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PREFACE.

The present volume forms one of that series of publications known as the ¢ dccounts of the Operations
of the Great Trigonometrical 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-
nary results were obtained from the observations, to satisfy immediate requirements, pending the completion of
the several chains of triangles; also the method of final reduction, which was adopted after the chains were
completed, and by which the errors at the junctions of the chains with each other and with the base-lines are
eliminated, with the 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 IV, 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 VI 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 formule employed in the calculations, in order
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to obviate the nccessity 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 stations,
an abstract of the observations of each angle, full details of the preliminary reductions of the angles—made to
satisfy the geometrical conditions of the trigonometrical figures—the final values of the angles after having
been corrected to satisfy the conditions of the Quadrilateral, and, finally, the resulting values of the lengths
and azimuths of the sides, and of the latitudes and longitudes of the stations, of the triangulation.

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

The several chains of triangles composing this Quadrilateral are shown in the frontispiece to the pre-
sent volume ; but the reader who may wish to obtain a clear conception of the triangulation as a whole, and
the position of the Section now under consideration relatively to the other Sections, should refer to the
Skeleton Chart of the Principal Triangulation of India which faces the present page. In this chart each
line represents a chain of triangles. The chain which approximates to the meridian of 78° and extends from
the extreme south of India to latitude 30°, where it terminates on the Dehra Din Base-line at the foot of
the Himalaya Mountains, forms the back-bone of the triangulation, and is well known as the Great Meri-
dional Arc of India, which was commenced by Colonel Lambton in Southern India, and carried upwards to
the Himalayas by Colonel Everest; Colonel Lambton’s portion has beén 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 subsequently, and when the procedure, as regards
portions of the operations—more particularly the construction of towers for the principal stations in the
plains—was still imperfect; other chains were executed in more modern times, with the best instruments
and with the utmost possible refinement in every particular. The chains last executed are generally on
a par with the Great Arc itself, while some are superior to it in accuracy. It so happened that lines of
demarcation could be drawn broadly between the several chains of triangles, in such a manner as to divide
the superior and the inferior chains into separate groups, each group containing a large number of
interdependent chains; this circumstance was therefore availed of in designing the great Sections into which
the 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. 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 Quadrilaterals meet at the point—
Kalidnpur, approximately in latitude 24° by 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 reference to the central station.

It has already been shown, in Section 7 of Chapter I of Vol. II, 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, firs¢ the North-West Quadrilateral,
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PREFACE. .

secondly the South-East, and thirdly the North-East Quadrilateral. Volumes VII and VIII contain full
details of the observations, reductions and final results of the whole of the triangulation which is contained
within the limits of the third Quadrilateral.

Any description of the Triangulation of this Survey and the operations connected therewith, from the
observations of the angles to the deduction of the most probable and therefore final results, is naturally sub-
divisible under six heads; first, the general principles in accordance with which the operations have been
conducted ; second, the practical execution of the measurement of the angles; tkird, 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 ; fiftk, the Simultaneous Reduction of either of the groups of chains,
or Sections, into which the triangulation has been divided for convenience; and sizth, the presentation of
the most probable values of the magnitudes of the angles, of the lengths and azimuths of the sides of the
triangles, and of the latitudes and longitudes of the stations of the triangulation, which are the 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 either 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, are dwelt on at length, and full numerical details are given
for five of the sixteen chains of triangles forming the Quadrilateral, the numerical details of the remaining
eleven chains being given in Volume VIII.

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

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

The eleven chains of which the details are given in Volume VIII are

N. The Gurwéni Meridional Series. T. The Calcutta Meridional Series.

O. The Gora Meridional Series. U. The East Calcutta Longitudinal Series.

P. The Hurildong Meridional Series. V. The Brahmaputra Meridional Series.

Q. The Chendwéir Meridional Series. W. The Eastern Frontier Series, Section 23°to 26°,
R. The North Parasnéth Meridional Series. with its pendant, the Cachar Branch Series.
S. The North Malincha Meridional Series. X. The Assam Longitudinal Series.

For their linear and geodetic elements the whole of the above chains of triangles are mainly depen-
dent on the final elements of the Great Arc, Section 24° to 80°, and of the West Calcutta Longitudinal
Series, as derived fespectively from the North-West and South-East Quadrilaterals ; but they are also depen-
dent on the base-line at Sonakhoda for a linear element, -
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The present volume is divided into two parts. Part I is devoted to the Simultaneous Reduction of
this Quadrilateral, and is followed by four Appendixes of which the two first dispose of the triangulation ex-
cluded from the Simultaneous Reduction, the third treats of the Theoretical Errors of triangulations, and
the fourth treats of the dispersion of residual errors met with on the completion of Simultaneous Reduc-
tions. Part II is devoted to the details of the first five of the sixteen Series of triangles comprising the
Quadrilateral.

Paxrr 1.

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

~ Chapter I1_describes the procedure followed in the measurement of the horizontal angles, and the
methods adopted in determining the weights of the angles which were respectively measured with the
primary and the modern theodolites ; it quotes the mathematical formule employed in the reduction 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 finally it
indicates the general principles of the Simultaneous Reduction of this Quadrilateral.

Chapter III gives full details of the Simultaneous Reduction as follows :—

First. A review of the general aspects and the magnitude of the undertaking, leading to the
conclusion that the labour of reduction, which must in any case be very considerable, should be reduced as
much as possible by intentional neglect of arithmetical nicety.

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

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

Fourth. A general out-line of the formation of the several Linear and Geodetic Equations of condi-
tion, 49 in number, which had to be satisfied, in order to produce the requisite consistency in the triangula-
tion per se, and between it and the fixed elements on which it depended.

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 49 equations of condition.

Seventh. The numerical values of the Fixed Data on which this Quadrilateral is based.

Eighth. The values of the Sides and Angles of the Circuit Triangles, as they stood before the Simul-
taneous Reduction.

Ninth. The Latitudes, Longitudes and Azimuths of the Stations on the right-hand flanks of the
Circuit Triangles, as they stood before the Simultaneous Reduction.

Tenth. The numerical values of the Absolute Terms in the several linear and geodetic equations
of condition.
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Eleventh. The numerical values of the us and ¢ s, the geodetic summations—exhibited in the table at
page 55 —which are required in forming the coefficients of the Unknown Quantities (the Angular Errors)
in the geodetic equations of condition.

Twelfth. The numerical values of the coefficients, b and ¢, of the Unknown Quantities in the several
linear and geodetic equations of condition.

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

Fourteenth. The coefficients, 38 and @, of the Indeterminate Factors, in the equations in which the
values of the Angular Errors are expressed in terms of those factors.

Fifteenth. The equations between the Indeterminate Factors, showing every significant coefficient
and absolute term as it stood, first on the formation of the equations, and secondly after the successive
eliminations of individual factors in the process of solution; finally, the numerical values of the Factors
are given. _

Sixteenth. The values of the Errors, #, y and z, of the angles of each triangle, resulting from the
Simultaneous Reduction and the subsequent apportionments of residual error.

Seventeenth. The dispersion of the Residual Errors which were met with after the Simultaneous
Reduction. )
Eighteenth. General observations on the final results, and the numerical accuracy ultimately attained

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

Nineteenth. Review of the General Reduction, with reference more particularly to the changes
which had been introduced in previous methods of treatment, and to the results which had followed from
aiming at a lower degree of arithmetical refinement.

Tar ArPENDIXES TO Part I.

No. 1 gives the details of the reduction of the Budhon Meridional Series, which was effected
separately and not ificluded in the Simultaneous Reduction of this Quadrilateral, for reasons which are set-
forth at page 63 of the present volume.

No. 2 gives the reduction of the Non-Circuit Triangles,—viz., the triangles excluded from the
Simultaneous Reduction—which was needed for the final adjustments of their angles, to satisfy the geome-
trical conditions of the polygonal figures to which they appertain. A

No. 8 is devoted to an investigation of the Theoretical Errors, generated respectively in Side, Azimuth
Latitude and Longitude, in chains of triangles. These theoretical errors had been previously investigated, and
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form the subject of Section 9, Chapter XV of Volume II, and of the footnotes at pages 416 to 418 of
that volume; but unfortunately some mistakes had occurred in the first investigation which were not detected
until recently. This Appendix is therefore intended to supersede the original erroneous matter.

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

Parr II.

This portion of the present volume gives full details of five of the sixteen chains or series of triangles
of which the Quadrilateral is composed. In arranging these details for publication it has been found con-
venient to give the whole for each Series—from the observations of the principal angles to the determination
of the final results, angular, linear and geodetic—in groups by themselves. This has been done, First, be-
cause the printing of that part of this volume which is alloted to these details has extended over several years,
proceeding pari passi with the progress of the calculations and the acquisition of data for publication ; thus
it was commenced with the Names and Descriptions of the Stations and the Details of the Observations of
the Angles, and then continued with the results of- calculation. Secondly, because by taking up each Series
by itself, much of the matter which was set up in type for this volume could be made available for the
Synoptical Volumes—as they are called—which are prepared to supply the data needed for the requirements
of topographical surveyors operating in the districts passed over by the triangulation. The Synoptical
Volumes contain full details of the several Secondary and Tertiary Triangulations which have been exe-
cuted pari passi with the Principal Triangulation, for geographical and topographical purposes. The larger
volumes—or the Accounts of the Operations, &c.,—are exclusively devoted to the details of the Principal
Triangulation, excepting in so far that what has been done in the way of secondary and minor triangulation
in each Series is described in the Introduction to the Series. It was obviously desirable that all matter which
was required for both the Synoptical and the Principal Volumes should be set up in type and printed off, once
for all, and therefore the arrangement of separate grouping was adopted. Thus in Part 1I of this volume
and throughout Volume VIII, the numbering of the pages commences afresh for each Series, following the
order of succession, which has already been indicated at page xiii ; it is particularised for each Series by the
addition, as a subscript to the number of the page, of the letter—I to M in the present volume and N to X
in Volume VIII—which has been adopted as a symbol to indicate the Series.

1t 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. For the former purpose
the fifth Series in order—the Karéira Meridional—may be taken as typical.

1. Introduction . .. page mi_
2. Alphabetically arranged Llst of Statlons e s 1_ »
8. Numerically arranged List of Stations e 2y
4. Description of Stations ... . e 33 3_1‘
5. Addendum to Description of Stations, contammg latest detmls up to date U § L o
6. The Observations of the Angles, with the Weights of the Concluded Results... ,, 11__ -
7. Reduction of the Polygonal Figures v 83
8. The Final Values of the Sides and Angles of the ’I‘rmngles v e 89—
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9. The computed Latitudes and Longitudes of the Stations and the Azimuths

at each Station . page 44__ -
10. The trigonometrically determined Differences of Height of the Stations and

the Absolute Height of each Station above the Mean Sea Level » 48_1[
11. Astronomical Observations of the Azimuth, and their Reduction... e 4y B6__ »

Plate. 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,
and the theodolites with which the principal angles were measured, and indicates the work done by each of
the Assistants. , ‘

2 and 3. 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
secoud numerically with the names opposite the numbers. Roman numerals have been adopted throughout
for the nomenclature of the stations which is progressive in order from south to north in meridional chains,
and from west to east in longitudinal chains, the first number for each Series being unity.

4 and 5. The Descriptions of Stations are based generally on those made 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; but
as the boundaries of the districts and sub-divisions are not unfrequently altered, to suit the requirements of the
Local Administration, the latest alterations are indicated in the Addendum to the Description of Stations,
which also gives the latest information forthcoming regarding condition, &c. For information as to the
general form and structure of the stations, reference should be made to Section 4 of Chapter I.

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

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

But the Abstracts of some of the older angles, measured before the year 1862, were printed before
the practice of specifying the € zero’ or circle setting points was introduced ; thus this information is wanting
for Stations I to CXIX of the North-East Longitudinal Series. The modern Abstracts of Angles give the
value of every measure of each angle, for each circle setting, the values being arranged in vertical columns
.at the foot of which the mean is given for the zero; but the older Abstracts give the zero means only, and
merely state the number of measures from which each mean was derived.

For an explanation of the principles by which the changes of zero have been governed, reference
should be made to Section 1 of Chapter II. During a short time two zero points of reference for the circle
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settings were adopted instead of a single point, the first half of the observations of each angle being mea-
sured from one point and the second half from the other; and as this occurred at Stations LXXXIV to CI
of the North-East Longitudinal Series, and the Abstracts of the Angles do not specify the setting points, the
information is given for those stations in the Errata and Addenda. ‘

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

angles measured afterwards, M, the mean of the several groups of measures on each setting, w and T:) » the

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

The modern 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. (theoreti-
cal error of mean square) of observation in a single measure of an angle, and the average e.m.s. of gradua-
tion plus observation in the mean of the measures on a single zero. The determinations are made in the
first instance for groups of angles measured by the same observer, with the same instrument, and under
similar conditions, and then for various combinations of these groups..- With data thus obtained, from
several series of triangles, for seven of the large theodolites which have been chiefly employed in the
measurement of the principal angles, the investigation of the influences of Mixed Errors of Observation and
Graduation was made which forms the subject of Section 3, Chapter VII, Volume II.

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

error of the angle 8, at Station II, between Stations I and III. The tabular statements of the reduc-
tions give, first the observed angles and reciprocals of their weights; secondly the equations by the
solution of which the geometrical conditions of the figure are satisfied,—see equations (18), page 28 ; thirdly
the equations between the ‘indeterminate factors’,—(19); fourtkly the values of the indeterminate factors;
fifthly the values of the angular errors,—(20); and sizthly the summation of the product of the square
of each error by its weight—(21)—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 indeter-
minate 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
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last term in the last line, the coefficients which are symmetrically disposed on opposite sides of this line will
be identical with each other. Consequently only the coefficients on and above the diagonal have been given ;
the absence of those below is indicated by asterisks.

8. Tabular statement of the Triangles. The two first columns of this table give the number adopted
for each triangle to designate its place in the Quadrilateral; this number is entered in the first column if
the triangle appertains to the chains of single triangles forming the several circuits whose closing errors are
eliminated by the Simultaneous Reduction; itis entered in the second column for the non-circuit triangles
exterior to the said chains. The triangles which euter the circuits are shown in the Reduction Chart (at the
end of this volume) in firm lines, with their distinguishing numbers written in the centre ; those which do not
enter the circuits are shown in dotted lines, and their numbers are indicated by numerals of a smaller size than
the former, commencing with 574, 573 being the number of the last of the circuit triangles.* The columns in
the table which contain the corrections to the observed angles give, first the correction for the error of the angle,
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
Trigonometry, in accordance with Legendre’s theorem ; see Section 4 of Chapter II.

9. The Table of the Latitudes and Longitudes of the Stations and the Azimuths and Lengths of the
Sides. The priuciples on which the calculations of the Geodetic Co-ordinates and Azimuths have been made,
and the method of computation, are fully explained in Sections 2 and 4 of Chapter 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 horizon, by the west.

10. The Determinations of the Differences of Height of the several stations have been deduced from
the measurements of the vertical angles, as explained in Section 6 of Chapter II. It has not been consi-
dered necessary to give the individual measures of these angles, as has been doune for the horizontal angles,
because this portion of the operations is less exact and important. But the mean of the whole of the
measures of each vertical angle, the calculated mean value of the amount of refraction in each angle and
of the coefficient of refraction, the hour of observation, the heights of the signal and of the observer’s
telescope above the summits of the stations, the differences of height of the said summits and the absolute
heights above the mean-sea level, are given. Several of the absolute determinations have been derived from
the Spirit-leveling Operations of this Survey,—starting from the mean-sea level of the Harbour of Kardchi
(Kurrachee)—of which full details will be found in the published Tables of Heights in Sind, the Punjab, &c.,
the North-West Provinces, and Bengal, §&c. 'The errors generated trigonometrically between any two obliga-
tory stations, fixed by the spirit-leveling, have been duly dispersed, sometimes by the method of minimum
squares, but more generally by simple proportion over the intermediate trigonometrical values.

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

* The triangles of the Budhon Series have a separate numbering of their own—i1 to 44 for circuit, and 4 to 57 for non-circuit
triangles—as they were excluded from the Simultaneous Reduction. See Chart facing page 1 of the Appendixes.
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upper surface and sometimes to the basement of the pillar, whichever the leveling-staff was set upon; a
description of the exact point referred to is given in each instance.

11. Finally come the details and reductions of the Astronomical Observations which have been taken,
at certain 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 observa-
tions and the method of reducing them are fully described in Chapter XII of Volume II. For reasons
which are explained in the first section of that chapter, the results have not been used in the general reduction
of the Quadrilateral, further than to give a more exact mean value of the fundamental astronomical azimuth
(at 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 investigations 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-
tude, Longitude and Azimuth, and the Elements of the Figure of the Earth which have been adopted in the
calculations, will be met with in Volumes I and 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
81 of this volume.

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

hm s ) . .
Longitude of Mokattam ... 2 5 6-320 East of Greenwich ) Supplied by Sir G. Airy, from observations taken
Increase for Suez ..0 5 6°'917 » } in connection with Transit of Venus in 1874.

» gg::;my ‘l" ‘t? ‘:f;g-g: » EBy the operations of this Survey; see the
”» o ” Annual Report for 1876-77.
9 Madras ...0 29 43540 ” Po ‘

Longitude of Madras ... 5 20 59°416 »

This value of the Longitude of Madras 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 Longitudes require a constant correction, probably of — 2' 30".
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As regards the Orthography of Indian names, it has not been possible to adopt a uniform system
throughout the present volume. Many years ago Colonel Everest endeavoured to bring into general use in
the Survey Department, Sir William Jones’s method which is at once elegant and phonical, and is highly
approved of by scientific men. But that method gives to all vowels their Italian sounds; and as the differ-
ences between the English and the Italian sounds are, in almost every instance, very considerable, and it is
easier to lay down rules than to find followers for them, the surveyors gradually got into the way of using ee
for the Italian ¢ and oo for the Italian %, and of spelling generally in the manner that is natural to most
Englishmen. In 1865, when the preparation of the final results was commenced, the spellings were corrected
in accordance with Sir William Jones’s systera, excepting in the case of well-known names—such as Meerut,
Calcutta, Cawnpore—which it would have been pedantic to alter, as they had become settled and familiar by
long use. But in 1871 the Government of India made arrangements for the introduction of a uniform
system of spelling throughout India, and circulated a * Guide fo the Orthography of Indian proper names,
wilh a list showing the true spelling of Post-townsin India”’, which was prepared by Dr. W. W. Hunter, L.L.D.,
Director General of Statistics to the Government of India; the guide was sent to the Survey Department
with instructions that the directions it contained should be immediately complied with. Dr. Hunter’s rules
for spelling unfamiliar names, not given in his list of post-towns, are very sinilar to the rules which had
been adopted in this Department, the chief difference being that the long a, i and  are required to be
frequently unaccented, whereas by our rules they were invariably accented. In his list of post-towns however
Dr. Hunter has not followed a uniform system of spelling, but has effected a compromise which—in his own
words—*‘ by sacrificing something in scientific precision, obtains a spelling more accurate than at present
and yet recognisable as the same name.” Thus the hill station at which the Head Quarters of the Trigo-
. nometrical Survey are located, during the summer months, is spelt ordinarily Mussoorie and scientifically
Masiiri, but according to Dr. Hunter it should be spelt Masauri. In September 1873 the Government of
India issued amended rules for the spelling of all names not well known, which are practically identical with
those originally followed in this Department. At the same time it was ordered that the orthography of the
well-known names should be retained, and that a list of all note-worthy names should be prepared, in each
Province, showing the orthography to be uniformly followed in future official correspondence and publications.
When all these lists are published, uniformity of spelling will become possible; to what extent uniformity of
system will be secured will depend on the latitude taken by the compilers of the lists in defining the number
of names which are to be considered as well-known. This is a point on which there are considerable differ-
ences of opinion, some of the lists already published being much more conservative than others of the old
fashioned Anglicised spellings. ) .

Certain portions of the present volumes having been printed before, and others after, the issue of the
several orders above quoted, the attempts to introduce a uniform system of orthography have occasiona]l-y led
to considerable diversities of spelling, and in not a few instances to the adoption of one spelling, then of
another and finally a return to the first; as in Din, Doon, and finally, Din,—or Cutch, Katch, Kach’h,
and finally Cutch ; or to successive divergencies from the first spelling, as Masiri, Masauri, Mussoorie and
finally Mussooree. It is however believed that, notwithstanding such departures from a standard spelling,
all the names will be readily recognizable. As a general rule the pronunciations of the vowels are as follow ;
a has a variable sound as in woman, rurel, paltry; 4 as in tertan; i as in bit; { as in ravine; 4 as in bull;
% as in rural; o as in note; e as a in say; au as ou in cloud; ai as ¢ in ride. ’
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It now only remains for me to express my acknowledgments to all who have mainly contributed to-
wards the preparation of the present volume.

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

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

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

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

the large amount of numerical matter, requiring very careful supervision and correction, which is contained
in this volume.

MussooreE, } . J. T. WALKER, Lieur.-GeNeraL, R.E,,

August 1882. Surveyor General of India, and

Superintendent of the Trigonometrical Survey.
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PART 1.
Pace
27 line 2 from bottom, of footnote Jor @, 2' — ay 2, &e.
39 ,, 11 from top, col. 5 after from
54 ,, 4 ,, Sfor l[p]
”» »' 5 ” » :[ P]

57 in expression (63)

» y"—"“ﬁ'l'ﬂ'ﬁ}

»w Z2=1dp—py

74 line 15 from top ,»  to first ten circuits
87 in equation (47) . 4,k:f
8
: s 8 ~
» 7] (48) » 48k
sl
144 line 1 of table, col. 13 -~y + 1°0003
168 ,, 2,col. 4 » Egqualizing Factor = 1
193 line 1 of table, cols. 9 and 10 » '536 and *913
» » 2 » col. 11 ‘ » 1°045
198 0203, cols. 7 and 14 in heading of tables  ,, —"31
264 in heading of Section 18 after Simultaneous
PART II.
17_1. line 2 from bottom, in some copies  for 83° 32’
18_1. »» 1 from top » ,, 85° 82
88__, col. 1 of 1st angle » VI&IX

»  9thzero-setting at station X, iz some ,, 21° 48’
copies

read a, x, — a; z; &c.

insert 3 of

read 1+l[p]

T »

»”
»
»

»

9
»
»
»

»

»

add

read

»

»

2»

14+ ’[ ?]
fory, ¢ + l"ﬁ}
» 2 ‘¢ il o
to the first ten circuits
kﬁ ¢
4 SL

678
a5,

+ 0°9997
Equalizing Factor = <03

+ 536 and + *913
+ 1°045

U

3

and Subsequent

85° 88’
85° 38’
VII & IX
28° 48’
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ERBATA er ADDENDA—(Continued).

93__ . to 106"'1 In the observations at stations LXXXIV to CI two zero points of reference for the

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

lG-l-_L

5_'.7.

82

64,

”

»

37

VII

M.

11

M.

The respective zero-stations

ZERO-BTATION ZEBRO-BTATION
Station — Station
of Observation For 1st Set For 2nd Set of Observation For 1st Set For 2nd Set
of Observations | of Observations of Observations | of Observations
LXXXIV LXXXV LXXXVI XCIII XCII XCIV
LXXXV LXXXVII | LXXXVI XCIV XCII1 XCv
LXXXVI LXXXIV LXXXV XCV XCIV XCVI
LXXXVII LXXXVIII | LXXXVI XCVI XCV XCVII
LXXXVIII | LXXXIX LXXXVII | XCVII XCV1 XCVIII
LXXXIX LXXXVIII | XC XCVIII XCVII XCIX
XC LXXXIX XCI1 XCIX XCVIII C
XCI1 XC XCII C XCIX CI
XCII XCI XCIII CI C XCIX
last line, col. 15 Jor o read 38'5
line 25 from top ,» surmounted by ,» about 20 feet to the east of
col. 1 of last angle ,» XLIII & LXVI 5, XLIII & XLVI
line 7 from top after Mean Right Ascension edd 18420
» 8 ,» Mean North Polar Dis- ,, 1842:0
tance : )
» 27 Jor (1794) read (1774)
» » » » Naju ,» Héfiz Rahmat
» 8 5 col. 14 »  47°61 » 4761
,, 8 from bottom, of fbotnote » Chapter II 5 Chapter IV
to IQ_M The observations at the two initial and the following thirteen stations of the Karéra

Series, consisted simply of a single observation at each zero-setting, the instrument
employed being Troughton and Simms’ 18-inch Theodolite No. 1, which has an
azimuthal circle with peculiar periodic errors of graduation, investigated in Ap-
pendix No. 4 to Volume II. Each of the means given in the abstracts of the angles
observed at these stations, happens to be the mean of a pair of observations *face
right’ and face left’, with zero-settings exactly 180° apart, the observer having
in these instances departed from the customary system of recording his obser-
vations ; see page vi—,, . The zero-settings given in the abstracts of these angles

must therefore be understood to imply pairs of settings, the second of which dif-
fered by 180° from the one given.
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18__

R

21__

22 _

R
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ERRATA er ADDENDA—((Continued). XXV

last col. second angle

at station XII
at stations XVIIT and XIX
at station XIX

line 15 from top

September, 1882,

»

Jor  79° 36" 44”41 read 79° 36’ 44”42
after Troughton and Simms  add and with an 18-inch by
Cary. .
for a 15-inch Theodolite by read an 18-inch Theodolite by
Harris .. Cary.
a 15-inch Theodolite by ,, - an 18-inch Theodolite by
Harris Cary.

»

Stn. XVI from Stn. XV ,, - Stn.XVII from Stn. XVI

J. B. N. HENNESSEY,
In charge of Computing Qffice.
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VOCABULARY OF CERTAIN NATIVE WORDS MADE USE OF IN THIS VOLUME.

ORTHOGRAPHY
EMPLOYED.
Béridari
Barkandiz
Chabitara
Choki
Doéb
Duffadir

Gargaj
Guru
Havildar

Jagir
Kacha

Kaédar
Khidar

Kaléin
Khis
EKhurd
Mioza
Mastil -
Mindr
Minéra
Nadi
Niib
Nala
Paka
Pargana
Pathdn
Patti
Peshkar
Raja
Rk J
Sorai

Tahsil
Tehsil

Téluka

Tehsild4r vee
Théna
Zemindar

September, 1852.

CorBECT
ORTHOGRAPHY,

Béridari
Barkandiz
Chabitara
Chauki
Duséb
Dafadir

Gargaj
Gurd
Hawilddr

Jagir
Kachchd

Khédar

Kalén
Khiés
Khurd
Mauza
Masttl
Minir
Nadi
Niib
Nils
Pakksi
Pargana
Pathén
Patti
Peshkir

Réj4
Soréi
Tahsil
Tailluk
Tahsilddr

Thén4
Zamindér

MzavNIng.

A summer-house.

A watchman.

A platform.

A police-station.

Land between two rivers.

A native officer whose rank corresponds to that of a
sergeant.

A tower.

A spiritual guide.

A native officer whose rank corresponds to that of a
sergeant. '

Land given by Government as a reward for services.

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

clay. :
Low alluvial lands.

Great.
Proper.
Small.

A village.
A mast.

A steeple.

A river.

A deputy.

A ravine, a rivulet.

Built of stone, or brick, and mortar.
A sub-division of a district.

Name of a8 Muhammadan race.

A sub-division ; portion.

An assistant revenue-collector.

A king or ruler.
A spire.
Portion of a district subject to a revenue-collector.

A sub-division of a district.

A revenue-collector.

A police sub-division. ,

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

J. B. N. HENNESSEY,
In charge of Computing Qffice.
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CHAPTER 1.

ACCOUNT OF THE TRIANGULATION OF THE NORTH-EAST QUADRILATERAL.

1.

The Several Chains of Triangles which are contained in the North-East Quadrilateral.

The North-East Quadrilateral is the third in order of the five great sections into which
the Principal Triangulation of India has been divided for final reduction, consecutively, for
reasons which have already been set forth in Section 7 of Chapter I of Vol. IT of the Account
of the Operations of the Great Trigonometrical Survey. Abutting the North-West and
South-East Quadrilaterals—of which full details, from the measurement of the angles to the
determination of the final results, have already been published, for the former in Volumes II,
III and IV, and for the latter in Volume VI—it depends on them for the whole of the data,
both linear and angular, which were finally fixed by their reduction.

Originally it was intended to extend no further eastwards than the Calcutta Meridional
Series, which was to form the east side of the Quadrilateral (see page 29 of Volume II). But
when the final reductions came to be taken in hand, it was found—as will be explained sub-
sequently—that the four meridional and longitudinal chains of triangles which fall between
the meridians of 88}° (Calcutta) and 92° and the parallels of 23° and 263°, could be added to
the Quadrilateral without inconvenience, and with the advantage of increasing the extent
of triangulation which would be brought under Simultaneous Reduction. Its limits were
therefore extended eastwards, so as to embrace those chains of triangles. Thus it eventually
comprised the following Series :—

The North-East Longitudinal, hereafter symbolised by I

The Budhon Meridional, » J

The Rangir Meridional, : ” X
The Amta Meridional, » L
The Karéra Meridional, " M
The Gurwéni Meridional, » N
The Gora Meridional, » (0]
The Hurildong Meridional, » P
The Chendwar Meridional, . Q
The North Pirasndth Meridional, » R
The North Maltincha Meridional, » S
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The Calcutta Meridional, hereafter symbolised by T
The East Calcutta Longitudinal, » U
The Brahmaputra Meridional, » v
The Eastern Frontier, Section 23° to 26°, ,, w
The Assam Longltudmal X

The triangulations contained in the above Series had to be brought into harmony with
each other, with the Section of the Great Arc which lies between the parallels of 24°and 30°, and
with the West Calcutta Longitudinal Series, the two last chains of triangles having already been
fixed by the Simultaneous Reductions of the North-West and the South-East Quadrilaterals.

It is necessary to repeat in this place, what has already been set forth in Volume II,
that the whole of ‘the triangulation of the North-East Quadrilateral had been completed, up
to the primarily assigned limits, before the final reductions of the contiguous Quadrilaterals
were taken in hand, whereas three internal meridional chains were wanting in those Quadri-
laterals. But the general character of the triangulation of the incomplete sections was so
much superior to that of the one which was already completed, that there was no alternative
but to commence the final reductions with those sections, in order that the earlier but less
reliable and least accurate triangulations might be made to rest on the modern and more
highly finished and exact triangulations. The propriety of the arrangement of the order of
final reduction has been shewn by the small magnitudes of the final corrections for the angles
of the North-West and South-East Quadrilaterals as compared with those for the North-East
Quadrilateral ; vide pages 395, 416 and 426 of Volume II.

2.

The Observers and Instruments employed on the Several Series of Triangles
contained in the North-East Quadrilateral.

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

The Budhon Meridional Series.

This series was commenced in 1833 from the side Budhon-Tinsmél of the old Calcutta
Longitudinal Series, by Lieutenant R. Macdonald of the 69th Bengal Native Infantry, with
Harris and Barrow’s 15-inch theodolite®* and by the end of field season 1833-34 it had been
carried by him to the side Rdepur-Majhdr. The next season was entirely occupied in select-
ing stations in advance. In September 1835 Lieutenant E. L. Ommanney of the Bengal En-
gineers received charge of the operations ; but no final observations were made by him till 1836-
37 when, using the same instrument, he carried them as far as the stations Girmi and Bhind.

® For descriptions of the instruments named in this S8ection see Appendix No. 2 of Volume 11,
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On his resigning his appointment in 1837 the charge of the series devolved on Mr. Joseph
Olliver, whose services being shortly after required on another triangulation, operations on the
Budhon Series were suspended. They were resumed again at the end of 1839 under the general
control of Lieutenant T. Renny; but final observations were not recommenced till the next
field season, when Lieutenant Renny’s services being required elsewhere, they were made by Mr.
C. Murphy, who had been furnished with Troughton and Simms’ 18-inch theodolite No. 2. He
advanced the series this season as far as the side Sankrdo-Sarsotha, except that the last named
station was not observed at. During the next field season no final work was executed. In No-
vember 1842, as it was evident that the amount of work remaining to be completed was more
than could be accomplished by the end of the season, the Surveyor General resolved to divide
the unfinished portion into three parts to be executed simultaneously, the most northern by
Mz. George Logan, who was provided with Cary’s 15-inch, the southern portion by Lieutenant
Renny assisted by Mr. Murphy with Troughton and Simms’ 18-inch No. 2, and the intermediate
portion by Mr. W. N. James with an instrument which cannot at present be identified. The

series consists of 25 single triangles, 5 polygons and 1 quadrilateral, and has a direct length of
386 miles.

The Rangir Meridional Series.

The final observations on this series were commenced by Lieutenant A. 8. Waugh of
the Bengal Engineers in June 1834 from the side Tinsmél-Kusmér of the old Calcutta Lon-
gitudinal Series, with Cary’s 18-inch theodolite L; and they were carried by him in that and
the following month as far as the side Ndgondth-Phdra. Here the hills, in which the series
had previously lain, terminated, and a new organization of the party became necessary to
adapt it for working in the plains. This having been effected, and the party placed under
Mr.J. W. Armstrong, he was enabled to recommence final observations in December 1836,
employing the same instrument. Operations were brought to a sudden termination on the 10th
April by a fire accidentally breaking out at night in the tower of Birona, which destroyed the
scaffolding and rendered the 18-inch quite unserviceable. The next season Mr. Armstrong
was furnished with Cary’s 18-inch M O; and, leaving some long rays to be observed later in
the season when greater refraction might be expected, he carried the series northward.
Returning in April to connect the work, he was prevented from accomplishing his object by
unfavourable weather.” Observations were continued in 1838-39, but none were taken during
the following season ; and it was not till 1840-41 that the hiatus which had been left in the
chain was filled up and the series brought to a conclusion. Some of the angles, where the
break had occurred, were observed with Harris and Barrow’s 15-inch theodolite. Several
years afterwards, 1864, when Mr. G. Shelverton was revising a portion of the Calcutta Longi-
tudinal Series, prior to originating the Jabalpur Meridional Series, he found that Rangir
Station had been destroyed: he therefore established a new station and measured the angles
of the triangle Tinsmél-Rangir-Kusmdr. The instrument he employed was Troughton and
Simms’ 36-inch theodolite. The series is now regarded as originating at the side Tinsm4l-
Rangir, and consists of a chain of 31 single triangles and 1 trigon, and has a direct distance
of 318 miles.
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The Amua Meridional Series.

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

The Karara Meridional Series.

Operations were first commenced on this series by Lieutenant W. Jones of the Bengal
Engineers in February 1838 from the side Kardra-Marw4s of the old Calcutta Longitudinal
Series; but after the selection of a few stations, the commencement of the rains and sickness
put a stop to work. Attempts were made in the two following seasons by the same officer to
extend operations; but on each occasion the party, shortly after entering the field, was pros-
trated by jungle fever, and finally Lieutenant Jones had to proceed on leave on medical
certificate, after which the party was broken up.

