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

ORTHOGRAPHY Corrxcr MzaNING,
USED. ORTHOGRAPHY.
Amir . .. Amir .. .. A nobleman.
Jaghir . .. Jigir .. .. Land given by Government as a reward for services.
Kacha . .. Kachd .. .. Clay-built.

1123111: %ﬁﬁg;}_ .. .. Low, alluvial lands.

Kardari .. .. Kérdéri .. .. Agency.
Khangah .. .. Khéngih .. .« A Muhammadan shrine.

Kotwali .. .. Kotwili .. .. Part of a district subject to the jurisdiction of a sub-
ordinate Police Officer.

Maoza .

Mouza } ‘ .. Mauza . .. Village.

Nawab .. .. Nawéb . .. Deputy, Governor.

Paka .. .. Pakkd . .. Built of stone, or brick, and mortar.

Pargana .. .. Pargana .« «. A sub-division of a district.

%2)6 %2'3: .. .. * A king or ruler.

Serai .. .. Sarde .o .« An inn.

Shiwala .. .. Shiwéla . .. A temple of Shiva.

Suba . .. Siba .. .. A governor of a province.

g:]}]‘:ﬁ } .. .. Tahsil . .. Portion of a district subject to a revenue collector.

Talooka '

Taluk .. .. Taalluka .. .. A minor sub-division of country.
Téluka ‘

Tappa .
Tuppa . .. Tappé . .. A small village.
gﬁ;ﬁ:‘h .. «. Théna .. .. A sub-division of a Kotwali.

Zilla .. .. Zilla e .. A district.
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ADDITIONAL ERRATA.

29'_.D The remark in the last column bracketed against Stations CXXXI, CXXXII and CXXXIII
does not apply to Station CXXXII which is still in existence.
99_d line 2 of table from bottom, col. 7 for 62662 read 626°02

Note.—The quantities shewn on page 8— under the head “Reciprocal Weight” are not those given in the
Abstracts of the Observed Angles, but certain others obtained by taking cognizance of the relative performances of the
instruments employed. See the Chapters of Vol. II on the reduction of the North-West Quadrilateral,
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9)*
X!tII—B.

1—3

9
35—3m.
70—p,
49—y,
15—,

III—p.

”»
IV—p.
XXVIII—bp,
4—p,

17—bp.
20—p.
21—p,
”
22—Dp,
” ’
55—D.,
71—Dp.
83—n.

99—bp.
111—p.
132—p.
145—p.

”»
146—p.
40—,

”»
41—a,
48—d.
49—,
50—,
59—d.

PRINCIPAL TRIANGULATION.—ERRATA.

line 11 of table, 5th column,
line 3 from below,

”»

Jor Masfri,
gfter triangulation
Jor distance

in some copies, lines 24 from top, ,, XLVIII

right hand col.,

line 25 from top, right hand col,, ,, XLIX
in some copies, in line 12 from ,, Akorin

below, right hand col,,
line 12 from below,
» 4 from top,
» 12 from below,
” 1) ’

in last angle,
pword 1st zero,

line 9 from top, column 2,

5th triangle from top, col. 9,

line 4 from below,

in margin,

»

line 3 from bottom,

line 24 from top, left hand col.,
» 11 from top,

” 3 ”

lines 3 and 10 from below,

line 14 from top,

26
2
» 6 ”

in 2nd angle, 8th zero,

heading,

» ”

”» »”

”

in last angle, 3rd mean,
heading,

passim

in 2nd angle, 8th zero,

in some copies, in 3rd angle,
heading,

2nd triangle from top, col : 8
4th ” H] 2 7

” ” 19 ”» 8
1st ) 9 n 3
6th ” » w 1
2nd ”» ”» n 8
2nd ,, from below ,, 11

line 5 from top,

542

» 30
Ernipoora
8. E.
M= 50"z

3

LVXIII
183 o 0’000
, 1853
1852-53

G. Shelverton
” East
CXIX
30-75

» Mané

» Bukkur

after Tahsil Bakar
Jor Kullur

» Kullur

4, Kalor

» 129°60

s, telescope being set on LXVI

,» lesser circle readings 305° 9'
and 150° 01'

»n 171

s telescope being set on LXV

., Baset

after 1 53°9o

Jor CXIV and CXII

» telescope being set on XCVI
» — ‘170

» — ‘292 and + ‘353

» + ‘198 and + ‘123
» (XXXIV)

» — ‘307

» — ‘220

» 5590685

» 2 53 42°09

;

read Masiri. .
tnsert to the length of the base-line,
read length.

»

”

»

LVIII,

LIX.
Akoria,

617

67
Erinpoora.
N.W.

A = 50”32
54'32
LXVIII.
180 0 0’000
1852
1851--52

C. Shelverton.
West.
XCIX.
29-42
Maua.
Bakir.

tnsert district Leia.
read Kalar.

Kalir.

Kalir.

1 29'50

telescope being set on XLV,

325° 9" and 152° 21’ respec-
tively.

17715 [LXXYV,

telescope being set on

Basevi.

tnsert I §3'08
rcad CXV and CXII.

»

telescope beingset on CX VI,

+ ‘150

— 29t and + -3 52 respec-
tively.

+ ‘199 and + ‘1322

(XX1V)

= ‘037

+ ‘220

5500683

2 33 42°09

do.
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PRINCIPAL TRIANGULATION.—ADDENDA TO PAGE 100—,

Since this volume was printed, the following information regarding the connection of certain Stations
of the Great Indus Series by Spirit Leveling operations executed by Captain W. Barron, under the directions
of the Superintendent of Revenue Surveys, Upper Circle, was received from the latter officer.

STATION.

X0
XCI

XCIII ..

.

XCIV ..

XCV

XCVI ..

XCVIII

XCIX .

CIII
CVl

HRIGHT IN FEET
ABOVE MRAN SEA LEVEL
DETEBMINED BY SPIRIT SURFACE ON WHICH THE LEVELING STAFP WAS PLACKD.

LEVELING

33849

On the mark-stone let into the ground floor of the tower.

414°18 On the mark-stone let into the upper surface of the platform.

38384

35400
371-27
375°17
37876
383-68
40771

42219 |

>On the mark-stone let into the ground floor of the tower.

J.B. N. H.




PREFACHE

TO

VOLUMES III AND 1IV.

In the first chapter of Volume II of the Account ‘of the Operations of the Great Trigonometrical
Survey of India, it is shown that a necessity had arisen for a subdivision of the Principal Triangulation—
which had been cast over the greater portion of India, and would soon be completed in the parts remaining
for survey—into five great sectiouns, each comprising a certain number of the meridional and longitudinal
chains of triangles, and of slanting chains alohg the frontier and the coast lines—which had been executed
in accordance with the gridiron system introduced by Colonel Everest in the year 1830—and also comprising
the base-lines on which the linear elements of the several included chains were dependent. A Skeleton
Chart of the principal chains of triangles west of the meridian of 92° is given opposite page 28 of Volume II,
and it shows the several sections and the chains and base-lines contained within each section, as arranged
in accordance with the programme which I had drawn up for the general reduction of the triangulation,
for various reasons which are set forth at length in Section 7 of the chapter in question. '

The section of the triangulation which is known as the North-West Quadrilateral, and is included
between the meridians of 67° and 78° and the parallels of 24° and 34°, was selected as the first to be taken
in hand. The chains of triangles of which it is comprised are the following :—

The Great Are, Section 24° to 80°.
The Karschi Longitudinal Series.
The North-West Himalaya Series.
The Great Indus Series.

The Rahin Meridional Series.

The Gurhigarh Meridional Series.
The Jogi-Tilas Meridional Series.
The Sutlej (River) Series.

The base-lines contained are those at Sironj, Dehra Din, Chach, and Karfichi (Kurrachee), full details
of which have been given in Volume I. .

Two internal chains, on the meridians of 70° and 724°, which should run northwards from the
Karéchi Longitudinal to the Great Indus and the Sutlej Series, remain to complete this Quadrilateral. In
1865, when the general procedure of the reduction was determined on, they had not been commenced, and
they are still (1875) far from completion. It is therefore intended that, when finished, they shall be fitted
into their proper places without disturbing the results already acquired hy the simultaneous reduction of the
several completed chains of triangles ; their details must be published separately in a supplemental volume.

meEEpDOWEp



viii PREFACE.

The present volumes contain, infer alia, the following details for each of the several chains or series
of triangles, A to H, already specified,—

1st. The Introduction, which gives a historical sketch and general description of the operations, and
mentions the individuals by whom they were couducted.

2ndly. The Observations of the Principal Augles.

3rdly. The Reduction of each Polygonal Figure by the method of minimum squares.

4th. The final values of the Sides and Angles of the principal triangles, the Azimuths of the sides,
and the Latitudes, Longitudes and Heights of the principal stations.

These volumes however do not give any of the details of the general and simultaneous reduction of
the several series taken collectively, which has had to be performed in order to disperse the errors that were
met with wherever any one series closed on another or on a hase-line. For these details, which form the
final portion of the reduction, reference must be made to the latter part of Volume II.

Before I proceed to describe the contents of the present volumes more specifically I should state that,
for reasons which will be subsequently explained, the printing of a portion of them—the details of the ob-
servations of the principal angles—was commenced in 1863, when the method to be followed in the general
reduction of the several series comprised in the Quadrilateral, in order to make the work harmonious and
consistent throughout, had not yet been decided on, and nothing more had been determined than that this
Quadrilateral was to be taken in hand first of all, before any of the other sections into which the entire tri-
angulation of India would eventually be divided.

It was theu believed that a simultaneous reduction of the eight series of triangles and the four base-
lines contained in the Quadrilateral, would be impossible, because of the very large number of angles
involved. A method of correction by successive approximations was therefore under contemplation, which,
it was found, would be greatly simplified by treating each of the polygonal figures around the base-lines at
the four corners of the Quadrilateral as constant and free from error, and consequently not throwing any
portion of the errors which had been generated in the triangulation on to them in the course of the calcula-
tions for the dispersion of the errors.

