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PREFACH.

The present volume forms one of that series of publications, known as the “Account of the Operations
of the Great Triyonometrical Survey of India,” of which the design is, as has already been stated in the
second volume of the series, “to give full reports—historical and descriptive—of the nature and the general
“ procedure of the operations; to describe the instruments which were employed in executing the several
“linear and angular measurements; to furnish complete details of the actual 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 instruments on which the
measurements depend, and the theoretical probable errors of the results. Volume II describes the principal
triangulation, the theodolites with which it was executed, the procedure adopted in observing the angles, and all
necessary details of the operations carried on in the field ; it further describes the processes by which prelimi-
pary results were obtained from the observations, to satisfy immediate requirements, pending the completion of

 the several chains of triangles; also the method of final reduction which was adopted after the chains were
" completed, and by which the errors at the junctions of the chains with each other and with the base-lines are
eliminated with the closest possible approach to mathematical rigour. It states briefly at page 28, and ex- '
plains more fully at pages 162 to 170, the reasons why the method of final reduction could only be applied
to limited portions of the triangulation at a time, thus necessitating the division of the triangulation into five
great sections, to be reduced in succession, as indicated at page 32. It shows how the whole of the triangula-
tion contained in the first of these sections—known as the North-West Quadrilateral—was reduced simul-
taneously ; and, together with Volumes III and 1V, it gives all the facts of angular observation appertaining
to that Quadrilateral, full details of the preliminary and the final reductions of the angles and the several trigo-
nometrical figures, and finally, the resulting values of the lengths and azimuths of the sides of the triangles
and the latitudes and longitudes of the stations,

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

Volume VT 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. It commences with a brief recapitulation of the formmle employed in the calculations, in order
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to obviate the necessity for frequent reference to Volume II, and then gives first, a complete exposition of
the Simultaneous Reduction of the six chains or series of triangles forming the South-East Quadrilateral;
and afterwards, for each series, an introductory account of the operations, a descriptive list of the statious,
an abstract of the observations of each angle, full details of the preliminary reductions of the angles—made
to satisfy the geometrical conditions of the trigonometrical figures—the final values of the angles after having
been corrected to satisfy the conditions of the Quadrilateral, and finally, the resulting values of the lengths
and azimuths of the sides, and of the latitudes and lougitudes of the stations of the triangulation.

In like manner Volumes VII and VIII treat of the triangulation appertaining to the North-East
Quadrilateral, the third of the five great sections before alluded to; and contain full detuils of the observa-
tions, reductions and final results of the sixteen chains or series of triangles embraced within the limits of
that Quadrilateral.

Volume IX 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 been made in this Department, to solve the
equations of condition presented by the several arcs of longitude already measured, no combination 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 that of the other volumes.

The present volume is the tenth of the series in order of publication but is numbered IV A as it forms
a supplement to Volumes II, III and IV, in that it treats of the reduction of two of the chains of the North-
West Quadrilateral, the Jodhpore and the Eastern Sind 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. ¢

In 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 in the North-West Quadrilateral, a Skeleton Chart of the Principal Triangulation
of India is given opposite this page. In this chart each line represents a chain of triangles. The chaiu which
approximates to the meridian of 78° and extends from the extreme south of India to latitude 30°, where it
terminates on the Dehra Din Base-line at the foot of the Himalaya Mountaius, forms the back-bone of the
triangulation, and is well known as the Great Meridional Arc of India, which was commenced by Colunel
Lambton in Southern India, and carried upwards to the Himalayas by Colonel Everest; Colonel Lambton’s
portion has been revised of late years, with all the refinement which the latest and best instruments and the
most approved procedure rendered possible. Of the remaining chains, some were accomplished in the earlier
days of the Survey, when the instrumental equipment was generally very inferior to what it became subse-
quently, and when the procedure, as regards portions of the operations—more particularly the construction
of towers for the principal stations in the plains—was still imperfect ; other chains were executed in more
modern times, with the best instruments and with the utmost possible refinement in every particular. The
chains last executed are génerally on a par with the Great Arc itself, while some are superior to it in accu-
racy. It 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 chains into separate groups, each group
containing a large number of interdependent chains; this circumstance was therefore availed of in designing
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PREFACE. ix

the great sections into which the triangulation had to be divided for fina] 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. It will be seen that there are five sections in all, of which four are
quadrilateral figures, while the fifth—which lies to the south of the others—is a trigon. The four quadri-
laterals meet at the point Kaliénpur,—approximately in latitude 24° and longitude 78°—which was employed
by Colonel Everest as the central or reference station of the triangulation ; they are therefore distinguished
by the corresponding cardinal points—North-East, South-East, South-West, and North-West—with refe-
rence to the central station. :
It has already been shown, in Section 7 of Chapter I of Vol. IT, 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 been elaborated and was ready to be put into practice, the
Simultaneous Reductions were taken in hand in the following order, first the North-West Quadrilateral,
second the South-East, third the North-East Quadrilateral, and fourtk the two remaining 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 which the reduction is in course of completion.