In June 1841 Captain R. Shortrede was nominated to the charge of the series, and was
provided with Troughton and Simms’ 18-inch theodolite No. 1. He did not reach his ground
till February 1842, when the season was far advanced; but he completed observations at
10 stations before the party was driven from the field by sickness. During the next fwo seasons
but slow progress was made. In1844-45 Captain Shortrede, having found his instrument work
very unsatisfactorily, had it replaced by Cary’s 18-inch M O. During the same season Captain
J. 8. DuVernet commenced operations from the north, and with Saiyad Mir Mohsin’s 18-inch
theodolite brought the triangulation down to the side Sora-Janai, up to which side it was advanc-
ed from the south partly by Captain Shortrede with the instrument above mentioned and partly
by Mr. J. W. Armstrong with Harris and Barrow’s 15-inch theodolite. The southern section
of the series consists of polygonal figures, which were originally of a very complicated form as
designed by Captain Shortrede, but were subsequently modified by Colonel Waugh: the
northern section which lies in the plains is formed of single triangles. The meridional length
~ of the series is 246 miles.

The Chendwar Meridional Series.

Operations on this series were commenced by Mr. George Logan from the side Kasfitu-
Chendwér of the old Calcutta Longitudinal Series, during the field season of 1843-44, with
Troughton and Simms’ 18-inch theodolite No 2. This instrument was, after the field season of
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1844.-45, transferred to Captain Thorold Hill for employment on the South Maltincha Series,
" and its place was supplied by Barrow’s 86-inch theodolite, with which Mr. Logan completed the
series in the early part of 1846. During the revision of the Calcutta Longitudinal Series by
Mr. Keelan the Chendwér Station was found to have been destroyed and a new one was estab-
lished by him in 1869, when he re-observed the angles of the triangles Chendwar-Kasidtu-
Sindraili and Chendwé#r-Sindraili-Paraia, using Colonel Waugh’s 24-inch theodolite No 1.
The series comprises 2 polygons, a quadrilateral and 17 single triangles, and its direct length
is about 179 miles.

The North Maluncha Meridional Series.

This series is based on the side Durgapur-Malincha of the old Calcutta Longitudinal
Series. Operations were commenced by Mr. R. Clarkson in February 1844 with Cary’s 15-inch
theodolite. This instrument was replaced for a time by Troughton and Simms’ 18-inch theo-
dolite No. 2. During season 1844-45 Mr. Clarkson continued in charge of the party; but
the next season he was transferred to the East Coast Series and Lieutenant R. Walker of the
Bengal Engineers was placed in charge of the Malincha Series and brought it to a conclusion
during that season. He employed Cary’s 15-inch. The series comprises 3 polygons and 6
single triangles, and extends over a distance of 151 miles.

The Gurwani Meridional Series.

The triangulation of the Gurwéni Meridional Series, which extends from the side
Chapri-Pokra of the old Calcutta Longitudinal Series northwards along the meridian of Gur-
wéni Station of the last named series, was commenced by Captain DuVernet on the 21st Dea
cember 1845 with Saiyad Mir Mohsin’s 18-inch theodolite. In the second field season thisins-
trument was set aside as of inferior quality and Colonel Waugh’s 24-inch theodolite No. 1 was
substituted in its place, with which Captain DuVernet completed the series in March 1847.
The series consists of a chain of 32 single triangles, and is 213 miles in length.

The Gora Meridional Series.

The Gora Meridional Series is based on the side Gora-Sewédhi of the old Calcutta Lon-
gitudinal Series, and follows the meridian of the first named station. It was originally com.-
menced by Mr. W. N. James; but he died before he had been able to effect any sensible
amount of work, and Lieutenant Peter Garforth of the Bengal Engineers was put in charge
of the party. No progress was made with the series during the first season, 1844-45, that
Lieutenant Garforth was in charge, but the whole triangulation was executed by that officer
between December 1845 and April 1847, including the revision of the few angles measured
by Mr. James: the instrument he employed was Harris and Barrow’s 15-inch theodolite.
The series consists of a compound figure and 23 single triangles, and has a direct length of
208 miles.
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The Calcutta Meridional Series.

This series originally emanated from the Calcutta Base-line; but on the completion of
the revision of the Calcutta Longitudinal Series the 4 triangles between the Base-line and
the side Satten-Chinsurah were included in the Base-line Figure, and the series now originates
from the last named side. It was commenced by Mr. J. Peyton in May 1845 with Trough-
ton and Simms’ 18-inch theodolite No. 1; and with the exception of a few angles observed by
Mr. J. Nicolson in April and May 1847, the whole series was completed by the former officer
by May 1848. The series comprises 45 single triangles, and extends over a direct distance of
226 miles,

The North-East Longitudinal Series.

This chain of triangles lies partly on the Sub-Himalayan ranges, but mostly in the
deadly forest tracts which form the southern boundary of the Himalayan mountains; it
originates from the sides Mehesari-Chdndipahédr and Chéndipahir-Ghandidl of the Great
Arc Series, Section 24° to 80°, and terminates at the side Niwdni-Kanchdb4ri of the Soné-
khoda Base-line Figure. The object with which it was first commenced was to connect the
northern limits of all the meridional chains emanating from the West Calcutta Longitudinal
Series. Accordingly the Great Arc and Budhon, the Budhon and Rangir, the Rangir and
Amta and the Amida and Karara Series were successively connected on their completion, dur-
ing the years 1841-44. But the instruments employed—an 18-inch theodolite by Saiyad Mir
Mohsin and a 15-inch by Harris—were very inferior to the instruments which were afterwards
available; therefore this portion of the triangulation was revised subsequently as opportunity
offered.

The history of the execution of the series as it at present stands is as follows:—In
1845-46, on the completion of the Chendwér Series, Mr. George Logan commenced a chain
of triangles trending westwards from the northern terminus of that series, along the
course of the British Frontier; he employed Barrow’s 36-inch theodolite. By the end of
season 1848-49 he had brought it to the side Tilakpur-Newdda, between the Karéra and the
Gurwéni Series; and the next season, being provided with Troughton and Simms’ 24-inch
No. 2, he extended his operations to the side Kalidnpur-Donau, at the head of the Rangir
Series. While Mr. Logan was engaged in carrying on this triangulation, Lieutenant Reginald
‘Walker was completing the North Malincha Meridional Series with Cary’s 15-inch theodolite ;
and in the course of his operations he triangulated the double polygon at the north end of
that series. The next season, 1846-47, having been provided with Troughton and Simms’
86-inch theodolite, he commenced work at the side Menai-Ghiba and triangulated eastward
as far as the Station Bandarjila. Here he was attacked by jungle fever; and he died on
his way to the Sanatarium of Darjeeling, where he hoped to have obtained medical aid. The
next season Mr. Charles Lane resumed the triangulation with the same instrument, and
extended it eastwards to include the Sondkhoda Base-line Figure, thereby completing this
portion of theseries. In 1848-49 Mr. Peyton with Barrow’s 24-inch No. 1 executed the section
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of the triangulation between the northern extremity of the Chendwér Meridional Series and
the double polygon at the north of the Maldincha Series. Finally in season 1850-51 Captain
Renny Tailyour with Colonel Waugh’s 24-inch No. 2 and Mr. Peyton with the sister instru-
ment, No. 1, revised and added to the triangulation hetween the Great Arc and the side
Kalidnpur-Donau, where Mr. Logan had closed work.

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

The Hurilaong Meridional Series.

The Hurildong Meridional Series originally emanated from the side SewAdhi-Hurfiliong
of the old Calcutta Longitudinal Series, the station of Khaira Pindu, which was a secondary
station of the latter series, being adopted as a principal station of the former. Afterwards,
during the revision of the Calcutta Longitudinal Series, Khaira P4ndu was one of the stations
selected to form a polygon round Sewédhi and thus ceased to be reckoned as belonging to the
Hurildong Series. The series was commenced by Mr. J. W. Armstrong in season 1848-49 with
Troughton and Simms’ 18-inch theodolite No. 1. This instrument was, during the following
recess, transferred to Lieutenant H. Rivers for employment on the Gurhigarh Meridional
Series, and its place wassupplied by the sister instrument No. 2. This instrument was used by
Mr. Armstrong during season 1819-50; after which it-was changed for Barrow’s 24-inch
theodolite No. 2, with which Mr. Armstrong brought the series to a conclusion in June 1852,
This triangulation comprises 1 compound figure, 1 simple polygon and 20 single triangles, and
has a direct length of about 207 miles.

The North Parasnath Meridional Series.

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

The Assam Longitudinal Series.

This series which is double throughout is an extension to the eastward of the North
East Longitudinal Series. It was commenced in 1853-54 by Mr. J. O. Nicolson with Colonel
Waugh’s 24-inch theodolite No 2. Towards the end of 1854 this instrument was replaced
by Barrow’s 24-inch No. 1 which had just undergone extensive alterations, and the remainder
of the series was executed with the latter instrument partly by Mr. Nicolson, partly by
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Mr. Lane and partly by Mr. Rossenrode: it was completed early in 1860. When, 1855,
Mr. Nicolson revised the Sondkhoda Base-line figure, he also revised some of the angles at
the commencement of this series. The direct length of the series is 197 miles.

“The Eastern Frontier Series—S8ection 23° to 26°.

This series, which consists wholly of polygons and quadrilaterals, was commenced in
the year 1859-60 near the western extremity of the Assam Valley by Mr. W. C. Rossenrode,
with Barrow’s 24-inch theodolite No 1. It was continued by Mr. Lane and Mr. Rossenrode, and
completed to the parallel of 23° together with the Cachar Branch—a Longitudinal Series
which follows the parallel of 25°—by May 1864. The length of the series which is some-
what tortuous is about 220 miles and that of the Cachar Branch about 47 miles.

The East Calcutta Longitudinal Series.

The East Calcutta Longitudinal Series emanates from the side Chinsurah-Boga of the
Calcutta Meridional Series. It was executed entirely by Lieutenant H. R. Thuillier, R. E.,
during the years 1863 to 1867, with Troughton and S8imms’ 24-inch theodolite No. 2. It was
originally intended that the series should be formed of triangles arranged in polygonal figures,
in order to afford mutual verification; but circumstances made it necessary to abandon this
intention and to carry out the series as a chain of single triangles. Many plantations of
cocoa-nut, betel-nut and other valuable trees, and an extensive amount of forest and jungle
were met with, while the ground was a level plain, devoid of hills, undulations or even
mounds of any kind. The triangulation of such a country involved either the building of
lofty towers or the clearing away of all obstacles on the lines; but owing to the exceedingly
bigh price of materials and labour, and to the heavy compensation demanded for trees cut
down it became necessary after the completion of the first polygon to alter the design of the
triangulation to a chain of single triangles involving a minimum amount of station building
and line cutting. The series thus consisted of 1 polygon and 35 single triangles. After-
wards, when the Brahmaputra Series was originated in 1868, another polygon was formed. The
direct extent of the chain is 199 miles.

The Brahmaputra Meridional Series.

This chain of triangles emanates from the East Calcutta Longitudinal Series and follows
the meridian of 90°. After crossing the Ganges a little below its junction with the
Jamoona branch of the Brahmaputra river, it advances along both banks of that branch. The
series which is a chain of polygonal figures, was commenced by Lieutenant H. R. Thuillier, R.E.,
with Troughton and 8imms’ 24-inch No. 2 in season 1868-69 and was prosecuted by him till the
end of the next field season, when the financial difficulties of the government and the consequent
reductions of establishments led to its suspension. Final operations were resumed in 1872-73
by Captain T. T. Carter, R.E., who employed the same instrument as Lieutenant Thuillier,
and the series was completed by him the following season. Its direct length is about 182 miles.
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3.

The Dependency of the North-East Quadrilateral on the North- West and South-
FEast Quadrilaterals for its Fized Data.

The North-East Quadrilateral rests on two chains of triangles which, having entered
previous reductions, had been finally adjusted, véz., the Great Arc Series, Section 24° to 80°,
or Series A of the North-West Quadrilateral, and the Calcutta Longitudinal Series or Series
B of the South-East Quadrilateral. These chains lie one to the west and the other to the
south of the North-East Quadrilateral, and, with the exception of alinear element afforded by
the Sondkhoda base-line, they furnish the whole of the fixed data on which this Quadrilateral
depends. From the Calcutta Longitudinal Scries eleven meridional series originated; one of
these, the Budhon, closes on the Great Arc Series, and also touches it nearly midway, at
Réepur; the remaining series are tied together at their northern extremities by the North-
East Longitudinal Series, the eastern extremity of which rests on the Sonskhoda Base Line.
To the east of these chains of triangles there are four more chains which have been com-
bined with the others for final reduction; viz., the Assam Longitudinal, the East Calcutta
Longitudinal, the Brahmaputra Meridional, and the Eastern Frontier Series. Various astro-
nomical determinations of latitude and azimuth might also have been adopted as fixed data,
but they have been excluded for the reasons given on page 27 of Volume II.

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

* Including Réepur—the point at which the Budhon touches the Great Arc—there would have been 14 points fixed in latitude and
longitude, and 56 fixed elements in all ; but this connection was not formed till after considerable progress had been made with the calcula-
tions of the North-East Quadrilateral. For further information on the subject, see the foot note to Section 1 of Chapter III,
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4.

The Construction of the Principal Stations.

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

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

On the Calcutta Longitudinal Series it was found that some lofty semaphores, on the
old telegraph line connecting Benares with Calcutta, were available and could be readily
converted into principal stations; but they occurred only along one flank of the triangula-
tion ; along the other flank, survey towers had to be constructed. Those which were first
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built seem to have been of an experimental character; for when the series was undergoing
revision forty years afterwards, one of them was found to consist of a column of masonry 7
feet square at base, 4 feet square at top, and 40 feet high; another of four masonry pillars,
about 35 feet high, built at the corners of a rectangular platform supporting a stage for the
instrument and observer. But the form of station which seemns to have met with the great-
est approval was a hollow square tower, somewhat similar to and probably not much less
expensive than Colonel Everest’s towers on the northern portion of the Great Are.

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

On the Rangir Series perforated pillars were built, around which temporary platforms
were erected on posts at the time of observation; these pillars were found to oscillate with
the wind; thus the arrangement was disapproved of and it does not seem to have been
adopted on any other series. It was however again introduced several years afterwards in the
modern triangulation of the Brahmaputra and the East Calcutta Longitudinal Series, but
with the precaution of constructing walls of bamboos and matting round the posts support-
ing the platforms, in order to protect the pillars from the wind.

On the Amua Series solid towers of mud* or of sun-dried bricks set in mud were built,
with mark-stones inserted at intervals from basement to surface. The desirability of isolating
the instrument from the platform on which the observer stood was apparently not considered of
importance on this series, although it had already been done on the Great Arc and elsewhere.

When it became generally recognised that isolation of the instrument was necessary,
earthen towers were built with central isolated pillars of solid masonry carrying mark-stones
at top and bottom. These structures were employed on the Kardra, Chendwar, North Maltn-
cha, Gurwani, Gora, North-East Longitudinal and North Parasnith Series.

On the Calcutta Meridional Series hollow square towers were reverted to, built however
in a much less expensive manner than those on the Great Arc. They were much lower and

* With reference to the structure of these stations the following remarks have been extracted from a note by Lieutenant Renny :—

“ All the mud forts in India offer specimens of this species of work ; and many of them, from the length of time they have endured,
“ even without repair, prove the tenacity of mud when properly worked and moulded. But although so many examples presented them-
“ selves, there arose a practical difficulty in their construction ; for, owing to the length of time that has elapsed since the building of mud
“ forts, no experienced person could be found to give information on that head ; and consequently much had to be left to the discretion
“ of the servant superintending the building, until occasional fuilures pointed out the necessary precautions and suggested the following
“ mode of procedure. )

“ The mud ought to be prepared at least one day before it is required for use, by mixing water with the most tenacious earth at hand
“ and working the mixture well with the feet, as in the preparation of mould for bricks. ‘I'lie building is carried on in distinct horizontul
“ layers each 18-inches higl, as it is requisite that one layer be well dried before another is superadded ; and in the construction of each layer
*“ the outer edge is first ruised with u breadth of 1§ or 2 feet, and after a lapse of 24 hours the interior is filled up. It generally requires
“ 5 days to dry each layer properly; and during the second and third day of that period the outside, originally built rugged, is while yet
“ moist beat with wooden mallets into the required shape. ®* ® ® The ascent is usually perpendicular to the plan of the plutform, and
“ by means of a flight of steps. ® * ® The whole is plastered over with a mixture of slime from the bed of jhils, cow-dung and when
“ procurable the coarse husks of grain.

“ A mark-stone is inserted within the centre and on a level with the base of the platform, and four marks are laid off outside and on
 opposite radii of two lines passing through the centre mark, and serve to transfer the latter to the top of the platform. This might have
“ been more easily accomplished by leaving u well in the centre of the platform ; but such a course complicated the work too much for the
 simple understanding of the executives.”
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it was thus possible to build them of burnt brick set in mud ; mortar was used in plastering the
outer crevices of the walls to prevent water soaking in; also at every two feet of height one
layer of bricks was set in mortar. The beams were of wood instead of stone, and the total
cost of each tower was usually under Rupees 300.

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

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

At Bulékipur the upper surface of the pillar was found inclined to the horizon o84 inches in
4192 feet (the diameter of the pillar ) in azimuth 226° 36". The height of the tower is 30 feet, wheuce
419 : 30::0'84 : 6-01 inches, the total quantity by which the pillar is inclined out of the vertical. The
azimuth of Madanpur is o° 52’; consequently the effect in augmenting this side may be equal to 4°2 inches.

By following a similar process at Madanpur station, the side Bulikipur to Madanpur is found to
have probably diminished by 1°3 inches, during the interval which occurred prior to Mr. Peyton’s visit in
1849.

Similarly too, the tower at Harpur indicates an augmentation in the side Barhéta to Harpur of
1-7 inches; while the same side, from an examination of the tower at Barhéata, was probably augmented
by 9'1 inches. These changes occurred between May 1846 and May 1849.%

It may here be repeated that a considerable majority of the tower stations were erect-
ed on level plains, and that these plains are liable to be flooded with water during the Iundian
monsoons and rainy seasons. The water often lies on the ground for a long time, and it may
do much damage to lofty buildings, by sinking into their foundations and causing irregular
settlement of the superstructure. The central masonry pillar when surrounded by an earthen
platform, as is generally the case, is liable to deflection not only from this cause, but be-
cause of the pressure to which it is subjected on one side, when the earthwork bears against it.

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

* Para 84 of Introduction to Geeneral Report—in manuscript—of the North-Kast Longitudinal Series, 1861.
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The influence of such deflections would obviously not be operative on the triangulations
when the whole of the observations to and from any station were taken in immediate succes-
sion, as usually happened during the progress of the observations in each field season. But
it might have operated very materially in the interval between the closing observations of one
field season and the initial observations of the next, for they were separated by a rainy season ;
still more might it have acted during a suspension of the observations on any series of triangles
for several years, or in any long interval between the connection of any two contiguous series.

Now on the North-East Longitudinal Series, by which the northern extremities of all
the meridional series are tied together, there are two sides between pairs of stations at which
three rainy seasons, one at which two, and five at which one rainy season intervened before
the stations were revisited for the completion of the observations; and of course in each
series there are one or more pairs of stations at and to which half the observations were taken
before and the remainder after a rainy reason, as the completion of each series occupied rarely
less than three years. In this circumstance therefore there is sufficient reason to attribute the
magnitudes of the closing linear errors of the triangulation to the deflection of certain of the
tower stations, as will be shown more fully in Section 1 of Chapter I1I. :

It is impossible to trace the loci of the errors, and to determine the amount of deﬂectlon
in each instance, with any degree of certainty. The preceding calculations have some probabi-
lity ; but they are based on the assumption that the surfaces of the pillars were made truly
horizontal in the first instance, which very possibly may not have been the case. Sir Andrew
‘Waugh says of them that though they “show that in these instances at least deflection did
“take place, yet it is not possible to assign any but conjectural corrections on this account.
¢ Corrections of such a nature are inadmissible, and hence a general dispersion of the error
“throughout the series [for the preliminary reduction] has been preferred.”

This tendency to deflection led to the introduction—about the year 1852—of towers
with central masonry pillars perforated vertically, and having vaulted passages leading to the
ground level mark-stone in the basement. Very few such towers and pillars exist in the North-
East Quadrilateral, excepting on the Budhon Series—the oldest of all but instrumentally
the least valuable, where a hollow core was adopted in the first instance, unfortunately to
be set aside subsequently—and in the modern series which form the eastern extension of
this Quadrilateral. On the other hand very few solid pillars, which are at all likely to have
become deflected during the operations, are to be met with in the North-West and none in
the South-East Quadrilateral. For these reasons, and also because of the general superiority
of the instruments with which the principal angles of the two last mentioned Quadrilaterals
were measured, the final reduction of the North-East Quadrilateral was set aside to be taken
up after the completion of the final reduction of the two contiguous Quadrilaterals.

For further details of the constructions of the stations, and drawings of Colonel
Everest’s towers on the Great Arc and of the latest form of tower, see Section 4 of Chapter 11,
and Plates 1 and 2, of Volume II; see also the introductory remarks to the Descriptions of
Stations for each Series, in this and the following volume.
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CHAPTER II.

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

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 the 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 what was done, in
order that the reader may be enabled to understand the details of the observations.

The method of observing horizontal angles was that introduced by Colonel Everest,
and had for its object the giving of readings at equal intervals round the azimuthal circle,
with a view to the cancellation of periodic errors of graduation. When the instrument was
set up for use, and had been properly 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 ohserved 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., face right ; and so on. These arbitrary shifts were through
arcs of 9° or 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
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 systems of zero-settings for the triangulation of the North-East Quadrilateral varied
a good deal; certain modifications also were introduced by Colonel Waugh to counteract
special defects in some of the instruments which were of inferior construction, but which had
to be employed, because the number of first class instruments then available was too few to meet
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the wants of the department. It had been found by experience that some of the theodolites
gave the best results—as indicated by the triangular errors—when two zero-stations about 60°
apart were employed and the number of settings on each zero-station was reduced by half,
leaving the total number of observations the same as before. Colonel Waugh—see Appendix
No. 5 of Vol. II—accordingly directed that when these instruments were employed, half the
observations should be taken with settings on one station and half with settings on another
giving readings about 60° from the former; or, if the situation of the surrounding stations did
not admit of this, the first zero-station was to be again employed with zero-settings differing
by exactly 60° from those previously adopted. One other modification was introduced by Cap-
tain Shortrede on the Karira Meridional Series, when observing with Troughton and Simms’
18-inch theodolite No. 1. Finding that it gave widely different* values of the angles on dif-
ferent faces, he doubled the number of zero-settings and took means of the readings on oppo-
site faces; these means he recorded as single measures; moreover he only took one round of

observations on each setting. The following table exhibits the zero-settings employed for each
instrument on each series.

Zeros s §4 .3
Instrument and Season Beries S é 68
No. Settings "‘5 =
g o° ¢°
1846-47 N.E. Longitudinal 8| —— — &ec. 5 2
e .,y 184748 180™ 189
oughton & Simms o o s
86-inch, 1863-64 | Rangir 0| B mFi | » | 3
( 1845-46 Chendwér 6| ©° 12° o 5 | 2
180 192¢ ¢
. OO (<}
” 2 8 W’ W’ &e. 2 »
o ae o® 12°
s N.E. Longitudinal 6 186” 197 &e. » »
. . OO (<]
Barrow’s 36-inch, 4 » » 8 185 T85> &e. » »
o 12°
1846-47 » 6| 8 g2 & wo | »
°O (o]
» » 8 180° 184° 9 &e. ) »
L 1848-4'9 » » » » » »

* These large differences were subsequently traced to feriodic errors of graduation which were eliminated by taking the mean of a
pair of observations on opposite faces. See pages 98 to 109 of the Appendices to Volume IL.
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Zeros ™) §- wg
Instrument and Season Series : g ; g
No. Settings zﬁ za
(e] o
(1849-50 N.E. Longitudinal 12| 2, ;’5%6 &e.
Troughton & Simms’ - itudi o 79°12
24-ginch No. 2, y %ggg-gg to } E. Calcutta Longitudinal| 10 | To=o 259° 12" &c.
1868-
L1873'$49’ to } Brahmaputra ) » »
(1848-49 N.E. Longitudinal ¥ O 20°
- .E. Longitudin W_’ 205% &ec.
1 LY -
lgg(l)-gé & N Pﬁ.rasnéth »* 2 2»
. (<] o ’
Barrow’s 24-inch No. 1, - 1854-55 to } Assam Longitudinal 10 ;%;5; #ol:;u &e
1859-60
1859-60 E.tz‘l%%tier, Section 23°| ,, ” »
1860-61 to } o 79°12"
(1863-64 » 7 | 180 259° 127
) o o
Barrow's 24-inch No.2, { {050 & 1| Hurfléong 12| g g e
(<] (-]
(1846-47 Gurwhni ) 8| 150 Tage o
. : o® #° 12
Waugh)s 24-inchN0. l,< 1850-51 N.E. I;Ongltudmal 10 —-——1800, ——5—'—-1 87 12,, &e.
o® #%9%12’
~.1868'69 Chend'& » ]800’ 2—5??2) &c.
(1850-51 & 7\ | N.E. Longitudinal 10 O 7012 oo
. 1854-55 180> 18,° 13”
Waugh’s24-inch No. 2,<
1853-54 Assam Longitudinal ”» » "

® Two zoro-stations were employed.
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Zeros - 2‘ w8
Instrument and Season Series : g Z g
No. Bettings & g T
1838-34 t . o® 10°
[ 1837.88 °} Amia 12| 135 To0™ &e. 3 2
.| 1842-43 &} o® _5°
o Ny, | 1848-44 Kordra | 1507 185> & o
. )
1844-45 to . 20 o® 10°
18t } Calcutta Meridional 12 | g oo &, » | 3
[ 1848-49 Hurildong » ” 2 » ”»
r . o® 10°
1838-39 Amia . 12 18° }W’ &c. 3 2
1840-41 &
Troughton & Simms’ | 1841-42 } Budhon od ” ” ” ”
-1 . < -
18-inch  No. 2, igﬁ-ﬁ &} Chendwér 2 ”» ) » »
1844-45 N. Malincha 2 2 ) » »
L 1849-50 Huriléong »» » » ”» »
r ' o° 10°
1844-45 Karira 12 18° W’ &ec. 3 2
1845-46 Gurwéni 24* » » 2 »
Saiyad Mir Mohsin’s
18-inch, 1 ”» » 12 »  » » »
o° 20°
» » ”* _1 800’ 2_007” &c- » »
- » » 181 » » » »
1837-38 &} Rangir 12 o° 10°% &e 3 2
Cary’s 18-inch MO, J 1838-39 g 186 1g0™ ¥
1844-45 Kardra » » » ”» )
s . 1833-34 & . o° 10°
Cary’s 18-inch L, 1836-37 } Rangir | 12 | 3o 195 &e. 3 2

® Two zero-stations were employed. ¢ Three sero-stations were employed.
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Zeros 55| 53
Tostrument  and  Season Serios s g 53
No. Settings =2 =
=
[ 1842-48 Budhon 1| 21 & 3 | 2
180% 1g0® T
Cary’s 15-11101!, 3 iﬁ:‘i‘é to N. Malincha » 2 2» ”» »
L 1845-46 N.E. Longitndinal » » 2 ) Py
[ 1832-38 Budh | 203 e 2
udhon 180” 190® 3
o (]
2» » 24 ;%?” %ﬁ: &e. » 2»
1832-33 & o® 10°
1833-34, } » 24% 180° ‘I‘EJ» » 2&1
Harris and Bamow’s | o004 » I »
15-inch, h o° 12°
1886-37 » 10 I%a, 1—92—0, &0. 2 2
1839-40 & . o° 10°
1840-41 } Rangir 12| 1857 Tgo” & S
1844-45 Ka.réra » » 2 » 2
1845-46
L 1846-47 &} Gora » » » » »

The minimum number of rounds of observation on each zero was two in the greater
portion of the work and three in the rest, with the exception of Captain Shortrede’s obser-
vations on the Kardra Meridional Series with Troughton and Simms’ 18-inch No. 1, and one
season’s work by Lieutenant MacDonald on the Budhon Series, where only one round of obser-
vations on each zero was taken. When larger differences shewed themselves in successive
measures of an angle than it was considered the instrument ought to give, the observations
were repeated. For full particulars of each instrument and any modifications it may have
undergone, see Appendix No. 2 of Vol. II.

The manner in which the observations are usually recorded at the time of observation has
been explained at page 66 of Volume II. Here we are only concerned with the Abstracts
which are prepared from these observations, for publication as part of the necessary details

® Two sero-stations were employed.
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of the operations of this Survey. For many years it was the custom at the completion of
each series to prepare a manuscript report, in triplicate, in which all details that were
required to be kept on record were entered. In these reports, for five of the series—uwiz., the
Budhon, Rangir, Amua, Kardra and Gurwéni—only the means of the measures of each angle
on each zero are given, with a number shewing of how many measures they are the means;
for the other series, the several measures on each zero are exhibited, and against each measure
is a letter in italics shewing whether the signal observed to was / a lamp, or % a heliotrope.
Below the groups of measures on each zero are their means, and from these the general
mean is obtained, and also its probabdility of error, as calculated by the formulse which are given
in the nextsection. When the publication of the details of the operations of this Survey was
taken in hand, it was judged expedient to accept the original Abstracts—supplementing them
where necessary with information as to the observer, date of observation and instrument—rather
than incur the labour and expense of preparing new ones in the form which was afterwards
adopted and is now always employed. Inthe modern form the several measures are entered and
treated—as will be described in the next section—so as to give C, the concluded angle, together

with w its weight relative to other angles measured with the same instrument, also '% — the re-

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

The Abstracts of the Observed Angles of each Series in this Quadrilateral will be found
respectively at pages 26—, 11—, 10—k, 9—z, 11—u, 9—», 9—o0, 9—p, 9—¢, T—&, T—3,
11—z, 11—7, 11—y, 11—p and 11—x of this and the following volume.

2.

The Deduction of an Angle from its several Measures. The Probubilities of Error
and the Weights

In the last section it has been shewn that for the angles of some series the general
mean only of the several measures on each zero has been given in the Abstracts, and for others
an additional value called the concluded angle is added. The value of the angle is in-
variably accompanied by a theoretical measure of precision which, in the former case, is called
the probability of error, and in the latter the weight of the angle.

Prior to the year 1862 the adopted values of the observed angles were the arithmetical
means of the zero-meaus ; their so-called probabilities of error were usually calculated by the
formula

p=~/1>12+w;-~+w. W
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D,, D,, . . . being the differences between the several zero-means and the mean of all, or the
general mean, and Z being the number of zeros on which the angle was measured. This
formula, which was introduced by Colonel Everest, was in 1853 modified by Colonel Waugh

who employed

2 2 2
1,=p1+1>2%-;2...+1>, e e e e e (@

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

2 2 3
pe.=+ 6745 A/ D1 "‘gﬂ(z"‘_'l')""pf. N €

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

Let d',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,, 5, 15, &c., the num-
ber of measures on each zero, the sum of which is equal to &, and D,, D,, D;, &c., the algebraical
excesses of the successive zero-means, Z in number, over the arithmetical mean, M, of all the
zZeros.

Now put
’9 ”Q )
e s P )
2 2 2
92=Dl +D2Z"_';D3 +... .. . . (5)

* See page 85 of Volume II.
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and

w; = ! We = ! ’ Wg = ! 9 &c. e o o o o (6)
v 2 + v 2 +__
y”+nl 9+ g
then the concluded angle, C, is determined from the equation

W1D1+W2D2+WSD3+'.. ® o o & o e o (7)
Wt Wt

Here o* and ¢ 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 weights,
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. The weight, w,
of the angle thus deduced is

=M+

w=wF+WwW,+w4+ . .. .. 0. . . (8

and if the preliminary values of 0 and g, as obtained from the observations, are ahsolutely
true, then w will be the reciprocal of the square of the e.m.s. of the concluded angle.

But it has already been shewn in Chapter VII of Vol. II that there is reason to doubt
whether any values of the e.m. s. which may be obtained immediately from the observations,
are true for angles measured with different instruments, or even for angles measured with the
same instrument but under different circumstances. All values determined from the observa-
tions are therefore regarded as preliminary, applicable only in any combination of angles
which have been measured with the same instrument and under similar circumstances, but
requiring to be multiplied by factors of the nature of s0duli, before they can be employed
in a combination of angles which have been measured with different instruments and under
different circumstances. The value of the modulus for each group of angles measured under
common conditions has therefore to be determined subsequently, from investigations of the
average value of the e.m.s. for the group, on the evidence which is furnished by the magnitudes
either of the geometrical errors of single triangles, or of the most probable values of the errors
of the angles of polygonal figures, which appertain to the group, or may be legitimately com-
bined together for the purpose in question. This is done in the following manner :—

Let ¢,, €, and ¢5 be the average e.m.s. of a group of angles—observed with the same
instrument and under similar circumstances—deduced as follows :—e, from the preliminary
weights, e, from the triangular errors and e; from the most probable errors of the angles of
polygonal figures ; then

# Strictly speaking 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 graduation only, if each measure were absolutely independent of all the others, which it is not. Thus, though the denominator
N—1 was originally employed by an oversight, as I may here frankly acknowledge, it has been retained as more appropriate than N—2
under existing circumstances. LT.W
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first, for the average e.m.s. of n angles of which the preliminary weights are w,,
Wy + o o Wy ,
819‘ = "

S eiFo . Fw o (9)

secondly, for the average e.m.s. of n angles of % triangles

Sum of squares of % triangular errors

« v e o o o (10)

e’ = p

and thirdly, for the e.m.s. of a hypothetical angle, whose weight w is equal to the mean
of the weights w,, w,, w;, . . . of ¢ angles of a polygonal figure in which there are m geo-
metrical equations of condition

eg=w1xl2+w2x29+ et wzd
s wm

where 2,, z,, . . . 2; are the most probable values of the errors of the observed angles. But
since the polygonal figures which are commonly employed in the operations of this Survey,
contain too few angles to give a satisfactory determination of the value of ¢; from the evi-
dence of a single figure, the value is determined from several figures by the expression

¢ _ Sum of (U=+w)
€ = g T m B € 89

for all the figures available. In this expression
U=wz’4+w, 22+ ... +w 2f

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

Values of ¢, e, and e¢; having thus been found, corresponding values of the mo-
dulus p?, taken either as

=% or=4
P = ess or (’3’
as the case may be, are determined, the preference being given to the latter whenever e, is
available. ‘
Thus putting w0, for the final weight, and w for the average preliminary weight by e,,
we have

)
w=wl(lorly=wp* . . . . . « . « « (12
r b T o P (12)
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Now for a considerable number of the angles of the North-East Quadrilateral we
have—for reasons already explained at the end of the preceding section—¢ probabilities of
error’ calculated by the first of the two formulese already indicated, the second not having
been made use of in this Quadrilateral. In the reductions of all the triangles and polygonal
figures containing these angles, P2, or the square of the ¢probability’, has been employed

in place of —:; , the reciprocal of the preliminary weight, which has been employed in the

reductions of the modern triangulation. Afterwards, when the Simultaneous Reduction of
the whole Quadrilateral was taken in hand, it became necessary to form values of e, from the
adopted ¢ probabilities of error’ for the old angles, for which °probabilities’ had been given
instead of preliminary weights, and then to proceed to determine the modulus p and the final
or absolute weight from the evidence of e, or e, precisely in the same manner as they are
determined for the modern angles. Thus the whole of the weights were brought to a com-
mon standard of precision before the Simultaneous Reduction was commenced.

