .78  
h 59-04 h60.70 1 57-31  1 5 9 - 1 0  h 57-74  h 5  ' 7 4  h 58-08 h 5 7 - 9 4  h 5 7 - 4 4  h 58-04 
h 58'34 h 57'38 h 5  4 '9' h  58'44 
h 5 9 - 2 0  h 5 7 - 2 2  

58-13  58'46 58-17 58'77 58-06 58-50  58'16 58.11 57-31 58-15 

8 3'68 8 1-26  h 3.04 l 2.14 h 3.32 A 3.46 h 3 - 3 8  h 3-01 h 1-92  h 1-98  
h 5-24  h 1.70 1 5 - 0 8  1 2.76 h 4-16  h 2.28 h 2 - 6 0  h 3.04 h 2-42 h 2 - 0 4  
h 3 '08 h 1 - 2 4  1 1-60  Z 3 - 5 0  h 2 - 8 1  h 3.66 h 3 - 2 0  h 3 - 1 0  h 1 - 6 8  h 2.96 
h 1 - 1 4  h 4 - 4 4  Z 3 - 6 8  d 3 - 1 1  
h 3-16  h 3.10 Z 1 - 8 4  

3-46  2 '54  3 '25 2-80 3 '43  3 '13  3-06 3 - 0 5  2 '34  2 - 3 3  

1 4'18 h 4'78 h 7 - 5 0  2 7.08 h 8-20 h 7 ' 7 4  h 6 '86  h 6 - 1 4  h 8 - 2 0  h 7 ' 6 4  
h 8-06  h 7 - 0 2  h 4 - 3 4  1 8-46  h 6.96 h 7 .34  h 6 - 7 2  h 7 - 5 3  h 7 - 8 4  h 7 - 6 0  
h 9.04 h 8 - 1 8  1 8 - 8 0  1 6 - 5 4  h 8 - 1 8  h 8.42 h 6.76 h 6 - 3 4  h 6.58 h 6 ' 2 4  
h 8.36 h 4.68 2 8 - 0 2  d 7 - 8 1  

h 9 '10 Z 6 ' 7 4  
h 6 - 9 1  Z 6 - 7 8  

7 ' 4 1  6.78 7 - 0 3  7 - 3 6  7 ' 7 8  7 - 8 3  6 ' 7 8  6 - 6 7  7 - 5 4  7 - 1 6  

h34.96 h 3 8 - 1 8  h 3 4 ' 5 0  1 35.30 h 3 7 - 8 8  h 3 7 - 6 8  h 3 5 - 6 8  h38.60 h 3 6 - 0 2  h36 .20  
h 3 7 - 7 0  h 3 7 - 8 6  h 3 4 - 7 4  1 35'82 h36.72 h35-00  h36.76 h37 .60  h38 .16  h 3 6 - 1 0  
h34.06 h 3 6 - 1 0  1 3 7 ' 1 4  136.56 b 3 8 ' 9 8  h35.40 h35 '48  h 3 6 - 4 4  h 3 6 - 6 4  h35 .10  
h 35'44 h 37-26 Z 33-48 h36.16 h33-50  h36 '64  h 3 6 - g o  
1 3 3 ' 9 0  z 33'96 h 35'82 

h 37'90 

35 '21  37-35 34'76 35'89 37'44 35-88 35'97 37-31 36-93  35.80 

Theodolite No. 2. 

i%f - Mean of &onpa 
w P BBMVB weight 
C = Concluded Angle 

M =  14w-85 

= 
I - - 0 ' I 0  
w 

C = 74' 10' rqU*85 

M = 58W. I 9  

w = a5 ' 8 0  
I - - - o *04 
w 

C = 84' 38' 58#* 2 0  

M =  '"' 9 4  

w = 28 ' 2 9  
I - - - o -04 w 

C = 59' 5' 6 . 9 5  

M =  

w = 1 8  - 9 6  
I - - - o -05 w 

C = 56'58' 7"*21 

M =  36"*95 

w = 8 - 3 8  
I - = 0 ' I 2  
w 

C = 85' 7 '36"*24 
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At XXXIV (Kolu) 

illarch 1880; observed by Captain bl. W. Rogere, 22.3.' with Barrow'e 24-bch Theodolite No. 2. 

dZ - Mean of h u  
m = ~elst ive 
C = Conoluded Angle 

M =  5rWg86 

w = 8 -68 
I _ - - o ' 1 %  
w 

C = 5%' q'5lU*86 

M =  46"-9~  

= I4  .84 
I - = o -07 
w 

C = 52°32'46"m90 

M =  5g1'85 

w = 28 00% 
I _ - - o '04 
w 

C = 38' 53' 59"-85 

Angle between 

X X . 1  (Aau) 
asd 

xxxTII (Pmthal) 

X X X T I I ( P ~ ~ ~ ~ I )  
and 

XxX-vI (=) 

XXXVI ( m r o )  
and 

XXXVII (Morgich) 

Circle readings, telescope being aet on XXXI (Aeu) 
216" 1V 380 11 296 81' 116' 31' 14' 42' 194' 43' 93' 66' 278' 66' 178'8' 8W 7' 

w a n a I a a a a 

h 5 5 - 4 6  h 5 3 - 7 0  h50  78  h 5 3 - 8 8  152.26 hg1.00 h 5 1 - 6 4  1 5 1 . 8 8  h52.14 h 5 1 . 5 4  
h54 .64  h 5 1 . 1 6  h 5 1 - 0 2  h 5 z - 0 6  1 5 0 ' 8 8  h50-oo h 5 1 . 6 6  h4g-06  h 5 2 - a 6  h 5 3 - 3 2  
h 52.26 h 52'64 h 5 2 - 3 1  h 53'00 148.98 h 51 '32  h50 .84  h 52-00 h 52-71  h 5 1 - 5 2  
h 51-62  h 5 2 - 0 8  1 50' 50 h 5 1 - 1 4  
h 5 3 - 2 0  l 5 1 . 1 0  

53'44 52'40 51 '37  51-98 50.74 50.77 51-38  5 1 ' o l  51-37 52-13  

h45.12 h47.00 R 48'50 h47.56 145.60 h46.40 h45.42 h47.52 h46 .98  R 47-60 
h 47-06  h q 6 - 9 4  h 4 8 - 5 0  h 45'94 2 4 7 - 0 4  h 46-42  h 46'04 h 48-12  h 45.04 h 4 7 - 0 4  
h 4 5 '  4 h 4 7 - 6 4  h46 .98  1 4 6 . 3 4  146.36 h 4 6 - 8 6  h 4 7 - 6 8  h48 .68  A45-78  h47 .88  
1 4 6 - ! o  h46 .14  h 47 '90  
h46 .90  

46.36 4 6 - 9 3  47'99 46-61  46-33  46-56  46-76 48.11 45'93 47-51  

i 58-22 859.96 h60.16 A5g.12 160.38 158.50 h 58.60 fi60.58 h 6 1 . 1 8  fi60.06 
h62.58 h60 .44  h59 .94  Z 59.76 159.08 h60.56 h 6 0 - 0 0  h59.74 h58.58 h60 .34  
h 5 9 - 7 0  h58 .34  h60.14 Z 59-74  159 .74  h 5 9 - 9 4  h58.56 h61 .22  h60.42 h60.06 
h 5  -64  h 6 0 - 6 4  h 59-28  h 60.32 
h 5i .86 
160.40 

59.90 59'85 60.08 59.54 59-73  59-57  59.05 60.51 60.12 60 '15  

At XXXV (Chauki) 

*March 1880 ; observed by Captain dll. W. Rogere, R.E., with Barrow'e 24-inch Theodolite No. 2. 

+December 1880; observed by Lieut.-Colortel B. B. BranJ;ll, with 5ozlghton and Simm's 24-bch 
Theodolite No. 1. 

3f - Mean of h u  
m - Belative 
C - Concluded Angle 

M = 36"*91 

w = 17 -90 , - r o -06 
w 

c=43°45 '36W'91  

Angle between 

t 
XXXTX ( T ~ ~ M U )  

and 
X L  (Kirariwbro) 

Circle readings, teleecope being aet on XXXIX (Thmr Muhhri) 
O0 1' 180° 1' 79' 13' 26g013' 168'24' 3380N1 23v0 37' 67O 37' 316'49' 136'49' 

a a a I I a a I I a 

h36.09 h38.01 135.95 1 3 6 ' 5 8  A 35'68 h 36-55 1 3 6 ' 8 4  1 3 7 ' 3 1  1 3 7 ' 6 3  fi37.08 
h36.79 138.00 1 3 5 . 7 1  1 36-58  h36.38 h36 .48  135.99 137.25 h37.41 h37.65 
h 3 6 . 9 4 h 3 8 . 5 0 1 3 5 - 8 5 1 3 6 . 7 2 h 3 5 - 8 4 Z 3 6 - g 5 1 3 7 ' 5 1  1 3 8 - 0 4 h 3 7 ' 3 7 h 3 7 - 4 3  

36-61  38.17 3 5 - 8 4  36'63 35-97 36.66 36'78 37'53 37'47 37'39 
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At XXXV (Chauki)-( Cbnthed) . 

h g l e  between 

XL (I(irariwSr0) 
and 

XXXVIII (Trisingh) 

XXXVIII (Trisingh) 
8nd 

XXXVI ( m o )  

XXXVI(aro) 
and 

XXXII (Bitri) 

Circle readings, teleecope being set on XL ( g i r a r i w h )  

00 1' 180" 0' 190 18' 259" l2' lSSo25' 885984' ZST'88' 67' 86' 816'49' 136P 48' 

I 4 I I I I I 4 

h  46'26 h 4 5 - 8 0  h  44.54 h  44-50 h 4 3 - 5 4  h  45-12 1 4 6 - 0 0  2 45-58  Z 45'56 2 45.94 
h44 .46  h46.32 145 .66  h44.22 h 4 5 ' 3 0 h 4 5 . 0 2  1 4 6 . 1 8  1 4 5 ' 6 0 1 4 4 ' 0 0 1 4 4 ~ 3 4  
h44 .40  h 4 5 ' 3 ~ h 4 4 ~ a 6 h 4 5 - z o h 4 4 ~ 4 4 h 4 3 ~ 8 4 2 4 6 ' 2 8 2 4 4 ~ g 6 1 4 5 - 4 6 2 4 4 - 1 8  

4 5 - 0 4  4 5 - 8 1  4 4 - 8 2  44 '64  44 '43  44-66  46.15 45-38  45-01  44-81  

h55.40 h54.76 h54.84 h 5 4 ' j s  h 5 j . 2 6  h55.36 1 5 4 ' 4 0  Z 54-90  155.16 255 .60  
h 5 4 - 5 0  h  54-94  h  54'88 h  54'78 h 5 5 - 4 2  h 55'30 1 5 4 ' 1 8  2 54'28 2 54'86 1  54'62 
A 55-56 h  52-70 h  55-66 h  54-36 h  55'04 h 5 5 - 3 1  1  54.86 2 53 '88 2 54-14  1  55.60 

h  54-18 

55-15  54'15 55'13 54'56 55'24 5 5 - 3 3  54'48 54'35 54'75 55-17 

h.41'10 h39.78 h 4 1 - 1 8  h40-80 h39 .70  h  40.60 239.42 Z 40.04 139.28 1  40-36  
h 4 1 - 5 6  h40.48 h40.36 h 4 1 . 6 4  h40.18 1  41-22 l 4 0 . 2 0  2 39.92 140-02 1 3 9 . 8 0  
h ~ 1 ~ ~ o ~ ~ g ~ 8 o h ~ o ~ ~ o h ~ o ~ 1 o h ~ g ~ 6 8 1 ~ o ~ 6 o 2 ~ o ~ 1 ~ 1 ~ ~ ~ 6 6 2 ~ o ~ o 6 2 ~ ~ ~ 8 ~  

41-39  40'oa 40'75 40.85 39'85 40 '81  3 9 - 9 3  39-87  39-79 39'99 

M - Megn of h u  
w - h a v e  
C - Concluded Angle 

M = q g U -  08 

w = 2 3  - 8 0  

- = 0 '04 w 

c = 6 7 O 4 8 ' 4 5 ~ . o 8  

M =  54#'84 

w = 3 8  08% 
- I - - o -03 
w 

C = e q 0 3 1 ' 5 ~ ~ . 8 3  

= 4°u'3r 

y = 2 9 ' 4 0  
- - - o -03 w 
C = 6 9 0 r 5 ' 4 0 u . 3 ~  

At xxxv1 (Khih) 

Harch 1880 ; obaemed by Captain 211. W. Roger8, B.E., with Barroto'a 24-inch TheodoZite No. 2. 

M - Mean of orou 
w - Glative ~ o i $  
C-Concludedbngle 

M =  2 0 ~ ~ 7 5  

w = 3 2  - 3 6  
I - - - o -03 w 

C = qoO 38' nou* 7 5  

M =  2 4 ~ . 3 5  

w = 16 ' 2 2  

I - - o -06 w 

C = 57O 35' 24"-38 

Angle between 

XXXIII (Parethal) 
and 

xxxTI (Bitri) 

XXXII (Bitri) 
and 

XXXV (Chauki) 

\ 

Circle readings, telescope being set on XXSIII (Parethal) 

000' 180"0' 79'12' 269'1% lSSOW 838'24' ZSTW ST36' 316"48' 186048' 

I I I m I I 4 4 I 4 

h  1 1 - 5 4  h  18-76 h  21.98 z 20.71 & 2 1 - 4 0  h20.62 h  20.46 h20.50 h z 4 . z a  2 20.84 
h z o - 5 2  h  20.82 h 20'62 120.30 h20.82 h 2 1 - 3 4  h 2 1 - 6 0  h 2 0 - 5 2  h20 .82  2 20.28 
1 2 1 . 1 8  h  20.52 1 2 0 ' 3 6  120.64 h20 .16  B 21.28 h20 .58  h 20.54 h  20'46 120.98 

h  1g.50 d z o - 1 7  h a o - 5 0  
d 20.03 h 20.80 

21-08  19.90 20.99 20.55 20.79 ao.69 20.88 20'52 a ~ - 3 6  ao.70 

h 2 6 - 7 6  A25-5% h23 .10  2 24-74 h23.50 h24.76 h23.56 h 2 4 - 2 0  B 2 2 - 1 2  1 2 3 ' 1 2  
h 2 6 . 1 4  h  13-88  h  26-40  1 2 4 ' 0 8  h z 4 - 0 6  i t s - 1 0  h z 4 - 4 4  h z 3 - 8 8  h 2 3 - 9 4  123.54 
h  26-88 h  2 5 - 1 4  2 24-28 1 2 5 ' 2 4  h24.00 h 2 j . 2 0  h24.72 h 2 5 ' 1 2  h24 .12  123 .80  
h  25-04 h24 .46  I 23-28 
h  13-72  2 2 4 ' 2 0  
h 24'02 
d 2 5 - 4 7  

25'43 a4075  24-25 a4-69 23'85 25-02 24'24 24.40 23-39 1 3 - 4 9  
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Angle between 

XXXV (Chauhi) 
and 

XXXV1l.I (Trieingh) 

XXXVIII (Triaingh) 
and 

XXXVII (Morgich) 

XXXVII worgich) 
and 

X X n V  (Kolu) 

XXXIV (Kolu) 
and 

XXxrII (Psrethel) 

At XXXVI (Kh&ro)-(Cmtinued). 

Circle readings, telescope being aet on XXXIII (Parethal) 

0'0' 1800V 15t NV18' 168"W 898024' 287086' 67086' 818048' 1 W N  

v n n a n w n v w 4 

h  59'16 A 58 '18  h 5 9 - 7 6  Z 59-14 h 5 7 - 9 8  h60-28  h60.30 h  59-80 h57.88 2 59-66 
h 5 8 - 7 2  h 5 7 - 6 6  h57 .58  159.30 h 5 9 - 7 4  h58.46 h59.28 h58.44 h 5 8 - 8 2  l 5 8 . 4 0  
h 59'86 h  5 6 . p  1  59'48 1 58-44  h 5 7 - 7 2  h 6 1 - 3 0  h60.40 h 5 g - 2 6  h5g-20  159.38 
d59 .29  1  58.66 h61 .80  h 59-03 

h  58-  18 
h 5 g - 1 6  

59-16 57-58 58'87 58-96 59-10 59'77 59'99 59-17 58'63 59'15 

h  1 -92  A  6-04  h  3 - 5 0  1 4 - 3 0  h  2 - 8 1  h  5 - 3 8  h 3.60 h  3.48 h 4 '02  1 2 . 7 0  
h  2 -36  h  7 - 1 8  h  2 - 0 8  1  1 -56  h  4-90 h 3 '20  h  2'98 h  3 - 7 0  h  4 ' 2 4  1 3 '94  
h 3 - 7 6  h  5 - 3 0  1 3-60 1  3 ' 5 4  h  3 '62  h  1 - 4 8  h  3 - 4 0  h 4 '44  h  3 - 5 6  1  4.72 

h  2 - 5 4  A 4-16  h 5-56  Z 3 - 4 1  
h 4 - 3 2  
A  4.88 

2 -68  4 '97 3-06 3.47 3 - 8 8  4 4  3 '33  3 - 8 7  3 '94  3 '69 

h  1 4 - 1 4  h  14-34  h  13.84 2 1 4 - 7 0  h  1 5 - 7 6  k 15-96 h  13-42 h 13-08 k 15-26 1  14 '50  
h 1 3 - 9 6  h  13.96 h14 .90  1 14.62 h13.78 h  15-58 h  14-74 h  14.34 h  13-30 1  14.18 
h  13-38  h  14-72  h  14.08 2 13-68 h  13.74 h  11-76  h  13.28 h  13-52 h 14-54  1  14-71  

h 13-58 h  13-62 
h  14 .84  
h  1 3 ' a o  

13-49 1 1 - 3 4  14-27 14-33  1 4 - 2 1  14-16  1 3 - 8 1  13-65 14-37  14'47 

h 5 9 - 6 8  h 58-26 h  58-54  1  58-74  h 59-00 h  59.76 h  58-84  h  59-40  h  58.76 1 58.40 
h 5  .44 h 59-34  h  59.18 1 58.86 h  58-91  k 59.06 h  58.72 h  58-66 h  58-72  2 58-80  
h  58.86 h  58.28 h  59.70 158.76 h  59-20 h  56.50 h  59.62 h60.16 h59 .14  259.30 

h  59'92 
57-90 

d 5 7 - 7 6  

59-33  58-63  59.14 58'79 5 9 - 0 4  5 8 - 4 8  59-06 59'41 58'87 58-83  

M = Mean of Cfrou 
w - ~ e ~ a t i m  
C - Concluded Angle 

M =  59''*05 

= .68 
I - = o -06 w 

C = 80°54'59".06 

M, - 3"'70 

W = 1s *04 
I - - - o -07 
w 

C = 73O21' 3"'75 

M =  1 4 " ' ~ ~  

w = 31 -64 
I - = o -03 
w 

c = 54O 13' 14"'Il 

' = sF*g6 

w = 47 ' P I  
I - - - 0 -0% 
w 

C = 53O 16'58'"94 

At XXXVII (Morgich) 
X a r c h  1880 ; observed by Captain X. W. Rogers, B.E., with Barrow's 24-inch Theodolite No. 2. 

M - Mean of Q m u  B 
ro - Relative ~ e i g E t  
C - ~oncluded Angle 

M =  46'-63 

= I3  'OX 

.I _ - - 0 -08 
W 

C = 86O52'46'.62 

Angle between 

XXXIV (Kolu) 
and 

XXXVI (Khko)  

Circle readinga, telescope being set on XXXIV (Kolu) 
Oo V 1800 V 79" 18' 869" U' 158026'8980!26' 2810 87' 61036' 818040' IS48'  

I )  n I )  v v v w n m v 

A48.46 h 4 7 - 0 4  145.88 h 4 7 - 8 0  h 4 4 - 9 2  h 4 6 - 1 4  h 4 3 - 6 2  A46-28 1 4 5 ' 1 2  145.04 
146 .74  h  4 6 - 5 0  h48.48 h 4 7 - 9 8  h 4 5 - 7 4  h46 .94  h 4 4 - 7 4  147'  1 2  145.90 146.56 
h46 .68  h  48.46 b45.96 h 4 7 - 3 0  h 4 5 - 8 6  h 4 7 - w  h  48-08 146.82 1  46'34 1  47'54 

4 7 - 1 4  h  47-21  1  4 6 - 8 4  
h46 .52  

45-12  

4 7 - 1 9  47'33 46-89  47.69 45-51 4 6 - 6 9  45-88  46'74 45'79 46-50 
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At XXXVII (Morgich)- (Continued). 

H - M e a n  of orou 
w - Belative 
C - Doncldd Angle 

M = 58"-96 

= .90 

- - - 0 '05 
w 

C =59O51'58"-97 

Angle between 

(Khho) 
and 

XXXVIII (Trieingh) 

Circle readings, telescope being set on XXXIV (Kolu) 
0'0' 18000' 7Wl2' 25912' 1bS025' 338026' 237037' 67036' 816°49' 136*48' 

n n n n n n n w R 

h60 .62  h59 .44  158.20 h57.52 h58.96 h 5 9 - 1 2  h 5 9 - 2 4  157.52 2 58-52 159.30 
h60.30 159 .68  h  59.70 1 5 9 . 1 4  h 5 8 . 2 0  159.50 h  58.22 158.42 159 .12  15g .96  
h60-20 h 5 8 - 8 2  h 5 8 - 3 2  h 5 8 . 5 0  h57.90 h 5 8 - 7 6  h 5 g . w  158.22 159.48 158.78 

h  59'20 59  ' 9 2  

60.26 59-31  58.86 58-39  58-35 59-13  58'82 58-05  59'04 59-35 

At XXXVIII (Trisingh) 

*March 1880; observed by Captain 211. W. Rogers, R.E., with Barrow's 24-inch Theodotite No. 2. 

+December 1880; observed by Lied.-Colonel B. R. BrarrJill, with Trougi~ton and S h m '  24-ilach 

Angle between 

XXXVII (iqorgich) 
and 

XXXVI ( r n r o )  

XXXVI (Khsro) 
and 

XXXV (Chauki) 

XXXV (Chauki) 
and 

XL ( K i d w h o )  

t 
xxxv (Chsuki) 

and 
XI, (Kirariwh) 

I'heodolite No. 1. 

Circle readings, telescope being set on XXXVII (Morgich) 
81S013' 13S013' 3Z02f3' 21Z025' 11l038' 291'36' 190060' 10'49' 270'2' 90'2' 

w w v R n n n n n n 

h 5 6 - 4 4 h 5 6 - 0 2  h 5 5 ~ 2 0 h 5 7 ~ 7 8 h 5 7 ~ 7 8 h 5 6 ~ 4 4 h 5 7 ~ 6 0 1 5 8 ~ 1 2 1 5 7 ~ 2 4 1 5 8 ~ 8 0  
h  57-04 h  57.84 h  57-48 h 57-54 h  57.66 h56.70 h 56-94  158.60 157.80 2 57.82 
h60.80 h56.58 h56.78 h57.80 h57.58 h57.04 h57.18 1 5 7 ' 4 0  1 5 8 ' 6 8  Ir57mg2 
h  57'44 156.94 
h  56-20 
h 5  7  '80 

57'62 5 6 - 8 1  56'60 57-71  57'67 56.73 57-24  58'04 57-91 58-18 

1 7 - 3 8  1 7 - 8 8  h 6 - 7 4  i 7 . 8 8  h 6 . 8 8  h 7 - 3 8  h  5 -68  1 7 - 0 6  1 7 - 8 8  1 7 - 5 8  
1  7 - 0 0  1  7.34 k  6 - 7 4  h  7.30 h  7 . ~ 2  h  8 - 4 2  h  8 -40  1  7 ' 8 2  1 7 - 0 8  1  6 - 8 4  
1 6 . 7 4  1 8 ' 7 0  h 6 - 3 4  h  7 - 3 1  h 6 - 7 4  h 7 . 3 4  h  7.28 1  7.00 1 8 . 9 4  1 6 - 3 0  

h  6.28 

7 - 0 4  7 - 9 7  6.61 7 - 5 0  6.88 7 - 7 1  6 - 9 1  7 - 2 9  7 - 9 7  6 - 9 1  

127 .16  1 2 6 . 1 4  h z 6 - 0 2  h23 .54  h 2 6 . 4 4  h 2 6 - 3 0  k26 .92  1  56-96 1 2 7 - 8 4  2 26.16 
125.44 1  27-28 h  24-08 h 2 4 . 6 4  h  26-22 h25 .88  h 2 5 - 8 0  225 .18  1  26.32 1 2 5 ' 9 4  
2 25'78 1  25-40  h  q5' 10 h 25-  56 h  27-20 h 26-90 1 26.06 1  25-50  1  26.32 1  26-94 

8 2 6 . 1 2  h z 4 - 5 2  
h z 6 - 3 8  h  25-94  

h 26.14 
h 27-16 

26-13  26.27 25-54  25.36 26.62 26.36 26.26 25.88 26.83 26.35 

Circle readings, telescope being set on XXXV (Chauki) 
102048' 282048' 182'0' 2°C)' 26l0lZ' 81'12' 540'25' 160085' 69'86' 299036' 

R n n I v n w v n v 

h 2 7 - 1 1  1 2 5 - 2 8  125.98 128.23 h 2 4 . 1 4  h 2 5 - 3 2  127.08 128 .13  1  26.69 h 2 7 ' 1 5  
h 26-19  h  26-64  1  28-06 127 .81  h  26-16  h 25.51 1  27-30 1  25.36 h 24-73  h26 .90  
125 '57  h z 7 - 2 0  1 2 7 ' 1 2  1  27.50 h24 .58  h25 .31  1  27-99  125 .19  h  15-95  Ir 27.32 

1 2 6 ' 7 9  

26-29  26-37 26.99 27.85 24.96 15-38  27-46 16-23  25-79  27-12 

df - Yean of &ou 
w - Rolstire weiggf 
C - Concluded h g l e  

M=57#.45 

= .a7 
I - - - o -05 w 

C = 46'46' jtff.44 

M =  7"'28 

W = 2 8  -87 
I - - - o -03 w 

C = 54O33' 7".28 

H'a6"'16 
so - a5 -88 

w = 35 '73 
1 - = o '03 
W 

C = 51' 2' 26"'21 

H - a6".44 , , 9 . 8 5  
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At XXXVIII (Trisingh)-(Continued). 

Angle between 

t 
X L  (Kirariwhro) 

and 
XLIII  (Nbrpir) 

Circle readings, telescope being set on XXXV (Chauki) 

102"M' 28Z048' 182OO' 20 0' 261' 18' 81" 12' W026' 160°26' 69'36 28Q036' 

a a a a a v n n a a 

h14.89 h14-95  115 .69  113.40 h17.16 h15.69 l 1 5 . 1 3  113 .87  h 16.27 h 1 5 - 8 9  
h 17.35 h15 .11  114 .56  114 .49  h15-07  h14 .56  114 .65  114 ' 57  h 14'91 h15.86 
h16 .92  h15-02 114 '12  114 '80  h16.24 h15 -92  114 .11  215.53 Z 14-74  h16.36 

16-39  15-03  14-79 14-23  16-16 15.39 14 -63  14.66 15-31 16.04 

df - Mean of Ghoup 
w -- Relative Weight 
C -- Conaluded Angle 

M = 1 5 ~ ' 2 6  

W = I4 ' 9 0  

I - - o '07 
w 

c =5104511511-26 

At XXXIX (Thar Muhhri) 

December 1880 ; obeerved by Lieut.-Colonel B .  B.  Bra?aJill, with Troughtm and Simm' 24-inch 
meodolite No. 1. 

Angle between 

XLI  (Mdri) 
and 

XL (Kirariwko) 

XL ( K k a M r o )  
and 

XXSV (Chauki) 

Circle readings, telescope being set on XLI (MBri) 

104' 60' 284O 50' 184' 2' 4' 1' 263' 14' 83" 14' 3.42' 26' 162" 26' 61' 38' 841°88' 

v v n v a a n n )I a 

h39 -29  h38.04 138.43 136 .94  h37.38 h37 -63  138 .85  136 .96  h37 -95  h 3 6 - 8 4  
h 3 6 ' 9 7 h 3 7 . 5 7 1 3 7 ' 1 7 1 3 7 - 5 6  h 3 6 - 7 8  h 3 5 . 9 9 1 3 8 - 4 1  138 ' 05  h 3 7 ' 4 0 Z 3 6 ' 9 9  
h 38'44 h 37.52 139 -02  137 .95  h37 '48  h 36.32 138 .54  136 ' 88  h 37'05 137 ' 61  

38-23  37-71  38-21  37-48 37-11  36.65 38-60 37-30  37-47  37-15 

h 12.92 h 12.50 114 .17  115.27 h 13-92 h 13-39  1 14.62 1 14-75 h 12-85  h 14-38  
h 14.03 h13 -16  1 14.56 1 14.40 h 15.37 h 13.56 1 14-04  1 13.76 h 12.66 113 '71  
h 13.60 h 13.61 1 14'68 1 14-37  h 14-73  h 14.43 113 '42  1 14.24 h 13-21 1 13'79 

13.52 13.09 14-47  14.68 14.67 13.79 14.03 4 12-91  13-96  

M - Mean of Grou 
so - Relative W'eigE 
C -- Concluded Angle 

M = 37"-60 

w = n n  '20 
I - - - o '05 
w 

c =46O27'37".60 

bl = 13".94 

= 22 .90 
I - - - o -04 
w 

= 11'13tt.94 

At XL (Kirariwbo) 

December 1880 ; observed by L ied . -  Colonet B. R. B r m . l l ,  with Troughton and Simms' 24-inch 
Theodolite No. 1. 

df - Mean of Grou 
(D = Rolntive weigC 
C = Concluded Angle 

M = 1 2 " ' 5 2  

W = 2 0  '40 
1 - = o a 0 5  
W 

c =510 3r12w.50 

Angle between 

XI411 (Yh) 
and 

XLIII  (Nbrpir) 

Circle readings, telescope being set on XLII  (Yhru) 

0'1' 180" 1' 79" 1s' 259"12' 158°25' 338°26' 37' 67O87' 816048' 136048' 

n a v n a a v w a v 

h 14'01 113 '20  h 11-19 h 13-24  112'30 h 12'32 111.95 2 12 -29  h 12-76 1 12.94 
Z12.89 1 10.9g h12.32 112.96 113 .49  h12 -91  112.23 211.57 h12.30 111 .70  
h14.18 1 1 2 ' 5 0  812.88 1 1 3 - 2 3  112 .19  112 .77  110 '26  1 13'77 112 .06  112.17 

13.69 12.23 12-13  13-14  12-66  12 -67  11-48 12-54  12-37 12-27 

=In (Nbrpir) 
and 

XXXVIII (Trieingh) 

, 

h40.41 1 42-68 141 .54  h39.52 141.84 
h41 .93  142 .14  h40.32 140.07 140.45 
142 .80  141 '04  h3g -23  Z 41-25 Z 41.74 

41-71 41'95 40-36 40'27 41'34 
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At XL ( ~ w 4 r o ) - ( C o n t i n w d ) .  

M  - Mean of  Qmnp 
m - Relative Weight 
C = Concluded Angle 

M =  50".0l 

W =.Is ' 2 0  

i. = .07 w 

c = 6 1 °  8'50'.oI 

M =  lo"'02 

= I. .40 

- I - - 0 ' I 0  
w 
~ = ~ ~ o ~ ~ ~ ~ ~ w . ~ ~  

= 3 4 " ' ~ ~  
- w =  I - ' I  " O  

- o -05 
w 
C = 69O 17'34"- 15 

M = 3 l U ' 7 8  

= 8  - 9 0  
I - = 0 ' I 1  w 
c = 40~47 '31" .78  

Angle between 

X X X V ~ I  ( ~ ~ i h ~ h )  
and 

XXXV (Chauki) 

XXXV (Chanki) 
and 

XXXIX (Thar M&) 

=IX (Thar Nuhahi) 
and 

XLI (Mbri) 

XLI (N6ri) 
and 

XLII (YBm) 

Circle readings, telescope being aet on XLII (Yh) 

0" 1' lW 1' 79' 12' 269' l2' 1680 26' 8880 26' 2310 ST' 67O37' 318048' 1138'48' 

a a a n n a n w w " 
h 4 g - 7 0  148 .42  h  50.99 h51 .32  1 4 8 ' g o  L 48-91 1  50.92 150.50 h48.80 150.28 
h 4 g - 0 2  250.53 h50.51 150.15 250.48 h48.22 150.66 l 5 0 . 9 2  h51 .27  148.57 
149 .23  1 5 0 ' 0 4  h49 .21  1 5 0 ' 3 2  1  49'98 149 .94  1  52-22  1  go'go h 4 g - 9 5  1 4 9 ' 5 3  

49 '31  19-66  50'24 50'60 49'79 49-01 51 'a7  50'77 50'01 49'46 

1 8 - 9 5  112.14 h 1 1 . 5 4  h  9-08 1  10.49 h  10.92 1  9 - 0 1  1  9.02 h  10.65 9 - 8 1  
h10 .24  1 1 0 - 7 3  h  9 - 7 6  l 1 0 * 8 0  1  8 - 6 4  h 1 2 . 5 4  1  8 - 3 5  1  8.69 1 x 1 - 4 0  1 1 1 ' 4 4  
1  8.89 1 9 . p  k 10.39 1  9 ' 5 3  1  9 '28  1  10'07 1  8-80 1  8.82 1  10-27 1  10.53 

9 -36  10.92 10.56 9 -80  9 '47 11-18  8 - 7 2  8.84 10.77 1 0 * 6 0  

1 3 4 ' 8 1  Z 33.57 h33.04 h 3 4 - 3 2  1 35-15 133.46 1 34-50  Z 35.29 h 3 3 - o o  232.76 
h33.26 1 34-80 h 3 3 - 6 8  1 3 3 - 2 1  1  34 '33  134.83 134.87 134 .58  134 .35  133.65 
1 3 4 . 9 9 1 3 4 . 1 g h 3 3 . 5 5  1 3 4 . 7 4 1 3 4 . 7 5  0 3 4 . 3 8  1 3 4 . 4 8 1 3 4 . 7 6  134.93 1 3 2 . 1 8  

34'35 34-19  33-42  34-09 34'74 34.22 34.62 3 4 - 8 8  34.09 32-86  

h 3 1 - 4 4  Z 29.04 h 3 a . p  h 3 1 - 6 2  130.75 h 3 1 . 6 0  131 .52  132'00 h30 .91  1  34-28  
h30-96  130 .16  h32.59 1 3 1 . 3 7  1 3 2 ' 3 7  h 3 2 . 7 3  1 3 2 - 0 1  132.10 1'31.78 134 .23  
l j x . 1 4  129.98 h32.58 Z31.24 1 3 2 - 1 0  1 3 1 . 4 9  131.85 131 .96  Z 3 1 . 8 0  h32.65 

31-18  29'73 32-69  31.41 31'77 31'94 31'79 32'01 31.50 33-72 

At XLI (Mhi) 

December 1880 ; obeerved by Lie&.- Colonel B. 8. Branjilt, with T~oughton and Sirnms' 2 4 r h h  
Theodolite No. 1. 

d z - M e r m o f  Cho 
m - Relative weirr% 
C - Concluded bngle 

M = 5 5 . ' 9 9  

W = 41 ' 7 0  
1 - - - 0 ' 0 2  w 

C = 7 7 O  3 ? 5 f ' 9 9  

M = 48". 8 6  

.90 
- - - o - 0 6  
w 

c =6401q '48w-86  

h g l e  between 

XLII ( Y h )  
and 

XL ( KirariwSro) 

XL (Kirariwh) 
and 

XXXIX (Thar Muhki) 

Circle readings, telescope being set on XLII (YBru) 

CO 1' 1800 0' 7Q018' 2690 12' 168O 24' 8880 24' 237. ST' 41087' 916049' 186O49' 

w a a w a n w a a 

h 55'07 156.16 156.19 h57.01 1  57-08 155.99 156 .93  k  55-50 h 56'82 Z 55'93 
156.48 155.33 h56.62 h 5 6 - 1 5  1 5 4 ' 4 2  2 56.75 h55.51 h 5 6 - 0 4  h56-09  155.87 
155 '57  154.82 h 5 6 - 2 9  h 5 6 - 4 4  h 5 5 - 4 4  1  55-88 h55.49 h56 .06  k56 .27  155.32 

55-71 55'44 56'37 56'53 55'65 56-11 55-98 55'87 56-39  55-71 

h 4 g - 8 9  Z 48.81 A5o-28 h47.75 1 4 9 ' 8 5  148.45 1 4 8 ' 9 5  h49.51 h  4 8 - 1 1  1 4 7 ' 4 3  
149 .45  146 '72  h48.25 h48 .84  1 4 9 ' 7 4  1 4 7 ' 9 9  1 5 0 . 0 0 h 5 0 . f 5  h48.71 1 4 9 ' 9 9  
148.62 147 .69  148 .84  1  48-22  149 .63  1 4 9 . 4 9  21.49-22 h 4 g - 3 3  1  47-28  1  48-63  

49-32 47'74 49.12 48-17  49'74 4 8 - 6 4  49 '39  49 '70  48.03 4 8 - 6 8  
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- 

t 

At XLII (Yh) 

December 1880 ; obsemed by Liezct.- Colonel B .  B. BranJ;ll with Troughton a d  Simms' .%-inch 
Theodolite No. 1. 