Any description of the triangulation of this Survey and the operations connected therewith, from the
observations of the angles to the deduction of the most probable and therefore final results, is naturally sub-
divisible under six heads; firs?, the general principles in accordance with which the operations .have been
conducted ; second, the practical execution of the measurement of the augles; third, the general principles
followed in the combination and adjustment of the individual angular measures, with a view to satisfying
all the geometrical conditions involved, as well as the primary linear elements which are fixed by the base-
lines; fourth, the preliminary geometrical reduction of the individual triangles, polygons and net-works
of which the chains are composed; fifth, the simultaneous reduction of each of the groups of chains,
or sections, into which the triangulation has been divided for convenience; and sizfk, the presentation of
the most probable values of the maguitudes of the angles, of the lengths 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 branches of the subject are of general appli-
cation, and they form the principal matter of Volume II, which was intended to be introductory to all sub-
sequent volumes relating to the triangulation. The second, fourth and sixth branches have special re-
ference to individual series or chains of triangles. The fifth has reference to each of the sections or
aggregations of chains grouped together for simultaneous reduction. In the present volume it has not been
necessary to touch otherwise than lightly on the first and third divisions 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 elements the Jodhpore and the Eastern Sind Meridional Series are
dependent on the final elements of the Kardchi (Kurrachee) Longitudinal 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 II to the details of each series.
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Parr I.

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

Chapter III gives full details of the Simultaneous or Final Reduction of each Series separately
as 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-linejof the formation of the Linear and Geodetic Equations of Condition, four
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 it depended.

Fifth. The method of constructing the Coefficients of the Unknown Quantities in the Equations of
Condition, showing the general notation which was adopted for expressing the values of these coefficients, and
specifying every exception to the general form. ’

Sizth. 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 Values of the Fixed Data on which each series is based.

Eightk. The Values of the Sides and Angles 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, as they stood before the Final Reduction.

Tenth. ' The Numerical Values of the Absolute Terms in the several Linear and Geodetic Equations
of Condition. ‘

Eleventh. The Numerical Values of the us and ¢s, the geodetic summations—exhibited in the table at
pages [42] and [43]—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 ¢, of the Unknown Quantities in the several
Linear and Geodetic Equations of Condition. .

Thirteenth. The Coefficients, 38 and @, of the Indeterminate Factors, in the equations 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 Coefficient
and Absolute Term as it stood, first on the formation of the equations, and secondly after the successive
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eliminations of individual factors in the process of solution; finally, the numerical values of the Factors
are given.

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

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

Seventeenth. A Statement of the Final Resuits 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,—viz., the triangles
excluded from each 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.

’ ’ Parr II

This part gives full details of the principal work of the two chains or series of triangles—from
the observatious of the principal angles to the determination of the final results, angular, linear aud
geodetic—series by series. The Secondar.y and Tertiary Triangulations which were executed pari j)assd
*with the principal triangulation for geographical and topographical purposes, are as usual relegated to
the corresponding Synoptical Volume ; the volumes of the Accounts of the Operations &e. being exclusively
devoted to the details of the principal triangulation, excépting 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.

It is now desirable to give first a summary, and afterwards a general explanation, of the information
and numerical data which the present volume furnishes for each chain of triangles. Summarised they are
as follows :—

1. Introduction.
Alphabetically arranged List of Stations.
Numerically arranged List of Stations. .
The Description of Stations. ‘
The Observed Angles, with the Weights of the Concluded Results. ‘
The Reduction of the Polygonal Figures. '
The Final Values of the Sides and Angles of the Triangles.
The computed Latitudes and Longitudes of the Stations and the Azimuths at each Station.
9. The trigonometrically determined Differences of Height of the Stations and the Absolute Height
of each Station above the Mean: Sea Level.

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

® N T s @

Plate. The Diagrams of the several Polygonal Figures contained in the series.

1. The Introduction gives a historical sketch of the progress of the whole of the operations in the
field,—both principal and secondary—from year to year, mentions the Officers by whom they were conducted,

find the theodolites with which the principal angles were measured, and indicates the work done by each of
the Assistants.
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2 and 8. It has been found convenient to indicate the Principal Stations by a system of numerals, as
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
chains, the first number for each series 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 information as to the general form and structure of the stations, reference should be made to Section
4 of Chapter I.

5. In 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.

" In the details of the measures of the angles are given the reference number of the station on which
the telescope was set at the commencement of each round of measures, and the reading to which the azi-
muthal circle was set, after each ‘change of zero’; thus the graduations of the circle to which the readings
were taken, at every measure of any angle, may be readily ascertained for an investigation of the law of the
graduation error, such as will be found for Troughton and Simms’ 18-inch Theodolite No. 1, in Appendix
No. 4 of Volume II.

In the right-hand column of the record are given M, the mean of the several groups of measures

on each setting, w and —;, the weight and its reciprocal of the angle as deduced from differences between in-

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 I, to the example at page 342 of the same volume, and to Section 2 of Chapter II of this volume.
The abstracts of angles are followed by lists of the Sums of Squares of Apparent Errors of Single
Observations and Single Zeros, which furnish data for the investigation of the average e.m.s. (theoretical
error of mean square) of observation in a single measure of an angle, and the average e.m.s. of graduation
plus observation in the mean of the measures on a single zero. Such determinations are made in the first
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-
angles, 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 8, Chapter VII, Volume II,