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

For those series of which the observed angles have been treated by the formula of
1863 there will be found at the end of the abstracts of the measures of the angles, lists
of the “Sums of Squares of Apparent Errors of Single Observations and of Apparent Errors
of Single Zeros”’, which furnish the requisite data for the investigations, by which they are
followed, of the average ‘error of mean square’ of observation only in a single measure,
and that of graduation plus observation in the mean of several measures on a single zero;
‘these are determined for certain groups of the angles in which all the measures have been
made by the same observer with the same instrument and under the same conditions, and
also for groups formed by various other combinations of the conditions. With the data thus
obtained for each of the several series, investigations of the influence of * Mixed Errors of
Observation and Graduation” similar to those which are given in Chapter VII of Vol. IT
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 combinations
of triangles into single polygonal figures and net-works. Every triangle is subject to the
geometrical condition that the three angles are equal to 180° plus the spherical excess, and
every group of triangles to additional geometrical conditions, such as that the angles at any

U —
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central point should together equal 360° and that the value of any side as calculated through'
any portion of the figure back to itself should be unaltered.

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

e=absin C X

cosec 1”
27.2........(13)

in which e is the spherical excess in seconds, @, and C two sides of the triangle and the
included angle, and » the radius of the sphere with the surface of which the spherical tri-
angles may be considered most nearly to coincide. TUp to the year 1851, the value which was
adopted for » was », the normal to the meridian in latitude A corresponding to the middle
latitude of the triangle. From 1851 to 1868, » was taken as % (v+p), p being the radius of
curvature to the meridian in latitude \. Since 1868, » has been taken equal to the radius of
curvature at A of an oblique section passing through the centre of the spheroid and having
2 pv

an azimuth of 45° or r = The last two values give practically the same results if the

calculations have not to be carried beyond the 5th place of decimals of logarithms. The first
wags, however, used in obtaining the spherical excesses of the greater portion of the triangula-
tion of this Quadrilateral, viz., of all the triangles of the series ] to T inclusive. Before
undertaking the Simultaneous Reduction of the Quadrilateral it was necessary.to change
these spherical excesses to what they would be by the latest formula. To do this accurately

it would have been necessary to multiply each by the factor (pz-l;):)j corresponding to the value

of X for which it had been calculated. But as this factor was 1-0056 for latitude 24° and only
10050 for latitude 30°, and the spherical excesses were only calculated to two places of deci-
mals of seconds, the factor for 2%°, viz., 1"0053* was employed.

The geometrical conditions connecting groups of angles divide themselves under three
heads, triangular, central and side. The first is, as before stated, that the three angles of a
triangle must equal 180° 4 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

* It has appeared from subsequent calculations that this method of treating the spherical excesses was not sufficiently accurate to pro-
duce results exactly re-entering ; for when the usual check calculations for azimuth were carried separately along either flank of a chain of
triangles, they exhibited differences at the end of the chain which could only be due to the spherical excesses employed being generally too
small. The mean latitudes of two only of the Series are as much as 27°; those of the other Series range as low as 25°, and for them a
larger factor should have been employed. The spherical excesses being generally too small, the azimuth by the right hand flank will be too
small, because, at any station, in deducing every forward azimuth from the backward azimuth it is necessary to add the included spherical
angles. In a similar manner the agimuth by the left hand flank will be too large because the included angles are subtracted. The results
by the two flanks which should have been identical, exhibited discrepancies ranging from 0”018 to o”*131. The result by the right hand
flank was maintained in each instance,
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that the value of any side carried through the triangulation back on itself should reproduce
itself. The excesses or deficiencies which manifest themselves in these comparisons either
form the right hand members of the equations amongst the angular errors furnished by the
conditions, or they furnish the means for so doing.

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

N—=2844. . . . . . .. (14)

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,, X;, . . . 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 :

A A T ¢ 1))
Further, if ¢, = cot X, @, = cot X,, &c., the side equations will be represented by

sin X,.sin X . . .*
sin Xy.sin X, . . .

cosec 1”
a] $1—02 :L‘2-|-as xs—a4_ $4,+ DRCE) =—-—M

2 ¢ ()]

X log

M being the modulus of common logarithms.

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

z® z,? z '
U i —l— + '—'2—-' + ) —_— . . . . . . . . (17)

® The form of the side equation has of late been slightly altered, and tabular differences of log.sines for a change of 1” have been
employed in place of cotangents, by which a saving of labour is obtained. This is no new form of equation, but it was not at first employed
in the calculations of .this Burvey. It is derivable from the old form ; for M oot X sin 1”=tabular difference of log. sin X for 1”, hence
if we write @ for t.d. log. sin X for 1” the equation becomes
sin X,. 8in X, .
sin X,. sin X .

1
QT -t QT -+ ... = log

= e
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in which wu,;, u,, . . . u, are the reciprocals of the weights, w,, 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, Ay 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, a2z, 4+ . . . Fazi=e,

e, +bz,4+ . . . Fbhri=e R €T:)
n1x1+n2w2+ . . . +ntx[=e”
The equations between the indeterminate factors are
[ea. u]Na+ [ab. u] M+ . . . +[an.u] N\, =e,
[ab u])t,, + [bb u] N+ oL o o e u] M=e (19)
[an u] A+ [lm u] N+ o o o F[mul N =,
in which the brackets [ ] indicate summations, thus
[aa. ) = aj@). ), + a0, v, + . . . + aa. u.
The resulting values of the angular errors are
. 'vz_ug(az)\.,+b2)\;+ v o Fny\)
(20)

s’&'c—uc(at)\a"‘bt)\b'l' . -+ﬂ:)»»)
and the value of the minimum, T, is

Nea+FMee+ o F e o 0 0 0w 0. (21)

In the case of a single triangle—one which does not enter with other triangles inte



GEODETIC ELEMENTS OF STATIONS AND SIDES. 29

the formation of a polygonal ﬁgure—there is only one geometrical equation of condition
which is sxmply

Btz Frs=e. . « « . v v v . . (22)

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

e
X — m . L] ] . . . L] (] L] [ ] . (23)
and by (20)
x1=“lx’ xg=u2x, w3=u3x . L} . . . . . (24)

It should be noted that « stands for the reciprocal weight, 1 <+-w, of the angles of the
North-East Quadrilateral for which the weights are given in the abstracts of the observed
angles for each series, and for the square of the probability, P?, of the angles for which the
proba.blhtles are given,

4.

Calculation of the Sides of the Triangles. .

The values of the angular errors having thus been computed are applied to the ob-
served angles with contrary signs; the angles of every triangle are then reduced to plane
angles by the subtraction of one-third of the spherical excess of the triangle from each,
and the sides of the triangles are obtained in the ordinary manner. The angular correc-
tions furnisbed 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
heing 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.
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Now fhe 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 11°26
Longitude E. of Greenwich 77 41 44°75
Azimuth of Station 29 (Sdrentsl) 190 27 5°10

as explained in Chapter XTI of Vol. II.

But since the positions of all the stations of the North-West and S8outh-East Quadrila-
terals are regarded as having been finally fixed in the Simultaneous Reductions of those figures,
the elements of any of them may be adopted in place of those of Kalidnpur, whenever it
happens to be convenient to do so. Thus, as many of the series of the North-East Quadrila-
teral are based on sides of the Calcutta Longitudinal Series, one of the series of the South-East
Quadrilateral, the elements of those sides have been adopted as the initial elements of the
North-East Quadrilateral. Two of the series of the latter Quadrilateral also close on sides of
the section of the Great Arc which appertains to the North-West Quadrilateral, and the ele-
ments of these sides might equally well have been considered initial elements.

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 4 respectively, the distance between A and B being ¢,
and if

A\ denote the difference of latitude between A and B

AL » » longitude ’

B » azimuth of A at B

Ad = B-—(n+4)

e » the excentricity of the spheroid

P »s the radius of curvature to the meridian at A

v » the normal to the meridian at A terminated by the minor axis,

e "
——. cos 4 cosec 1
P

-1 —cisin’z A tan \ cosec 1”
1.2 pwv

3 & ¢

4 pvi —é*

I 03 2.9 ”
L+m_¥;»—”° sin® 4 cos 4 (143 tan® \) cosec 1 )

A\

A
v

. . (25)

cos® 4 sin 2\ cosec 1”
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A

v
1
COS A cosec

+1_qi ginz2A4 tan A\
1.2 14 COS A

__ 1 ¢% (143 tan®\) sin24 cos 4
1.2.3 ¥ CO8 A

cosec 1”7

cosec 1”7

and

B=n+4+4+4+ -

8 2
+ 1 ¢° 2sin3 4 tan )‘cosecl"

[_ ¢ sind "
14

81

L. . . (26)

1.2.3 1° cos A J

-

‘ r—g sin 4 tan \ cosec 1”

1¢®

c?

3

2
{ 142 tan®\ 4 ei‘_’gi} } sin 24 cosec 1”

(%4. tan? \ )taTn)_\_ sin 2.4 .cos 4 cosec 1”

+-L o sin® 4 tan A (142 tan®)) cosec 1”
L 2.38

P .

(27)

J

For the derivation of these formule, and also for the manner in which they have been
arranged for calculation, see Chapter IX of Volume II,and the duwiliary Tables to Jacilitate
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 &

Semi-axis minor, b = 20,853,375 feet,

- a-b
Ellipticity, C=—, T 30080
., a =V
€'=———=10"0066378
a

3
I — € = 09933622

»

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

=17319 1763 &4

3'521 7196 8

3'822 02718

1'997 1076 |
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6.

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

The relative heights of the principal stations of this Survey are determined in almost all
instances by measuring the reciprocal vertical angles. The heights so obtained are controlled,
wherever possible, by connecting the stations of the triangulation with those of lines of Spirit
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 $(D—.D’), and the height of B above or below A is given by the
expression
H\ sin }(D—-D’)
) cosD

h=c(r+ B (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,,4 be the heights in feet of the theodolites at A and B respectively

85 8 ) , Signals 2 9
D,, D; be the observed vertical angles, both assumed to be depressions,

and we put
8 = 84_86"".4—7:5
then
H\ sin $(Ds; — D, )
. o (4 E)EILED) L2 L

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

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

The reciprocal angles are also employed to determine the co-efficient of refraction, to
be used in reducing unreciprocated vertical angles; for, putting C for the arc between 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

0=Da+¢a+D&+¢b_B

in which expression

B_ia—sa'l'ib—ab
- ¢sin 1”

Thus, the mean refraction, ¢, is given by the expression
$=1{C—DatD)+B} . . . . . ... (3)
¢

and ° gives the terrestrial refraction in decimals of contained arc—or in other words the

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

The formula for calculating the contained arc is

” c ’”
C'=-—-cosec1” . . . . . . ... . . . (31)
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7.

The Final Values of Height.

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

Two of the lines of spirit levels executed by the Great Trigonometrical Survey, traverse
the Quadrilateral longitudinally, and have been connected with principal stations in all the
meridional series west of 89° and in the North-East Longitudinal Series; they have also been
connected with other leveling operations, notably those of the Revenue Survey, by which again
the heights of other principal stations have been determined. Furthermore, the heights of
all the stations of the Calcutta Longitudinal Series had been fixed in the course of the
reduction of the South-East Quadrilateral, and of the Great Arc Series, Section 24° to 80° in
that of the North-West Quadrilateral. Thus a large amount of data existed for the final
reduction of the heights of thestations. A list of the stations of which the heights were
determined by Spirit Leveling is given below.

Spirit Leveled Points in the North-East Quadrilateral.

Series By Great Trigonometrical Survey By Revenue Survey
(X1 or Atéria XXIV or Rimnagar
XIII  ,, Kalifnpur XXVIII ,, Kutia
XV 5 Umra XXXI ,, Lékin
LV sy Pdrena XXXII ,, Chelua
LVII ,, Bharmi XXXV ,, Miési
LVIII ,, Gharbaria XXXIX ,, Tilakpur
N. E. Longitudinal J LXIX ,, Bakwa XLIII ,, Saibara

LXXIX ,, Ripdi
Cl1 » Diwfnganj
CIII 5 Latona
CVII ,, Rémnagar
CIX 55 Ghiba
CXXI ,, Sonfkhoda
LCXXII ,, Rémganj

FXXIII »» Firozabad %%%I‘{V » 'i’;mlilri

. o XXII Baragaon chtra

Budhon Meridional < XL ,,: Sirsag XXXV ,’: Bénsgopél
XLII ,, Bhatauli XXXVII,, Barauli
L XXXIX ,, Atora
XIX » Kalsfin VIiI » Manang

Rangir Meridional XX ,» Bisungarh

XXXI ,, Fatehganj
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Spirit Leveled Points in the North-East Quadrilateral—(Continued).

Series By Great Trigonometrical Survey By Revenue Survey
%‘Y}}IIIIII or il)éjma:l XI or Paprendi
. qe b, ardw . XIII , Kandkhera
Amua Meridional XXIX . Sirwaia XX . Rau
XXX , Parser
XVI , Karra XIX s Horesa
XVII »» Majilgaon XX s Salon
Karéra Meridional XXX ,» Pesar XXIII ,, Munai
XXXI ,, Turkani XXVI ,, Tauli
XXXII ,, Utidmau XXVIII ,, Purewa
(VII s»» Baripur XIX » Kapradi
VIII » Ganeshpur XXIII ,, Bisaul
Gurwéni Meridional < XXII », Réhet
XXIV ,, Orejhér
XXV » Kumeria
rVIII ,, Barhéni
1IX ,» Hirdepur
X s» Barhanpur
XI1 ,» Kanaun
X1V 5> Chit Bisrim
. XV Samenda
Gora Meridional 1 XVII ,,,’ Balarifganj
XVIII ,, Banidpar
XX » Réjgarh
XXII ,, Katwar
XXIV ,, Saraia
(XXVI ,, Réjabéri
. XV ,» Nufion
Huril4ong Meridional XXVIII ., Patjirwa
XIV ,» Phulwaria
Chendwér Meridional %%h :: %ﬂfggrm
XXIII ,, SAwajpur
XV ,» Basantpur
North Pérasnith Meridional XVII ,, Chotaipati
XVIII ,, Harpur
North Maldncha Meridional {ggg » ggﬁ‘;‘
Calcutta Meridional %‘IXXXI » gﬁ;’f&mab

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

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

Errors Method of Dispersion,
in feet and Remarks.

Group

Commencing at Stations Ending at Stations

North-East Longitudinal Series.

1 | Mabhesari, Chindipah4r| Atéria + 85 Simple proportion. Besides the
and Ghandiél : points of origin and the terminal
point, the height of Sisgarh stood
fixed by a former simultaneous ad-
justment of Groups 1, 2 and 8 by
minimum squares.

2 | Atfria, Baheri and | Umra This group fixes the heights of
Birond only two points, Donau and K4im-
khera. Their values are the arith-
metical means of the measures from
the surrounding stations.

3 Umra and Kéimkhera | Kokra and Rémnagar | + 9'2 & Simple proportion. The height
I'1 of Kokra was fixed in Group 8 of
the Amua Series.

4 Kokra and Rfmnagar | Kutia Minimum squares. The heights
of this Group were determined in
connection with Group 8 of the

. Amua Series.
6 Saidara and Kutia Lékdn and Chelua

+ 512&
+ 37 Simple proportion.

6 | Lékidn and Chelua Khénpur and Mési - 38& Khénpur was fixed by the Karira
— 44 Series. This Group only fixes the

height of Bela.

# This method may be illustrated as follows:—Let 4, B and C be stations at the vertices of a triangle, and let the differences of
height obtained by vertical angular observations be 4 — B = ¢ feet, B — C = a feet, C' — 4 = ) feet, then a+ b + ¢ should equal o; but in
practice this is seldom or never the case: hence for each triangle in which the differences of height of the stations have been observed we
shall have an equation

a+b+eme

When a group of triungles connect two spirit leveled points, there is also an equation formed by equating the differencés of height, along
any route conneoting the stations, to the difference as shewn by spirit leveling. The solution of these equations by minimum squares is
performed in the usual manner and needs no illustration.
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Group

Commencing at Stations

Ending at Stations

Errors
in feet

Method of Dispersion,
and Remarks

10

11

12

13

14

15

16

17

North-East Longitudinal Series—(Continued).

Bela and M4si

Dadaura and Tilakpur

Miénichauk, Saibara
and Bansidila

Pdrena, Bharmi, and
Gharbaria

Bijra, Bakwa and

Naunangarhi

Ripdi and Batwaia

Sinaria, Amua and
Madanpur

Jirol, Chandarsanpur
and Bheria Bisanpur

Diwénganj and La-
tona

Minai and Ghiba

Budhon and Tinsmél

Baragaon and Pondri

Tilakpur
Saibara
Gharbaria, Pirena and

Bharmi

Bakwa
Ripdi
Amua

Chandarsanpur

Dewénganj and La-
tona

Ghiba

Sonﬁl.(hoda and Rém-
gan]

- 21
— 5"[
— 9-]
- 97&
—10°7

+11°8

+ +
W

Simple proportion.

»

» Bansidila had
its height fixed by Group 4 of the
Gurwéni Series.

Simple proportion.

» The height of
Naunangarhi was fixed by Group 8
of the Hurildong Series.

Simple proportion. The height
of Amua was obtained as explained
in Group 3 of the Chendwér Series.

Simple proportion. The heights
of Madanpur and Chandarsanpur as
well as that of Bheria Bisanpur were

.| obtained as explained in Group 3 of

the Chendwar Series.

Simple proportion.

s Chiini and Ma-
nila were first fixed and then Baisi
and Minai.

Simple proportion.

The heights of Chotdki and Newéni
were fixed in the adjustment of the
Calcutta Meridional Series, and those
of Dimdéngi and Kanchébéri were
determined from the observed angles
and received no correction.

Budhon Meridional Series.

Firozabad and Bara-
gaon

Mehtra and Bénsgopél

+11'3&
+ 12°0
- 167 &
—=17'3

Simple proportion.

»



38 INTRODUCTORY.

. . . . Errors
Commencing at Stations Ending at Stations I in feet

Group

Method of Di i
and Remarks,

3 |[Rajauli and Bénsgo- | Sirsa, Bhatauli and | ...
pél Milik

4 Sirsa and Bhatauli Sheopuri and Mahesari

1 Tinsm4l and Rangir | Manang + 38
2 Datifra and Manang | Kalsén — 31'3
8 | Kalsén and Bisungarh | Fatehganj - 250

1 Amua and Lakanpura | Jijmaun

2 Ms4dwa and Jéjman Dariwal and Sirwaia

Budhon Meridional Series—(Continued).

The adjustment of this group was
somewhat complex, because of the
number of fixed heights in it. They
comprise Rajauli and Milik fixed in
Groups 2 and 4, and Béinsgopél, Ba-.
rauli, Atora, Sirsa and Bhatauli fixed
by Spirit Leveling. The adjustment
was made thus:—A preliminary value
of Kandarki was obtained from the
mean of those furnished by Bénsgo-
pil, Atora and Sirsa, and employing
this value and the heights of Bans-
gopél and Rajauli, a mean value of
height of Chandanpur was obtained
and adopted as final. Again, employ-
ing a preliminary value of height of
Chandanpur, as determined from Ra-
jauli and Bénsgop4l, and the heights
of Bénsgopél, Atora and Sirsa a
mean value of height of Kandarki
was obtained and accepted as final.
Lastly the height of Lt was deter-
mined by taking the mean as derived
from Kandarki, Sirsa and Milik.

Minimum squares.

Rangir Meridional Series.

Simple proportion.
9

»

Amua Meridional Series.

Minimum squares¥.

Minimum squares.

* After this reduction was made the heights of Paprendi and Kénikhera were determined by the Revenue Survey Leveling Opera-
tions that of the former station differed only by 2 feet from the value determined by minimum squares, but that of Kéndkhera differed
by 10 feet. The spirit leveled values of both heights were adopted, as also the values of all the stations obtained by computation south of
Kindkhera. The error which shewed itself to the north of that station was dispersed by proportion between it and J&jmau.
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Group

Commencing at Stations

Errors

Method of Dispersion,
in feet

Endiog st Stations and Remarks.

Sirwaia and Parser

Karéra and Marwas
Majilgaon and Karra

Horesa and Salon
Khéra and Munai
Janai and Tauli

Turkani and Utidmau

Chapri and Pokra

Baripurand Ganeshpur

Sirwéra and Kapradi

Orejhér and Kumeria

Amua Meridional Series—(Continued).

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

(XX “ee XYY XY} (XX}

Kardra Meridional Series.

Majilgaon and Karra Minimum squares.

Horesa and Salon The height of only one station, Pa-
rifion, is obtained in this Group, its
value being the mean of the determi-
nations from the 4 surrounding

stations.

Munai — 10 Simple proportion.

Tauli — 18 2»

Pesar and Turkani This Group fixes the heights of
Tikiri and Basantpur only. The ad-
justment was performed in a similar
manner to that of Group 8 of the
Budhon Series.

M4si - 2'3 Simple proportion.

Gurwdni Meridional Series.

Baripurand Ganeshpur| — 102 & Simple proportion.

Kapradi - 2'3 »

Réhet and Bisaul Minimum squares. The only two
points of this Group not fixed by
Spirit Leveling are Rarauli and
Nansa.

Saibara Minimum squares.
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Group

Commencing at Stations

Ending at Stations

Errors
in feet

Method of Dispersion,
and Remau&l ’

Gora and Sewhdhi

Hirdepur and Barhan-
pur

Chit Bisrém and Sa-
menda

Balariiganj and Ba-
niéipér

Khaira Péndu and
Huriléong

Hetampur and Nuéfon

Daunfha and Patjir-
wa

Gora Meridional Series.

Barhéni and Hirdepur

Chit Bisrém and Sa-
menda

Balaridganj and Bani-
dpér

Gharbariaand Dharam-|
singua

-57&
- 6°2

Simple proportion.

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

This Group contains only one point,
Bhadir, not fixed by Spirit Leveling,
anditsfinal height isthemean derived
from the four neighbouring stations.

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

Hurtldong Meridional Series.

Nuéon

Patjirwa

Naunangarhi and Bak-
wa

— 0%

+ 86

Simple proportion.

Ditto.

The height of Naunangarhi was
first determined ; it is the mean of the
value from Patjirwa and that from a
dispersion by removes between Bak-
wa and Rupdi of the North-East
Longitudinal Series. The height of
Binharwa was obtained from all the
other stations of the group, a mean

value being accepted as final.



THE FINAL VALUES OF HEIGHT.

Group

Commencing at Stations

Errors

Ending at Stations in feot

Method of Dispersion,
and Remarks

Kasiftn and Chendwér

Barra and Phulwaria

Harpur and Séwajpur

Bémani and Ghoranji

Sajanpura and Basant-
pur

Durgapur and Malin-
cha
Pirdauri and Barfri

Baréra and Dighi

Chendwdr Meridional Series.

Phulwaria

Palédpur and Harpur

Madanpur and Amua

Simple proportion.

Ditto.

The height of Madanpur is the
mean of four values, two of which are
obtained from the Chendwér and two
from the North-East Longitudinal
Series. The latter are brought up
from the stations Chandarsanpur
and Narhar, for which provisional
values of height were deduced b
simple proportion between the Spirit
Leveled heights of Chotaipati and
Harpur of the North Psrasnéth
Series and the stations of the Chuni-
Di-wénganj polygon on the North-
East Longitudinal Series, which
themselves rest on Spirit Leveled de-
terminations at 4 of the stations in
that polygon. The height of Amuais
the mean of four values two of which

.| are derived from the Chendwér Series

and two from the North-East Longi-
tudinal Series.

North Pdrasndth Meridional Series.

Basantpur - 53

Chotaipati and Harpur|

North Malincha Meridional
Baréri
Dighi

pr— 4'2
+ 6'0

Rémnagar and Manula

Simple proportion.

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

Series.
Simple proportion.
Ditto.
The height of Manula is derived
from Group 15 of the North-East
Longitudinal Series, and the height

of Mohania is the mean derived from
the four neighbouring stations.
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Errors Method of Dispersion,

Commencing at Stations Ending at Stations in foet and Remacks

Group

Calcutta Meridional Series.

Sétten, Chinsurah and
Nial

Sondkhoda and Rim-
ganj of the N.E.
Longitudinal Series.

+11°7 &
+10°5

Simple proportion.

~

East Calcutta Longitudinal Series, Brakmaputra Series, Eastern Frontier Series—
Section 23° to 26°, and Assam Longitudinal Series.

No Spirit Leveled values of height occur in any of these series, and the heights of the
stations were adjusted by simple proportion as follows:—A circuit was formed of which the
right-hand branch commenced from Chinsurah and Boga of the Calcutta Meridional Series,
and passing vid the East Calcutta Longitudinal and the Brahmaputra Series, closed on the
stations Alangjini and Sdmding of the Assam Longitudinal Series, and the left-hand branch
commenced from Kanchéb4ari and New4ni of the North-East Longitudinal Series, and follow-
ing the Assam Longitudinal Series, closed on the same stations. This gave closing errors of
—2'3 and 4-o°2 feet, which being dispersed, the heights of Orfi, Hatidra and Pédkdiha of the
East Calcutta Longitudinal Series became available as fixed data for originating the right-
hand branch of a second circuit, and those of Partdbganj, Dhubri and S8imding of the Assam
Longitudinal Series for the left-hand branch : these two branches closed on the stations Sogaria
and Gojalia, where the East Calcutta Longitudinal Series unites with the Eastern Frontier
Series. The second circuit exhibited errors of 4 13°3 and + 12°7 feet. In both circuits the
mean of the errors at the closing stations were the quantities dispersed.

Abstracts of the calculations of the trigonometrical differences of height for the several
series embraced in the North-East Quadrilateral, and which also contain the final values of the
heights adopted for the stations, will be found on pages 168—r, 86— , 38—k, 34—L, 48—u,
84—y, 68—o, 60—p, 48—, 32—p, 48—s, 68—, 66—r, 81—r, 98—, and 76—x.

In these abstracts there are given for each station, the astronomical date and mean
time of observation whenever forthcoming, the mean of the observed angles preceded by a
letter shewing whether it is D, a depression, or E, an elevation, and the number of observa-
tions of which it is the mean. Then follow in succession the heights in feet of the signal and
instrument employed, the contained arc between each pair of stations and the amount of
refraction expressed both in seconds and as a factor of the contained arc. Next is recorded
the trigonometrical difference of height of each pair of stations as deduced from the observa-
tions. These differences are followed by the several values of height of the deduced station
above sea level as brought up by the triangulation, and the means of these values for each
station. And lastly are recorded the final values, obtained as has been explained in this section,
together with the heights of the pillars or towers from which the observations were made.
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" It has occasionally happened that after observations have been taken by one observer
at a tower station, a second observer, coming to connect the station with new stations, has
found it necessary to increase the height of the tower. In such cases the final height of the
tower is that to which the results given in the numerical abstracts relate, the previous obser-
vations having been reduced to it, by referring the heights of the signal and instrument to
the surface of the raised tower. When the height added to the tower exceeds either or both
of these heights, the corrections for signal and instrument require the opposite sign to that
which they usually take. In such cases a note is always inserted in the numerical abstracts,
drawing attention to the fact.

8.

The Determination of Azimuths by Astronomical 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. -
' ‘When the meridional series of this Quadrilateral which emanate from the Calcutta
Longitudinal Series were executed, azimuths were observed at one of the base stations of
each series ; and the direction of the meridian so obtained was employed in the calculations of
the series in preference to that brought up by triangulation. This procedure was due to the
then inferior character of the triangulation on the Calcutta Longitudinal Series. Since the
revision of this series, which was completed in 1869, the azimuths obtained by star observa-
tions have been discarded in favour of those furnished by the triangulation; they were em-
ployed when the fundamental azimuth at Kalidnpur was determined from a combination of
the observed azimuths at several of the surrounding stations—see pages 137 to 141 of Vol.
II—they have not however been made use of in direct connection with the triangulation, but
are reserved for future investigations of the Figure of the Earth ard of local attraction. The
observations having been made pari passi with those of the angles of the triangles, and re-
duced pari passd with the preliminary reductions of the triangulation which precede the
Simultaneous Reduction of each Quadrilateral, they and their reduction have been given in
the volumes which treat of the triangulation.

The observations for azimuth consist of measures of the angle, at any station, between
a circumpolar star, when near either elongation, and some other station—either directly or
through the medium of a referring mark—which are made in accordance with the system
followed in observing the horizontal angles as regards the changes of zero, but with a large
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, 84, from the value at elongation is subsequently calculated and applied
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to the observed angle between the star and the referring mark. 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 may be deduced.

The formula for calculating 54 is

. — (2 sin® } 8P cosec 1”) tan 4 cos’a
84 = (iP5 § 5P) & (cot P.smsP) ¢ - - - (3%

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 84 the difference in azimuth for the time 3P 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 measured, just as
any other angle ; the several measures will generally be found in the Abstract of the Observed
Angles at the observing station, and if not there then after the abstract of the azimuthal ob-
servations.

The Abstracts of the Azimuthal Observations which were made on each series will be
found respectively on pages 181—r, 64—, 44—x, 89—z, 66—un, 40—y, 69—o, 656—p,
64—¢q, 36—z, 48—s, 66—71, 11—r, 89—, 103—p , 84—x, in which are given, besides all
necessary information regarding the observations themselves, such details of the calculations as
will enable them to be followed up to the final result, viz., the differences between the Astro-
nomical and the Geodetical Azimuths. Sometimes the whole of the observations on a pair of
gzeros could not be completed in one night; in such cases the remainder were taken on a sub-
sequent night, and the change of star’s place was duly allowed for in the reductions.

9.

The Final Reduction of the Triangulation. Preliminary Sketch.

The different processes employed in the reductions which have as yet been described,
are applied to the single triangles, polygonal figures and net-works by which the chains are
built up. It has been the custom to make each field season’s work, whenever possible, close
with a complete figure; so that, during the succeeding recess, the preliminary reduction of
the whole might be effected, and the resulting data rendered available for any immediate pur-

® The values of the portions of the formula enclosed in brackets, within the limits 3P = 30m and a@ = 10°, have been calculated, and
sre given in the Awriliary Tables; thus, as tan 4 cos’s may be treated as a constant for each elongation, the calculation of 34 is easily
performed. .
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poses for which they might be required. The portions of the triangulation so-treated fulfil
all existing conditions until a chain closes on a base-line, or two or more chains combine to-
gether to form a circuit. Further conditions then present themselves which the triangulation
has to satisfy as a whole, namely :—

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

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

Before proceeding to indicate the forms of equations which result from the foregoing
conditions, it may be as well to anticipate a possible objection in their application. As all
errors are to be dispersed by the method of minimum squares, which assumes the indepen-
dency of all the quantities under investigation, it might be imagined that we must now again
revert to the observed angles, as the angles which have been corrected for figural conditions
cannot be considered independent. Ithashowever 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.

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

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 equations to
be solved is eventually reduced to the number of new conditions to be satisfied, or in other
words to the number of what are here called Circuit Equations, the term having reference
to all the closing errors of the chains of triangles, whether occurring internally at the ends
of the circuits, or externally on the base-lines.
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After the completion of the Simultaneous Reduction, the angles appertaining to the
portions of the polygonal figures and net-works, which had been excluded, are corrected in
such a manner as to restore the consistency of each figure, without altering the values of the
angles which have already been fixed.

10.

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

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

1. Linear Equations.

If a be the length of the side of origin of a chain and & the length of the closing
side as obtained by triangulation, and the triangles are numbered from 1 to m consecutively,
we express the value of & logarithmically as follows :—

log b = log @ + log sin ¥, — log sin Z, + log sin ¥, — log sin Zz} (33)
.« (33
4+ ... +logsin Y, — log sin Z,

‘When this equation is differentiated, if we write y for dY and 2 for dZ, we shall have
an expression for d log b, the error in log &, in terms of the angular errors y and z. Now

d log sin Y = {tabular difference (t.d.) log sin ¥ for a change of 1”} x dY
dlogsinZ=§{ . . .. .., logsinz .. ... .}XdZ

Thus if for brevity we denote t.d. log sin ¥ by 8 and t.d. log sin Z by y, we have
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) Clll().gb~=.51’y1_71zl+32y2—7222+"-+ﬁm.%ﬂ'—7ﬂ'zﬁ' ¢ e (34)

As in this equation dlog b as well as 8 and y represent quantities in the 7th place of decimals,
it is convenient to treat it as if both sides were multlphed by 107, by which means dlogd,
B and y become respectively the number of units in the 7th place of decimals. If we put E
to represent the actual closing error in log b, and employ brackets to denote summation, the
last equation. may be written

E::'[By—yz] N 1))

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

[By — yz] = log b computed — log b measured . . . . . . (36)
é,nd at junctions of chains we have

" [By —yz)e — [By — y2): =1ogd, —logh, . . . . . . . (37)

~ the subscripts » and ! referring to the right and left-hand chains of the circuit.

The coefficients 8 and y are taken by inspection from any .book of logarithms which
gives the logarithmic sines of angles for every second of arc.*

The form of linear equation here given is the same as that employed for the South-

East Quadrilateral, but differs from that employed in the reduction of the North-West Quadri-

lateral, in that B there stands for cot ¥ and y for cot Z, and E is the error in log & multiplied
cosec 1”

by Modulus'

II. Geodetic Equations.

The formulee which have been employed for calculating differences of latitude and lon-
gitude and azimuth, have already been quoted at pages 30 and 31. In now dealing with these
we confine our attention to the first terms only. Differentiating them with respect to ¢ and
A, treating p, v and \ as constants, we have the following expressions for the errors in lati-
tude, longitude and reverse azimuth at any station ;—

* To save time this is done in course of the preliminary calculation of the triangles, the tabular differences being then noted on the
triangle sheets, from which they are afterwards taken when wanted. Provision is also made in the triangle sheets for again employing
the same tabular differences as factors of the final corrections of the angles in calculating the corresponding corrections to the logarithms of
the sides of the triangles.
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da) = A\ %-ddtanAsim"} R 7))

dAL=AL{d-0—0+dAcotAsin1”} e e e e e . (39)

dB=dd +8{% radootdsinr } . L L. (a0)

In these formulse de and d.4 represent the total errors in the length and azimuth of

any side of a triangle, which have been generated between it and the side of origin of the chain
of triangles. These errors have to be expressed eventually as functions of the generating angular
errors; consequently it is necessary to express them, in the first instance, in terms of the
errors generated between the stations of which the geodetic co-ordinates have been computed
consecutively from the origin. Let Station | be assumed to be the origin of co-ordinates, and

2,3, ...

to be the subsequent stations; suppose the origin of co-ordinates to be situated at

either extremity of the initial side of the chain, and let the given data on which the calcula-
tions are based be the length of the initial side ¢, the latitude and longitude of 1, and the
azimuth of ¢ at 1: also make the general symbols of the differential equations special by the

addition of numerical subscripts, in the following order

for the Side | to 2; M[, AL], AA[, Ciy Al and B;

» nton-+41; AN, AL, AAd,, c,, A, and B,
where n# + 1 is the last flank station.