M- Mecm of GCmu 
SO - Belatire 
C - concluded Angle 

M = 4 8 " . 1 8  

w = 1 2  -70 
I - = o 908 
w 

C = 39O23'48"918 

M = 1 5 @ ' 7 9  

= 
I - - - o '09  w 

C =  390 4 ~ 1 5 u , 7 9  

M =  2"'50 

w = 13 -58 
- I = o '07 
w 

c = B3O32# 2".51 

M=32"'59  

= .m 
I - - - 0 'I0 
w 

c = (j20 8t32w.59 

Angle between 

XLIV (Vijnot) 
and 

XLV (Longwai) 

@onpa) 
and 

XLIII  (Nh-pir) 

xLIII (Nbpir) 
and 

XL (Kind&) 

XL (Kiraridro) 
and 

XLI (Mbri) 

Circle readings, telescope being aet on XLIV (Vijnot) 

2%' 1 4  (4' 1(Y 80B021' 123°21' 220 34' 20208Y 1 O l 0 N  281°4Sf 180068 0067' 

I w I I I I w I I 

h45-49 h48-56 246.68 h49-84 h48.04 147.19 h48.52 h49.77 147.72 147.45 
I48-13  149.09 149.14 h49.21 147.36 148.30 h49.38 h48.92 148.19 147.76 
h 4 7 ~ 2 8 1 4 9 ' 0 0 1 4 8 ' 4 2 h 4 9 ' 5 0 1 4 7 ' 4 8 1 4 6 ~ 6 6 h 4 7 ' 9 0 1 4 8 ' 4 8 Z 4 7 ' 4 4 Z 4 8 ' 4 3  

46-97 48-88 48-08 49-52 47.63 47'38 48-60 49-06 47'78 47-88 

h16.22 h 15.38 116-36 h13-67 h17-40 114-61 h14.05 115.42 115.31 2 17-02 
h 17-42 115.44 115.66 h 14.80 1 15.91 1x5'74 h14.83 h17.09 115'55 115.49 
h 16.29 116.29 114.22 h 14-90 118.43 115.96 114.91 116.34 116.90 116.09 

16-64 15-70 15'41 14.46 17-25 15-44 14.60 16-28 15.92 16-20 

h 2.98 h 2-91 1 1-88 h 2.48 h 2.52 1 3.48 h 3.56 h 1.24 2 3-24 Z 4-21 
h 2 .11 1 2 - 1 8  1 0 ' 9 4  h 1-27 1 2 - 4 8  1 1-87 h 2 - 4 0  1 0 ' 7 7  1 2 ' 5 5  1 2 . 0 2  
h 3.91 1 3 - 1 2  1 1-46 h 1 - 3 3  1 1-61 1 2-40 h 3.44 1 1.87 1 2'24 h 3-46 
h 5'57 

3.64 1 -74  1'43 2-03 2 - 2 0  1 -58  3-13 1 2 9  1 -68  3-23 

h 3 2 . 5 6 h 3 1 . 6 9 1 3 2 . ~ 9 h 3 3 - 0 5  h 3 3 ~ 1 0 1 ~ 1 ~ o ~ h 3 0 ~ 8 5 h 3 ~ - ~ ~ 2 3 ~ ~ ~ 6 1 3 1 ~ ~ 6  
h31.58 133'38 132.18 h32.88 133.02 132.24 h32.45 135.03 131'55 1 34.06 
h 31-87 130.33 1 34'33 h 32-79 1 31-14 1 33-00 h32-29 1 34.55 1 32-09 133.26 

32.00 31'80 33-93 32-91 32.42 32.09 31-86 34-77 32'20 32.89 
A 

At XLIII (NGrpir )  

December 1880; observed by Lied.-Coltme1 B .  8. BranJill with Troughton and S h m '  2 4 - h h  
Theodolite No. 1. 

M-mean of Grou 
w - Relative We$ 
C - Concluded Angle 

M =  4"'55 

w = 2 7  
1 - - - o -04 
w 

C = 6 8 O q ' 4 " * 5 5  

Angle between 

XXXVIII (Trisingh) 
and 

XL (KirdwQro) 

Circle readings, telescope being eet on XXXVIII (Trieingh) 

O01' 18001' 19018' 269" 12' 1680%' 8380W 23708T 57037' 816O49' 136'M 

I w w w I I I I I I 

h 5'47 h 5-28 24'41 h 5.53 h 4-02 2 3 - 6 6  h 4-45 h 4.20 1 4 - 9 3  h 5'90 
h 3-60 h 5-07 1 4 - 2 5  h 4-90 1 3-94 1 4 ' 0 1  h 3-81 h 3'97 1 4 . 3 9  5-53 
h 5-01 2 5'90 1 3-17 h 4-84 1 4.06 Z 4'79 h 4'55 h 3'87 1 4-41 h 4-58 

4-69 4 3-98 5-09 I 4'15 4-37 4.01 4-58 5'34 
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At XLIII (Ndrpir)-(Cmtinued). 

M - Mean of h a p .  
m - Relative Weight 
C - Concluded Angle 

dd= #a02  

w = 27 -80 
I - - - o -04 
w 

C = 45°24 '44f f -02  

bf= 50"'40 

w =40 -17 
I - - - 0 '0% 

- w  

C = q 3 ° ~ o ' 5 0 w - 4 0  

M = 48".82 

h g l e  between 

XL 
and 

XLII (Yh) 

XLII (Yh) 
and 

XLIV (Vi jnot) 

Circle readings, teleecope being eet on XXXVIII (Trisingh) 

OD 1' 180° 1' 79' 13' 25g0 18' 166' W 83E0 24' BST 37' 670 87' 816049' 136048' 

I I e v rn rn m m 

h43.27 h43-41  143.20 h44-69 h43-75 1 44-62 43'15 h43-82 144'73 1 45.38 
h 44-09 h 44.31 1 42-51 h 43.67 1 43.43 1 43.52 h 44-20 h 45. 32 8 44. 26 h 44. 10 

h 43-72 1 44.85 143 '73  h 44.75 1 42.97 2 45'55 h 43'37 h44'37 1 44-21 h43.53 

43.69 44-19 43-16 44'37 43'38 44-56 43-57 44'50 44-40 44'34 

A 50'29 h 51.00 151'20 h49.62 h 49-55 148.76 h 51-05 h 5 0 . 9 ~  2 49-94 1 50'22 
h50m97  h 5 0 - p  150.92 h 5 1 - 1 6  1 5 1 . 1 4  249.67 h50'55 h50.37 150'51 h50.34 
h50 '9oZ49 .66  150.25 h49-73 149'52 Z 4 9 - 9 4 1 5 1 . 1 9  h s o - 4 6 Z s o - 8 6  h50 '30  

150.48 

50.71 50.51 50.79 50.17 50'07 49'46 50'93 50'59 50'44 50.34 

h49-ox  h48-47 f 48-56 h48-23 h 4 8 - 1 7  2 5 1 - 1 0  h48-80 h49.57 147'55 149 '70  
XLIV (Vijnot) 

and 
XLV (LongwBli) 

h 49.34 h47s.59 149.13 h 49-03 1 
148.66 1 17 -81  Z 49-07 h 49.43 1 

w 
49-00 47e96 48'92 48-90 

At XLIV (Vijnot) 

December 1880 and Jamwry 1881 ; okemed by Lieut.-Colonel B. R. BrMaJill with Doughton and Shun$ 

24-inch Theodolite No. 1. 

x - Mean of On, 
m - a ~ v e  w e 3  
C -- Concluded Angle 

M = 48"*34 

= .06 _ o * 0 9  
w 

C = 36O31'48"33 

M =  3 9 f f ' 7 2  

w 16 - 7 6  
I - =  0 - 0 6  

. w  

C =61°3;1'39".7~ 

Angle between 

XLVIII (Dewari) 
and 
B. M. 

XLV1ll(Dewari) 
and 

XLVI (Vin) 

r 

Circle readinge, teleecope being eet on XLVIII (Dewari) 

OD 1' ' 1800 1' W 18' 259' 13' 1680 24' 838025' BgT 86' 570 87' 816049' 136049' 

Il I v m I# I I Il w 

h48-26 h48.67 h47.53 h 48-13 h49.15 h49.70 h48.98 h48.45 h49.81 A 49-32 
h46.48 149.23 h48.09 149.34 h47.60 h 5 0 ' 1 0  h48.15 146.85 h49.31 147'25 
h 4 7 . 2 4 1 4 7 . 9 7 h 4 6 ' 0 5 1 4 7 . 8 3 Z 4 7 ' 8 7 1 4 8 ' 5 1  h 4 7 . 3 4 h 4 8 ' 3 4 h 5 0 . 4 7 1 4 8 . 8 1  
h46-47  

47.11 48-62 47-21 48-43 48-21 49'44 48-16 47-88 49.86 48'46 

A39-93 h39.13 h39-86 h38-75 i 4 1 - 1 9  A4o-35 h40-14 h 3  '15 h39-61  h39.70 ! h38.96 139'15 h40.46 142'05 h38-12  h41-72  h40.10 h 3  .31 h40-09 2 41-98 
h39.47 h39.19 h38.55 140.18 h38-99 139'47 139 '62  h38.28 140.13 h39.16 
h 40.34 Z 38-31 

39-68 39-16 39-62 40.33 39-16 40.51 39'95 38'58 39'94 40'28 
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I 

At XLIV (Vijnot)-(Cmtinwd). 

af=Mesn  of Q ~ U  
w - &latiye w e k g  
C - Conoluded Angle 

M = 27"- 68 

w = 10 -20  
I - - - 0 ' 1 0  
W 

C =46O16'27~.68 

M =  3of"61 

w = 13 -07 
I - - - o -08 
W 

C =45°33'30''-60 

M =  6"40 

w = 10 -86 
I - - - o -09 
w 

C = 5B0 21' 6"-40 

Angle between 

XLVI (Vh) 
and 

XLV (Longwfi) 

XLV (Longwfi) 
and 

XLIII (NGrpir) 

XLIII (Nlhpiir) 
and 

XLII (Yh) 

Circle resdinge, hleecope being aet on XLVIII (Dewari) 

0' 1' 180' 1' 190 13' 259°13' 168'W 838°e5' 237O 36' 67'87' 816" 49' 136O49' 

e m e e * e e e m * 
h z 7 - 6 6  h27.07 h  26-51 h27 .71  h26.53 h z 7 - 9 1  h 2 7 - 5 7  h z 7 - 1 9  h  29-38 h z 8 - 3 6  
h z 6 - 7 2  2 2 7 ' 6 3  h26.36 127 '42  h z 6 - 7 4  ha7.06 h 2 7 - 1 6  130 '09  h28.58 h a g - 1 9  
h26.07 h28.60 h25.87 628.06 h27 .60  1  28-70 h 2 6 - 6 9  h27 .52  h28 .30  h 3 0 - 1 5  

26-82 27.77 26-15 37-73 26.96 27-89  27-14  28.27 28'75 29.a3 

h32.42 h 3 1 - 7 7  h 3 2 - 5 2  h 29-61 h  30.42 h  29-24 h  30.93 h31.95 h a 9 - 8 5  h 3 0 - 6 3  
h30.39 h30.59 h30-43  1 2 9 - 4 9  h 3 1 - 3 9  h 3 1 - 3 7  h 3 1 - 1 1  1 3 0 - 1 7  ha9.73 1 2 9 ' 4 4  
h 3 1 - 3 0  h31.08 h 3 1 - 8 5  h28.62 h30-62 331.94 329 .63  h30-09 h z 9 - 5 4  329.48 

h 3 1 - 8 2  

31-37 3 1 - 3 1  31-60  29-14 30 '81  30.85 30-56 30.74 29-71 29-85 

h  5.26 h  4.73 h  7 - 3 5  h 8 - 2 7  h 5.66 h 6.55 h 5 - 9 3  h  5.26 h  6 - 5 5  h  6 - 0 0  
h  8.26 h  4 - 7 2  h  7 - 9 0  1 7 - 0 2  h  5-71  h 5 '32 h  6 - 4 3  1 8 - 4 5  h  5.84 1 6 - 8 2  
h  5 '34 h  4.29 L 7 - 1 3  h  6 - 9 6  h  5 '94  1 7 - 6 1  h 8-01  h  6-90 li 6 - 7 5  1 5 - 7 7  
h 5'25 

6 - 0 3  4 - 5 8  7 - 4 9  7 5 - 1 7  6 - 5 0  6 - 7 9  6 - 8 7  6 ' 3 8  6 - 2 0  

At XLV (Longwsli) 

January 1881 ; d m e d  by Zkwt.-Colorzel B. R. BrmJ;ll with 5oacghton m d  S i m d  2 4 - h h  
TheodoUte No. 1. 

M - Mean of h a  
w = %latiye ~ e i g g  
C=Conoludeddngle 

M = gU.6a 

= * *Ia 
1 - = 0 '1% 
w 

C = 49O 58' f.62 

M =  35M'5% 

w = 
I 

7 '51 
- = o -13 
w 

C = 36°4~'35n-52 

Angle between 

XLIII (Nlupk) 
and 

(Ph) 

XLII (Yh) 
and 

XLIV (Vijnot) 

Circle readings, telescope being set on XLIII (N6rpk) 

166'6 6'6' iS4°1b 84018' 8Cao80' 16S0W 6fPU 842048' 14loS4* S21°64' 

m I I m m I v 

h 7 ' 4 4  h 6-05  h 3'88 h 5'16 1 6 - 9 8  h  4 - 4 9  h 6 - 5 4  h  4'75 1 5'43 Z 7 ' 7 9  
h  6 - 8 1  1  6 - 1 0  h  5-87  h  4.32 Z 7 - 0 3  1  5 - 0 3  h  4 - 0 9  h  4 - 0 1  1  6 - 4 0  h  7 ' 8 2  
1 6 - 2 8  1  5.84 h  4 - 4 1  h  4 - 3 8  1 6 - 1 7  Z 3 - 8 0  h  6-09  1 4 - 6 5  h 5.24 h  6 - 1 5  

z 5 - 4 1  

6 - 8 5  5-85  4'73 4 - 6 1  6 ' 7 3  4 ' 4 4  5 '57 4 '47  5 '69  7 - 2 5  

h  35-14 h35.12 h  34'43 h 3 4 - 7 8  Z 34'59 1 3 8 -  14 h 3 4 - 9 4  h 3 7 - 1 4  Z 37-06 135 '95  
h 3 5 - 3 6  135 '96  h 3 4 - 8 8  h 3 4 - 9 8  Z 35-36 2 38-17 h 3 4 - 6 0  W 36-13  135.30 h34 '92  
Z 3 4 ' 0 1  Z 36-91  h  33-29  h  34-92 1  35.34 h 3 6 - 9 9  h34.46 1  36.50 1 3 6 ' 2 9  h  3 3 - 6 0  

Z 36-24  

34-84  36-06 34-00  34-89 35-10 37-77 34-67 36-59 36-12  34-82 
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At XLV (LongwB1i)-(Continued). 

Angle between 

XLIV (Vijnot) 
and 

XLVI (Vin) 

lmvI P i n )  
,and 

nvII (Got U M W )  

Circle readings, telescope being set on XLIII (Nhrpir) 

185'8' 6'6' Z64°18' 84' 18' 34S03(Y 163'29' 680 ZW'4? 141°W 88loW 

I * a * e I I I e 

h 4 4 - 2 2  h 44 '93 b 45 '47  4 4 5 - 3 2  1 46-06 1 4 4 ' 9 7  h 44 '77  h 4 5 . 3 1  1 44 '67  1 4 4 - 0 9  
h 4 4 - 1 3  1 4 6 ' 1 6  h45 .94  h 4 5 . 3 3  145 .52  1 4 5 ' 3 6  h 4 5 - 8 1  h43 .84  145 .31  h 4 4 . 1 2  
1 4 5 - 5 6  1 4 4 ' 9 5  h 4 5 . 3 3  h 46.19 1 4 5 ' 8 2  1 44 '72  44 '49  1 4 4 - 1 5  1 45 '49  h 4 5 - 3 5  

1 4 4 ' 9 7  

4 4 ' 6 4  4 5 - 2 5  45 '58  4 5 - 6 1  45-80 4 5 - 0 2  45 '02  44 '43  45-16  4 4 - 5 1  

h53.32 h 5 2 - 5 8  h 5 z - 9 8  h 53'57 1 52.01 151.07 h52 .60  h52 .88  1 5 2 ' 6 9  1 5 3 - 8 0  
A53.19 1 5 3 . 1 3  h 5 3 -  8 h 5 3 - 5 3  1 5 1 . 9 8  1 5 2 ' 6 8  h 5 3 - 1 8  h 5 4 - 5 2  1 5 2 - 9 0  h 5 3 - 3 2  
h 5 4 . 1 7  152.47 h52 .%1 h 5 1 . 9 3  1 5 1 . 7 6  152 .62  h 5 3 . 7 1  155.48 1 5 3 . 1 9  h53.42 

53 '56 5 2 - 7 3  53-26 53-01  51.9' 52 '12 5 3 - 1 6  54.29 52 '93  5 3 5  

d f  - Mean of  h n p  
w = Relative Weight 
C - Concluded Angle 

M = 45)l' 1 0  

W = 
I 

33 '54 
- - - o -03 w 

C = 47°3g145ff-~o 

M =  53")'05 

W = 16 -90 
I - - 0 s o 6  
w 

c = 5004r;53~.05 

At X L V I  (V in )  

Jarcuaq 1881 ; observed by I;ieut.- Colonel B. B. Branjill with !Proacghton and Simm' 24iuch 
Theodolite No. 1. 

Angle between 

XLV(Longnlli) 
and 

XLIV (Vijnot) 

XLIV (Vijnot) 
and 

XLVIII (Dewari) 

XLVIII pewari) 
and 

XLIX (Kot Babeal) 

4 

Circle readings, telescope being set on XLV (Longwsli) 

o"lf lWlf Is"l2' 2SV13' 1W25' 838'26' 237"SY 61037' 816°46' 186049' 

I * * a I m I m m 

146.86 1 4 6 . 1 9  448 .32  h47 .26  146.65 1 4 6 . 9 3  1 4 5 . 3 1  h50.52 h 47-86 h50.70 
h47 .45  1 4 6 ' 7 6  h 4 7 - 5 6  145 .67  h46 .75  145.07 1 4 6 . 8 4  h47.37 h 4 8 . 1 6  1 47 '75 
h 4 7 - 7 9  151.20 1 4 8 . 2 4  147.20 ,347.63 Z 41-37  147 .27  h 4 6 . m  h 4 8 - 4 1  1 4 8 . 1 3  

h 4 9 - 6 1  h 4 7 - 7 4  

4 7 - 3 7  4 8 - 4 4  48-04  4 6 - 7 1  47.01 45 '76  4 6 - 4 7  47-96  4 8 - 1 4  4 8 - 5 8  

k 4.86 1 3 - 5 4  h 5 - 0 7  h 5 - 2 6  k 5.28 h 5 - 4 7  Z 5 - 8 5  h 2 - 3 4  k 5 - 9 4  h 5 ' 7 4  
h 6 .01  1 2.84 h 3.16 1 2 - 2 2  h 5 - 6 4  h 5.91 1 3 . 8 0  h 5 .74  h 5 - 1 6  h 3 .63  
h 5 - 8 5  h 3 - 0 1  A 2.48 h 5-00  1 5.02 h 6 - 3 3  Z 2.76 h 1 - 8 1  h 4.58 k 3 - 6 8  

h 3 - 4 8  h 5 '97  d 5 - 2 8  

5 ' 5 7  3 ' 1 3  3 '55  4 - 1 6  5 - 3 1  5 - 9 0  4 - 6 0  3 ' 7 9  5 - 1 3  4 ' 3 5  

h z 4 - 7 5  2 24-37 h z 4 - 4 2  h 24 '93 h 5 3 - 3 3  h 23-78  C 24.13 h 2 5 - 9 4  h 13-47  1 2 5 ' 6 9  
h 2 3 . 1 3 1 2 5 . 1 6 h z 5 . 0 8 1 ~ ~ . 2 3 h 2 3 . 9 r  h 2 4 . 1 5  
122 .67  h24.02 h z 3 . 9 7  1 2 4 . 9 3  h 2 4 . 1 4  h z 3 - 9 2  h z 3 - 8 7  h 2 3 . 7 7  k z q - 2 0  h z 4 . 5 1  

h 2 4 . 1 8  
h z 5 - 2 2  

2 3 - 5 1  24.52 2q 'qg 25 '03 23 '80  23-95  2 4 - 4 8  24 '49 33 '74  1 4 - 5 8  

M-Meanof h u  
w - Belstive 
C -- Oancludeddngle 

M =  47"'45 

= 7 '74 
1 =  0 . 1 3  w 

C = 86O 3' 47")'47 

M =  4"* 56 

= 8 .48 
I - - - 0 '1% 
W 

c = 71°45' 4")'55 

M='4u"6 

w = 28 -25 
I - - - o -04 w 

C = 54°5i'q"-n7 
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At X L V I  (Tin)-(Continued). 

Angle between 

XLIX (got Sabzd) 
and 

XLVII (Ctot Mh M u h d )  

XLVII ( b t  m ~ u h a m m s d )  

and 
XLV (LongwQi) 

Circle readings, telescope being eet on XLV (Longwhli) 
0' 1' 180' 1' 79' 12' 269' 13' 16S0 25' 838' 25' 237" 37' 67" 37' 3160 48' 1360 49' 

I )  n 4 n I I n I n I 

h53 .51  2 51-15 h50-66  h 54.73 h51 .35  h 5 3 - 5 9  2 53 '74 h 4 8 - 2 2  R 5 1 * 4 1  h g 1 . 8 1  
h53.06 154.00 h 5 2 . 5 1  J 55'81 h52 .62  h53 .99  h 52'56 652.51 h 53-51  A53.21 
h 5 1 ' 3 5  1 5 ~ 6 1  h54.04 1 5 3 . 6 4  1 5 1 . 8 8  h 5 5 . 9 3  h 5 2 - 6 4  d49 .99  h 5 a - 1 5  h 5 4 - 6 1  

d52 .15  

51-64 52.59 5 1 - 4 0  54'73 51.95 54.50 55-98 50-24 51-36 52.95 

A49.81 Z 51.06 h52.58 h50.85 h 5 1 . 3 5  h48 .96  2 48.64 h51.67 h50.98 h 49-98  
h 5 1 . 2 5  249.49 h51.96 1 5 1 ' 1 2  h 5 1 . 1 7  h 4 9 - 9 7  1 4 9 ' 8 5  h 5 2 - 8 9  h 5 0 . 2 9  147 .89  
h49.96 2 50.98 h 5 0 - 6 9  152 .62  h50.91 h 4 7 - 9 7  d 5 2 . 5 3  h50.55 h 5 1 - 7 9  h 5 4 - 7 3  

d 5 1 - 5 3  

50'34 50.51 51'74 51-53  51-14  48'97 50'34 51'70 51.02 51.03 

M - Mean of Omn 
w - Mative wsig%l 
C - Concluded Angle 

M =  52u'73  

= I 5 '03 
- - - 0 '20 
W 

C =80°34'52"'73 

M = 5of'.83 

W = 8 '40 

5 = 0 . IS  
w 

C =66°44'50".83 

At XLVII (Got Mir Muhammad) 
Jmuary 1881 ; obeerved by Lieut.- Colonel B. B. Bramjill with Troughton and Simme' 24-hch 

Theodolite No. 1.. 

Angle between 

XLV (Longwhli) 
and 

XLVI (Vin) 

XLVI (Vin) 
and 

XLIX (Kot Sabzal) 

Circle readinge, telescope being eet on XLV (Longwsli) 
0" 1' 1800 1' 79" 18' 259' 13' 158'24' 83S024' 237" 37' 67" 37' 8160 49' 1360 49' 

a I a I I a I a I I 

h 15-65  h 16'72 h 1 5 - 8 2  2 18.01 h 15-35 h 1 6 - 5 0  h 16.90 2 1 8 - 1 0  1 1 3 - 8 9  h 15-06 
h 15-79  h 14-37  1 18-10  1 16-36  h 14.29 h 16.06 h 1 7 - 1 4  1 16.40 2 15-22 h 1 5 - 5 2  
h 13-80 h 16.20 Z 1 7 - 7 0  1 1 7 . 7 3  h 16-01  h 16.67 Z 15-80  h 17.28 1 15.52 h16 .46  

15-08 15-76  17'21 1 7 - 3 7  15-22 16-41  16.61 17-26  14.88 15-68  

148 .82  h 52-81 848.27 2 46.26 h 4 8 - 6 2  h48.85 h48 .27  1 4  .61 14g.05 h51.60 
h 4 9 - 4 8 h 5 0 ' 3 3 2 4 5 ' 4 8 2 4 6 . 5 6 h q 8 . 7 3 h 5 0 ~ 9 3 h 4 8 - 0 5 1 4 ~ 3 8 1 4 9 ~ 9 3  ! h 5 0 - 2 3  
h49.07 h50.98 h51.62 h51 .68  h 4 7 - 3 8  h50-80 Z 48-86 A ~ I - 5 8  2 49.38 h51 .79  

49'12 51 '37  48-46  48.17 48.24 50.19 48.39 49-86  49-45  51.21 

hf - Mean of Orou 
w - &hive 
C - Concluded Angle 

M = 1 6 " . 1 5  

w = 9 ' 2 0  
1 _ - - 0 -11 
w 

c = 6 2 0 2 9 ~ 1 6 a . , 5  

= 49"'45 
zo = .oo 

_ I - - o '20 
w 

c = 5 . j 0 + j 4 g u - 4 3  

At XLVIII (Dewari) 
January 1881 ; obemed by Lieut.- Cotonel B. B. BranJill with Troughtm and Simms' 24-inch 

Theodolite No. 1. 

iK - Mean of Gmu 
w - Balative weigK 
C - Concluded Angle 

M = 36U-56 

= 8 .62 
I - = 0 'I2 w 

c =63O42'36"'55 

Angle between 

L (Kubba) 
and 

LI (Ghundi) 

Circle wadinge, teleecope being eet on L (Kubba) 
224'17' 44'17' 803029' 123°80' 22'42' 202042' 101°64' 281'64-' 181°6' 1'6' 

I a I I a a a I a I 

li35.89 k 3 6 . 6 1  137.02 h 3 8 - 3 5  h 3 8 . 0 0  237.22 h 3 5 - 9 3  h 3 6 - 4 3  h 3 3 - 5 5  h 3 6 - 2 1  
h 3 5 ' 5 8  h 3 7 ' 7 9  h 3 6 ' 9 5  h37 '35  35'80 36 '78  3 7 - 1 3  2 33'79 h37'4°  3 7 ' 2 2  
h36.85 h37-09  h36 .69  h38 .12  d35.86 h36 .34  h36 .55  h37-06  132 .4  h 3 6 - 4 9  h37.73 4 d 3 4 . 4  h 3 6 . 9 1  

3 6 - 1 1  37.16 36-89  37-94  36.50 36.85 36.71 3 4 - 3 0  36-09 37.05 
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At XLVIII (Dewari) -( Continued). 

1y - ?dean of Grou 
r, - &lrtive 
C - Concluded Angle 

M =  1f.4' 

w = 7 -48 
- I r o *13 
w 

C = 60'29' 15"*q1 

M =  39"- 59 

= 6 .60 
I - = 0 -15 
w 

C =53O27'39".59 

M = 1 6 ~ ~ 3 2  

= 
1 

5 "5 
- - - 0 -19 

. w  

C =46°37'~6".28 

Angle between 

LI (Ghundi) 
and 

XLIX (Kot Sabzal) 

XLIX(Kot Sabzal) 
and 

XLVI (Vin) 

XLVI ( v h )  
and 

XLIV (Vijnot) 

Circle readings, telescope being set on L (Kubba) 
284" 17' 44' 17' 80S0W 12S030' 22"42' 202'421' 101°64' 281°W 181°6' 1'6' 

a I n a w a n a a I 

h14 .99  1 1 4 . 2 8  h  12.34 h14.57 h  1 3 - 1 3  1 1 8 . 2 1  h  15-23 h14.50 h 1 9 . 1 6  h r 4 .  5 
h  14.37 h  15-73  h  12-85 h  15-45 1  15.38 116.13 h  14.03 1 1 5 . 6 1  h  1 7 - 0 1  h  14.!0 
h  14-16  h 1 5 . 6 0  h  16 '39  h  1 4 - 4 4  h17 .02  h  1 6 - 0 8  h  1 4 ' 9 8  1  18.07 h  15-22 h  15.41 

d 1 5 ' 2 6  d 1 5 - 4 2  d 1 7 . 8 0  k 1 6 . 2 3  

14-51  1 5 - 2 2  14 '25  14-82 1 5 - 1 8  16-81 14-75 1 6 - 5 0  16 '91  15'05 

A37.99 139 .69  h40.03 7137.42 h 4 1 '  2 139 '97  1 3 9 ' 7 5  k 4 0 - 8 2  h42.82 h37.58 
h40.60 1 3 8 . 8 8  h 38.28 h40.31 h 4 r . 8 8  139.01 139.56 h  19-64  h40.15 h  37.77 
h 3 9 . 0 9  141 .45  h37 .91  1 3 7 . 4 1  1 4 0 ' 8 3  139.86 h39.88 139.45 h39.76 h36 .92  
d 3 8 . 4 1  h39.51 h41 .55  h40 .14  A 39-95  

3 9 - 0 1  39-88  38.74 39-17 41'54 39'75 39'73 39'97 40.67 3 7 - 4 2  

h  17-73 h  15-54  h 1 6 - 3 8  h 1 5 - 9 6  h  15-96  1 1 2 - 9 8  h  1 7 - 1 3  h  16-03 h  12 '13  h  18 '73  
lr 17-91 h  14.54 1 1 7 . 2 6  h  1 7 ' 8 1  h  15.89 1  13.83 h  18.48 h 1 7 - 9 1  h  18-49 h  17.50 
h  17.59 1  14-85 h 16-07 h 17-76 1  15-47  1  16'79 h  1 2 ' 9 4  1 13-37 h  18-29  h  1 8 - 1 6  

h I 3 . 3 5  h 1 7 - 1 1  1 1 6 . 8 0  d14.06 h 1 6 . 5 3  

1 7 - 7 4  1 4 - 5 7  16-57 17.18 15-77  1 5 - 1 8  16.34 1 5 - 3 4  16.36 1 8 - 1 3  

At XLIX (Kot Babzal) 

January 1881 ; obeerved by Lied.- Colonel 23. R. Bramjll with Troughton and S h '  24-inch 
Theodolite No. 1. 

Angle between 

XLVII (h t  MirMuhrmrmd) 

and 
XLVI (Vin) 

XLVI (Vh) 
and 

XLTIII (Dewari) 

I 

Circle readings, telescope being set on XLVII (Got Mir Muhammad) 
216O24' B@ 24' 295'36' 115'36' 14'48' 194'48' 94'0' 274'0' 173" 12' 868" 12' 

n n n n n n n n a a 

h  18.32 h  17.69 h  17'82 h  18-79 1  16.76 h  1 9 - 4 0  h 1 7 - 3 2  h  1 6 ' 2 1  h  18.15 8 1 7 - 0 3  
h  17.27 1 17.76 h  16.97 h  20.03 1  1 5 - 6 8  h  19.61 h  17.48 1 17-82 h  16'  3  1 1 7 - 7 1  
1 1 6 . 9 8  1 1 8 . 9 6  h  1 8 - 1 3  1  18-52 h 1 7 . 1 7  h 1 8 . 1 1  h  18-32 1 17.17 h 1 6 . 8 ~  1 1 6 . 7 7  

17.52 1 8 - 1 4  17-64 19-11  16.54 19'04 17.71 17.07 17-31  17'17 

h  57'36 h  57'98 h  56.08 h  53'75 2 56 '92  h 58-12 h 5 4 - 5 8  1  57-08 h  57-23 h  57.79 
h 5 7 - 1 0  1  58'74 h 5 6 . 1 0  h 54.93 1  58-37 h 5 4 - 8 4  h55 .07  157 .63  h 5 7 - 6 1  h56 .85  
h s 9 - 1 1  1 5 9 ' 4 1  h 5 4 - 8 8 1 5 4 - 7 0 h 5 6 . 9 8  h 5 6 . 3 3 h 5 4 . 9 9 1 5 6 . 4 3 h 5 7 - 9 8 2 5 7 . 7 6  

1  55'33 

57'86 58.71 55'69 54-46 57.42 56.43 54'99 5 7 - 0 5  57.61 57-47  

iK - Mean of  mu 
r, - ~elat ive  wdigE 
C - Concluded Angle 

M = 17"'73 

= .50 
- - - o so8 w 

C =43°35'~7u'73 

M = 56"+77 

= .Io 
I - - - 0 '20 
w 

C = 71~40'56"-77 



PRINCIPAL !CRIANQULATION. OBSERVED ANGLES. 3.71 

No~~.-&ations LIX and LXII appertain to the Great Indus Series. 

At XLIX (Kot Sabza1)-( Cmtircued). 