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 weights of the angles. Full explanation of the
principles and the procedure of these reductions, will be found in Chapter VIII of Volume II, and the for-
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muls 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 denoting the angle. Thus on
referring to the diagram of Figure No. 2 and to the reduction of that figure on page 71, x; is the error of
the angle 8, at Station II between Stations I and III. 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 conditions of the figure are satisfied,—see equations on page [12]; thirdly the equations
between the ‘indeterminate factors’; fourthly the values of the indeterminate factors; fifthly the values
of the angular errors; and sizthly the summation of the products of the squaré 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. In the group of equations between the indeterminate factors, the
coefficient of the pth factor in the gth line is the same as that of the gth 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 is 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; it 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 shown in dotted lines, and their numbers are indicated by numerals of a smaller size than the
former, commencing with 49 for the Jodhpore and 4o for the Eastern Sind Meridional Series, 48 and 39
being the numbers of the last of the circuit triangles in the respective series. The columns in the table
which contain the corrections to the observed angles give, first the correction for the error of the angle,
with reference merely to the triangle or polygonal figure to which it 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 the circuits, or for the restoration of consistency in the
polygonal figure after the application of the circuit errors, should it appertain to a non-circuit triangle
Finally, the corrected plane angles and the lengths of the sides are given, as computed by the rules of
Plane Trigononietry, in accordance with Legendre’s theorem; see Section 4 of Chapter IL -

9. The Table of the Latitudes and Longitudes of the Stations and the Azimuths and Lengths of the
Sides. The principles on which the calculations of the Geodetic Co-ordinates and Azimuths have been made
and the method of computation, are fully explained in Sections 2 and 4 of Chapter IX of Volume II, and the
formule are quoted in Section 5 of Chapter II of the present volume. All Azimuths are referred to the
south point and are measured right round the hoxizon 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 Section 6 of Chapter II of this volume, It has not
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been 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 important. But the mean of the whole of the
measures of each vertical angle, the calculated mean value of the amouns 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 II of the present volume.

It may be here stated that all trigonometrically determined heights invariably refer to the upper sur-
faces of the central mitsonry pillars at the principal stations. Spirit-leveled values on the other hand some-
times refer to the upper surface and sometimes to the basement of the pillar, whichever the leveling-staff
was 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 been measured. The methods
of observing and of reducing the observations are fully described in Chapter XII of Volume 1I. 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 than to give a more exact mean value of the fundamental astronomical azimuth
"@t Kalidnpur) 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 the fundamental azimuth is given. These differences may be of much
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 in the
‘calculations, will be met with in Volumes I and II. In this place it is only necessary to state that:—

(1). The Unit of Length is the Indian Standard 10-feet Bar A, the relations between which and the
‘principal European Standards of Length are given at page 28 of Volume I.
‘ (2). The adopted Elements of the Figure of the Earth—assumed to be spheroidal—are given at page
[15] of this volume.
' (3). The Longitudes depend on an astronomically determined value of the Longitude of the Madras
vaserv.atory, East of the Royal Observatory at Greenwich, which was deduced about the year 1815. The
Longitude of the Madras Observatory has however been recently re-determined, by the Electro-Telegraphic
method, by observations which were made at Greenwich, Mokattam (in Egypt), Suez, Aden, Bombay and at

‘certain stations of the triangulation in India, and with the following preliminary results :—
o . ) hm s :
Longitude of Mokattam 2 5 6320 Eastof Greenwich } Supplied by SirG. Airy, from observations taken

Increase for Suez o 5 6°917 » in connection with Transit of Venusin 1874. -
Ad 656 .
” en © 49 427555 » By the operations of this Survey; see the
»» , Bombay 1 51 19-983 s
: Annual Report for 1876-77.
» Madras O 29 43°540 »

»

Longitudé of Madras 5 20 59°416




This value of the Longitude of the Madras Observatory is equivalent to 80° 14’ 51”; and as the.originally
adopted value, on which the longitudes of the whole of the stations of this Survey are based, is 80° 17" 21”—
see page 135 of Volume II—the following precept may be accepted with considerable confidence :—

All the values of longitude in this volume require a constant correction,
probably of — 2' 30".

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. The newly authorised spellings
were adopted for all names and other words contained in these lists; but for words for which there was no
specific authority, the spellings have been framed in accordance with the methods followed in the 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 has
a variable souud as in woman, rural, paltry ; 4 as in tartan; i as in bit; ¢ as in ravine; u as in bull ; # asin
rural ; o as in note; e as a in say; au as ou in cloud; ai as § 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 where the name occurs for the first time.

It 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 Introductions to both series were
written by Major M. W. Rogers, B.E., Deputy Superintendent. The reduction of the Jodhpore Meridional
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 Baboos Gunga Pershad and Mizaji Lal. The volume like
its predecessors has been printed at the Trigonometrical Branch Office at Dehra; Mr. Peychers and Baboo
Gunga Pershad have rendered valuable service in the examination of the press proofs 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. '

Denra Dun, } \ C. T. HAIG, CoroNEL, R.E.,

March, 1886. Offy. Dy. Surveyor General,
In charge Trigonometrical Surveys.
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VOCABULARY OF CERTAIN NATIVE WORDS MADE USE OF IN THIS VOLUME.

OBTHOGRAPHY
EMPLOYED.

3

Amir.
Bajri

Bhati Béjput ...

Chunam -
Darbér
Draen
Jégir
Jain

Jéts
Kacha
Mahirija
Mahariwal
Mot
Pargana
Phog
Rao
Sarddr
Tahsil

Taluk )
Taluka

Thakur
Théna
Vishpu -

CORRECT
ORTHOGRAPHY,

Amir
Béjri

Bhatti Réjptt ...

Chtina

... Darbér

Driii

’

Jégir
Jain

Jits V..

Kachchd
Mahérija
Mahérédwal
Moth
Pargana
Phog

Réo
Sardér
Tahsil

Tailluk
Tailluka

Théikur
Thénd
Vishnu

MEANING.

Title of the rulers of Sind.

A kind of grain, millet.

A clan of Rajpfits, a warrior caste of India.

Lime employed in preparing mortar.

Government.