Now if 8¢: be the linear error generated between ¢ and ¢,

80;. ¢+ e s 8 e o o o o s s 210p=y and cs
and if

84, be the azimuthal error generated between ¢ and ¢,

BA,...............cn-;andc»

then for the successive values of %‘-’ in the differential equations we have
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dey _ 30, *

C C

do, _ %, 3o,

¢ ¢ T e

P e e e e e (41)

do, % %, 42

c, cy Ca c. J

and for successive values of d4
dA I 84]

dAz=dB| +8Az
e e e e (42)

dA. = d.Bn—( + SAI }

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

powers of sin 1” than the first occur, or are latent as in products of sin 1” by %c_’ we obtain

the following general expression for d.B,, the error in the azimuth of the n™ at the (# 4 1)
station

dB,= :[AA]STO: + :[AA]C—: + ... +AA,.§0%' A .

v
.

+ {1+:[AA00tA]sinx"}8A. + {I+:[AAcotA]sin 1"}8.4, . (43)

+ .. .+ {1+AA,.cotA,.sin1”}8A,. ]

The errors in latitude and longitude at the same station, the (# + 1), are the sums of
the respective errors generated between the successive stations of the traverse, that is to say

dx,,, = :[dAx]; dL,,, = :[dAL] .

Expressing the dAX and d A L for each station in terms of 8¢ and 84, and making
the successive summations for the right-hand members of the last equations, we have



50 INTRODUCTORY.

dhyy = [ o %c.l + :[A"]% + ...+ Ax.s—f" )
—{ [artm4]5 4, + [axtan 4]5.4, L (4e)
+ . . .+ AMtand, 34, fein1” |
and
damﬁ@ﬂ%+:pq%+_..+AL%ﬁ
A
+ .. .+ AL,.cot4,.8A,,}ginl" )

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

3¢

= Lol xM 7
AAT = JralqgX ¥ X 10

and l—c{ X 10" = the number of units in the tabular difference of logc¢ in the 7th place of
decintals ; if we call this t.d.log ¢, and put

1 1 .
Am=m—AXTa7-..........(46)
then
[A)\]—8£=[ m]td.logede . . . . . . . . . (47)
c A ‘
Similarly if we put
1 1
M= uAl e
(48)

) 3
Aﬁ& - EAA*—
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we shall have
| [42]% = [ m]td log eo
- K . .
5 (49)
c
[a4] 4 =[ m]tdlogede
Again putting
_ c o n g )
g = - cos Asin 1”7 10
A .
Lg:fsechinl"lo“ SO (1)
g = P tan \sin 1” 10°
4 v J
it follows that
R 1 7
- [A)xtanA]sml = _AgALB = [Ap] suppose
. "o B 1 —
+ [ALcotA]sml =+ |, 94\ IB] = [Lp] » >+« « (51)
- e w o i 17 _
+ [AAcotA]sml = 4+ _AgA)\ B] = [Ap] »

For calculating these expressions A9 ,gand g can be tabulated for every degree of
latitude involved, and special values may be obtained by interpolation.

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

da, ., = "[ Am]t.d. log ¢..8¢, + "[ Am,]t.d. log cabes + .. . + J td. log Cn.OCs
" o . (52)
NI ) PR
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dL,,, ="[ Lm]t.d. log c..8¢; + :[ mtd.log endes + . . .+ mytd.loge,de,

. . . (53)
b Ll ATk i

and

dB, =

"[4m]t'd° log c..d¢: + "[‘m]t.d. log ¢a.8c; + . . .+ ,m.t.d.log c..dc, "
1 3 . ) 54
+{1+:[‘p]}84,+{1+:[Ap]}3.4,+...+{x+4p,,}8A,. ‘

‘We have finally to express the values of the errors 8¢y, 8cs, 8¢3, . . . and 84,, 84,, 84,

. . . in side and azimuth, which were successively generated between the stations whose
geodetic elements have been computed, in terms of the generating angular errors. In doing
this there are two courses open to us. One is to carry the geodetic calculations from
Fig. L Fig. 2 station to station along either flank of each chain of
3 triangles, the right flank being preferred because

every value of 4 is then always obtained by add-
ing the included angles of the traverse to the pre-
vious B; another is to carry them from flank to
flank in a zig-zag manner across the chain, when
the included angles of the traverse have to be
alternately added and subtracted to obtain a fol-
lowing 4 from a preceding B. These methods
are illustrated in both the accompanying figures,
the dotted lines representing the traverse along
one flank of the triangles, and the broken lines
the zig-zag traverse from flank to flank. Of the
two methods the first has been employed for the
whole of the triangulation comprised within the
North-West and South-East Quadrilaterals and
the first ten Circuits of the present Quadrilateral.
But for the remaining triangulation, which falls
to the east of the Calcutta Mecridional Serics,
Major Herschel adopted the second method. The
sets of equations which result from either method

will now be shewn.

But first it must be stated, in explanation of the two figures in the margin, that
in both of them the block numerals (, 2, . . . indicate the numbering of the stations on
the direct line of traverse. When the traverse is carried along a flank of the chain of tri-
angles, the traverse stations are much less numerous than the triangles, and they therefore
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require a separate numbering; but when it is carried in a zig-zag, from flank to flank, every
traverse station is the vertex of a triangle and may take the number of the triangle, and con-
sequently in this case the traverse stations do not require a special numbering. Thus different
notations are needed in the two cases, as will now be exemplified with reference, in both
cases, to the chain indicated by Figure 1, because it is less direct, and thus leads to more
complex expressions of error, than the chain indicated by Figure 2.

1.—The Direct Line of Traverse.

Following Fig. 1, and employing old face numerals as the subscripts for the traverse
stations and ordinary numerals as subscripts for the triangles, it will be seen that ¢, and 84,
are the linear and azimuthal errors generated between the initial side ¢ and the traverse side
(-2, 3¢, and 34, are the linear and azimuthal errors generated between the traverse sides (-2 .
and 2-3, and so on. Hence

04, =z, + ¥,
84, = %+ Ys
0d; = 73 + 2, +y;

(55)

also writing

a for t.d.log sin X
B , td.logsinY
Yy » td.logsinZ

it can be easily demonstrated that

t.d. log 01.86'1 = Bl N —n=s + 0y Ty = Y3 2y

td.log c:d¢c: = By yy —ay 2y + ag &5 — y; 25 (56)
. 5
td.log c;8c; = Byyg—asZs+ By Y — va 2+ 05 5 — 75 %5

Eliminating # from these expressions by help of the triangular equation # + y + 2 = o,
substituting the values of 84 and 8¢ in the expressions for d s+, dLn+: and dBa, and
introducing the following symbols, viz.,
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E for the left-hand member of either equation

p: for the coefficient of t.d. log 01.80,; or :[m]

TP » t.d.log ¢:.8¢;, :[m]
L TR » 34,, or :[p ]
‘I’z 2 » 34,, Y :[P]

we shall have the following general expression for an error either in latitude, longitude or
azimuth, in which when two consecutive us occur as forming a factor of «, thus (u;+: — ),
they may be replaced by — m; :—

E=+4 (1 B — ¢y, + (—p 7 — 1)z A
+ (—miay + pa By + ¢1)ys + (— Miag— pays + ¢2)2,

+ (—maag + p3 Bs + b2)ys + (—maag— pays + ¢3)2 ¢ . (57)
+ (138, — ¢3)9s » + (— 37— ¢3)2
+ . .. J

The general forms for the coefficients of y and = are : —

First.—If the pth triangle have no side in the line of traverse, but only an angle at
the station /,

WB =)+ (—urve—)z - . « < . . . . (58)

Secondly.—If the gth triangle have a side in the traverse between the stations ! and
141,

{—mia,+ i B+ S}y, + {—ma, — puy, + 41}z, .« . . (59)

Exceptions may 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 of the angles at station 7; also that yu; enters the coeffi-
cients of the errors 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.
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The substitutions for x and ¢ to render the general equation applicable to either lati-
tude, longitude or azimuth are now as follows :—

Table of Substitutions for p and ¢.

Latitude Longitude Azimuth
For £ (/) P ALy + 1. dB,
» M Al o aP
» ¢ A¢ L¢ 4¢
o o | +Ln] e "
v o |+ Lm] +.[m] +L]
PYR L + Amn + Mn + aMy,
» b |+ 2] +[,2] i+ 2]
» ¢3 +:[Ap] +:[Lp] l+:[4p]
»  Pu +,‘P» + D« 1+ 4Pn

9.—The Zig-zag Line of Traverse.

The Zig-zag Line of Traverse follows a course such as is indicated by the broken lines
- - - - in Figures 1 and 2; every two consecutive sides of the traverse include only those
angles of the triangles which are known as flank angles and are symbolized by X, in contra-
distinction to the ‘angles of continuation’ which are symbolized by ¥ and Z; in the direct
line of traverse all three angles occur indifferently. There is of necessity, therefore, a greater
uniformity in the coefficients of y and 2z in the resulting geodetic equations, and further
we may dispense with traverse numbers and employ the triangle numbers only in indicating
the component factors of the coefficients which are respectively due to the traverse and the



56 INTRODUCTORY.

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

 For the side of continuation of triangle 1, AN, AL,, A4, ¢, 4, and B,
2 tl'iangle 3, A)‘%S’ A.Lg's, AAg's, Ca3» AQ.S’ and 'B2.3’
» triangle 4, AN,, AL,, AAd,, ¢, 4,, and B,,

and so on, shewing by the subscripts the specific numbers of the triangles which are made use
of in the successive deductions. 8¢, and 84, are now the linear and geodetic errors generated be-
tween the initial side ¢ and the first side of the traverse, or the side of continuation of triangle 1.
8¢, 3 and 84, are the linear and geodetic errors generated between the first and second sides
of the traverse, or between the sides of continuation of the triangles 1 and 3; and so on. But
it must be carefully borne in mind that whereas in the direct line of traverse the forward
azimuth 4 at any station is deduced by the addition of the included angles to the back azimuth
B, in the zig-zag line of traverse the included angles are additive only when they are to the
left of the line of traverse and are subfractive when they are to the right; hence 84 carries a
plus sign in the former case and a minus sign in the latter.

If we now substitute for 8c and 84 in terms of 2, y and 2, we may dispense with dif-
ferent symbols to distinguish between the traverse and the triangle-numbers, and sball have

84, =+2 ==0h—2
8dys = — 2y =23 = + yy + 2, +ys +2

. (60)
SA4 =+x4 =—y6—z4'
and
td.logede, = Biyi—72
t.d.log cys.80s = By —v2% +Bs¥s — 13 % R (1))

td.logeude, = By, — 7.2

We are now again in a position to substitute the generating angular errors for the
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errors in side and azimuth in the expressions for d\,+:, dL,+: and dB, given by equations
(52) to (54). But before so doing we must make further changes in the notation. # is now
no longer the number of sides in the traverse but the number of triangles in the chain, and
the right-hand subscripts of the expressions will be (1), (2,3), (4), (6), (6,7), &c., double
numbers occurring wherever two triangles are included between successive sides of the tra-
verse. The same double numbers will have to be employed to symbolize summations,

thus :[m] or gn[p], and also for the us and ¢s, thus pyg, ¢5. These double numbers,
2 »3

although they somewhat confuse the analytical expressions for the errorsin latitude, longitude
and azimuth, cause no trouble in practice, when the calculations are made with the aid of a
reduction chart, as is usually necessary.

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

E=4(—d+mB)n + (= —myda )
T A (Pas o mes Bo)¥s F (Pos — Hes ¥e) %

+ (bos + posBs)ys + (Pos —Bas )z ¢ ¢« o o (62)
+ (= + s BIYs + (—Fs — 1y 742,
+ .. . . J

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

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

y=1¢+pB

© e 2

...:.......(63)

v —py

where . stands for 4 or —, the former if the trlangle lies to the right of the traverse and the
latter if to the left®.

* If the traverse stations are numbered in succession, the * Table of Substitutions’ will furnish the formula for any p or ¢ ; but it was
preferred to calculute these triangle by triangle in the same form in which the coefficients of the angular errors, t¢ + 4 8 and ¢p—py, were
calculated. Besides the dispensing with separate subscripts for the us and ¢s, this form has the advantage that the longer expressions for the
coeflicients of the angular errors of triangles with one side in the traverse are absent, while if the aseries to which it is applied are double
the number of ps and ¢8 which have to be computed may be much the same. On the other hand, when the chains of triangles are single,
see Fig. 2, the number of us and ¢ s is nearly doubled ; some slight liability to error is also occasioned by the change of sign of ¢. This li-
ability to error is absent from the old form, and the double formula for the coefficients of the angular errors are not so troublesome as might
be supposed at firet sight, as they can be easily written down with the aid of the Reduction Chart, by help of the rules given on page 54.

W.H. C.
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8.—Calculation of the Absolute Terms of the Geodetic Equations.

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

&
|

)‘r_ xl

LE = Lr-Ll e o e o e o o o o Vo (64)

&
|

B —-B

4 r 4

4.— Calculation of the Geodetic Factors in the Coefficients.

In calculating the factors . and ¢ the following approximations were made :—

I .
For m = A)LBT’ was put ‘23 A\ 5

L
M

1 1
2 Lm — E L-‘? 2» ’23ALW ) e o o o o (65)

B>

» 4

4%7 " '23AAI—’O-U

and A\, A L and A 4 were retained to the nearest second only. g, I and g Were tabulated for
every degree of latitude required to two decimal places and were employed by interpolation
to one decimal place. The table will be found at the commencement of Section 11 of Chap-
ter III. The values of the us and ¢s obtained in this manner are somewhat less rigorous
than those of the South-East Quadrilateral; but with the aid of Crelle’s Tables of Products
the labour of calculating them is greatly reduced.
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B.—Application of Equalizing Factors to the Linear and Geodetic Equations.

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

for azimuth equations . . . . . . 1
» latitude and longitude equations 15

s»» linear equations . . . . . o003

11.

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

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

iy +2 4. o vy 4+ iz = G E Y
zh]_yl + a0 2 +. . .+ zhtyt + 2 = E

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

uﬁl!ll + a0+ 0 byt = JE
in which eqnations the left-hand subscript in ¢ old face’ type corresponds to the number of the

equation and the right-hand subscript in ordinary type gives the number of the triangle.

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

(y1+z1)2+y21+z21+ L+ e+ 2)°+9%+ 2% ... (69)

% %

The symbols employed for the ‘indeterminate factors’ are .4, ,A, ;A, &c., and the
equations between them are* t

:[,h,B+,c,®],A+i[,b B4+, . .+:[‘n,as+,c,,at]”A=lEs

:[,n 3B 4 ¢ ,QI],A +:[,,, m‘+':"’@j,A +. . .+ :[ 5B 4 ,,QI],,A: E s

ateelatpBtrelat. . +[bB+r8]la=.F

® 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 were made use of as a check on the eulcuktlom in the North-West and
South-East Quadrilaterals ; and the diagonal coeficients were obtained also by the formula

2 Tu (s —se + ).

These checks were superseded in the North-East Quadrilateral by equating the sum of the coefficients of the As in any, the ¢**, equa-

N DRCAEESC]

+ The analytical expressions for the coeficients of the indeterminate factors in equations (68) have been obtained by eliminating
from the circuit equations one of the angular errors of each triangle, by help of the triangular equation z + y + £ = o. The sume form
may be arrived at by retaining the unknown quantities, but eliminating the factors appertaining to the triangular equations from the
equations between the indeterminate factors, prior to their solution. This has already been pointed out, see note on page 404 of Vol. IT.

I 6y, plu: 2°n be the coefficients of z,,, y,,, 2, in any the pth equation and their sum be put equal 3,4,, the coefficient
of A in the gth equation will first take the form

tion to

>

m =t '
m-l[;{’a'ﬂa'+96-¢bﬂTpc-qcl 3}!-1.}]

which is remarkable for its symmetry.
If now we write D for 5—a and € for ¢—a the coeficient becomes

l'[qn_ B+ L ,,or,,]

which is the seame as in the text ; and the expressions for the errors y and = take the same form as in (69).
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in which
B = g(zh—c), and € = ’5‘(2:-5)

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

=8, A+,.8,.A4 . . . + B, .4
=@ A+.CA+ . . L +.8A .. L. (69)
z,=— (¥, + %)
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CHAPTER IIIL

THE DETAILS OF THE SIMULTANEOUS REDUCTION.

1.

On the General Aspects and the Magnitude of the Undertaking.

It has been stated, in the first chapter of this volume, that the eastern limit of the tri-
angulation appertaining to the North-East Quadrilateral was originally intended to be the
Calcutta Meridional Series. The Quadrilateral would thus have embraced eleven meridional
series, starting from the already fixed Calcutta Longitudinal Series to the south and running
parallel to the already fixed section of the Great Arc to the west; it would also have embrac-
ed a longitudinal series to the north, and one obligatory measured length, viz, the Sondkhoda
base-line, at its north-east corner. Its reduction would have involved the formation and
simultaneous solution of 46* equations between indeterminate factors, of the form given in the
last section of the preceding chapter. Now the North-West Quadrilateral had only presented
23 and the South-East 15 such equations; and in both the labour entailed, first in the forma-
tion of these equations, and afterwards in solving them by the method of minimum squares—so
as to obtain the most probable results—was very great, involving many precautionary calcula-
tions, to guard against the occurrence of any error, without detection, throughout a mass of
calculations occupying several computers for many months. Thus it was not unnatural that
an undertaking which, at first sight, appeared to be so much more extensive than the two
great reductions which had preceded it, should have been contemplated with some anxiety lest
it might prove to be impracticable.

* In reality there might have been 47 equations, for the Budhon Meridional Series has a station, at Rdepur, near its middle latitude,
which is only a fow feet distant from a station of the Great Arc, the intervening spnce being occupied by a temple; and while the final
reductions were in hand the distance and mutual bearings of the two points were measured by an Officer specially deputed for the purpose ;

afterwards the Budhon elements were adjusted to the fixed elements of the Great Arc at Réepur, by the introduction of 2 additional equa-
tions, one in latitude the other in longitude.
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Now some of the interior meridional chains of triangles had been executed by inexperi-
enced observers and with instruments of an inferior order to those subsequently employed on :
the other chains, so that these portions of the triangulation had been accomplished under less
favourable conditions than the other portions. Thus a material simplification of the under-
taking might have been effected by excluding the inferior chains from the general reduction, .
and fitting them into their final places subsequently ; for the exclusion of any internal chain
would diminish the number of equations for simultaneous treatment by four, and consequently
leave four equations for subsequent independent solution by themselves. It had been found
necessary in the reduction of the South-East Quadrilateral to exclude the two meridional
chains known as the South Malincha and the South Parasnith Series, because of their mark-
ed inferiority to the surrounding chains. This method of simplification was at first seriously
contemplated ; but on closer examination it was found not to be desirable ; for the theoretical
errors of the angles in the worst portion of the triangulation were not so much greater than
those of the angles in the better portions, but that a judicious combination of the whole tri-
angulation might be made on the basis of the existing evidence regarding the relative weights
of the several angles.

One series only—the Budhon Meridional—was eventually excluded ; this was done not
so much because of its inferior character, as because its connection with any other portion of
the triangulation than the Calcutta Longitudinal, was so slight that its influence on the
general reduction would have been barely if at all perceptible. Starting from the southern longi-
tudinal series, the Budhon chain closes on the upper extremity of the Great Arc, and not on the
northern longitudinal as do all the other series; it is connected with the northern longitudinal
series, but only by a single triangle, the one which is now numbered 57—see the Reduction
Chart for that series. By excluding this triangle from the Simultaneous Reduction, and treating
it as one of the redundant triangles of the polygonal figure to which it appertains, the Budhon
Series could be, and was, completely severed from the North-East Quadrilateral, and made to rest
entirely on the two fundamental series at its extremities. Its separate reduction will be
found in an appendix to Part I of this volume.

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

A further elimination of eight equations, by the rejection of the Rangir and the Kardra
Series, was at first contemplated. For on comparing the closing errors of the several circuits
it was found that the largest of all occurred in the circuits into which these series entered,
and that the circuits which would be formed by omitting these series presented much smaller
closing errors. And as the angles had been mostly measured with indifferent instruments—
those of the former with Cary’s two 18-inch theodolites and Harris and Barrow’s 15-inch, and
of the latter with Troughton and S8imms’ 18-inch No. 1, a Cary’s 18-inch, Harris and Barrow’s
15-inch and Saiyad Mir Mobhsin’s 18-inch—it was at first thought that the angular measure-
ments were in fault. But when the relative weights of the whole of the angles came to be
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investigated, with a view to assigning to each angle its proper weight in the final combination,
it was found that the angles of these series were not so inferior in weight to the angles of
the other series as to justify their exclusion from the Simultaneous Reduction.

This will be at once seen from the following table of the average values of the ¢errors
of mean square’—e.m.s.—of the observed angles in each of the several series of triangles,
which has been deduced from the data—given in a subsequent section of this chapter—for
the investigation of the Weights of the Angles.

Average Errors of Mean Square of the Observed Angles, in each Series of Triangles®.

Rangfr + 1”70 Hurfldong + 1”36
Amua 1'64  Chendwar 1°09
The old meridional chains,
Karéra I°2% North Pérasnéth 0 °go pappertaining to the North-
East Quadrilateral.
Gurwéni 111 North Maldincha 1 2%
Gora 1 ‘00  Calcutta Meridional 1 *40_

North-East Longitudinal Series o '42

Assam Longitudinal + 0”63 Brahmaputra ©°'50) The modern meridional and
longitudinal series appertain-
East Culcutta Longitudinal o ‘34 Eastern Frontier o '52 ) ing to the Extension.

West Calcutta Longitudinal Series o "29.t

It will be seen that the value of the angular e.m.s. is largest for the Rangir Series
which might have been eliminated ; but this value is not very much larger than that for the
Calcutta Meridional Series, the retention of which was obligatory; the value for the Kardra
Series is less than that for either the Amua, the Hurildong, or the Calcutta Meridional Series,
and is the same as for the North Malincha. Thus the rejection of either the Rangir or the
Karira Series, on the grounds of the general inferiority of the angular measurements, was
evidently not admissible. This became all the more obvious when an investigation of the
relative magnitudes of the linear and geodetic errors at the close of the ¢circuits’ pointed to

* These values of the e.m.s. are the average values of the adopted denominators of p—or, in other words, of either the e; or the &, or
the mean of both, as was deemed most appropriate in each instance—which are given for each group of triangles in each series, in the tabular
Synopsis of the Values of p* and the Evidence for their Detsrmination in the section of this chapter on the Weights of the Angles.

+ On reference to Section 12 of Chapter II of Vol. VI, data will be found for the calculation of the average e.m.s., not merely of the
observed but also of the figurally corrected angles of this series; the angles are comprised in Figures 9 to 12 of Group III, Figures 13 to 20
of Group IV, and Figure 21 which forms Group XIV; the final weights, ¢, of these angles are the Absolute Weighta in the table at the end
of the section. The square root of the reciprocal of we may be accepted as giving a very fairly approximate value of the average e.m.s. of the
figurally corrected angles of each figure; these values have been combined with woights proportional to the number of angles in each figure.
The value of the e.m.s. thue deduced for the whole series is & o'21, while that for the series as it stands aftor final correction, by the
reduction of the South-East Quadrilaterul, inust be somewhat less ; see Section 18 of Chapter XVII, Volume II.
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a preponderance in the magnitudes of the linear and the azimuthal errors, as compared with
those in latitude and longitude, which is inexplicable, excepting on the assumption that the
lengths and azimuths of the sides of some of the triangles had not remained constant through-
out the operations, but had in some instances become altered, because of deflections occurring
insensibly at the (solid) tower stations in the plains during the progress of the operations.
Such deflections might take place when a newly built tower was used before it had become
settled ; but they would most probably occur during the interval which elapsed between the
closing observations of one field season and the initial observations of the next, and which
sometimes comprised more than one monsoon season with its concomitant heavy rainfalls.

It has already been stated, at page 14, that deflections were met with at the towers
at the extremities of the side Harpur to Barhdta of the North-East Longitudinal Series by
which the length of that side may have been augmented by 108 inches, more or less, the
exact amount not being ascertainable without pulling down the pillars—which were solid
throughout—to refer to the markstones at their basements. But since that page was passed
through the press, some information has been obtained, from the old records of the Rangir
Series, which renders certain what had previously been only conjectural, and furnishes positive
evidence of the magnitude of the possible deflections. The pillars at all the stations of that
series in the plains were made hollow from top to bottom, to enable plumb-lines suspended
from the summit to reach the basement. Thus deflections were easily measureable. The cores
of the pillars were about 12 inches in diameter at top and 18 inches at base; therefore whenever
any deflection not exceeding 9. inches took place, a plummet suspended from the centre of the
orifice above would alight freely on the basement; this however was not found to be sufficient
to give all the play that was desired ; consequently in several instances a ¢capital’ was con-
structed on the top of the pillar, exceeding the diameter of the shaft by about 12 inches, to
enable the theodolite to be set up excentrically, and thus admit of a further deflection of 6
inches. This shows that experience indicated the necessity of being prepared to deal with
actual deflections of as much as 15 inches. But in some instances the deflections were even
greater, for the upper half of the pillar had to be pulled down and rebuilt, to permit of
reference being made from the summit to the ground level by plummet; and in one instance,
when there was not time to rebuild, four markstones, forming a quadrilateral figure with the
diagonals intersecting in the normal of the point over which the theodolite was set up, had to be
constructed round the station, in order to recover the point in case of any subsequent deflection
of the pillar. Now it so happened that permanent platforms were not built round these
hollow pillars, but a temporary stage was erected at each, whenever required. Subsequently
the form of tower station was altered, and the solitary hollow pillar gave place to a solid
pillar surrounded by a platform of earthwork ; and then it appears to have been expected that
the platform would serve as a protection to the pillar and prevent it from deflecting; but
experience has shown that the platform is itself more liable than the pillar to become deflected
during the rainy season, and that by pressing against the pillar on one side it not unfrequently
aggravates the evil it was expected to obviate. Thus the introduction of the solid pillar was
the eventual cause of grave evil, though at the time it was attended with much advantage,
in facilitating the construction and cheapening the cost of the tower stations.
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'We may assume the probable error due to the deflection of a station on the summit of
a solid pillar, during the cessation of operations in the rainy seasons, to be fully 4 6 inches.
Then the e. m. 8. of deflection on the side between two deflected stations will be equal to
4+ /2 X 148 X 6 = say 12 inches.

Hence, as the average length of the sides of cessation on the North-East Longitudinal
Series is 10'8 miles, we may assume that

the average e. m. s. of deflection is = gi 000,077 In logarithmic length,
+ 3”6 in azimuth
on any side affected, while the corresponding e. 7. 5. of deflection on the latitude and longitude
of either of the tower stations at the extremity of that side would be only 4 o0”0c07.

The normal relations between the magnitudes of the theoretical errors in length and
azimuth of the side and in latitude and longitude of the stations at the extremity of a chain
of sensibly equilateral triangles are given by the following equations, for a proof of which
reference must be made to the Appendix to Part I of the present volume * On the Theoretical
¢ Errors generated respectively in Side, Azimuth, Latitude and Longitude in a Chain of Tri-
“angles’”’. Assuming that the triangles are sensibly equilateral, that the three angles of every
triangle have been measured and corrected for geometrical error, that the angles are all of
equal weight, and that no errors exist other than those of the fallible measures of the angles,—
and putting e for the e.m.s. of any angle, R for the ratio of the last to the first side of the
chain, » for the number of triangles, and  for the length of any side expressed in seconds
of a great circle, 100 feet being taken as = 1”, then we have

e.m.s of log B = Modulus ’\/3;—‘ esin 1”

e.m.s. of Azimuth = \/ %". € very approximately

v 203430+ 100

6

On applying these formuls to the North-East Longitudinal Series—which may be
regarded as a chain of 117 fairly equilateral triangles with an average side length of 730",
and with angles of which the average e.m.s. = 4 0”"42—we find that the theoretical errors
accumulated between the origin and terminus are approximately as follows ;—

e.m.s. of log B = = ‘000,0078%
e.m.8. of Azimuth =+ 3”7
e.m. . of Latitude or Longitude = 4 0o"43.

Thus then we see that the theoretical errors in length and azimuth, which the deflection
of the tower stations have rendered only too probable, at any single side of cessation, are prac-
tically identical with the theoretical errors accumulated throughout the entire length of this
chain of 117 triangles by reason of the fallibility of the measurements of the angles.

e. m. . of Latitude or Longitude = ¢ . esin 17,

* If instead of assuming the triangulation to be sensibly equilateral, we take it as it stands, and employ the values of the actual angles
in the calculations of theoretical error—using the logarithmic tabular differences of the sines of the angles which are the coeflicients of the
errors of those angles in the linear equations of condition, as given in Section 12 of the present Chapter—we obtain % *000,0081 as the
value of this e, m. s., which is very slightly in excess of the approximate value.
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And when we test this Series by reference to the measured base-lines which are situ-
ated at its extremities—one in Dehra Din, the other at Sondkhoda—and compare the trigo-
nometrical with the measured ratios of these base-lines, we find discrepancies which clearly
indicate the presence of other sources of error than those due to the angular measurements.
The ratio which is given by the base-line measurements may be assumed to be exact, as has
been shown in Section 4 of Chapter XVII, Volume II; then the (logarithmically expressed)
error of the trigonometrical ratio becomes ‘000,0343, which is four times greater than the
preceding investigation would lead us to expect. But there are no less than eight sides of
cessation on this Series at which tower-deflections may very possibly have taken place; we
may therefore consider that, on the whole Series,

the e.m. s. of deflection is = 4 /8§ X '000,0077 = 5 *000,0218
or more than twice and-a-half the e.m.s. due to the angular measurements. Thus the mag-
nitude of the actual error of the triangulation, which is inexplicable if account is taken of
the angular errors only, becomes sufficiently probable when the influence of tower-deflections
is also taken into account.

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

For these reasons it became necessary to undertake the very formidable task of first con-
structing, and then solving simultaneously 41 geodetic and linear equations of condition, in-
volving no less than 1269 unknown quantities. As this appeared, at first sight, to be a much
more arduous undertaking than had been accomplished in the Simultaneous Reductions of the
North-West and the South-East Quadrilaterals, it was considered necessary to simplify the
calculations as much as possible, by aiming at less arithmetical nicety and precision in the
results than had been previously attained, when every equation of condition had been solved
with almost perfect accuracy ; vide Section 17 of Chapter XVII and Appendix No. 12 of Volume
II, and also Section 16, Chapter II, of Volume VI. But that accuracy had been obtained not
so much by the very perfect system of checks against accidental error which was established,
as by carrying all the calculations to such a number of decimal places as would prevent any
accumulation of arithmetical error to an extent which would become sensible at the close of
a very lengthy series of computations; and this last had been found a most laborious matter.
In the present instance it was therefore determined, from the outset, not to add to the labour
of the undertaking by paying much regard to possible arithmetical accumulations of error;
before the calculations were commenced, Colonel Walker intimated to Major Herschel—to
whom they were entrusted—that he was prepared to accept residual errors at the junctions
of the several chains of triangles with each other and with the base-lines, ‘of, say, 0”5 in
azimuth, 0”03 in latitude and longitude, and 5 in the 7th place of decimals of the logarithm
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of a side’. Thus while the material portion of each closing error would be dispersed
systematically over the whole of the triangulation, small residual errors might remain, not
exceeding what would ordinarily be generated in a few triangles; and these—it was
expected—might be subsequently dispersed over a few of the triangles nearest the junctions,
by calculations of a comparatively simple nature.

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

#® When a choice of equations exists it is generally preferable to select that which involves the fewer unknown quantities ; because, in
most cases, it will entail fewer calculations. Theee calculations are:— (1). The formation of terms (H 38 + ¢ @) of which the sums
oonstitute the significant coeflicionts of the indeterminate factors (A) ; (2). The solution of the equations between the indeterminate factors ;
and, (8). The deduction of the errors by the formuls

=[BA], e=[CA]

(1). The number of terms (§ 38 + ¢ ) which any geometrical equation will furnish, may be ascertained by counting the number of
triangles involved in it, and the number of those same triangles which are involved in any of the other geometrical equations. In each case the
sum will give the number of terms in the coefficient of the corresponding indeterminate factor in the resulting equation between the factors.
Suppose for example the equation to be selected is the pth geometrical equation; then the number of triangles involved will give the
number of terms (§3IB + ¢ (€ ) which go to form the coefficient of A in the pth equation between the factors; and the number of
common triangles involved in the pth and gth equations will give the number of terms forming the coeflicient of P in the pth equation
between the factors: the total number of terms (38 + ¢ (€ ) due to any geometrical equation may be thus easily ascertained. (2). One
equation, however, will in all probability give more significant coeflicients of As than another ; and if the excess is great the additional labour
in solving the equations will also be great ; if on the other hand the excess is emall, while the saving in terms (§ 8 + ¢ @ ) is large, the
choice should be governed by the latter. (3). The calculation of

y=[BA], 2=[CA]

is of course a minimum when the unknown guantities, generally, enter a minimum number of equations; a condition which is often
better fulfilled by selecting a short equation rather than a long one, although the fewer unknown quantities appertaining to it may enter the
larger number of equations.

In illustration of this, in the North-West Quadrilateral a choice lay between a linear equation betwcen base.lines derived
from a chain of 89 triangles, but entailing 19 significant coefficients of indeterminate factors, and a circuit equation derived from 249
triangles but entailing only 18 significant coefficients of factors. In this case there could be no question as to which to select; but
had an examination been nccessary it would have shewn that the shorter equation required the calculation of only 178 terms (38 + ¢ (@)
while the longer would have involved 1606 such terms. Further, although certain of the 78 unknown quantities ¥ and z of the shorter
equation entered 18 other equations, a very much larger proportion of the 498 unknown quantities entered the 17 other equations, In the
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The arrangement of the equations between the indeterminate factors has obviously no
significance on the final results; but it may have much significance on the amount of labour
which has to be gone through in order to obtain those results. The object which should be
aimed at in the arrangement is, to group together all equations which contain a large number
of the unknown quantities in common, in such a manner that each group shall contain as
many as possible of the unknown quantities included in the two groups immediately preceding
and following it; in other words, when the coefficients of the unknown quantities are
arranged in order vertically, the number of blank values befween significant values should be
a minimum, and the number of blank values exferior to significant values a maximum.
‘When this is the case, the equations are presented in the simplest form, for treatment in
successive groups, each group containing one unknown quantity less than the group preceding
it. Blank values entering (vertically) between significant values of the coefficients of any un-
known quantity, lead to the introduction of significant coefficients in every subsequent stage
of the calculations, until the unknown quantity itself becomes eliminated; obviously there-
fore that arrangement is the best which causes no unnecessary calculations of this nature.