Angle between 

XLVIII (Dewari) 
and 

LI (Ghundi) 

LI  (Ghundi) 
and 

LXII (Diowhla) 

Circle readings, telescope being set on XLVII (Got Mir Muhammad) 
216' 24' 360 24' 295' 36' 115' 36' 14'48' 194O 48' 94'0' 274O 0' 173' 12' 36S0 12' 

I * 4 * N 4 * * I v 

h  53-20  i 52.27 h  55'03 i 55-  1 2  2 52'52 A 54-47 h  54-80 i 5 1 - 3 9  2 52-21 h  52.63 
h52 .67  1 5 2 - 1 2  h 5 3 . 9 1  h54 .28  2 51.40 h 5 4 - 8 7  h54 .49  1  50.79 h 5 7 . 7 3  h54.29 
h 5 3 . 4 6 h ~ 3 - 4 g h 5 5 . 7 5 1 5 r . 2 9 h s r . 1 5 h s 3 . 9 7 h s 3 . 5 4 t 5 z - 8 2 h 5 4 . 1 0  h  51-87 d s 2 . 9 3  

53.11 52.63 54-90  54-56 52-69  54'44 54-20  51-67  53'98 53'28 

h27.45 h26 .01  h28 .93  h25.87 827 .81  h z 7 - 3 6  h26.98 h26 .25  1 2 6 . 8 2  h28.08 
1 2 6 ' 4 1  124.04 h29 .05  h27 .11  227 .99  126 .42  1 2 7 ' 8 3  1 2 6 ' 4 1  i 2 5 - 7 4  h27 .34  
h26.55 126.35 h27.05 125.30 h27.86 hz7 .09  h26 .88  127.88 h27.75 h a 7 - 6 2  

26.80 25.47 28'34 26'09 27'89 26.96 27-23  26'85 26.77 27-68  

M - Mean of Cfrou 
w - Relative w e i g E  
C - Concluded Angle 

M = 5311'55 

- - 
6 -94 

- 0 ' I 4  
w 

C = 5 5 O 2 4 ' 5 3 " . 5 5  

M = 27"- 01 

w = 11 '60 

_ - - o .09 
w 

c = 4 5 0 4 2 ~ 2 7 ~ . 0 1  

At L (Kubba)  

January and Febraary 1881 ; observed by i5ieut.- ColoneZ B. R. BranJill with Troughton md X h '  
24-hch Theodolite No. 1. 

df - Mean of @mu 
w - Belatire ~ e i g K  
C - Concluded Angle 

M =  1 4 ~ ~ 3 8  

= I4  .66 

- I - - o -07 
w 

C = 71°50'14'"39 

M =  44"'34 

w = 4 .88 
I - = 0 '20 
w 

c = 570 51e)rr.32 

Angle between 

LIX (Mhchka) 
and 

LI (Ghundi) 

LI (Ghundi) 
and 

XLVIII (Dewari) 

Circle readings, telescope being set on LIX (Mbhka) 
0'1' 180" 1' 79" 13' 259" 13' 168°25' 338'25' 2970 37' 670 37' 3160 40' 1380 49' 

n n rn 4 n n I * w v 

& 1 3 - 4 9  h  15-76 1 1 4 . 6 1  l 1 5 ' 2 9  i 1 5 - 2 1  i 1 3 - 5 3  h 14.03 114.36 1  16.62 1 1 4 - 1 1  
h  13.63 h  14. 8  1  16.38 h  14.46 h  1 4 - 5 6  h 1 5 . 3 1  h  12.76 2 14-10  1 1 2 ' 4 0  h  13-00  
1  16.08 1  r4.i7 1 1 3 . 4 3  h  12.75 h.14.77 h  14.96 h 13-26  1 1 4 - 7 6  h  1 3 - 1 4  h  13-70 

1  1 6 - 3 4  

14.40 15-20 15'19 1 q s r 7  14-85  14-60 13-35 14.41 14-05  13-60  

h45.47 h 4 3 - 7 5  h44.04 139.63 h42.76 h45.74 h 4 6 . 1 8  1 4 4 ' 5 3  142'  I 144.35 
h  45-08  h  44' 75 h  40.05 h  44 .  76 h  43-90 h  44-33  h  46.77 1  44-33  1  42' f 1 h  44-97  
144.04 h 4 6 - 9 5  240.79 h46 .01  h 4 3 ' 7 9  h 4 6 - 3 1  h 4 5 ' 5 7  1 4 4 ' 5 6  1 4 2 ' 1 5  h45.64 

h 4 4 - 7 1  h 4 4 - 6 0  

44-86  45.15 4 2 - 4 0  43-75  43-51 45'46 46-17  4 4 - 4 7  42-62  44-99  

At LI (Ghundi) 
February 1881 ; observed by I;iast.- Colonel B. R. Branfill with 5ough ton  and Simms' 24-inch 

Z'heodolite No.  1. 

M - Mean of Qrou 8 
w - &,stire weigEt 
C - Cor~cluded Angle 

M = 39"*58 

= l 3  .53 
I _ - - o '07 
w 

C = 5 9 * f 1 8 3 9 " ' 5 7  

Angle between 

XLVIII (Dewari) 
and 

L (Kubba) 

Circle readings, telescope being set on XLVIII (Dewari) 
0" 1' 180°1' 7SO 13' 259' 13' 168O 25' 338'25' 2970 37' 57O37' 316OW 1380 40' 

n I Il I Il * v Il I 

h40.58 138.18 h 4 1 - 4 6  i 39-61  h  40'66 h 40.08 h38.02 h38.20 139 '82  h39.32 
h41 .04  139.50 1 3 8 . 4 1  h 3 8 . 0 3  l 4 c . 8 0  h 3 9 - 8 6  h39.33 h38.47 139.92 h39.95 
h 4 0 . 3 9  h 4 0 - 6 9  140 .59  138.05 d 3 9 - 4 0  h 3 8 - 7 9  140.75 h 3 9 - 1 9  I 4 1 - 1 1  h4o.10 

h  38.28 d 3 8 . 9 0  1 3 7 ' 7 5  

40.67 39-16 39.84 38.56 40.29 39-50  3am96 38-62 40.28 39-79  



172 EAS!mRN BIND MERIDIONAZ SERIES. 

No~~.-Statione LIX and LXII appertain to the Great Indua Beriea. 

I 
1 

At LI (Ohundi)-(Continued). 

Angle between 

L (Kubba) 
and 

LIX (MBchka) 

LIX (MBchka) 
and 

LXII (DhwSls) 

LXII (Dbwhla) 
and 

XLIX (Kot Sabzal) 

XLTX (got 8abzel) 
and 

XLVIII (Dewari) 

Circle readings, teleecope being set on XLVIII (Dewari) 

0'1' 180" 1' 79" 13' 259" 13' 168'26' 3380 26' a91037' 610 37' 816'49' 186'49' 

a a I I I I I I a I 

h43 .21  1 4 2 . 1 3  h43 .12  h45 .68  h 4 3 - 8 6  h41 .53  h 4 3 . 2 1  h 4 4 - 8 4  244.74 h43.39 
h 4 2 ' 9 0  140 .72  h 4 3 . 6 1  h44 .98  h42.59 h  43.21 h  4 4 - 9 3  h  45-80 143.35 h 4 5 - 3 5  
142.50 h 4 4 - 3 4  144 .64  1  42.62 140.83 1  42.61 h 4 3 - 0 2  h 4 4 . 2 3  143 .74  h44.47 

146 .02  

42.87 43-30 43-79  44'43 42 '43  42-45  4 3 - 7 2  44-96 43-94  44-40 

71 59.70 160.55 h 6 2 - 3 8  h  58.84 h59-oo h63.80 h60.39 h 6 1 - 3 8  159 .81  h63.50 
h 6 1 . 9 8  1 6 0 ' 3 1  h59 .66  h59.95 h56 .97  h 6 1 . 1 4  h 5 8 - 2 9  h59 .82  161.05 h 6 1 . 6 4  
h 5 9 - 3 6  h 5 9 - 8 7  h 6 1 - 2 0  h59 .56  h60.08 1 6 2 - 6 2  162.00 h 6 1 . 8 1  2 59.97 h 5 8 - 5 7  
1  59'53 163 .51  1 6 5 . 0 3  h  59-84  158 .63  

60.14 60.24 61.69 59'45 60 '27  6 2 - 5 2  60.23 60.71 60 '28  60'59 

h 4 5 - 8 2 1 4 5 . 9 1  h 4 2 ~ 5 3 h 4 5 ~ 2 o h 4 5 ~ 4 6 h 4 2 ~ 7 6 h 4 4 * 6 8 h 4 3 - 2 5  1 4 5 ' 7 8 h 4 4 ' 5 1  
h 4 6 - 3 5  h 4 4 . 1 1  h 4 2 - 9 8  143 .92  h 4 6 - 0 1  h 4 3 - 9 3  h 4 6 - 6 7  h 4 4 - 6 7  1 4 5 - 1 1  1 4 4 . 1 1  
Z q 6 - o a h q 4 ' g o h r j ' z 3 1 4 5 . 3 1  h 4 6 . 1 7 Z 4 3 . 4 2 1 4 5 ' 8 q h 4 3 . 2 4 1 4 4 . 8 7 h 4 4 ' 5 2  

46-06 44-97 43-91  44'81 45'88 43'37 45 '73  43-72  45'25 44-38  

h 5 1 - 3 9  1 52'73 h5a.76 h50-56  h  5 1 - 9 1  h  52-21  L 52-82 h 5 1 - 7 3  149.44 h  51-83 
h51 .03  h  52'48 h51.35 h 5 1 . 9 8  h  50'26 h50.95 h  54-70 h 5 2 - 6 5  149 '31  h 5 1 - 2 2  
1 5 1 . 2 5  h 5 0 - 1 6  h52.37 1 5 0 - 1 7  h 5 2 - 4 6  149 .54  h 5 1 . 4 9  h 5 1 . 2 8  150.95 h50-77  
d  52'27 d 52-27  1  53'37 1  50.02 

51'49 51'91 52.16 51'52 51'55 50'90 52'26 51-89  49-90  51-27  
I 

Bf - Mean of am 
w - %latire WeigE 
0 - Concluded Angle 

M = 43". 63 

= g .8g 
I _ - w - o - 1 1  

C = 64' 38' 43"- 63 

M = 60'.61 

w = 6 '85 
I - - - 
w 

C = 85O5w o U * 6 2  - 
M = 4 4 " ' 7 1  

= .80 
_ I - - 0 "3 
w 
C =8b0 5'44"*71 

M =  51"'49 

= 1 2  '72 
I - = 0 '08 
w 

c = 640 5'51".49 

At LIX (Mhchka) 

February 1881 ; obeerved by Lied.-Colonel B. B. BramJ;Zl with 5 w g h t o n  artd Simms' 24-hch 
Theodolite No. 1. 

Angle between 

LXII ( D h w b )  
and 

LI (Qhundi) 

LI (Qhundi) 
and 

L (Kubba) 

Circle readings telescope being set on LXII (Dhwtila) 

79'21' 859'21' lWS3'  338'33' 237'45' 67'45' 316'68' 136'68' 86'10' 216'10' 

I I n I n a I I I I 

h57.82 h56.34 h  55-25 156.26 h56 .61  h  56.58 h 56.98 i 57'56 h 5 4 - 3 5  1  53-44  
h 5 6 - 9 3  h54 .47  h52 .66  h56.55 h55.50 h53.45 154 .98  h  53'38 155.18 1 5 4 ' 3 9  
h 16-69  h  56-63  d  54.61 h  54.58 1  53.36 h  54.32 h  55.72 h  54.40 1  54.20 h54.20 

d 5 6 - 2 8  

5 7 - 1 5  55.81 5 4 - 1 7  55.80 55-16 54-78  55'89 55-41  54-58  54.01 

h62.43 h 5 9 - 8 2  h64.22 h60 .64  h61.76 h  59-71  h63.28 h61.01 h61.80 164 '65  
h 6 2 - 6 2  h60.05 h63.97 h59.56 163.09 h  59-57 h62 .40  h 6 4 - 2 4  1  64'32 h 6 4 - 8 0  
h 6 1 - 2 5  h62.45 h 6 1 - 4 8  h63 .01  h 6 3 - 7 8  h 5 9 - 5 2  h61 .84  h62.09 164.70 h 6 1 - 9 1  

d 6 2 - 3 1  d 6 4 ' 3 1  

6 2 - 1 0  60'77 6 3 - 2 2  6 1 - 3 8  6 1 - 8 8  5 9 - 6 0  6 2 - 5 1  6 1 - 4 5  6 3 - 7 8  6 3 - 7 9  

M - Mean of C+ron 
u, - Beletire weigE 
C - Concluded Angle 

M =  5 j " - 2 8  

= 7 -96 
- - - 0 ' 1 3  
w 

C = 3 5 ° 4 9 ' 5 5 " ' 2 8  

M =  6 2 " - 2 5  

W = 4 '64 
I - - - 0 ' 2 2  w 

c = 43031' 21-25 



Norrra.--8tationa LIX (MBchka) and LXII (Dhow&) appertain to the Great Indue Beriea. R. M. denoh Referring Mark. 

At LXII (Dhowtila) 
F e h a  y 1881 ; obeeraed by Lieut.- Colonel B. R. BranJill with Troughton and S k '  24-hch 

Theodolite No. 1. 

W. H. COLE, 

I. charge of Cbmputing Oflice. 

Angle between 

X L I X ( ~ ~ ~  h b d )  
and 

LI (Ghundi) 

LI (Ghundi) 
and 

LIX (Mhhka) 

LI (Ghundi) 
and 
R. lK. 

Circle readinge, telescope being aet on XLIX (Kot Sabzal) x - Yean of Qrou 
SO - Relative ~ e i $  

001' 1WW 7g013' 2690 13' 1W26'  338O46' 237'37' 67'37' 818049' 138049' 

w w a w 8 w w 

h 4 8 - 4 9  h48.80 h47.58 h 4 9 - 4 3  h47 .21  149 .65  h47.81 h48.53 h49.08 h47.72 
150.23 h49 .69  h47-07 h 4 8 - 3 7  h 47'64 h 50.33 h47 .90  h49.36 h48.99 h48 .30  
h 4 g . 1 1  h  50-53 1'49'72 h49.38 1 4 7 ' 2 8  h 4 g - 5 8  h48.00 h47.79 h 4 8 - 2 6  h46.96 

49-18  49-67 48-12 49.06 47.38 49-85  47-90  48.56 48-78  47-66 

h  5-94  h  3.27 h 5-95  h  5.06 h  3 - 5 0  h 5.65 h  4.72 h  4-80 h  4 - 0 6  h  5 - 0 3  
1  4.28 h  3 - 0 0  h  5.59 h  5-48  h  5 '59  h  4 - 1 9  h  5 - 4 3  h  3 - 5 0  h  2 ' 4 1  h  4'57 
h  5 - 6 4  h  4 - 3 2  h 4.61 h  3-80 1  4 - 5 7  h  3 - 9 6  h  5.63 h  4 - 0 0  h 3 - 5 8  h  3 - 5 9  

h  3 '77  

5 - 2 9  9 - 5 3  5-38  4 - 5 3  4 - 5 5  4-60 5-26 4 '10  3 - 3 5  4 - 4 0  

121.54 h t a - 0 9  h 2 4 - 8 7  h 2 1 - 6 5  123 .49  h z 2 . 9 4  h22.32 h22.87 h z 3 - 1 2  I 2 3 . 6 7  
122 .39  h2a .64  h z 3 - 6 8  121.87 h z z - 2 3  A23.10 h22 .01  h 2 3 - 1 4  h21.22 h23.47 
h 23-18 h 2 3 - 2 1  h a 3 - 8 4  h a a . 1 8  122.33 h z 1 . 9 4  h22.28 122.83 h  23.82 121.87 

22-40 21-65 24-13 2 1 - 9 0  22.68 12-66  22 -20  22.95 21-72 23'00 

M = 4 8 " . 6 3  

W = 11 ' 90  

1 = .08 
w 

c =48°~1'48w-63 

M =  4u'50 

W = 15 ' 7 0  
I - = o -06 
w 

C =58O12' 4 u - 5 0  

M =  22"'73 
= 21.30 

I - - - o -05 
w 
c = 00 5°22W'73 



E A S T E R N  S I N D  3 I E R I D I O N A L  S E R I E S .  

Sums of Sqzcares of Apparent Errors of Single Obsercat im,  and of Apparent Error8 of Single Z ~ r o s .  
-- 

No~~.-Ststions LSXV and LXXVIII appertain to the Knrichi Longitudinal Series. 

Station of 
Obaervntion. 

LXXV 

9 p  

LXXVIII 

19 

11 

11 

r9  

9 9  

I 

PP 

I1 

1' 

I11 

9'  

IV 

p9 

9' 

9 9  

v 
$ 9  

19 

3' 

9 

Rxlusns. 
Sum of Squnrea of 
Emrs of singlo 

Obsemntions 

50'79 

39'61 

34-80 

20.52 

26-75 

23-64 

30.27 
29'61 

5'68 

8.98 

25'68 

9-84 

25-63 

8-95 
6c.08 

20.56 

22-64 

15-84 

24-40 

13-28 

25-26 

42.68 

Nllmher of 
zcr08' 

I 0  

10 

10 

10 

10 

I 0  

10 

10 

10 

10 

10 

10 

10 

I 0  

10 

10 

10 

10 

I 0  

10 

10 

10 

Observed Angle. 

I & L=VIII 

LSSVIII  & V 

LXXV & I 
I & I1 

I1 & I11 

I11 '!k IV 

~ v a v  
V & LSXV 

I1 & LXXVIII 

LXXVIII & LSXV 

I11 & LXSVIII  

LXXVIII & I 

IV & LXXVIII 

L S S V I I I  & I1 

VI a T?I 

VII a v 
T & LXXVIII 

L X X ~ I I I  a 111 
ECX'C & XCsvIII 
LXXVIII & IV 

IT R; TTII 

TI1 & VIII  

\ 

Sum of Squnns of 
Errora ot singlo 

Zeroa. 

1-97 
8.66 

3-23 

3'73 
8.41 

2'97 
2-21 

I -26 

2.15 

1'95 
1.80 

1-32 

4-10 

7-18 
3'8a 

2-61 

3-44 

3-71 

2.57 

2.98 

2'72 

OmL7 

Numher of 
Ohsc.rra- 

t ~ o m .  

40 

3 8 

38 

3 3 

3 7 

3 8 

3 7 

38 

30 

31 

3 4 

31 

3 5 

30 

4 I 

36 

34 

3 4 

35 

3 5 

38 

40 

Barrom'a 21-inch ?SO. 2. 

I 

1 
J 
I 



8UMS OF SQUARES OF APPARENT ERRORS. 176 

NOTB.-R. M. denote8 Referring Mark. 

r 

Station of 
Obrervation. 

VI 

YY 

VII  

98 

YY 

8 9  

YY 

y1 

Vl  I1 

y y  

Ix 

In 

yY 

y 1  

X 

YY 

Y Y  

1s  

X I  

IS 

Y Y  

Y y  

XI1 

yy 

YY 

91 

XI11 

99  

XIV 

Y Y  

YY  

yY 

YY 

I$ 

99 

xv 
9 1  

XVI 

93 

YY 

11 

RaylRar. 
Bum of Sqnam of 
E m m  of single 

Observatiom. 

43'83 
18-70 

31-37 
21'42 

25'67 
11'52 

33'03 
32-68 

17'84 

28.36 

24.69 

26-48 

29-51 
10' 14 

7-38 

16-33 
16'19 

10'00 

19-38 
12.51 

8-38 

7'70 

31.07 

54' 56 

38.93 

44'20 

20.91 

8.40 

33'75 

41 -74 
11-65 

19-42 

21.06 

5-65 

14-58 

6-34 

15-94 

"'97 
8-08 

11'95 

7' 57 

- 

J 

Obwrved Angle. 

I X  & VII 

V I I & I V  

VI & I X  

I x & x  

X & VIII 

TI11 & V 

V & IV 

I T  & VI 

V & TI1 

V I I & X *  

X I  & XI1 

XI1 & X  

X & VII  

VII  & VI 

VIII  & VII  

VII & I X  

I X  & XI 

X I  & XI1 

XI11 & XIV 

XIV & XI1 

XI1 & X 

X & I X  

. x & I x  

I X  & X I  

XI & XIV 

XIV & xv 
XVI & XIV 

XIV & XI 

XVI & XVII 

XVII & XV 

XV & XI1 

XI1 & X I  

X I  & XI11 

XI11 & XVI 

XVI & R. M. 

XI1 & XIV 

XIV & XVII 

XVIII & XIX 

XIX & XVII 

XVII & XIV 

XIV 8t XIII 

r Barrow'a %inch No. 2. 

Number of 

10 

10 

10 

I 0  

I 0  

I 0  

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

1 0  

I 0  

10 

10 

10 

I 0  

10 

I 0  

I 0  

10 

10 

I 0  

I 0  

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Number of 
O h e m -  

tiom. 

40 

36 

3 7 

36 

34 

3 4 

36 

36 

33 

36 

35 

39 

38 

3 3 

31 

36 

35 

3 3 

34 

31 

32 

30 

39 

38 

3 9 

40 

35 

31 

3 9 

41 

31 

35 

32 

30 

32 

3I 

3 3 

31 

3 3 

32 

30 

Sum of Squaw of 
k r m  of ~ingle 

Zeroe. 

5-28 

2.52 

1-78 

3 '"3 

3-25 
3-88 

I -06 

4-14 
4.06 

4'24 

5-79 
1-82 

2.15 

1-13 

1.85 

2.98 

1-89 

1 - 1 1  

5'36 
2-16 

1.20 

2-38 

2'41 

4-02 

6.37 
6-72 

5 -02 

1-77 

3-27 

4 '03 
0.82 

2.17 

2-98 

1-70 

3'53 
1-32 

1-48 

I -82 

4.68 

I .06 

I '75 
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Btstion of 
ObrerPstion. 

XVlI 

1 )  

11 

1 )  

XVlII 

11 

XIX 

$1 

11 

1 )  

1 )  

11 

XX 

1 )  

XXI 

11 

11 

$ 1  

XXII 

91 

11 

$9 

=I11 

81 

11 

99  

XXIv 

11 

11 

11 

XXV 

11 

$1 

XXVI 

1s 

11 

11 

1 )  

XXVII 

$ 1  

XXVIII 
t 

Obaerved Angle. 

XV & XIV 
XIV & XVI 
XVI&XIX 
XIX & XX 
XXI & XIX 
XIX & XVI 
XXI & XXII 
XXII & XX 
XX & XVII 
XVII & XVI 
XVI & XnII 
XVIII & X X I  

XVII & XIX 
XIX & XXII 
XXIII & XXIV 
XXIv & XXII 
XXII & XIX 
XIX & XVIII 
XX & XIX 
XI9 & XXI 
XXI & XXIII 
XXIII & XXIV 
XXv & XXvI 
XXVI & XXIV 
XSIV & XXII 
XXII & XXI 
=I1 & XXI 
XXI & XXIII 
XXIII & XXVI 
XXVI & XXIX 
XXVII & XXVm 
XXVIII & XXVI 
XXVI & XXIII 
XXV & XXVIII 
XXTIII & XXIX 
XXIX & XSIV 
XXIV & XXIII 
XXIII & XXV 
XXX & XXVIII 
XSVIII & XXV 
XXIX & XXVI 

Number of 
Zenn, 

10 

10 

10 

10 

10 

I 0  

10 

1 0  

I 0  . 

10 

1 0  

I 0  

10 

10 

I 0  

1 0  

10 

10 

10 

I 0  

10 

10 

I 0  

10 

10 

I 0  

I 0  

10 

10 

I 0  

10 

10 

10 

10 

10 

10 

I 0  

10 

I 0  

10 

10 

Sum of Sqnarea of 
Error of mingle 

Zenn. 

1.52 

3'95 

1'77 
2.67 

10.78 

1'79 
0.81 

1-54 

3'35 
0.91 

4-13 

5'13 
I - 50 
2 '91 

5'14 

1-43 
I '04 

1-53 
I ' 10 

1-11 

3-17 
2-17 

7'5' 
6-65 

1-96 

0'23 

1-73 
I -89 

I '83 

3-00 
1.68 

4.11 

2-20 

8.19 

2.29 

5 '09 

0.99 
2-36 

2'94 
6-71 

1.16 

EBMAB~.  
Number of 
Oboervs- 
tiom. 

31 

31 

3 4 

33 

44 

35 

33 

3 4 

38 

3 5 

3 3 

3 4 

3 5 

32 

3 9 

3 5 

3 4 

3 3 

32 

39 

32 

34 

3 4 

34 

3 3 

30 

33 

34 

30 

35 

35 

35 

35 

36 

3 5 

32 

31 

3 3 

3 7 

43 

31 

-, 

I 

Sum of 8quares of 
Error of ringle 
Obrerratioar. 

10.14 

12-65 

16-72 

18-99 
60' 50 

25-93 
zomgo 

18-49 

44'29 
16-36 

14-41 

24-54 
27-81 

15.11 

41'74 

33-18 
16.02 

8.04 

13-62 

43 '43 
11'02 

25.89 
15'11 

20.54 

16.47 

5 '09 
14'00 

19-11 

3'87 

33-55 
16-81 

21'09 

24-11 

26-12 

27'43 
11-64 

5 '03 

19-37 

18-33 

54' 43 
7-62 

Barrow's %inch No. 2. 
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NOTE.-R. M. denotes Referring Mark. 

/- 

station of 
Observation. 

XXVIII 

t 9  

9) 

'9 

9' 

XXIX 

t9 

99 

XXX 

$ 9  

$9  

98 

XXXI 

$8  

8' 

1 8  

$9 

XXXII 

98 

99 

XXXIII 

$9 

99  

99 

99 

xxxTV 

$9 

99  

XXXV 

9) 

$ 9  

$8 

XXXVI 

99  

$8 

8) 

9 1  

97 

XXXVII 

99  

XXXVIII 

Observed Angle. 

XXVI & XXV 
XXV & XXVII 
XXVII & XXX 
XXX&XXSI 
XXXI & XXIX 
XXIV & XXVI 
XXVI & XXVIII 
XXVIII & XXXI 
XXXTI & XXXTII 
XXXIII & XXXI 
XXXI & XXVIII 
XXVIII & XXVII 
XXIX & XXVIII 
XXvIII & xxx 
XXX & XXXTII 
XXXIII & XXXIV 
XXXIV & R. M. 
XXXV & XXXVI 
XXXVI & XXXIII 
XXxIII & XXx 
XXXVI & XXXIV 
XXXIV & XXXI 
XXXI & XXX 
XXX & XXXII 
XXXII & XXXVI 
XXXI & XXXIII 
XXXTII & XXXVI 
XXXVI & XXXVII 
XXXIX & XL 
XL & XXXVIII 
XXXVIII & XXXVI 
XXXVI & XXXII 
XXXIII & XXXII 
XXXII & XXXV 
XXXV & XXXVIII 
XXXVIII & XXXvII 
XXXvII & XxXIv 
XXXIV & XXXIII 
XXXIV & XXXVI 
XXXVI & XXXVIII 
XXXVII & XXXVI 

Number of 
Obrerva- 

tiom. 

32 

3 4 

3 9 

4 I 

3 7 

30 

31 

32 

3 8 

40 

3 3 

31 

42 

36 

3 4 

40 

33 

32 

3 4 

3 9 

36 

36 

3 7 

38 

41 

36 

34 

36 

30 

30 

31 

30 

3 5 

3 7 

36 

38 

34 

33 

35 

3 2 

34 

Bum of Bqnarss of 
Errom of single 

Obaervationa. 

16-32 

22.68 

39'60 

30'77 

29-40 
8-46 

14-42 

14-68 

32'79 

43-31 

9'38 

14' 59 
42'18 

19'67 
12.29 

40.60 

21 '73 

14.24 

19-91 

43 ' 93 

24-44 
29.66 

21.16 

49.36 

46-43 

31'57 

15-36 

14-29 
2.76 

10.63 

6-16 

3'40 

18.49 

23 '09 

24.85 

3sm67 

22m35 

12.75 

18-33 

6' 59 

21-35 

Number of 

10 

10 

10 

10 

I 0  

10 

10 

10 

I 0  

I 0  

I 0  

I 0  

10 

I 0  

10 

10 

10 

I 0  

10 

I 0  

10 

10 

10 

10 

10 

I 0  

10 

10 

10 

10 

10 

10 

I 0  

I 0  

10 

10 

1 0  

I 0  

I 0  

I 0  

I 0  

Sum of Bquarw of 
Emom of single 

Zeros. 

4'75 

5'15 
3.02 

4-12 

4'84 

6-49 

5.11 

1-83 

7-15 

4'83 

3'79 

4'34 

7-81 

2.62 

2.06 

6-64 

2'93 

3-51 
2-16 

2.16 

6.98 

1.32 

1.58 

1'56 

8-08 

7'99 
4.80 

I '48 

4-78 

2.69 

I '70 

2.69 

1.37 

3'83 

3-84 

3's6 
I '02 

0'79 

4'67 

3'55 

2-93 

b & . l u s ~ 8 .  

Y 

2 

F Barrow's 24inch No. 2. 

TroughtonandSimme9%-inoh No. 1. 
3 

. B a r r 0 . w ' ~  24-inch No. 2. 



NOTE.-R M. denotee Referring Mark. 

Btation of 
Obmervation. 

- 
XxxVlI I  

# #  

#S 

9s 

XXXTX 

Is 

XL 

8) 

1s 

#) 

13 

1) 

XLI 

)) 

XLII 

St 

)# 

1) 

XLIII 

n 

81 

PP 

XLIV 

88 

99 

$8 

PP 

SLV 

)S 

I) 

XLVI 

n 

I# 

#I 

# #  

XLVII 

IS 

XLVIII 

9) 

81 

Bum of 8q-rea of 
E m m  of single 

Ohrvstiom. 

9'5O 
21-47 

15'85 
12-58 

8'73 
5-22 

12-10 

15'20 

'3'99 
14'13 

8'77 

5'85 

8.54 
12.36 

I I -61 

13.50 

14-64 
19-rz 

5'47 
8-94 
6.67 

7'54 
15.11 

02-26 

12-56 

15-or 

19.31 
1 1-02 

10'32 

7-01 

9-40 

41 '09 

34-19 

12-49 

35 '89 

45-17 
16-72 

52 ' 23 
24-82 

42 ' 72 

32-56 

Obrerred Angle. 

XxXvI & xxxv 
x x X V & X L  

x x X V & X L  

XL & XLIII 
XLI & XL 

XL 8 XXXV 

XLII & XLIII 

XLJ.11 & XXXvIII 

XXXVIII & XXXV 
XXXV & XXXTX 

xxxrx & XLI 
XLI & XLII 

XLII & XL 

XL & XXXIX 
XLIV & XLV 

XLV & XLIlI 
XLIII & XL 

XL & XLI 

XXXVIII & XL 
XL & XLII 

XLII & XLIV 

XLIV & XLV 
XLVIII & B. M. 
XLVIII & XLVI 

XLVI & XLV 

XLV & XLIII 

XLIII & XLII 

XLIII & XLII 
XLII & XLIV 

XLIV & XLVI 
XLVI & XLVII 

XLV & XLIV 

XLIV & XLVIII 
XLVIII & XLIX 

XLIX & XLVII 
XLVII & XLV 

XLV & XLVI 

XLVI & XLIX 
L & LI 

LI & XLIX 

XLIX & XLVI 

Numbsr of 

I 0  

10 

I 0  

10 

I 0  

10 

10 

I 0  

I 0  

10 

I 0  

I 0  

10 

10 

10 

I 0  

I 0  

10 

10 

10 

10 

10 

I 0  

10 

10 

10 

10 

I 0  

I 0  

10 

10 

I 0  

10 

I 0  

I 0  

10 

10 

10 

10 

1 0  

10 

Number of 
Obwm- 

tiom. 

3I 

36 

31 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

31 

30 

30 

30 

31 

30 

3I 

32 

30 

31 

31 

31 

31 

31 

30 

31 

33 

3' 

31 

31 

30 

30 

33 

34 

3 5 

Bum of Bq- of 
Emom of ringle 

5m1. 

1-14 

I '86 

7'58 
4.81 

3-15 

3'45 
3-18 

3-62 

4-50 
7-22 

3'33 

9'46 
I -23 

4-41 

5'90 

6.74 

5'24 

6'99 
2'83 

1.37 
I -62 

1-86 

6-64 

3'33 

7'53 

5'43 
6-50 

9'95 

10.97 
a-02 

4-31 

7-91 
7-68 . 

2-04 

14-33 
6-30 

8.10 

1a.80 

8-24 

8-55 
11'17 

I 

- 
Baruxe. 

] Barrow'e ZCinch No. 2. 

\ 

d 

r !L'ronghton and 8imma' 24-inch 
No. 1. 
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No~~e.--8tatione LIX and LXII appertain to the Indue Seriee. B. M. denotee Referring Mark. 

Station of 
Observation. 

XLVIII 

XLIX 

99 

#I 

1 9  

L 

9 s  

LI 

19 

99 

# S  

~9 

LIX 

s t  

LXII 

99 

1) 

Number of 
O b s m -  

tiom. 

35 

30 

31 

31 

30 

31 

33 

3 3 

31 

3 5 

30 

34 

31 

32 

30 

31 

30 

Observed dmgle. 

XLVI L XLIV 

XLVII & XLVI 

XLVI & XLVIII, 

XLVIII & LI 

LI.& LXII 

LIX & LI 

LI & XLVIII 

XLVIII & L 

L & LIX 

LIX & LXII 

LXII & XLIX 

XLIX & XLVIII 

LXII & LI 

LI & L 

XLIX & LI 

LI & LIX 

LI & R. M. 

Sum of Rquareo of 
Errom of single 

Observations. 

75-18 

9'93 

13-77 

34'09 
12-89 

28.05 

51.27 
21 '88 

35'61 
80.86 

8-04 

33-77 

33 '66 

36-51 
10'72 

13'47 

10' 57 

Sum of Sqnsres of 
Errom of single 

&roo. 

11-72 

6-19 

16-45 

9-72 

6'39 

3'42 

13.73 
4-81 

6-66 

6.91 

10.73 

4-30 
8 so3 

16-15 

6.48 

4-41 

3'17 

Nnmber of 
aml. 

10 

10 

10 

10 

10 

10 

I0 

10 

10 

10 

10 

10 

10 

10 

10 

I0 

I0  

Bmcmte. 

7 

J 

b Troughton and 8immn' 24-inch 
No. 1. 



From the p d i n g  data of the sums of squares of apparent errore, in  the mawmrnent of each -ley we m y  ascertain the e.ma. 
(error of mean square) of obrmation of a single measure of an angle, and the c.m.8. of graduation Md obmrvation, of the mean of the 
measures on a single zero, for each group of angles, meawwd with the same instrument, by the eame observer, and under similar 
circumstances. 

The inetruments employed were Barrow's 24-inch Theodolite No. 2 and Troughton and Simms' 24inch No. 1, both having 5 micro- 
ecopea to wad the azimuthal circle; observations were taken on 6 pairs of zeros d f a e  tight and face l@) giving circle readings a t  v0 12 
apart. 

Bum of squares of apparent errors of observations. 
The 0.m.a. of obrmation of a single measure of an angle = d N o .  of observations - No. of angle x No. of cbangea of zero. 

The e.m.8. of graduation and obsemation of the mean of the Sum of squares of apparent errors of zero. 
meaaures on a single zero 1 = A u .  of angles x (NO. of changes of zero-1). 

W. H. COLE, 

Is charge of Cbmputing O$w. 

4 
% ;a 
2 
n o . &  
- 0  

t '22 
2 8  
H .g 

0 I 

7 19 

7 1s 

7 1 

Number of 3 
P 
4 
"4 0 

g 
2 
2 

Hilla 

Group 

I 

4 o.., 
8 f  

n 
8-46 

8.M 

8-16 

Instrument 
md Obasrrsr 

 barrow'^^ 24-inch Theodolite 
No. a; Capt. kt. W.&gen, { B.B. 

E L $ 2  

146 

27 

80 

Tmughton md Bimms' 24-inch 
Theodol~te No. 1; Lieut.-Col. 
B. B. Bran5ll. 

5 a 
M 

.B rn 

6063 

816 

1 8  Plains M 

I 
DiUo. 

I 

% 
2 

gj 

1460 

270 

800 

a ringle merum oboemation of a ringle zero 

i :zz  1'- t 0 .,70 

868.66 1 g53-800 1'- * 1 ,150 

i I f -  * 0 -768 

234.99 f 1 ] - 0 -811 
800-90 
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EASTERN BIND MERIDIONAL SERIES. 

Figure No. 1. 

In  the tablea of the equation0 between the factom the co-emcienta of the tenm below the d i s s d  are omitted for convenience, the eo-eflaient of the p a  
term in the pth line being alwsye the same 8a the co-eiciont of the pth term in the pfh line. 

Observed Angles 

a* 
NO. Value .- &!J 

g B  el 

o 1 II 

1 68 39 56.66 -04 

2 60 25 37'49 '13 

3 50 54 21-65 '05 

4 66 39 2-43 '05 

5 49 53 30'63 '02 

6 63 27 28-30 -06 

7 38 25 36-68 -05 

8 67 53 28-01 .06 

9 73 40 56.00 -07 

10 60 I 8.78 -11 

11 35 11 13-27 '05 

12 84 46 38-03 -04 

13 81 16 52-98 -06 

14 59 29 14-07 -03 

15 39 13 53'43 '03 

16 44 57 21.83 -06 

17 88 14 51*og -03 

18 4 6 4 7 4 8 . 1 9  -06 

Values of the Factors 

h = - 3'9634 

h, = - 3.4885 

X, = - 3'2144 

h4 = -10.1593 

h6 = - 0.6154 

X, = + 5'9'43 

= + 1.7656 

X,, = - 0.7526 

Equations to be satisfied Factor 

x, +x, +x, . .a  0 . .  ... - - el = - 0.267, 

... ... ... x4 +xs +X, = e, = - 0'591, Xp 

... q +% +x,, 0 . .  

- ... - e , =  -0'400, X, 

... X10 +Xll + X U  6 . .  