With this view the four base-line figures were separated from the series to which they respectively
appertained and were collected into a group by themselves, and made to form the first of the several groups into
which the triangulation of the Quadrilateral was divided. Subsequently a more rigorous and exact method of
reduction was devised, which could be applied simultaneously to the whole of the several chains of triangles,
and then it was found that the separate grouping of the base-line figures would be not only prejudicial and in-
exact but unnecessary and inconvenient. The Sironj and the Dehra Diin base-line figures were therefore re-
combined with the section of the Great Arc which lies between them, and the Karfichi and the Chach figures
with the Great Indus Series. Thus while the descriptions of the stations and the observations of the angles of
these figures will be found in a group by themselves, the reductions, and the final values of the lengths and
azimuths of the sides and of the latitudes and longitudes of the stations, will be found with those of the series
to which they have respectively been relegated. Consequently there is an absence of uniformity in this
portion of the general arrangement of the contents of these volumes, which is to be regretted as it may
inconvenience persons searching through them for the data of the base-line figures. But it may be pleaded
in excuse thereof that the reduction of such a vast mass of triangulation was a most formidable geodetic



PREFACE. ix

problem, far exceeding—it is believed—in magnitude and intricacy anything of the kind which had ever heen
undertaken previously in any part of the world. Consequently allowances may well be made for a slight depar-
ture from the first conception of the programme of arrangement, the result of which has merely been that the
stations of the base-line figures are not numbered in order with the stations of the series into which they were
eventually incorporated, and that their descriptions and the observations taken at them must be looked for in
the group in which they were originally collected and printed, whereas their co-ordinates and mutual azimuths
and distances must be looked for among the results of the respective series to which they now appertain.
Thus the principal groups into which the contents of these volumes are divided are the following,—

Base-line figures .. .. . .. .. pages (1) to (32)
Karichi Long. Series .. pages I—p to xuI—p I—B to 135—pand 1—, to 148—,
Volume IIL. Q. vy, Himalaya Series » I—¢ to xu—c, l—cto 61—pand 1—; to 42—
Great Indus Series .. .. » I—p to xx1x—p 1—pto 11—z, and 1—4 to 136—,
Great Arc, Sec. 24° to 30°. .. » IT—4 to x1—, 11— to 78—  and 1—s t0 103—s
Rahin Meridional Series » I—gto vi—g l—gto 106—gand 1— to 80—,
Volume 1V.: <{Gurhégarh Meridl. Series .. » I—p to 7, 1—pto 115—gzand 1—; to 61—
Jogi-Til4 Meridional Series . . » I—g to xxvx—a, l—gto 65—gand 1—; to 35—
Sutlej Series .. . » I—pg to vii—g 1—gzto 60—gand 1—, to 38—,

The contents of each group—with the exception of the Base-line figures—are well illustrated by the
following table of the contents of the group for the Great Indus Series.
Introduction. Narrative of the Principal Triangulation .. .. .. page  lI—p
Narrative of the Secondary Triangulation
The Northern Trans-Indus Frontier Survey
The triangulation to Peshawur
Triangulation to hill peaks north of the Peshawur Frontler
Triangulation to hill peaks west of the Great Indus Series
Minor triangulations in connection with the operations of the
Great Indus Series .. . .. .. .o 3  XXVII—p
Name-lists and Facts of Observation, &c

H) ) XX—p

”» 2 XXV—p
”» 2 XXVI—p

» »  XXVII—p

Ll o o

b2

Alphabetically arranged list of Stations » 1—p
Numerically arranged list of Stations .. » 8—p
Description of Stations .. . R, 5—p
Addendum to Description of Stations, contammg latest detmls up to date .. ,, 25%—p,
The Observations of the Angles . .. . ey 25—,
Data for the computation of the Theoretical Errors of the observed angles ey 191—,
The mean Theoretical Errors of certain groups of the observed angles 2 210—p
Reductions and Final Results
Reduction of the Polygonal Figures . . e 1—3
The final values of the Sides and Angles of the tnangles . e » 40—,

The computed Latitudes and Longitudes of the stations and the Azimuths

at each station .. . .. .. .. .. e 59—,
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The trigonometrically determined Differences of Height of the stations .. page 70—,
The Absolute Heights of the stations above the mean sea level, some determined

by spirit-leveling operations others trigonometrically .. .. . » 97—4
Descriptions of the exact points referred to in the spirit leveling operations .. »  101—4
Astronomical observations of the Azimuth, and their reduction .. .. s 108—y
Addendum. Elements of points of geodetic importance connected with, but

not forming a part of, the principal triangulation .. s 185—4

Plates 1 to 6. Diagrams of the several polygonal figures contamed in the series.

Here it is necessary to remark that, with the exception of the narrative of the secondary triangula-
tions which is given with that of. the principal triangulation in the Introduction to each series, these
volumes contain no data whatever regarding the secondary and minor triangulations—of which a considerable
amount has usually been executed in each series—but are restricted exclusively to the Principal Trian-
gulation. Full details of the results of the secondary and minor operations are given in the Synoptical
Volumes; of these one is prepared for each series, and it is made to include the descriptions of the principal
stations, as here given, and the whole of the results of the principal triangulation, but it omits the details of the
observations and reductions. Each Synoptical Volume also contains charts of the whole of the triangulation,
both principal and secondary, of the series to which it appertains. Thus these volumes present, in a compact
and convenient form, all the data which are needed for the requirements of geographers, and of topographical
or fiscal surveyors who may be operating in the districts which have been passed over by the triangulation.

It has been found convenient to indicate the Principal Stations by a system of numerals as well as by
their names. Consequently, at the commencement of the details of each series, two lists are given, in the
first of which the stations are arranged alphabetically with the numbers opposite the names, in the second
numerically with the names opposite the numbers. Roman numerals have heen adopted throughout, as a
distinction from the several other forms of numerals which have necessarily to be employed in a work of
this nature. The numbering of the stations is progressive in order from south to north in meridional chains
and from east to west in longitudinal chains, the first number for each series being unity. The numbers indi-
cating stations of the base-line figures are enclosed within brackets, thus (I), (IT) . . . ,* to distinguish them
from all other stations.

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 cogni-
zance of any alterations which have been subsequently effected. They give the names of the district
and the subdivision in which the station was situated at the time when its description was written ; but as the
boundaries of these divisions are not unfrequently altered, to suit the requirements of the Local Adminis-
tration, these changes are indicated in the Addendum 'to the Description of Stations, which also gives the
latest information forthcoming regarding their condition, &c. For information regarding the general form
and structure of the stations, reference should be made to Section 4 of Chapter 1I of Volume II.

In the pages which are allotted to the Observations of the Angles, the name of the observer and the
instrument are specified at the head of the observations at each station, excepting in a few instances in which

# The number (XII) was inadvertently dropped originally, and has necessarily been excluded subsequently, in order to avoid the
complications which would be caused by correcting all tho subsequent numbers.
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they could not be ascertained until after the details had been printed, in which cases they are given in the
Addendum to the Description of Stations. In the details of the measures of the angles, the number of the
station on which the telescope was set at the commencement of each round of measures, and the rea.ding to
which the azimuthal circle was set, after each ¢ change of zero,’ are given ; thus the graduations of the circle
to which the readings were taken, at every measure of an angle, may be readily ascertained, if considered
necessary 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 Vol. II. The seconds of the angles obtained, by
each measure on each circle setting, are arranged in vertical columns, at the foot of which the mean is given
for the setting; for an explanation of the principles by which the changes of setting have been governed and
for further details of the record of the observations see Sections 2 and 4 of Chapter IV of Volume II. In
the right hand column of the record—usually called the Abstract of Angles—are given M, the mean of the

several groups of mensures on each setting, w and -1—:-, the weight and its reciprocal of the angle as deduced from
the differences between the individual measures, and C, the concluded value of the angle as derived from the ob-
servations only; for full explanations of which reference must be made to Section 4, Chapter VII, Volume 1I.

The record of the measures of the angles is followed by a list of the “Sums of Squares of Apparent
Errors of Single Observations, and of Apparent Errors of Single Zeros”, which furnishes the requisite data
for the investigation—by which it is followed—of the average ‘error of mean square’, of observation only, in a
single measure, and that of graduation plus observation in the mean of the 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, the inves-
tigatior of the influence of “ Mixed Errors of Observation and Graduation,” which is given in Section 8 of
Chapter VII of Volume II, was made.

Next come the Reductions of the several Polygonal Figures contained in the series. The object of this
reduction is to render the several parts of which a figure is composed consistent and harmonious infer se, in
such a manner that all the geometrical conditions which are involved shall be satisfied with due regard to the
respective weights of the several angles. Full explanations of the principles which have heen followed .and
the procedure which has been adopted in these reductions will be found in Chapter VIII of Volume 1I.
The figures are numbered consecutively throughout the triangulation of the Quadrilateral, running through
the several series in the order of their alphabetical arrangement; thus fig. 9 being the last of the Great Arec,
(A), fig. 10 is the first of the Kardchi Longitudinal Series, (B). Diagrams of the figures are given in the
Plates appertaining to the series. The small numerals within each of the several angles (which have been
actually observed) correspond to the subscripts to the symbol, x, which is employed, with the numeral for
any particular angle as a subscript, to indicate the error of that angle. Thus on referring to the diagram of
figure 10 and to the reduction of that figure, page 2—, x; is the error of the angle 7, the angle subtended at
Station I between Stations IT and III. The tabular statements of the reductions give, first the observed
angles and the reciprocals of their weights ; secondly the equations by the solution of which the geometrical
conditions of the figure are satisfied,—see equations (18), page 105, Volume II; thirdly the equations between
the ‘indeterminate factors’,—(23), page 106; fourthly the values of the indeterminate factors, expressed numeri-
cally, and also in terms of the absolute errors (in the geometrical equations) expressed symbolically,—
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-(26), page 108; fifthly the valnes of the angular errors,—(22), page 106; and sizthly the summation of the
product of the square of each error by its weight—(19), page 106, the value of which summation has been made
a minimum, that the values obtained for the several angular errors may be the most probable of all the many
values by which the geometrical conditions of the figure may be satisfied. Inthe group of equations between
the indeterminate factors, the co-efficient of the pth factor in the gth line is the same as that of the gth
factor in the pth line; and in the group of expressions of the values of the factors in terms of the absolute
geometrical errors, the co-efficient of the pth error in the gth line is the same as that of the gth error in
the pth line. In other words, in both these groups, if a diagonal be drawn from the co-efficient of the first
term in the first line to that of the last term in the last line, the co-efficients which are symmetrically
disposed on opposite sides of this line are identical with each other. Consequently only the co-efficients above
the diagonal have been given; those below are omitted and their absence is indicated by asterisks.

The reduction of the figures is followed by a Tabular Statement of the Triangles. The two first
columns of this table give the number which has been adopted for each triangle to designate its place in the
Quadrilateral ; this number depends on the circumstance whether the triangle appertains to or is exterior to
the chains of single triangles which have been selected to form the several circuits whose closing errors have
been eliminated by the final process of reduction, as described with full details in the latter chapters of
Vol. II. The triangles which enter the circuits are’ shown in the Reduction Chart (facing the title page to
this volume) in firm black 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, which commence with 561, 550 being the number of the last of the circuit triangles of this
Quadrilateral. 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 polygonal figure to which it belongs, as
obtained from the primary reduction of that figure; and secondly the further correction which has to be
applied 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 be a non-
circuit angle. 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 1 of Chapter IX of Vol. II.

Next in order comes a Table of the Latitudes and Longitudes of the Stations and the Azimuths and
Lengths of the Sides. The principles on which the calculations of the 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.
All azimuths are referred to the south point and are measured round by the west.

This is followed by the Determinations of the Differences of Height of the several stations which
have been deduced from the measurements of the vertical angles, as explained in Chapter XIII of Vol. II.
It has not been considered necessary to give the individual measures of these angles, as has been done for
the horizontal angles, as this portion of the operations is less exact and important. But the mean of the
whole of the measures of each vertical angle, the mean value of the amount of refraction in each angle aund
of the co-efficient of refraction, the heights of the signal and of the telescope of the observer above the
summits of the stations, and the differences of height of the said summits, are given. ‘

Then comes a Table of the Absolute Heights of the stations above the mean sea level in the Harbour
of Karfchi (Kurrachee). Some of these determinations have been derived from the Spirit-leveling Operations
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of this Survey, of which full details are given in the Tables of Heights in Sind, the Punjab &c., Calcutia, 1863,
and the remainder by referring the trigonometrical differences of height to the nearest stations whose abso-
lute heights were determined by the spirit-leveling operations. The errors generated trigonometrically,
between any two spirit-leveled stations, have been dispersed by simple proportioun over the intermediate trigo-
nometrical values.