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

Moreover it became obvious that additional groups of equations might be introduced
for the purpose of bringing certain external chains of triangles lying to the east of the Cal-
cutta Meridional Series—under treatment simultaneously with the chains first selected for re-
duction, without causing any entanglement of the unknown quantities, but merely increasing
the labour of the solution in proportion to their number; whereas when every term in the
equations between the indeterminate factors is significant, an increase in the number, say %,
of equations causes an increase in the number of terms in the proportion of 3(4* + %) to %,
as has been shown at page 107 of Volume II. Major Herschel thereupon extended the Si-
multaneous Reduction to embrace the four chains of triangles lying immediately to the east
of the Calcutta Meridional Series. Thus two circuits, involving eight equations, were added
to the investigation. Consequently the total number of equations became 49, of which the
first 40 are the circuit equations appertaining to the North-East Quadrilateral as originally
designed, the 41st is the linear equation introducing the Sondkhoda Base-line, and the last 8
are the circuit equations appertaining to the Extension.

South-East Quadrilateral an exactly similar choice existed ; but the equation between the base-lines now entailed three extra significant co-
efficients of indeterminate factors, but only 240 terms (§ I8 + ¢ (€) against 891 and 480 products 33 A and (@ A againet 1782. Here
again the small extra labour entailed by the extra coefficients of factors was quite counterbalanced by the groat saving in the other calculations.
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The following diagram indicates the significant terms on and above tkhe diagonal on the
left-hand sides of Major Herschel’s equations between the indeterminate factors, and is inter-
esting as an illustration of the symmetrical arrangement which the conditions of the problem
rendered possible. The absolute terms, of which there is of course one to each equation, are
omitted.

Number of the Equation.
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It may be here observed that in the North-West and the South-East Quadrilaterals the
presence of base-lines or fixed lengths at the four corners, and the necessary linear equations
connecting them, tied together the chains of triangles to such an extent that the application
of the foregoing method of arrangement would not have led to a very material saving of
labour. The number of blank values entering vertically between significant values of the
coefficients would have been diminished by 57 in the first and by 16 in the second ; but this would
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not have materially affected the calculations, as a considerable majority of the coefficients
were significant in both cases, whereas here a considerable majority of the coefficients were
=o. On the other hand if, through any inadvertence, the primary equations of condition
of this Quadrilateral had been grouped for solution in the same way as in the two previous
instances, the labour of solving them would have been enormously increased, and the intro-
duction of the four additional chains of triangles appertaining to the Extension would have
been impracticable.

2. :

Synopsis of Independent Figural Reductions antecedent to the Final
Simultaneous Reduction.

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

. . Polygons of 1 to 4 Centres No. of

it | Comront | s

. 1 ) 3 4 each Series
North-East Longitudinal 96 2 4 1 403
Rangir Meridional 31 1 102
Amu.a ” 34 OO O 102
Karéira » 21 1 I 1 137
Gurwéni ,, 32 96
Gora » 23 1 92
| Hurilfong ,, 20 S S I R I 109
Chendwér ,, 1y 1 2 92
North Parasnith Meridional 20 6o
North Malincha » 6 3 s 78
Calcutta Meridional 45 135
East Calcutta Longitudinal 32 2 132
Assam Longitudinal 2 6 2 oo | e 169
Bastern Trontien Section 28200260 |\ | 6 | s | x| x| x| . | ae
Brahmaputra Vi I 1 180
377 12 30 5 I 2 3 2103
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The figural conditions and reductions—excluding those of the single triangles, which
are of so simple a form as not to require special exhibition, but will be found in the general
data of the triangles—are given for each series, immediately after the abstracts of the ob-
served angles: a diagram of each figure is also given in the plates for each series. These
together afford the means of readily following the calculations appertaining to each figure*.

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

The weights employed in the figural reductions in the Series I and XK to T were the
reciprocals of the squares of the ¢ probabilities of error’—see page 21—with the following ex-
ceptions :—(1) Triangle No. 1 of the Rangir Series ; the angles were measured by Mr. Shelver-
ton, when revising the western portion of the West Calcutta Longitudinal Series, and their
weights were calculated by the modern formula. (2) Fig. No. 7 or the Sondkhoda Base-line
Figure; the angles of this figure were measured twice, first by Mr. Lane with Troughton and
Simms’ 86-inch theodolite, and afterwards by Mr. Nicolson with Barrow’s 24-inch No. 1—see
pages 8 and 9; both sets of measures were retained, and values of the observed angles were
deduced by combining the separate measures of each angle with their respective weights, but
without the introduction of any equalizing modulus; the reciprocal weights employed in
the figural reduction are those of the sums of the individua.l weights of the angles obtained by
each measurement. (3) Fig. No.15. The original station of Chendwér having been destroyed
prior to the revision of the West Calcutta Longitudinal Series, and a fresh one having been
established, it became necessary to connect this with the triangulation of the Chendwér
Series; consequently Mr. Keelan, when carrying out the revision, measured the angles of two
of the triangles—see page 7 ; the weights of these angles and those of the other three tri-
angles composing the figure, were reduced to a common standard of accuracy prior to the
commencement of the figural reductiont.. For the remaining Series, U to X, weights cal-
culated in the modern manner—as described at pages 22 and 23—were employed.

* The side equations in the figural reductions are expressed in different forms in different portions of the triangulation. In the
form first adopted the coeflicients of the unknown quantitios are the cotangents of the angles, in the other they are the tabular differences
of the logarithmic sines of the angles. The latter have been made use of for figures Nos. 7, 21, 28 to 41 and 46 to 53.

+ Fig. No. 15 consists of five triangles, two measured by Mr. Keelan with Colonel Waugh’s 24-inch No. 1 and three by Mr. Logan
with Troughton and Simms’ 18-inch No. 3. Computing ¢, and e; for each we have

For triangles by Mr. Keelan ¢, = 0°33, € = 0°34
» Mr, Logan ¢, = 0'73, € = 1°34

It appeared however that 87 angles measured with Troughton and Simms’ 18- inch No,2 on the Chendwir Series, give the average
following values of e, and ¢;;

1 =098, & =087

Thas the calculations for this instrument from the figure itself give e, somewhat too small and e; somewhat too large ; consequently the mean
of e, and e; was taken and its square employed for :—; for Mr, Logan’s angles. Thus, with sufficient approximation, we have for Mr, Kee-
lan's angles :; = o-'12 and for Mr, Logan’s anglel:—a = 1'00,
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3.

Description of the Reduction Chart.

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

The positions of Base-lines are indicated by thick black lines; of these fixed linear
elements, the Sironj, Dehra Din and Calcutta Bases, situated at the extremities of the funda-
mental series, fall outside the limits of this Quadrilateral, and the Sondkhoda Base alone enters
in the simultaneous reduction of the Quadrilateral. Of the several series which enter the
reduction, the circuit triangles—the errors of whose angles are the unknown quantities in
the reduction, and are all investigated simultaneously—are indicated by continuous lines.
The non-circuit triangles are the portions of the original polygonal figures and net-works

which are excluded from the simultaneous reduction, and their sides are indicated by broken
lines.

The fifteen chains I to X, J being excluded, form twelve circuits, into which each

of the meridional chains enter wholly; the longitudinal chains, X, U and X are divided into
sections which are denoted thus :—

I by X Ig Xsy o o . and )y,
U 2”» Ul, and Uz:
X L1 Xl, and Xz,

the sections being numbered from west to east.
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Thus the circuits are composed of the following chains :—
Circuit I of K and ],
”» Ir , L, Is, and K

» III » M’ 13’. »
» I V » N’ Id-’ »
» V » O, I5’ »
”» VI » P’ IG’ ”»

w VIT ,, Qlp
w VIIT ,, Ry »
” IX , S, Iy
”» ‘X » T’ I10’ ”»
”» X1 , Up,V, Tand X,
» XIr ,, U, W,V, X,

Along the flank, on the right-hand side, looking north or west, of every chain of
triangles but T' which appertains to first ten circuits, a dotted line runs parallel to the sides
of the triangles; this is the line of the traverse. In the chains which enter Circuits X7 and
XIT this line zig-zags backwards and forwards across the chain*t.

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

@O T O ZE

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

* Both the direct and the zig-zag line of traverse were employed for chain T’ the former in Cirouit X and the latter in Circuit XI.
In order to avoid confusion the zig-zag line alone is shewn on the Chart, the direct line being sufficiently indicated by the sequence of the
numbers in block type.

+ The course of the zig-zag line of traverse in the neighbourhood of triangle 461 needs explanation, since all three sides of that
triangle are accompanied by a dotted line. This is because the truverse for the right-hand branch of Circuit XI passes vid Bibupur, Daulat-
pur, Hatidra, Maheshpur, &ec., that for the left-hand branch of Circuit XII commences from Orfi and passes vid Daulatpur, Hatiéra,
Maheshpur, &c.; and that for the right-hand branch of the same circuit also commences from Orfi and pusses vid Hatidra, Banidri, &c.
Triangle 501 is similarly circumstanced.
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The principal stations on the right-hand flank of all the chains of circuit triangles, in
the order in which the circuits are formed, have each an additional number in block type as-
signed to them. These numbers indicate the stations of which the geodetic elements have
been calculated in ascertaining the circuit errors; and, for the first ten circuits in which the
direct traverse has been employed, they are also the traverse numbers: they commence from
the initial station of Circuit 7, viz., Rangir of the Rangir Series, which is numbered I, and
terminate at Umter, 292, near the northern extremity of the Eastern Frontier Series.

The circuit triangles are numbered from 1 to 573; commencing from the initial side
of Circuit Z, Rangir-Tinsmél of the Rangir Series, they follow the same course as the
traverse, and terminate at the northern extremity of the Eastern Frontier Series. In each
of these triangles one of the angles is marked y and another z; y and z are the symbols for
the errors of the ‘angles of continuation’ which have been adopted throughout the Simul-
taneous Reduction; z 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 indicated on the Chart.
The addition of the number of any triangle as a subscript to either of these symbols, particu-
larizes the angle in each instance. The numbering of the ¢non-circuit triangles’ is carried
on in continuation of that of the circuit triangles, and enters the chains in the same order
as the numbering of the circuit triangles; here smaller numerals are used on the Chart for
distinction.

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

It is to be remarked that the term ‘figure’ is only applied in the Chart to groups of
triangles forming a polygon or other net-work, and is not applied to single triangles. A
single triangle has, however, as much claim to be called a figure : hence the term °figural
errors’, when made use of elsewhere in this volume, is generally applied to errors of single
triangles as well as of net-works.

The course of the lines of Spirit Levels of this Survey which traverse the North-East
Quadrilateral, and the connections which have been effected with many of the principal sta-
tions, are also shewn on the Chart. The Spirit Leveling Operations orginate at the mean-sea
level of Kurrachee (Kardchi) Harbour; they approach the Quadrilateral from the neigh-
bourhood of Umballa, latitude 30° 21/, longitude 76° 52, and after connecting with the
Dehra Din Base-line, they pass down the Great Arc Series to Sironj: two main lines have been
carried respectively east and south-east from the neighbourhood of Meerut and Agra, and
they close on the Sonikhoda and Calcutta Basc-lines.
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4.

General Outline of the Formation of the Linear and Geodetic Equations of Condition, and a
Statement of the Entire Number of Equations presented by the Triangulation.

The triangulation having been first made consistent so far as all figural conditions were
concerned, the linear calculations were commenced successively at the sides Tinsm4l-Rangfr,
Amua-Lakanpura, Kardra-Marwis, &c., where series K to T' abut on the Calcutta Longitudinal
Series, and they were carried up those series and then westwards through the intervening
sections of the North-East Longitudinal Series, to close successively on the sides Chédndfpah4r-
Ghandidl, Atdria-Beheri, Dahlelnagar-Rdmnagar, &c. They were then recommenced from the
side Rimganj-New4ni of the Sondkhoda Base-line Figure (Fig. 7), and carried eastwards along
X, as far as the head of Series V where they stopped. They were taken up again at the side
Chinsurah-Boga at the southern extremity of Series T, and carried through U,, V and X, closing
on the side Harogaon-Tepkilabama ; and lastly they were recommenced at the side Orfi-Hatira
of U, and carried through U, and W, closing again on the side Harogaon-Tepkilabama.

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

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

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

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

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

Now this Quadrilateral is so closely connected with the Great Arc and the West Calcutta
Longitudinal Series, that portions of some of the figures or net-works belonging to it are
situated in the fundamental series, and have been therefore already reduced, thereby furnish-
ing fixed data to which the other portions have to conform; it will therefore simplify the
application of the formula to include those series. The data will then be as follows :—
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The Great Arc—Section 24° to 30° has 247 angles connecting 67 stations, and has been
subjected to 117 figural equations of condition (see Vol. IV).

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

The North-East Quadrilateral has 2103 angles connecting 609 stations, excluding
those appertaining to the foregoing series, and has been subjected to 837 figural
equations of condition.

Thus we have for the combined friangulation:—XN (the number of angles) = 2674,

§ (the number of stations) = 763, or

N—2844=1152

Now of these 1152 equations it has been shewn that 1104 have already been employed ; there-
fore there remain 48 equations of condition to which the triangulation has not been sub-
jected ; the Sonédkhoda Base-line gives an additional equation. Thus there are in all 49 equa-
tions for treatment.

Let the symbols ), K, L, . . . X, which have been hitherto employed in lieu of the names
of the several series, be now employed, with the addition of certain subscripts, to indicate the
sum of the terms on the right-hand side of the linear equations—(35) or (36) page 47, as the case
may be—and of the geodetic equations—(57) or (62) pages 64and 57, which express the errors
of the several angles. Let the subscripts be ¢ and 4 for the linear and azimuthal errors, A and L
for the errors in latitude and longitude, placed on the left-hand side of the governing symbol.
Also let E with a numerical subscript on the left-hand side, corresponding to the number of
the equation, be employed to represent the absolute terms, as in equations (66) page 59.

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

Circuit 1. Circuit II.
cK + cIl . L3 . . . . = !E- eL + ch — cK . . . — sE.
AK + 7\11 . . « e = SE- AL + AIg - AK . . . = 6E'
LK + LI] e o e e e . = 3E. . LL + LI; - LK e e e . = 7E.
4K + 411 T« e e e e e = 4E ‘L + 412 Land AK e e s e = SE.
Circuit III. Circuit IV.
M + cls - L. ... = 9E- N + cI4. -M. ... = lsE-
AWM+l = L. . o . =R AN+ A= M. . . . =,F
LM + LIs - LL « e e = 1 E. LN + 1,14 — LM « e e e = 15];1,.

AM + A,Is - AL ¢ o o o = le. AN + 414 -_— AM « e e e = |6E.
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Circuit V.,

co + cIs - cN . . . . = I7E-
20 + AIs —N. . . . =L
LO + LIa - LN s o s o = lgE.

O+ =N, . . . =ik

Circuit VII.

|
E

Q+ L-=-P. . ..
AQ+A17—AP. . o« =L
Q+ =P o
4Q+417‘-4P- o o .

I
S

Circuit IX.

S+ Jh—-—R. ... =4FE
AW+ =R oo =,
D+ =R, . . . =B
S+ Jdg—R. . . . = 3E

Circuit VI.
cp + cIs - co e o o o = glE.
AP + AIQ - AO « e o o = zzEc
LP + LIg - 10 . . . . b1 ,3E.
AP + AIG - AO e e e e = 24E.

Circuit VIII.

¢R+ cIs"' aQ-

. . . '39E.
AR+ 7513—'AQ. * o

= 3°E.

LR + LIS - LQ . . . . = 3|E-

‘R + 113 - ‘Q . . . . = 33E‘
Circuit X.

cI]o - os e o o o == 37E.

AT + AI]O - AS e e e s = 33.E.

N
o)
I

w
I

LT+LIIO— e o e
4T+4110— AS- o o e

Il
2

Base-line Equation.

Circuit XI.

O+ V= X. .. =4k
AUI + AV — (AT + AXI) = 43.E.
U+ ¥V — (T +:X,) = LB
4U1.+ N - (4T + 4X1) = 45E-

= 4|E.

Circuit XII.

s+ W — (V4 XK;) = F.
s 4+ W = (BV +1%;) = oF.
Us + W — (V 4+:X;) = gE.
4U2+4w— (4V +4Xs) = 49E.
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.

Formation of the Coefficients of the Unknown Quantities.

On page 59 the Equations of Condition are represented by a form of which the follow-
ing may be taken as a general illustration

I R Y N o TN ¢ [ |

the left-hand subscript denoting the equation number and the right-hand subscript the num-
ber of the triangle to which the errors appertain, and § and ¢ being the coefficients of y
and 2z respectlvely

For the Linear Equations we shall have generally, see equation (34) page 47,
= 4 B, = 4 t.d.logsin Y for 1”;
) } . . N (49
& = F vy, = F td.logsin Z ,,
For the Geodetic Equations we shall have
First, where the direct traverse has been employed, see expiessions (58) and (59) on page 54,
b=od (B — $);

c,=:F(p;y,+¢;);} N ¢ 2))

or

b= {—ma + pisr B + $i}; } (3)
. L ] L] L ] [ ] 73
= {—may, — ¥+ dr+1};

(72) being applicable to any, the p#, triangle when it has only the angle X in the traverse at
station /, and (73) when it has the side opposite X in the traverse and lying between the
stations / and /41

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

b=:i:(¢4>+#/3);}

¢= (1 — py);

in which the symbol . stands for 4 when the triangle lies to the right of the traverse, and
for — when it lies to the left.

In all the above expressions the double sign is necessary to make them applicable to -
both branches of the circuit, the lower signs being required when the triangle forms part of
the left-hand branch of a circuit and the upper when it forms part of the right-hand branch.

. (74)
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Ezceptions to the General Ezpressions for b and .
The exceptions to the formulse for  and ¢ are as follows :—
(i) The Direct T'raverse.
Circuit 1. Equations 1 to 4.
Equation 1 has no exceptional coefficients; but in Equations 2, 3 and 4

h“=‘—p.zz a43+¢zz; t43=—ll'33 (a’43+743);
with the exception of ¢,5 in Equation 4 which needs the addition of unity; because otherwise
the left-hand member of the equation would only express the error in azimuth at the closing
station Ghandidl of Station 22; thus
a3 = 1 = 4paa (ag + 749)-

The same equation also has additional terms to those of 2 and 3 furnished by triangle 44;
these are

- y“ and hand z“.

Circuit II. Equations 5 to 8.

In Equation 3
by, = + ag; b = + (as + 73)-
In Equations 6, 7 and 8
b = + g ag — 133 b = + puy (ags + 734) 5
by = — 16 agg + bus Cop = — a6 (ags + 709) 5

with the exception of ¢y in Equation 8, in Azimuth, which needs the addition of unity to make
the equation applicable to the azimuth at 18 of 17; thus

8%g = 1 — spy6 (agy + 7¥ae)-

Circuit II1. Equations g to 12.
In Equation 9
by = + ags Gy = + (ag + vp)-
In Equations 10, 11 and 12
by = 4 pgap — éy; Gy = + pso (a9 + v )
s = — ey 2155 + P G108 = — p6g (@138 + 7138) 3
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Ezceptions to the General Expressions for b and ¢—(Continued).

with the exception of ¢,5 in Equation 12, in Azimuth, which like gt,; needs the addition of
unity ; thus

116139 = I = 1369 (ay55 + 7138)-

Circuit IV. Equations 13 to 16.

In Equation 13 .
By = + a9 Coo = + (129 + 7120)-

In Equations 14, 15 and 16
bioo = + pes aryy — o4 Cio0 = + p6s (190 + Y190) 5
bis0 = — por argy + dors G180 = = Ho1 (@150 + 7180) 5

with the exception of ¢4, in Equation 16, in Azimuth, which needs the addition of unity ; thus

1650 = T = 16ptg; (2180 + ¥180)-

Circuit V. Equations 17 to 20.

In Equation 17

bn =+ an; on = + (un + yim)-
In Equations 18, 19 and 20
b = + pss ay; — és6 3 On = + pss (un + 7in)s
By = = 113 agy + Puras; Coo0 = — prra (agg0 + 7220);

with the exception of ¢y, in Equation 20, in Azimuth, which needs the addition of unity ; thus

aof00 = I — aofk112 (agzo + 7220)‘

Circwit VI. Equations 21 to 24.
In Equation 21
by = + agys & = + (e + 72m)-
In Equations 22, 23 and 24
% = + oy agn — oy 1 = + paoy (@ + 7o) 3
bygs = — puzs ages + buss s Cos = = puzs (dgss + Yaes) 5
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Exceptions to the General Expressions for b and t—(Continued).
with the exception of ¢, in Equation 24, in Azimuth, which needs the addition of unity ; thus

s4Sos3 = 1 — a4fu1zs (G + Yos2)-

Circuit VII, Equations 25 to 28.
In Equation 25
boo = + 943 Coo = + (295 + Yas0)-
In Equations 26, 27 and 28
By = + puss aggp — buas Sos = + paa8 (agge + ¥as0) 5
Byoe = — priss agos + Pusss Cs00 = — pss (asos + ¥s00) 5

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

28 300 = 1 — agptrgs (g0 + Ys09)-

Circuwit VIII. Equations 29 to 32.
In Equation 29
Bogo = - agse Co9 = + (agep + 7280)-
In Equations 30, 31 and 32
Bogo = + 1148 agg9 — Pris; Cogp = + p148 (dagg + 72s0) 3

bygp = = iy agg + Puyo S350 = — pazo (ags0 + Yss0) 3

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

38530 = 1 = zspuzo (@gs0 + Yas0)-

Circuit 1X. Equations 33 to 36.
In Equation 33

bys = + agy; Csos = + (ages + Yass)-
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Ezceptions to the General Expressions for b and t=(Continued).
In Equations 34, 35 and 36
Bysg = + pi66 agey — Piss s C393 = + a6 (o3 + Vass) 5
by = — puss agg + Puse; Ceor = — 186 (aser + Vse1) 5

with the exception of ¢y, in Equation 36, in Azimuth, which needs the addition of unity;
thus

6% =1 — 561186 (o361 + Yso1)-
Circuit X. Equations 37 to 4o.
In Equation 37

by = + g3 T = + (2s51 + Yan)-
In Equations 38, 39 and 40

By = + pise agyy — s P51 = + pass (agsy + vss) 3
ﬁm = — pu8 ays + Pa8} Cio8 = — pais (“4&8 + 74&3);

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

4obugs = 1 = yopinis (@ge3 + Yuos).

The Base-line Equation 41 has no exceptional coefficients.

-

(2) The Zig-zag Traverse.

Circuit XI. Equations 42 to 45.

In Equation 42
Bygs = — agge Sss = — (@sey + Vs00) 5
by = + (auy + Bur)s Cor = + ayy;
b8 = + Buos s = — Yus
b

501 = — G501 3 o1 = — (@50 + ¥s00)-
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Exzceptions to the GQeneral Expressions for b and ¢—(Continued).

In equations 43, 44 and 45 Triangle 362 occurs in both branches of the circuit; in the
left-hand branch there is nothing exceptional regarding it; but in the right-hand branch the
coefficients of y and 2z are respectively

+ Puonass — Kot “*aos’and — Moo (%ses + Vses)-
‘When the coefficients furnished by both branches are combined

Biss = — sss — Hses Bses + Psesass — Hsssass 93z

S0 = — Psas + Hass Vsss — Kaszas (2362 + Vass)-
Again

by = — Puonassass + Paorasssss o’ ¢ = + paorasnass (o + Yar) 5

by = — Psor — Hso1 %013 ¢ = — pyor (%01 + ¥s01)-

Circuit XII. Equations 46 to 49.

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

— ay and — (ag + Y441)-
‘When combined

bor = — 2y — Bi b = — G4q10

In equations 47, 48 and 49, right-hand branch, the coefficients of y and z are respec-
tively '

+ b1 — s 2o 804 — pogy (a4 + 74a1) 5
hence
s = — ibier — staer Bunr F Pus1 — rtuos %1
Cir = — b + 1ter Yaor — a1 (@1 + Vanr)-

The subscripts / and » being employed to distinguish between the different values of
@01 and p in the left and right-hand branches of the circuit.
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6.

Synoptical Ezhibition of the several Equations of Condition.

For the sake of brevity let us put .k, for .8, , + %, 2,, or in other words for the sum
of the errors y and z of the angles ¥ and Z in any, the pth, triangle, respectively multiplied by
* their coefficients b and ¢ in any, the mth, equation of condition. Then in forming the equations
it will be necessary to substitute for 7 the number of the equation, and for p the number of the
triangle. It will now be convenient to arrange the ks in numerical order between the initial
and the terminal sides or statiods of the chains to which they respectively appertain, so far at
least as this can be done without any break of continuity in the numeration of the triangles.

‘We may here put .k l to represent the sum of the terms ,k for a series of triangles of which

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

The equations will then be expressed as follows :—

Circuit I. Circuit II.

(1). Linear. .kT = L. (5). Linear. 5kT + 5k:|: = B
(2). Latitude. ,kT = .E (6). Latitude. ¢k T + & =¢E

45

) a8 . 8 o
(3). Longitude. 3k l . . = ,E. (7). Longitude. 7k l + 7k4|5 = ,E.
(4). Azimuth. ,,kT = ,E. (8). Azimuth. skT + sk:i: = 3B

Circuit IILI. Cireuit IV.
. 7 1 ) 1% 1

(9). Linear. 9k*IS + 9k9L = LE. (13). Linear. .3ki + .3k112 = ,;E.
(10). Latitude. k| + k| = 1oF. (14). Latitude. k| + ukT = ,,E.

45 93 93 139

9 138

(I I). Longitude. "kq.ls -+ “kol = ., B (15) Longitude. xsk:r + xskizz = x;E-

(12). deimuth. k| + ,,klt = B (16). Azimuth. .6151” + .61:‘]" = «F.
45 9 9 139
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Circuit V. Circuit V1.
(17). Linear. ,,kI + ,,kj: = ,,B. (21). Linear. ,,k:[ ,.k’i =,.E.
2
(18). Latitude. sk f ,sk"f" = F. (22). Latitude. ,,kli: + ,,k:f: = ,.B.
a1 26
(19). Longitude. f = ,E. (23). Zongitude. k| + k| = uP.
) 2
(20). Azimuth. ;‘ = k. (24). Azimuth. ,4k | + ,4k! =, E.
Circuit VII. Cireuit VIII.
. 249 302 . 289
(25). Linear. ,skgll + zskz‘!s = 5 FE. (29). Linear. ,;,kml‘3 + ,9kj: = i F.
(26). Latitude. ,61;3: + ,ﬁkI = sE. (30). Latitude. 3°kl ¥,k | = ,.F.
. 240 302 . 289 330
(27). Longitude. ’7k22|1 + ,7k2t!8 = [0 (31). Longitude. 3.k2(!3 + 5k 3(|)3 = ;. E.
2 289
(28). Azimuth. ,sk:z + zsk::I: = ;F. (32). Azimuth. 3,k | + 3.k | =
Circuit IX. Circuit X.
828 361 . 851
(33). Linear. 33k3(|)3 + 33kle = ;;E. (37). Linear. 7k | + 3,kJ) = ;,B.
828 361 . 351 428
(34). Latitude. 34k3(!3 + 34k3J1 = 34E. (38). Latttude- 38]{3:!’1 + 38k3l2 = 38E,
828 361 361 423
. 1 . k = . . 11 . k = Yo
(35). Longitude 351‘3(!3 + 35 3;1 asE. (39). Longitude. 3 3;1 + 391‘3!32 ey
828 s61 . 31 o
(36). Azimuth. 361(3(!3 + 361{3:!1 = 3F. (40). dzimuth. 4°kse|n + 4°k3(|}2 = L.
Base-line Equation.
(41). Linear. 4.k418 .. . . = .E

362
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Circuit X1I.

. ’ 407 43 501
(42). Lmea?'. 42k«|)8 + 42k4.l* + 42k362+ 42k4l4 = 42.Eo

. 407 443 501

(43). Latitude. 43k342 + 43k42|4 + 43k44|4 N A
. 407 443 501

(44). Longitude. .k e! + Lk F k| ... = LB
3 424 444
407 443 501

(45). Azimuth- 45k l + 45k4J + 45k4‘L. . . . = 45.E,.

362 4

Circuit XI1I.

(46). Linear. k| F k| . . . = 6E
461 518
) 517 573

(47). Latitude. k| + 4,k] = ,E.
461 518
517 578

(48). Longitude. k| + k| = oE.
461 518
517 578

(49). Azimuth. 49k ' + 49k | . e . = 49E.
461 518

7.

The Numerical Values of the Fixed Data on which the Simultaneous Reduction of the
North-East Quadrilateral is based.

It has been stated in Section 3 of Chapter I, that the North-East Quadrilateral rests on
two chains of triangles, which, having been already finally adjusted, furnish, with one excep-
tion, the whole of the data on which the Quadrilateral is based, the exception being the
measured length of the Sondkhoda Base-line. The two series are the Great Arc—Section 24°
to 30° or Series A of the North-West Quadrilateral, and the Calcutta Longitudinal, or Series B
of the South-East Quadrilateral. The fixed data furnished by these series are given in
Volumes TV and VT respectively ; but for the geodetic elements a third place of decimals of
seconds has been obtained by reference to the calculations of the North-West and South-East
Quadrilaterals. The data are as follows :—.
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Volume IV page 29__, :—

North-East Longitudinal Series.

Western terminus, Chéndipahdr or LIV to Ghandidl or LVI, Ghandiil being the

closing station of Circuit I.

At Ghandidl
Latitude North o 30° 13" 25”321,
Longitude East of Greenwwh e 78 27 54 °613,
Azimuth of Chéndipahdr ... e 34 47 42 606,
Distance ”» Log Feet 5°'1212764,1.

Volume VI pages 166, to 161_

Rangir Meridional Series.

Station of origin Rangfr or X ; side of origin Tinsmél or VII to Rangir or X.

At Rangir
Latitude North we 24° O 20”363,
Longitude East of Greenwmh o 79 28 26 ‘429,
Azimuth of Tinsm4l e 106 1 22 °390,
Distance » Log Feet 5'1809675,5.

Amua Meridional Series.

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

At Lakanpura
Latitude North o 24°  2' 497918,
Longitude East of Greenwwh o 80 49 51 667,
Azimuth of Amua e 80 11 43 037,
Distance ,, Log Feet 5°0098779,4.

Karara Meridional Series.

Station of origin Marwés or XX VI ; side of origin Karéra or XXTII to Marwés or XXVI.

At Marwés
Latitude North e w24 4 59”330,
Longitude East of Greenwich ‘e e 81 49 2 460,
Azimuth of Karéra oo .. 89 31 10°757,

Distance ” vee Log Feet 5°2336163,3.
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Gurwani Meridional Series.
Station of origin Pokra or XXXI ; side of origin Chapri or XXIX to Pokra or XXXI.

At Pokra
Latitude North . eo e 24° 18" 47”974,
Longitude East of Greenwmh . 82 31 5683,
Azimuth of Chapri . 89 57 44 812
Distance » Log Feet 4'9166608,4.

Gora Meridional Series.

Station of origin Sewédhi or XXXVIII; side of origin Gora or XXXV to SewAdhi
or XXXVIIIL

At Sewadhi
Latitude North . e 23° 58 247165,
Longitude East of- Greenwmh . 83 47 40 o1,
Az1muth of Gora T e e 103 I 7% °308,
Distance ,, Log Feet 5°2.475620,4.

Hurilaong Meridional Seriqs.

Station of origin Hurfldong or XLII ; side of origin Khaira Pindu or XL to Hurfliong
or XLII.

At Hurfldong
Latitude North .“ o 24° 2" 57987,
Longitude East of Greenwxch e 84 24 17739,
Azimuth of Khaira Pdndu .. 128 18 2% ‘0b1,
Distance ,, Log Feet 5°2576726,9.

Chendwar Meridional Series.

Station of origin Chendwar or LIII; side of origin Kasf4tu or XLIV to Chendwér
or LIII.

At Chendwér
Latitude North

. 23° 57 13”7350,
Longitude East of Greenwxch . 85 28 36468,

Azimuth of Kasidtu «e 92 35 7% °003,
Distance » e Log Feet 5'2486588,2.
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North Parasnath Meridional Series.

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

Latitude North . 24° 33 34”536,
Longitude East of Greenwich .. 86 10 46 963,
Azimuth of Bimani vee 71 4 51 °796,
Distance » Log Feet 5°1150652,5.

North Maluncha Meridional Series.

Station of origin Maltncha or LXIV; side of origin Durgapur or LXII to Maltincha
or LXIV.

At Malincha
Latitude North o 23° 54’ 29”021,
Longitude East of Greenwich .. 87 8 9038,
Azimuth of Durgapur e 74 46 40 "026,
Distance » Log Feet 5'0425046,%.

Calcutta Meridional Series.

Station of origin Chinsurah or LXXXT; side of origin Sétten or LXXVIII to Chin-
surah or LXXXT. ’

At Chinsurah
Latitude North e 22° 52" 557874,
Longitude East of Greenwich .. 88 26 38512,
Azimuth of Sétten e e 122 3 47 °437,
Distance » Log Feet 4'8097497,2.

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

Feet 36685°7946, Log = 4'5644979,30

* This base-line was reduced before the Bpirit Leveling operations had approached its neighbourhood. The values of Height
employed were obtained from the triangulation of the Calcutta Meridional Series and were :—for the South-West End 222'5 feet above mean
sea level, and for the North-East End 246'9 feet. These are in excess of the Spirit Leveled heights, which were afterwards obtained, by 14°3
and 154 feet respectively ; thus the length of the base-line is more correctly 366858216 feet, the logarithm of which is 4'5644982,50, and
these values should have been adopted in place of those given in the text.
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8.

The Sides and Angles of the Circuit Triangles.

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

In order that it may be readily ascertained —without reference to the Reduction Chart—
whether any angle is a ‘flank angle’ or an ‘angle of continuation’, a column is inserted in
the table which gives the symbolic error of the angle, either z, y, or 2, but without the
numerical subscript, as that may be inferred from the number of the triangle in the contigu-
ous column. And since the stations on the right-hand flank of each chain are those at which
the angles are the data for the formation of the values of the forward azimuth, and the side-
lengths are the distances which were employed in the calculations of latitude, longitude and
back azimuth—see the next section; these stations are indicated by numbers in block type—
shewing by their sequence the order in which the geodetic calculations were performed—as
well as by their Serial-numbers. The latter are distinguished in respect to the Series to which
they appertain by their Serial-letters, as K for the Rangir Meridional Series, &ec.