- - e 4 =  - ... 0.769, x4 

... Xu +X14 3- x16 ... . .. - e6 = - 0.284, x, - 
... XI, +Xi7 + Xle . . .  - - e, = + 0-ogo, X, 

X l  + x4 + + x10 + Xl, + "1, = e , =  -0.64, A, 

I ~ X ,  - 1 2 ~ ~  + I I X ,  -18x6 + 6x9 - 9% I = e,, = -88.0, 
+ 2 X l 3  -30x1, +26xlb -12X14 +20X18 - OXl7 

x, 

Equations between the Factors 

Co-efficienta of 

x, Xp x, x4 A6 A, x, x, 

... ... ... +omzz ... ... +oso4 - 0.71 

... +oe13 ... ... .. . +owo5 + 0.30 

+oa18 ... ... ... +oS05 - 0.1% 

+o'zo ... ... +o-11 - 1-42 

... + o 9 r z  +om06 + 0.42 

* + O * I ~  +om06 + 1-20 

+Om37 .. . 
+ 148.05 

e 

1 

2 

3 

4 

5 

6 

7 

8 

Angular errors in seconds 

x1 = - -088 & , = -  -072 x,, = + -069 

xg = + m659 X, = + '213 Xl4 = + '252 

X, = - -838 x9 = - '541 x16 = - '605 

x4 = - -086 Xlo = - '923 x,, = + '461 

X6 = + '201 xll = + -621 XI, = + '177 

x,, = - -706 xl, = - '467 x18 = - -548 

[wxq = 78.03 

No.ofValueof 
e 

- 0.267 

- 0.591 

-og400  

- 0.769 

- 0.284 

+ o - o g o  

- 0.64 

-88.0 



PRINCIPAL !IWBNGULBTION. REDUCTION OF FIGURES. 

Agure No. 2. 

1 

Observed Angles 

1, 
;% No. Value F 

0 1 11 

1 73 39 41-75 '04 

2 54 3O 56.98 'O5 

3 51 49 22-12  -05 

4 68 56 56.45 '05 

5 45 29 6-20 -06 

6 65 33 58-00 -06 

7 48 43 50.52 -06 

8 71 47 46.93 .or 

9 59 28 22.95 '03 

10 58 5 34'22 '05 

11 64 39 11-44 -05 

12 57 15 5-31 '05 

13 48 34 37'32 '04 

14 55 23 49'56 '02 

15 76 I 33-83 '09 

16 61 59 19-84 '07 

17 68 36 34.62 '04 

18 49 24 6.60 .12 

Values of the Factors 

X, = - 7 ' 9057 

X4 = - 5'3922 

Xa = - 5.3082 

X4 = - 3 ' 8495 
h, = - 3,5810 

X, = - 3'"77 

h, = + 5'027% 

X, = + 0.0871 

Equations to be satisfied Factor 

XI +XP +XS . . . . . . .,. - e, = - 0.897, X, - 

X4 +xs +x, ... 0 a .  . a .  
- - ea = - 0-728, x, 

=7 +xe +%I ... .., . . , = % =  -0.559, Xa 
Xio +Xi1 4- X i a  ... . , . . . . - - e4 = - 0,313, X4 

X~~ +xu +xis , . .  ,.. .,. - o'323r %6 
- - e6 = 

Xia +Xi7 + X i e  . . . . . . ... - - e , =  -0.205, X, 

Xl +=4 +=7 +x10 +XIS t X ~ 6  
- - e, = + 0.10, 

17xs - 1 5 ~ ~  + 9% -21x6 +12x,, - 
74 ] = e, = + 7.9, 

+ 1 3 X ~ o - ~ O X i i + 5 X l s - 1 5 X i r + 1 8 x 1 8  - 8 x 1 7  
x, 

Equations between the Factors 

Co-efficient0 of 

x, x, h, X4 A6 x, x, x, 

+o-14 ... . . . . . . . . . . . . +om04 + 0.10 

+oa17 ... . . . . . . ... +o.o5 - 0.72 

+om16 ... ... . . . +0.06 - 0.13 

+o-15 ... ... +omo5 + 0.15 

+omrg  ... +om04 + 0.15 

i t  +o*z3 +o.op + 1-84 

+0.31 ... 
+ 126*o1 

No. of 
e 

1 

2 

3 

4 

5 

6 

7 

8 

Angular errors in seconds 

x1 = - -115 x , = -  .OI  7 x u =  + -058 

xq = - -461 X, = - '414 x14 = - 0098 

xS = - '321 x,, = - -128 x16 = - -283 

x4 = - *018 Xlo = + '059 Xla = + '133 

x6 = - xll = - -236 - ' 433 '17 - - * I ~ Z  

x, = - '277 xu = - *136 x,, = - *186 

[wxe] = 18.18 

Value of 
e 

-0.897 

-0.728 

-0'559 

-0.313 

-0.323 

-0.205 

SO-10 

+7'9 



EASTERN BIND MERIDIONAL SERIES. 

Figure No. 8. 

Observed Angles 

1;; 
No. Value r M 

fg 
O l  N 

1 54 21 0 '05 

2 41 19 30.08 '02 

8 41 1% 40.19 '04 

4 43 6 33'84 '05 

6 49 4' 1 7 ' ~ ~  "9 

6 45 59 29.37 '03 

7 36 15 02~25 -0% 

8 48 3 51-04 '9 

Values of the Factors 

& = + 1'3492 
X, = -- 0'9344 

&3 = + 0'5584 

h4 = + 0.1309 

Equations to be satisfied Fador 

x1 +xs +% +x4 =q=-0.075, 

=a +x4 + *6 + =, - - e , =  -o*og1, Xp 

"6 +x8 +=% + =a = % = + 0.299, & 

-16x, + 3% -'I%) = e4 = + 8-8, x4 

+ I 7 X 6  -39 + 19% 

Equations between the Factore 

Co-efficients of 

x, Xs x, A4 

+0°16 +o'og ... - 1.58 
+om12 - 0'33 +0*2I 

* +oa23 + 2.16 

+ 71.96 

NO, of 
e 

1 

2 

3 

4 

Angular errors in eeconds 

XI = - 'O37 X6 = - '034 
Xs = + '035 X, = + -056 

Xg = - '093 x, = + a003 

x 4 =  + '020 xa = + -274 

[wx'] = I 27 

Value of 
e 

- 0.075 
- 0.051 
+ 0.299 
+ 8.8 



PRINCIPAL TIEIANGULATION. REDUCTION OF FIGURES. 

Fiyure No. 4. 

Observed Angles 

M a 
0 f: 

No. Value EG 
a'8 .- 
sB 

W 

0 1 11 

1 51 47 32-12 '04 

2 60 41 0.90 -04 

3 67 31 28-32 '10 

4 62 44 34-36 -02 

5 57 3 26-65 -11 

6 60 12 0 .22  -03 

7 64 I 50.19 - 0 7  

8 55 4Y 56 .45 .03 

9 60 8 14-19 -03 

10 56 8 31-55 '06 

11 57 21 1-82 -06 

12 66 30 2 7 - 7 2  '02 

13 58 28 38.16 -04 

14 60 19 55-97 -03 

15 61 I r  26-36 -07 

16 66 48 52-68 -05 

17 66 32 20.74 -04 

18 46 38 47-04 '08 

Values of the Factors 

X, = + 0.1051 

Xp = + 1.7638 

% = - 1.8585 

X4 = + 3'O503 

X6 = - 2.1084 

X,, = - 6-3938 

x, = - 2'2441 

= + 00.218 I [wx'] = 15.73 

Equations to be satisfied Factor 

XI +x, +x, ..a ... ... - - e, = + 0.045, X, 

. a .  ... x4 +xs +X, . a .  
- - e, = - 0'107, Xp 

4 +xs +xo ... ... . a .  
- - e, = - 0.418, X, 

... ... ... '10 +'ll +X19 
- - e4 = + 0'080, X4 

... ... X l ~  + X14 + X U  . . .  - - e6 = - 0.253, X, 

... ... '16 +'lS . . a  
- - e, = - 0.813, h, 

XI +x4 +x? +Xi0 +Xis + X l a  
- - e, = - 0'941 h 

8xS - I I X s  +12X,  -13X6 + 1 2 X 9  -14X8 - e, = +21'9, + 9Xl9 -I4Xl1 +IIx16 - 1 2 ~ ~ ~  +20x18 -loxl7 1 - 
X, 

Equations between the Factors 

No. of 
e 

1 

2 

3 

4 

6 

6 

7 

8 

Angular errors in seconds 

x1 = - -086 x7 = - -287 x,, = - '174 
xp = - x,, = - erg1 xll = - '179 "37 

X, = + .268 x,, = + ~ 0 6 0  x15 = + ' I 00  

x4 = - 009 xlo = + -048 x16 = - '432 

x6 = - -266 xll = - -087 x17 = - -384 

x, = + -168 x,, = + ,119 Xl8 = + '003 

Value of 
e 

+ 0'045 

- O - I O ~  

- 0.418 

+ o . 0 8 0  

-0 .253  

- o.81j 

- 0.94 

+ % I - 9  

Co-eficients of 

X, x, x, A4 X, X, x, x, 

... +0.18 ... . . .  ... . . .  $.0.04 + 0.36 

... ... ... f-0.16 ... +o.oz - 1-07 

... ... +os13 ... +oao7 - 0.06 

... ... +0'14 +om06 - 0.66 

... +os14  +oso4 + 0'41 

* +o.17 +0.05 + I sno  

+0.28 ... 
+ 106.52 



EASTERN BIND MERIDIONAL SERIES, 

I i lpre  No. 5. 

. 
Observed Angles 

H 

$ 3  
No. Value E UJ !a.G 

JB 

0 t /I 

1 47 16 16.06 -02 

2 77 I 25.08 -06 

3 55 32 20.25 '04 

4 51 36 24-18 '07 

6 41 55 1.16 -05 

6 86 28 36-21 -04 

7 69 3 7-07 '03 

8 56 58 45. 29 -05 

9 53 58 7-68 -03 

10 57 5 2'84 '03 

11 58 6 12-03 -04 

12 64 48 46-30 -03 

13 72 36 6 - 1 8  -08 

14 52 40 28-36 -02 

15 54 43 26'53 'I5 

16 62 23 3-23 -06 

17 72 4 57-12 '04 

18 45 32 0'32 '03 

Values of the Factors 

X, = + 1-1502 
X, = + 7.6600 
h, = - 5'4526 
A, = + 6.2195 
X, = - 0'9.534 
A, = - 1.5852 
x , = -  2'9337 

X, = + 0.4088 

Equations to be satisfied Factor 

... ... Xl +4 +xs 0 . .  = e , =  +oa2o2, X, 

... ... x4 +x6 + x6 ... - ep = +oS546J X, - 

... ... ... XI +Xe +Xo - - e , =  -0'790, X, 

... ... ... Xl0 +x11 +XIS 
- - e 4 =  + 0-444, A, 

... ... = e6 = + 0.316, X6 ... '13 + '14 +'16 

... ... ... Xia +Xi7 + Xie - - e , =  -0.239, X, 

x1 +x4 + 9 +xlo -tX,s +'I, = e7 = - 0.44, x, 
'SX8 - 5% + x6 -24X6 +'5% 

-14s I = eg = +38.0, 
+loxlp -13xll +r.sx16 - 16x1, +21xlg - 7XI7 h 

Equations between the Factors 

No. of 
e 

- 

1 

2 

8 

4 

5 

6 

7 

8 

Angular errors in seconds 

x1 = - -036 9'- .a;2 x13 = - -3" 
$ = -  ' 053 q , = -  ' 558 xl4 = - -150 
x3 = + -291 x9 = + -020 X1, = + '777 
x, = + '331 xl0 = + '099 x16 = - '271 
x6 = - -108 x,, = + ,036 xl, = - ,178 
x, = + '323 XIP = + '309 x,, = + '210 

[wp- 28.39 

Value of 
e 

+ 0.202 
+0.546 

- 0.790 
+ 0'444 
+ 0.315 
-0.239 

- 0.44 
+38.0 

Co-efficient8 of 

h h4 % h4 As A, x? b 

... ... ... ... ... +oa12 +oso3 + 0.30 

... ... ... +oe16 . . .  +ow07 - 1-16 

... ... ... +O.II +oS03 - 0- 25 
... ... +O.IO +oso3 - 0- 22 

... +0.25 +oao8 + 1-93 

* +oa13 +o-06 + 0.35 

... +0.29 

+II9'71 



PRINCIPAL TB;LBNGULATION. REDUCTION OF FIGURES. 

Figure No. 6. 

Observed Angles 

4 
cd 
0 * 

No. Value . - 2 %  
I a 'G  

%B 
Ffi 

O ~ I  

1 37 39 38-64 '03 

2 54 26 24'25 '05 

8 qz PI 28.16 -05 

4 45 32 39'93 '04 

5 53 5' 39-98 "9 

6 38 14 12.30 '01 

7 46 6 10-37 '04 

8 41 47 58.59 '04 

Values of the Factors 

Equations to be satisfied Factor 

x1 +=a + xs + x4 = e l  = + 0.060, X, 

+X4 +X5 +% - e, = - 0.481, X, 
- 

xs 

'6 +X6 +X7 +x8 = e8 = + 0.108, X, 

-27x1 -3% -27% 
= e4 = -14.3, x4 

+25=a -2% + 24x0 

Equations between the Factors 

NO, of 
e 

1 

2 

3 

4 

Angular errors in seconds 

x1 = + '300 x5 = - ,086 

x, = + -052 x6 = - ,103 

xs = + '062 tl = + '343 

x4 = - ' 354 x,, = - ,046 

[ W X ~  = 10.40 

Value of 
e 

+ 0.060 
- 0.481 

+ 0.108 

-34'3 

Co-efficient8 of 

A1 x, X ,  h4 

+0°17 +oSog ... - 2.31 

+o'19 +o.lo - 1 - 1 0  

i t  +om18 -t 1-13 

+ 88-22 



EASTERN SIND MERIDIONAL SERIE8. 

Figure No. 7. 

Observed Angles 

z - 
No. Value . a . ~  - 2% 

2s 
Ee; 

0 1 If 

1 76 27 7'44 - 0 2  

2 53 5 46-36 '09 

3 50 27 7'10 '02 

4 81 47 19-46 -07 

5 50 5 2  6'74 -06 

6 47 20 34'95 008 

7 64 59 12-06 “5 

8 52 4 36-16 ' 07  

9 62 56 12-18 -02 

Equations to be satisfied Factor 

... ... ... x, +x, +xs . . .  ... ... ... = el = + 0.025, & 

... ... X4 +xs + X 6  ... . . a  ... . . a  ... - - e ,  = + 0.176, X, 

... ... ... % + X e  +xo ... ... ... ... = % = -  O.333~ h 

... Xlo + X n  +Xis ... ... ... ... ... ... = e ,  = -  0-110, X4 

... ... ... XU + x14 +Xl6 s *  m.. - . a  e ~ .  = e ,  - -  0-494, '6 
- 

... ... ... ... ... Xi6 +Xi7 +xi, ... = e ,  = -  0.814, X, 

... ..a X19 +% n.. a m .  a * .  ... . m ~  = ? = -  O'4O7, & 

... x,* +% +x, ... ... ... ... ... . . .  = e, = + 0,205, Xg 

... xs +Xs6 +xn ... ... ... . . . ... ... = e 9  = -  0.527, X, 

... ... ... ... - el, = + 0.33, Xlo ... =1 +x4 +% +x10 +XIS 
- 

... xg +xu +X16 + xlP + xpJ + xe5 ... ... ... = ell = - 0 . 3 0 ~  Xi1 

17xs - 1 6 ~ ~  +19x6 - 1 7 ~ ~  +IOX,  -16% +18x1, - I I X , ~  +12x,, -18x1, = el$ = - 15 '4, 7% s 

16% -10% + 1 5 X l 8  - 8xI7 + 8xSl -14Xp0 
... ... ... ... = el, = + 49.8, XIS 

+ I ~ x %  - 1 % ~ ~  + 8% -14XM + 9x10 - 1 8 ~ ~ ~  

d 
cd 

i z  No. Value . ,. a . g  
2s 

Ee; 

0 1 11 

10 66 17 29'54 '11 

11 63 33 27-48 '07 

12 50 9 3'74 06 

13 70 28 51-83 04 

14 49 49 14-54 '05 

15 55 41 54-06 -10 

16 j6  11 39-26 -08 

17 70 X I  35'95 ' 04 

18 53 36 45-02 '11 

d 
cd 
0 2 

No. Value ETi l=-z . - 
x3 

Ee; 

0 If 

19 55 22 30.20 '07  

20 56 34 38-80 '05 

21 68 z 51'68 'O5 

22 68 17 21-80 -06 

23 60 32 33'34 -06 

24 51 10 6.30 -06 

25 53 38 48-78 -08 

26 56 10 39'23 '11 

27 70 ro 32-52 '03 



PRINCIPAL TRIANGULATION. REDUCTION OF FIGURES. 

Figure No. 7- (Continued). 

Equations between the Factors 

Co-efficient5 of 

Xl hP Xs h4 A6 X6 % x, x, 0 hl X1s &8 

... ... ... i-0'13 ... ... ... ... ... ... +OaO2 - 1 - 1 0  . . a 

... +os21 ... ... ... ... ... ... ... +ow07 ... + 0.50 

... ... ... ... + o - I ~  . . . ... +o.o5 +0.02 - 0.92 + 0.62 

+oW24 ... ... ... ... ... +O.II +oso7 + 0.31 - 0.09 

... ... ... ... ... + o - I ~  ... +om04 + 0.30 

+oS23 ... ... . . .  ... +o-08 . . .  + 1-33 

... +oar7 ... ... +ono7 ... - 0.30 

Q -toe18 ... ... +0.06 ... + 0.30 

... +om22 +0'08 ... - 1-30 

+0'29 ... ... + 0.49 

... +os38 - 0.57 

+'53'47 - 37'36 

+ 141 -04 

No. of 
e 

1 

2 

3 

4 

6 

6 , 

7 

8 

9 

10 

11 

12 

13 

Value of 
e 

$ 0.025 

+oS176 

-0.333 

-0 . 1 1 0  

- 0.494 
- 0.814 
- 0,407 
+ 0.205 
- 0-527 
+ 0'33 
- 0.30 
-15.4 

+49'8 

Valuea of the Factors 

& = - 0.3648 
& = + 0.0145 
& = - 5.5220 
X4 = - 2 0043 
X, = - 3.1188 
X, = - 6.5650 

= - 2.4152 
X, = - 0.1583 
h, = - 0.6148 
h0 = + 2.6031 
h1 = + 1.8237 
h9 = - 0.0185 
hs = + 0,4136 

Angular errors in seconds 

XI = + 'O45 xlo = + '475 X19 = - '042 
x, = - ,006 xll = + '002 xp0 = - ,410 
X, = - -014. x19 = - '587 X Q ~  = + '045 
x 4 =  + -183 xis = - -021 Xpp = + 'I00 

x6 = + '020 xI1 = - '139 xpg = - ' 307 
x6 = - '027 X16 = - ' 334 X, = + '412 
s , = -  '353 x,,, = - '379 x*, = + ,097 
% = + ,098 X17 - - - '395 Xg6 = - '705 
x9 = - -078 x18 = - '040 x, = + -081 

[wx'] = 31-41 



EA.STIEN BIND MEBIDIONAL SERIES. 

Agure No. 8. 

Observed Angles 

d 

g j ,  No. Value a s s  . C 

% S  
FG 

O I R  

1 59 5 2'95 '04 

2 67 44 37'77 -08 

8 53 10 20.32 '03 

4 84 38 58.20 ' 04 

5 43 6 11.57 '10 

6 52 14 51.86 -12 

7 74 10 14'85 . 10 

8 52 32 46-90 -07 

9 53 16 58'94 '02 

Equations to be satisfied Factor 

... ... ... ... ... ... +XP +% . . .  = el = + 0-042, $ 

... ... ... ... x, +x, +x, ... ... ... - - e, = + 0.473, X, 

.a. ... ... . a .  ... ... =I +xs +% a , .  

- = e, - - 0.267, S 

... ... ... ... ... Xl0 +Xll +xu . . a  . .a  
= e, = - 0.668, X4 

... ... ... ... ... Xm +xi4 +xis ... . . .  = e6 = + 0.400, X, 

... ... ... ... ... ... xi, +x17 +XI, ... - = e, - - 0.158, X, 

... ... ... ... ... ... Xl9 +xw, +=91 ... = e ,  = -  0'491, XI 

... ... ... .a. ... ... ... Xss +%?a +XM = e, = + 0.245, X, 

... ... ... ... ... ... ..a 4 6  +X96 +Xp? = $  = + 0'297~ h 

... ... ... ... ... X1 +'4 +X? + x l ~  +%a = q o = -  O.55~ $0 

... ... % +xll +x16 +xlg + ~ p p  +x% ... ... = ell = + 0.99, %I 

16x, - gx, +r7x6 -22x, +16x9 -16x, +15xlp -z5xll +18xlb - 7x14 - - el, = + 55.6, XU 

16% - 6% + x18 -26x17 + 2 c ~ ,  -12% ... ... . . a  ... = q, = + 53-49 
+22% -15% +IS% - 8% + 2xlO - 1 5 ~ ~  

x, 

A 

Is 
No. Value e M 

.;g 
FG 

0  1  11 

10 85 7 36-14 - 1 2  

11 40 38 20.75 '03 

12 54 I4 3'13 ' 04 

18 56 58 7.21 '05 

14 73 26 41-63 006 

15 49 3.5 12'23 '10 

16 54 I3 14.11 '03 

17 38 53 59'85 ' 04 

18 86 52 46-62 -08 

d 

zs 
No. Value e Y, c.-z ss  

o t u  

19 73 21 3'75 -07 

20 59 51 58-97 '05 

2 1 46 46 57'44 '05 

22 80 54 59-06 .06 

23 54 33 7-28 '93 

24 44 31 54'83 '03 

25 57 35 34-38 s o 6  

26 69 15 40'31 '03 

27 53 8 56-68 '05 



PRINCIPAL !I!EUNBULATION. REDUCTION OF FIGURES. 

Figure No. 8- (Continued). 

Equations between the Factors 

No. of 
e 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Value of 
e 

+ 0'042 
+ 0'473 
- 0.267 
- 0.668 
+ 0.400 
- 0.158 
- 0.491 
+ 0.245 
+ 0'297 
- 0'55 
+ 0.99 
fgj-6 

+53'4 

Co-efficients of 

Xl h, x, A4 X, A7 x, x, XI, Xll Xls XIS 
- 

... ... +0'15 ... ... ... ... ... ... +o.o~ ... - 0'24 ... 
... ... ... ... +oe26 ... . . . +oS04 - 0.16 ... ... ... 

+oS19 ... ... . . . ... ... ... +O.IO +o-02 - 0.80 + 0-52 

+o*19 ... ... ... ... ... +o-12 +oao3 - 0.15 - 0.36 

+omzr ... ... ... + 0.05 + I '38 ... ... ... 
+oBxj ... ... ... ... +o.og ... - 0.96 

+O.I7 ... +omog + 0.40 ... ... ... 
Y +om12 ... $0.06 + 0.21 ... . 

-f0'14 ... +oao6 + 0.51 ... 
+0'35 ... ... - 0.36 

+0.27 - 0.43 ... 
+183'37 - 26.92 

+11gm76 

Values of the Factors 

X, = + 0.6370 
X, = + 1.9006 
Xs = - 2.7861 
A, = - 4.0787 
X, = - r -0161 
X, = + 1.0841 
% = - 7'7377 
X, = - 3.1876 
h, = - 3-6371 
A,, = + 1-0910 
Xll = + 8.3736 
4 s  = + 0.4049 
4 8  = + 0'5957 

Angular errors in seconds 

xl = + 0.069 xlO = - '216 xlg = + '045 
xp = - 0'241 xll = - '175 x,=- ' 744 

x, = + 0.214 xIs = - '277 q, = + -208 
X, = + 0.120 xis = + -004 xpg = + -311 
x6 = - 0.701 x14 = - -231 ~ p g  = - ,364 
x, = + 1.054 x16 = + -627 x, = + ~298 
x7 = - 0.527 x,, = + ,284 %6 = + -284 
q, = + 0.019 '17 - - _ '576 x, = - -25% 
I ,  = + 0'241 xu = + '134 % = + -265 

[wxT = 67.77 



EASTERN BIND MEEIDIONAL 9ERIE8. 

figure No. 9. 

Observed Angles 

H 

$5 No. Value mas 
3s 

0 t If 

1 61 8 50.01 -07 

2 67 48 45-08 -04 

3 51 2 26-21 -03 

4 5 9 4 9 4 1 ' 1 9  '06 

5 51 45 15-26 - 0 7  

6 68 25 4.55 -04 

7 51 3 12-52 -05 

8 45 24 44-02 '04 

9 83 32 2-51 ' 07  

10 40 47 31-78 -11 

11 62 8 32-59 -10 

l2 77 3 55'99 '02 

13 69 17 34-15 .05 

14 64 rq 48.86 -06 

15 46 27 37-60 -05 

16 77 53 10.02 -10 

17 58 2 1  13-94 '04 

18 43 45 36.91 -06 

Values of the Factors 

& = - 0.9950 

X, = - 1.0281 

% = - 9'7378 

x4 = + 0.3'57 

A, = - 1.0378 

h6 = - 2 0868 

X, = + 1.1682 

& = + 0.2291 

Equations to be satisfied Factor 

X, +xg +Xs ... ... . . . - el = - 0.014, X, - 

X, +xs +x,, ... ... . . . - - e, = -O'3O4> X, 

9 +4 +$ ... ... . . . - - e , =  -1.660, X, 

Xl0 + Xl1 + x1, . .' ... ... - - e , =  -0.028, X4 

Xu + X14 +xis .. . . . . . . . - - e S =  -0.016, XS 

X l a  +Xi7 +xi, ... . . . ... - - e 6 =  -0.131, X6 

xi + x,' + + xl0 + + xi6 = e7 = - 0.33, h7 
17xs - 8xg + 8x6 -17x, + 2xQ -21x, I = e, = +33'6, + 5 Sl, -1 1 Xll + 2 0  X16 - I0 X14 + 21 XIR - 13 Xi7 

x, 

' 

Equations betweeu the Factors 

No. of 
e 

- 

1 

2 

3 

4 

6 

6 

7 

8 

Angular errors in seconds 

xl = + '012 q = -  ,428 xu = + ' 007  

xp = - '"3 X, = - -582 XI4 = - ' 200 

x, = + ,087 xQ = - ,650 Xis = + '177 

X, = + so08 xl0 = + -163 x16 = - -092 

X6 = - '344 Xll = - ' 220  - - x17 - - 203 

x6 = + '032 xlP = + '029 x,, = + -164 

[wxq = 24-09 

Value of 
e 

- 0.014 

- 0 . 3 0 4  

-1.660 

- 0 - 0 2 8  

- 0.016 

- 0.131 

- 0.33 

$33.6 

Co-efficient8 of 

x, x, x, A4 x, x, x, x, 

+oq14  ... . . . ... . . . . . . +o-07 + 0.19 

+Oml7 ... . . . ... ... +0.06 - 0.87 

+o.16 ... ... . . . + O . O ~  - 0.70 

+oS23 ... . . . +o.11 - 1-00 

+om16 ... +oao5  + 0-40 

* +oa2o +o-10 + 0.74 

+O'#  . . . 
+123'76 



PRINCIPAL ~ G U L A T I O N .  REDUC!FION OF FIGURES. 

Figwe No. 10. 

Observed Angles 

1 s  
No. Value s. M 

-9 a 

o t t/ 

1 4 9 5 8  5.62 -12 

2 47 46 48-82 '04 

3 43 10  50'40 '02 

4 39 4 '5'79 '09 

39 23 48'18 '08 

6 58 21 6-40 '09 

7 45 33 30.60 '08 

8 36 41 35-53 '13 

Values of the Factors 

Equations to be satbfied Factor 

X1 +% +% +X4 = q = - 0'013, % 

xs +x4 + X6 +X6 = q = + 0'155, x, 

X5 +X6 +x7 +4 =r % = + 0.180, X, 

-17X1 -O% -23% 1 ' = e4 = +18.3, x4 + 18x6 +5% + 29 =a 

Equations between the Factors 

NO. of 
8 

1 

2 

8 

4 

Angular errors in seconds 

x, = - ' 255 x6 = - ,176 

x, = + -060 x6 = + -148 
Xs = - '047 9 = - '174 
x4 = f '230 x, = + a382 

CwxS1 = 3 '47 

Value of 
0 

- 0'01% 
+ 0.155 
+ 0.180 

+18*3 

Co-e5ciente of 

Xl x, X, x4 

4-0.27 +o0II ... - 2-50 

+on28 +0°r7 + 1.16 

Q +0°38 + 5'79 

+ '85'75 



EAS- BIND MEIUDIONAL SERIES. 

figure No. 11. 

Observed Angles 

a 
E 5 l  No. Value .%.G 

JB 
0 8  w 

1 86 3 47'47 '13 

2 46 16 27-68 0x0 

8 47 39 45.10 '03 

4 66 44 50-83 -12 

5 50 45 53'05 '06 

6 62 29 16-15 - 1 1  

7 80 34 52.73 20 

8 55 49 49'45 '20 

9 43 35 '7'73 '08 

10 54 51 24-29 -04 

11 71 40 56.77 -20  

12 53 27 39'59 "5 

13 71 45 4'55 -1% 

14 46 37 16.28 -19 

16 61 37 39.71 -06 

Values of the Factors 

& = - 1~1279 

& = - 0.9199 

x, = - 1'2525 

X4 = f 0'9720 

X, = - 0.6192 

X6 = + 0.6442 

x, = - 0.1080 

" 

Equations to be satisfied Factor 

... XI + =s + 5  I.. = e , =  -0'055, & 

... ... x4 +X6 + X6 = ep = - 0'210, Xp 

... =7 +% +% . . a  

- - e, = - 0.360, & 

... Xlo +Xn +Xu ... - e4 = + 0'313, X4 - 
'la + Xu ... ... - - e6 = + 0-181, X6 

X1 +X4 +=7 +X10 +Xu - e6 = - 0.15, - x, 
19% -20% +XI% - 1 7 X L  +22x9 1 = e, = -25.6, 

-14x, +1gxls - 7x11 +lzxl6 -zox14 
x, 

Equations between the Factom 

No. of 
e 

- 

1 

2 

3 

4 

6 

6 

7 

Angular erron in seconds 

x1 = - 0063 % = -  ' 232 xll = + '345 

X, = + *lo3 x, = - '122 x19 = - '097 

x , = -  'O95 X, = + '052 XIS = + '003 

x4 = - '033 x9 = - 290 X14 = + '293 

x6 = + 'O55 xl0 = + 0065 X16 = - '11s 

[-?I = 3-57 

Value of 
e 

- O'OjS 

- 0-210 

-0'360 

+ 0.313 

+ 0.181 

- 0.15 

-25.6 

Co-efficient8 of 

x, x, x, A4 X6 x, x, 

+oS26 ... ... ... ... +OSI3 - 1'43 

+o-29 ... ... ... f o S r z  + 0-19 

+0.48 ... ... + 0 * 2 0  - I *oq 

+0'39 ... fo-04 + 0.85 

* +0'37 + O . I Z  - 3-08 

+oa61 ... 
+ 287'59 
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Figure No. 12. 

May, 1885. 
W. H. COLE, 

I n  charge of Computing O$ca 

J 

Observed Angles 

IS 
No. Value k-8 p 

o n #  

1 64 5 51~49 '08 

2 60 09 15.41 '13 

8 55 14 53-35 '14 

4 86 5 44-71 '13 

6 45 41 27.01 '09 

6 48 r r  48-63 -08 

7 85 58 0.61 -15 

8 58 11 4-50 -06 

9 35 49 55-28 '13 

10 64 38 43-63 - 1 1  

11 43 31 2'25 -2% 

12 71 so 14-39 -07 

18 59 X I  39'57 '07 

14 57 5 44.32 'a0 

16 63 4% 36.55 -12 

Valuea of the Factors 

\ .  = + 0-4918 
X, = + 0-2182 
X, = - 0.2590 
X4 = - 0'0353 
As = + 0'5794 
X6 = - 0.0843 
% = f 0.0257 

Equations to be satisfied Factor 

... ... xl +% + %  = = + 0.179~ x, 

... ... X4 f x6 + *6 = % =  + o ' o ~ ~ J  & 
... x, +% +% . . a  

- - e s =  -0.024, x, 
... ... =lo +x11 +XIS 

- - 0, = - 0'13$J x4 

'18 +'14 +X16 ... ... = eL = + 0.1793 Xs 

x1 +x4 +x7 +Xl0 +XIS 
- - e d =  +o'oz, &, 

14% I +I9+ -21X6 
+29x'{ = e , =  + 8-73 

-134 + 7XIs -22X11 +Ioxl6 -14X1, 
x, 

Equations between the Factors 

Co-efficient8 of 

x, x, x, x, x, x, 

... +oa35 ... ... ... +omo8 + 0.53 

+o'~o ... . .  ... +oS13 - 0.37 
fo.34 . . . ... +0.15 + 2.99 

+o.qo ... +o.~r - 4.35 
* +oa39 +0°07 - 1-60 

+o'% ... 
+392*31 

No. of Value of 

1 +oB179 

2 +oSo45 

8 -0.0~4 

4 ee -0.135 

6 +oalgg 

Angular errors in seconds 

XI + '033 Q = + '057 xl1 = - '132 
x, = + -027 x, = - -051 xu = + *010 
x, = + '119 x , = -  'O35 Xu = + '035 
X4 = + -017 x, = + -063 x14 = + '044 
xL = - -029 xl0 = - -013 xis= + -100 

[ W X ~  = 0'43 

6 

7 

+osoa 

+8.7 



E A S T E R N  S I N D  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANQULBTION. TRIANGLES. 

Norn.--l. The values of the side am given in the same line with the opposite angle. 
2. Btations LXXV (Bojhre) and LXXVILI (bndohar) appertain to the -hi Longitudinal brim. 

No. of trisngle 

Cim 

1 

2 

Number and Nnme of Station 

LXXV (Bol'hra) 
LXXVIII (Sandohar) 
V ( B M )  

LXXVIII (Sandohar) 
V ( B W )  
IV (Narithal) 

LXXV (Rojhra) 
LXXVIII (Sandohar) 
I ( N r S r )  

I (Fuldr) 
LXXVIII (Sandohar) 
I1 (Chhga) 

 NO^; 
circuit 

44l 

41 

41!2 
11 (Chbnga) 4'9273847,s 84602.80 16'023 
LXXVIII (Sandohar) 
I11 (Patatonk) 

'849 

Di13tmc0 

$ 
. a n  

II 

'689 
-689 
.689 

a so67 

'651 
'650 
'650 

1'951 

'340 
,340 
'340 

I '020 

'254 
'255 
-255 

- 764 

me4 

19.415 
20.793 
17.325 

19.925 
16.598 
19.415 

12.635 
12.247 
17.325 

9.276 
14.496 
11.635 

Log. feet 1 
5'0107656,2 
5.o4o55z8,1 
4.961316~~0 

5'0220268, 
4'9426977f 
5'0107656,2 

4'8242059,7 
4'8106688,9 
4'9613162,o 

4.68997~6~1 
4'8838957,4 
4.8242059~7 

Corrected Plane 
-10 

0 1  II 

60 25 37.022 
68 39 56.149 
50 54 26'829 

o 0-000 

66 39 2-349 
49 53 "'891 
63 27 27'760 

o 0.000 

46 47 48.734 
44 57 20.757 
88 14 50-509 

o 0.000 

39 13 54.278 
81 16 52.424 
59 29 13.298 

0 0'000 

Correctiom to Oherred Angle 

102509.86 
109787'48 
91477'90 

105zo2'71 
87639.08 
102509'86 

66712.30 
64664'94 
91477.90 

48975.14 
76541'29 
66712'30 

Figure 

n 

- '659 + '088 
+ '838 

Cimuit 

II 

+ -880 
+ '090 
- '970 

circuit I Total 
n 

+ -086 + '484 
- 'sox 1 + -112 . 1 + '706- 596 

+ -548 + '336 - '461 '272 
- 'I77 - '064 I l- 
+ '605 + ,497 - '069 - -232 
- -252 - -265 

I 

+ -221 
+ '178 - '132 
+ -267180 
+ -570 - 089 
+ .IIO 
+ '591180 
+ '884 
- '733 - '241 
- -090180 
+I  '102 - -301 
- '5x7 
+ '284180 
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N ~ . - S t & i o n  LXXVIII ( W o h a r )  tipportaim to the W h i  Longitudinal &rim. 