It may be here stated that all trigonometrically determined heights invariably refer to the wpper
surfaces of the central masonry pillars at the principal stations. Spirit-leveled values sometimes refer to
the upper surface and sometimes to the basement of the pillar, whichever the leveling-staff was set upon ;
a description of the exact point referred to is given in each instance, at the end of the  Height above Mean
Sea Level.” .

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, either of one of the surrounding
stations, or of a referring mark, the angle between which and a contiguous station has been measured. The
observations and the method of reducing them are fully described in Chapter 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 azimuth (that at Kalidn-
pidr) 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 calculation through
the triangulation from the fundamental azimuth is given. These differences should 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 latitude
longitude and azimuth, and the elements of the figure of the earth which have been adopted in the calcula-
tions, 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 base-lines on which the Quadrilateral is dependent are those at Sironj, Dehra Diin, Chach
and Karichi; and the values of their lengths which have been employed in the reductions are identical with
those given at pages II1—25, II—44, VI—28 and VII—27 of Volume I respectively.

(8). The fundamental elements of latitude, longitude and azimuth at the initial station, Kalidnpir, are

Latitude, North 24° 7' 1126
Longitude, East of Greenwich 77 41 44'75
Azimuth of Sirant4l 190 27 510 .
(4). The adopted elements of the figure of the earth—assumed to be spheroidal—are as follow, a
being the semi-major axis, & the semi-minor axis, ¢ the compression = a: , and e the excentricity = \/ 5—?’
¢ = 20,922932 feet log. #%°320,6225,4
b = 20853375 » »  7°319,1763,4

¢ = 0'003, 324 =

300'80 9 5.521,7196:8
€* = 0006, 638 »  3'822,0271,8
7
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The longitudes depend on an astronomically determined value of the longitude of the Madras Obser-
vatory, which was deduced, about the year 1815, as 80° 17’ 21". There is reason to believe that this value
is about 3’ too great; but, pending the final determination of the longitude of the Madras Observatory by
electro-telegraphic communications with the Royal Observatory at Greenwich, it has not been considered
desirable to alter the value which was adopted in 1815 and has been maintained up to the present time.
Meanwhile the following precept will probably be found sufficiently exact for preliminary reguirements,—

All the values of Longitude in these volumes require a constant correction,
probably of-3'.

As regards the Orthography of Indian names, I am sorry to have to state that it has not been possible
to adopt a uniform system throughout the present volumes. Many years ago Colonel Everest endeavoured to
bring into general use in the Survey Department Sir William Jones’ 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 differences 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 i and oo for the Italian u, and of spelling generally in the manuer 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’ system, excepting in the case of well-known
names—such as Meerut, Calcutta, Cawnpore—which had become settled and familiar by long use and which
it would have been pedantic to alter. But in 1871 the Government of India made arrangements for the in-
troduction of a uniform system of spelling throughout India, and circulated a “ Guide to the Orthography of
Indian Proper Names, with a list showing the true spelling of Post-towns in India,” which was prepared by
Dr. W. W. Hunter, L.L.D., Director General of Statistics to the Goverument of India; the guide was
sent to this 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 similar
to the rules which had been adopted in this Department, the chief difference being that the long a, i and u
are required to be frequently un-accented, whereas by our rules they are invariably accented. 1In 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 recognizable as the same name.” Thus the hill station at which the Head Quarters
of this Survey are located, during the summer months, is spelt ordinarily Mussoorie and scientifically Masdri
but according to Dr. Hunter it should be spelt Masauri. In September 1873 the Government of India is-
sued amended rules for the spelling of all names not well known, which are practically identical with those
originall} 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
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 ; and this is a point on which considerable differences of
opinion are known to exist ; some of the lists already published are eminently conservative of the old fashioned

anglicized spellings, while in others the names which remain unchanged bear but a very small proportion to
those which have been altered.
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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 occasionally
led to considerable diversities of spelling, and in not a few instances to the adoption of one spelling, then
of another and finally the return to the first ; as in Ddn, Doon, and ﬁnally, Diun,—or Cutch, Katch Kach’h,
and finally Cutch; or to successive divergencies from the first spellmg, as Masiri, Masauri, Mussoone, and
finally Mussooree. It is however hoped that, notwithstanding such departures from a standard spelling, of
which there are several instances, all the names will be recogunizable. As a general rule the pronun-,
ciations of the vowels are as follow; @ has a variable sound as in womaen, rural, paltry; 4 as in tartan;
% as in bit; f as in ravine; % as in bull; & as in rural; o as in note; e as @ in say; au as ou in cloud ; ai as
% in ride.

As regards the typography aud general getting up of these volumes, it is necessary to state that the
printing has extended over several years ; that of the Names and Descriptions of Stations and of the Details
of the Observations was commenced in the year 1863, while the remaining portions have been carried on pari
passu with the general reduction of the triangulation. It has therefore been found impossible to number the
pages of the volumes in consecutive order from first to last; for this would have involved either the locking
up for an indefinité period of a far larger amount of type thau is contained in the Head Quarter’s Office, or
the postponement of the printing until the completion of the whole of the reductions, which would have
been exceedingly inconvenient. Thus the numbering of the pages commences afresh from 1, twice in each
series, the first time for the Description of Stations and—speaking generally—the details of the Facts of
Observation, and the second time for the details of the Reductions of the Observations and the Final Results.
The serial letter adopted for each series—as shown in the Reduction Chart—is appended as a subscript to
the numbers of the several pages appertaining to that series, thus,

GREAT INDUS SERIES—D.

Introduction .. . .. . .. -+ pagesi_ to  xxIx__ D
Names and Descriptions of Stations, Observations of Angles, &e. » l_D to 211_ >
Reductions of Figures. Triangles. Co-ordinates of Stations, &e... ,, 1_ 1 to 136__1

In order to equalize the contents of both the volumes, it was found necessary to transfer the portion
appertaining to the Great Arc, all which had been printed with the subscript 4, to the fourth volume, instead
of placing it first in order in the third volume. In all other cases the several series follow in the order of
the letters of the alphabet by which they are distinguished.

The general arrangement of these volumes, and the preparation of the data which they contain, are
due in great measure to Mr. J. B. N. Hennessey, F.R.S., Deputy Superintendent 1st Grade in charge of the
Computing Office, and also to Mr. W. H. Cole, M.A., Assistant Superintendent 1st Grade; both of these

officers have taken very great pains to secure the utmost possible accuracy in preparing the data and passing
them through the press.

J. T. WALKER, Coroner R.E.,
November 1875. Supdt. Great Trigonometrical Survey of India.
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ALPHABETICAL LIST OF STATIONS.

Amsot . (XI).
Banog e e e (X).
Bhaorasa . . - (V).
Bol « e e (XXTIII).
Bolilio (XXV).

East End

Chach base-line, Agzar or NOrth‘} (XIV).

Ditto, Kalu OVSV eS:%xl;é} (XTII).
Dehra Doon base-line, East End ~ (IX).
Ditto, West End  (VIII).
Gandgarh . (XVI).
Kalignptr . . . (v1).

Kémkheré . . . . (IV).

Karachi base-line, North End .
Ditto, South End

Khagridna

Loiset

Magar Pir

Maio

Pirdho e e e

Pathrijila

Sironj base-line, North-East End

Ditto, South-West End
Sdrantal . . . .
Surld . . .

1)

(XXT).
(XX).
(XVIID.
(XV).
(XXT).
(XXIV).
(VI).
(XVII).
(ID).

().
().
(XIX).
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M
(D
(1)
v
V)
(VD
(VID)
(VIII)
(IX)
X)
(XT)

BASE-LINE FIGURES.

NUMERICAL LIST OF STATIONS.

Sironj base-line, South-West End.

Ditto, North-East End.

« e e Sdrantal.
. .  Kamkhera.

. e . Bhaorasa.
Pardho.

. Kaliénpar.
Dehra Doon base-line, West End.

. Ditto, East End.
. . Banog.
. . . . Amsot.

(XTI { Chach base-line, Kélu or South-

West End.

(XIV) {
(XV)
(XVI)
(XVII)
(XVIII)
(XIX)
(XX)
(XxI)
(XXTI)
(XXTII)
(XXIV)
(XXV)

Chach base-line, Agzar or North-

East End.

Loiset.

Gandgarh.

Pathrij4la.

Khagriina.

Surla.

. Karichi base-line, South End.
: Ditto,  North End.
Magar Pir.
Bol.

Maio.

Bolalio.
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DESCRIPTION OF STATIONS.

OOy

~ (I). Sironj base-line, South-West End Station, lat. 24° 5, long. 77° 48, is situated on
the lands of the village of Parsora, in pargana Sironj of the territories of the Nawab of Tonk.
The circumjacent villages, with their distances and bearings, are as follows :—Parsora, 11 miles
E.; Rasali, 3-5 miles N.N.W.; Eklaod and Kachpura, 3:0 miles N.E.; Bania Dhana and Eko-
dia, 1-3 miles S.E.

The station is marked by a prismatic stone, having a circle and dot engraved on the upper surface, sunk
endwise to a level with the surface of the ground. Over this stands a pillar of masonary 2 feet high, and 4 feet in
diameter, having & mark-stone in its upper surface with the usual circle and dot engraved on it adjusted normally over
the lower mark. The whole is enclosed by a square pile of earth, The lowest dot is the one that was used in the
measurement of this base-line.

(IT). Sironj base-line, North-East End Station, lat. 24°9’, long. 77° 53, stands on the
lands of the village of Rijpir, in pargana Sironj of the territories of the Nawab of Tonk. The
circumjacent villages, with their distances and bearings, are,—Rajpir, 0°7 miles E.; Tal Baro-
dia, 1'5 miles N.E.; Thanarpir Binchakeri, 1-2 miles E.S.E.; and Sialpir, 1:7 miles S.

The station is marked precisely after the method adopted for the South-West End Station. *

(II1). Sirantdl Hill Station, lat. 24° 14’, long. 77° 43, is situated in pargana Sironj of
the territories of the Nawab of Tonk, and stands on the highest swell of an extensive range of
flat hills running north and south, The circumjacent villages, with their distances and bearings,
are,—Sirantal, about 2 miles N.N.E.; Bemakheri, about 13 miles S.W.; and Sareko, about 2
miles S.S.W.

The pillar is solid, and has the usual mark-stone at top.

(IV). Kémkheri Hill Station, lat. 24° 0/, long. 77° 46’, stands on the lands of the village
of Imlani, in pargana Sironj of the territories of the Nawab of Tonk. The circumjacent vil-
lages, with their distances and bearings, are,—Imlani, 2 miles N.W.; Kémkhers, 13 miles W.;
Ladhora, about 2 miles N.; and Kua, about 2 miles S,

The pillar is solid, and 10 feet high. It has a mark-stone at top, another at bottom, and two others at
distances of 3 and 6 feet respectively above the latter.
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(V). Bhaorésa Hill Station, lat. 24° 8', long. 78° 3, is built on a low ridge of sandstone,
situated in pargana Bhaorésa of the Gwalior territories. The circumjacent villages, with their
distances and bearings, are,—Bherkheri, about 2 miles N.W. ; Kiria, about 2 miles N.E.; Salitra,
about 2 miles S.S.W.; and Sarkandi, about 2 miles W.