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

* In calculating these values 7-place Logarithm Tables were employed, the 8th place here shewn being obtained by interpolation.
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-§ E - Station Numbers g —g g Station Numbers 3
=] Logarithm of R —| Gorrected P Logarithm of
: 8 g Corre:::hl’hne 4 side-length in § 35 g ° Angle e 3 side-length in
'a Serial 2 g Feet g -g. Berial £ :§ Feet
¢ @ 5 :é- g @ g &
o 1 n n (- ) n n
y |B*X 1 |542415°70 | ‘9o | 570914028,0 y | ¥ XIII 8 | 62 33 50°85| 65 | 5°0028930,1
1|« v 373619°34 | 9o | 49667207,7 | 15 | « X1V 53 736°48| 65 | 4°9577667,9
2 | K1I 2 [875934°96 | 9o | 51809675,5 z b.q) 9 | 64 18 42°67| 65| 5:0095165,4
B v 441203570 | 89 | 4'9830852,2 X1V 57493944 '56 | 4°9550790,5
2|, | KI 2 |[715349°46 'gg 511658780 ] 16 | ,, XV 9 | 5116 11°09| °56 | 4°9196281,3
I 63 45 34°84 | 89 | 50914028,0 XVI 7054 9°47] °56 | 5:0028930,1
I 2 |555114°28 | °86 | 50621006,3 XV 9 | 612124°44| °53 | 4°9506268,9
8|, II 803114°99 | -87 | 5°1383042,0 | 17 | ,, XVI 5611 998 °52 | 4°9268418,8
111 3 |433730°73 | °86 | 49830852,2 . XVIL 10 | 63227 25°58| 53 | 4°9550790,5
II 7316 38°15 | 1°28 | 519952343 XVI 58 548°95| ‘57| 4'9537225,5
4|, III 3 |622742°31 | 1°28 | 51660679,8 | 18 | ,, XVII 10 | 6427 14°35| °57 4-3801655,6
IV 4415 39°54 | 1°27 | 5°0621006,3 XVIII 573656°70( ‘57 | 4°9506268,9
IV 74 12 3°93 | 1°73 | 5'26144%8,5 XVII 10 | 651618 15| °59 | 49891272,8
6|, I1I 3 |49 15 o020 x'éz 5°1575922,6 | 19 | ,, XVIII 5753 o'41| ‘59 4'9587643:o
v 5632 5588 | 1°73 | 571995234,3 XIX 11 | 56 50 41°44 | °58 | 4'9537235,5
IIT 3 [4537 465 | 1°67 | 5'1302833,5 XVIII 5833 56°39| 63 | 4'9737337,5
6|, v 59 12 49°90 | 1°67 | 5°2101999,6 | 20 | ,, X1X 11 15918 9°76| 62 | 4°9770993,5
vI 4 |7510 545 | 1°67 | 526144785 0.8 63 753°85| 63 | 498913728
VI 4 [623039°18 | 1712 | 5'1222269,% XIX 11 | 541122°37 | °59 | 4°945636%,2
71, A4 52 5021°24 [ 1°12 | §5'0756827,5 1 21 | ,, XX 65 54 35°39 | °60 [ 4°9970640,5
VII 5 (643859°58 | 1°13 | 5'1302833,5 XXI 12 | 59 54 2°24| ‘60 |'4'9737337,5
v 6459 46°84 | 1°19 | 5°1413682,1 XX 5715 4°60| °432 | 4-8929185,0
81!, VII 5 [5452 573 18 | 5°0967690,5 | 22 | ,, XXI 12 | 51 1 0'83] ‘42 | 4:8587024,3
VIII 6o 8 7743 | 1°18 | 51222269, XXII 7143 54°57 | 43 | 4'9456367,3
VII 5 |594221°18 | 1°36 | 5:1483022,4 |- XXII 119 54 1°236| 16 | 4°9846722,1
91, VIII 62 6126°51 | 1736 | 5'1584330,7 | 28 | ,, XXI 12 | 153041°56 | °16 | 4°4743754,8
IX 6 |58 1112°31 | 1°35 | 5°1413682,1 XXIII 4434 17°18] °16 | 4:8929185,0
VIII 60 812°15 | 1°10 | §°1134368,9 XXI 12 | 5633 48°48| 63 | 4'9609343,5
10/, IX 6 |495138°94 | 110 | 50586761,1 | 24 | ,, XXIII 63 44 49°95| ‘64 | 5:0012300,8
X 70 o 8'9r | 1-11 | 5'1483022,4 A XX1V 13 | 59 4121°57( °64 | 4°9846722,1
IX 6 |5738 9°29 | ‘92 [ 5°06401%0,6 XXIIT 5936 30°66| °65 | 4'9876509,6
1, X 51114984 | 92 | 5'0290419,1 | 25 | ,, XXIV 13 | 6429 11°59| *65 | 570072866,9
X1 7 7110 087 ] ‘93 | 511343689 XXV 5554 17°75| ‘64 | 496993435
X 53 83718 | ‘82 | 5:0000646,3 XXIV 13 | 53 3720°40| 55 | 4'9284756,5
12|, X1 7 61365871 | 82| 505027354 | 26 | XXV 59 3.37°88| 56| 4'9559533,5
X11 65 14 24°11 | 82 | 5:0640170,6 XXVI 14 | 6719 1'72| °56 | 49876509,6
X1 7 |725845°20 | °74 | 5'0721680,1 XXV 74 42 22°45| °59 | 570288895,6
13 | 4 X1 51142684 | 74 | 4'9835041,2 | 27 | ,, XXVI 14 | 5520 42°37 | 59 | 4'9597329,9
XI1IL 8 |554647°96 | °74 | 50090646,3 XXVII 49 56 55718 | 58 | 4:9284756,5
X 5340 13°23 | ‘8o | 5'0095165,4 XXVI 14 | 515755°47| °74 | 498164348
14 , XIII 8 [574740°35 | °8o | 5703082883 |28 | ,, XXVII 6636 48°59| <74 | 570480871,6
X1V 68 33 6°42 | °81 | 5'0721680,1 XXVIII 186 | 6125 15°04| °74 | 50288895,6

® B is the Serial letter for the West Caloutta Longitudinal Series which appertains to the South-East Quadrilateral.
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-g g Station Numbers g -g g Station Numbers g
= | 'S Corrected Plane| M | Logaritbmof | 2 | = Correstod Plane| ™ | Logarithm of
= = § Angle '§ side-length in = = E Anglo 'g side-length in
% .E Serial g g £ Feet §= .é Serial 5 gle 5 Feot
g @ g :‘?‘ g m g &
o ! n n o ] " n
y | X XXVII 50 55006 | ‘62 | 49765318,4 y |1t II 22 (7154 2°10| *87 | 5'1013045,2
2| = XXVIII 15 |6039 992 | °63 | 49833740,6 | 43 | = * I 54 2220°92 | °87 | 50333387,2
P XXIX 6o, 15 o002 | '62 | 4°9816434,8 z (AT LVI 5343 36°98 | 86 | 5'0297900,2
XXVIII 15 | 5734 5°18 | "63 | 4°9753741,4 I I 73 55 28°21 | 84 | 5'1213051,2
3| , . XXIX 64 37 20°40 | 64 | 5:0049459,0 | 44| ,, | & LVI 3929 26°66 | °83 | 49420533,4
XXX 16 [574834°'49 | 64 | 49765318,4 LIv 6635 5°13 | 84 | 5'1013045,2
XXIX 703533°73 | ‘74 | 5°0630826,3
3|, XXX 16 |58 592673 74 | 5'0215121,0
XXXI 5025 054 | ‘73| 497537414
XXX 16 |57 5551°65 | 85 | 570411051,9 B XVIL 42 12 35°04 | ‘71 | 4'9453593,4
32| , XXXI 59 11120 °86| 5°0461675,2 | 45| ,, XIX 23 86344791 | 71 51173152,3
I XI 17 |63 3357°15| °86 | 5°0630826,3 LI st12 37°05 | 71 | 50098759,4
K XXXI 53 175350 | 68 | 4'9723733,2 B XIX 23 |674452°96 | 94 | 5'1427175,3
8, |l XI 17 |56 46 40°35 | 68 | 4'9908230,6 | 46 | ,, |L I 76 16 1174 | 94 | 5°1637373,4
X 69 5536°15 | 68 | 504110519 II 24 1355855°30 | 93 | 494535934
XI 17 |712651°03 | °50 | 5°0150708,4 II 24 6158 14719 | 1°36 | 5°1580298,3
84| X 49 31 10°22 | 58 | 4°9203283,0 | 47 | », I 5935 8°43 | 1°36 | 5'1479156,7
X 18 |59 158'75| °58 | 497237232 111 25 |582637°39 | 1°36 | 51427175,3
X 5859 906 | 65| 498817777 I 72 14 24°87 | 96 | 5'1590222,0
35| , IX 18 |54 5932°90 | 65 | 496850115148 | , II1 26 (35552407 | 96 | 4'9486462,9
VII 66 118'04| °66 | 501597984 Iv 7150 11°06 | °96 | 5°1580208,3
IX 18 |78 3§ 45°62 | I°11 | §5°2017297,1 111 25 |67 18 35°19 | 1°25 | 51685985,5
36| , VII 6429 35'84 | 1'10 | 571657519,0 | 49 | Iv 48 12 13°89 | 1°25 | 570760430,7
' VIII 19 | 365038 54| 110 | 4°9881777,7 v 26 {6429 10°92 | 1°25 | 5'1590222,0
VIII 19 |74 15 28 64 | 1°89 | 5°2796149,0 IV 50 018749 | 1°12 | 5°0685573,3
37| o VII 52 1056°97 | 1°80 | 5°1938266,7 | 50 | ,, v 26 | 55174192 | 1°12 | §°0991922,8
Vi 20 | 5333 34°39 | 1°89 | 520172971 VI 74 41 59°59 | 1°13 | 5'1685085,5
VII 3183 27°15 | 1°56 | 570202853,5 VI 7731 3°44 | ‘87 | 5:12823%6,5
38| ,, VI 20 |78 13602 | 1°57 | 5°2968494,5 | 51 | ,, v 26 |44 941°41 | °86 | 49816618,9
v 70 456°83 | 1°57 | 5'2796149,0 VII 581915715 | 86 | 5°0685573,3
vI 20 |48 50 56'09 | ‘99 | 5'0704790,9 A 26 |63 619°76 | 91 | 509715318
39 | » v 87 55 41°55 | 1700 | 5'1934134,3 | 52 | Vil 4333 50°91 | ‘91 | 4'9850369,2
v 21 [431322°36 | "99 | 5:0292853,5 VIII 27 |732049°33 | ‘91 | 5'1282376,5
v 56 82024 | °77 | 501514458 VII 69 48 26772 | ‘94 | 5'1171566,3
0| , v 21 |531535°55 | 77| 4'9996877,3 [ 53 | ViiL 27 | 46 3124707 | "93 | 50054349,
at 7036 4'21 | °77 | 5707047999 X 6340 921 | ‘94 | 509713318
I1I 7535 12°30 [ 1°13 | 5°1866158,5 VIII 27 |64 324199 | 1°15 | 5°1331966,5
41 | ,, Iv 21 |63 4034°95 | 1°13 | 515296185 | 64 | ,, 1X 54 58 30°57 | 1°15 | 570907786,6
I 40 44 12°75 | 112 | 5°0151445,8 X 28 | 6028 47°64 | 1°15 | 5'1171566,3
IV 21 |43 22 §5°64 | 1°08 | 5'0297900,2 IX 58 851 54°90 | 1709 | 5°1008496,3
421, I 562122725 | 1°08 | 5'1133043,6 | 55 | ,, X 28 |535337°10| 1°09 | 5'0757701,0
II 22 |Bo1542°11 | 1709 | 518661785 XI 67 14 2800 | 1°10 | 5'1331966,5

# A is the Serial letter for the Great Aro Series which appertains to the North-West Quadrilateral.




04 INTRODUCTORY.
-g ﬁ Btation Numbers § -E 'g Btation Numbers §
=] <] Logarithmof | 8 | A ] Logarithm of
E 2 ] Comzt:dlePlnne K side-length in 2 ;% 8 Com:t:dlePhue | side-length in
® -E Serial s & £ Feet 2 E Serial s € E Feet
AL £ z AL : :
o 1/ n n o 1 n L4
y (L X 28 | 44 37 48°81| -84 | 4'9732275,0 y | L XXIV 70 933°30| ‘51| 5'000179%,3
656 | « XI 64 5332°16| -85 | 50834574,6 |70 | = XXV 35 | 70 3 24°08| ‘51 | 4°9968506,5
z XII 29 | 7028 3903 | 85 | 5°1008496,2 z XXVI 3948 2°62| ‘50! 4'8330155,4
: XI 5018 40717 | 47 | 4'8804935,0 XXV 35 | 37592674 | 46 | 480402567
657 | , XII 29 | 57225382 °48 | 491972764 | 71| ,, XXVI 66 46 50°32 | “47 | 4'9780899,6
XIII 72 18 26°01 | 48 | 4'9732275,0 XXVII 36 | 7513 42°94| °47 | 50001777,3
XII 29 | 57 42 48'81| ‘44 | 4'8990329,0 XXVI 7518 17°75 | ‘37 | 4°9322592,6
58 | ,, XIII 68 11 4°97| ‘44 | 493970555 | 72| ,, XXVII 36 | 58383082 -37| 487812578
X1V 30 |54 6 6°22| -44 | 4+8804935,0 XXVIII 46 3 11°43| °37 | 4'8040256,7
X111 56 5023°81| 48 | 4'9131495,7 XXVII 36 [ 3934 3'70| "36 | 4'7589932,5
59| , X1V 30 | 69 139°90| °48 | 49605808,6 | 78 | ,, XXVIII 68 45 26°22 | *36 | 4'9243020,8
Xy 54 756°29| °48 | 4'8990329,0 XXIX 37 [ 71403008 | °37 | 49322592,6
XIvV 30 | 5237 50°85| 49 | 4'9006189,1 XXVIII 5940 13°28 | °*30 | 4'8391199,9
60 | , .94 7229 0'87| ‘49 | 497977356 | 74 | ,, XXIX 37 | 74274877 | °30 | 4'8868753,1
XVI 31| 5453 828 ‘49 | 4°'9131495,7 XXX 45 5157°95| 30| 4'7589932,5
Xv 59 ©028°66| 34 | 485476616 XXIX 37 | 475531°64| °33 | 4'7963c60,9
61| , XVI 31 | 4841 7°49| 34| 479735978 | 75| o, XXX 77 4197281 34| 4'9145917,1
XVII 72 18 23°85 | °34 | 4'9006189,1 XXXI 38 | 55 © 908 °33 | 4'8391199,9
XVII 59 213°77| 34 | 48456749.3 XXX 68 2 30°33| °37 | 4'9209886,3
62, XVI 31 [ 5921 31°§84| °34 | 48451282,3] 76 ,, XXXI 38 | 6751 3°92| ‘37 | 49204032.5
XVIII 6136 14°69| °34 | 4'8547661,6 XXXII 44 6125'85| °37 | 4°7963060,9
XVI 31 | 513632'89| 34 | 481348475 XXX1 38 | 44 5535°26| 38 | 4'7950611,2
63 | , XVIII 7113 40°27 | °34 | 489554453 | 77 | XXXII 6423 o009 | 38| 4'9011996,7
XIX 32 | 57 946°84| °34 | 48436749,3 1 XXV 39 | 704124°65( -39 | 4'9209886,3
XVIII 67 44 40°79 | ‘38 | 4°9091766,2 L XXXII 65 1032°98| 33 | 4'8693212,1
64 | XIX 32 | 64184282 -38 | 48976032,3 |78 | ,, |1 XXV 39 | 645516°97| °33 | 48684239,0
XX 47 5636739 | 37 | 481348475 XXIII 49 54 10705 | *33 | 4'7950611,2
XIX 32 | 443321719 °37 | 47913836,1 XXV 39 | 514757°96| ‘34 | 481292057
65 | , XX 68 29 1600 | 37 | 491393259 | 79 | ,, XXIII 64 42 58°61| 35 | 487385585
XXI 33 | 66573281 ‘27| 49091766,2 XXIV 40 | 6329 3°43| °34 | 4'8693212,1
XX 63 4123°17| *33 | 48629312,6 XX1V 40 | 553839°45| °37 | 47854982,7
66 | , XXI 33 | 664925°65| "33 | 48738825880 ,, XXIII 62 47 18°65| 28 | 481781524
XXII 4929 11718 | °33 | 4°7913836,1 XXII 41 | 6134 1°90| -28 | 4°8129295,7
XXI 33 | 46 720°84| °32 | 4°7704565,3 XXI1II 68 636°33| 26 | 4'8198723,7 |
67 | » XXII 7046 5°45| 33 | 4'8876897,1 | 81 | ,, XXII 41 | 52523437 | ‘25| 4'7540103,0
XXIII 34 | 63 634'01| °32 | 4:8629312,6 XXI 59 049°30 | ‘35 | 4'7854982,7
XXII 7159 31°80| 37 | 4°9344014,1 XXII 41 | 5323 5°37| ‘23 | 4774453830
68| , XXIIL 34 | 671857717 | °37 | 492124000 | 82 | ,, XXI 53 5539703 | ‘23 | 47475647,6
XXIV 40 4131703 | "37 | 477704565,3 XX 42 | 72411560 ‘24 | 4'8198723,7
XXIII 34 | 46565090 | 42 | 483301554 XXI 63 35805 18| 4'7353034,1
69 | , XXIV 65 42 10°23 | °43 | 4°9289800,4 | 83 | ,, XX 42 | 5119 58°51| 18 | 46777014,3
.9.9'4 35 | 67205887 | 43 | 4°9344014,1 XI1X 6536 3°44| 19 | 4'7445383,0
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-§ g Station Numbers § § g Station Numbers : §
R & | Logarithmof | § | & Logarithm of
Z I Corrected Plane o8 B ° Corrected Plane| ™ Logarithm o
] ] Angle 3 side-length in rEE ] Angl g side-length in
H i Serial g 8 5 Feet 2| Serial s nee g Feet
| £ 5 i z o
o 1 ” " o 1 " "
y |1 XX 42 (63393588 | ‘18| 4'7326134,0 y MV 49 65263737 | °83 | 5°0792515,8
84| « XIX 5157 6°03 18 4'6764655:7 97 | = II1 6937 o°32 | 83 2'0923203,1
z XVIII 43 |64 23 18°09 18 | 4°7353034,1 z VIII 50 [445622°31 | °82| 4°9694495,0
XI1x 68 41 37°51 | 20 | 4'7725455,5 111 34295834 | 57 | 483577835
851 ,, XVIII 43 |53 65521 *20 | 47062980,8 | 98 | ,, VIII 50 [623952°40 | °58 | 50312313,4
XVII 58 11 27°28 | *20 | 4'7326134,0 VII 8250 9°26 | 58 | 5°0792515,8
XVIIL 43 | 65495641 *25 | 4'8012164,0 VII 63 21 37°26 | 23 | 4'8034428,2
86 | ,, XVI1 553039°62 | "24 | 4'7571053,2 | 99 | ,, VIII 50 |42 1716°37 | °23 | 4°6801031,8
XVI 44 | 583923797 | ‘24| 477254555 X 7421 6°37 | 23| 483577835
XVII 5216 977 | ‘23 | 4'7367807,2 VIII 50 |7257 4°37 | ‘70| 5°1509113,0
871 , XVI 44 |61 1057°89 | ‘24 | 4'7812451,7 |100| ,, X 81 36 35702 | 71 | 5'1657549,5
XV 66 32 52°34 | ‘24 | 4'8012164,0 XII 51 |25 26 20°61 70 | 4'8034428,2
XVI 44 |59 3545°22 | ‘19 | 4'7254227,3 X 46 21 48'03 | 1701 | 5°0263647,9
88 | , XV 58 642746 | ‘19 | 4'7186237,7 |101| ,, XII 51 |59 2z 6°19 | 1'02 | 5'1000130,8
XIvV 45 |621732°32| °20 | 4'7367807,2 XIII 7436 5°78 | 1702 | 5°1509113,0
XV 48 58 57°63 ‘18 | 4°6699745,2 XII 51 |70 46 50°94 | 1°01 | 5°'1342040,8
89 | , X1V 48 |72z 024725 | ‘19 | 47705317,7 |102| ,, XT1II 61 46 23760 | 1°01 | 5'1041261,8
XIII 59 03812 | ‘19| 4'7254227,3 XV 52 | 47 26 45°46 | 1°00 | 50263647,9
XIV 45 |65 81893 | ‘20| 47617047,4 XV 52 | 6226 o093 | ‘95 | 51011939,6
90 | ,, XIIT1 67 35 25°54 | "20 | 4'7698393,4 |103| ,, XIIT 44 31 54°17 | "95 | 4'9994337,1
XII 46 (4716 15°53 | ‘19 | 4°6699745,2 XVI 53 (73 2 4°90| °96 | 5°1342040,8
XTIII 75 34 17°39 | °24 | 4'8321643,9 XTI1 41435320 | °63 | 4'9244562,2
91| , XII 46 |485959°31 | 23| 472386158 |104 ,, XVI 83 | 48511876 | -63 | 4'9780401,3
XI 17 |552543°30 | °23 | 4°7617047,4 X1V 89 24 48'04 [ °63 | 5:1011939,6
XII 46 |753334°39 | °36 | 4°9203276,6 XIV 49 48 44°56 | 34 | 4'8158073,0
92 , XI 17 |521233°78 | ‘'35 | 4'8320370,1 1105| ,, XVI 53 |51 20 59°91 ‘34 | 48253880,1
IX 18 |521351°83 | 35| 48321043,9 XVII 78 50 15°53 | ‘34 | 4°9244562,2
XVI 53 (7237 7°19 24 | 4'8400203,7
106 | ,, XVII 42 52 §52'05% ‘24 | 4°6931332,8
XVIII 84 (6430 0°70 24 | 4'8158073,0
B* XXVI 47 [4057 861 | 1744 | 5°0686258,3 XVII 45 17 14791 | ‘25 | 4'7148893,3
93 1| ,, XXIII 6538 41746 | 1°44 | 5°2116199,8 | 107 XVIII 54 |63 1649°30 | ‘25| 4'8141933,5
M 1I 48 | 7324 9793 | 1'44 | 52336163,3 XIX 71 2555°79 | 35 | 4'8400203,7
B XXIII 49 829°54 | °58 | 49483798,9 XVIII 54 |725835°68 | ‘30 | 4'8934104,7
% |, MII 48 |44 494589 | ‘58| 49178578,8 |108 ,, XIX 67 41 587 | ‘29 | 48790618,6
I 144°57 | °58 | 570686258,3 XX 58 |[392018°45 | 29 | 4'7148893,3
I 6027 41°94 | 71 | 570281612,4 XIX 47 45 56°45 | ‘21 | 4'7652368,0
95 | ,, II 48 |73 9 3°32 | ‘72| 5'0695734,0 |109| ,, XX 55 |36 16 6°40 | ‘21 | 4°6677747,0
III 46 23 14°74 | 71 | 4°9483798,9 XXI1 9557 57715 | ‘21 | 4'8934104,7
II 48 | 5923 828 | ‘51| 4°9694495,0 XX 55 | 495422743 | °23 | 47235658,2
9 | ,, IIT 4029 13°96 | -s51 | 4'8470718,4 {110} ,, XXI 72 44 19°18 | 23 | 4'8198949,8
A\ 49 |80 737°76 | ‘51| 50281612,4 XXIII 56 |572118°39 | -23 4'7652368,0

* B is the Serial letter for the West Calcutta Longitudinal Series which appertains to tho South-East Quadrilateral.



96 INTRODUCTORY.
218 Station Numbers § -§ & Station Numbers §
814 2 | Logarithmof | 5 é‘? ¥ | Logarithm of
z 3 s Corrected Plane 3 side-length in z P Corrected Plane| ™ . dga;nth;? ’
2 3 . 5 Angle 2 Feet ] 3 . £ Angle .E side- ength in
g Berial (- 8 e _ g Serial g E Foet
3| : & £ & 5
o 17 n n o 1 n n
y XXI 23536°72 | ‘18 | 47611766,0 M XXXV 6 8 : :
111 = XXIII 56 3.6 2‘2 21 'Z7 17 4'%410271,4 125 z XXXVI ? gi gg :9;; gi 13;%3:33::
z XXII 61 3 2°11| °17 | 472356058,2 z XXXV 63 | 612341°92| °34 | 48526248,0
XXI1I 61 32 16°%0 | ‘24 | 47767699, XXXVI 6 . . .
112} ,, XXI1I 56 | 6o 27 12'3.8 ‘21 4‘;;22122,3 126| ,, XXXVII 63 6:: ;; ig;g gi :gigig;g::;
XXIV 58 031702 | °23 | 49611766,0 XXXVIII 57 1936°86| 32 | 482582910
XXIII 86 | 53 03228 ‘25 | 4-7612992,1 XXXVIII . . . i
vs| , | XXV 30 59188 | w25 | su0908 [127] , | XXXVII | en | 8935 2035 (3| datiogent
.0.9 57 | 5551 45°84| 36 | 477767699,4 I XXXIV 5934 33°04| 34 | 4'8473018,3
XXIV 57 259715 ‘23| 4°7525199,0 M XXXVII 63 | 6o 51 46°89| °37 | 487095
y 3,2
114{ ,, ggl 57 63 3 55:&95 :23 4:7225244,8 128 ,, |1 XXXIV 63 22 20°52 | °37 4'8812226,2
5854 4 23 | 4°7612992,1 XXXV 64 | 554552°59 | °37 | 484708054
XXV 57 | 6116 49°78 | -25 | 4792724 XXXV 6 6 . . g
115| ,, XXVI 65 38 33‘;6 'zg 4‘%292482:1 129, ,, XXXIV ¢ 4; 1; g:; g; Igg?ggig:g
XXVII 58 | 53 43626 ‘35| 47525199,0 XXXIII 65 | 69554469 "31 | 48709573,
XXVI 6133 8°43| °28 | 48143996,6 XXXIV 5626 48°48| 28 | 4
: X 4°79120620,1
116 ,, gzﬂ:l 58 6‘15 4; 50%6 :28 4:8149258,5 180{ ,, XXXIII 66 | 56 115°67| °27 | 47899038,6
56 46 0°61 28 | 4°7927245,4 XXXI 67 31 55°55 | °28 | 48369382,6
XXVII 58 44 28°26 | 28 | 4'8124440, XXX . . .
wr| , | XXy 20t 17 00| a9 | sbistassy |1s1] . | XxAL. | °% SISy B3| dIaeEn
XXI1X 59 (60111465 -29 | 48143996,6 XXXII 66 | 6528 5901 | ‘34 | 479206201
XXVIII 128°56| <28 | 4°8062799,1 X : ‘ . :
us| , | XXIX 59 | 89532898 | -a0 | s8rsena 12| , | xxxr | ° |1 9| | 4k
XXX 6025 2°46| -28 | 48124440 ’ XXX : . L aT8o8s
4440,9 67 | 5733 6°88| °25 | 4'7787808,;
XXIX 59 | 612 ‘2 ‘30 | 4'832 , XXX . . .
mo| , | XXX Grag 351 3i | 4oasesres 18|, | XXX | ez |DRUB| o |10
XXXI 60 | 5547 53 44| 30 | 4'8062799,1 XXIX 65 3 2°84| 28| 482637189
XXX 57 44 58°50| 30 | 4'8160136,2 XXX 67 | 56 . . :
_ : 5630 39°13 | '23 | 4°7492938,2
120| » XXX%I 60 gg :g 26.17 "30 4:8298029,7 134| ,, XXI1X 55 6 41°66| °22 | 4°7420883,3
XXX 5°33| 31| 4'8324377,7 XXVIII 68 | 6822 3921 | ‘23 | 47964439,1
XXXI 60 22 2§°0 ‘2 *7798223, . . :
121, | XXXIT 85 35 4361 2 | ihubirmy [195] » | XXVIIL | ee |Sh e 80| o | HTA30RS
XXXIII 61 [ 62 350°32| -38 | 481601362 XXVII 5843 1°35| ‘22 | 4°7492938,2
XXXII 820 432 ‘2 : 84, . . :
192) , | XXXII | 61 |86 4op| a5 | sooadostn [136| , | Xxvir | ®° | 2195%| 3| 4sinss
XXXIV 5933 12°70| ‘25| 47798223,3 XXVI 69 | 553544°51| °32 | 4°7431637,5
XXXIII 61 | 6o 3°82| °30 | 48290273, : . :
128 , | XXXIV 7o $38-85| 30 | ¥8as0era [137) | XXV | e | spibog| - | 4130Eens
XXXV 62 | 494947°33| 39 | 477743084,4 XXV 39 | 681748°56| ‘33 [ 47986462,5
XXXIV 67 4920°77| *30 | 4:8526248,0 XXVI 69 |7 ) ’ :
) 43450727 | 28| 487390408
124 | ,, XXX\VfI 62 go ‘?3 22:44 ‘29 4:%758286,3 138 ,, XXV 39 | 602925°54| ‘28 | 48294802,
XXX 11716°79| "29 | 4'8290273,3 XX1V 40 | 44 5544719 | 28 | 4°7387702,3




SIDES AND ANGLES OF THE CIRCUIT TRIANGLES. 97
& = B = . 2
2 g Station Numbers g ) -g g Station Numbers 8 .
2|a Corrected Plane| 5 | ToRerithm of | 2} 3 Corrooted Plano| = | Logerithm of
2|3 g Anglo g | sdelmgthin § o | i 2 Ao g | sidelongthin
w | 2 Serial @ g E Feet g’ 2 Serial 8 & £ Foot
4|8 2 28 g £
g @ EE @ a | @ = =
o 1 L4 L] o 1 L4 L4
y | B* XXIX 67 28 56°63| °64 | 5°0248730,0 y | N XIII 77 | 672510°75| 26 | 4°8263344,5
139 & XXXT 70 | 66 27 39°65| 63 | 5°0215821,2 |153| = X1V 64 41 23°86 26 | 48171439,4
z INI 46 323°72| °63 | 4°9166608,4 z Xv 78 | 4753 25°39 25 | 4'7312958,1
B XXXI 70 | 483152771 *64 | 4°93500064,1 X1V st 8 2°37| ‘27| 4'7619004,2
140 , IN I 64 18 3844 °65 | 5s'0151412,7 |154| ,, XV 78 | 64172941 | 27 | 4'8253082,4
II 71|67 92885| °65 | 502487300 XVI 64 34 28-22| -28 | 4'8263344,5
II 71 |635341°77] 78 | 570770043,5 Xv 78 | 625439748 | -24 | 478249675
141 ,, I 75 44 52°70| °79 | 5°'1101568,3 | 155 ,, XVI 58 58 44°83 | -24 | 4'7659309.0
III 72 | 4021 25°53| °78 | 4°9350064,1 XVII 79 | 58 63569 <23 | 4'7619004,2
I 49 3 9°75| 82| 4°989g1077,1 XVI 57 44 40°33 | 26 | 4'7855924,9
1421| ,, III 72| 6319 0°76| °82 | 5'0620772,2 |156| ,, XVII 79 | 65 9 o058 27| 481619271
Iv 67 37 49749 "82 | 570770043,5 XVIII 57 619'09| 26 | 4'7824967,5
111 72 | 661253°93| 52| 4°9314873,5 XVII 79 | 53 st11°20| ‘25 | 4'7596808,6
143| ,, IV 45 9 8-82| ‘52 | 45706728.3 |157]| ,, XVI1II 68 50 35°53 | 26 | 4'8265328,6
v 73 | 683757°25| "53| 493910771 XIX 80 |58 413°27| 26 | 4'7855924,9
Iv 4318 33°63 | ‘52 | 4°8593473,4 XVIII 5139 4°41| °22 | 4'7254102,9
144 | \4 73 | 713023°01| ‘52 | 50005359,0 |138| ,, XIX 80 | 7017 4°38| ‘23 | 480472139
VI 65 11 3°36| °52 | 4°9814873,5 XX 58 351721 | °23 | 4'7596808,6
i A4 73 | 65385165 -41 4'9103956,7 XIX 80 | 6033 2°03( ‘22| 47623999,6
145| ,, VI 60 955°78| -40 | 48891168,2 159 ,, XX 66 20 54°81 | ‘22 | 4'7843833,6
VII 74 | 5411 12°57| 40 | 4'8508473,4 XXI 81 |53 6 3°16| °23 | 47254102,9
VI 49 2831776 | 38 | 4'8253703.3 XX 5833 4°75| ‘24 | 477662553,2
146| ,, VII 74 | 625547 12| °38 | 4-3940926,9 |160| ,, XXI 81 | 63425701 ‘24| 47878544,3
VIII 67 35 41°12 | "39 | 4°9103956,7 XXII 57 43 58°24 | 23 | 4'7623999,6
VII 74 | 6440 41°07| 33| 4'8556102,9 XXI 81 |76 172949 | <26 | 4'8527153,9
147/ ,, VIII 5751 3°00| °32  4'8271927,2 |161] , XXII 5056 43°75| ‘25 | 4'7554339.8
IX 75 | 572815°93| °3z | 48253703,3 XXIII 82 | 524546776 | ‘25| 47662553,2
VIII 58 16 47°33 | 33 | 483534848 XXII 534z 17°90| 28 | 47863507,4
148| ,, X 76 | 5841 21°18| 33| 483725128 | 162 ,, XXIII 82 | 56 2420°35| 28| 4'8006680,8
X 63 151°49| 34| 4'8556102,9 XXIV 69 53 21°75 | °29 | 48527153,9
IX 78 |63 522007 | ‘41 | 4'9112472,5 XXIIT 82 | 5828 47°50| 28 | 4°8003175,3
149 X 67 12 8°43 | 41 | 4°922734s5,7 |163] , XXIV 65 52 53°13| °-28 | 482997420
XI 76 |485531°50 | “40 | 4'8353484,8 XXV 83 | 5538 19°37| 27 | 4'7863597,4
X 37 727°19| 32 | 471817123 XXIV 5335 55760 | 25 | 47603515,2
150} ,, X1 76 | 7235 o0°'62| °33 | 4°9170800,7 {164| ,, XXV 83 | 642735°97| °26 | 48099632,3
XII ' 7017 32°19| °32 | 4°9112472,5 XXVI 61 56 28-43 | 26 | 4°8003175,3
XI 76 | 703012°86| -22 | 479156580 XXV 83 | 56 102312 | 26 | 47769174,9
L, XII 56 44 17°56 | -21 | 4'7395059,8 | 165 ,, XXVI 70 43 54°88 | 26 | 4°8324262,4
XIII 77 | 524529'58| ‘21 | 47181712,3 XXVII 84 | 53 542°00| ‘25 | 4°7603515,2
XII 53 045°71| ‘22 | 4'7312958,1 XXVI 62 53 18°45| °25 | 4'7909707.0
152| ,, XIII 77 | 602353°16| °23 | 47681335,6 |166] ,, XXVII 84 | 57 3540°64| °24 | 47680069,0
X1V 66 35 21°13 | ‘23 | 4'7915658,0 XXVIII 5931 0°91| ‘24| 47769174,9

* B is the Serial letter for the West Caloutta Longitudinal Series which appertains to the South-East Quadrilateral.