Corrections to Obacmed Angle 

pigum ( OMS& I Eit I Total 

Comcted Plane 
Angle 

0 1  * 
73 46 56.386 
38 25 36.271 

No. of triangle 

Number and Name of Station 

aimnit 

a 
3 a 

Distance 

'364 + '541 + ' iog + '750 
'363 + '072 - ,118 - '046 43 

8 

, 

~ o g .  feet 

4'9426977,7 
4'7540043,7 
4.9~73847~5 

4'9507019~2 
4.9354~385~1 
5'0220z68,9 

4 .844~842~7 
4'9614543,9 
4'9507019~2 

4-8870873~0 
4.7853817~0 
4'844584a17 

4.8911247,o 
4.9183152~4 
4m887087310 

4.8468162~4 
4.9122944~5 
4-9354085,1 

4*9183152,4 
4.8063335~8 
4-8468162,q 

4'9775321,9 
4'8158980~4 
4'8911247,o 

4'8637805~9 
4.8530312~6 
4-9775321,p 

SaO337370,7 
4'8530312,6 
4'8911247,o 

4.9089662~3 
4.9341767~2 
4.86378~5~9 

4 8944387,3 
4.9194465~6 
4.908966~~3 

I11 (Pstatonk) 
LXXVIII (Sandohar) 
IV (Narithal) 

I V  (Narithal) 
V ( B W )  
VI I  (Rupihar) 

67 53 27-343 

I pat 

87639.07 
56755.04 
8460a-80 

89269.25 
86180'40 

10520a-71 

69917.24 
91507.02 
89269.25 

77105.84 
61007'28 
69917'24 

77826.00 
82854.33 
77105'84 

70277'49 
81713.61 
86180.40 

82854'33 
64022.64 
70277'49 

94958'13 
65448.25 
77826'00 

73076.98 
71290.44 
94958.13 

108077'95 
71290.44 
778~6 .00  

81089.80 
85936.32 
73076'98 

78422'15 
83070'45 
81089'80 

I '090 

'582 
-582 
'583 

1 '747 

I Yita 

16.598 
10.749 
16'023 

16.907 
16-322 
19'925 

13.242 
17'331 
16.907 

14'603 
11'554 
13'242 

14'740 
15.692 
14.603 

13'310 
15.476 
16'322 

15'692 
12.126 
13'310 

17'984 
12'396 
14.740 

13'840 
13.502 
17.984 

20'469 
13.501 
14.740 

15'358 
16'276 
13.840 

14'853 
15'733 
15'358 

4 

6 

6 

7 

8 

9 

10 

44 

46 

46 

V (Bhhdi) 
VII  (Rupihar) 
TI11 (Kanakotri) 

+ '461 + -637 + '321- '077 + '115- '560 I 1 
+1'309 - ' 212  

- '369 

I + '400180 

+1'098 
+ '244 - '445 -- 

+ '897183 

45 24 7.050 
68 56 55.778 
65 33 53'172 

0 0'000 

54 36 57'4 6 
51 49 21.7 a P 
73 39 40.722 

o 0-000 

180 o 0-000 

71 47 47'474 
48 43 50.280 
59 28 22'246 

o 0-000 

58 5 34.297 
64 39 21'327 

-57 15 4'376 

180 0 0.000 

4 9 2 4  77'96 
61 59 19.055 
68 36 33.249 

180 o 0.000 

76 I 34'506 
48 34 37-312 
55 23 48'182 

0 0'000 

82 32 10.243 
43 6 33.645 
54 2 1  16.112 

180 0 0'000 

4 41 17'969 
4 3 I 
81 14 50-816 

o o ' m  

92 47 51.982 
41 12 39.703 
45 59 28.315 

180 o 0.000 

60 41 1.089 
67 31 27.750 
51 4731.161 

180 o 0.000 

57 3 26.895 
62 44 33.889 

1.378 1 + '728 

VI I I  Kanabotri) + -864 
VI I  (L ihu)  + '079 
x (~h i t aL)  - -384 

XV (Badhor) - '558 6 0 1 1  59.216 

1'337 1 + 'I07!180 0 O'OOO 

VI I  (Ru ihar) 
X  hi&) 
Ix (Jdangtor) 

'959 + '559180 

+ '505 + '315 
- '507 

+ '313 

+ I -331+1 '517  
'363 

- '949 

+ -205 - 
+ 1 . 0 2 1  

'336 
-1.034 

+ '323180 

1-28; 

I V  (Narithal) -421 + -186 
VI I  (Bupihar) - '230- 
VI (Hatoden) -422 + '152 -1.101 

VI  (Hatodan) 
VII  (Bupihar) 
I X  (&fangtor) 

X (Bhitala) + '372 

IX (finF) 
+ '203 

XI1 (Tha ur) - '500 

1.265 

'345 
'344 
'344 

1 '033 

I X  (Msngtor) 
XI1 (Thakur) 
X I  (Narhnr) 

IX (Mangtor) 
X (Bhitala) 
XI (Narhar) 

X I  (Narhar) 
XI1 (Thakur) 
XIV (Malar) 

+ '283 + '738 - '058 + ' 394+ + -098 -1'132 

XI1  (Thakur) 
XIV (Mslar) - -025 

'"95 

'407 
'407 
4 0 7  

1'221 

+ '034 + '402 - '274 - -144 - .05]- .334 

f '075 

+ '516 - 4 1 8  
- -397 

- '299180 

+ '705 + '719 - '143 - '050 
562 - '618 

1.311 

'432 
'432 
,431 

"295 

+ ' i 3 7  + '484 
- 2 6 8 1 + ' 1 3 0 1  
+ -086- '614 

+ -051 

+ -611 - '138 
- -528 

- -045 
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No, of 

(]imait 

11 

l a  

18 

14 

16 

16 

17 

18 

triangle 

Non- 
&nit 

47 

48 

49 

50 

Correctione to Oherred Angle 

Number lrnd Name of Btstion Co-d P h e  
, Non- Angle 

Log. feet 
--- 

0 1  * 
XV (Badhor) + '641 55 49 56'675 4'8740247,1 
XIV (Malar) + - 2 4 2  64 I 50.016 4- 1w831,8 
XVII (Sinaba) - '465 60 8 13.309 4. % 944387,3 

I '248 

XIV (Malar) 4-8309009,3 
XVII Sinmbe) 
xvr (Lm) 4'836p72,o 

4.8740247~1 

XI Narhar) d + '556 + '553 46 38 47.169 4,833~637~4 
XI (Malar) + - 1 2 0  + '552 66 48 52.807 4.9350780,3 
XI11 (Jeyeulmere) -676 - -292 66 32 20'024 4'9341767,a 

Distance 

Feet 

74821'21 
81298.62 
78422.15 

67748.6~3 
68692-16 
74821'21 

68118.29 
86114.85 
85936'32 

68692.16 
66826'72 
68118.29 

89933'60 
76043'73 
67748'69 

60194'26 
70620'20 
89933'60 

62410'88 
69514.11 
60194.26 

57896.75 
58554.22 
62410.88 

57035'46 
70815.09 
76043'73 

58554.22 
6 8 4 0  
57035'46 

94100.05 
67643'62 
57896'75 

76366.56 
63027.49 
94100'05 

1 '273 

XI11 (Jeyeulmere) + -338 
XIV (Malar) '314 + ' I74 + '270+ 
XVI (Barnear) '314 + '179 - -608 

Bfile4 

14.171 
15.397 
14.853 

~ a - 8 3 1  
13'010 
14'171 

12'go1 
16'310 
16.276 

13'oro 
12.657 
12'901 

17'033 
14.402 
12'831 

11'400 
13'375 
17.033 

11.820 
13'166 
11'400 

10.965 
11'090 
11.820 

10'802 
13'412 
14.402 

11.090 
12.963 
10.802 

17'822 
12.811 
10'965 

14.463 
11'937 
17-822 

+ '813180 

+ 'a38 
'444 

- '429 

o 0'000 

61 11 26'483 
58 28 38'290 
60 19 55.227 

'943 + '253 

XVI (Ramear) + '284 
XVII (tiinaba) - '093 
XIX (Joganeli) - '393 

1.188 - ' 2 0 2  

XVII (Sinaba) + '453 
XIX (Joganali) - '502 
XX (-0) - '497 

I '004 - '546 

XX (Kardo) + -861 
XIX ( J o g a d )  + '248 
XXII (Arrabhit) - '319 

a 830 + '790180 

XIX (Joganali) + '069 
XXII (Arrabhit) - -004 
X X I  (Sanahu) - -509 

4.836go72,o 
4*8249501,5 
4.833~637~4 

180 o 0.000 

77 11 24'968 
55 31 19'761 
47 16 15.271 

180 o 0.000 

41 55 1'279 
51 36 23'343 
86 28 35'378 

180 o 0.000 

56 58 45'874 
69 3 7.041 
53 58 7.085 

o 0'000 

57 5 2'667 
58 6 11.784 
64 48 45.549 

o 0-000 

45 32 0'024 
62 23 3.363 
72 4 56.613 

180 o 0'000 

54 43 25.698 
72 36 6.510 
51 40 27.792 

180 o 0.000 

96 47 52.102 
45 32 40.158 
37 39 27'740 

o 0.000 

53 51 39.775 
41 47 58.264 
84 2 0  21.961 

o 0,000 

XVI (Ramear) 
XIX (Joganali) 
XVIII (Potanawh) 

XVIII (Potnnaw&i) 
XIX (Joganali) 
XXI (Sanahu) 

XXII Arrabhit) Q XXI ( anahu) 
XXIV (Dhanono) 

XXI (Sanahu) 
XXIV (Dhanono) 
XXIII (Hado)  

4'9539za0,o 
4.8810634~6 
4-830900g,3 

4'77 5551,o 
4.84 % 9 ~ 8 9 ~ 4  
4y539220,o 

4-7952602~9 
4'84~0730,o 
4'7795551,o 

4.7626542,r 
4'7675582,6 
q 7952602,9 

4.7561448,8 
4'850125 ,3 
4.8810634~6 

4,767558~~6 
48353292,7 
4'7561449,8 

4.9735898,~ 
4-8302268,6 
4.7626~42~1 

44829031,8 
4.7995299,~ 
4'9735898,~ 

'726 

'303 
'303 
'303 

' 909 

:::: 
- 2 5 1  

'754 

- '001 

+ '535 - '594 

'920 - .o60180 

+ '172 + '051 
- '331 

I '132 - -108180 

- - 2 1 0  + -217 i I + '271 + '165 + -178 - '382- 

+ -196 ; ::::I + 2 7 1  
+ -150 - '467 

- '444180 

+ '007 
+ '436 

'204 

+ '239 

- *581 
+ -582 
- '317 

- '316 
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I 

'284 
-284 
'283 

'851 -- 

Number and Nsme of Station 

S X I  (Sanahu) 
XXII (Arrabhit) 
XXILI (Hfudo) 

XXIII (Hamlio) 
XXIV (1)hanono) 
XXVI (Mvibhu) 

SXIV (Dhmono) 
XXVI (R4vUhu) 
XXIX ( U n g r a )  

XXVI (BQvilBu) 
XXIX ( Mbringra) 
XXVIII (Gidja) 

XXIX (Mbringra) 
XXVIII (Ginija) 
XXXI (Asu) 

XXVIII (Oirsja) 
XXXI (Asu) 
XXX (Singra) 

XXIII (Harnb) 
XXVI (RBvil4hu) 
X X V  (Bbndri) 

XXVI (BBvilhhu) 
XXV (Bbndri) 
XXVLII (Qidja) 

XXV (Bbndri) 
XXVIII (Gidja) 
XXVII (Mhhu) 

XXVII (MQhu) 
XXVIII (Gtid~a) 
XXX (Singra) 

XXXI (Asu) 
XXX (Singra) 
XXXIII (Psretbd) 

XXX (Singra) 
XXXIII ( Parethal) 
XXXII (Bitri) 

No. of 

Giro uit 

19 

20 

21 

23 

28 

-24 

26 

Triangle 

Non- 
circuit 

51 

52 

58 

55 

Correctiom to Ohrred  Angle 
CommM Plane 

Angle 

0 1  I 

99 24 20'333 
42 21 27.832 
38 14 11'835 

180 o 0-000 

+ '110 53 5 46.178 + -026 50 27 6.835 
76 27 6'987 

Total 

1 

+ '707 
'044 - '182 

+ '481 

4.7 80561,7 
4.7 22645,1 % 
4.88zgo31,8 

4*8212116,4 
4'9270438~6 
4'79b561,7 

4.8288055,6 
4'7685622,2 
4'8212126,4 

4'8965140,6 
4.84256x4,0 
4'8288055.6 

4'8445434,o 
4'8506972,9 
4'8965140~6 

4'8353578,7 
4.8734507~3 
4'7822645,1 

4'8450561,7 
4.76856~2~2 
4.8353578,7 

4'8990445,9 
4'8315765,o 
4'8450561,7 

4 8506972,9 
4. 272107,8 
4. I 990445,9 

4.8144244,5 
4.8774718,9 
4'8445434,o 

4'7144157,O 
4.7562481,6 
4.8144244,s 

Figare 

1 

+ '440 - '062 
+ -103 

Log. feet 

4'9651481,~ 
4.7995~99~4 
4-76a654~,1 

180 o 0.000 

50 52 6.512 
81 47 18.963 
47 20 34'525 

180 o 0.000 

64 59 12.140 
52 4 35'939 
62 56 11.921 

'875 - '025 

+ '097 - '172 - '101 

62813'95 
60570'97 
76366'56 

66254.08 
84536'42 
62813'95 

67422'61 
58689'75 
66254.08 

78797'79 
69592'33 
67422'61 

69910.66 
70908'34 
78797.79 

68447'54 
74722.38 
60570'97 

69993.25 
58689'75 
68447.54 

79258.27 
67854.16 
69993'25 

70908.34 
84568.92 
79258.27 

65226.56 
75417'45 
69910.66 

51810.25 
57049'02 
65226.56 

Circait 
----- 

1 

' 974 

11.897 
11.472 
14'463 

12.548 
16'011 
11.897 

12'769 
11'115 
12.548 

14.924 
13.180 
12.769 

13'241 
13'430 
14'924 

12.964 
14'152 
11.472 

13.256 
11'115 
11.964 

15.011 
12-85' 
13'256 

13.430 
16.017 
15'011 

12'354 
14'284 
13.241 

9'813 
10.805 
12.354 

d 

Distance 

Feet 

92288.62 
63027'48 
57896'75 

Nan- 

I 

+ '267 + '018- 
- '285 

- '176 

+ '358 - '044 
-019 + 

'833 + -333 180 o 0'000 

+ '405 70 11 36.007 
+ '410 56 11 39-322 - '001 53 36 44'671 

Mila 

17.479 
11'937 
10.965 

I '044 

'362 
'362 
'363 

I '087 

+ '042 - '052 + '41o+ '044 - 1  - '045 + '008 

'308 + '334 + - 1 2 0  
'308 + ' 0 2 1  + '078 
'308 + '139 - '198 

+ -814180 

- .or0 
+ '454 
- -037 

+ -407180 

o 0-000 

55 22  29'828 
56 34 38.892 
68 2 51'280 

o 0'000 

+ '454 
+ '099 - '059 

59 41 54.206 
70 28 51'621 
49 49 14'173 

'924 + -494180 o 0-000 

+ -021  - '454 66 17 28.796 
'290 + '587 + '060 + '647 50 9 4.097 

63 33 27.107 

'870 

'353 - '081 - -019 
+ -084 

'352 + '705 - '065 

+ -110180 

- ' IW 
- '013 
-t -640 

+ '527 

- -420 - '023 
'238 

- -205 

I '057 

-411 
4 1 2  
'412 

"235 

o 0.000 

70 10 32'067 
53 38 48.415 
56 10 39'518 

180 0 0'000 

51 10 5.469 
68 17 21.365 
60 32 33'166 

180 o 0.000 

- .296 + .a88 
- '034 

'998 - '042 

- '750 + -029 + '321 

'670 - '400180 

- -412 - .oo8 
- -1001 1 + 

-077 + '307 - .o69+ 

53 10 19.692 
67 44 37'725 
59 5 2-583 

180 0 0.000 

49 35 11.257 
56 58 7.016 
73 26 41.727 

o 0'000 



I 

Lug. feet 

4'8990669,7 
4.8098816~6 
4'7144157,o 

4.8313570,~ 
4'8546230,9 
4'8990669,7 

4'9149085,4 
4'7662962,o 
4'8313570,1 

4'8141024,o 
4' 775848,7 
4' ! 774718,9 

4'8933571,s 
48098816,6 
q'8141oz4,o 

4.6919358,s 
4'8031682,7 
4'8933571,5 

4'7662962,o 
4.81~7520,6 
66919358,5 

4-9390613,9 
4.8632235,3 
4-914go85,4 

4'8656989,4 
4.9074047~9 
4 9390613,g 

3;  
8 sw 
w 

-263 
'263 
-262 

-788 

Corrected Plane 
Angle 

o r  n 

85 7 36.089 
54 14 3'134 
40 38 20'777 

o 0.000 

Number and Nams of Station 

XXXIII (Parothal) 
XXXII (Bitri) 
X x X v I  (KUro) 

Corrections to Obsmed Angle Distanoe 

Feet 

79262'36 
64547.83 
51810'25 

67819.88 
71552'22 
79262'36 

82206.95 
58384.32 
67819'88 

65178.21 
94969'66 
75417'45 

78227'08 
64547.83 
65178'21 

49196.69 
63557'72 
78227'08 

58384'32 
64677.32 
49196.69 

86908.32 
72983'31 
82206'95 

73400.48 
80798'78 
86908.32 

31 

No. o t - '' 
26 

XL (Erariwbo) + -156 51 3 12'439 4'7593005,6 
XLIII (N6r ir) + '651 45 24 44'435 4.7210583~2 
XLII ( ~ 6 m f  + -853 83 32 3.126 4 8656989,4 

-710 

XXXV (Cbauki) 43 45 36.326 4'7730187,r 
XL (Kirariwiro) 77 53 9'752 4 .9~33583~3 
XXXIX (Thar Mu&) 58 21 13.922 4'8632235,3 

1-001 

XXXTX (Thar Muhaui) 46 27 37'138 4'6787272,4 
XL (Kirariw6ro) 69 1733.912 4.7894476,9 
SLI (MBri) 64 14 48.950 4 7730187,1 

Mile6 

15-012 
12.225 
9.813 

12.845 
13'552 
15.012 

15-56! 
11-05 
12.845 

12.344 
17.987 
14'284 

14.816 
12'225 
12.344 

9'318 
12.037 
14.816 

11.058 

12.248 9-31  

16.460 
13.823 
15.569 

13'902 
15'303 
16.460 

60 

61 

Triangle 

Nan- 
circuit 

27 

28 

29 

30 

Total 

E 

+ ,112  + -267 
'289 i- 

+ -668180 

~ igu re  

v 

+ '216 
+ '277- 
+ '175 

56 

57 

58 

59 

XXXII (Bitri) - -438 53 8 55.885 
XXXVl (Kh4ro) - '254 57 35 23.768 
X B X V  (Chauki) + -395 69 15 40'347 

I '073 - '297 180 0 O'OOO 

XXXVI (KMro) - '465 80 54 58.286 
XXXV (Chauki) - -264 44 31 54-258 

57451'39 
52608.80 
73400'48 

59295.08 
83822'06 
72983.31 

47722'95 
61581'14 
59295'08 

10.881 
9.964 

13.902 

11'230 
15.875 
13.823 

9-038 
11'663 
11.230 

circuit 
----- 

I 

- ' ioq 
-010 

+ '114 

XXXVIII (Trieingh) 

'925 

XXXI (Am) '385 + '701 - '167 
XXXIII (Pawthsl) '386 - - 1 2 0  + '046 

NOn- 
- ~ + ,  

I 

+ '484 

- -245180 

+ '534 
- '074 
- '933 

- '473180 

+ '517 - -056 
- -194 

+ -267180 

'483 - -268 
- '057 

+ -158180 

'665 
-098 

- '076 

+ -49-80 

XXXIV (Kolu) 

XXXIII (Parethal) 
XXXIV (Kolu) 
XXXVI (Khiro) 

XXXIV (Kolu) 
XXXVI (Khhro) 
XBXVII (Morgich) 

XXXVII (Morgicb) 
XXXVI (KMro) 
XXXVIII (Trieingh) 

54 33 7'456 

o 0.000 

43 6 11.719 
84 38 57'740 
52 14 50.541 

0 O'ooo 

74 10 15.048 
52 32 46'525 
53 16 58.427 

o 0.000 

38 54 0'087 
54 13 13'596 
86 52 46.317 

o o - o o o  

59 51 59.418 
73 2 1  3.435 
46 46 57.147 

o O 'O00  

XXXY (Chauki) - -060 67 48 44'582 
XXXVI I1 (Trieingh) - - 1 2 0  I 2 25.652 
XL (Kirariwko) -438 + '194 61 8 49'766 

.386 

1.157 

'319 
-319 
-319 

'957 

'246 
'246 
-246 

'738 

'217 
'217 
'217 

-651 

1'314 + a 0 1 4  

XXXVIII (Triaingh) + '020 
XI, (Kirariwiro) + '160 
XLIII (Nhrpir) + -124 

-1.054 + ' 121  

+ '527 I I - -010 - -019 - '037 - .a41 + '047 

+ '576 - '093+ - '284 + ,016 
- -134 + '077 

+ '744 - '045 - :::;+ 
- '208 + '132 i l- 

180 o 0.m 

51 45 14.846 
59 49 40'915 
68 25 4.239 

1 ' 304 + '304180 0 O'ooO 



I'IXINCIPAL TRIANGULATION. TBIBNGLES. 201 

No~~.--8tstiow LIX (MAC-) and LXII (D6owbla) epperbin to the Great Indus Serieo. 

4 3  
8' 
# 

'130 
'129 

Number and Nsme of Btstion 

XLI (MSri) 
XL(Kirariwk0) 

lo. of 

Cim uit 

triangle 

Non- 
Ckcuit 

62 
XLII (YBru) + '074 62 8 32'755 

Carreotim to O h e d  Angle 

I Circuit I $zit I T d  

+ '294 

Comcted Plane 
b ~ l e  

0 1  4 

77 3 55.811 
40 47 31'434 

I 

- .029 - '163 
9.038 

83 

33 

341 

36 

36 

87 

88 

89 

4*6787272,4 

9 

14.209 
8' 57 
10.!81 

9'290 
8.747 
14.209 

12'524 
8.747 
10.881 

6.884 
6'730 
9.290 

8'333 
8'994 
6'884 

7.178 
7'053 
8'333 

5'877 
6.971 
6'730 

7'053 
8.409 
5'877 

6'944 
6'569 
7'178 

6.668 
9'294 
6.944 

'362 
9'680 
6'668 

1 

Milee 

9'964 
6'679 

68 

641 

66 

47721.95 

4'8751873,o 
4.6747832,~ 
4.7593005,6 

4-6906722,2 
4.6644730,~ 
4'8751873,o 

4.8203681,o 
4.6644730,1 
4'7593005,6 

4'5604538,o 
4.5506311,3 
4-69067a2,a 

4'6434435,6 
4.6766103,8 
4'5604538,o 

4.5786281,5 
4.5709869,6 
4'6434435,6 

4'4918011,5 
4'5659585,8 
4.5506311,3 

4'5709869,6 
4'6473891,a 
44'49~80m,5 

4*5642506,6 
4.5401566,3 
4'5786a81,5 

4.5466178,2 
4'6908284,5 
4.564a506,6 

4'7780782,6 
4 7085244,3 
4'5466178,~ 

Dimtanoe 

388 + -028 180 o 0 - w o  
XLIII (Nd h) - '198 905738'808 
XLII ( Y ~ T  - '252 39 4 15'324 
XLV (Longwf) + '462 49 58 5.868 

75021.78 
47291.51 
57451.39 

49053'75 
46182.03 
75021.78 

66125.36 
46182.03 
57451'39 

36345'76 
35532.94 
49053'75 

43999'08 
47490.90 
36345'76 

37899.03 
37238'06 
43999'08 

31031 '38 
36809.39 
35532.94 

37238.06 
4 4 4 ~ 0 6 2  
31031'38 

36664.91 
34686.19 
37899'03 

35ao6-09 
49071'40 
36664.91 

59989.91 
5 ~ 1 2 . 1 8  
35206.09 

Log. feet 

4'7210583,a 
4'5473431,S 

9 

- '020 
- '054 

52608.80 
35264'94 

I 

- '049 - '217 

180 o o ' m  

39 23 47'760 
36 41 35.204 
103 54 37-036 

180 o o'ooo 

7828 3'266 
43 10 50.529 
58 21 6.205 

'64a + .OIZ 
XLII (Yirn) - '247 
XLV (Longwf) 
XLIV (Vijnot) + '210 

'520 

XLII (Ydru) - -445- 
XLIII (Nbrpir) + -287 
XLIV ( Vijnot) -205 - -148 + -158 

- .180 
-499 + '334 + .OIO 

-615 - '155 180 o 0'000 
XLV (Longwbli) - .364 47 39 44.634 
XLIV (Vijnot) + '186 46 16 27'765 
XLVI (Vin) + '233 86 3 47'601 

' 305 + '055 180 .O 0'- 

XLIV (Vijnot) - '293 61 37 39.297 
XLVI (Vin) - '176 71 45 4.254 
XLVIII (Dewari) + '288 46 37 16'449 

'359 

XLVI (Vin) 
XLVIII (Dewari) 
XLIS (Kot Sabzal) 

- .r81 
- -508 
+ '309 - 'I 14 
- '313 
- '597 + '322 + '485 
+ .a10 

'642 
+ '279 
+ '723 
+ -360 
- '337 - '2x1 
+ '369 
- -179 

XLV (Longwdli) 
XLVI (Vin) 
XLVII (Got Mir Muhammad) 

XLVII (Got Mir Nuhammad) 
XLVI (Vin) 
XLIX (Kot Sabzal) 

XLVIII (Dewari) 
XLIX (Kot Sabzal) 
LI (Ghundi) 

180 o o - o m  

54 51 23'656 
53 a7 39.794 
71 40 56.550 

180 0 O'ooO 

50 45 52.373 
66 44 51'07a 
62 a9 16'555 

180 o 0 . m  

55 49 48.718 
80 34 52.919 
43 35 18.363 

180 o omooo 

60 a9 14.983 
552453.a49 
64 5 51'768 

180 o 0.000 

45 4a 26.150 
86 5 44.761 
48 11 49.089 

180 0 0.000 

85 58 0' 176 
58 la 3.9~38 
35 49 55.896 
180 0 0 . m  

'3x7 

'080 
-080 
:080 

• a40 

-090 
'090 
.090 

270 

'090 
'ogo 
'091 

-271 

XLIX (Kot 8 e b d )  - '759 
LI (Ghundi) + '153 
LXII (DBowBla) + '561 

- -055 I I - '542 + '033 + -289 
+ ' 232 + '253 

- -052 - -590- + + -157 
+ 'zip + '433 

- .oa7 - '3x0 I I - I 19 - '092 
- '033 + 'qoa 

LI (Ghundi) 
LXII (Diowda) 
LIX (Whka) 

' 3O5 

'141 
'141 
-141 

'424 

- '045 
- -302 
- '431 + '757 
+ '024 

+ -052 
+ '035 - '063 

- 3541 - '466 + -820 



202 EASTERN BIND MERIDIONBL SERIES. 

Norm.-Station LIX (Whkn) eppertaina Lo the Great Indua Seriea 

May, 1885. 
W. H. COLE, 

In c h a w  of h p u t i n g  O ~ W .  

No. of triangle 

Number and Name of Station 

I Ckeuit Circui 

- .  
.g 3 
6 

I 

-087 
'087 
a087 

66 

67 

XLVIII (Dewari) 
LI (Ghundi) 
L (Kubba) 

L (Kobba) 
LI (Ghundi) 
LIX (MBchka) 

'261 

71 50 13.199 
64 38 43ma48 
43 31 3'553 

'405 I +  -135180 o 0-000 

Corrections to Obeerved Angle 

F i p  I Circuit 1 1 TOW 

Corrected Plane 
Angle 

O I  n 

6342 35'372 
59 1 1  39'490 
57 5 45.138 

,I 

- 'xoo 
- '035 
- -044 

w 

9'680 
9'207 
7.015 

Distance 

Log. Feet 

4.7085244~3 
4.68673354 
4.5686746,6 

51112'18 
48610.88 
37040.31 

,I 

- 
+ '042 7-015 

6.721 
6'569 

4'5686746,6 
4'55004I2,9 
4.540156623 

m 

-991-1.091 
+ '007 37040.3~ 

35484'71 
34686'19 + '949 + '905 



E A S T E R N  S I N D  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. LATITUDES, LONGITUDES AND AZIMUTHS. 

B~~~--Etatiom LXXV (Bojhrs) and LXXVIII (E3nndohar) appertain to the Knr6ahi Longitudinal &rim 

Btstion A 

Circuit Number snd Rnme 
No. I of Btstion 

f3ta.tion B 

Xamber snd Rnme 
of Btstion 

LXXVIII (Sandohar) 
I (FuMr) 
V (Bhhdi) 
1 (Fulrh) 
I1 ( C h h p )  

I11 (Patatonk) 
IV (Narithal) 
V (BhPdi) 
11 (CGnga) 
I11 (Patatonk) 

IV (Narithal) 
V ( B W )  
VI ( H ~ ~ t ~ d a n )  
VII  (Bupihar) 
,, 9s 

VIII (Kanakotri) 
VII (Bupihar) 
IX (Mangbr) 
VIII (Kanakotri) 
IX (Mangtor) 

Lntitude North 

o r  1 

a4 57 26.28 
JS 

9~ 

a5 3 3-89 
JP 

JJ 

9 )  

9, 

24 53 56-48 
24 58 47.00 

25 9 37-71 
25 16 19'9.) 

19 

o 

25 15 24.18 

,Y 

a5 29 34'72 
SJ 

25 27 27-90 
JP 

Azimuth at A 

0 1  * 
1 x 1  55 37'09 
65 7 48-01 

172 21 14-80 
3364628.09 
58 3 20.77 

118 4 30'52 
I 56 30 7'1 5 
123 g 10.15 
I 17 34 34-16 
153 13 30-96 

224 17 49-01 
272 59 56.87 
169 4 50.68 
218 28 58-80 
144 57 27-70 

 go 26 35-21 
180 27 4'59 
204 25 19-73 
a55 56 31-94 
149 7 6-61 

1 
2 )  

89 

2 

JS 

A 

~ ~ ~ ' m ~  

0 1  1 

70 16 45-08 
1) 

9 )  

70 I 22-18 
JS 

VJ 

1, 

19 

70 6 7-90 
69 53 50'47 

69 47 49.63 
69 55 1'47 

JJ 

9 )  

70 I4  5-95 

99 

69 ga 1a.51 
JP  

70 4 46'65 
JJ 

LXXV (Bojhra) 
19 99 

99 PV 

LXXVIII (Sandohm) 
JJ IJ 

J J 81 

JP SP 

S t  tt 

I (Fulrk) 
I1 (CMnga) 

111 (Patatonk) 
IV (Narithal) 

1s w 

n 9, 

V ( B W )  

$ 9  9 9  

VI (Hatodan) 
n o 

VII (Bupihar) 
99 Js  

Bide AB 

Log. feet 

4'961316~,0 
4-81066884 
5~0405518~1 
4'8142059.7 
4.6899756,~ 

4*9273847,5 
4-g426g77,8 
5'0107656,2 
4-8838957~ 
4'8668065,~ 

4 '754~43,7  
5-02aoa68,g 
q'gra2g44,5 
4'9354085,1 
4'9507019,Z 

4*9614543,9 
4*8468162,4 
4'806333518 
4'8445842,7 
4.9183152,4 

Azimuth st B 

0 1  * 
a91 49 6.99 
245 3 19.54 
352 ao 7.18 
1564828.69 
138 o 9'76 

297 58 45-76 
336 17 25.18 

43 14 34-80 
297 29 13-31 
333 10 58-06 

44 20 52-99 
93 8 5.34 

349 3 3836 
38 33 9-48 

314 53 28-17 

10 27 51-82 
IOO 31 28-96 
24 17 34'63 
76 I 50.45 

329 3 46-11 
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Station A 

Circuit Number and Name Latitude North 

Station B 

Number md Name 
of Station 

XXVII OJdQhu) 
XXVIII (QirBja) 
,, 99 

XXIX (Mhringra) 
XXVIII (Qirija) 

XXX   sin^) 
XXIX (MQringra) 
XXX (Singra) 
XXXI (Asu) 

,r 98 

9) 99 

XXXII (Bitri) 
XXXIII (Parethal) 

,, 97 

XXXIV (Ko~u) 

XXXIII (Pmethal) 
=I' ( a u k i )  
XXXVI (Khbo) 
XXXIV (Kolu) 
XXXVI (Khiro) 

,, 91 

XXXVII (Morgich) 
n X V 1  (Khhro) 
XXXVIII (Tri~ingh) 
XXXIX (Thar Muhbri) 

XL (Kiradwdro) 
XXXVII (Rforgich) 
XXXVIII (Trisingh) 

19 J I  

XL (Kirariwdro) 

XLIII (Ndrpir) 
XL (Kirariwiro) 
XLI (MBri) 

79 ,, 
XLII (yh) 

XLIII.(Nbrpir) 
XLII (YBru) 
XLIII (Nbrpir) 
XLIV (Vijnot) 
XLV (Longwhli) 

Longitude East 

Side AB 

1 I of Gntenwich N o  1 of Etation 

0 I  tl G I  * 
XXV (BQndri) 26 54 44-36 69 52 27-14 

9) II 91 11 

XXVI (RBvilBhu) 26 52 29.21 70 4 48.15 
99 )I 79 12 

XXVII (IUhu) 27 5 20'19 69 48 24.36 

I1 I1 J l  DP 

XXVIII (Qirhja) 27 1 57-40 70 2 31.40 
97 II 9) DS 

II I9 )I 31 

11 XXIX (Miriugra) 26 59 5'37 70 1431'76 

XXX (Yingra) 271334'87 70 059'95 
71 9 8  II ~9 

) I  9 )  IS 89 

l a  XXXI (ABU) 27 10 32-14 70 13 26.85 

J) DY ID 19 91 

XXXII (Bitri) 27 22 47'33 69 58 47'55 

91 19 91 91 

29 11 I) I I 

18 XXXIII (Parethal) 27 22 7.08 70 8 20.54 
I9 IS D3 I) ls 

XXSIV (Kolu) 27 25 6'31 70 19 55'29 
91 P J  9 I 91 

XXXV (Chauki) 27 34 17'96 69 55 49'75 
I9 99 9s a #  

tp a) 9t $1 

19 99 )I ,, 
14 XXXVI (Khho) 27 32 46.30 70 8 16.32 
I# ,, I? I)  IS 

XXXVIZ (Morgich) 27 35 15-29 70 16 56.85 
15 XXXVIII (Trisingh) 27 42 24-35 70 8 2.81 

p9 I9 ,, IS 97 

-IS (Thar Muhiri) 27 41 33-40 69 42 36.23 
II 99 91 1' . 