Tracts of shifting sand.

Land given by Government as a reward for services.
A sect of Hindus.

Ditto. .
Built of clay only; or of stone or unburnt brick and clay.
A king'or ruler. '

Ditto.

A kind of grain, pulse.

A sub-division of a district.

A shrub of the Calligonum species.

A chief.

A chief or headman. \
Portion of a district subject to a Revenue Collector. v

A sub-division of a district.
Title of a Réjpit chief.
A small police sub-division.

i

Oue of the three principal Hindu deities.
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CHAPTER 1.

' ACCOUNT OF THE TRIANGULATION OF THE JODHPORE AND EASTERN SIND
MERIDIONAL SERIES.

1.

The Triangulation included in this Volume.

The Jodhpore and Eastern Sind 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 principal triangulation between the parallels of 24° and 84° and the meri-
dians of 67° and 78°.

These two series had not been commenced at the time, 1868, the Simultaneous Reduec-
tion of the North-West Quadrilateral was undertaken ; and although they formed part of the
scheme for the triangulation of India, it was considered undesirable to await their execution,
for reasons which are fully stated in Section 7 of Chapter I of Vol. II of the Account of
the Operations of the Great Trigonometrical 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 separately
reduced to accord with the rest of the triangulation of the North-West Quadrilateral.

The Observers and the Instruments employed on the Triangulation.

The Jodhpore Series, meridian 721°.

This Series emanates from the side Stinda~Bonik of the Karichi Longitudinal Series
and closes on the side Kaimsir-Kanda of the Sutlej Series. It was commenced by Lieu-
tenant (now Major) M. W. Rogers, R.E., in 1872-73, who advanced the principal chain a
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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 was transferred to
Lieutenant (now Major) J. Hill, R.E., who carried the chain of principal triangles a 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 pa.rty on the 20th November
1874, and during that and the following field season he succeeded in completing the Series.
The chain is double throughout. It comprises 3 quadrilaterals, 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 & description will be found in Appendix No. 2 of Vol. II.

The Eastern Sind Series, meridian 70°.

Operations were commenced on this Series during the field season of 1875-76. While
Captain Rogers was 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 Kardchi Longitudinal Series. The side Rojhra—Sandohar was selected as a base;
and the neighbouring stations of Fulrdr and Chédnga 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 8rd January 1876, he
marched to the proposed northern terminus of the Eastern S8ind Meridional Series to com-
mence preliminary operations from that end. In 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 Ddowdla-Mdchka 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 at
the northern end. In the field season of 1876-77 the final observations were commenced
and the Series was carried forward a distance of 126 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
Rogers 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 rema.med
only so much as could be easily completed during one field season.

In 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 met it in 8ind on
the 6th November, 1880. The remainder of the chain of principal triangles was then com-
pleted in about two and a half months. The Serics is double throughout, comprising 8 quad-
rilaterals, 7 single polygons and 2 double polygons. The instrument employed by Captain
Rogers was Barrow’s 24-inch Theodolitc No. 2, and that by Coloncl Branfill was Troughton
and Simms’ 24-inch Theodolite No. 1.
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3.

The Dependency of the Triangulation on the North-West Quadrilateral for the fized data.

Both the Jodhpore and Eastern Sind Meridional Series emanate from the Kardchi
Longitudinal Series; the former closing on the Sutlej Series, and the latter on the Great
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.

4.

The Construction of the Principal Stations.
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 accurate mark for Topographical and Revenue Survey purposes—as shewn at
page 74 of Vol. IT of the Account of the Operations, &c.—was erected after the completion
of the observations, and the station was then further protected by a pile of stones and earth.

The Eastern 8ind Meridional 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, 3} 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 observations, and bearing
a sufficiently accurate mark for Topographical and Revenue Survey purposes.



[7]

CHAPTER II.

THE MEASUREMENT OF THE ANGLES AND THE GENERAL PRINCIPLES FOLLOWED IN THE
REDUCTION OF THE TRIANGULATION.

1.

The Measurement of the Horizontal Angles and their Record.

In Chapter IV of Vol. II 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,
It 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-sfation, 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, the
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 F. L., face left, and F. R., faceright ; and so on. These arbitrary shifts were through
arcs of 10° for theodolites with 3 microscopes and 7° 12’ for 5-microscope theodolites. In
1860, in order to secure a greater change of position of the axis in its socket, and so avoid the



[8] INTRODUCTORY.

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 :—
o° o 79° 12" 158° 24" 23%° 36 and 316° 48
180° o'’ 259° 12 338° 24”° 5%° 36 136° 48"

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 II 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 I, a
lamp, or %4, 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 1w, its relative weight to the other

angles measured under similar circumstances, and —:;, the reciprocal.

2.

The Deduction of an 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
VII of Vol. II, 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”, &c., be the differences between the successive single measures and the
mean of the measures on the zero to which they respectively belong, #,, n,, ng, &c., the
number of measures on each zero, the sum of all which is = N, and D,, D,, Ds, &c., the
algebraical excess of the successive zero means, Z in number, over the arithmetical mean, X,
of all the zeros.
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Now put
Ak X e e SO
- N—1
po Dt DI+ D
Z—1
and let
I I I
w, = ) Wy = 39 Wg = g0 e
#+Z #+ o F+2
n ng

Then the resulting angle C, usually called the ¢ Concluded Angle’,

w,D, +w,Dy+wyDg+ ...
Wi+ wo+wst. ..