The pillar is solid, and about 11 feet high. It has a mark-stone at top, another at bottom, and a third
between them.

(VI). Pirdho Hill Station, lat. 24° 16’, long. 77° 49', is built on a range of flat hills,
distant about 2 miles N. of the village of Pérdho, in pargana Sironj of the territories of the
Nawab of Tonk. The village of Sungai is distant to the S. about 2 miles.

The pillar is solid. It has a mark-stone at top, and another at bottom.

(VII). Kalinptr Hill Station, lat. 24° 7', long. 77° 42, is situated on a flat elevated
ridge of iron-clay formation, locally called Bhuri Tori, which skirts the Sironj valley to the
S.W. and N., and is in the territories of the Nawab of Tonk. The circumjacent villages, with
- their distances and bearings, are,—Kalidnpir, about 1 mile S.; Jelalpir, about 1 mile S.W.;
Bandera, about 14 miles N.W.; and the city of Sironj, about 2 miles S.E.

The station is marked by a solid isolated pillar, 2 feet high, containing mark-stones at top and bottom and
enclosed in a platform of solid masonry 14} feet square.

There are two meridional pillars connected with this station, one to the N. at a distance of 57739 feet
and the other to the S. at a distance of 60568 feet, on both of which the direction of the meridian is accurately laid
down.

Kalidnptr Observatory.—Besides the platform which defines the principal station of Kalidnpir and its two
meridional pillars, another site is fixed due West at the distance of 40-591 feet for the astronomical observations.
A pillar 4 feet 5 inches in diameter and 4 feet 4 inches deep was built of solid masonry below the ground as a foundation,
having a stone pillar 4 feet 1 inch in length, into which a piece of brass marked with a dot has been let to define the
station ; above this station a pillar was built 3 feet high and 4 feet in diameter for the astronomical circle to stand on;
this pillar is isolated with respect to the floor by means of a groove round it of 12 inches deep and 5 inches broad, and
a hollow cylindrical space of 4 inches diameter runs vertically through the pillar in order to allow the instruwment to be
centered over the dot on the ground below. There are two meridional pillars connected with this station at the same
distance as those built for the principal station of observation, on which also the direction of the meridian has been
accurately laid down.—Zverests Measurement of the Meridional Arc of India, p. 251. :

(VIII). Dehra Doon base-line, West End Station, lat. 30° 20’, long. 77° 54’ ,is situated
in the district of Debra Doon, about 2 miles to the E. of the small village of Sherpidr, and about
1 mile S. from the Asan river.

The following description of the station is taken from the original record by Colonel

Everest :—

¢ A stone 5 feet in length and 1 foot square base was sunk to the surface of the ground and lodged in a
¢ pile of masonry 14 feet square with a circular pillar of masonry in the middle of ¢ feet diameter, the pillar being built
¢ digjointed from the rest of the pile in order that the instrument might remain isolated. Into the exposed surface of
“ the central stone a piece of brass was soldered on which was inserted a fine silver wire to receive the small dot which
“marked the limit of the base-line. This was covered over by a circular brass plate 2 inches diameter fixed by 3 screws,
¢ the female screws of which were cut in pieces of brass soldered into the stone. The upper surface of the brass plate
“ was left even with that of the stone, a circular space being hollowed out to admit it. A parapet wall of 12 inches high
¢ was erected round the platform and ultimately when the base was concluded the whole was built up to a level with this
¢ parapet, a supplemental stone of 1 foot square and 3 inches thick with a piece of bruss and dot soldered into it being
“accurately placed over the dot in the lower stone by means of the centering telescope of the large theodolite. For
* protection against cattle and other intruders a thick hedge of prickly pear was planted round the platform.”



DESCRIPTION OF STATIONS. (5)

The station was constructed in 1834-35, but when visited in 1867, was found with great difficulty ; the
prickly pear hedge had disappeared, and there was nothing to distinguish the station from the numerous mounds which
were scattered around. For its future better protection and to facilitate identification, a tower was built over the
masonry platform above described, with sides parallel or perpendicular to the line of the base, and an arched
5 feet wide and 6 feet high, to allow of access to the mark-stones, should the base be remeasured at any future time.
The tower is about 10 feet square and 8 feet high; it has an external masonry staircase leading to the summit, which is
horizontal, to serve as a platform for future observations. A central pillar 4 feet in diameter rests on the vault, and
rises to the level of the platform, but is separated therefrom by an annulus ; it is perforated for reference to the marks
below, the perforation being closed above by a mark-stone containing the usual circle, and a fine hole bored through the
stone instead of the usual central dot ; the mark on this stone is truly in the normal of those below, and is 10-23 feet
above Colonel Everest's upper mark.

As the mark on the top of the new tower will suffice for ordinary use, the entrances to the vault have
been bricked up with masonry, for the better protection of the original marks.

(IX). Dehra Doon base-line, East End Station, lat. 30° 17/, long. 78° 1, is situated on
the extremity of one of the spurs of the Ghéti or Siwalik range of hills, in the district of Dehra
Doon. The nearest village is Mohabawala, about a mile to the South-East. The Asan river
winds round the foot of the spur, and one branch of it takes its rise in a ravine about 100 yards
to the westward of the station.

This station is described by Colonel Everest as having been “marked in the same man-
ner as the western limit, so that a description of one will answer for the other.”

It was visited by Captain Branfill in January 1862, to be connected with the line of spirit levels which
had been brought up from Kardchi harbour, as a part of the operations of this department. As no record was forth-
coming of the height of Colonel Everest's upper mark above the mark on the stone pyramid, to which the base-line
measurement was referred, it was necessary to remove the upper mark-stone; then the level of the summit of the
pyramid was determined as 1957:65 feet above the mean sea level of Kardchi harbour ; Colonel Everest’s upper mark
was found to have been 17 inches, or 1:42 feet above the mark on the pyramid ; the stone slab containing the said
upper mark was replaced in the normal of and at its original height above the mark on the pyramid. '

In 1867 a tower was built over the station similar to the one that was constructed in the same year over
the west end of the base, the description of which may be referred to for further details. The mark in the stone on
the summit of the tower is 8:71 feet above Colonel Everest’s upper mark, and consequently 1967-78 feét above the mean
sea level of Kardohi harbour, as determined by the spirit levelling operations.

(X). Banog Hill Station, lat. 30° 29, long. 78° 3, is situated on a detached peak of the
lower range of the Himalaya mountains, being thrown back about a mile to the north of the
range whereon stands the sanitarium of Mussoorie. The station is in the district of Dehra Doon.

: The pillar is solid, and 2 feet high. It has a mark-stone at top, and another at bottom.

(XI). Amsot Hill Station, lat. 30° 23’, long. 77° 44, stands on the highest point of the
Ghiti or Siwalik range of hills, which bounds the Doon to the south. The station is in the
district of Dehra Doon. The nearest village is Timli, distant about 3 miles to the N.E.

A stone, 4 feet long, bearing a piece of brass with a dot on it, marks the station. It is surrounded by
a platform of brick and mortar. :

(XTIL) Chach base-line, K4lu or South-West End Station, lat. 33° 53, long. 72° 25/,
is situated on the south end of a mound to the S. of the village of that name, in the Chach

valley ; thana Hazro, pargana Attok, tappa Haveli, tahsil Hassan Abdal, and district Rawul
Pindi.

. . The pillar is solid, and 4'5 feet high. It contains three mark-stones, one at top, another at bottom,
and the third 2 feet below the former. Of these marks, the one upfper’most was used in the measurement of this
base-line. The dot in question is on a piece of silver let into a slip of brass, which latter is fixed in the stone. The

illar and mark-stones are protected by a hemispherical dome of masonry, on the key stone of which a mark for or-
reference will be found.



(6) BASE-LINE FIGURES.

(XIV). Chach base-line, Agzar or North-East End Station, lat. 33° 57’, long. 72° 32, is
situated on the southern end of a mound in the Chach valley ; mouza Agzar, thana Hazro, tappa
Sirkani, pargana Attok, tahsil Hassan Abdal, and district Rawul Pindi. :

The pillar is solid, and 52 feet high. Tt contains three mark-stones, one at top, another at bottom, and
a third 2'8 feet below the former. Of these marks the uppermost one was used in the measurement of this base-line.
The dot in question, and the means employed for its protection, are similar to those adopted for the West End of this
base.

(XV). Loiset Hill Station, lat. 33° 47, long. 72° 38, is situated on the range of hills
immediately S. of the large and well-known town of Bhurhan; mouza Bhurhan, pargana Attok,
tappa Haveli, tahsil and thana Hassan Abdal, and district Rawul Pindi.

The pillar is solid, and 3 feet high. It has a mark-stone at top, and another at bottom.

(XVI). Gandgarh Hill Station, lat. 33° 57, long. 72° 46', is situated on the summit of
the well-known hill of that name, in pargana Gandgarh, thana Dar Chitti, and district Hazara.
The pillar is solid, and 2 feet high. It has a mark-stone at top, and another at bottom.

(XVII). Pathrijala Hill Station, lat. 33° 39’, long. 72° 21, is on the range of low hills
connecting Bilandri Chitti and Barra Chitti or Nilab, in mouza Kalidili, pargana Attok, tahsil
Pindi Gheb, thana Nari, tappa Tutho, and district Rawul Pindi. )

The pillar is solid, and 4 feet high. It has a mark-stone &t top, and another at bottom.

(XVIID. Khagrisnd Hill Station, lat. 33° 44, long. 73° 0, is on the hill of that name,
the watershed of which is the boundary between the districts of Hazara and Rawul Pindi.
The station is in the latter district. The small village of Kaitla is about a mile S.W. of the
station, and on the same hill. The road leading up to the station commences at the large and
well-known village of Shadutta, in thana, tahsil and district of Rawul Pindi.

The pillar is solid, and 2 feet high. It has a mark-stone at top, and another at bottom.

(XTX). Surld Hill Station, lat. 33° 23’, long. 72° 39, is situated on a range of low hills,
in mouza Kundwal, pargana and tahsil Pindi Gheb, thana Jund, and district Rawul Pindi.
The large villages nearest to the station are, Dhoornal to the S., and Malal to the N.

The pillar is solid, and 2 feet high. It has a mark-stone at top, and another at bottom.

(XX). Karachi base-line, South End Station, lat. 24° 53/, long. 67° 12/, is situated in
the district of Karachi, and within a few yards of the road from Karachi to Tattah. It is
about 2 miles from the halting ground called Jemadar-ka-Landi, and some 9 miles ES.E. from
Karachi.

N The station is marked by a tower 22'0 feet high. An arched passage at the level of the ground, and
arallel to the base-line, runs through the tower. On this arch and in the centre of the tower is an isolated and per-
orated pillar rising to the level of the top of the tower. The continuation of this pillar into the basement of the

tower, contains the mark-stones. These are three in number, the first being at the level of the passage-floor, the
second and third 1'8 feet and 3 feet respectively lower down, and all in the same normal. The uppermost mark consists
of a dot on silver let into a brass plug, the latter being imbedded in a slab of stone. This dot was used in the measure-
ment of the base-line. It is protected by a small dome of some 6 inches internal radius, and the entrances to the
passagte are closed with masonry. The upper orifice of the perforation through the tower is covered with a stone
which bears a mark for ordinary reference. The entire structure is built of solid stone and lime masonry.