XL (Kirariwho) 27 45 57'48 69 52 25-64 
9 ,  9s 99 39 

7B )I 91 19 

XLI (MBri) 27 51 17'24 69 45 54'26 
XLII (Yh) 27 54 34-99 69 5118.20 

19 9) PP 9 )  

99 ,, 99 99 

Azimuth st A Log. Feet Azimuth at B I 1  
0 1  * 

161 7 35-95 
231 18 8-37 
167 50 16-99 
232 49 29.40 
284 55 5-81 

233 44 59-93 
284 53 2.80 
173 18.52-94 
228 41 23.13 
175 10 6.29 

2851519'59 
167 55 30.06 
217 30 41-54 
158 31 21.04 

201 37 33-14 

274 27 47'37 
167 4 47-73 
220 13 43.98 

253 50 2-55 

179 39 47.19 

126 28 9'05 
165 22 9-38 
277 47 45'00 
233 1 5  50.43 
121 41 28.75 

165 27 5-41 
252 9 32.65 
178 48 29.~0 

132 5 33'18 
104 23 56-59 

156 g I 1.87 
243 14 6.47 
196 46 29.12 
132 36 14.84 
173 23 46.40 

224 a6 59.08 
235 29 16.30 
269 51 11-54 
191 23 8.07 
230 46 56-01 

4'8315765,o 
4*8450561,7 
4'7685622,a 
4'8212126,4 

4-8990445,9 

4'9272107,8 
4.8288055~6 

4'8506972,9 
4'8965140,6 
4.8425614~ 

4'8445434,o 
4'7562481,6 
4.8144244~5 
4.8774718~9 
4'9775848,7 

4'7144157,O 
4.8546230~9 
4-8990669,7 
4.8141024~0 
4.8098816,6 

4.8933571~5 
4.8031682~7 

4.8313570~1 
4-9149085,4 
4.9~33583~3 

4-8632235,3 
4.6919358,5 
4.7662962,o 
4.8107520,6 

4'9390613,9 

4'9074047,9 
4-7730187,1 
4'7894476,9 
4.6787~72~4 
4.7210583~2 

4-8656989,4 
4.5473431~5 
4.7593005,6 
4'6644730~1 
4.8751873~0 

0 1 '1 

341 5 45-68 
51 22 42-40 

347 49 15-00 
52 53 53-72 

105 I 31.16 

53 50 44-81 
104 58 29-94 
353 18 I 1-24 
48 46 21.76 

355 9 36'74 

10521 1-01 

347 54 29'32 
37 34 3'60 
338 29 0.68 
21 40 31.28 

94 32 10.83 
347 3 25.70 
40 18 6-28 

73 55 22.21 
359 39 45-24 

306 22 46.50 
345 20 46.98 
97 53 30.41 
53 21 30'50 

301 35 20.72 

345 25 30.63 
72 13 33'54 
358 48 22.74 
312 I 25'37 
284 16 40.43 

336 6 21-98 
63 18 40.72 
16 48 1.40 
312 33 12'24 

353 23 14'91 

44 31 26.66 

55 31 47'79 
89 56 11.33 
r x  23 55.80 
50 52 0.31 
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No=.-8tationa LIX (Wchh) and LXII (Dbowb)  appertain to the Chnt Indus leriw. 

Juna, 1885. 
W. H. COLE, 

fi charge pf Computing O#m. 

Btation B 

Number and Name 
of 8tation 

XLIV (Vijnot) 
XLV (Longwili) 

,, 19 

XLVI (Vin) 
XLVIII (Dewari) 

XLVI (Vin) 
XLVII(QotBlirMuhammad) 

,, J9 

XLVIII (Dewari) 
XLIX (Kot Sabzal) 

,, J P  

,, )I 

L (Kubba) 
LI (Qhundi) 
,, s 9  

LXII (D60wb) 
LI (Ghundi) 
LIX (~bchlra) 

,, ,, 
LXII (Dhwhlfi) 

,, I S  

Btstion A 

Cimuit Number snd Nams Latitude North ~ ~ ~ d ~ m ~  I 1  No. 1 of station Azimuth st A 

0 1  )1 

133 7 2-06 

180 53 50-35 
267 29 18.59 
221 xa 50.71 

I 59 35 I 1-30 

135 13 20.42 
185 59 13-88 
248 26 17.72 
113 o 0.95 
167 51 a4.71 

I 24 I 8 39-52 
139 a8 47.68 
115 16 57-14 
178 59 3a-60 
114 56 33-38 

I 60 38 59.64 
a38 8 11-57 
166 18 9-23 
122 49 51.34 
208 47 52-66 

266 56 8-51 

16 

JJ 

17 
19 

18 

D, 

J) 

19 

$ 9  

- 

Bide A B 

Log. Feet 

4-8ao3681,o 
4'6747831,a 
4'69067a1,~ 
4'5604538,o 
4-6766103,8 

4.5506311~3 
4'5659585,8 
4~4918011~5 
4'64344356 
4'5709869,6 

4'6473891,2 
4-5786181,s 
4'550041a,9 
4'5401566,3 
4'5642506,6 

qe6go8a84,5 
4-5686746,6 
4.6867335,4 
4'7085144,3 
4'5466178,a 

4'778078a,6 

0 1 .  

27 54 36-03 
J I  

28 a 3-30 

11 

J S  

18 2 24.28 

11 

28 6 33-96 

)I 

l 9  

28 8 26.79 
28 9 24-00 

99 

9 )  

28 1 2  34'44 

IS 

28 X I  53.93 
,, 

28 15 7'41 

81 

28 19 41-57 
282011'87 

X L ~ I  ( ~ ~ r p i r )  
19 IJ 

XLIV (Vijnot) 
I) 3s 

8 )  ~1 

XLV (LongwQi) 
1 8  P J  

XLVI (Vin) 
;J IS 

8 3  13 

XLVII(Gtot Mir Muhammad) 
XLVIII (Dewari) 

99 9 1  

9) 0 

XLIX (Kot Sabzal) 

Dl J P  

L (Kubba) 
,a ,, 
L I  (Qhundi) 
11 81 

LIX (Mbchka) 
LXII (Diowtih) 

Azimuth at B 

0 1  * 

313 a 49-39 
o 53 54'23 

87 33 35-69 
41 14 56'58 

339 33 44'1 4 

315 X I  8.88 

5 59 34.07 
68 a8 50.71 

291 56 17.57 
347 50 43'39 

304 15 24.94 
59 31 40'05 

295 14 7.79 
358 59 29-38 
294 53 37.5' 

340 37 33'44 
58 X I  8.96 

346 17 8.23 
302 46 4-55 

a8 49 22.63 

87 I 26-70 

O f *  

70 x 58.65 
99 

69 52 59-95 
91 

9, 

70 a 6'9a 
99 

69 57 27-40 
S t  

I s  

70 2 49.81 

69 49 54.87 
ss 

J J  

69 55 59-83 

8 )  

69 43 56-23 
1s 

69 49 48-05 
JJ 

69 41 47-41 
695257'86 



E A S T E R N  S I N D  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 nsual data of the observed vertical angles and the heighta of the signal and instrument, 
kc., in pairs of horizontal lines, the first line of which gives the data for the 1st or the fixed station, and the second line the data 
for the 2nd or the deduced station. This is followed by the arc contained between the two atationa, and then by the terrestrial 
refraction, and the heiglit 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 fixed station, gives that of the deduced station. 
Usually there are two or three independent values of the height of the deduced atation; the details are ao arranged as to 
show these consecutively and their mean in the columns of "Trigonometrical Results." The mean reaults thus obtained are 
however liable to receive corrections for the errors generated in the trigonometrical operations, which are shown up by the 
spirit leveling operations, whenever a junction between the two has been effected. The spirit leveled determinations, when available, 
are always accepted as fiual, and the trigonometrical heights of stations, lying between other stations fixed by the leveling 
operations, are adjusted-usually by simple proportion-to accord with the latter. 

The heights of Eastern Sind Meridional Seriea have been adjusted between the values of Rojhra H.S. and Sandohar H.S. 
of the Kardchi Longitudinal Series, and those of Mdchka T.S. and DLowdla T.S. of the Great Indus Series aa finally determined 
in connection wit11 the general reduction of the North-West Quadrilateral. The fixed heights are as follows :- 

LXXV (Rojhra) 
LXXVIII  (Sandollar) ::: feet above Mean Sea Level a t  K d c h i  from Kartichi Longitudinal Series. 

L I X  (MBchka) ... 273 
LXII  (DhwUa) II II from Great Indns Series. 

The trigonometrical heighta always refer to the upper mark-stone, or t o  the upper surface of the pillar on which the theodolite 
stood. Wheu the pillar of the station is perforated, the height given it1 the last column, is that between the upper surface of 
pillar and ground level mark-stone in floor of passage; otherwise i t  ia the approximate height of the structure above the ground 
at  the base of the station. 

No~x. -~tat ions  LXXV,(Bojhxa) and LXXVIII ( k d o h u )  eppertrin to the Euichi Longitudbd Berim. 
t The p h  u nunk h g   fa upper n d ~ b  f l ~ h  with the ground 

J 

fi 

0 3 
% 
2 w .- 
6 

feet 

ot 

ot 

Height in feat of 2nd 
Bution .bore Yesn 

-nomica1 Deb Eefraction a 
.$ 
Y 

1876 

NOV. 26 
DM. 4,s 

a s  1 
II 6 

Nov. 80 
DM. 7 

 umber and ~ l u n s  
of Station 

LXXV (Eojhra) 
I (Fuldr) 

LXXVIII (Sendoh) 
I (Fu lh)  

LXXVIII (Sendohar) 

II(Ch+) 

Height in feet 

Mean of 

of obeer- 
vation 

h. m. 
a 24 
a a5 

a 16 
2 ao 

a 18 
2 at 

E S See Lsvel 

Find 
h u l t  

475 

351 

Oberved 4 

u Beduc- ~ e s n  u a 
FZ tion 

0 1  ,I 

D o  7 l0.9 
D o  2 42.8 

D o  I 30.9 
D o  8 23.0 

D o  7 41.9 
E o o 20.1 

'a 
16 

1 a  

11 

12 

12 

"5 
1.7 

2.6 
2.8 

2.6 
2-7 

5.3 
5.3 

5.3 
5.3 

5.3 
5.3 

.7 

638 

659 

484 

3a 

41 

33 

.050 

'062 

'068 

- 41.9 

+ 66.7 

- 57'2 

476.~ 

474'7 

350'8 

475'4 

351.1 



208 EASTERN RIND MERIDIONAJ SETLIEIS. 

NOTE.-Stations LXXV (Rojhrs) and LXXVIII (Bandohar) appert8in to the lh&hi  Longitudinal Berim. 
t The pillar ia runk having its upper rurface flush with the ground. 

A&ronomical Date Height in feet 
... a 

g Height in feet of 2nd ' 
Ilefraction a; 9 Station above Mean 

3 m sea Level 
w a s 04% ' 4 %g 51 ,  Rigommet r id  3 3 g $9 '8 g.$ 

8 . 
"" 1876 

Dec. 4 

s, 7 

Nov. 80 
Dec. 10 

19 7 
19 10 

Nov. 80 
Dec. 12 

2 9  10 
,, 12, 18 

9, 21 
ss 13 

Nov. 22 
Dec. 20 

Nov. 80 
Dec. 20 

8 )  18 
9,  21 

~9 13 
,, 26, 27 

,, 20,21 
,, 26, 27 

91 12 
I, 30 

,, 26, 27 
PJ 30 

9 ,  20 
9 ,  24 

,, 26,27 
18 24 

1876-77 
Dec. 30,81 
Jan. 4,s 

Dec. 26,27 
Jan. 8,4 

k 
% 
U, 

" 

* 

756 

B36 

727 

866 

561 

r o o  

roB4 

rorg 

1040 

851 

882 

go7 

694 

904 

691 

633 

818 

Number nnd Name 
of Gtation 

I (Fulrir) 
I1 (Chbnga) 

LXXVII I  (Sandohar) 
111 (Patatonk) 

I1 (Chhnga) 
I11 (Patatonk) 

LXXVIII  (Sandohar) 
I V  (Narithal) 

111 (Patrrtonk) 
I V  (Narithal) 

V (Bhhdi) 
I V  (Narithal) 

LXXV (Rojhra) 
V (Bhidi) 

LXXVII I  (Sandohar) 
V (Bhhdi) 

I V  (Narithal) 
V (Bhhdi) 

I V  (Narithal) 
V I I  (Rupihar) 

V (Bhhdi) 
V I I  (Rupihar) 

I V  (Narithal) 
VI  (Hatodan) 

V I I  (Rupihar) 
V I  (Hatodan) 

V (Bh4di) 
V I I I  (Kanakotri) 

V I I  (Bupihar) 
V I I I  (Kanakotri) 

V I  (Hatodan) 
TX (Mangtor) 

V I I  (Rupihar) 
I X  (Mangtor) 

Mean of 
Tim- 

of obser- 
vation 

h. m. 
a 45 
z 43 

2 34 
2 34 

2 3 1 

2 31 

2 54 
2 35 

2 42 
2 43 

2 12 

2 I I 

2 35 
2 35 

3 13 
3 I 3 

2 11 

2 1 2  

2 52 
2 52 

z 33 
2 36 

3 7 
2 42 

a az 

2 a3 

a 55 
2 54 

2 53 
2 53 

2 45 
2 45 

2 17 
2 I 7 

ir, 

12 

12 

I' 

12 

12 

12 

I 2  

12  

16 

12 

1 2  

I' 

12 

1 2  

1 2  

I 2  

I Z  

12 

12 

16 
12 

I2 

1 2  

'2 

1 2  

12 

12 

ra 

12 

rz 

I 2  

12 

Observed 
Vertical Angle 

0 I I1 

D o  11 15.4 
D o  o 8 .4  

D o  9 4 ~ ' ~  

D o  2 37.4 

D o  6 5 4 ' 0  

D o  4 4.0 

D o  9 44" 
D o  3 13'9 

D o  3 s8.7 
D o  q 43.4 

D O I ~ I I * ~  

D o  3 15.5 

9 '3.9 
D o  6 17'5 

D o  5 51.6 
D o  9 16.1 

D o  3 '5.5 
D o  ra 11.4 

D o  6 10.3 
D o  6 36.9 

D o  X I  43-1 
D o  124.7  

7 11'9 
D o  5 0 '6  

D o  43'4 
D o  3 35'5 

D O  7 1 ' 4  
D o  6 19.8 

E o o 56.5 
D o  X I  15.8 

D o  5 10.3 
D o  4 21.4 

D o  49'4 

D o  4 23.7 

43 

53 

42 

30 

62 

76 

58 

62 

50 

53 

45 

46 

57 

44 

40 

49 

2.6 
2.6 

2'7 

2.8 
2.6 

a ' 6  

2'7 

'" 
2.6 

2.6 
2'6 

2 ' 6  
2 '7  

2.6 

3.3 

2 ' 6  
2.6 

2.6 
2.6 

2.7 
2.7 

2 '6  
2.6 

2'6 

2 '7 

2.6 

2 - 7  

2.6 

2 - 7  

2.7 
2.6 

'" 
2.7 

u 

5.3 
5.3 

5 '3  
5.3 

5 '3 
5'3 

5'3 
5 '3  

5 ' 3  
5.3 

5 '3  
5 '3 

5 '3 
5 '3 

5 ' 3  
5 '3 

5 ' 3  
5 '3 

5.3 
5'3 

5.3 
5 '3 

5'3 
5 '3 

5 '3 
5 '3  

5 '3 
5'3 

5'3 
5 '3 

5.3 
5'3 

'" 
5'3 

'057 

-063 

'058 

.058 

-053 

-060 

-070 

'057 

.060 

'059 

.060 

.056 

mo66 

'063 

'064 

'063 

-060 

m 

& 

-123'8 

- B7.9 

- 30'4 

- 82.8 

+ 6 - 2  

-136.6 

- 49.5 

+ 51.2 

+136.6 

+ 5-6 

-133.8 

- 26.0 

- 31.9 

- 9 '1  

+1a4'2 

- 7 '7  

- 41.3 

.- 

fd 

0t 

of 

ot 

ot 

o t  

ot 

L 

Byeach 

320 

326 

463 

330 

299 

454 

2g0 

tion 

351'6 

320.1 

320.8 

325.1 

326.6 

327'3 

468.5 

459.2 

462'5 

332'0 

329.6 

3m.4  

~ ~ 8 . 9  

454'3 

455'0 

292.0 

289.5 

320'4 

326.4 

463'4 

330'8 

299'7 

454'7 
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t The pillar is runk having its upper surface flwh with the ground. 

kstronomical 

Jan. 7,8,9 
s t  5 

1876-77 
Dec. 26,27 
Jan. 8,9 

Dec. % 
Jm. 7,9 

1877 
Jnn. 5 

,, 7,8,9 

,, 4,5 
,, 17,18 

,, 8, 9 
,, 17, 18 

,, 12,13 
17 * a  

1 ,  4,5 
,, 12,18 

,, 8,9 
,, 12,13 

91 17 
,, 12,18 

,, 17,18 
,, 26,28 

,, 12,18 
,, 26,27 

,, 17,18,19 
9, 22 

,, 26,27,28 
99 22 

,, 13,16 
4 Peb. 

 en. %, acl, 80 

Feb. 8 

Jan. 22 
Feb. 10,ll 

Number and Name 
of station 

X (Bhitala) 
I X  (Mangtor) 

VII (Rupihar) 
X (Bhitala) 

VIII (Kanakotri) 
X (Bhitala) 

I X  (Mangtor) 
X (Bhitala) 

I X  (Mangtor) 
X I  (Narhar) 

X (Bhitala) 
X I  (Narhar) 

XI1 (Thakur) 
XI  (Narhar) 

I X  (Mangtor) 
XI1 (Thakur) 

X (Bhitala) 
XI1 (Thakur) 

XI  (Narhar) 
XI1 (Thakur) 

XI  (Narllar) 
XIV (Malar) 

XI1 (Thakur) 
XIV(Ma1ar) 

X I  (Narhar) 
XI11 (Jeyeulmere) 

XIV (Xalar) 
XI11 (Jeyeulmere) 

XI1 (Thakur) 
XV (Badhor) 

XIV (Malar) 
XV (Badhor) 

XIII (Jeyeulmere) 
XVI (Ramear) 

Date 

Mean of 
Times 

of obaer- 
vetion 

h. m. 
a 36 
2 36 

a 46 
a 47 

a 40 
a 40 

a 36 
a 36 

a 36 
2 36 

2 31 
2 35 

2 44 
a 41 

3 I 

3 2 

2 33 
a 33 

2 41 
a 44 

a 55 
2 55 

a 44 
a 44 

a 39 
2 39 

a a 5  
a a4 

a a3 
a 37 

2 40 
a 40 

a 34 
2 34 

Obrerved 
Vertical Angle 

0 1  n 

D o  8 51.5 
D o  2 31-7 

D O  4 21.3 
D O  7 11'3 

46'7 
E o o 37.2 

D o  a 31.7 
D o  8 51.5 

D o  6 18.3 
D o  4 33'0 

D o  10 53'8 
D o  5 15.9 

D o  g 0.5 
D o  I 52.1 

D o  5'" 
I) o 9 1'9 

D o  5 38.6 
D o  4 5.8 

D O  I 52.1 
D o  9 0.5 

D o  4 34.6 
D O  9 0-3 

D o  6 51.9 
D o  5 15.1 

D O  4 57'1 
D o  8 11.3 

D o  5 50'4 
D o  4 19.9 

D o  o 37.1 
D o  12 4-5 

E o I 1'5 
D o  12 36.2 

D o  29'5 
D o  5 41.1 

;; 
0 .- - 
! 

2 
g 

D 
!Z 

xa 
1 2  

1 2  

16 

I2 

12 

Ia  

12 

12 

12 

16 
11 

12 

12 

16 
16 

12 

12 

1 2  

12 

1 2  

12 

12 

12 

16 
16 

16 
12 

16 
12 

16 
16 

I' 

12 

1 .- 

2-6 

2.7 

2.6 
am8 

1.6 

2'7 
1.6 

2'7 
2.6 

2'7 
2.6 

1'7 
2.8 

a.6 

2.7 
1.6 

2.8 

2.7 

2.6 
2.6 

2.6 
2.6 

1.8 
2'6 

2'7 
2.6 

2'6 
2.6 

2.6 
2.8 

"7 
2.6 

Heightinfeet 

- 
i 
B 

5.3 
5-3 

5.3 
5.3 

5.3 

5-3 
5.3 

5.3 
5-3 

5'3 
5.3 

5.3 
5.3 

5'3 
5.3 

5.3 
5-3 

5-3 
5-3 

5.3 
5.3 

5.3 
5.3 

5-3 
5-3 

5'3 
5.3 

5.3 
5.3 

5.3 
5.3 

5.3 
5.3 

3 
n 
.i! 
8 

a 

769 

762 

602 

769 

704 

1068 

722 

' 938 

647 

722 

849 

801 

851 

673 

821 

775 

66, 

4 m 
.u- 
0 : -  

$ J  
4 2 . 9  

2 
a 

- 71'5 

+ 31.9 

- 9a.3 

+ 71.5 

- 18.3 

- 88.7 

- 75.8 

+ 

- 14'8 

+ 75'8 

+ 55'4 

- 19.0 

+ 40'4 

- 15.1 

+138-4 

+155'6 

+ 

Terreahi.l 

3 
8 

50 

42 

35 

50 

34 

54 

42 

58 

41 

41 

a5 

44 

38 

40 

37 

48 

33 

Refraction 

23 

1; 

-065 

'055 

-058 

-065 

'048 

-051 

'058 

.062 

'063 

'058 

'019 

'055 

'045 

'059 

'045 

-062 

.050 

L 

E 
8 

i 
F 
;j 
.P w 

fd 

ot 

of 

of 

ot 

ot 

ot 

Height in f a t  of 2nd 
Mean 

Fins1 
Reault 

362 

a72 

348 

328 

313 

485 

Station above 
8ee Level 

Byeach 
deduc- 

tion 

291.0 

362.7 

362.4 

362.3 

272'5 

173.8 

272'1 

348.a 

347'7 

348.9 

328'2 

329'3 

313.2 

313'7 

486.7 

484'4 

3z4.9 

Trigonometrical 
Resultm 

Mean 

362.5 

272.8 

348'3 

328.8 

313'4 

485'5 
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t The pillar in sunk having ita upper d a c e  0wh with the ground. 

Height 

3 
k, 
;li; 

2.7 
2'8 

2'8 
2.6 

2'6 

2.8 

2.6 

2.6 
2.8 

5'9 
5'7 

"7 
2.6 

2'7 
2'8 

"7 
2'7 

2'6 
2'6 

a'6 

2'7 

2'6 

2.7 

2.6 

2'7 

2.8 
2.6 

2.6 

2'7 

2'6 
2'6 

2'6 
2'8 

Number and Name 
of Station 

XIV (Mnlar) 
XVI (Ramsar) 

XVII (Sinaba) 
XVI (Ramsar) 

XIV (Malar) 
XVII (Sinaba) 

XV (Badhor) 
XVII (Sinaba) 

XVI (Bsmaar) 
XVII (Sinaba) 

XVI (Ramsar) 
XIX (Joganali) 

XVII (Sinaba) 
XIX (Joganali) 

XVI (Ramear) 
XVIII (Potanawbri) 

XIX (Joganali) 
XVIII (Potanawki) 

XVII (Sinaba) 
XX (Kardo) 

XIX (Joganali) 
XX (Eardo) 

XVIII (Potanawki) 
XXI (Sanahu) 

XIX (Joganali) - 
XXI (Sanahu) 

XXII (Arrabhit) 
XXI (Sanahu) 

XIX (Joganali) 
XXII (Arrabhit) 

XX (Kardo) 
XXII (Arrabhit) 

XXI (Sanahu) 
XXII (Arrabhit) 

Obrmed 
Vertical Angle 

0 I 11 

D o  5 31'1 
D o  5 3.3 

D o  9 24.4 
D o  o 48'2 

D o  12" 

D o  9 26.8 

9 18" 
D o  2 58.2 

D o  o 48-2 
D o  9 24-4 

D o  a 53'6 
D 0 8 53'7 

D o  7 34'7 
D o  6 4.9 

D o  5 38'6 
D o  5 8.8 

4"7 
D o  o 4-6 

D o  r 34-5 
D o  9 8.3 

E" ~ 9 ' ~  
D o  10 0-6 

D o  q 28-4 
D o  6 25.0 

D O  7 24'7 
D o  I 36.4 

D o  9 31.0 
E o o 23.9 

D o  3 10.2 
D o  6 44'4 

D o  8 31.6 
D o  1 12.9 

E o 0 23'9 
D o  9 31.0 

htronomicsl 

Jan. I, 26,27 
Feb. 10,11 

,, 7, 8 
,, 10,ll 

Jan. 26,%3,27, za 

~ e b .  7,8 

81 8 
~1 7,8 

,, 10,11 
,, 7,s 

,, 10,ll 
,, 17,18 

,, 7,8 
,, 17,18 

,, 10,ll 
1, 14 

11 17 
11 14 

,, 7, 8 
P, 22 

19 18 
1P 22 

11 14 
11 27 

,I 18 
9 ,  27 

IJ % 
JI 27 

91 17 
,, 24 

13 22 
11 24 

91 27 
$9 24 

." 
0 

ti 
5 
'g 

$ 
$ 
2 

12 

12 

12 

12 

20 

16 

l 2  

12 

1 2  

12 

I6 

16 

I6 

16 

12 

12 

I 2  

12 

12 

1 2  

I 2  

1 2  

16 
16 

1 2  

12 

1 2  

1 2  

1 2  

12 

1 2  

1 2  

12 

12 

Date 

Mean of 
Timas 

ofober- 
vation 

h. m. 
2 32 
2 32 

2 42 
a 41 

a 56 
2 49 

2 51  

2 48 

2 41 
2 42 

2 45 
2 45 

2 39 
2 39 

2 59 
2 58 

2 27 
2 26 

a 45 
2 47 

2 48 
2 49 

a 49 
2 50 

a 43 
a 43 

2 58 
2 59 

3 14 
3 15 

2 18 
2 18 

a 59 
2 58 

in feet Terrestrial 
,fmtion $ Height in feek of 2nd ' 

9 Station above Mean 4 
4 m Sem Level 

n 

5'3 
5.3 

5'3 
5.3 

5.3 
5.3 

5'3 
5.3 

5.3 
5'3 

5'3 
5'3 

5'3 
5.3 

5-3 
5'3 

5.3 
5'3 

5'3 
5.3 

5.3 
5'3 

5'3 
5.3 

5'3 
5'3 

5.3 
5'3 

5'3 
5-3 

5'3 
5'3 

5'3 
5'3 

I 

679 

669 

739 

803 

669 

8g8 

699 

563 

698 

595 

676 

578 

572 

617 

687 

572 

30 

37 

28 

40 

37 

,, 

4o 

33 

27 

36 

36 

19 

28 

21 

21 

30 

21 

'044 

'055 

.038 

,050 

,055 

.028 

.045 

,047 

- 4-5 

- 84'9 

+ 78e9 

- 75.0 

+ 84'9 

+ 66e3 

- 19.7 

- 5'0 

- 71.6 

.o52 

061 

-028 

'050 

'037 

'034 

,044 

'037 

PI 

f f  

of 

Of 

O t  

Of 

+ 77.7 

+ 96.4 

+ 19.4 

- 49'4 

- 83.6 

+ 32'5 

- 63'8 

+ 83'6 

324 

408 

389 

318 

324'3 

324'2 

407-7 

410.5 

409'5 

390.8 

389.5 

319'5 

318.6 

ot 

ot 

486 

338 

422 

324'5 

409.2 

390'2 

319.0 

486.9 

C6.6 

338.4 

340.8 

339'2 

422'7 

423.0 

423'2 

1 

486.8 

339'5 

4~3.0 
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t The pillar in aunk hnvin ib upper ourface flush mth the gmund. (1). The m- of observrtions taken on 10th March 1877 and 27th Janua 1880. 
(2). The mean of oba-tiom %n on 7th Mvch  1877 and Wth, 81. January 1880. (8). The mew d oburvatiom taken on 11th March 1877 and wx, 28th 
Janusry 1880. 

g 
9 m 

U Y 

O 3 a  

1 
- - s s  
G . 2 .  

N 

+ 18.2 

- 65'9 

- 80.7 

98'8 

11.7 

+ 80.7 

+ 28.6 

- 51'7 

- 32.8 

- 61.3 

+ 27.6 

+ 81.7 

+ 45'9 

- 16.0 

- 96.3 

1 .7  

45'3 

dstronomical 

Feb. 27 
Mar. 4 

Feb. 25 
Mar. 3,4 

9 )  15 
3 9 D 

a )  1 
1) 15 

Feb. 24 
Mar. 15 

P D  3 
15 8 ,  

19 3 
9 9  10 

IJ 15 
Y Y  10 

19 3 
19 7 

(1) 
(2) 
1877 

Mar. 
lSBO 

16 

Feb. 12,13 

(8) 
1880 

12 Feb. 

Jan. 80,31 
Feb. 8 

Jan. 27,28 
Feb. 8 

,, 12,13 
11 8 

Jan. 30,31 
Feb. 2,4 

18 8 
91 2 

.* 
4a 

E 
4 
.;t 

3 
!I 
ki 

12 

12 

12 

16 

1 2  

12  

1 2  

l a  

12 

12 

12 

1 2  

1 2  

1 2  

1 2  

12  

X 2  

12 

8 
1 2  

16 

24 
1 2  

12  

1 2  

1 2  

1 2  

12  

1 2  

12 

12 

12  

12 

Number and Name 
of Station 

X X I  (Sanahu) 
X X I I I  (HarnBo) 

X X I I  (Arrabhit) 
X X I I I  (Harnio) 

XXIV(Dhsnono) 
X X I I I  ( H m h o )  

X X I  (Sanahu) 
XXIV (Dhanono) 

XXII  (Arrsbhit) 
XXIV (Dhanono) 

X X I I I  (Harntio) 
XXIV (Dhanono) 

XXTII (Harnb)  
XXVI (Rbviltihu) 

XXlV (Dhanono) 
XXVI (RBvilhhu) 

X X I I I  (Harnho) 
XXV (Bbndri) 

XXVI (RBvilBhu) 
XXV (BBndri) 

XXIV (Dhanono) 
XXIX (MBringra) 

XXVI (RhvilBhu) 
XXIX (MBringra) 

XXV (Bbndri) 
XXVII I  (Girhja) 

S X V I  (RBvildhu) 
XXVII I  (Girbja) 

XXIX (Mhringra) 
XXVII I  (Girhja) 

XXV (BRndri) 
XXVII  (MBhu) 

XXVITI (GirBja) 
XXVII  (MBhu) 

Date 

Mean of 
Timea 

o f o b r -  
vation 

h. m. 
2 13 
2 39 

2 40 

2 45 

3 2 

3 I 

2 23 
2 23 

a 41 

a 45 

3 1 

3 2 

a 48 
a 48 

a 35 
2 32 

3 15 
3 15 

3 1 

3 1 

2 40 

2 56 

a 58 
3 o 

2 53 
2 54 

a 30 
2 30 

3 I 

3 o 

2 38 
2 38 

2 49 
2 48 

4 
'2 

g u 

* 

623 

912 

754 

930 

668 

754 

598 

621 

73g 

676 

835 

655 

692 

580 

666 

670 

783 

8. 

g 
g 
:: 
d 
6i 
2 
3 .- s! 
fat 

o t  

o t  

o t  

ot 

G t  

o t  

O t  

Observed 
Vertical Angle 

0 1  * 
D o  q 1 .4  

D o  5 59.6 

D o 9 41'3 
D 0 4 47'0 

D o  9 26.5 
D o  a 10.6 

D o  4 6.2 
D o  11 1 2 . 0  

D O  5 0.0 

D o  6 1 1 . 5  

D o  2 10.6 
D O  9 26.5 

D O  3 9.8 
D o  6 25-5 

D o  7 48.5 
D o  a 9.4 

7 '7.5 
D o  4 16.6 

D o  8 15'6 
D o  a 6 - 0  

D o  5 34'3 
D O  7 48.6 

D o 0 52-6 

D O  9 19'3 

D o  3 8 .1  

D O  7 39.1 

D O  5 27.6 

D o  3 35.6 

D o  10 6.5 
D o  o 16.9 

D O  5 8.7 
D o  5 18.2 

D O  8 0 .2  

D o  4 3 '9  

Height in feet of 2nd Height 

3$ 

2'6 

2.7 

5'4 
5'4 

2.6 
2'6 

2.6 

5.9 

2'6 
2.6 

2.6 
2.6 

2.7 
2.6 

2'7 
2.6 

2 ' 6  
2.6 

2.6 
2.6 

2'7 

2.0 

2-6 

2.7 
2.6 

2'7 
2'6 

2.6 

2.7 

2.5 
2'6 

2.6 

2-7 

2 
f i U  

2 0  

2 2  

35 

8 

6 

35 

20 

2 1  

30 

35 

24  

31 

30 

28 

29 

30 

37 

in feet 

Y 

3 

5'3 
5'3 

5'3 
5'3 

5 '3  
5.3 

5'3 
5 '3  

5 '3  
5'3 

5'3 
5'3 

5'3 
5'3 

5.3 
5.3 

5.3 
5 '3  

5 ' 3  
5 '3  

5 '3  
5'3 

5 ' 3  
5 '3 

5.3 
5 '3  

5'3 
5'3 

5 '3  
5'3 

5 ' 3  
5.3 

5 ' 3  
5 - 3  

Mean 

Final 
R e s u l t  

356 

436 

384 

323 

465 

368 

324 

Station above 
Sea Level 

Trigonornetrical 
Redulb 

Terrestrial 

4% 
p E j  

69 

'032 

.024 

'046 

. 0 0 9 +  

. 0 0 9 +  

.046 

'033 

'034 

.041 

.052 

.029 

.047 

'043 

-048 

.044 

. 0 4 5 +  

.047-  

deduc- 
tion 

By 

357-7 

357.1 

355.8 

438.3 

434.7 

438.1 

385-5 

385'3 

324.1  

324.1 

464.6 

467.1 

370'0 

369'4 

369.6 

325.8 

324'4 

Mmn 

356'9 

437.0 

385.4 

324.1 

465'9 

369.7 

325.1 
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f The pillar M munk having ito upper ourface flush with the gro11r1d 

h 

g 

i 
'8 
3 

w -2' 

fd 

ot 

ot 

ot 

ot 

ot 

o t  

ot 

Height in feet of 2nd 

k! 
4 ' 
g 

B U R  

w 

835 

700 

690 

778 

687 

6go 

644 

745 

563 

512 

938 

644 

783 

637 

773 

628 

486 

'G 
34 
'22 

C 

02% 
& l 0 
'G 5.2 
mz 

9 

B 

+ 65'1 

+ 21.9 

- 89'7 

+II0'4 

+ 15.3 

+ 89.7 

+ 54.0 

- 38'1 

- 22'6 

- 74.6 

- 19'9 

+ 17.6 

+ 73'1 

- 3'7 

- 22.8 

+ 13.1 

36.1 

Terrestrial 
Rafraction 
-- 

d 
g n 

40 

28 

41 

33 

25 

4I 

32 

23 

23 

-7 

27 

27 

24 

30 

10 

7 

Mean 

Fsna 
Besult 

389 

479 

442 

367 

459 

438 

473 

Btation above 
Sea Level 

Trigonoxnetrid 
hulh 

* 
g .- * 
E 
4 
u, 
3 
9 
R 

1 2  

12 

I 2  

x a  

1 2  

I2 

1 2  

1 2  

I a  

I Z  

I 2  

12 

l a  

11 

1 2  

12 

1 2  

l a  

12 

xa 

16 
12 

ra  
12 

12 

12 

1 2  

12 

12 

12 

12 

12 

12 

~3 
93 . g3  

'048 

.o4o 

'059 

'042 

'036 

.oS9 

.028 

'043 

'041 

.045 

'007 

'042 

'034 

'038 

'039 

.016 

'o14+ 

Height 

a e a 

2.6 
2.6 

2'6 

2.6 

1.6 

2'7 

2.7 
2.6 

1'7 

"7 
2.6 

"7 
2-5 

2'7 
2'7 

a.6 
2'6 

2.6 

2.5 

2'7 
2'8 

2'7 
2.6 

2'7 
2.6 

2.7 
1.5 

2.7 

2'7 
2.8 

2-7 
2.7 

deduc- 

Obwned 
Vertical Angle 

0 1  n 

D o  3 46.6 
D o  9 4.0 

D o  26'8 

D o  6 34.0 

D o  9 37.0 
D 0 0 47'3 

D o  I 14.1 
D o  10 52.4 

D o  40'4 

D o  6 11.0 

47'3 
D o  g 37'0 

a21'8 

l)o 8 4'2 

D o 7 31'7 
D o q 3'4 

D o  5 50.2 
D o  3 7'0 

D o  g 0.3 
E o o 52-8 

D o  8 44.0 
D o  7 17.0 

D o  4 8.4 
D o  6 0.3 

D o  3 1-8 
D o  g 22.6 

D o  5 15.2 
D o  4 52.2 

D o  5 4.0 

D O  4 29'3 
D o  5 53.7 

D o  I 34.9 
D o  6 37.1 

in feet 

1 

5.3 
5.3 

5'3 
5'3 

5.3 
5'3 

5.3 
5'3 

5'3 
5'3 

5'3 
5'3 

5.3 
5.3 

5'3 
5-3 

5.3 
5-3 

5.3 
5.3 

5'3 
5'3 

5'3 
5.3 

5'3 
5'3 

5.3 
5.3 

5'3 
5'3 

5'3 
5'3 

5.3 
5.3 

Mean 

Number and Name 
of Btation 

XXVII (Mshu) 
XXX (Singra) 

XXVIII (airirja) 
XXX (Singra) 

XXXI (Asu) 
XXX (Bingra) 

XXVIII (Gtirirja) 
XXXI (Aeu) 

XXIX (MBringre) 
XXXI (Aeu) 

XXX (Singra) 
XXSI (Asu) 

xxx (Singra) 
XXXIII (Parethal) 

XXXI (Aeu) 
X W I I  (Parethal) 

XXX (Singra) 
XXXII (Bitri) 

XXXIII (Parethal) 
XXXII (Bitri) 

XXXI (Aau) 
XXSIV (Kolu) 

XXXIII (Parethal) 
XXXIV (Kolu) 

XXXII (Bitri) 
XXXVI (Khko) 

XXXIII (Parethal) 
XXXTI ( K k o )  

XXXIV (Kolu) 
XXXVI (Khiro) 

XXXIV (Kolu) 
XXXVII (Morgich) 

XXXVI (Khlro) 
XXXVII (Morgich) 

bstronomical 

Feb. 2 

w !& 

3s 8 
S) 24 

,, 18,19 
9 ,  % 

,, 8 
,, 18 

8 ,  18 
,, 19,20 

., 24 
,, 18,19 

9 ,  24 
Mar. 1 

Feb. 18,20 
Mar. 1,2 

Feb. 24 
9 9  27 

Mar. 1 
Feb. 27 

,, 18,20,21 
M a  4 

,, 1 
pY 4 

Feb. 27 
Mar. 9,10 

19 1 
,, 8,9 

9 ,  4 
,, 9,10 

, )  4 
St 6 

,, 9,10 
2, 6 

Date 

Mean of 
Tima 

of obser- 
vation 

h. m. 
a 5 
2 4 

2 55 
a 55 

2 31 
2 31 

2 59 
3 o 

a 39 
z 45 

a 31 
2 31 

2 33 
a 34 

a 1 1  

a 13 

a 34 
2 34 

I 59 
I 58 

a 30 
a 31 

a 43 
a 44 

I 41 
I 41 

2 10 

2 I 2 

I 57 
1 58 

2 51 

a 51 

I 54 
1 5 3 

B:irhl 

390.2 

391.6 

390'9 

480.1 

481.2 

480.6 

444.9 

442'5 

368.3 

369.1 

460.7 

461'3 

441'8 

440'0 

438.2 

474'1 

476'1 

390.9 

480.6 

443'7 

368.7 

461.0 

440'0 

475'1 



t The pillar b runk having ib upper surface flwh with the ground. 