Here o* and g are taken as preliminary approximations to the theoretical error of
mean square of observation and graduation, o being the e.m.s. of observation and g that
of graduation in a single measure of an angle; these quantities being known, the weighs,
W, Wy, . . . , 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,

w=w1-|-W2-|-Ws-|- )

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.s. of the concluded angle.

=M+

It must be here observed that the values of e.m.s. 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 VII of Volume II, 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

* Btrictly spesking the denominator in the expression which gives the value of o would be N—Z; but a larger denominator, as
N or N—1, is preferable in the present instance, because o is combined with g which, strictly speaking, would represent the total error and
not that of uation only, if each measure were absolutely independent of all the othera, which it is not. Thus, though the denominator
N—1 was originally employed by an oversight, as may be hero frankly acknowledged, it has been retained as more appropriate than N—2
under existing circumstances.
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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.

3.

Preliminary Reductions of the Groups of Angles contained in independent
Trigonometrical Figures.

So long as chains of triangles are treated as independent of one another, the angles
naturally separate themselves into as many groups as there are single triangles, and 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 1”7 *
27r?

e=absinC X

in which e is the spherical excess in seconds, @, b and C two sides of the triangle and the in-
cluded angle, and » the radius of curvature for the oblique section of which the azimuth is
45°, that is, » = ;2-%, p being the radius of curvature to the meridian and » the normal on

the axis minor for the mean latitude of the triangle.

”
* The factor " has been tabulated for every degree of latitude from § to 36 in the Awziliary Tables to facilitate the caloula-

tions of the Survey Department of India, Dehra Doon, 1868,

. 3 N
.....
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The geometrical conditions connecting groups of angles divide themselves under three
heads, ¢riangular, 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 measured as a whole
and also in parts, the whole should equal the parts, and the third springs from the condition
that the value of any side carried through the triangulation back on itself should reproduce
itself. The excesses or deficiencies which manifest themselves in these comparisons either
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 trigonometrical figure is given by
the formula

N—2844
in which &V is the number of angles and § the number of stations.

In order to express the equations, denote the observed angles by X,, X,, Xj, . . .
the corresponding angular errors by z,, #,, 25, . . . and the absolute terms of the equations
by e with subscripts denoting the equations to which they appertain. The triangular and
central equations will then take the form.

nt+2,4+...=e¢

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 ¢, = cot X}, a, = cot X,, &c., the side equations will be represented by

cosec 1” sin X,.sin X5 ...
O —a Ttz —a, T+ ... =31 XIOgsinzz.sinX,... e oo (1)

=e
M being the modulus of common logarithms; or if

a, = tabular difference of log. sin X, for a change of 1”
a = 9 9 log. sin X, »
and so on

sin X;.sin X. ..
alxl—a2$2+a3xs—a4x4+...=log. SinX;.SinX:..o e o o o o (2)

=e

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 minimum,

_o® | 2zl 2
U“%"'ﬂa"'"""w

in which u,, g, . . ., are the reciprocals of the weights, w,, ;, . . . w;, of the observed angles.

The following equations—taken from Section 5, Chapter VIII, Vol. II—express first the
geometrical conditions, secondly their relations with the indeterminate factors, A;, As, . . . Asy
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, # in number between ¢ unknown quantities are

o, taz,+ ... tazi=e
blxl'l‘bgwg'l' « e e +b‘x‘=e6

me,+n 2,4+ .. . =0,

The equations between the indeterminate factors are
[aa. u] \a + [ab. vl N+ . . . + [an.u]\M =6
[ad. w1 N+ [B0. ] N+ . . . 4 [n.u]l =6

[an.ul X+ [n.u] M+ . . . (00 u]l=e,
in which the brackets [ ] indicate summations, thus
[aa. ] =aia). uy + a5 u, + . . . o U
The resulting values of the angular errors are

sy=u (e N+o M0+ . . . +7\)
zo=wuy (g N+ M+ . . . FnAN)

Ty = U (ac)‘a'i'bt)\b'l' o« o . +"4)\-)
and the value of the minimum, U, is

xaea’{' Xleb'l' e + xne»-
Abstracts of the reductions of the figures will be found in Part II for the Jodhpore
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Meridional Series on pages 69 to 84 and for the Eastern S8ind Meridional Series on pages 181
to 195. In 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 minimume-is also noted.

4.

Calculation of the Sides of the Triangles.

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 Elements of Stations and Sides.

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 Kalidnpur, Station 1 of the North-West Quadrilateral, the initial elements at which are

Latitude North 24 7 1126
Longitude E. of Greenwich 77 41 4475

Azimuth of Station 29 (Strantél) 190 27 510
as explained in Chapter XI of Vol. II. "

But as the positions of all the stations of the North-West Quadrilateral are regarded
as having been finally fixed in the Simultaneous Reduction of that figure, the elements of
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any of them may be adopted in place of those of Kalidnpur, whenever it happens to be con-
venient to do so. Thus, as the Jodhpore and Eastern Sind Meridional Series are based on
sides of the Kardchi Longitudinal Series, one of the Series of the North-West Q,uadrilateral
the elements of those sides have been adopted as the initial elements of the two series, instead
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of falling back on Kalidnpur.

The formulee which have been employed on the successive calculations of latitude,

longitude and reverse azimuth are given below.