DESCRIPTION OF STATIONS. (7)

(XXI). Karichf base-line, North End, lat. 24° 59, long. 67° 15/, is situated in the Ka-
rachi district, and stands on an open plain entirely devoid of habitations.

The station is marked and protected similarly to the South End of this base-line, the only difference
being that the tower here is 184 feet high.

(XXII). Magar Pir Hill Station, lat. 24° 59’, long. 67° 4/, is situated on a peak of the
low range of hills which forms the eastern boundary of the valley through which the river
Hubb flows, the higher range of the Pubb mountains forming that to the west. It is in the
Karéchi district. The station adjoins a conical stone tomb on the S.E. side. The small double-
domed masonry Kooba of Magar Pir, in the vicinity of which there are three hot springs, lies
in the valley, at a distance of 0'9 miles to the S.E.

The pillar is solid, and 3 feet high. 1t has a mark-stone at top, another at bottom, and a third 2 feet
above the latter.

(XX1). Bol Hill Station, lat. 24° 55, long. 67° 23', stands on the highest of three
knobs on a hill 3 miles N.W. of Gagar, on the hill road between Karachf and Kotree. It is in
the Karachi Collectorate of Scinde.

The pillar is solid, and 3 feet high. It has a mark-stone at top, another at bottom, and a third 2 feet
above the latter.

(XX1V). Maio Hill Station, lat. 25° 11’, long. 67° &, is on the same range of hills as
Magar Pir station, and commands, to the east, an extensive view of the plain in which the
Karichi base-line is situated. The station is in the Kardchi district.

The pillar is solid, and 3 feet high. It has a mark-stone at top, another at bottom, and a third 2 feet
above the latter.

(XXV). Bolilio Hill Station, lat. 25° 9, long. 67° 24’, stands on the highest point of a
very extensive irregular shaped hill, in the Kardch{ district. The hill commands a view to the
south of the plain in which the Karachi base-line is situated. The river Tudda flows round
the western foot of the hill, at a distance of about 3 miles, and the village of Morid-ka-got
lies about 8 miles W,

The pillar is solid, and 8 feet high. It has a mark-stone at top, another at bottom, and a third 2 feet
above the latter.







ADDENDUM TO DESCRIPTION OF STATIONS.

(9)*

Nore.—Consequent on modern alterations of district and other boundaries, the sites occupied by the stations
are now included in civil divisions of territory which differ frequently from the district, pargana or village, recorded
in the preceding descriptions of stations: a suitably modified statement of the subdivisions in question is accordingly
given in the following table and is derived chiefly from the annual reports, up to 1873, made by the Civil Officials to
whose care the stations have been committed.

As it has not been stated in the usual place by whom the observations at the Sironj and Dehra Dun base-line
stations were taken it is desirable to mention here that the observer was Major Everest and the Instrument used
Barrow’s 36-inch theodolite.

It has become customary in modern times to erect a square protecting pillar at Principal Stations over the
circular pillar on which the large theodolite stood and which carries the true mark-stone; the square pillar bears
a sufficiently accurate mark for Topographical and Revenue Survey purposes, so that it is generally unnecessary to
refer to the true mark-stone which thus remains concealed and protected. The stations which are protected in the
manner described are indicated by }

[

No. Local name District Pargana &o. Village Remarks

(i Sironj Sironj Parsora
(D) ¢ ” » Réjpur -
(1) t Strant4l ’ ” Gopélpur Visited by Lieutenant
(av)t Khimkhera " ” Imléni C. Strahan R.E. of the To-
vt Ghwalior Malérgarh Bhaordsa pographical Survey in
(VI) t Pardho Sironj Sironj Pérdho J 1870, and reported by him
(V1I) t Kalidnpur ” ” Kalidnpur to be in good order.

(VILI) Sahanspur For- | Dehra Dun Dehra Western | Sahanspur Forest Protected by a tower 10

est Dun feet square and 8 feet high

(IXx) Chandrabani ” w Chandrabani For- | ( with a mark-stone at the

Forest est top.
X)t Tibba Binauri ” w Maséri
(X1) Timli Forest » w  » Timli Forest Platform considerably da-
maged on the west and
south sides.

(X11I) Burj Réwal Pindi Atak (Attock) | Kélu Khurd Protected by a dome of
masonry on the keystone
of which a mark has been
placed in the normal of

(XIV) » " ” Asunsur those below.,

XV Kurri Mar ” »” Burhén

(XVI) , . | Hazéra Gandgarh
(XVII) Burj Kampés Réwal Pindi Pindi Ghaib K4li Dilli
(XVIII) Kila Pind » Gijar Khén Bijnidl
(XIX) Buxj Pir Kundia ” Gta Dhoke Méri
(XX) ighwiro Thul | Kardchi Téluka Kardchi l%ullél; Makén Protected by & brass-plate
(XX1) Thuing Wro , w » |HubbMakénThy |(Swmounted by a small
Thul ing and Dugan | ) T880NIy dome.
(XXII) Magar Pir ” ” ” Hubb M;]i:rén
(XXIII) Bor ” w Mallir Makén
Darséno Chiito
(XXIV) Sagio » ” » Hubb Makén Maio
and Gudap
(XXV) Boléri . ” » Hubb Makén
Thudo

. Nore.—Stations (I) to (VII) visited by Bidbu Narsi
in thorough repair, protected and transferred by him to the

4s, Native Surveyor of the G. T,
ge of local officials,

Survey, during the season of 1867-68, put






BASE-LINE FIGURES—SIRONJ.

" OBSERVED ANGLES.

)

At (I)

January 1837, and January 1838, observed under the superintendence of Lieut.-Colonel G. Eberest.

Circle readings, telescope being set on (IV)

M = Mean of Groups

Angle w = Relative Weight
between C = Concluded Angle
227°19  47°19  236°19°  66°19  245°19  65°19  254°19  74°19
k2940 h2906 k2698 k273 I 2024 h2548 la26go 12894 | M = 28"03
V)& | 22810 & 29'42  h2734 h26go I 3002 k2584 12696 13058
(II) | 52880 42786 k2662 h2560 2870 ha7i8 12874 13074|w = 3°76
- .
t-o ~ ° 027'
——— ",
2897 2878 2698 2661 29'32 2617 27°'83 3009 0 = 132%42"28%0;
hi1384 hiso8 hi138o higgo k1436 K688 higgo hisoo| M= 15”03
AN)& (D) | 1344 hrs22 khi1so8 higs6 higs8 hig8z  his68 Ry
hiyog hi584 hiy38 Rkis6o higs5e Hh1686 hiszo his8o|w = 1112
1
; = 009
13°7% 15'38 1442 15'32 14'83 16'52 14°96 1517 C =73°39 15705




(10)

BASE-LINE FIGURES—SIRONJ.

At (1T)

January 1837, observed under the superintendence of Lieut.-Colonel G. Evcrest.

Circle readings, telescope being set on (V)

M = Mean of Groups

Angle w = lLelative Weight
betireen C = Concluded Ang]
9°50° 189°50’  18°50/  198°50° . 27°50°  207°50’  8G° 50/ 216° 50’ nelu gle
n n n n n n n n M ”-8
(V) &(IV) k3572 h3q4s52 k3650 h3g32 k3286 k3288 k3300 h3342 = 33793
h3508 hiyzo k3485 h3se2  h3azy d3ayr d3224 k3356w = 408
d3429 k3468 d3532 h3yy8 k3200 d3183 d32r12  d 3220 I 0 28
: w
. . : : o6 | € = 122°7°33"83
3503 3450 3556 3517 3237 3247 3245 3306
hGogo kG290 hsgus h6118 hbyoy hGyez  hGar14 h64'56| M = 624y
h6rsa h6294 hGo'38 k61’96 h6396 k6314 k6362 k6420
(V) &(I) 9 v = 3-
h6o28 k6228 d59'80 h6298 RG3oo k6312 d6517 . 3
1; = 032
6090 6271 5987 6157 63°66 6345 62°'96 6464 | C = 12°9°62"47
har48 hazys hozoz hara8 k1842 higio hargs k1830 3 e o
(I) & (V1) h2236 k2044 h2294 d2033 hz026 k2060 k2182 k1840
hagyso k2196 k2246 d2ojr dig43 k1848 har3e digiy|w = 304
d22°36 darjI digsz| 1 _
bl °°33
— o ’ ”,
2278 22°38 2245 2101 19°37 19°46 21°69 18-84 ¢ = 31°20"21%00
h51'66 k3140 hso6o  hisrro6 hgya8 k5366 R 52'5.2 k5446
VIT & hsajz  Rhsiy8 hsa2y hs234 hss3zo hs53e8 hsayo hsyso| M o= 52”83
(Vi h5226 k5236 k5366 k228 k5308 hszs2 hs52a8  hs3so = 6
(L1T) d3206 d3ri9  d5438 dsgo7 0 = ©53
d 5279 - = o0°1§
w
C = 40° 41 52"'84
52°21 5175 52'14 52°05 54'31 53'43 52'37 5438
At (11T)

December 1838, observed under the superintendence of Lieut.-Colonel G. Everest.

Circle readings, telescope being set on (V)

M = Mean of Groups

Angle w = Relative Weight
between | gg0040r 152049 84150’ 16150  850°49°  170°4y  359°4y 179049 | € = Concluded Angle

” ” ” ” ” ” . ”» . ” M= 6" 42

I d681 dyor dy43 4616 kg8  kh8o2 732 4'94 .
(V) & (1) dyis d6o8 d6s3 d732 ka6 hyp2g dgjr hgso (W = II 28
d6g95 d6i14 dy23 d764 k616 K616 d3g93 k528 | — ‘09
w
. C = 11°55"6"43
697 641 7°06 704 583 714 565 524




OBSERVED ANGLES.

(11)

December 1836, observed under the superintendence of Licut.-Colonel G. Everest.

At (IIT)—(Continued.)

Anelo Circle readings, telescope being set on (V) M = Mean of Groups
bet: wg von w = Relative Weight
832049’  152°49° 841°50' 161°50’  350°49’  170°4%  839°49’  179°4y | ¢ = Concluded Angle
" n n n ” n " n
h2330 h2568 12492 12480 h2374 h2394 h2598 h2642 | M=24"81
(II) ERM| k2420 h2566 1 22710 @ 2474 hayoo hay2q b2646 k2494
hagss h25s8 12362 12618 h23'76 hasgr 12764 hay76 |w = 6°66
¢ ! 2604 I = o1
- = 5
w
C = 150 171 24”'82
3395 2564  23'55 2504 2383 2453 2653 25737
h688 K698 158y 13538 hyig k422 ko538 ko406 ”
h61y k58 1694 U532 hypro hsg4o h 582 h 558 o = 5786
RM&(I) | 694 h740 l 592 l 548 k716 hy3s k598 ! 338 w = 723
I 454 -
d 403 1= o ‘14
v (] " 8
= 8[ .
665 635 613 539 713 465 s34 |C 799 505
d2085 d2041 2134 l2032 di1899 41867 di841 I 2184 — 40"
ma& d21o] dig7s5 12060 12048 d1867 d2007 dz2057 11970 M = 20"09
(1v) d2187 dig3r 2256 11942 d19°57 d20063 di1753 d2041 |4 = 668
d 1801 I .
1—0 = 0°I§
—_ 1% 4 ¢’ 0n’"
21°26 19'82 21°50 2007 18-81 1979 1884 2065 C = 15°45 2008
V) & d2738 d2890 I 3020 I 3098 hjzoz2z d3rag d3134 d3o23 | M= 30768
(v11) d2048 d2968 13172 13168 d3o23 d3339 d3140 d3149 |, — 472
d2963 d2854 @301y 13166 d3o49 d328 d3133 d32o9|
=~ = o2l
w
2883 2904 3069 3144 3031 3249 3136 3127 | O = 18° 59" 30™68
At (IV)
January 1837, observed undcr the superintendence of Lieut.-Colonel G. Everest.
Angle Circle readings, telescope being set on (VII) M = Mean of Groups
between w = Relative Weight
140°44  320°43'  149°4%  320°43°  158°43  838°43'  167°43  sayo4y | C = Concluded Angle
n rr n n n n n ” M = 32”'96
1) & 13266 %3284 h3338 l340s hze2o 03382 k3346 hgos8
(ryy | 43216 h3os8 hsray Isyos Ry 13436 13326 h3o98)w = 348
! 3284 R 3284 d31'60 k3434 d3604 h2g8o | 1 _ o 29
w
32°55 32°02 32°14 34°10 34'96 34'09 3336 3042 | C = 16° 43" 32795}




(12) BASE-LINE FIGURES—SIRONJ.