98 INTRODUCTORY.
-g g Station Numbers s -g g Station Numbers g
F ':‘ Corrected Plane ; f:;s:; tgl:;lni:)lf Z F: Corrected Plane % ’Ii';ﬂ:::;::
. e | S .
|3 Sorial g Angle £ i ? 3 Sorial g Angle £ Foot
-E & & 2, 2|8 £ 2,
n g | @ =] @
o 7 L4 " o 7 L4 L4
y | N XXVII 84 | 49304891 24 | 47286101,4 y B* XXXVIII 92 | 54 40 2874 | 2°56 | 5°2780661,7
167 =« XXVIII 9 5 4'18] 25| 48178737,4 |181| = XXXV 75 49 6-38| 2°57 | §5°3530135,5
P XXIX 85 | 6124 691 | °24 | 47909707,0 z |0 I 93 | 49 3034°88| 2756 | 5°2475620,4
XXVIII 63 57 24°06| °26 | 4°8146540,1 B XXXV 48 1357°37| 2°39 | 5'2220856,8
168| ,, XXIX 85 834 6°54| 26| 4-8300361,7 |182| ,, |0 I 93 | 734319742 | 2°40 | 5°3316631,7
XXX 47 28 29°40| °25 | 4'7286101,4 1I 58 2 43°21| 2°39 | 5°27800661,7
XXIX 85 | 523853°76| "27 | 4'7684646,0 II 5549 7°54 | 1'40 | 5'1531955,3
169 ,, XXX 65 12 25749 | °28 | 4'8261420,7 |183| ,, I 93 | 4822 31727 1°39 | 5°1091694,8
1 XLV 86 | 62 840°75| 27 | 481465401 III 75 48 2119 | 1740 | 5'2220856,8
N XXX 65 1035756 | “25 | 4'8031215,6 I 93 [ 353645°50| 57 | 4'9409119,1
170| ,, |x XLV 86 | 575340791 | 25| 4'7731450,4 |184] ,, 111 36 433°24| °58 | 4°9457728,1
XLIII 56 55 43°53 24 | 4°7684646,0 .V 94 [108 18 4126 | 58 | 5°1531955,3
XLV 86 | 63 4633°84| 26 | 4-8064525,3 v 94 | 741516°10| 39 | 4°9585619,2
171 ,, XLIII §3 19 23701 | "2§ 4:7573074,3 185 ,, 111 3812 2073 | 38 | 4'7665027,3
XLIV 87 | 6254 3°15| 26| 480312156 VI 95 | 673223°17| 39 | 4'9409119,1
XLIV 87 | 581952°67| ‘25| 47749249,3 111 85 3 40°22| ‘84| 5'152322¢9,1
72| ,, XLIII 5526 13792 | ‘24 | 476061154 |186| ,, VI 958 | 5519 3°08| °84 | 50689781,9
XLII 88 | 66 1353°41| 25| 4°8064525,3 YII 3937 16°70 | °83 | 4'9585619,2
XLIII 73 48 55703 | ‘22 | 4'8186925,7 VI 958 | 3134 47°81| 78| 4'8772964,5
173} ,, XLII 88 | 45 5522°65| ‘22| 4'6926242,5 J187| ,, VII 67 5037°92| °78 | 5°1249098,3
XLI 1 60 15 42°32 | ‘22 | 4°7749249,3 VIII 96 | 80343427 | °78 | 5°1523229,1
XLII 88 | 64555463 ‘29 | 483390632 VII 56 654°48| 37| 485018180
174} ,, XLI |54 4 414| -28 | 4'7852025,1 |188| ,, VIII 96 | 61 48 o°14| 37| 4°8761458,8
XL 89 | 61 o 1°23| ‘29 | 4'8186925,7 IX 62 5 5°38| °38 | 4°8772964,5
XLI 27 13°14| ‘25| 4'7642423,5 VIII 96 | 5238 5°6 . 48528365,
175 ,, XL 89 gg 5; 23'63 'zg 4'7776843,0 | 189 ,, IX ;5 :1).1 242 ';9 4'9279?’4;;
XXXIX 70 35 17°24 | 26 | 4'8339063,2 X 97 | 5sz21047°92| °38 | 48501818,0
XL "~ | 89 | 625711°85| ‘27| 48125807, IX 4729 3°83| - 7973191,
176 | XXXIX 64 5; 8'o§ ‘z; 4'8173459,3 190| X 97 7? 33 3§°6g §§ 1-;?;3828,;
XXXVIII | 90 | 52 49 40°10| "26 | 47642423,5 XI 56 5317°49| 34 | 4'8528365,5
XXXIX 1 2571 *23 | 4°7268156, X 97 | 5435458 26 | 4'7727391,4
177 XXXVIIT | 90 27 36 ?g'oi 'zg 4';625329,3 191 , XI gs i; 53'03 “27 4'%21?327,3
XXXVII 7120 52°83 | ‘23 | 4'8125807,3 X1 98 | 5936 1507 | ‘27 | 47973191,4
XXXVIII 90 | 6519 9°94| 27 | 4'8370282,1 XI 6z 22 33°60| -30 | 4°8452220,0
1781 ,, XXXVII 6951 6°11| ‘27| 48512066,6 192, ,, XII 98 63 257°98| 31| 4'8680790,2
XXXVI 91 |444943°95| ‘27| 47268156,7 XIII 48342842 | ‘30| 477273914
XXXVII 4857 11° ‘30 | 477177125 XI1 98 | 52 949°22| 29 | 4'7790495,1
179| XXXVI 91 | 69 29 46'3% 'go 4'8668130,8 |193| ,, XIII go 5(95 42' 6 '23 4'823?43;,1
XXXV 64 | 6113 2°35| 30 | 48370282,1 X1V 99 | 66 53 23°82| -29 | 48452220,0
XXXVI 91 8 22 277 *26 | 4°7809905,6 XIIT 68 6 55°02| 28 | 4'835504 ,6
180] ,, XXXV 64 25 9 16'22 - 26 4'8086296,0 194 ,, X1V 99 | 5719 gg'So ‘27 4'7935)2303,6
XXXIII 65 | 56 28 15°99| ‘25 | 4'7717712,5 XV 5433 11718 | "27 | 4°7790495,1

* B is the Serial lotter for the West Culcutta Longitudinal Serics which apportains to the South-East Quadrilateral.




SIDES AND ANGLES OF THE CIRCUIT TRANGLES.

E g Btation Numbers g -bg g Station Numbers §
zs % Corrected Plane| = Pogsuthm 2 f 2 f Corrected Plane A 'l'f‘ogarithm ‘_’f
2 |3 ] Angle '§ side-length in | ‘o - 2 Anglo '§ side-length in
® -E Serial g £ Feet 2 g Berial g E Feot
g ) 5 o™ EE @ 5 &
. (<] ' L4 L4 o ! L II
y |0 XIV 99 | 5619 47°65| °30 | 4-8101727,0 y |1 LVIII 106 | 54 26 52°99 | 21 | 4'7253442,2
195| = Xv 6144 6°65| 31| 483478397 |209| = LVI 56 50 39°97 | "21 | 4'7385033,9
2 XVI 100 | 6156 5°70| *31 | 4'8355945,6 z Ly 107 | 68 33 27°04| ‘22 | 4'7837886,7
XV 60 32 10°71| -31 | 4'8337587,2 LVI 63 231°53| ‘20 | 4'7418256,2
196| ,, XVI 100 63 54 40°70| °31 | 4'8472380,4 |210] ,, LV 107 | 575055°33| ‘19 | 4'7194841,0
XVII 5533 8°59| 31| 481017270 LIII 59 633°14| °19 | 4'7253442,2
XVI 100 | 48 39 2941 | °24 | 47260772,8 Ly 107 | 5232 29'00 | °23 | 4'7403527,4
197( ,, XVII 57 10 41°55 | "24 | 4°7750290,2 |211] ,, LITI 74 39 44°76 | 23 | 4'8248956,0
XVIII 101 | 74 949°04| °24 | 48337587,2 LIV 108 | 52 47 46°24 ) "23 | 4'7418256,2
XVII 71 56 50°19 | ‘22 | 4'8021174,9 LIV 108 | 78 53 21794 | ‘24 | 4'8435479,2
1981 ,, XVIII 10155 626°61| -22| 4'7379746,1 |212| ,, LIIT 50 25 15°00 | °23 | 4'7386758,4
XIX 52 56 43°20 | ‘21 | 4'7260772,8 LII 109 | 50 41 23°06 | °23 | 4°7403527,4
XVIIL 101 555726°93 | °25 | 4'7673391,7 LIII 52 36 35773 | 27 | 4'7702126,9
199 ,, XIX 6011 2°85| ‘25| 47873158,9 |218| ,, LII 109 | 571328'89| 27| 47948005,8
XX 102 | 63 51 3022 | 26 | 4°8021174,9 LI 70 955°38| -27 | 4'8435479,2
XIX 85234834 | 24 | 48741129,7 LII 109 | 71 443'02| ‘27| 4'8430100,1
200]| ,, XX 102 | 43 23 14°21 | ‘23 | 4'7124261,6 |214| ,, LI 55 47 36°55 | ‘27 | 4°7846494,7
XXI 51 1257°45| ‘24 | 4'7673391,7 L 110 53 7 40°43| 36 | 4'7702126,9
XX 102 | 4438 25°9 ‘24 | 4'7237536,2 LI 5116 0°64| -25 | 47507345,6
201} ,, XXI 5158 13°3 ‘24 | 4'7733669,9 |215] ,, L 110 53594012 -25 | 4'7665290,6
XXII 103 83232063 -25 | 48741129,7 XLIX 74 44 1924 | °25 | 4'8430100,1
XXI 77 27 20°60 | ‘24 | 4'8440215,7 L 110 | 71 32 32°53 | “21 | 4°7928794,7
202 ,, XXII 103 54 48 42°48| -24 | 4'7668766,9 |216| ,, XLIX 49 250°58| ‘20 | 4°6939074,4
XXIII 47 43 56°92 | ‘23 | 47237536,2 XLVIII 111 | 59243689 21 | 4°7507345,6
XXII 103 | 62 29 48°88| 30 | 4'8389192,5 XLIX 55 50 58°40| -23 | 4°7532161,2
208 ,, XXIII 53 40 33703 | ‘30 | 4'7971643,3 |217 | XLVIII 111159 547°37| ‘24 | 47689175,
XXIV 104 | 63 49 38'09| °31 | 4'8440215,7 XLVII 65 314°23| ‘24| 47928794,7
XXIII 51 28 19°15| ‘22 | 4'7385115,6 XLVIII 111 | 6338 10°73| ‘25 4'7345582,5
204 ,, XXIV 104 | 48 11 5848 -22 | 47175670,1 218 ,, XLVII 61 48 44°89 | ‘24 | 4'7874296,2
XXV 8019 42°37| -2z | 4'8389192,5 XLVI 112 | 54 33 4°38| ‘24| 4'7532161,2
XXI1V 104 | 70 52899 ‘25 | 4°8201489,3 XLVII 56 127°09| "27 | 4°7904475,1
205 ,, XXV 58 43 45°35 24 | 4'7787376,0 |219] ,, XLVI 112 | 67 8 3°72| -28 | 48362c66,6
XXVI 105 51 10 45°66 | 24 | 4'7385115,6 XLV 86 | 56 5029°19| 28 | 4'7945582,5
0.9.9% 5732 45°14| ‘27 | 4'7935772,9 XLVI 112 | 5723 17°09 | 23 | 4'7578243,7
206 ,, XXVI 105 58 40 46°82| -28 | 4'7989242,6 | 220 ,, XLV 86 | 57222775 | ‘23 | 4'7577578,3
XXVII 03 46 28-04 | 28 | 4'8201489,3 XLIV 87 | 65141516 24 | 4'7904475,1
XXVI 105| 7218 26°25 | ‘25 | 4'8364984,3
2071 ,, XXVII 48 155°66| -25 | 472883477
I LVIII 106 | 59 39 3809 | 25 | 47935772,9
0 XXVII 59 18 s0°20| 23 | 4'7837886,7 B XLII 113 | 3534 4°49| °61 | 50027539,2
208 , | X LVIII 106 | 44 31 49'36 "23 | 4'6951994,2 |221| ,, XL 2520 49°88 | "61 | 4'9992305,3
LVI 76 919°84| °23 | 4°8364984,3 p1I 114 (129 § §5°63| 62 | 5°2576;26,9




100 INTRODUCTORY.
-g g Station Numbers g -g g Station Numbers §
s |93 Correrted Plane| = | Logerithmof | 2 1 2 5| Corretad Piane ; Ijsg‘l"“‘;t“l‘l of
K} = [ side-leng m K] = 1 side-ien, m
'g Serial g Angle B Feet 5’ "g Serial 4 Angle g Feet
2| & & 5 HE é 5
o 7 n” n o 1 n n
y (P I 114 | 66 55 9°40| 80 | 5°0642131,6 y | P XVII 56303612 25 | 47697393,0
222| z | B* XL 6o 517'00| 80| 50383627,1 |236| « XVIII 122 | 63 13 §5°12 26 | 4'7993015,7
s |p III 118 | 52 5033°51| °79 | 5°0027539,2 z XIX 60 16 1876 | -a5 | 47872962,5
B XL 33 46 42728 | 82 | 4°9633098,5 XVIII 122 | 67 49 40°09 | 28 | 4:8356448,2
223 ,, |P III 115 |101 40 56°38 | 82 | 5'2091580,0 }237| ,, XIX 5927 14°38| 37 | 48041233,4
v 4432 21°34| 82 | 5°0642131,6 XX 123 | 5243 5°53| 37 | 47697393,0
III 115 | 80292817 | ‘9o | 5:1561304,2 XIX 54105872 26 | 4'7743926,3
224 ,, v 6o 15 43°71| ‘9o | 5'1008107,0 |238] ,, XX 123 | 5647 43°98| 27 | 47880117,5
VI 116 | 3901448 12| "90 | 4°9633098,5 XXI 69 117°30| a7 | 4'8356448,2
v 3732 57°77 | 1°11 | 49964353,7 XX 123 | 69 14 991 | °28 | 48477578,1
225 ,, VI 116 | 81 2021°02 | 1'11 | 520816860 239 ,, XXI 5836 18:81 | -28 | 48081769,3
VII 6116 41°21 | 1°11 | 5'1561304,2 XXII 124 | 52 931°28| 28 | 4'7743926,3
VI 116 | 3139 6°58| °38 | 4'7218189,8 XXI 5428 19°67 | °32 | 48130923,8
226 | ,, VII 67 23 11°01| ‘38 | 4°9671190,6 |240| ,, XXII 124 | 63 42 33°66| °33 | 4'8551358,3
X 117 | 8057 42°41| °39 | 4'9964353,7 XXIIT 6149 6°67| °33 | 48477578,1
X 117 | 6141 7°38| 21| 474871409 XXIT 124 | 63 51 7°69| ‘33 | 48592974,7
227\ ,, VII 62 28 21°83 | 21 | 4'7518768,0 |241 | ,, XXIII 62 2016°03 | -33 | 4°8534733,3
X1 118 | 55 5030°79 | ‘20 | 47218189,8 XXIV 125 | 53 48 35°38| 33 | 4°8130923,8
VII 5932 37°31| ‘33| 4'7690118,3 XXIIT 5445 50°75| °31 | 48085790,5
228 | ,, XI 118 | 65 617°57| °34 | 479114209 |242] ,, XXIV 125 | 58 36 20°73 | *31 | 4'8277281,5
X 55321 5'12| 33 | 47487140,9 XXV 6637 48°52 | 31 | 4'8592974,7
XI 118 | 58473890 | 23 | 477604893,9 XXIV 128 | 555723°39| 27 | 477822205,
229, ,, X 6029 o'10| -23 | 47679906,4 243 ,, XXV 62 20 §1°63 | ‘27 | 48112037,6
XII 119 | 60 43 31700 | *23 | 4'7690118,2 XXVI 126 | 61 41 44°98| 327 | 48085790,5
X 55 4 9°84| ‘a5 | 47624796,4 XXV 48 639°92| 26 | 4'7454535,3
230 ,, XI11 119 [ 70 14 4°42| ‘25 | 48223761,2 |244 | ,, XXVI 126 | 77 46 15°25| °26 | 4'8636550,0
X111 54414574 | 34 | 47604893,9 XXVII 54 7 4°83| -36 | 47822295,2
XI1 119 | 66 24 17°23 | ‘21 | 4°7732595,3 XXVI 126 | 59 21 §6°31| °28 | 4'8190103,9
231 ,, XIIT §501326°12 | -20 | 46968487,4 |245| ,, XXVII 74 3 3°06| ‘28 | 4:8672434,6
XIV 120 | 6322 16°65 | ‘21 | 4'7624796,4 XXVIII 127 | 4635 0°63| *27 | 4°7454535,2
XIII 614755731 24 | 4°7774121,6 XXVII 6r 112874 -29 | 48217051,0
232 | ,, X1V 120 | 5724 10°56| 23 | 4'7578510,6 | 246 ,, XXVIII 127 | 5815 19°26| -29 | 4'8087091,3
.44 6047 53°71| ‘23 | 47732595.3 XXIX 6o 33 12700 | ‘39 | 4819o103,9
X1V 120 | 6437 14°29 | °34 | 4'8837699,9 XXVIII 1276943321713 -32 | 4°8728688,8
233]| ,, XV 7023 7°54| °35 | 49018397,8 |247| ,, XXIX 53 47 18°86 °31 | 4-8074430,7
XVI 12145 038 17| °34 | 47774121,6 I LXXI 128 56 29 20°01 | °31 | 4'8217051,0
XV 48 415835 | "33 | 479274535 P XXIX 6236 17°98| 31 | 4°8522061,6
234 ,, XVI 12163 24 53°80| °34 | 486842490 |248| ,, |1 LXXI 128 4847 6°'52| 31 | 4'7802226,7
XVII 6753 7°85| 34| 488376999 LXIX 68 36 35°50 | °32 | 4'8728688,8
XVI 121 503584°57| °26 | 4°7872962,5 LXXI 128 | 5123 21°90| <28 | 4°7708189,4
2351 ,, XVII 5932 47°28| ‘25 | 4°7870646,3 249 ,, LXIX 58 829°32| 28 | 4'8070313,3
XVIII 122 | 6o 51 18 15| 26 | 4°7927453,5 LXX 129 | jo28 8:78| <28 | 4'8522061,6

.. B is the Serial letter for the West Caloutta Longitudinal Series which appertains to the South-East Quadrilateral.
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SIDES AND ANGLES OF THE CIRCUIT TRIANGLES. 101
] 2 . 2 3 = .
-g g Station Numbers § ] -g £ Station Numbers g
“ ‘:‘ Corrected Plane| = ]..';)ganthm ‘ff Z "3 Corrected Plane] ™ Pognrithm o.l‘
e 2 3 Angle 'g side-length in ° = § Angle 3 side-length in
S| 3 Sorial 5 '§ Feot H ﬁ Berial 2 5 Foot
i& & 5 2| & & 5
o ’ n n o [ ” n
y |1 LXX 129 | 5048 13°18 | ‘24 | 4°7779223,4 y | B XLIV 39 51 54°731| 1°189| 5°0§57003,
250| « LXIX 61571311 | “25 | 47870022,4 |[263| = LIII 136 |48 25 10°270| 1°189 5'1227691,‘?
z LXVIII 130 | 58 14 3371 24 | 4°7708189,4 z |Q I 91 42 547999 1°190| 5°2486588,2
: LXIX 6348 12°99 | -33 | 4'7841496,9 B LIII 136 |38 11 55°550  “763] 4'9309304,4
2511 o LXVIII 130 54 ©17°61| 23| 4'7392032,8 |264| ,, |Q I 86 17 37°025| *764| 5°1387576,5
LXVII 62 1129°40| 23 | 477792234 111 137 | 55 30377425 °763| 50557003,5
LXVIII 130 | 62 38 go"41| ‘20 | 4'7578197,9 I 61 47 41°757| 595! 4'9833046,7
2521( ,, LXVII 46 40 31°37 | ‘20| 4'6711420,8 |265| ,, 111 137 |66 50 22°048| 596 50017081,9
LXVI 131| 7040 48722 | ‘20 | 4'7841496,9 v 5121 55°295 °595| 4'9309304,4
LXVII 6528 29°59| ‘34 4'7914'949,1 II1 137 (8033 10°62 | 1°07 | 5'1983680,4
2531 , LXVI 131 5711 1°36| ‘23 | 47570513,2 | 266/ ,, Iv 62 29 32°71 | £°06 | 5°1521973,7
LXV 5720129%05| ‘23 | 47578197,9 VI 13836 57 16767 | 1°06 | 4'9833046,7
LXVI 131 485643°86| ‘24 | 47298121,6 v 62 30 49°64 | 1°08 | 515303288
254 | , LXV 70 4132799 | 25 | 482725212 | 267 VI 13837 3039°16 | 1707 | 49896041,3
LXIV 132 6o 21 43°15| ‘25 | 4'7914949,1 v 79 58 31720 | 1°08 | 51983680,4
LXV 58 42 36°85 | 20 | 472720124 \'4 54 4222799 | 100 | 5°076207%,8
256 | 1 LXIV 132 | 62 022°82| ‘20| 477414234,3 |268] ,, VI 138 | 4821 5°44 | 1700 | 5°0378681,3
LXIII 5917 0°33| ‘20| 4'7298121,6 VII 76 56 31°77 | 1°00 | 5'1530328,8
LXIV 132 | 5734 55°34| "19 | 47175310,2 VI 138 | 4111 o0 73 | 67 | 4°9080679,6
256 | , LXIII 62 44 37°94| ‘20 | 47399925,1 | 269 ,, VII 62 56 8°13 ‘68 | 5'0391615,5
LXII 133 594026°72| 19 | 473720124 IX 139 | y5 52 5114 | 68 | 5°0762077,8
LXIII 65 949°48| 21 | 476728208 IX 139 |71 143946 | "53 | 4°9903102,0
257 LXII 133 | 6048 36°63 | 21 | 477504483,6 [270| ,, VII §71011°61 | 52 | 4'9384319,3
LXI 54 13389 ‘21| 471753102 XI 140 | 5135 8'93 | 52 | 4$9080679,6
LXII 1335033 §°11| ‘22 | 471126305 VII 3854 1°59 | 45 | 48061565,8
258| ,, LXI 67 59 8:05| ‘22 | 47906576,1 |271| ,, XI 140167362650 | 46 | 4$97364732,0
LX 134 | 6127 46°84| -22 | 477672820,8 X 73 39 31°91 ‘46 | 4°'9903102,0
LXI 595719°79| ‘19 | 4'7221653,8 X 8234 0'16 | ‘26 | 4'8882023,9
259 ,, LX 134 6227 38°29| °19 | 4773260304 |272] , X1 140 | 42 15 30°68 | 26 | 47195449,0
LIX 5735 1'92| ‘19 | 47113630,5 XII1 551029°16 | *26 | 48061565,8
LX 134 | 634558 17| 23 | 479630294 XI 140 | 45 148754 | 34 | 47768422,6
260| , LIX 67 6 3°37| -23 | 48078617,8 |278] ,, XII 68 52 4°28 | -34 | 48968947,5
LVII 135| 49 758°46| 23 | 4'7221652,8 XIII 141 166 6 7°18 | °34 | 488820239
LIX 6o 3c 28°68 | -24 | 47788523,4 XII 602637°14 | 22 | 47632110,3
2611 ,, LVII 135 5431 7720 ‘24 | 47499083,2 |274| ,, XIIT 141 | 5543 2°46 22 | 4°7408904,5
LV 107 | 64 58 24" 12| ‘24 | 47963029,4 X1V 63 50 30°40 | 23 | 4'7768422,6
LVII 135 (7233 28'91r | ‘24 | 4'8249038,1 X111 141 | s8 5922 10| ‘25 | 4°7796837,3
262] ,, Lv 107 [ 4822 13742 | 23 | 4'7189705,7 |275] XIvV 6534 15°59 | 325 | 4'8053577.9
LIV 108159 §517°67 | -24 | 47788523,4 XV 142 | 553622°31| ‘25 | 4°7632119,3
XIV 61 54 3607 | 2§ | 4°7908260,2
276 ., Xv 142 58 47 19755 | 35 | 4'7773539,6
XVI 59 18 4°38| ‘25| 477968373




102 INTRODUCTORY.
-g g Station Numbers § -3: 5 Station Numbers §
& Logarithmof | 5 | & & | Logarithm of
% |3 g |Corrected Plane 3 | sidelengthin | % | 2 2 Corrected Plane 3 | dg::ng;‘l o
|2 Serial 5 Angle ': Feet || 3 eri g Avgle i F
£ E. ri B s g £ erial E £ et
2| & & & E|w & &
[- I ” L4 o n n
y |[Q XV 142 54 1516°16 | -24 | 47504593,5 y | I LXXXIII & ‘21 | 48129919,
277| « XVI 62 47 14°29 | 24 4'§301623:3 291! =« LXXXII 150 Zg ‘:g Zz'gg ‘20 1'678?22%,?
z XVII 143| 62 5729°55| ‘25| 47908260,2 z LXXXI 5859 6°27| ‘21| 475957747
XVI 8 4°57| -21| 47329389,6 LXXXII 150 2 39° . :
278 o XVII 143 éz 52 3;';3 ‘21 :-;,3;4?22318 292 ,, LXXXI ;g 49 ‘th; :; 1;;1?%?:5
XVIII 60 50 20°08 | 21 | 4'7504593,5 LXXX 151 | 74 752°50( ‘22 | 48129919,9
XVII 143| 61 115°2 ‘21 | 4°7418569,0 LXXXI 6 80 ‘21 | 47
279| o, XVIII 59 59 4?' | a0 4-7374‘222,, 293| ,, LXXX 151 gl tg 14'23 "21 1%;;2;";
XIX 144 58 58 59°60 | ‘20 | 4'7529389,6 LXXIX 5156 57°74| ‘20 | 47079373,7
XVIII 33 8 ‘20 | 49229367, LXXX 181| 65 8 o°6 . 77428
280 , | XIX 144 83%0 833 | a1 | 476a0s050 [29¢| » | LXXIX B 504105 | a2 | 171058003
XX 5927 2°8o| ‘21 | 47418569,0 LXXVIIT 152 | 5552 17°43| "22 | 4'7344573,5
XI1X 144 | 50 46 56°16 | -20 | 4'7381658,0 LXXIX 128 4° ‘3 7256496,
281 ,, XX 63 40 12°94 | "21 | 47 540224,5 295, , LXXVIII 152 gy 29 zggg '23 1';9‘;8329,_;
XXI 145| 56 32 50°90 | ‘20 | 4'7229367,7 LXXVIIL 61 225°92| ‘23| 477428773
XX 61 3% 24°6 ‘21 | 47448819, LXXVIIT [152 | 67 46 53" ‘3 7836178
282| ,, XXI 148 | 58 2Z> 24'6% ‘20 1';334972,‘5 296 ,, LXXVII 5275 4’6 ‘;3;3 '2: :‘;4'230;3;6::
XXII 60 3 10°67| ‘30 | 473816580 LXXVI 15354 611°62| "21 | 477256496,1
XXI 1458 (6623 5°31| ‘23 | 4'7852962,2 LXXVII 618 9°48| °23 | 4°7408096
283( ,, XXII 57 © 5?'97 ‘22 4'74%9298,0 297 ,, LXXVI 153 :27 3 5?'26 ‘32 1;14633315
XXIII 146 | 5635 56°72 | °323 | 474488195 LXXV 66 37 57°46 | ‘23 | 4778361781
XXII 6117 48°73| "34 | 478041208 LXXVI 153 | 66 47 23°2 ) 7852290,
284 | ,, XXIII 146 56 1: 58'54 ‘24 4'§56;436,8 298| ,, LXXV 57 4; 2%'43 '2: .4}';42082:,;
XXIV 62 30 12°93 | "24 |.47852962,2 LXXIV 154 56 5 10°29| 32 | 4'7408969,7
XXII1 146 | 6222 5412 | °23 | 47784412, LXXV ) 136'06| 22 | 47324829,0
285 ,, XX1V | 5444 53'50 '23 4'74292;7,? 299 ,, LXXIV 154 g; 23 39'54 ‘22 1'?46;47?.1
XXV 147 | 63 ‘38| ‘2 7804120,8 LXXIII 6 . . 78
53 3°3 4 | 47804120, 725 14740 22 | 4'7552290,7
XXIV - 60 40 46°60 | ‘24 | 45765462,2 LXXIV 2 142801 - *7135202,8
286 | ,, XXV 147 | 58 11 29°49| ‘24 | ¢ ;851062,4 300| ,, LXXIII 184 ;z :52'23 :: 169;372:3
XXVI 61 743°91| “24 | 477844129 LXXII 155 554039°76 | “21 | 4'7324829,0
XXV 1476354 1°68| "3r | 4777159438 LXXIIT 6925 4°95| "18 | 4'7459319,1
2871 ,, XXVI 5049 26°70| ‘21 | 4-7077223,9 |30L| LXXII 185 50 1525°36 | °17 | 46604584,6
I LXXXV 148 | 65 16 31°62 | ‘22 | 477654062,2 LXXI 128| 601929°69 | -17 | 47135202,8
Q XXVI 63 55 59°71| ‘22 | 477477840 LXXII 6 . . ‘807018
28| , [T LXXXV  [148| 52385013 | 22| 47usbrons [302) o | IXXT  [130] 61 asas0y| a3 | 479:85459
LXXXIII 63 525716 ‘22 | 477159438 LXX 129 | 522528796 | 24 | 4774593191
LXXXV 148 62 32 5629 | 25 | 4'7913365,6
289 LXXXIIT $8 46 43°16 | ‘25 | 477526773
LXXXIV 149 | 58 4o 20°55| ‘24 | 47747784,
LXXXIV (149 5440 56°28| ‘25 | 475057747 B* LVI 6313 o'go| 1° 140866
290 ,, LXXXIIT 23 55 24‘80 'z? 4'8b?§|;1,§ 303| ,, LIX 156 Sg 32 47’22 ::g ?::g:; lg’:
LXXXII [150| 6123 82| 25| 4791336506 R I 5716 11°38 | 1732 | §1150653,
3 89 5 | 47913305, 5716 11°58 | 1722 | 5°1150652,5

* B is the Serial letter for tho West Calcutta Longitudinal Beries which appertains to the South-flép’at ‘Q“nflﬂl:;te;al.
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SIDES AND ANGLES OF THE CIRCUIT TRIANGLES. 103
5 | 5 T 2 5 | & , 3
g Station Numbers 8 -g E Station Numbers 3
5 =] ) pg Logarithmof | 3 | R rS Logarithm of
3 ° Corrected Plane . . z ° Corrected Plane N 3
o | & g Angle K side-length in e | 3 g Anglo g side-length in
g’ ‘g Serial e 5 Feet g’ 'E Serial e B Feet
£l s 5 E|s £ &
o 1 L4 L4 o ! ” ”
y |B LIX 156 | 50 45 13°29 | °94 | 5°0407902,3 y |R XIV 163 | 61 549°51| °19 | 4°7314660,1
304 « (R I 52 3 8°39| ‘94 | 5704864790 |318| = XV 52 314°44| ‘19 | $6860913,5
2 II 167 | 77 11 38°32 | °95 | 5.1408669,0 z XVI 164 | 66 50 5605 | 19 | 4'7527778,0
I 73 59 38745 | 1701 | 5°1432054,1 XV 6753 603 ‘23 | 47990811,5
305 | ,, II 167 | 5637 2°28/| 1°01 | 5°0821605,3 |819| ,, XVI 164 | 59 3940°37 | 23 4'7683063:1
II1 4923 19727 | 1'00 | §5°0407902,3 XVI1 5227 13°61| ‘23 | 47314660,1
II 157 | 4240 5°41| °8o | 4975101%,0 XVI 164 | 5331 47°26| °18 | 4°7096663,6
306 ,, IIT 5039 59°09| ‘80 | 570324741, |320] ,, XVII 4521 8°38| 18 | 46564599,0
1v 158 | 8639 55°50( "80 | 51432954,1 XVIII 166 | 81 7 4°36| ‘18 | 47990811,5
I1I 48 1 jror| ‘41| 48511742,2 XVII 80204821 | ‘21| 4'8235001,0
307| ,, 18 158 | 5032 51°63| °41 | 48676774,6 |321] ,, X\:III 165 | 5019 6°49| 21| 47159615,5
v 8126 1°36| ‘41 | 4'9751017,0 1 XCI 4920 5°30| ‘320 | 47096663,6
IV 158 | 51 1129°18| °32 | 4°7998557,2 R XVIII 168 | 5324 11°47| °19 | 4°7301537,5
308| \'/ 67 31 4007 | "33 | 4'8738846,7 |322| ,, |1 XCI 42 7 1°85| 18| 46530143,6
VI 159 | 6t 16 50°75| 33 | 48511742,1 XCIII 166 | 8428 46°68| °19 | 48235001,0
v 5726 3°24| ‘24 | 4'7703504,8 XCIII 166 | 77 13 11°34 | °23 | 4'8359009,6
309| VI 159 (58 82601 | ‘a5 | 477372485 |328] ., XCI 5255 14°51 | "23 | 4'7486907,1
VII 642529°85| 25| 47998557,2 XCII 167 | 49 51 54°15| "33 | 477301537,5
VI 189 | 5422 4502 19 | 4'7063504,0 XCII 167 | 49 47 31°18 | "24 | 4'7337914,7
810 ,, viI 5514 16725 | 19 | 4'7109404,3 |324| XCI 55 945°80| "34 | 4'7650009,5
VIII 160 | 7022 §8°73| ‘20 | 4°7703504,8 XC 168 | 75 24302 ‘24 | 48359009,6
VII 62 57 33°25| 18 | 4°7235006,3 XCI1 58 o51°94| °23 | 4'7639322,6
311 VIII 160 | 58 ¢ 2°33| ‘18 | 47029182,8 |325] ,, XC 168 | 69 40 38'04| °23 | 48075300,7
IX 585324742 | °18 | 4°7063504,0 LXXXIX 52 18 30°02 | °23 | 4'7337914,7
VIII 160 | 50 45 42705 | 18 | 4°6680891,1 XC 168 | 61 47 52°34| 21 | 4°7577001,6
312 IX 6736 1058 | 18 | 47449033, [326 ,, LXXXIX 5449 7°93| ‘21| 472498324
X 161 6138 7°37| 18 | 4°7235096,3 LXXXVIII {169 | 63 22 59°74| '22 | 4'7639322,6
IX 57 633°73| °16 | 4°6800321,6 LXXXIX 57 12 49'6r ‘22 | 4°7469984,7
313| X 161|068 642°65| °17 | 472341096 327 LXXXVIII {169 | 63 1653°67| “23 | 47733207,9
XI 5446 43°62 | 16 | 4°6680891,1 LXXXVII 593016°73| ‘3i | 4°7577001,6
X 161 52 5457°87| 18 | 46864815,6 LXXXVIII (169 | 52 43 31°46| ‘21 | 47199172,7
814| , X1 75 16 16°49 | 18 | 4'7701025,6 |328| LXXXVIL 6923 38°44 | ‘22 | 4'7904313,4
XII 162 | 51 48 45°64| ‘17 | 4°6800321,6 LXXXVI 170 | 57 52 50°10| 32 | 4'7469984,7
X1 60 54 41°85| 19 | 472741318 IXXXVII 68 16 58°53 | 25 | 48166816,7
315 ,, XII 162 | 6624126°96| 19 | 47480579,2 | 329 ,, LXXXVI [170/| 63 4122°09| ‘24 | 480115978
XIII 5240 51°39| °18 | 4°6864815,6 LXXXV 148 | 48 139°38( ‘24 | 47199172,7
XII 162 | 5351 16797 | 23 | 4°7304495,6 LXXXVI 170 | 584050°97| 24 | 4'7752874,0
316 ,, XIII 72 50 0°85| -22 | 48035027.2 [330| ,, LXXXV 148 | 51 1854°37| "24 | 473611047
X1V 163 | 53 18 4218 21 | 4'7274131,8 LXXXIV [149 | 70 014°66| ‘24 | 48166816,7
XIII 5656 s5°14| 32| 475277780
317| ,, X1V 163 | 701837 71| “°23 4'8033430:9
Xv 524517715 | 23 | 4'7304495,6