If A and B be two stations on the earth’s surface, and the latitude and longitude of A,
and the azimuth of B at A be A, Z and A4 respectively, the distance between A and B being ¢,

and if

A\ denote the difference of latitude between A and B

AL

B

Ad =
e »»
P )

v ”

then

A\N=

AL =

9 s longitude »
» azimuth of A at B
B—(r+4)

the excentricity of the spheroid
the radius of curvature to the meridian at A

the normal to the meridian at A\ terminated by the minor axis,

(
—2 cos 4 cosec 1”
P

[l
pv
_ci L
PV

sin? 4 tan \ cosec 1”

I
1.2

-3
4 —e

c

| L.2.3 paf

sin 4
cos A
+LcjsinzAtanX
24 cosA
1 ¢*(1+43 tan®)) sin2.4 cos 4
T 1230 cos A
41 ¢® 2 sin® 4 tan®)
| 1.2.3 cos A

cosec 1”

-C
14
cosec 1”

cosec 1”

cosec 1”’

+—1 % &in® 4 cos 4 (143 tan®\) cosec 17,



GEODETIC ELEMENTS OF STATIONS AND SIDES. [15]

and

(
—%smAta.nhcosec 1”

+i:-‘;- 14 2 tan®\ 4 e”lcos;x sin 2 4 cosec 1”

B=n+4+4+
_c (§.|.. tan%)m sin2 4 cos A cosec 1”
¥ \6 2

+$-§sin‘°’A tan \ (142 tan®X) cosec 1”

For the derivation of these formulse, and also for the manner in which they have been
arranged for calculation, see Chapter IX of Volume II, also the Aduziliary Tables to facili-
tate the calculations of the Survey Department 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 :—

Semi-axis major, @@ = 20,922,932 feet, Log = 7°320 6225 &4
Semi-axis minor, ) = 20,853,375 foet, . = 1731917634

e a-b _
Ellipticity, C=——= oJ' 5 w = 362171968
a .

2 a-b _
e = s— =0°0066378 »w = 3'82202718

a

1 —e = 0'9933622 _ w = 1'997 1076 |

from which p and » are found by the well known formule.

6.

Reduction of the Vertical Angles for the determination of Differences of Height
and Co-efficients of Refraction.

The relative heights of the principal stationsof this Survey are determined in all
instances by measuring the reciprocal vertical angles. The heights so obtained are controlled,
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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 :—

If & 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, ¢ the distance between A and B
at that level, and » the radius of curvature corresponding to the mean latitude of A and B,
then the angle subtended at the lower station by the excess of height of the higher, or the
so-called subtended angle, is 3 (D—D’) and the height of B above or below A is given by the
expression

H\sin} (D—D’)
r) cosD

h=c(1+

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

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

If 4,, %, be the heights in feet of the theodolites at A and B respectively
85y 8 1) Signa'ls ) ”
D,, D; the observed vertical angles, both assumed to be depressions,

and we put

8=8a—86+i¢_i6

" then

— E_ Sin%(-Db_-Da) 8
h—c(l+r) cos D, +2

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

For 7, the radius of curvature, the same formula is employed as in the calculation of
spherical excess, see page [10], p and » being here taken for the mean latitude of the stations.

In the preceding formulse it is assumed that the reciprocal angles are equally affected
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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 8 ». 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 sta-
tions A and B, or the contained arc as it is usually called, and ¢,, ¢; for the refraction at the
respective stations, we have

C=D.+¢.+Ds+ ¢ —B
in which expression

B - ia — 8, 'tib — 8
csin1”

Thus, the mean refraction, ¢, is given by the expression
¢=13%{C—(D.+ D) + B}

and —g,l gives the terrestrial refraction in decimals of contained arc—or in other words the
coefficient 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
0" = £ cosec 1”.
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 F, and the number of observations of which it is the mean.
Then follow in succession the height in feet of the signal observed toand 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.
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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 systems 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 terminal 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 stations of both series lie in the
Karachi Longitudinal Series; the terminals of the Jodhpore being in the Sutlej, and of the
Eastern 8ind in the Great Indus Series.

8.

The Determinations of Azimuth by Astromomical Observations.

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 1° apart, and in longitudinal 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. II,
it would not, as a rule, be proper to employ them in the general reduction of the triangulation.
It happens however that the observations have been reduced each year pari pass? 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
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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, 8 4, 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

S4* — (2 sin? } 8 P cosec 1”) tan 4 cos® a
1—(2 sin® a sin? § 8 P) 3= (cot .P sin 3 .P)

in which 4 is the azimuth of the star at elongation, P the corresponding hour angle, a the
north polar distance of the star, and & 4 the difference in azimuth for the time 8 P before and
after elongation. The last term of the denominator is positive when the star is below and
negative when above the position of maximum elongation.

At each station where the azimuth of a referring mark is observed, the angle between
the referring mark and one of the 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 S8ind 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.

9.

The Final Reduction of the Triangulation. Preliminary Sketch.

8o 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 values of the portions of the formula enclosed in brackets within the limits of 3P = 80® and a = 10° have been calculated

nngf are g;ven in the Auziliary Tables, and as tan A cos’a may be treated as a constant for each elongation, the calculation of 34 is easily
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. II, 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

z+y+z=o0

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.

In 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 Office, 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 been excluded, were corrected in such a manner
as to restore the consistency of each figure, without altering the values of the angles already
fixed.

10.

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

The Final Reduction of each of the two series, the Jodhpore and Eastern Sind Meri-
dional, 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
side of each triangle is known as X, that opposite the side of continuation as ¥ and that
opposite the base as Z, each being further distinguished by a subscript, which is the number
of the triangle: #, ¥y and 2z 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 Linear 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.