At (IV)—(Continued.)

January 1837, observed under the superintendence of Lieut.-Colonel G. Eyerest.

Circle readings, telescope being set on (VII)
M = Mean of Groups
w = Relative Weight
C = Concluded Angle

Angle
between

140°44°  320°43’  149°43’  829°43’  158°4%’  338°43’  167°43’  847°43’

” ” ” ” ” ” ” ”

1 482 h 562 k 413 7218 h 394 1424 kg8 hao:
(H\Ir)l & | 1468 k338 h62g 1368 haos l270 I6og h66y|M= 4"62
(V1) 1588 d48o d437 d2o5 1438 k262 1624 hy5y8
dss w = 5 21
i
1; = 0°19
C =181y 4"62
5'13 473 4'91 264 4'53 3'19 602 5'78 74
1918 ks k 898 ! 934 hyso 1 8436 k674 hogag
("D&)| 1832 k76 k856 lozs higa L gbo dGoo h766| M= 8§23
! 882 d 748 k832 l 830 d 790 d1044 1668 h828
d 562 dg23 w = 6 6o
1
1'; = 0°I}
— o ’ QN,
877 6'97 862 9’03 8ot 960 647 839 ¢ =15"158"3
14126 Tl 4026 k4122 1 4088 Thgo74 U 3990 hkyo16 k3748
(D&AL) [ 13993 %3986 hgo76 14056 hgooz 3746 14092 h3818 | M=39"89
13992 hgo6o hy132 U 3992 dgyo82 dgoq40 I 4040 53784
d 3845 43747 w= 688
1
'; = 0 'l
C =14° 11' 39”89

40'37 39'79 41'10 4945 39'76 3925 4049 3793

! 878 hi1o26 h 942 Ulirgso hirg8 Ulrzoo hio36 hio82
(ID&(V)| ¢l 1260 khirzg h 964 11010 1240 11568 11278 hio84 | M =11"04
11068 d gor hi1o28 11074 d1198 hio6y 12742 hira2z :
d 9ob . w= 3583
I
o= o7
C =25°27 11"04

10°69 10720 978 101, 11°36 12'77 - 11’83 1096




OBSERVED ANGLES.

(13)

. January 1837, observed under the superintendence of Lieut.-Colonel Q. Everest.

4t (V)

Circle readings, telescope being set on (IV)

M = Mean of Groups

Angle tb = Relative Weigl
between = ght
817°28  187°28  326°23 146°23' 835°2%  155°22°  344°2y  1es0gy | O Concluded Augle
k5576 dsyo; ds6ro dssaz ls4a8 hssos hszyo dssoq |
(IV) & |hs394 ds498 d34s8 dssio hss86 hssor dssos  dsyao | X = 54795
(V) | ds399 d5358 ds630 ds3s8 dss28 hssBy dsgir ds5658 |, — ) g8
d 5572 ' 1
=0 ‘o8
. - . . | € =24°43"54"95
5456 5421 5566 5467 8534 5590 5395 5527
h2082 di1697 di1365 d2077 11904 h2022 hi19a6 dao9r
d1961 da2v65 d1867 di1gs5s haosz k1862 d1863 d1967 | i e 19”52
VID& | g 1953 d2061 d2095 daoo5 higrz k1846 di18or digos
(11) d2025 di1yg9 di833 d 1945 dig4r d1853 |w = 18 ‘8o
d19'19 d 2004 d 2071 1
- = 0 ‘0§
w
C= 7°4U 19"352
1988 19°81 1890 20'12 19'63 19°'10 1920 19°54 ;
hsesa Usaso 1533z Lssss Lsqss hszor k5646 15678 4 .
h3e30 15y5e Lszya L5408 k3338 hiso8 15646 2568 | M= 54703
(D) &RM| 45472 I 5604 15358 15488 hsay8 hss46 15662 15536 )4 = 5 68
d 53°49 d 5402 @ 5583 I
d 5462 - = ©0'13
C = 10° 13 54"93
5426 55703 5351 fs55703 5421 5482 56'27 5631
h5068 5070 U260 I 3s5014 15140 higa38 hgoga U 518 .
RM & |hsosz2 lsrso 15230 15036 14988 15096 148354 1 5024 | =50"97
(II) | k4966 75194 135312 135034 hSi'g6 & 52710 1@ 5008 1 5002 v = o
djsorg - ‘ dsrgz 1 5048 = 9 03
d 5002 - = o
0 = 30 33r 50",97
5029 sro7 5267 5028 5095  §1'84 o2t 50°48
h2300 12220 12266 12280 I 2340 har38 haoo8 12284 M =aa"75
(M & | 42280 12380 12318 la2352 12466 darar 12368 12372
(V) |h2454 12022 12280 12362 ha3y8 da217; dargs 12350 |p = 7 '04
d 2082 d 2180 1
. 2= ©°13
° [J ”,
2345 2176 2288 2331 2385 21°438 2198 2335 |0 =12° 53" 22”74




(14) BASE-LINE FIGURES—SIRONJ.
_ At (VI) .
December 1836, observed under the superintendence of Lieut.-Colonel G. Everest.
Circle readings, telescope being set on (V) 3 = Mean of Groups
Angle w = Relative Weight
between C = Concluded Angle
125°32'  305°82°  134°80’  814°80’  148°30’ . 823°30’  152°80  832°3(/
n " n n 14 " n n
13852 k3924 13976 h3832 13882 13722 k3756 k3932 R
13834 hi3g32 lasora h3ya8 l3yag U37so haBu d3sgs | ¥ =384
[(M&AV) 13866 13998 hg3j32 137778 13616 h3948 w = 865
d 3742 I
d 3864 e
— C =67°59'38"42
3843 3866 3995 377t 38or 3696 3849 39714
k1424 hi1g46o U 1300 hizzo 11298 11552 h1788 Rigo0| M = 13”90
((I;']?I‘)t diggo 11398 U i302 hi13s6 11254 11506 hiso4 hu338 i
digry Uirez higgso 11288 11384 higig hiys6|w = 5°64
1= o'18
w
14°32 1418 12°41 13°4% 12°73 1414 1602 1398 | C = 25°8' 13”90
At (VII)

December 1836, and January 1837, observed under the superintendence of Lieut.- Colonel G. Everest.

Circle readings, telescope being set on (1II)

M = Mean of Grou

Angle w = Relative Weight
between C = Concluded Angle
10°2¢/ 190° 29’ 19°29 199° 29’ 28° 29 208° 29’ 87°2¢ 217°29’
* n ” ] n ] " ] n
k4624 k4808 lhgg50 h4888 k4828 d4675 k4822 h4yzo
harse haya8 hso28 Rhay72 ha830 dayor k4924 h4jos | M = 4799
(I & k4924 hayas hays6 ha796 d4855 d47ar k484 h4830 )
(V) d 4855 d 48'56 d4692 | @ = 10 ‘94
d 4863 dg4560 |1 _ o ‘o
d 44'50 » 9
C - 24'0251 47"'96
4767 4745 4908 4819 4842 4729 4862 4721




OBSERVED ANGLES.

(15)

December 1836, and January 1837, observed under the superintendence of Lieut.-Colonel G. Everest.

At (VII)—(Continued.)

Circle readings, telescope being set on (IIT)

M=M f 8
pAngle © = Relative ﬁ%};}t
10°29  190°2'  19°29’ .199°2  28°20  208°200  srozy  mnpeap | O oneluded Angle
n n n n n n” n n
hs874 k866 hsy36 hs856 hsg8ia hb6aiz h6Goi8 k616 .
h5886 d6oto h3yyz h3ss6 hs8sz hG6i74  hsoGo hGose | M= 59724
(V)& (II)| b 5630 d6o26 & 5874 k5838 dj38350 h 5908 d6oz23 |, — 353
d 6036 d6rar | |
d 56'31 ds8or |- = o°28
C = 45°48 59" 23
5797 s59t4 5784 5850 5838 G693 5962 Go'53
hiyo4e d4065 hazgo h4zoo hyrgo d4164 k3986 k4298
h4250 dg209 k4188 ka438 dajzoy hgo72 h4ro8 | M= 41"41
(II) & (V)| 24288 d 3751 k4264 44368 d4a25 h 40'40 d 42°40
d 3823 dgorz |w = 3°38
3773 2= o0
w
C = 6° 40 41"69
4194 3925 4264 4369 4257 4164 4033 4165
h 3008 k3076 h2868 k2834 k2516 da666 h29o8 k2646 | M= 28"15
(V)&(IV)| hapj0 h3o34 h2898 hayss d2763 k2866 d 2601
k2814 h 2854 k2804 d27y8 h 3080 d2661|w = 3°30
: lw = 0°30
2864 30°55 286 2797 26'86  26°66 29°51 2636 | ¢ = 67° a1’ 28"1/]




(16)

BASE-LINE FIGURES—DEHRA DOON.

OBSERVED ANGLES.

At (VIIT)

April 1835, observed under the superintendence of Lieut.-Colonel G.

Everest.

Circle readings, telescope being set on (XI)

M = Mean of Groups

Angle w = Relative Woeight
betweon C = Concluded Angl
0°0  18°C  9°0  189°1  18°1’  198°1  21°1  207°% nencod Sngle
n n n 4 n n n n
hsorz h49'54 k4706 hsos8 hisrsa h4ggo kay24  hggso | M= 48"sy
(XD&(X)| k4750 hajos k4680 ha8jo hy848 hygoz k4880 k4798
k4800 k4830 k4734 h4846 h4j9o h4896 k4918 h4yy4 | w = 928
'—: = o°'II
C = o 6 ”,
4834 4829 4707 4921 49°31 4929 4841 4841 113726 48%57
h5182 h4goB hisrg8 k4766 hay4r hsr6a hsooo hygza | M= 49"g4
(X)&(IX) | 252770 k4950 k4956 hs5r'50 k5406 hsob64 hagzo k4966
k5110 k5036 ha642 k4734 k5026 hy920 h49qz k4872 | w = 4°56
1
o = ©722
5187 4965 4933 4883 5058 5049 4957 4923 | O = 7004149704




OBSERVED ANGLES. (17)

4t (IX)

April 1835, observed under the superintendence of Lieut.-Colonel G. Everest.