214 EASTERN SIND MERIDIONAL SERIES. 

t The pillar is sunk having its upper ~urface fluah with the ground. 

Astronomical 

1880-81 

Dee- 25, 2 6 ~  271 

28 
,. 81, B, 23,% 

,, es, as, 21.2s 
so, 31, 

JUI. 4,s 

Dee. "J 228 2 
,, 30, Jan.4,6 

Jan. 8,9,10,11 
Dec. 
Jan. 4, 5 

DM. u, zs. n, zs 
 an. 8, o, lo, u 

Dec. 21, 22, 23, 
24 

Jan. 9, 1 0 , l l  

So* 
Jan. 4, 5 
,, B,Q, 10, 11 

Dec. SO, 31, 
Jan. 4, 5 

2, 12,139 14, 
15, 16 

,, 8,9, 10, 11 
,, 12,13,14, 

15, 16 

,, s , ~ ,  lo, i i 

,, 18,19,20 

,, 12,13,14, 
16,16 

,, 18,19,20 

Dec. 80, 31, 
Jan. 4,5 
,, 25, 26,27, 

28 

,, 16,16,17 
2 5 ~  2 6 ~  Ti 
2 ' ~  221 Ti 

,, 26,27,28 

$8 12, 18, 14, 
15, 16 

,, 21,22,23, 
24 

1. 1419.20 
"8 2 2 ~  23p 

24 

,, 26,27,28 
31 21, 22, 23, 

24 

Number and Name 
of Btation 

XLII (Ybro) 
SLII I  (Nfirpir) 

XLII (Yiru) 
XLIV (Vijnot) 

XLIII (Ndrpir) 
XLIV (Vijnot) 

XLV (Longwai) 
XLIV (Vijnot) 

XLII (YLru) 
XLV (Longwbli) 

XLIII (Nfirpir) 
XLV (LongwBli) 

XLIV (Vijnot) 
XLV (Longwili) 

XLIV (Vijnot) 
XLVI (Vin) 

S L V  ( L o n ~ b l i )  
XLV1 

XLV (Longwbli) 
XLVII (Got Mir Muhammad) 

XLVI (vim) 
XL~II(G)ootMirMuhammad) 

XLIV (Vijnot) 
XLVIII (Dewari) 

XLvI  (vin) 
XLVIII (Dewari) 

XLIX (got Sabzal) 
XLVIII (Dewari) 

XLVI (vin) 
XLIX (Kot Sabzal) 

XLV1l (Got MirMubammud) 
XLIX (Kot Sabzal) 

XLVIII (Dewari) 
XLIX (Kot Sabzal) 

Data 

Mean of 
Times 

of obser- 
vation 

h. m. 
I I 2 

1 12 

r 30 
I 32 

I 28 

I 28 

I 44 

I 43 

I 22 

I 22 

I 39 
I 39 

I 43 

I 44 

I 13 

I 13 

I 14 

I '5 

r 23 
I 22 

I 30 
I 3 0  

I 34 

I 35 

I 42 

I 42 

I 17 

I I 7 

1 30 
I 30 

37 
I 37 

I I 7 
1 17 

Observed 
Vertical Angle 

0 r I 1  

D o  o 57.1 

D o  7 39'3 

D o  4 48.6 
D o  2 15.7 

D o  8 38.3 
D o r 30'0 

D O  7 14.1 
D 0 0 35'0 

D o  4 51'1 
Do 7 26.7 

D O  5 18.7 
D O  2 14.0 

D O  0 35'0 
D o 7 14.1 

D o 5 22'0 
D O  2 50.6 

D o  9 36.2 
I#3 o 3 37'5 

D o  8 26.0 
E 0 2 27' 4 

Do 137'5 
D O  3 1.1 

D O  5 25'0 
D O  4 2.3 

D o  14'7 
D o  4 38.2 

3 30.4 
D o  2 22.8 

D o  3 28-5 
D o  4 11.0 

o 3 44'6 
D o  4 12.5 

D o 2 22.8 

Do 3 30.4 

.- 
Y 

E 
2 
P, 
U, 

$ 
5 z 

16 
16 

16 
16 

16 

12 

16 
16 

16 
16 

16 
12 

16 

16 

16 
20 

16 
20 

16 
I 2 

20 

12 

16 

16 

20 

16 

16 
12 

20 

16 

I 2  

16 

12 

16 

Height 

" 
& 
iZ 

7.7 
7'4 

11.1 

12'5 

11.1 

8.0 

9'0 
2.5 

2.5 

12.8 

2'5 

8.0 

2.5 

9.0 

3.0 

2'5 

2'9 

7'7 

3.0 
8 '0 

2'5 

15'2 

2'5 

9.7 

15'0 

9.7 
12'1 

2'5 

14'7 

9'9 
14.6 

12'1 

9'7 

in feet ,-,, Height in feet of 2nd 1 Terrestrial 

9 Station above Mean g m Sea Level L 

% 

8.6 

5'2 

8.6 

5.1 

5'2 

5 - 2  

5.2 

5'2 

8.6 

5.1 

5'2 

5'2 

5'2 

5.2 

5'2 

5'2 

5.2 

5.l 

5.2 

5 1 

5'2 

5'2 

5'2 

5'2 

5'2 

5'2 

5" 
5'2 

5'2 

5'2 

5" 
5'2 

5.1 

5'2 

tl 

567 

456 

653 

484 

741 

467 

484 

359 

351 

364 

307 

469 

434 

374 

368 

439 

374 

23 

- 6 

9 

5 

0 

8 

5 

-52 

- 3 

I 

-39 

-53 

-61 

-21 

-65 

-52 

-21 

'041 

.013 

'014 

*OIO 

'COO 

,017 

'010 

'145 

'009 

-003 

,127 

'113 

' 1 ~ 1  

.056 

' 177 

.I18 

-056 

+ 57'6 

- 14'7 

- 70.3 

- 50-8 

+ 35'2 

- 18.4 

+ 50.8 

- 13.6 

- 66.0 

- 55.8 

+ 8.2 

- 5-9 

+ 9.8 

- 

+ 9'9 

+ 5.4 

+ 5'0 

F4 

fd 

13 

10 

12-2 

Ot 

1 6  

28 

276 

326 

261 

270 

170 

174 

349'9 

277'1 

278'6 

277'9 

327'0 

330'5 

328.6 

264.3 

162.7 

272.9 

271'7 

272'0 

273-3 

2 7 0 m 6  

273'4 

277.7 

277'6 

277'9 

328.7 

263'5 

272.3 

272.0 

276.2 
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- -- -- 

No~lr.4hbtions LIX (Uchka) and LXIl (DbwBla) appertain to the Greet Indus kriecl. 

June, 1886. 

Height in feet Height in feet of 2nd Termtrial 
Befmtion 

' 
S o n  b e  M g Sea Level n. 

.u4= 

.;i .2 a Final '8 

9 u 
aeoult 3 

W. H .  COLE, 

In charge of h p u t i n g  Oflee. 

Oherred 
Vertical Angle 

Number and Name 
of Station 

Aehnomical 

1881 

Date 

Mean of 
Times 

of obser- 
vation 

Jan. 25,26,27, 
28 

Feb. 3 , 4 5 , 6  

Jan. 22f2A 
Feb. 8,4, 5,6 

Jan- 2 6 ~  
28 

,, so,si, ~ ~ b .  a 

~ e b .  8,4,6,6 

Jbn.SO,Sl,Feb.2 

., so,n. pea. s 
Feb. 8,9,10 

,, 8,4,6,6 

,, 8,9,10 

21p229"2"4 
Peb. 1416.16.17 

,, 3 , q  6 , s  
14*15116~  

17 

I 

h. m. 
I 25 

I 26 

I 23 

I 23 

I 23 

I 23 

I 20 

I 20 

1 33 
I 35 

I 28 

I 28 

1 44 

I 44 

I 30 
I 30 

I l A l  I I 
-s 

1 tion 

XLVIII (Dewari) 
LI (Bhundi) 

XLIX (Kot Sabzal) 
LI (Bhundi) 

XLVIII (Dewari) 
L (Kubba) 

LI (Ghundi) 
L (Kubba) 

I, (Kubb~) 
LIX (Michka) 

LI (Ghundi) 
L19  (Mhhka) 

XLIX (Kot Sabzal) 
LXII (DBow6la) 

LI (Ghundi) 
LXII (Dbowtila) 

5'2 

5'2 

5'2 

5.2 

' 5.2 

5.2 

5'2 

5'2 

5'2 

5.2 

5'2 

5" 
5'2 

5'2 

16 
16 

16 
16 

16 
12 

16 
12 

16 
20 

28 

24 

l6 

16 

16 
16 

0 1 1  

D o  2 34.8 
D O  2 30'0 

Do 3 13.3 
D O  2 27'4 

56'6 
Do I 56.6 

Do 3 12.4 
Do 2 42'3 

D o  3 36.5 
D o q 50.8 

D o  4 25.0 
D o 4 42.4 

D o  3 " a '  

D o 4 30'7 

I '4.4 
Do 2 48.0 

-17 

-18 

- 

-25 

-58 

-27 

1 

343 

362 

351 

366 

480 

505 

,g4 

348 

8'7 
14'0 

8'7 
12.1 

9'6 
13.8 

12.8 

8.7 

12.8 

13'4 

12.8 

16'0 

4 
12.1 

'5.9 
16-0 

'050 

'050 

.026 

-068 

-q8'1oo 

'1x5 

.056 

.043 

+ 2.3 

- 2.4 

- 3.1 

- 4.8 

+ 9'1 

+ 3.8 

+ 7.3 

+ l m 2  

274'3 

273'8 

268.9 

269.2 

278.2 

277'8 

2s3.5 

28r-2 

271 

267 

273 

282 

274'0 

269.1 

278.0 

282.3 

m 

f d  

18'8 

20-9 

23'8 

22.4 



E A S T E R N  B I N D  M E R I D I O N A L  S E R I E S .  

PRINCIPAL TRIANGULATION. AZIMUTHAL OBSERVATIONS. 

At XIV (Malar) 

i n ,  J 

Lat. N. 26' 2' 25".80; Long. E. 70' 6' 3".87 = 4 40 24 .2 ;  Height above Mean Sea Level, 338 feet. 
January 1877 ; observed by Captain M. W. Rogers, R.E., with Barrow's 24-inch Theodolite No. 2. 

Stara observed a Urnre Minoris (West) and No. 1612 t  (Eaat). 
Mean Right Aacenlrion 1877.0 I" 13'" 41' 13" 45'" 56' 
Mean North Polar Distance 1877.0 1' 20' 48"-11 6" 37' 50"-84 
Local Mean Times of Elongation, January 25 Western loh gom Easter11 I lh  3grn 

t Of Greenwich New Beven-year Catalogue of 2,760 Btam for 18M. 

YI 
0-  

Y 

% 
4 

Jan. 25 

,, 25 

,, 26 

,, 28 

Reduced Observation 
Ref. Maa-sur 

at 

0 1  n 

+ 12 10 33-42 
33'33 
36.50 
32.12 
37'25 

+ 3 17 34-92 

33-94 
37' 1 2  

32'38 
36.97 

+ 12 l o  33'47 
33'95 
33'73 
33 '03 
35'30 

+ 3 17 33.62 
3 ~ ~ 5 8  
37-06 
30.84 
38.34 

Observed 
Horizontal Angle : 
D, %&, 
Bof. Yuk-Btu 

0 1 ' 1  

+ 12 l o  33-26 
10 32.08 
10 13.46 
10 4 .42  
9 3 2 ' 3 0  

+ 3 17 34.92 
17 35'42 
18 58.70 
19 16.10 
21  31-66 

+ 12 l o  31.78 
10 33.88 
10 24'08 
10 19.84 
g 57.12 

+ 3 17 53.16 
17 36'36 
18 5'24 
18 19-32 
20  25-44 

W. 

E. 

W. 

E. 

BeducedObserration 
Ref. Mark - Star 

s t  Elongstion 

o t  v 

+ 12 10 31.56 
27'90 
28.31 
31'14 
32'90 

+ 3 17 31'14 
28.33 
30'42 
27'57 
30.20 

+ 1 2  10 32'34 
28.48 

30'63 
. 27-70 
30'82 

+ 3 17 30'19 
27.15 
28.82 
28.30 
25'97 

8 
g3 
o I 

209 16 
& 

29 16 

209 16 
& 

29 16 

288 28 
& 

108 28 

288 28 
& 

108 28 

.E! 0 = 2 .z 
t 2 a 3s: 
m 8 

I 47 
4 57 

21  15 
23 19 
35 44 

o 5 

2 25 
17 59 
2 0  16 
30 28 

5 45 
I 10 

13 45 
16 5 
27 2 2  

8 50 
3 53 

10 34 
13 52 
25 43 

BIQHT 

Reduction in 
Arc to Time of 

Elongation 

I n 

+ o 4.32 
o 2'26 

o 5.91 
o 11-36 
o 51.60 

- 0 15'74 
O 8-69 

o 17-58 
o 27'83 
3 1-58 

+ o 17.30 
o 13.26 

o 1-09 
o 3.64 
o 23-88 

- I 0'09 
o 49-13 
0 2'32 
0 5'58 
I 53.69 

Observed 
Horizontal A,,gle : 
u i a  of 
&,fa ~ ~ ~ k -  atsr 

o I 11 

+ 12 10 27.24 
10 25'64 
10 2 2 . 4 0  
10 19.78 
9 41.30 

+ 3 17 46.88 
17 37.02 
17 48-00 
17 55.40 
20 31-78 

+ 1 2  10 15-04 
10 15'22 

l o  29-54 
10 24.06 
10 6.94 

+ 3 18 30.28 
18 16-28 

17 31'14 
17 33'88 
19 19-66 

PACE LEFT 

Reduction in 
Arc to Time 

Elongation 

I n 

+ o 0.16 
o 1.25 
o 23.04 
o 27-70 
I 4'95 

- o 0.00 

0 1-48  
1 21.58 
I 43.72 
3 54-69 

+ o 1-69 
o 0.07 

o 9.65 
o 13.19 
o 38.18 

- o 19.54 
0 3'78 
0 28.18 
048.48 
2 47' 10 

FACE 

.5 3 g - 2 3 
f & I 

m 8 

9 12 
6 39 

10 46 
14 55 
31 50 

7 55 
5 53 
8 2 1  

10 31 
26 48 

18 24 
16 7 

4 38 
8 26 

2 1  38 

15 30 
14 o 

3 2 
4 43 

21 13 



PRINCIPAL TI1IANGULATION. BZIMUTHAL OBSERVATIONS. 217 

.y 

CI 

8 3 .f Hohontrl 

FACE LEFT 

RaducedOhamtio 
Rsf. P u k - s t u  
st Elongation 

0 1  a 

+ 12 10 32'29 
30.88 

37'81 
32'33 
33'O9 

+ 3 17 38-53 
32.84 
29.18 
31 '73 
31'53 

+ 12 10 36-72 
34.06 
32 '61 

34.61 
34-58 

+ 3 17 35-24 
35'36 
30' 94 
3"9I 
31 -01 

+ 12 10 37-05 
34'74 
33-88 
31 -91 
29.06 

+ 3 17 33-35 
32-29 
25-58 

32'99 
31-39 

4 

Jan. 29 

,, 29 

,, 80 

,, 80 

,, 81 

,, 81 

FACB 

.' a " 

iir 

m a  

19 41 
17 13 

o 43 
2 50 

2 0  I 

8 54 
7 5 
7 21 
g o 

22 26 

50 8 6 

5 52 
7 35 

2 2 1 2  

12 28 
10 7 
8 40 

10 14 
22  13 

12 35 
10 46 

5 5 2  
7 53 

22 5 

13 45 
10 57 

3 13 
5 10 

22 23 

n 
-9 @ 3 
E 5 + 
i z g  

rn a 

9 12 
7 10 

9 5 
I 2  3 
25 2 

H o ~ , " , " & ~ ~ d l e  : 
Ds. of - star 

0 1  rr 

+ 12 10 II 'qa 
10 14-20 

10 32-00 
10 31-16 
I0  11 .44  

+ 3 17 13-44 
17 42-58 

17 43'16 
17 47-88 
19 37-62 

+ 1 2  10 28.16 
10 25'72 

10 31-08 
10 28-74 
10 5'34 

+ 3 18 8 -98  
17 53-12 
17 48-74 
17 55-56 
19 34.16 

+ xa 10 24'96 
10 23'90 

1031'92 
10 15-96 
10 8.54 

+ 3 18 16-76 
17 57'34 

I7  33-71 
17 34'88 
19 35-90 

Reduction in 
dm to Tlmeof 

Elongation 

I n 

+ o 4'33 
o 2.62 

o 4-21 
0 7'41 
031.95 

$ 

W. 

E 

W 

E 

W 

BIOET 

Iloduction in 
Arcto'I'irneof 

Elongation 

I n 

+ o 19-80 
o 15.13 

o 0.03 
0 0'41 
0 2 0 ' 4 5  

- o 19.83 
o 12.61 

o 13-60 
o 20.42 
2 7-17 

+ o 4'94 
0 3-35 

0 1-75 
o 2-94 
0 2 5 . 1 4  

- 038.91 
o 25.69 
o 18-89 
o 26-37 
2 4-61 

+ o 8.08 
o 5-93 
0 1-76 
0 3-17 
o 24'87 

- o 47-40 
0 30.05 

0 2-61 
o 6.74 
2 6.60 

Reduced Observation 
Bof.?duk-Star 
at Elongation 

0 1  a 

+ 12 10 31-22 
29'33 
32-03 
31'57 
31 '89 

+ 3 17 33.61 
29.97 

17-46 
29-56 

30'45 

+ 12 1033-10 
29.07 

32-83 
31 '68 
30'48 

+ 3 17 30.07 
27-43 

29-85 
29'19 
29-65 

+ 12 10 33.04 
19'83 

33'68 
29-73 
33-41 

+ 3 17 29-36 
17-29 
31 ' X I  
28' 14 
29'30 

83 
V i;, 

o I 

7 39 
& 

187 39 
I 

7 39 
& 

187 39 

86 51 
& 

266 51 

86 51 
& 

266 51 

166 4 
& 

346 4 

166 4 
& 

346 4 

13 53 1 
2 25 

o zg 
15 o 
16 47 

15 32 
2 39 
o 48 

14 39 
16 44 

16 48 
3 43 
I 40 

14 45 
16 ag 

17 25 
I 34 
o 5 

13 59 
15 46 

18 35 
4 38 
2 2 1  

12 2 0  

14 24 

M. of &ding8 
Ref.Mark-Star 

0 1  * 
+ 1 2  10 27'96 

10 28-26 

1033.60 
I0 24-92 
I0  1'14 

+ 3 18 26.84 
17 34.30 
17 29.24 
18 28-50 
18 42'66 

+ 12 10 24.40 
10 33.70 
10 32'58 

10 23.66 
10 20.28 

+ 3 18 45.92 
17 38.84 
17 31.64 
18 27.72 
18 38.70 

+ 12 10 21.54 
1034.62 
10 33-88 

10 21.94 
10 16-38 

+ 3 18 59'74 
'7 31-68 
17 26.96 

18 11-30 
18 23.68 

- 0 48.31 
o 1.46 
o 0 '06 
o 56'77 
I 11-13 

+ o 12-32 
o 0.36 
o 0'03 

o 10.95 
0 14'30 

- I 10'68 
0 3-48 
o 0 -70  
o 54.81 
I 7-69 

+ o 15'51 
o 0 . 1 2  
o 0-00 

0 9'97 
o 12'68 

- I 26.39 
0 5'38 
o 1.3 

o 38-31 
o ga.29 



EASTERN SIND MERIDIONAL SERIES. 

Abstract of Astronomical Azimuth observed a t  XIV (Malar) 1877. 

1. By Eastern Elongation of No. 1612t. 

Face L I1 L R L B L B L B 
Zero 209' 29' 288O 108' 8' 188' 870 2670 1669 W 

Date January 25 January 28 January 29 January 30 January 31 
rn w 1 m n ,, w w n 

34'92 31-14 33'62 30.19 38.53 33-61 35'24 30'07 33'35 29-36 
Observed difference 33'94 28.33 32.58 27-15 32'84 29'97 35'36 27'43 32.29 27-29 
of Circle-Readings, 37'12 30'42 37.06 28-82 29-18 29.56 30'94 29.85 25.58 31'11 

Ref. M.-Star 32'38 27'57 30.84 28'30 31-73 27-46 32-91 29.19 32.99 28.14 
reduced to Elongation 36'97 30.20 38-34 25'97 31'53 30'45 31'01 29-65 31-39 29-30 

Means 35'07 29'53 34-49 28'09 32-76 30'21 33'09 29-24 31-12 29-04 

0 1  * n n N D 

Means of both facea + 3 17 32'30 31 '29 31-49 31.17 30 '08 
h v e l  Corrections - 0'52 - 0.89 + 1'21 + 1-10 -k 0'24 
Corrected Means + 3 I7 31'78 30 ' 40 32'70 32-27 30'32 
Az. of Star fr. s., by W. 187 23 32-74 32-70 32 '69 32-68 32'67 
Az. of Ref. X. ,, 190 41 4'52 3-10 5'39 4'95 2'99 

2. By Western Elongation of a Ursae Minoris. 

Face L a L R L I1 L R L R 
Zero 209' 29' 288' 108' 8' 188' 870 267' 166' 3460 

Date January 25 Jauuary 26 January 29 January 30 January 31 
n I n m n N v M M n 

Observed difference 33-42 31.56 35-47 32-34 32.29 31-22 36.72 33-10 37'05 33'04 
of Circle-Beadings, 33'33 27.90 33.95 28.48 30.88 29.33 34.06 29.07 34-74 29-83 

Hef. M. - Star 36-50 28.31 33'73 30'63 37.81 32-03 32.61 32.83 33.88 33.68 
reduced to Elongation 32.12 31.14 33'03 27-70 32'33 31-57 34.61 31.68 31-91 29.13 

37-25 32'90 35.30 30.82 33.09 31'89 34.58 30.48 29-06 33-41 

Means 34-52 30'36 33'90 29'99 33.28 31-21 34-52 31-43 33'33 31.82 

0 1  n m M n e 

Means of both faces 12 10 32-44 31 '95 32-25 32-98 32'58 
Level Corrections - 0.10 - 0.86 + 0 - 1 1  + 0.36 + 0.08 
Corrected Means + 12 10 32.34 31 '09 32'36 33'34 32'66 
AZ. of Star f r  s., by W. 178 30 32-29 32.18 32 '07 31.96 31.74 
Az. of Ref. M. ,, 1 9 0  41 4'63 3-27 4'43 5'30 4-40 

0 1  1 

... ... ... by Eastern Elongation 190 41 4' 19 
... ... Astronomical Azimuth of Referring Mark by Western ,, ... Ss 4-41 

... Mean ... ... SY 4-30 
... ... Angle Referring Mark and XVI (Ramsar) see page 144 ante ... ... - 29 14 42-23 

... Astronomical Azimuth of Ramsar by observation ... ... ... ... 161 26 22-07 
Geodetical Azimuth of ,, by calculation from that adopted (Vol. 11, page 141) a t  

... Kamnpur, see page 204 ante ... ... ... ... ... 161 26 24-93 

... Astronomical - Geodetical Azimuth at  XIV (Malar) ... ... ... ... - 2.86 
- - - -  

t Of Greenwich New Seven-Year Catalogue of 2760 Stars for 1864. 



PRINCIPAL TRIANGULATION. AZIMUTHAL OBSEBVATIONB. 

At XXXI (Asu) 

i n ,  J 

Lat. N. 27' 10' 32"-14; Long. E. 70' 13' 26"-85 = 4 40 53.8;  Height above Mean Sea Level, 479 feet. 
February 1880; observed by Captain M. W. Rogers, R.E., with Barrow's %-inch Theodolite No. 2. 

Stars observed a Ursre Minoris (West) and No. 1612t (East). 
Mean Right Ascension 1880.0 r h  14m 45' 13" 45'" 49' 
Mean North Polar Distance 1880.0 lo 19' 5lW'07 6' 38' 44"*85 
Local Mean Times of Elongation, February 17 Western gh 23" Easter11 loh I 1'" 

t Of Greenwich New Seven-Year Catalogue of 2760 B t m  for 1864. 

4 n 

j 
4 

Feb. 17 

,, 17 

,, 18 

,, 18 

,, 20 

,, 20 

,, 21 

Observed 
Angle : 

Dift, of Readings 
Ref. - star 

O I  r 

+'44 39 37-12 

39 36-06 
39 27'96 
39 25.78 

+ 35 41 52'96 

41 53-72 
42 5-78 

+ 44 39 40'84 
3939.40 

39 32.02 
39 25.16 

+ 35 41 22-16 
41 21.60 
42 3.46 
42 11-86 

+ 44 39 40'32 
39 38.36 

3934.50 
39 32'84 

+ 35 42 33'78 
41 20.56 
41 17.02 
4222.24 

+ 44 39 40.28 
39 38'62 

3936.12 
39 30.52 

g 
3 

8 
Ei 

W. 

E. 

W. 

E. 

W. 

E. 

W. 

PACE 

.s R 5J = J 2 $ 

5 8 a 
m 8 

0 19 
I 6 
15 18 
17 6 

I 1  28 

1 1  32 
1344 

3 4 
0 5 5  

I3 37 
15 38 

I 28 
o 16 
1233 
14 19 

7 52 
5 41 
1026 
1 2  I 

16 47 
o 16 
I 58 
1 5 1 0  

5 27 
3 44 
1040 
12 36 

.M 
on 

B-2 
fi 0 

.,Zrl 
k ? 8 ~  
4 % -2 
2 

22 
V 

o I 

201 30 
& 

21 30 

201 30 
L 

21 30 

280 45 
& 

1 0 0  45 

a80 45 
& 

1 0 0  45 

79 10 
& 

259 10 

79 10 
& 

259 1 0  

158 20 
& 

338 20 

BIOHT 

Redudion in 
Arc to Time of 

Elongation 

I w 

+ 0 0'01 
o 0.06 
o 11-92 
o 14-90 

- 33'34 

0 33-93 
048'17 

+ 0 0'48 
0 0'04 

0 9'45 
o 12.44 

- 0 0.54 
o 0.02 
040'18 
0 52'35 

+ 0 3'15 
o 1'6j 

0 5'54 
0 7'35 

- 1 3 
o o 02 
0 0.99 
058.77 

+ 0 1 - 5 1  
0 0'71 

o 5-80 
o 8.09 

Reduced Observation 
Ref. Mark- Bhr 

s t  Elongation 

0 1  w 

+ 44 39 37'13 
36-12 
39-88 
40.68 

+ 35 41 19'62 

19.79 
17.61 

+ 44 39 41-32 
39'44 
41-47 
37-60 

+ 35 41 21-62 
21-58 
23'28 
19-51 

+ 44 39 43'47 
40-01 

40.04 
40' I9 

+ 35 41 22'47 
20.54 
16.03 
23'47 

+ 44 39 41-79 
39'33 
41.92 
38.61 

i 

Reduced Observation 
Ref. - G,,r 

at Elongation 

0 1  v 

+ 44 39 43-02 
40'24 
47'49 
39'67 

+ 35 41 27-54 
24.68 
30' 29 
21.72 

+ 44 39 46'42 
41-10 

45 '89 
45'00 

+ 35 41 33'68 
27'73 

30' 98 
25'35 

+ 44 39 44-19 
44-64 

48.52 
42-80 

+ 35 41 29'65 
27'30 
29.06 
27-31 

+ 44 39 47'31 
44-40 

45 ' 32 
45 ' 95 

Observed 
Horizontal Angle : 
Diff. of Rendinga 
Bd.Mark-Star 

0 1  * 

+ 44 39 40.16 
39 35-62 
39 19.62 
39 6.70 

+ 35 41 30.16 
41 32'34 
43 9-70 
43 18-26 

+ 44 39 40.44 
3937'16 
3944'40 
39 42.14 

+ 35 41 57'96 
41 42.62 

4138.44 
41 39.18 

+ 44 39 30'08 
39 34-44 
3948.14 
3941'74 

+ 35 41 53'76 
41 39.82 
41 43-60 

. 41 50.52 

+ 44 39 37'78 
3937'38 

39 45'04 
39 45-06 

.F! fi g 

824 

m 8 

7 30 
9 31 
23 24 
25 28 

3 13 
5 29 
I9 43 
22 1 5  

lo 50 
8 4 7  

5 2 4  
7 29 

9 47 
7 40 

5 2 5  
7 22 

16 38 
14 9 
2 4 4  
4 3 4  

9 45 
7 I 

7 33 
9 32 

13 40 
1 1 4 4  
2 20 

4 1 1  

PACE LEFT 

Raduction in 
.h ta of 

Elongation 

I n 

+ 0 2.86 
0 4.62 
o 27-87 
0 32-97 

- o 2.62 
0 7-66 
1 39.41 
2 6.54 

t o 5'98 
0 3'94 
0 1-49 
o 2'86 

- o 24.28 
o 14'89 

0 7'46 
o 13-83 

+ 0 14-11 
0 10.20 

0 0 . 3 8  
0 1-06 

- o 24.11 
o 12-52 

0 14'54 
o 23-21 

+ o 9.53 
0 7.02 

0 0.28 
o 0.89 



220 EASTERN SIND MERIDIONAL SERIES. 

Abstract of Astronomical Azimuth observed at XXXI (Asu) 1880. 

1. By Eastern Elongation of No. 1612t. 

II PACE LBFT PACE BIQET 

A 

Face L 12 L B L R L R L 12 

Zero 202O 22O 281' 101' 79O 259' 168' 888O OO 180° 

Date February 1 7  February 18 February 20 February 21 February 2 2  
n I e v I, n n N 4 n 

Observed difference 27-54 19-62 33.68 21.62 29.65 22-47 29-35 24-63 38.44 22-71 
of Circle-Readings, 24.68 19-79 27-73 21.58 27'30 20'54 29-19 17-69 29.32 22-81 

Ref. M.-Star 30'29 17-61 30.98 23.28 29.06 16-03 28.16 23'93 29-42 21-63 
reduced to Elongation 21.72 25'35 19'5' 27-31 23'47 26.35 22-60 28-23 19-55 

Means 26.06 19-01 29.44 21.50 28.33 20'63 . 28'26 22-21 28-85 21-68 

o I n w n n II 

Means of both facee 3- 35 41 22-54 15-47 24-48 25.24 15-27 
Level Corrections + 2.00 - 0'34 + 0'57 + 0.40 - 1-03 
Corrected Meana + 35 41 24'54 25-13 25 '05 25-64 24'24 
Az. of Star fr. S., by W. 187 28 60' 18 59'95 59'62 59' 50 
Az. of Ref. M. ,, 223 10 24-79 25.08 24'67 25-14 23'52 

59'28 

t Of Ghaenwich New Beven-Year Catalogue of 2760 Bkua for 1864. 

Reduction in 
Arc to Time of 

Elongation 

I LI 

- o 1-03 
o 3'97 
043'53 
0 57'42 

+ 0 1-86 
o 1.01 

0 4-04 
0 5'53 

- 3 8-77 
0 4'49 

o 34'97 
0 46.15 

.E! EI g - Z l 

$ j 8 A .F; 

m 8 

2 I 
o 24 

13 4 
I5 0 

6 2 

4 27 

8 55 
1025 

5 53 
4 12 

1 1  42 
13 27 

Obamed 
Howntrl 

of 
&,f. =ark - 6tar 

B a l . a e d O b s ~ n  
Ref. Mark- Star 

at Elongation 

o r  

+ 35 41 24-63 
17'69 

23-93 
22-60 

+ 44 39 41-26 
37'31 
40' 14 
37' 75 

+ 35 41 22-71 
22.81 

21-63 
I9-55 

Feb. 2 1  

,, 2 2  

,, 2 2  

E. 

W. 

E. 

o I 

158 20 
& 

338 20 

359 57 
& 

179 58 

359 57 
& 

179 58 

o t n  

+ 35 41 57.98 
41 48'26 

41 35.98 
41 40.86 

+ 44 39 36-16 
39 37.70 

3945.20 
3945'74 

+ 35 42 22.32 
42 8-48 

4129.92 
4310'42 

0 1  n 

+ 35 41 25'66 
41 21.66 

42 7-46 
42 20'02 

+ 44 39 39-40 
39 36.30 
39 36.10 
3932'22 

+ 35 41 31-48 
41 27-30 
41 56.60 
42 5'70 

m 8 

10 37 
8 40 

5 32 
7 33 

13 47 
1 1  42 

1 2 2  

3 1 5  

14 35 
12 26 

1 2 4  
20 0 

I H 

- o 28.63 
o 19-07 

0 7'82 
0 14'51 

+ o 9.70 
o 6-98 
o 0.10 
0 0 . 5 4  

- o 53.88 
o 39.16 

o 0'50 
142'19 

0 1  v 

+ 35 41 29-35 
29'19 
28.16 
~ ~ ' 3 5  

+ 44 39 45.86 
44-68 

45.30 
46.28 

+ 35 41 28-44 
. 29'32 

2 '42 
2!.t3 



PRINCIPAL TRIANQULATION. A!4IMUTHAL OBSERVATIONS. 

Abstract of Astronomical Azimuth at XXXI (Asu) 1880-( Continued). 