It is unnecessary here to repeat the deduction of the analytical expressions for the
circuit equations. This has already been demonstrated in Volumes II, VI and VII of the
Account of the Operations of the Great Trigonometrical Survey of India, to which reference
can be made if necessary ; it will be sufficient now to give the expressions themselves.

I. Linear Equations.

Denoting for brevity the tabular difference (t. d.) of log sin Y for 1” by B, and of log
gin Z by y, and by F the error in the logarithmic value of the closing side of the chain, then

E=Bph—na+Bye—viz+ .o -+ BuYu—7u2n

m being the number of triangles in the chain. As in this equation Z as well 8 and y
represent quantities in the 7th place of decimals, it is convenient to treat them as if both sides
of the equation were multiplied by 107, by which means E, 8 and y become respectively the
number of units in the 7th place of decimals.
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If we employ brackets to denote summation the equation may be briefly written

E="[gy—7]

II. Geodetic Equations.

The diagram in the margin represents the commencement
of a chain of triangles in which station 1 is assumed to be the
origin of geodetic co-ordinates, and 2,3, . . . stations on the
most direct route—indicated by the dotted line running parallel
to the sides on one flank of the chain—which connects | with any
station in advance. The side ¢ is the side of origin of the chain,
and its azimuth at | 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 along the
right flank of the chain :—

For the side 1 to 2; A\, AL, A4y, ¢, 4, and B,

. nton41; AN, AL, AA,, ¢, A4, and B,.

The errors in latitude, longitude and azimuth at the closing station, the (» + 1)¢%, are
denoted by dA,.., dL,.,, dB..

Now writing x and ¢ for certain functions of A\, AL, A4 and A4 as exhibited in the
Table of Substitutions 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 8 and y have the same signification as in the linear
equation, while a stands for t.d. log sin X for & change of 1”:—

E=4@b—¢)n +(—pn—e¢)2
+{(pa—pi)agtpm Bt éi 3+ {(ka —pr)ag—py,+ b } 2
+ {(ps —pa)agtps Bst+da dys+ {(us —pa)as—pays+ 3 } 2
i(l‘sﬁa-'?bs).’h +(—nrsvs—3)2
in which the u s and ¢ s take their subscripts from the flank numbers of the stations and a
B and y from the triangles. _
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The general forms for the coefficients of y and z are:— .

First.—If the pth triangle have no side in the line of traverse, but only an angle at
the station Z,
: RiBr— ) yp+ (—pivs— i) 25
Secondly.—If the gth triangle have a side in the traverse between the stations Z and 74 1,

e — ) ag+ poss Be+ 1} Yo+ {(B1sr — 1) 0g — 1Yy + bisi} 2
Exceptions will appear to present themselves at the commencement and end of chains
owing to the non-existence of some of the coefficients. In all instances however it will
be found that ¢; enters the coefficients of all the errors at station I, and p; enters the
-coefficients of the other angles of the same triangles, with a plus sign if looking from
station  the angle is the left-hand one of the triangle, and a minus sign if the right-hand.

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

Table of Substitutions for p and ¢.

Latitude. Longitude. Azimuth,
For E (/) W dLns 4 d B,
» P AF' § A 4”’
» 4’ ;}i’ Ld’ AqS
1 1 1
I [tazogax) + [tawgaz] + [tangaz)
1 I 1
wis |+ [Takga x) + [tamgaz) + [tawgaa]
I 1 1
» #n |+ —73Togan, t tdgaz, *tdlgaq;
t.d.log cos 4 t.d.log sin 4 t.d.log sin 4
» ¢ |+ [ tdlogAh ] [tdlogAL ] [tdlogAA]
’ t.d.log cos 4 t.d.log sin 4 t.d.log sin 4
» s |+ [ t.d.log AN ] + [ t.dlogaL ] 1+ [tdlogAA ]
t.d.logcos 4, t.d.log sin 4, t.d.log sin 4,
» |+ qlogan, T Sdlog oL, '+ S dlgad,
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The values of the absolute terms, E, for the geodetic 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 firal and ¢raverse values
at the closing station

A o
E, =L, - Ly
EA=B’—Bf

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 equalize the coefficients. Such factors were employed for the Eastern Sind
Series; they were

for the azimuth equation 1
s»» latitude and longitude equations ... .. 10
»» linear equation . 01

11.

Final Beduction of the Triangulation. The Solution of the Equations between the
Indeterminate Factors.

If we assume that the number of triangles enterihg the reduction is ¢ and that they
furnish # circuit equations, the latter may now be briefly written in order thus:—

Yyt 4+ -+ by S = 8B
dhn+aaz+ . 0 o F byt Sz =E

L . [ ] L] L] . ] L] . . L] . L]

S +Ha+. o -+ by + S =E

in which equations the left-hand subscript in ‘old face’ type corresponds to the number of the
equation and the right-hand subscript in ordinary type gives the number of the triangle.

Since the weights of the angles are all taken as equal, the minimum which governs
the solution of the foregoing equations will, when # has been eliminated from it, become

U={n+=r+u'+2"1+ . . . +{#n+2)"+y’+4°}
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The symbols employed for the indeterminate factors are .A, .A, ;A, &c., and the
equations between them are*

:[ b8 4,0 ,e]A+ '1[ BB 408 At . +’1[ BB+ C|A=.F

;[ BB+ .e]aqt i[h B4 e]ad. .. +’1[,b B4 8la=.F

¢ ? t
b @ h QB » 2@ 3 . . . ,b “B » ue IA = lE
1[’ 1B+acl ]IA+1[. + ¢ ]A+ +1[ + .C ] ‘
in which
B=1I(0b-— d¢ = L (z2c— D).
3(2 ¢) an 3(2 ).+

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

yp= I%p lA+zBp 2A+ . . "+quuA3
lap lA + l‘np 2A + . ] . + n@p nA9
Zp=— ¥ + 2).