Circle readings, telescope being set on (XI) M = Mean of Groups
Angle : w = Relative Weight
between C = Ooncluded Angle
(g4 180° ¢/ 9° v 189° ¢/ 17° 54/ 197° 54/ 27° 1 207°1/
” ” ’ ” ” ” ”» ” ” _ "
XN & h6534 k6363 k6220 k6432 k6320 h6284 h6282 hggs2 M=63"47
(VILI) h66'14 k6130 h6rgs k6356 h6352 hG7go k6360 hOI'4q |4 = ,-88
h6736 k650 k6394 k5992 d6398 k6256 k6308 k6728 | .
w = ©38
6628 6247 6253 6260 6357 6443 6317 Gayx |0 = 3° 3763747
(V1) & k3726 h3638 k4066 3808 hizgro k 39-16 k 37°06 . k4160 | Mf = 38"1x
' h3584 h3882 harys k3538 Ah3632 k3620 kyoio kgojo
(X) | k3730 k3814 A3862 k336 h3858 k3886 h3Bog k3428 |w= 420
d 3862 k3748 | 1
. o= 024
— o 4 ",
5680 3778 4024 3694 386 3oy  s8yo ez |C T16 3638 m

4t (X)
June 1835, observed under the superintendence of Lieut.~Colonel G. Everest,

Circle readings, telescope being set on (IX) M = Mean of Groups
Angle © = Relative Weight
between

C = Concluded Anglo
299°15°  119°15°  808°16’  128°16’  317°17’  137°17  826°17  146°17/

n n n n n n n n

M -— L
(IX) & |R3+56 k3390 13742 13294 h3a82 h3pg6 k3rs8 hgsgoa 35T
(Vi) |h3+se A3832 la3ug l3aua k3z3s h3zy8 13278 l 3500 |w= 536
k3328 h3ao4 U322 13448 k3396 hzr7a 13248 134841 = o9
¢ = 31° 41 33"y
3413 3475 3443 3318 3337 3305 3228 3405
ho68 & 1o 198 1 946 % 972 h1ra6 h gyo h 88o | M =10"12
(VIID & hg'zz h 9:2% l?'58 l 1?';8 h 12'22 h 962 1 1?'18 1 1146 .
(X1) ho68 hirgo lgaz I 968 h 966 hiog8 liros I ggo|? = 976
1= o040
. w
9°'53 10°60 88y 1084 983 10'45 10'75 100§ | C =29° 3'10"12




(18) BASE'LINE FIGURES—DEHRA DOON.
At (XI)
April 1835, observed under the superintendence of Lieut.~Colonel G. Everest.
Circle readings, telescope being set on (X
Anle ’ 08 (X) M = Moan of Grou
betmon | © = Coneinded Angl
. - gle
0°r  180°2  9°1  189°% 18°¢/  198°5’  26%9’  906°69’
” ” L4 ” 4 ”» ~ ”
& |R6oga R6osa R63'36 h6oso Rsgs2 A6os8 kg8  hGoge = 60"
g%ll) h60'24 hsg36 hG6rja h6aoyg h6264 hG2og hgg86 Ahs5y88 M = 633
hs864 hso4z h6244 h6r20 h5916 h5838 h6oy8 A5BI6| 4 = 480
35965 A 6288 1
'; = 01
0 = 37°29'60™33
59'93  59'74 6360 618  Goy4 6033 5937 $Byg
k3476 K3q34 B3r6a A3Sjo  h3sig B3syB  R3gzq R3esS
(VIN)& | 43412 BA3636 h3q464 hszoo h32qo h3yo6 R3548 h3540 M = 34"70
(IX) |%3574 83523 B3324 k3344 k3554 k3820 h3gro A3gze| o9
h 3298 ': = 0%
'; = 0°I§
C = 2° 4r3 4."‘68
3487 3531 3313 3405 34’36  360r 3477 3509




BASE-LINE FIGURES—CHACH.

OBSERVED ANGLES.

(19)

February 1852, observed by Mr. G. Logan with Colonel Waugh's 24-inck Theodolite No. 1.

At (XIII)

Circle readings, telescope being set on (XIV)

M = Mean of Groups| .

Angle w = Relative Weight
0°%  180°% P13 187°18' 14°24’ 194°24’ 21°87’ 201°37 28°48’ 208°48’ | ¢ = Concluded Angle
" - n n n n n n n " n M - ”‘6
XIV) & h43:90 k4320 14470 84428 14506 14604 144'40 14464 l4g100 142'02 43707
XV) h4326 hgroo hy1'58 14532 14460 14620 L4150 L4472 143'50 14406 | 0 = 423
k4082 , % = o014
4358 4310 4237 4480 4483 4613 4295 44’68 4225 4g04 | C =66 843766
. : =T
(XV) & | 332:28 h32'90 k3220 13632 13502 13476 13278 13344 3602 13506 33794
(XVII) | 3243 k3528 k3310 13546 13422 13346 13474 133°58 13280 13294 | % = 7 40
I
— = o0'14
. . . . . . . . . . v
33'35 3409 3265 3589 3462 3411 3376 3351 3441 34°c0 0 = 75° 12" 3370
A¢ (XIV)

January 1852, observed by Mr. G. Logan, with Colonel Waugh's 24-inch Theodolite No. 1.

-Cirole readings, telescope being set on (XVI)

M = Mean of Groups:

-bét":rg:n w = Rlative Weight
0°1  180°1 7°1% 187°12 14°24' 104°24' 21°87 201°87 28°49 208°4y | € = Ooucluded Angle,
” ” ” ” ” ” n ” ” " M.‘: 6"'66 ;
XVD) & h5466 hgsgo 287712 15490 15466 16116 15610 15670 15728 157865 5
xV) hsso4 h54'68 15596 15488 15606 15916 15614 15814 15980 35748 | W = 3 °51
15774 1= 58
w
C =62° 85666

5485 5529 56'54 5489 5615 6016 5613 5743 57°54 5767



(20)

BASE-LINE FIGURES—CHACH.

At (XIV)—(Continued.)

January 1852, observed by Mr. G. Logan with Colonel Waugh's 24-inch Theodolite No. 1.

Circle readings, telescope being set on (XVI)

M = Mean of Groups
w = Relative Weight

1772 2129 2088

Angl
bet:vgeeen C = Concluded Angle
0°Y 180°1 7°12° 187°12° 14°24 194°24/ 21°387/ 201°37’ 28°49 208°49
11 n n " n n n n n n M = 20"-05
(XV)& | h1y40 haoga 11972 Lar32 l2rto 11648 Lar6o 71886 12164 11834
(XUI) | k1804 k2166 L2204 L2118 L2172 L1774 b2rog L1giag L2108 L2004 w = 340
5 = o 29
212§ 2141 1711 2132 I19'o5 2136 19’14 | C = 81° 30’ 20”08

At (XV)

January 1852, observed by Mr. G. Logan with Colonel Waugh's 24-inch Theodolite No. 1.

Circle readings, telescope being set on (XVI)

M = Mean of Groups

Angle’ w = Relative Weight
between C = Concluded Angle
0°2’ 180°2' 7°12’ 187°1% 14°24 194°2¢ 21°87 201°37/ 28°48’ 208°48’
n r n n n n n n n n M — ”'I
(XVI) & | 75364 k118 hsa6s hs6oa L5y6s 15453 15500 15342 hs4'52 h5374 e
(XVIL) | 25448 k596 hsy8o k5286 15642 15574 15380 1 5440 h5412 5332 | w = 6 °40
52°12 k5578 I o6
==
C = 66° 20’ 54”14
5341 SU'S7 5471 5489 5553 55°13 54'40 53'9T 5432 5353
| Zr3'22 k1160 h1066 hg'76 I 1004 1896 L1150 L1340 kb 952 k1078 | M = 10"g0
(XVIIT) & | 11236 h1086 h 916 k992 l1092 L1946 I 1240 11174 h10°66 h 11°30 o
(X1X) | h1242 w = 642
1
» = ° 16
1267 1123 991 984 1048 ogar 1195 1257 1009 11'04 C = 79° 50’ 10"91
1 318 h 446 h 394 k664 1 392 170610 406 1 476 k462 h 392 | M= 4”76
(XIX) |7 254 & 450 b 562 K68y 1 446 160817 418 1 482 k530 h 510 e
(XVID) k 346 w = % °02
i = o'14
286 448 434 674 419 657 413 479 496 451 | 0 =066 6 4776




OBSERVED ANGLES.

(21)

January 1852, observed by Mr. G. Logan with Colonel Waugh's 24-inch Theodolite No. 1.

At (XV)—(Continucd.)

Circle readings, telescope being set on (XVI)

M = Mean of Groups

beAL:gel:n — © = Relativo Weight
°¥ 180°% 7°12 187°13 1402 104°24° 21°87 201°37 25°43 pogeqy | O Concluded dugle
”n ” ” ” ” ” ” ” " "
11922 h 1686 k1854 k1780 2044 L 1724 11852 11676 k2056 k1640 U = 18"o1
(XVIT) & | 7 18:80 A 1866 A 188 h15'98 L 19°44 11566 {1716 11766 h 1804 k1704 = <66
(XI1I) k1752 k1938 ’:’ =35
— = o018
w
1901 1768 1897 1689 19'94 1645 1784 1721 1940 1642 C = 57°10" 18" 01
15734 k5662 h 5660 k5582 1 5600 L 57°56 1576415688 hgsya hs5o2q | gf = 5698
15558 h53 84 h 5648 h57°16 1 57°30 1 56'90 1 58°34 1 57°24 k 5;°08 & 5884
(XIII) & h3r8y w= 85
(XIV) 1
; = 0 ‘12
5646 [s6'10 5654 5649 5665 5723 5799 5706 5625 5904 | C = 32° 20" 56797
13386 k3744 h3500 k3674 1335010332610 34001 3496 k3490 h3sy8 | M= 35" 12
13740 h4o 36 h 3402 h3y 46 13274 1 34°98 1 33700 I 5460 k3586 h 36750 .
(XIV) & | k34'54 3720 k3728 v=35
(XVI) o =0 28
3527 3833 3451 3616 3302 3412 3350 3478 3538 3609 | C = 58° 11’ 35"16

January 1852, observed by Mr. G. Logan with Colonel Waugk's 24-inch Theodolite No. 1.

At (XVI)

Circle readings, telescope being set on (XVIIT)

M=

Mean of Groups

bcAngle w = Relative Weight
tween C = Concluded Angle
0°2’ 180°2’ 7°13’ 187°13’ 14°25’ 194°25’ 21°37/ 201°37 28°49 208°49’
n n n n n n n n n "
XVIIT ha718 4568 hasyo k4592 har42 hasso 14790 147796 1 4900 14854 | M = 46"61
( ) h 4718 k4376 h 4580 k4652 h4448 k4560 1 4682 1 46°6 l 86 14764
& (XV) = ¢-
k476 w 594
I = o1y
w
) 0 — O ,m! 6”‘6
4718 4472 4575 4622 4651 4505 4736 4932 4793 4809 74T 400




22)

BASE-LINE FIGURES—CHACH.