104 INTRODUCTORY.
-g g Station Numbers § % ’g Station Numbers g
= = Logarithm of S | R = Logarithm of
f 2 2 Com::‘edl Plane 3 side-length in 2 2 2 Corre:tolelsne 3 side-length in
> % Serial 8 gle £ Fect §' g Serial g ngle £ Feot
é [ 5 g’" &1 @» g :n.
o n ” o 7 n ‘ "
y | B* LXIV 171 8 129°20| 1°15 | 5°1978856,4 y XVIII 5922 5°52| “21 | 4'7382747,9
831| =« LXTII 56 27 4°50| 1°14 | 5°1253628,8 |345| =« XI1X 178 58 27 30°72| ‘20| 473411745
z |S I 1721 43 31 26°30 | 1°14 | 5°0425046,7 z XX 62 102376 | ‘21| 47501751°§
B LXII 5736 6°go| 107 | 5°1281964,9 XIX 178 | 5056 35°98 | 19 | 4°6923097,4
882/ , |s I 172 | 39 57 25°37 | 1°07 | 5'0093553,5 | 346 | , XX 69 22 37°47 | °20 | 4°7733934.5
II 82 26 27°73 | 1°08 | 5°1978856,4 XXI 179 | 59 40 46°55 | 20 | 4'7382747,9
II 56 27 29°68 | 1°49 | 5°1659909,8 XX 63 1337°27| ‘21 | 4°7669456,4
833| , I 172 | 73 43 20°01 | 1°49 | 5°2273264,4 |347| ,, XXI 179 | 68 126°95| ‘21 | 478343200
Iv 49 49 10°31 | 1'49 | 5'1281964,9 CVII 48 44 55°78 | ‘21 | 4°6923097,4
I 172 | 61 43 58°94| 1°57 | 5°1891866,4 XXI 179 | 51 49 44°28 | ‘22 | 4'7226167,4
334 ,, 1V 61 39 2508 | 1757 | 5°1888761,0 |348| ,, CVI1I 67 38 11°18 | ‘23 | 4°7931428,5
v 173 | 56 36 35798 | 1°57 | 51659909,8 CVIII 180| 6032 4'54| °22 | 47669456,4
IV 43 619°37| 1°52 | 5°'1041849,9 CVIII 180 | 58 49 41722 | °20 | 4'7365304,9
335 , v 173 | 8041 7°23| 1°53 | 5°2637821,5 | 349 | CVII 65 12 45°04 | ‘21 | 4°7622736,4
VII 56 12 33°40 | 1°53 | 5°1891866,4 CVI 181 ) 555733°74| 20 | 47226167,4
v 173 | 6445 2777 | 116 | 51338140, CvII 6216 6'77| 21 | 475447689
336 ,, VII 57 35 50°93 | 1°15 | 5°1039241,8 |350| CVI 181 5935 42°27| "21 | 4°7432097,9
IX 174 | 5739 6°30| 1715 | 571041849,9 CI1L 58 810796 | 21 | 4'7365304,9
IX 174 | 5227 28°75| 1°22 | 570921114,8 CVI 181 (5959 15°04| ‘22| 4°7595490,1
337| , VII 66 45 13°65 | 122 | 5°1561185,7 | 351 | CIII 61 926°55| 23 | 4°7645514,2-
XII 175 | 60 47 17°60 | 1°22 | 5°1338149,4 CIL 182 5851 18 41| ‘22 | 47544768,9
VII 46 33 3807 | °77 | 4°9683353.7 CIII 5554 8871 -20| 4'7218503,6
338| XI1T 175 | 58 31 22°83| -77 | 570382105,1 |352| CI1 1825931 6°86| ‘20| 4°7391790,6
XI 74 54 59°10| °78 | 5°0921114,8 CI 64 34 44727 | "21 | 4°7595490,1
X1 52 46 52°54 | °52 | 4°9108009,2 CII 182 63 14 48°16| °20 | 4°7500041,5
339 , XI1 175 | 61 49 57°23 | 53 | 4°9549644,1 | 353 Cl 5956 19779 | 20 | 4'7364381,2
X111 6523 10°23 | 53 | 4'9683353,7 Y 183 | 56 48 52705 | "20 | 4'7218503,6
XI1I 175 | 62 23 33°33| °48 | 4°9313242,8 CI 75 36 22735 | ‘21 | 4'8069127,1
310! ,, XII1 59 54 34°52 | 48 | 4°9209543,4 | 354| C 183 46 1312°33| "20 | 4°6793026,9
XV 126| 5741 52°15| "47 | 49108009,2 XCIX 58 10 25°32 | 20 | 4°7500041,5
Xv 176 | 5825 9 11| 37 | 487770627 c 183 | 6053 5°45| ‘24 | 47834747,6
341 ,, XIII 47 2 3°97| °37 | 4'8116871,7 |365| XCIX 5152 54°94| ‘24 | 4'7379718,6
XVII 177 | 7432 46°92 | 38 | 4793132428 XCVIII 184 | 67 13 59°61| 24 | 4'8069127,1
XIII 56 33 43°65| °30 | 4'8181503,0 XCIX 67 50 24°01 | -24 | 4°8033188,2
342| ,, XVII 177 | 5016 26°81 | -30 | 4'7827213,5 |356| ,, XCVIII 184 | 49 56 12°85 | °23 | 4°7204971,4
XVI 73 949°54| "30 | 4'8777062,7 XCVII 62 13 23°14| 23 | 4'7834747,6
XVI1 52 55 22°Q1 | 23 | 4'7405196,1 XCVIII 184 | 56 33680 | ‘24 | 4°7626543,1
343| ,, XVII 177 | 5431 36°73 | 23 | 4774944245 |357 | , XCVII 58 17 15°87 | 35 | 4777354832
XVIII 7233 0°36| ‘23| 4-8181503,0 XCVI 1858|6539 7°33| "25 | 480331883
XVII 177 | 60 753°54| ‘21 | 475017515 XCVII 65 18 45731 | "22 | 4'7793987,4
344 ,, XVIII 61 51 44°61 | -22 | 4°7574491,3 | 358 | XCV1 185 53 43 5816 22 | 4'7275050,7
XIX 178 58 021°85| ‘21 | 47405196,1 Xxcv 60 57 16°53 | 22 | 4'7626543,1

* B is the Serial letter for the West Caloutta Longitudinal Series which appertains to the South-East Quadrilateral.




SIDES AND ANGLES OF THE CIRCUIT TRIANGLES.

105
® 8 2 3 = . 2
-g E Station Numbers 5 ] -g § Station Numbers §
% ﬁg < Corrected Plane % :::T:‘t:;; ionf % 2 - Corrected Plane % .?:3::;: ‘;:;
Y ; : Y ; :
n (3] /7]
o ’ L4 L4 o 1 L4 L]
y |[I XCVI 185 | 61 11 50°83 | 24 | 4'7772000,5 y | T IX 192] 7839 26°18| *18 | 4'7846466,3
359 | = XCv 57 41800 23| 47584982,5 |372| = X 5231 37°03| °18 | 46928378,4
% XC1v 186 614350717 | 24 | 477939874 z XI 193 | 4848 55°89| 17 | 46697734,
XCV . 68 47 2°31| -25 | 4'8177886,7 X 545519°44| ‘24 | 47501302
360| ,, XCIV 186| 53 62882 ‘24 4'7512333:3 378 ,, XTI 193] 62 zf 43'48 ‘24 4‘7858923:2
XCIII 166| 58 62887 ‘25| 4'7772000,5 XII 62 22 51°08 | 24 | 4°7846466,2
XCIV 186 | 53 44 12°68 | 23 | 4°7486622,5 XTI 193 | 49 31 4o°21 | °20 | 4°6039428,2
861 ,, XCIII 166 | 5516 45°45| "24 | 47569999,4 |374| ,, XII 7929 49700 | 21 | 47870554,4
XCII 167 | 7059 1°87| ‘24 | 481;77886,7 XIII 194 | 5958 30°79| ‘21| 47501392,9
XI1I 67 22 30°18| 19 | 4'7471340,0
375| X111 194 | 57 52 30°37| "18 | 4770973962
) X1V 54 4459°45! 18 | 4°6939428,2
B LXXXI 187 5946 3°92| -28 | 4'8070143,6 XIII 194 | 47 44 37°96| 17 | 464157389
3621 ,, LXXVIII 59 50 16°61| 28 | 48073251,0 |376] ,, X1V 6133 25°85| °17 | 4°7163899,1
TI 188 | 60 23 40°47 | 28 | 48097497,2 p.4 198 | 7041 56°19| °17 | 4'7471340,0
B LXXVIII 563137°95| °23 | 4'7531425,5 X1V 77 525731 15| 4°7421714,1
863, T I 188 | 52 41 32°28 | ‘22 | 4'7324946,7 |377| ,, Xv 1956|5216 794 15| 46514063,8
II 504659 77| ‘23 | 48070143,6 XVI 5038127°05| ‘15| 464157389
1I 6618 37°91| 19 | 477535653,9 Xy 195]| 4924 37°80| ‘23 | 47185345,6
364 ,, I 188 | 47 3020°51 | °18 | 46504653,4 1378 ,, XVI 77 16 50797 | °22 | 4'8272794,3
III 66 11 1°58| ‘19| 4'7531425,5 XVII 196 5318 31°23 | 22 [ 4°7421714,1
I 188| 5356 11°86| 18 | 4°6898034,8 XVI 69 53 23°00| °23 | 48101433,0
365| ,, IIT 563823778 | °18 | 47040019, 1379 ,, XVIL 196 | 603622719 | °23 | 4'7776136,3
v 189 | 692524736 | "19 | 4'7535653,9 XVIII 4930 14°81| 23 | 4'7185347,6
1v 189774741765 "18 1477633179 XVII 196 | 5220 4708 “23 | 4'7371253,5
366| ,, II1 48 59 4287 ] 17 | 46640092,3 |380] ,, XVIII 58 911°43| 23| 47676983,7
A\ 190 53 12 35°48| °17 | 46898034,8 XI1X 1976930 1°49| °24 | 48101433,0
ITI 49 47 37°89| 19 | 468311181 XVIII 6149 55°48| 22 | 4°7582710,3
367 v 190/ 59 1 5°551 ‘19 | 473332232 |381) XIX 197 | 61 344°41| ‘21| 47550061,5
VI 71 1116°56( "20 | 4'7763317,9 XX 57 620°11| ‘21 | 47571253,5
v 190 | 48 50 34738 | "I4 | 4°6079419,1 XIX 197 582432733 ‘24| 4'7670955,3
368 | ,, VI 67 12 4o'0z| 14 | 4'6949109,3 |382] ,, XX 65 ©32°41| 24 | 4'7940609,4
VII 191 63 47 45'70| "14 | 46831118,1 XXI 198! 5634 55°36| ‘24 | 4'7582710,3
VI 6934 17777 | "17 | 47526998,1 XX 531759°74| 17 ] 4'6857507,3
369 , via 191 681449756 "7 | 474882757 |383) ,, XXI 19g| 512830710 17| 4'6750920,1
VIII 42 10 52°67 16 | 460794191 XXII 751330716 °18 | 47670955,3
VII ¢ 191] 703126°83| a1 | 478794134 XXI 198 53 1343'02| "17 | 467166070
370 ,, VIII 4922 8°63| ‘20| 46941748, |384| ,, XXII 7056 3°22| ‘17 | 4'7435097,5
1X 192| 60 16 24°54 | 21 | 47526998, XXIII 199 | 55501376 17 | 4°6857507,3
VIII 45 455°31| ‘30| 466977344 | XXII 58375489 | 19 | 4'7370916,4
371 ,, IX 192 | 6633 10°30| ‘21 | 47822393,6 |385] ,, XXIIT 199 | 74 634°70| "20| 47887938,0
X 68 21 54°39 | 21 | 478794134 XXIV 471530741 | °19 | 467166070




106 INTRODUCTORY.
-§ g Station Numbers § -g A g Station Numbers ﬁ
2 Goreocted Plane| @ | Logurithmof | 2 [/ Corrected Plane| & | Logerithm of
K g Anglo i side-lengthin | o | 2 Anglo E side-length
% | 2 Serial g Foet ? 2 Serial E Fect
11k & % 2% & 5
o 1 v L] o 1 L} L4
y XXIII 199 6752 8°25| ‘19| 4°7550532,0 y | T XXXVII 206 | 585231799 -23 | 47608389,6
386| XXIV 492431769 18| 46687441,1 |400| & XXXVIII 55 23 34°66 | 23 | 4'7437765,6
P XXV 200 62 43 20°06 | 18 | 4°7370916,4 ® XXXIX 207 | 6543 53°35| ‘23 | 47881598,3
XXIV 59 17 14°51 | 23 | 4°7654937,3 XXXVIII 5852 31°17] ‘a1 | 473817124
8s7| ,, XXV 200 | 6338 40°16| °24 | 47834622,5 |401] ,, XXXIX 207 | 56 42 50°91 | 20 | 4'7278514,1
XXVI 57 4 5°33| "33 | 4'7550532,0 XL 642437792 | 21 | 4'7608389,6
XXV 200 80 11 24°25| °24 | 4'8529589,1 XXXIX 207 |65 92898 | ‘22| 47691700,8
888| ,, XXVI 46 818-34| -23 | 47173005,9 |402]| ,, XL 57 1029745 | ‘21 | 4'7357869,3
XXVII 201 53 40 17°51 23 | 4'7654937,3 XLI 208 | 5740 1°57 ‘31 | 4738171254
XXVI 4450 14°17| 30| 4°7557340,1 XL 59 820°99| ‘21 | 474685480
389 | ,, XXVI1 201| 7316 37°50| 31 | 4'8837188,5 1408| XLI 208 | 56 12 54°84 | 21| 4'7328272,9
XXVIII 6153 8°33| 31| 485295891 XLII 6438 44°17| ‘23 | 47691700,8
XXVII 201665812797 | °28 | 4-8368846,0 XLI 208 | 66 44 3°47| 23 | 4'7888421,8
390]| ,, XXVIII 63 15 3804 | 37 | 4'8238357,7 |404]| ,, XLIL 56 45 5°04 | °23 | 4'7480383,7
XXIX 202| 4946 8799 °27 | 4'7557340,1 XLIII 209 | 563051749 | °22 | 47468548,0
XXVIII 45 47 16°77| 32 | 4'7001390,2 XLII 6714 107071 "33 | 47994170,7
31|, | XXIX 202| 55 532°19| ‘23| 475861597 1405/ ,, XLIII 209 | 4836 56°14| -22 47038 53,8
XXX 79 711°04| °23 | 4°8368846,0 I CXXV 64 85379 °33|4'7888421,8
XXIX 202 5234 0°53| °20 | 4°7171073,3 T XLIII 209 | 6039 42°96| ‘22 4’7693836,9
392| ,, XXX 77 38 50°56 | °20 | 4-8070802,6 |406| , | X CXXV 5014 4888 | °22 | 4'7148182,4
XXXI 203 | 49 47 8°91| ‘30| 47001390,2 CXXVI 210 69 52816 °23 | 4'7994170,7
XXX 66 41 30°03 | 22 | 4'7842447,1 CXXVI 210 49 48 47°72| °23 | 4'7249543,2
393; ,, XXXIT 203 61 25 o'co| ‘23 | 4°7647729,8 |407] ,, CXXV 72 22 §51°07 | ‘24 | 4'8210257,6
XXXII 5153 29°97| °22 | 4'7171073,3 CXXII 21157482121 -23 | 47693896,9
XXXI 203 74 1753°09| ‘29 | 4-8705941,8 CXXVv 4011 10°90| ‘14 | 4'5645016,0
394 | ,, XXXII 5336 0's7| -29 | 4'7928504,9 |408| ,, CXXII 211) 704751764 ‘15| 4°7298951,0
XXXIII 204 |52 6 6°34| 28| 478424471 CXX1 69 057°46| ‘15| 4°7249543,2
XXXII 54 27 59°27 | ‘25 | 4'7872250,7 CXXII 2101|7052 34°85| “18 | 4°8006368,3
395| ,, XXXIII 204 | 45 8 4°67| -25 | 4'7272235,7 |409] ,, CXXI 75 51 23°44 | *18 | 4'8119221,5
XXXIV 8023 56°06| 26 | 4-8705941,8 CxXX 2123316 1°71| °17 | 4'5645016,0
XXXIII 204 7754 22°51| *23 | 4'8454871,1 CXX1 76 035°74| ‘27| 48634171,5
396 | ,, XXXIV 43 19 43°17| °23 | 4'6916738,4 |410| ,, CXX 212 46 52 40°30| -26 | 4°7397565,8
XXXV 206 58 4554°32| °33 | 4'7872250,7 CXIX 57 643°96| ‘a7 | 4'8006368,3
XXXIV 55 11 46°46| °-27 | 4°7882533,8 CXX 212| 46 33 10°35| ‘23 | 4°7272160,8
397| ,, XXXV 205 | 5517 12°02 | ‘28 | 47887290,z |411]| ,, CXIX 50 041°82| ‘23| 4°7506017,6
XXXVI 6931 1°52| 28 | 4'8454871,1 CXVIII 213 (8326 7°83| -24 | 48634171,5
XXXV 205| 6516 15°86 | -24 | 4°7991631,4 CXIX 71 37 52°91| °19 | 4°7735028,8
398 ,, XXXVI 52 22 §9°50 | ‘24 | 4'7397210,3 |412| ,, CXVIII 2134949 4'14| 19| 46793058,9
XXXVII 206 | 62 20 44°64 | -24 | 4'7882533,8 CXVII 5833 2°95| ‘19| 4'7272160,8
XXXVI 64 38 47°94| -22 | 4'7881508,2 CXVIII 213 | 6258 0°78| -22 | 4'7706039,8
399| ,, XXXVII 206 | 47 24 3°24| °22 | 46990844,4 |413| ,, CXVII 5318 15°33| ‘22 | 4'7249280,3
XXXVIII 67 57 8°82| 23| 4°7991631,4 CXVI 214 | 63 43 43°89| 22 | 4°7735028,8




SIDES AND ANGLES OF THE CIRCUIT TRIANGLES. 107
-g g Station Numbers § -g g Station Numbers §
. M o
£ g Corrected Plans| nl.“"de’"_le‘:zz‘.” 4|5 Corrected Plane| = | Logerithm of
|3 . g Angle . nle 3 £ Angle 3 side-length in
2 1 Serial 5 Feet ® g Serial g g Foot
g @ & @' E @ & )
(- I v L) [ ] L4 L)
y |1 CXVII 6210 5°7 2 4'7860486,8 X1I 854°546] ‘1 6425288,
414| 2 CXVI 214 sg 1442'53 ‘zi 4'7736160,1 |427 'Z' II 219 g; 29 5;.2::8 1;: :'7;62291,3
z CXVv 5s83510°68 | 24 | 4°7706039,8 2 1V 67 21 55°836| “174 | 47425462,1
415 cxv. | BRI | d ot | Iv S A Pk
” » ’ : : 474 :
CXIV 215| 601937°61 | *25 | 47860486,8 ’ VI 220 46 3017°350| 176 | 4°6425288,3
CXV. 56 412°64 | 22 | 47368312, VI 220 | 6322 54°850| ‘211 | 4°7598395,6
416} ,, CX1V 215| 6023 54°61 | "22 4'52712 4,2 429| , v 5% 10 5;'732 ::l 1-;2393316
CXIII 633152°75 | *23 | 4°7698082,4 VII 221 6036 57 407| 311 | 4°7479748,7
CX1Vv 218 | 613715°94 | °2 47703689, IV 8 32°082| ‘188 | 46 :
417{ ,, CXIII 63 50 43'55’1 'zg 4';;93662,2 430| ,, VII 221 gg :5 32'24; +188 1’7?233%,;
CXII 216| 543154°55 | ‘23 | 4°7368312,9 VIII 69 26 21°669| *188 | 4'7598395,6
CXInn 73850 | 24 | 4'7731766,2 VIII 2°667| ‘192 | 4 ,8
418} ,, CXII 216 gg zz 33:9'33 ‘24 4'%34?61,3 431 ,, VII 221 ;2 3Z 43'73Z 'xgz :;;23;?:,9
CXI 591941°67 | 24 | 4°7703689,9 IX 52 21 14°602| "191 | 4°6953257,4
CXII 216| 701712°83 | *2 *8269676, VII 221 . ‘198 | 4° 807,
419| ,, CX1 ;3 2% lZ'Og '22 :'75809%7,? 432] , IX g; sg :33;5 188 :';ggzg;,:
(). 217 | 561635'09 | *25 | 4°7731766,2 X 222| 55 623°370| "197 | 4'7107551,8
CXI 492053°83 | ‘20 | 4'7115115,0 X 222| 71 *163] *1 7760891,
420| ,, CX 217 4g 52 52'73 *20 4';082735,6 433| ,, IX goﬂ §§;6g lg; 1'%69626,3,
CixX 81 4653°46 | "21 | 4°8269676,5 XII 223 | 57 3050°069| 193 | 4'7244807,2
(). 217 | 61 629°36 | 23 *7703660, IX . * 20 . R
4211 ,, CIX 69 lzg'go ‘23 :';;831183 434| ,, XI1I 223 22 ;g %é;;: ':og :;ﬁgggg,é
Cv 218| 4952 8°04 | "22 | 471151150 XIII 67 43 10°477| 209 | 4°7760891,3
. CIX 60 ‘66 | ‘21 754 s XIII 2 12§° I 6942305,
422| , Ccv 21 5423 23'99 ‘31 :;26%12,; 435| ,, XII 223 gs 46 ;g:g lgg :'72;532 ,c7>
Cvl 181 643635°35 | "23 | 477703660,3 XIv 62 12 27473 "197 | 4'7443259,1
Cv 218 | 61404898 | °2 4'7645741,8 XII 223 584329037 ‘1 *7271826,1
423| ,, CVvl 181{ 5858 17'22 '23 4';523;18,6 436| ,, XIV 28 ;g 53‘0% 131 :‘;621807,2
ClL 182| 592053°90 | ‘22 | 4°7545775:7 XV 224 | 5223 40°887| "194 | 4'6942305,7
Xv 224 | 6544 21°237| "207 | 4'7645657,7
437 ,, XIV 5729 21°471| 306 4'7306385,4
. XVII 225 56 46 17°292| ‘206 | 47271836,1
I CXXII 211 | 66311648 | *33 | 48705538,7 XIV 214 1°914| °I 4'6902134,4
24) CXXVI 210 | $83331°31 | 33 | 48a0ia4ae |438 | , XVII 226 | 58 133847 'r3? 47208450,
CXXIV 545512°21 | "33 | 48210257,6 XVIII 69 44 24°239| "191 | 4'7645657,7
CXXIV 56 55 31°526] *354 | 4°8443371,7 XVIII 62 846849 "217 | 4°7737869,4
425| , CXXVI 210 | 6011 17°948| *355 | 4'8594650,3 | 439 ,, XVII 226 | 71 111°386| "217 | 48029857,8
X1 62 53 10°526/ *355 | 487055387 XIX 4650 1°765| *317 | 4°6902134,4
VIS G W P B e W DR S 18 B pecses
” ) ” ’
1I 219 | 8347 56°007| *213 | 4'8443371,7 XX 226 | 63 050°263| "227 | 4'7737869,4




108 INTRODUCTORY.
-E 'g Station Numbers g -g :2: Station Numbers §
= g 2 Corrected Plane : I,‘;g':ﬁth:l‘; of f 2 | R p Corrected Plane ; If;g'l"itzz of
K] e F siae-leng m K] = 1 slae-len, m
4 'g Serial e Angle B Feet g "E Serial g Angle g Feet
2% £ 3 AR £ :
o ’ n " o n n
y | X XX 226 66 549°953 "232 | 4'7916651,2 y |U X 233 6538 1°078] "204 | 4'9610749,0
41| = XIX 5653 0°738| *232 | 4°7530244,9 |454| = XI 5559547561 *203 | 4'7201583,1
z XXII 22757 1 9°309| "232 | 4°7542937,9 z XII 234 | 5832 4°361 "203 | 4'7317422,9
XI1X 60 13 19°060, *337 | 4'8607684,3 ) XTI 5512 39°460| "228 | 47414715,3
42| ,, XXII 227 72 3 0°647| *337 | 4'9006728,1 1455 ,, XII 234 | 653352°650| 229 | 4'7862375,3
XXIII 47 44 40°293| *337 | 4'7916651,2 XIII 59 13 27°8g0| 228 | 4°7610749,0
XXIII 227 | 7t 5 3°519| "333 | 4'8945794,4 XII 234 | 603138915/ 236 | 4'7635942,0
43| ,, XXII 47 51 14°026| 333 | 4°7887636,3 |456| ,, XIII 63 38 40°390| *226 | 47761154,2
XX1V 228 | 61 3427455 "333 | 4'8607684,3 XI1v 235 5549 40°695 *226 | 47414715,3
XIII 5824 36°395| *200 | 4°7297788,7
457 ,, X1V 235 | 5432 50°446| ‘200 4'7103731:3
XV 67 2337159 "200 | 47635942,0
T I 188 | 5443 10°963| 246 | 4'7561828,8 X1V 235 | 614743°812) "176 | 4'7165331,2
44| ,, | B¥ LXXXI 187 | 5838 14°201| *247 | 4-7758048,8 | 458 ,, XV 525351°254] "175 | 4°6731884,4
Ul 66 30 34°836] *247 | 4'8073251,9 XVi1 236 651824°934| "176 | 4'7297788,7
B LXXXI 187 602143°310| "347 | 4°7826270,7 XV 62 15 44°049| ‘228 | 4'7782031,6
45| , |U I 6446 13°846| "247 | 4'7999839,5 |459| ,, XVI 236 | 6734137 112| "228 | 47970529,1
II 229 | 5452 2'844| 246 | 475618288 XVII 5010 2°839] *227 | 4°7165331,2
IT 229 | 65 617°034| ‘250 | 480394474 XVI 236 | 513654387 “235 | 4'7311972,7
446} ,, I 5510 7°380| *250 | 4'7605568,8 |460| ,, XVII 67 31 18 110| 236 | 4'8026437,1
v 230 5043 55°586| *250 | 4°7826270,7 XVIII 237 | 6051 47°503| "236 | 4'7782031,6
I 5917 42°358| *272 | 4'7974079,6 XVIII 237 5658 48°693| 201 | 4'7213268,9
47| ,, Iv 230 595449017 ‘273 | 4:8001581,1 |461 ,, XVII 63 57 14°933| ‘201 | 4°7513235,5
v 60 47 28°625| *273 | 4'8039447,4 XIX 238 56 356°374| ‘201 | 4°'7311972,7
Iv 230 5256 5°507| "226 | 4'7301854,8 XVII 62 14 57°354] "210 | 4'7549726,6
448| ,, v 582323°878| '226 | 47584629,1 |462| ,, XIX 238 | 62 45 54°166| 210 | 4'7570072,5
VI 231 | 68 4030615 227 | 4°7974979,6 XX 5459 87480 210 | 4'7213268,0
\A 46 34 38°193| *188 | 4°6629305,5 XIX 238 63 032°534| "210 | 4'7576500,9
419 | ,, VI 231 752558°482) 189 | 4'7876230,0 |463| ,, XX 5439557955 '209 | 477193135,3
VII 575923325 189 | 4'7301854,8 XXI 239 621931°§11| ‘210 | 4'7549726,6
VI 231 65 1112°827| 157 | 4°7024476,3 XX1 239 | 5350 8:805| 205 | 4'7110627,8
450 ,, VII 585038210 "157 | 4°6768667,7 | 464 ,, XX 62 10 12°077| 20§ | 4°7506209,5
VIII 232 5558 8:963] "156 | 4°6629305,5 VI 240 635939 118 206 | 47576509,9
VII 5953 7°290| "166 | 4'6923052,7 U XX 66 51 54 410 "217 | 4°7827452,4
451 ,, VIII 232 | 574822203 “165 | 4'6827764,8 |465| ,, |V I 240 | 61 5417°822| "217 | 4°7647056,7
IX 62 18 30° 507! *166 | 4'7024476,3 I1I 5113477768 ‘217 | 4'7110627,8
VIII 232 | 68 621582 "179 | 4'7432411,6 111 57 43 10°235| *239 | 47625600,4
452 ,, IX 5617 107667 179 | 4:6957816,4 |466 | ,, I 240 59 5648°925| "240 | 4'7727734,4
X 233 | 553627°751 "179 | 4°6923052,7 v 6220 0840 ‘240 | 477827452,4
IX 582521°172] *205 | 4'7317422,9 I 240 | 5030 3°830| 224 | 47559743,3
453/ ,, X 233 | 603325°833 "205 | 4'7412784,7 |467 v 5928 37°705| 224 | 475586748
XI 61 112°995| 205 | 4'7432411,6 Iv 241 | 61 118465 *225 | 4°7625600,4

% B is the Serial letter for the West Calcutta Longitudinal Series which appertains to the South-East Quadrilateral.




SIDES AND ANGLES OF THE CIRCUIT TRIANGLES. 109
8 = o 2 3 ¢ N -
-g £ Station Numbers § ) £ 2 Station Numbers § )
£ % Corrected Plane| M I,JOgn"t‘hm cff 2 ‘2 ——| Corrected Plane| M I.Jog!mthm ?f
e |5 8 Angle 3 side-length in e | = 3 Angle £ side-length in
? E Sorial = g Feet %” B Serial 3 E Feet
&= £ 5 £l £ &
o ! n L4 . (<] ' ” "
y [V IV 241 625526°135 232 | 4°7777925,4 y |V XXIV 72 30 46°191| “211 | 4°8007806,8
468 | = A\ 59 12 48 219| "232 | 4'7622393,7 |482| = XXI 248 472759 111| 211 | 4°6887280,6 |
z VI 242 5751 45°646| *231 | 4°7559743,3 z XXVII 60 114°698] 211 | 47589519,9
v 59 5059°921| ‘219 | 4°755283,11 XXI 248| 672952 071 "254 | 4°8202576,3
469 | ,, VI 242 5432457443 219 | 4°7293452,6 |483 | ,, XXVII 502712°169| 254 | 4'7417636,7
VIII 6536 14°636 "220 | 4°7777925,4 XXV 249 | 62 255°760| ‘254 | 4'8007806,8
VIIT 51 1159°962| “217 | 4'7135362,1 XXV 249 | 5336 44°689) "256 | 4'7595809,4
470| ,, V1 242 694237 701| 218 | 4°7939912,3 |48%]| XXVII 58 36 31°655| *256 | 4°7850430,6
’ X 59 522°337| ‘218 | 4°7552831,1 XXVIII 250 67 46 43°656| 256 | 4'8202576,3
VI 242 | 525452256 "178 | 4°6772401,4 XXVII 61 154685 ‘225 | 4°7628925,4
471 ,, X 66 56 32°091| "179 | 4°'7392205,1 |485| XXVIII 250 | 58 42 46°838| "224 | 47526900,1
' I1IX 243| 60 835653 "178 | 4'7135362,1 XXX 601518 477 "224 | 4'75958009,4
X 243 | 554545°048 "184 | 47082519,2 XXX 65 9457766 225 | 4'7817792,3
472, X 7354 25°721 184 | 4°7735365,8 |486| XXVIIL 250 | 543028-90z| 225 | 4'7346599,9
XI 244 | 5019 49°231| "184 | 467724014 XXXII 6019 45°332 ‘225 | 4°7628925,4
X 605317676 *217 | 4'7616024,3 XXVIII 250 | 5851 3°836| 227 | 4°7575087,6
473| XI | 244 | 6831 0618 217 | 4°7889819,8 |487| XXXII 56 19 25°105| "227 | 4°7453423,2
XIII 50 35 417706 "216 | 4°7082519,2 XXXI 251 | 6449 31°059] “228 | 4°7817792,3
XIII 47 55 30°429| 209 | 4°6884787,2 XXXI 251| 57 939°185( "210 | 4'7321060,3
474 ,, XI 244 703735723 ‘210 | 4'7926021,8 | 488 XXXII 59 51 51°391| "2I1 | 4°7446601,6
XV 6126 53°848| ‘210 | 4°7616024,3 XXXIII 252 625829'424| "211 | 4°7575087,6
X1 244 | 562419°790| "175 | 4°6917810,4 XXXII 6457 9-043| *232 | 4°7886562,5
475 ,, XV 675012 790 “176 | 4°7378137,4 |489| XXXIII 252 62 2133°509| "232 | 4'7789207,7
XIV 245 5545 27°420| "175 | 4°6884787,2 XXXV 52 41 17°448| "231 | 4'7321060,3
X1V 245 6158227074 "194 | 4'7396214,3 XXXV 56 25 38°545| "247 | 477637762,4
476 ,, XV 65 46 50°868| "195 | 4'7537827,3 |490| ,, XXXIII 252| 6139 0°732| ‘248 | 4°7875491,9
XVI 246 | 5214 47°058 "194 | 4°6917810,4 XXXVII 61 55 20°723| "248 | 4'7886562,5
XV 5414 39°347] "206 | 47150258,4 XXXIII 252| 5849 11°569| “229 | 4°7578848,6
4771 ,, XVI 246 663424730 "207 | 4°7683687,8 |491| XXXVII 61 230°918| ‘230 | 4°7676377,3
XVIII 59 10 55°923 "206 | 4'7396214,3 XXXVI 253 | 60 817°513| "229 | 4°7637762,4
XVIII 84 46 56°661| "201 | 4'8339187,9 XXXVI 253 | 812724°499| "304 | 4°9141495,6
478| XVI 246 4559 7°297| '200 | 4'6925489,5 | 492 ,, XXXVII 54 54 28" 818 "303 | 4'8318707,9
XX 4913 56°042| "201 | 471502584 XXXIX 254 | 4338 6°683 "303 | 47578848,6
XVI 246 | 68 518051 "268 | 4°8407350,2 XXXVII 7056 54°772| 394 | 4'9354216,1
479| ,, XX 4556 39°831| "268 | 4-7298258,4 | 493 ,, XXXIX 254 | 4453 15°636 393 | 4°8085180,1
XI1X 247| 6558 2-118 268 | 4'8339187,9 XL 64 949°592| *394 | 4°9141495,6
XIX 247 | 5756247170 "265 | 4'7937973,4 XL 5233 9066 "304 | 4'8359265,8<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>