%

* In these equations, although the corresponding coeflicients on opposite sides of the diagonal appear to differ, their values are in
reality identical in each term of the summation. Both forms, however, have been made use of as & check on the calculations; and for a
like reason the diagonal coefficients have been obtained also by the formula

g;[(m_ b4 )] -

+ As the factor = enters all the coefcients of all the equations, its omission from the actual calculations can have no effect on the
final values of the angular errors #, y and ¢; it was accordingly omitted.
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CHAPTER III
THE DETAILS OF THE FINAL REDUCTIONS.

1.

Preliminary 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 the
series to which they belong.

2.

The Figural Reductions antecedent to the Final Simultaneous Reduction of each Series.

The Jodhpore Meridional Series comprises 8 quadrilaterals, 8 single polygons and 2
double polygons, containing 225 observed angles connected together by 76 I'riangular, 12
Central and 156 Side equations of condition.

The Eastern Sind Meridional Series comprises 8 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 figure is also given in the Plate fol-
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lowing the details of cach series. These together afford the means of readily following the
calculations appertaining to each figure.

3.

The Description of the Reduction 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 Kardchi 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-circuit 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 reductions. These numbers are in Roman character and are
progressive from south to north.

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

The circuit triangles are numbered in the Jodhpore Meridional Series from 1 to 48,
commencing from the side Stinda-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 Rojhra—Sandohar, and the
non-circuit triangles are numbered from 40 to 67 in smaller type. In 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 & has been eliminated throughout by the substitution for it of — (y+2), 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 thesc distinctions are continucd in the diagrams and reductions of figures.
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4.

General Outline of the Formation of the Linear and Geodetic Equations of Condition.
The Jodhpore Meridional Series.

The triangulation having first been made consistent so far as all figural conditions
were concerned, the linear calculations were commenced from the side Stinda-Bonik of the
Kardchi Longitudinal Series, and carried northwards, through the circuit triangles 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 ¢ to denote the linear, A the latitudinal, Z the longitudinal, and
A the azimuthal equations; while E with the corresponding subscript denotes the absolute
term :(—

(1) S =.E
(2) \S =E,
(3) 1S =1E,
(4) &S =4B.

The Eastern 8ind Meridional Series.

This series having in like manner been first made consistent so far as the figural
conditions were concerned, the linear calculations were commenced from the side Rojhra~
Sandohar of the Kardchi Longitudinal Series and closed on the side Diowsla-Méchka
of the Great Indus Series, the geodetic calculations being carried along the eastern flank.
The errors are the differences between two sets of values of the closing side Diowéla—
Miéchka and at the closing station Ddowéla, as given by the Simultaneous Reduction of the
North-West Quadrilateral and as obtained by the calculations carried through tho serics.
The equations may be symbolized as before.



FORMATION OF THE CO-EFFICIENTS. , [29]

Formation of the Coefficients of the Unknown Quantities.

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

T A R e A I A e )

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

For the Linear Equation we shall have generally, see page [21],
b, = 4+ B, = + t.d. logsin ¥ for 1”
& =—9y=—tdlogsinZ ,

For the Geodetic Equations we shall have, see page [23],

hp =<4+ (uB — d),
&= — (mu 7 + &)

or
hp =+ {(F'I-H - I‘-l) ap + piss Bp + ¢l}’
6=+ {(ps1 — ) & —  yp + hr41}s

the former being applicable to any, the pth, triangle when it has only the angle X in the
traverse at station /, and the latter when it has the side opposite X in the traverse and lying
between the stations / and 7 + 1.

Exceptions to the General Expressions for b and .

The Jodhpore Meridional Series.

Equation 1 has no exceptional coefficients ; but in Equations 2, 3 and 4

by = — pyyay + ¢y, Cy = — pgs (ag + Yu)s

with the exception of ¢y; 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 coeflicients

543=—ta.ndt“=—1,

to carry the calculations to the closing side Kanda~Kaimsir.



[30] , INTRODUCTORY.
The Eastern 8ind Meridional Series.
Equation 1 has no exceptional coefficients, but in Equations 2, 3 and 4

by = — pyp ags + ¢y, Cg = — pap (ags + ¥ss)s

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

b = — 1 and & = — 1,

to carry the calculations to the closing side Diow4la-Méachka.

6.

Synoptical Ezhibition of the several Equations of Condition.

For the sake of brevity let us put .k, for .b, ¥, + af, 2, 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 ¢ in any, the mth, equation of condition; and further,

let us put .k ' to represent the sum of the terms .k for a series of triangles of which the
P
first term is .k, and the last .k, .

The equations will then be expressed as follows :—

The Jodhpore Meridional Series. The Eastern 8ind Meridional Series.
9

(1). Linear. ,kT . . = B (1). ZLinear. ,k1 = .,k
8

(2). Latitude. ,kT = ,E, (2). ZLatitude. ,k1 = ,FE,

I
<

(3). ZLongitude. 3k4l7 . (3). Longitude. 3kl . . = ;E,

(4). Azimuth. (k T .« = LE

I
&

(4). deimuth. x| .




THE NUMERICAL VALUES OF THE FIXED DATA. [31]

7.

The Numerical Values of the Fized Data on which the Separate Reductions of the
Jodhkpore and FEastern Sind Meridional Series are based.
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