2. By Western Elongation of a Ursae Minoris. 

Face L B L B L R L R L B 

Zero 202O 220 281° 1Ol0 79' 259' 168O 838' 0" l W  

Data February 17 February 18 February 20 , February 21 February 22 
a m m 4 a rn I w w 

Observed. difference 43-02 37-13 46.42 41-32 44.19 43'47 47-31 41-79 45'86 41ka6 
of Circle-Readings, 40'24 36-12 41.10 39-44 44-64 40.01 44'40 39-33 44-68 37-31 

Ref. M.-Star 45'89 41-47 48'52 40.04 45'32 41'93 45'30 40.14 
47'49 39'88 45.M 37.60 reduced to Elongatiop 39-67 40.68 42-80 40-19 45-95 38-61 46.18 37'75 

Meam 42'61 38'45 44-60 39'96 45-04 40'93 45'75 40.41 45'53 39-12 

o I a ? a m a 

Means of both facee + 44 39 40'53 42- a8 42-99 43'08 42'33 
Level Correctione + 1.76 - 0.17 + 0'23 + 0.63 
Corrected Meana + 44 39 42'29 42'11 43'22 43'70 - 41 OS8i '4 
As. of Star fr. S., by W. 178 30 42.48 42-26 41 -81 41'58 41 -86 
As. of %f. M. ,, 323 I 0  34-77 =4'37 as 'O3 25'38 32. 4 

... ... by Eastern Elongation 

... ... Astronomical Azimuth of Referring Mark by Western ,, 
Mean ... ... 

Angle Referring Mark and XXXIV (Kolu) see page 157 ante ... ... ... 
Astronomical Azimuth of Kolu by observation ... ... ... ... 
Oeodetical Azimuth of ,, by calculation from that adopted (Vol. 11, page 141) at 

KaEhpur, 8ee page 206 ante ... ... ... ... . t 
Astronomical- Geodetical Azimuth at XXXI (Asu) ... ... ... ... 



At XLIV (Vijnot) 

h n ,  * 
Lat. N. 28' 2' 8f'*30; Long. E. 6g0 52' 59"095 = 4 39 32-0;  Height above Mean Sea Level, 276 feet. 
December 1880 and January 1881 ; obeerved by Lt.-Colonel B. R. Branfill with Troughton and Simme3 

%inch Theodolite No. 1. 

Stare observed 61 Cephei (Eaat) and X Urss Minoria (West). 
Mean Right Ascension 1881.0 6" 4qm I 7# 19" 43m 9# 
Mean North Polar Dietance 1881 - 0  2' 46' 18"- 96 1' 3' 14"*33 
Local Mean Time8 of Elongation, December 30 6" 113~ 7" 2"' 

U 
FACE LEFT FACE BIGHT 

Oberved 

Dee. 80 

,, 80 

,, 81 

, 81 

Jan. 1 

E. 

W. 

E. 

W. 

E. 

V 

o r 

323 29 
& 

'43 29 

323 29 
& 

I43 2g 

42 41 
& 

222 41 

42 41 
& 

222 41 

121 53 
& 

301 53 

o r  

+ 12 61 8.78 
6042.98 
58 46.26 
584o.p 
58 48-10 
5922'51 

+ 17 17 46'80 
17 55'13 
18 31-14 
18 30-79 
18 0.69 
I7 57'61 

+ 12 59 17-92 
5913.15 
58 36.12 
58 39-18 
60 44-30 
62 1-37 

+ 17 18 26-15 
18 30'29 
18 15-15 
18 5'46 
'6 57'67 
16 45-81 

+ 12 60 29.44 
60 13-11 
58 51-53 
58 44'07 

59 3-23 
59 42'43 

m u  

37 49 
34 34 
X I  14 
8 18 
12 xa 
21 7 

32 41 
29 58 
I 48 
5 6 
26 47 
39 27 

21 30 
2 0  3 
3 6 
6 I 

34 52 
44 I 

10 32 
7 8 

19 34 
22 53 
47 29 
50 17 

ga 4 g 
30 3 
12 37 
9 49 
16 23 
25 28 

I a 

- 2 32.77 
2 7'71 
o 13-53 
o 7'38 
o 16-01 
048-01 

+ o 43.55 
o 36.62 
0 '0.13 
o 1.06 
o 29-21 
0 35.31 

- o 54-35 
043'09 
o 1-04 
o 3-90 
2 10.94 
3 28.68 

+ o 4-52 
0 3-07 
o 15-60 
o 21.32 
I 31-50 
I 42-55 

- I 55-16 
140.39 
0 17-07 
0 10.34 
o 28-88 
I 9-83 

0 1  * 
+ 12 58 36-01 

35'27 
32'73 
33' 52 
32.09 
34'50 

+ 17 18 30.35 
31.75 
31 '27 
31 '85 
29'90 
32.92 

+ 12 58 33'67 
30.06 

35'08 
35'28 
33'36 
33'69 

+ 17 18 30.67 
32*'36 
30'75 
26.78 

+ xa 58 34.28 
32'72 
35'46 
33'73 

34'35 
32-60 

0 1  w 

+ 12 59 21-go 
59 9.09 

58 32'05 
58 30.40 
60 15.40 
61 33-74 

+ 17 18 19-53 
18 23-14 

18 22-15 
18 16.52 
17 26-19 
I7 20'59 

+ 12 60 39-76 
60 16-99 
58 44-83 
58 36-85 

59 5'92 
59 41'46 

+ 17 17 58-89 
18 1'60 

18 26.64 
18 22.88 
17 41-98 
17 31'76 

+ 12 61 54-59 
61 26-36 
59 33-94 
59 20'91 
58 39'00 
58 40.98 

m 8 

21 36 
18 56 
0 I 

2 32 
31 15 
41 5 

13 22 
10 37 
14 17 
16 48 
39 3 
42 13 

34 5 
31 19 
10 25 

7 44 
17 6 
25 26 

28 30 
25 47 

5 39 
9 22 
33 7 
35 59 

42 53 
40 6 
23 1 0  
20 44 
I 38 
7 32 

t w  

- o 49.99 
o 38'42 
0 0.00 
o 0'69 
I 45-20 
3 1-85 

+ 0 7-30 
o 4-60 

o 8-32 
o 1 1 - 5 1  
I 1'99 
I 12.41 

- 2 4'21 
144'93 
o 11.64 
0 6-41 
0 31-46 
I 9'65 

+ o 33-13 
0 27-13 

o 1-30 
o 3-57 
0 44-61 
0 52-65 

- 3 16-22 
a 51-68 
0 57'49 
o 46'07 
o 0.28 

o 6-09 

0 1  I 

+ 12 58 31-91 
30'67 

32-05 
29-71 
30 ' 20 
31-89 

+ 17 18 26-83 
17-74 
30'47 
28-03 
28-18 
33'O0 

+ 12 58 35-55 
32 -06 
33-19 
30'43 
34'46 
31.81 

+ 17 18 32-02 
28-72 

37-94 
26-45 
26' 59 
14-41 

+ xa 58 38'37 
34-68 
35'75 
34-84 
38'72 

34'89 

- 
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I Y( 

PACE LEFT 
' 

Reduction in ReducedObaamtion 

Jan. 1 

,, 2 

,, 2 

,, 8 

,, 8 

H o ~ ~ ~ ~ d e ,  
of Beadings 

Bef. Muk- star 

0 n 

+ 17 17 8-23 
I7 14-40 
18 31'86 
18 28-85 

18 16-34 
18 10.12 

+ 12 60 8-16 
59 54'7I 
5845'72 
58 40.03 
58 41-82 
59 3.39 

+ 17 17 34-99 
1742.13 
18 30'02 
18 31-13 

18 19-99 
18 12-17 

+ 12 60 53-62 
60 19.10 
58 47-97 
5841.75 
58 44-03 
59 4'19 

+ 17 17 39-23 
I7 42'25 
18 28.29 
18 29'83 

18 11-62 
18 5-14 

BIOHT 

Redudion in 
Am b Time of 

Elongation 

I w 

+ I 27-74 
1 17'73 
0 5'73 
o 3'12 

0 15'75 
o 20.07 

- I 31-78 
I '8.73 
010.17 
o 5'18 

o 7-72 
o 29-11 

+ o 57-03 
048'49 
o 2.55 
0 0'93 
o 11.69 
o 17-63 

- 2 19.26 
144'90 
0 14'14 
0 8-85 
o 8'89 
0 31-89 

+ o 53.84 
0 46'65 
o 1'61 
o 0'44 
o 19.10 
o 25.09 

PAOE 

.s 8 g 
& ~4 

L 
$J 

2 8 a 

m e  

46 24 
43 40 
11 5 1  

8 45 
19 40 
22 12 

29 17 
27 7 
9 4 4  
6 57 
8 28 
16 26 

37 24 
3429 
7 54 
4 46 
16 56 
20 48 

36 6 
31 19 
1 1  29 
9 5 

9 6 
17 I3 

36 20 
33 49 
6 16 
3 16 
21 39 
a4 49 

W. 

E. 

W. 

E. 

W. 

RoducedObaemtion 
Raf. Mark - Star 
at Elongation 

o f  a 

+ 17 18 35'97 
32'13 
37 ' 59 
31 '97 

32 .o9 
30'19 

+ 12 58 36-38 
35'98 
35-55 
34'85 
34' 1 0  
34-28 

+ 17 18 32.0~ 
30.62 
32'57 
32.06 

31-68 
29-80 

+ 12 58 34-36 
34-20 
33'83 
31-90 

35-14 
32-30 

+ 17 18 33'07 
28-90 
29-90 
30'27 
30' 72 
30.23 

V 

o I 

121 53 
& 

301 53 

201 5 
& 

21 5 

201 5 
& 

21 5 

280 17 
& 

IW 17 

280 17 
& 

IW 17 

o f  n 

+ 17 17 56'56 
18 1-84 

18 31.49 
18 30.29 
17 40.67 
17 31-50 

+ 12 59 19-29 
59 5-27 
58 35'10 
58 34-58 
59 34'67 
6026.14 

+ 17 18 11-78 
18 15.90 

18 31-35 
18 29.96 
17 41.67 
17 30.62 

+ 12 59 23-59 
59 13'36 
5831.80 

58 33-31 
59 42.38 
60 19-98 

+ 17 18 13-20 
18 18-60 

18 27.36 
18 26.80 
17 40.06 
17 31.97 

m e  

29 3 
26 9 
I 34 
5 o 
35 I 
38 I 

20 17 
16 42 
o 46 

I 24 
23 34 
32 8 

21 44 
19 12 

4 2 

6 54 
34 20 
38 8 

22 10 

19 41 
2 7 

I 1 5  
25 20 
33 I 

20 22 

17 48 

6 9 
9 52 
35 27 
38 8 

I n 

+ o 34'43 
027.90 
o 0'10 
o 1-02 

0 49-87 
o 58.75 

- 044~x0 
0 29-91 
0 0.06 
o 0.21 
0 59'78 
I 51'19 

+ o 19-29 
o 15.06 
o 0'66 
o 1.94 
0 47-97 
o 59-13 

- o 53-64 
041'52 
0 0 . 4 8  
o 0.17 
1 9-10 
I 57-41 

+ o 16-92 
o 12-92 

o 1-54 
o 3-97 
o 51 - 1 2  
0 59.13 

o r  w 

+ 17 18 30'99 
29'74 

31-59 
31-31 
30' 54 
30'25 

+ 12 58 35.19 
35'36 
35-04 
34'37 
34'89 
34'95 

+ 17 18 31.07 
30'96 
32.01 
31-90 
29-64 
29-75 

+ 11 58 30.94 
31-84 
31'32 

33-14 
33'28 
32'57 

+ 17 18 30.12 
31-52 
28.90 
30'77 
31.18 
31-10 



224 EASTERN RIND MERIDIONAL SERIES. 

Abstract of Astronomical Azimuth observed at XLIV (Vijnot) 1880-81. 

1. By Eastern Elongation of No. 51 Cephei. 

Face L R L B L B L R L B 
Zero 8230 143" 43O 223' 1220 80P 20l0 21° 2800 100' 

Data December 80 December 81 January 1 January 2 January 8 
n n n n II v 1 I n 

36-01 31-91 33-67 35'55 34.28 38-37 35-19 36'38 30.94 34-36 
Observed difference 35'27 30'67 30.06 32.06 32.72 34.68 35'36 35'98 31-84 34.20 
of Circle-Readings, 32'73 32.05 35-08 33'19 35'46 35'75 35'04 35'55 31'32 33'83 

Ref. M.-Star 33'52 29-71 35'28 30'43 33'73 34'84 34'37 34'85 33.14 32-90 
reduced to Elongation 32-09 30.20 33.36 34.46 :::e $:g; 34'89 34' 10 33-28 35-14 34-50 31'89 33'69 31.81 34'95 34.28 32'57 32-30 

Means 34-01 31-07 33'52 32'92 33-86 36-21 34'97 35'19 32-18 33'79 , 

o r  1 I n I I 

Means of both faces + 12 58 32-55 33'22 35'04 - 1.25 35-08 - 0-60 3" 99 
Level Corrections - 0.36 - 0.51 + 2-59 
Corrected Means + 1 2  58 32-19 31'97 34-44 34'57 
Az. of Star fr. S., by W. 183 8 30.38 30'72 31 '06 31 '40 31'74 

35'58 

Az. of Ref. 31. ,, 196 7 2'57 2.69 5-50 5'97 7-31 . 
2. By Western Elongation of A Urm Minoris. 

Face L B L a L I1 L R L B 
Zero 823" 143" 43" B3" 122" %XIo 201" 21° 280" loo0 

Date December 80 December 81 January 1 January 2 January 8 , 
n n n n 4 # v v a Q 

30-35 26.83 30'67 32-02 30'99 35'97 31-07 32.02 30.12 33-07 
Obeerved difference 31'75 27'74 32'36 28-72 29'74 32'13 30.96 30.62 31-52 ~8.90 
of Circle-Beadings, 31-27 30'47 30'75 27'94 31'59 37'59 32*01 32-57 28-90 2g.p 

Ref. M. - Star 31.85 28.03 26.78 26.45 31-31 31'97 31'90 32.06 30'77 30'37 
reduced to Elongation 29-90 28-18 2 g 1 7  26.59 30'54 32'09 29-64 31-68 31-18 30'72 

32-92 33'00 2 36 24.41 30'25 30.19 19-75 ag.80 31-10 30'23 

Means 31-34 39.04 29.68 27-69 30'74 33'32 30-89 31-46 30'60 30.52 

o r  n e n e I 

Mane of both fame + 17 18 30'19 28.69 32 '03 31.18 
Level Corrections - 0.50 - 0.13 - 0.92 - 0.03 30' 56 + 2 - 1 9  
Corrected Means + 17 18 29.69 28.56 31.11 31-15 32-75 
Az. of Star fr S., by W. 178 48 32 -59 32'25 31-91 31-46 31-12 
Az. of Ref. M. ,, 196 7 2'28 0.81 3-02 2-61 3-87 

c 

... ... by Eastern Elongation 
0.. ... Astronomical Azimuth of Referring Mark by Western ,, 

Mean ... . . .  
... Angle Referring Mark and XLVIII (Dewari) see page 166 artte ... ... 

Astronomical Azimuth of Dewari by observation ... ... ... ... 
Geodetical Azimuth of ,, ' by calculation from that adopted (Vol. 11, page 141) at 

Kanpur ,  see page 206 ante ... ... ... ... ... 
... Astronomical- Geodetical Azimuth at XLIV (Vijnot) .., ... ... 



PRINCIPAL TRIANGULATION. AZIMUTHAL OBSERVATIONS. 

h m  r 
Lat. N. 28' 20' 12".87; Long. E. 69' 52' 57"-86 = 4 39 81 - 9 ;  Height above Mean Sea Level, 282 feet. 
February 1881 ; observed by Lieut.-Colollel B. R. Branfill with Troughton and Simms' 24-inch Theodolite No. 1. 

Stars observed 6 Ursae Minoris (East) and 51 Cephei (West). 
Mean Right Asce~~sion 1881 -0 1 8 ~  lorn 43n 6" 44m 17. 
Mean North Polar Distauce 1881.0 3' 23' 26".67 2' 46' 18"*96 
Local Mean Times of Elongation, February 18 Eastern rqh 41rn Western 1 5 ~  3m 

Thin atation appertains to the G m t  Indur Beries. 

t U 

Observed 
Horizont41 Angle : 
])iff. of Readings 

Muk- slu 

0 1  w 

- 154 54 47-00 
55 8-77 

- 147 59 48.09 
5638'58 

56 25'34 
59 19.90 

- I54 53 13-90 
53 50'75' 

56 36'53 
56 33'07 

- 147 57 26'97 
56 44'54 

56 56.70 
58 1-64 

- 154 54 30.54 
54 56-92 

56 34'30 
56 28-21 

- 147 57 6'42 
56 33-11 
57 15-84 
58 10.73 

- 154 53 5 '16 
54 2 1 '47 
56 24.90 
56 18.00 

Feb. 13 

,, 13 

,, 14 

14 

,, 15 

,, 15 

,, 16 

_I 

PACE LEFT 

Observed 

BIGHT 

Reduction in 
Arc to Time of 

Elongation 

I v 

- I 48.34 
126'94 

+ 3 23-18 
012.98 

0 0'59 
2 54-68 

- 3 22-07 
2 45'94 
0 0-05 

0 1-73 

+ I 3.84 
0 22-73 

o 32 17 
I 37-03 

- 2 6'65 
1 38'97 

0 3-30 
o 7.97 

+ o 40.22 
o 7.80 
o 49-21 
I 46.06 

- 2 38-09 
a 7'94 
o 9.68 
o 17.76 

PACE 

.9 s 5? 
a & 

2 'S 

m 8 

28 44 
25 44 

43 24 
1058 
2 21 

40 25 

39 17 
35 35 

0 35 
3 37 

24 8 
I4 31 
17 18 
30 5 

31 4 
27 27 

5 0 
7 46 

I 

% ;: 
21 25 
31 28 

34 44 
31 14 
8 34 

11 36 

0 1 . 1  

- 154 52 28-53 
56 25-80 
5629.11 

- 14758 28-76 
57 13-50 

56 52-31 
57 44.00 

- 154 55 50.10 
56 4.39 

55 49'99 
55 32-60 

- 147 58 23-21 
56 26-61 

56 27'57 
5928.26 

- 154 56 13-20 
56 24.14 
55 10.14 
54 44'28 

- 147 58 57'30 
57 53'77 
56 26-70 
5636'96 

- 154 56 18-71 
56 25'47 
54 46-15 
54 18-41 

Reduced Oboenation 
Ref. Mark- Star 

at Elongation 

o I 81 

- I54 56 35'34 
35-71 

- 147 56 24-91 
25-60 

24.75 
25.22 

- 154 56 35.97 
36-69 

34-80 
36-58 

- 147 56 24.13 
21 a81 

24'53 
24-61 

- 154 56 37-19 
35'89 
37'60 
36-18 

- 147 56 26.20 
25.31 
26'63 
24'67 

- 154 56 37-25 
36-41 

34'58 
35'76 

E. 

W. 

E. 

W. 

E. 

W. 

E. 

o I 

30 55 
& 

210 56 

30 55 
& 

2 1 0  56 

110 8 
& 

290 8 

1x0 8 
& 

290 8 

189 20 
& 
9 2o 

189 20 
& 
9 XI 

268 32 
& 

88 32 

m 8 

43 21 
9 16 
5 I 

33 56 
21 28 

16 1 1  

27 23 

19 o 
15 38 
18 50 
22 22 

33 16 
5 42 
4 21 
4 1 1 6  

13 31 
10 32 

25 56 
29 16 

37 34 
28 30 

I 13 
1 0 5 5  

1 1  18 
7 58 
28 49 
32 13 

I n 

- 4 5-73 
0 11'30 
03'31 

4- 2 4.19 
0 49'74 
0 28.14 
I 20~41 

- o 47-48 
o 32.16 

0 46.93 
I 6.20 

+ 1 59'43 
o 3'50 
o 2.04 
3 1-97 

- o 24.06 
o 14.62 

I 28-98 
I 53'36 

4- a 32'25 
1 27'61 

o 0.16 
012'80 

- o 16.80 
0 8-35 
I 49'85 
a 17-33 

0 1  n 

- 154 56 34-26 
37' 10 
32'42 

- 147 56 24-57 
23-76 
24-17 
23-59 

- 154 56 37-58 
36-55 
36.92 
38.80 

- 147 56 23.78 
23-11 

25'53 
26.29 

- 154 56 37-26 
38'76 

39'12 
37'64 

- 147 56 2j.05 
26.16 

26-54 
24.16 

- 154 56 35-51 
33'82 
36.00 
35'74 



226 EAS!PERN SIND M E I D I O N A L  SERIES. 

Abstract of Astronomical Azimuth observed at LXII (Dtiowhla) 1881. 

1. By Eastern Elongation of 8 Ursae Minoris. 

Face L B L B L B L B L B 

Zero 81' 211' 1100 290° 189' 0" 289' 80" 8120 182" 

Date February 18 February 14 February 16 February 16 February 17 
" * I I * v v " v I 

Observed difference 34-16 35-34 37'58 35'97 37-26 37'19 35-51 37'25 38.48 37-84 
of Circle-Beadinge, 37-10 35-71 36.55 36-69 38-76 35'89 33-82 36.41 36-24 37-23 

Ref. M.-Star 32.42 36- 2 36 8 39-12 37-60 36-00 34-58 40.72 38.81 
reduced to Elongation 38- % 0 34 '8 0 37-64 36-18 35'74 35'76 36-20 36-87 

Meane 34'59 35'53 37'46 36-01 38-10 36'72 35'27 36.00 37'91 37'69 

0 1  H I I I I 

Means of both facee - 154 56 35'06 36.74 37'46 35'64 37'80 
Level Correctione - 0'32 - 0.06 + 0.71 - O'II - 0.01 
Corrected Meane - I54 56 35'38 36-80 36.75 35'75 37'81 
A z . o f S t a r f r . S . , b y W .  18351 27-37 27'59 27-82 28-05 28-18 
Az. of Ref. M. ,, 28 54 51-99 50'79 5 1 '07 52.30 50' 47 

S V1 
0 -  

n 

Observed 
~ ~ - ~ d  b a l e .  
D*, of %dng,,' 
&f. Mark- 

0 1  I 

- 147 58 49'60 
57 32-62 
56 26.55 
56 45'53 

- 154 56 36'35 
56 36-10 

53 32-05 
52 54-34 

- 14757 57'12 
57 2.32 
57 19-16 

Feb. 16 

17 

,, 17 

W. 

E. 

w 

.S S g - $ 3  f $Y 

3 3 4 

m 8 

37 9 
25 35 
4 7 
14 a2 

4 I 
I I 

37 46 
40 57 

5 :8 28 

22 34 

0 I 

268 g a  
- 

88 32 

311 44 
& 

131 44 

311 44 
8r 

131 44 

ZACE 

.EI a a 

j:i 

9?8 8 

16 I 
6 42 
24 29 
34 32 

34 29 
28 14 

17 4 
19 43 

7 52 
a 40 
4615 

PACE LSPT 

%duction in 
Arc to T h e  of 

Elongation 

I n 

+ 2 28.84 
I 10.64 
o 1-82 
o az-19 

- o 2-13 
o 0.14 

3 8.67 
3 41-86 

+ I 31-29 
o 36-79 
0 54'67 

BIBXT 

Reduction in 
AratoTimsof 

Elongation 

I n 

+ o 17-68 
o 4.84 
I 4.31 
2 7'70 

- 2 35-92 
1 44-66 
o 38'52 
0 51.42 

+ o 6-67 
o 0.77 
348-28 

Reduced Oboemation 
Bef. Mark-Btu 

st E l o W o n  

O I I  

- 147 56 21-73 
24-03 
14-89 
25-88 

- 154 56 37-84 
37'23 
38-81 
36-87 

- 1475627.44 
25'51 
23'20 

Ibduced Ohemti0  
Bef. Mark- S L u  
at Elongation 

0 1  n 

- 147 56 20.76 
21.98 

14-73 
23 '34 

- 154 56 38.48 
36-24 
40'72 
36-20 

- 147 56 25'83 
25'53 
24'49 

Observed 
~ ~ h ~ ~ b l  bngle ; 
Dl, of 
Bd. Mark - BLy 

0 1  v 

- 147 56 49.41 
56 28.87 

57 29-20 
58 33'58 

- 154 54 1-92 
54 52-57 
56 0.29 
55 45-45 

- 147 56 34-11 
56 26.28 
6011.48 
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Abstract of Astronomical Azimuth observed at LXII (Dhow&) 1881-(Corttinued), 

2. By Western Elongation of 51 Cephei. 

Face L I1 L R L R L E L R 

Zero 81' 211' 110° 290° 180' QO 269' 80' 812" 132" 

Date February 18 February 14 February 16 February 16 February 17 
v n n I r, I, I n N 

Observed difference 24'57 24'91 23-78 24-13 25.05 26-20 20'76 11-73 25-83 17-44 
of Circle-Readings 23'76 25'60 23-11 21.81 26-16 25.31 11-98 24'03 25'53 25'51 
Ref. M.-Star 24-17 24-75 15-53 21-53 26-54 26.63 21-73 14-88 14-49 23-20 

reduced to Elongation 23'59 15-22 26.29 24.62 24'16 24.67 23-34 25.8 

Means 24.02 25-12 24-68 23'77 25-48 25-70 22-70 24-13 25'28 25.38 

0 1  n n n N n 

Means of both faces - 147 56 24-57 24-23 25'59 23.42 25'33 
Level Corrections ' - 0-17 + 0'25 + 0.66 - 0.08 + 0'14 
Corrected Means - 147 56 24'74 23'98 24'93 23'50 25'19 
AZ. of Star fr. s., by W. 176 51 13-33 13-67 13-90 14-12 14.35 
Az. of Hef. M. ,, 28 54 48-59 49'69 48-97 50'62 49-16 

by Eastern Elongation . . . ... ... 28 54 51-32 
Astronomical Azimuth of Referring Mark by Western ,, ... ... ... 9, 49-41 

Mean ... ... .*. 9, 50'37 
Angle Referring Mark and LI (Ghundi) see page 173 m t e  ... ... ... - o 5 22-73 
Astronomical Azimuth of Ghundi by observation ... ... ... ... .., 28 49 27-64 
Geodetical Azimuth of ,, by calculation from that adopted (Vol. 11, page 141) at 

Kai&nppur : see page 206 ante ... ... ... ... . .. . 28 49 22-63 
Astronomical - Geodetical Azimuth at LXII (DBowtUa) .I. ... a * .  ... + 5'01 

July, 1885. 

W. H. COLE, 

In charge qf Computing O m .  
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Xist of Published T o r k s  of the Great  gon no metric at Surcey of India. 

An Account of the Measurement of an Arc of the meridian between the parallels of 18" 3' 
and 24" 7', being a continuation of the Grand Meridional Arc of India as 
detailed by the late Lieutenant-Colonel Lambton in the Volumes of the 
Asiatic Society of Calcutta. By Captain George Evereat, of the Bengal Artillery, 
F.R.S., kc. London, 1830. 

An Account of the Measurement of two Sections of the Meridional Arc of India,, bounded by 
the parallels of 18" 3' 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. 

Account of the Operations of the Great Trigonornetrid Survey of India. 

Volume I. 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., h., kc., Superintendent of the Survey. 
Dehra Dlin, 1870. 

Do. 11. History and General Description of the Principal Triangulation and of its 
Reduction. By Colonel J. T. Walker, C.B., R.E., F.R.S., kc., kc., Surveyor General 
of India and Superintendent of the Survey, and hie Assistants. Dehra Diin, 1879. , 

Do. 111. The Principal Triangulation, the Base-Line Figures, the Kadchi Longitu- 
dinal, N.W. Himalaya, and the Great Indus Series of the North-West Qua- 
drilateral. By Colo~lel J. T. Walker, B.E., F.R.S., tc . ,  tc., Superintendent of the 
Survey, and his Assietanta. Dehra Dbn, 1873. 

Do. IV. The PrincipalTriangulation, the Great Arc (Section 24"-30°), Rahfin, Gurh4garh 
' and Jogi-Tila Meridional Series, and tlre Sutlej Series of the North-West 

Quadrilateral. By Colo~~el J. T. Walker, R.E., F.R.S., tc., tc.,  Superintendent 
of the Survey, and llis Assistants. Dehra Dlin, 1876. 

Do. I V  A. 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 rlnder tlre orders 
of Colonel G. C. DePrQ, S.C., Surveyor General of India. Dehra Dlin, 1886. 

Do. V. Details of the Pendulum Operations by Captains J. P. Basevi, R.E., and 
W. J. Heaviside, R.E., and of their Reduction. Prepared under the directions 
of Major-General J. T. Walker, C.B., R.E., F.R.S., kc., kc., Surveyor Generd of 
India and Superintendent of the Trigonometrical Survey. Dehra D h  and Calcutta, 
1879. 



List of Published Works of the Great Trigonometrical Survey of Indi+(Corcthued). 

Account of the Operations of the Great Trigonometrical Survey of India-(Continued). 

Volume VI. The Principal Triangulation of the South-East Quadrilated including the 
Great Arc-Section 18" to 24", the East Coast Series, the Calcutta and the 
Bider Longitudinal Series, the Jabalpur and the Bilfispur Meridional Series, 
and the Details of their Simultaneous Reduction. Prepared under the direc- 
tions of Major-General J. T. Walker, C.B., R.E., F.R.S., kc., kc., Surveyor General 
of India and Superintendent of the Trigonometrical Suwey. Dehra D h ,  1880. 

Do. VII. General Description of the Principal Triangirlation of the North-East Quadrila- 
teral including the Simultaneous Reduction and the Details of Five of the 
Component Series, the North-East Longitudinal, the Budhon Meridional, 
the Rangir Meridional, the Amua Meridional, and the K d r a  Meridional. 
Prepared under the directions of Lieutenant-General J. T. Walker, C.B., B.E., F.R.S., 

. &c., &c., Surveyor General of India and Superintendent of the Trigonometrical Survey. 
Dehra D6n, 1882. 

Do. VIII. Details of the Principal Triangulation of Eleven of the Component Series 
of the North-East Quadrilateral, including the following Series ; the Gur- 
wthi Meridional, the Gora Meridional, the. Hdlhong Meridional, the 
Chendwb Meridional, the North PBrasdth Meridional, the North Mal6n- 
cha Meridional, the Calcutta Meridional, the East Calcutta Longitudinal, 
the Brahmaputra Meridional, 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 D h ,  1882. 

Do. IX. Electro-Telegraphic Longitude Operations executed during the years 1875-71 
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. T. Walker, C.B., 
R.E., F.R.S., kc., kc., Surveyor General of India and Superintendent of the Trigono- 
metrical Survey. Dehm Dfin, 1883. 

Synopses of the Results of the Great Trigonometrical Suwey of India, comprising 
Descriptions, Co-ordinates, &c., of the Principal and Secondary Stations and other Fixed 
Points, of the Several Series of Triangles, as follows :- 

Volume I. The Great Indus Series, or Series D of the North-West Quadrilateral. BY 
Colonel J. T. Walker, R.E., F.R.S., kc., &c., Superintendent of the Survey, and Lie 
Assistants. Dehra D h ,  1874. 

I The Suwey of India Operations in North and South Afghhistan. Prepared Do. - A' by Major T. H. Holdich, R.E., and Lieut.-Colonel E. P. Leach, R.E. Published at the 
(Prelimilzary) O5ce 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. 
DePde, S.C., Surveyor General of India. Dehra D h ,  1886. 

Do. 11. The Great Arc-Section 24" to 30°, or Series A of the North-West Quadrilateral. 
By Colonel J. T. Walker, R.E., F.R.S., &c., kc., Superintendellt of the Survey, and his 
Assistants. Dehra DGn, 1874. 

Do. 111. The Kar6chi Longitudinal Series, or Series B of the North-West Quadrilateral. 
By Colonel J. T. Walker, R.E., F.B.S., &c., &c., Superiutendent of the Survey, and his 
Assistants. Dehra D h ,  1874. 

Do. IV. The Gurhtigarh Meridional Series, or Series P of the North-West Quadrilateral. 
By Colonel J. T. Walker R.E., F.R.S., &c., &c., Superintendent of the Survey, and his 
Assistants. Dch& D h ,  1876. 



List of Publiehed W o r k  of the Great Trigonometrictcl furvey of India-(Continued). 

Synopses of the Results of the G. T. Survey of India, &c.-(Cmthued), 

Volume V. The R a h b  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 Jogf-Tila Meridional Series, or Series G, and the Sutlej Series, or Series H 
of the North-West Quadrilateral. By Colonel J. T. Walker, R.E., F.B.S., &c., 
kc., Superintendent of the Survey, and his Assistants. Dehra, D h ,  1875. 

Do. VII. The North-West Himalaya Series, or Series C of the North-West Quadrilateral, 
and the Triangulation of the Kashmir Survey. By Major-General J. T. Walker, 
C.B., R.E., F.R.S., &c., &c., Surveyor General of India and Superintendent of the Survey, 
and his Assistants. Dehra D h ,  1879. 

Do. VIII. The Great Arc-Section 18" to 24", or Series A of the South-East Quadrilateral. 
By Colonel J. T. Walker, C.B., R.E., F.R.S., kc., &c., Superintendent of the Survey, 
and his Assistants. Dehra Dhn, 1878. 

Do. IX. The Jabalpur Meridional Series, or Series B of the South-East Quadrilateral. 
By Colonel J. T. Walker, C.B., B.E., F.R.S., &c., kc., Surveyor General of India 
and Superintendent of the Survey, and his Assistants. Dehra Dbn, 1878. 

Do. X. The Bider Longitudinal Series, or Series D of the South-East Quadrilateral. 
By Major-General J. T. Walker, C.B., R.E., F.R.S., kc., &c., Surveyor General of 
India and Superintendent of the Survey, and his Assistants. Dehra D h ,  1880. 

Do. XI. The Bil4spur Meridional Series, or Series P 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 D h ,  1880. 

Do. XII. The Calcutta Longitudinal Series, or Series B of the South-East Quadrilateral. 
By Major-General J. T. Walker, C.B., B.E., F.R.S., kc., kc., Surveyor General of 
India and Superintendent of the Survey, and his Assistants. Dehra D h ,  1880. 

Do. XJII. The East Coast Series, or Series Cof the South-East Quadrilateral. By Major- 
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 D h ,  1880. 

Do. XI11 A. The South P4rasnhth Meridional Series and the South Malfmcha 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 
Gen~ral, in charge, and published under the orders of Colonel G. C. DePrEe, S.C., 
Surveyor General of India. Dehra Diin, 1885. 

Do. XIV. The Budhon Meridional Series, or Series J 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 D h ,  1883. 

Do. XV. The Ran& Meridional Series, or Series K of the North-East Quadrilateral. 
By Lieutenant-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 Diin, 1883. 

Do. XVI. The Amua Meridional Series, or Series A, and the Karlim 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 Diin, 1883. 

Do. XVII. The Qurw4ni 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., B.K, F.R.S., kc., kc., Surveyor General of India and Superintendent 
of the Survey, and his Assistants. Dehra D h ,  1883. 

Do. XVIII. The Hurilaong Meridional 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., kc., kc., Surveyor General of India and Superin- 
tendent of the Survey, and his Assistants. Dehra Dim, 1883. 



G t  of Published W o r k  of the Great Trigonometrical Survey of India-(Contirczced). 

Synopses of the Results of the G. T. Survey of India, &c.-(Continued). 

Volume XIX. The North PhrasnLth Meridional Series, or Series R, and the North Malfmcha 
Meridional Series, or Series S of the North-East Quadrilateral. Prepared 
by J. B. N. Heiinessey, Esq., M.A., F.R.S., kc., kc., Offg. Deputy Surveyor General, 
in charge of Trigonometrical Surveys, aiid liis Assistants, and published uuder the 
ordera of Colonel G. C. DePr&, S.C., Offg. Surveyor General of India. Dehra 
Diin, 1883. 

Do. XX. The Calcutta Meridional Series, or Series T, and the Brahmaputra Meridional 
Series, or Series 77 of the North-East Quadrilat.era1. Preptired by J. B. N. 
Hennessey, Esq., M.A., F.R.S., &c., kc., Offg. Deputy Surveyor General, in charge of 
Trigonometrical Surveys, and his Assistants, and published uuder the orders of Colouel 
G. C. DePrh, S.C., Offg. Surveyor General of India. Dehra Dlin, 1883. 

Do. XXI. The East Calcutta Longitudinal Series, or Series U, and the Eastern Frontier 
Series-Section 23" to ZC0, or Series ?V of the North-East Quadrilateral. 
Prepared by J. B. N. Heni~essey, Esq,  M.A., F.R.S., kc., kc., Offg. Deputy Surveyor 
Getieral, in charge of Trigonometrical Surveys, and I~is Assistants, and published 
under the ordera of Colonel G. C. DeP*, S.C., Offg. Surveyor General of India. 
D e b  Dh, 1883. 

March, 1886. 











Digitized by Google 