January 1852, observed by Mr. G. Logan with Colonel Waugh’s

At (XVI)—(Continued.)

24-inch Theodolite No. 1.

Circle readings, telescope being set on (X VIII)

M = Mcan of Groups

February 1852,

turoen 5 2 bt et
(g4 180°2’ 7°13 187°13° 14°25" 194°25" 21°87° 201°37' 28°49’ 208°49’ gl
" " " " " " " " " " M = 28774
an |imatiningisn inn nnluhinningug v = e
-~ = o042
26'30 2835 3064 3011 2927 3019 2916 2899 2792 2649 g = 59° 35' 2874
At (XVII)

observed by Mr. G. Logan, with Colonel Waugh's 24-inch Theodolite No. 1.

Circle readings, telescope being set on (XIII)

\ M = Mean of Groups

beA;-geI:n w = Relative Welght
0°2 180°% 7°12 187°12° 14°24' 194°24' 21°36' 201°36° 28°48' 208°48’ | ¢ = Concluded Angle
Loro 1668 1686 1748 1 y40 11aGs boia $1086 A8Go hrows | 4= © 98
9’70 7'3 7°4 12°04 9'12 2 10° 0 £ 10°00
(XII0) & U750 1 728 1748 18361100 4h 900 hg26 h11'76 k926 k 970 |w = 3 ‘92
(XxV) h11g8 1
2= ° 26
860 698 717 587 872 1121 919 1131 893 o8s|C =47°37 899
14854 14604 14546 14704 L4754 hago2 h4494 hay58 k4746 hay8o | M= 46™32
14820 14596 L4576 1 4822 1 4603 k4434 h 4664 k4552 ha562 hayi6 |, _ ¢ ‘93
(XV) & | 14694 1 59
(X1X) o= oy
4783 4600 4561 4763 4678 4418 45779 4505 46°54 4778 | C = 71° 50'46™ 33

At (XVIII)

December 1851, observed by Mr. G. Logan with Colonel Waugh's 24-inch Theodolite No. 1.

Circle reading, telescope being set on (XIX)

M = Mean of Groups

6113 60'y7 5939 6029 5965 6006 6050 5926 6221 6129

Angle w = Relative Weight
between 154°8 334°8' 161°19 841°19’ 168°31/ 348°31’ 175°48’ 855°4% 182055 go5gr | C — Concluded Angle
" n " " " " n " n " M= 0"46
16120 h6122 1 5982 1 6080 I 5980 I 5998 I 60'16 I 5884 hG62'02 h 6168 _ .
(X(IXX‘))& 16106 k6032 1 5896 1 59'78 1 50°50 1 Go'14 46084 59°68 h62°40 h6ogo | ¥ = 1° 90

o ‘09

len

=

58° 14 0”46




OBSERVED ANGLES, (23)

At (XVIII)—(Continued.)
December 1851, observed by Mr. Q. Logan with Colonel Waugh's 24-inch Theadolite No. 1.

Circle readings, tel bei t on (XIX
rode ings, telescope being set on (XIX) ¥ - lﬁf:"_“. of %T?ups
s o @ = Helative Weight

C = Concluded Angle
154°8’ B34°8 161°19 841°19/ 168°31’ 348°31’ 175°43’ 355°43’ 182°55’ 2°55/ ¢

" n n " ”n ” n n n n

V) & 12234 1 2168 1 21°54 1 21°34 1 20°22 1 21°26 1 2226 1 23°66 h21'%0 k1786 M = ar"49

(XVI) 12106 1 21°52 1 20098 ! 21°54 L 2100 12188 ! 2044 h209o h22'04 zzggg w =12 94
5—) = o0 o8
c

21'70 3160 2126 21'44 2061 21°37 21°35 2228 2187 aray4

= 38°51' 21”‘481.

At (XIX)
January 1852, observed by Mr. G. Logan with Colonel Waugh's 24-inch Theodolite No. 1.

Circle readings, telescope being set on (XV1I) M = Mean of Groups:
Angle w = Relative Weight
between C = Concluded Angle
0°2’ 180°2' 7°12/ 187°12’ 14°24’ 104°24° 21°36’ 201°36’ 28°48’ 208°48’
n 14 n n 14 n n n n n M‘ - " 8
XVII) & h12:02 k1072 h 1160 h 1008 1 1572 1 15°24 h10°92 h12'72 L1014 112754 =13
( (XV) k1120 k1224 h 1034 ! 1288 112°68 1 13°60 A1180 h1066 L1280 L1198 | ,, — ¢ 16
11246
1= o016
v o ’ n
1161 1148 1097 1193 1362 1443 1136 1169 114y 12726 ¢ =42 3'13"10
h52:08 % 52°66 k 54'12 h 51'86 1 52°56 1 52°32 A 54'14 h 52°56 1 53'90 I 5080 | M = «3™
((,)((gl)ﬁt) h5302 h 5308 k5328 ! 5288 1 54'18 I 5184 h52'14 h§4'16 1 §1°02 1 52'16 52769
’ , 15342 w =14"56
La o
5255 5283 5330 5337 53°39 §3'08 53'14 35336 5246 5148 | C = 41"5:’5:"'7:‘




(24)

BASE-LINE FIGURES—EKARACHI.

OBSERVED ANGLES.

At (XX)

March 1853, observed by Captain A. Strange with Troughton and Simms’ 36-inch Theodolite.

Circle readings, telescope being set on (XXII)

M = Mean of groups

beAt:'gel:n © = Relative Weight
0V 180°1 1012 1871y 14°2¢ 194°21 21°86 20136 26°48' 20804y | C - Concluded Angle
n . n " ” n n n n . n M — 4"'61
(XXII) & | & 438 %h360 k392 h4gio hs4o hs5o8 hy66 k346 hg6z ka8
RM b 550 k428 h3y4 R34 k492 hsso k566 h3s8 k518 h388 | w = 1920
r
i; = o0 05
494 394 3'83 4'52 5'16 529 5'16 3'52 540 . 435 C = 740221 4"‘61
RM & | hs5944 %5062 55898 k5936 k5938 5074 h61°06 h59'76 kGooo k59 74 A = 59"77
(XXI) k59710 b 5966 h59'38 h59'54 k6042 hGoz20 hGo22 h6o'18 & 59'78 k 59°86 w = 45 50
%0 = 0 °'02
5937 5964 5918 5945 59'90 59'97 6064 5997 598y s9Bo |y o 4 59" 77
(XXT) & | h54'30 & 5424 h54'88 B 5420 h 5408 k5468 k5570 hsys2 hsago hsgaa | M= 54719
(XXIL) | hs370 b 5378 h5490 hsuB4 h5e26 hsias hszoq k538 hsyzo hsds |, — o) ‘50
;10 = o003
. . ‘8 ‘52 ‘62 ‘56 : ‘9o ‘30 i .
54’00 5401 5469 54'52 54 54°5 53'37 53’90 543 5373 | g = §5°39' 3410




OBSERVED ANGLES. | (25)

At (XXI)

February and March 1853, observed by Captain A. Strange and Lieutenant J. F. Tennant with
Troughton and Simms 36-inch 1heodolite.

Circle readings, telescope being set on (XX) "M = Mean of Groups

Angle w = Relative Weight
between C = Concluded Angle
0°Y 180°1° 7°13’ 187°18’ 14°24’ 194°24’ 21°36’ 201°36’ 28°48’ 208°48’

" " ” " ” n " " "o .n

(XX) & f 4750 L4700 24&2 h 48770 14836 Lason k4740 Bayso 14586 14872 M = 47732
4776 1 4672 h 4688 h 49714 1 4898 1 44°66 k4792 h47'50 14576 L 492 .
(XXID) "1 4628 T lysa6 |0 = 548
'10 = o ‘18
4763 4733 4718 48'02 4867 4479 4766 4745 4581 47751 C = 677344773
h 330 1148 k576 h3os lo48 1506 k530 h642 1098 ligs | M= 4704
((XxXiI})vfb ! 466 1534 h628 hgiz 1296 1428 h398 hga8 138 1182
1446 l272 1320 lggs |w = 4746
é = 0 ‘22
0 = 59°16" 400

398 376 6oz 403 199 467 464 585 259 2°90

k3944 14142 h 39'10 h 4078 1 4184 1 3898 h37'23 k3786 139:36 I 4202 | H = 39™13
(I(%T%& h 3854 13768 h 3802 h 39702 13878 13992 h3752 3850 13722 1 3802 .
1 41°30 l 4048 1397013874 ';’ 694
» = °'14 )
. o— ’ .
3899 40’13 3856 39’90 4037 39'45 3737 3818 3876 3959 | O = 66°34 3917
[
k1936 1 19°58 % 18:86 % 1868 ! 1910 ! 2092 k2118 h20'32 ! 22'20 1 20'34 | M = 2023
((XX§‘ITI)I;& h 2006 11772 B 1908 h 1984 12140 12070 2118 R 2016 ! 22°32 I 21°06
12094 w = 7°33
X
; = o0'l4
19'71 1865 1897 1926 2048 208r 2118 2024 2226 20%0 C = 79°49’ _20"'23
! 54811056 hogry hB8o8 L1202 l1000 hoy6 h820 1946 11054 | M= ¢™a3
ﬁg; ! 84211098 hog6o h8o4l 914 li1094 k874 hgo8 lg42l 868 ?
! 696 ! 863 w= 630
1
v o= ‘16
695 1077 937 806 993 1047 910 864 944 961 | C =86 45 ¢"22




(26)

BASE-LINE FIGURES—KARACHI,

At (XXIT)

April 1853, observed by Captain A. Strange with Troughton and Simms’ 36-inch Theodolite.

Circle readings, telescope being set on (XXIV)

Me‘an of Groups

and Simms’ 36-inch Theodolite.

M=
b‘:tl:vg::n w = Relative Weight
C = Concluded Angle
0°1’  180°1' 7°1%’ 187°12’ 14°2%/ 194° 24’ 21°36’ 201°36’ 28°48’ 208°48’
" ” " n " n n " " " M= o8 4
(XXIV) & | B 60'96 % 59'48 h 59°48 h6o'12 hGo 78 k6294 ] 6048 I 65°46 I 6150 I 61°go
(XXI1) | 6082 A 59'94 h60 56 k5978 h61'70 h632:58 1 60°26 16056 16112 1 6o26 | ¥ =11 "00
I .
' » = 0709
6089 35971 600z 5995 6124 6286 6037 6ror 6131 6108 | C =175 59 0”84
(XXI) & | A 826 h 824 h 86o h go8 & 728 h 710 l740 1836 1644 1792 H= 7"
(XX) h 792 h 674 k 792 % 868 k656 h 816 1668 [834 1606 1836 w =14 10
,-:-’= o ‘o7
809 749 826 888 692 463 704 835 625 8y C =358 5"
At (XXIII)

February 1853, abserved by Captain A. Strange and Lieutenant J. F. Tennant with Troughton

.

Circle readings, telescope being set on (XX)

M = Mean of Groupa

Angle w = Relative Weight
between C = Concluded Angle
822° 26" 142°26" 329°87/ 149°37’ 836°40’ 156°49’ 844°1’ 164°1’ 851°18’ 171°13/
o :
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OBSERVED ANGLES.

(27)

April 1853, observed by Captain A. Strange with Troughton and Simm’s 36-inch Theodolite.

At (XXIV)

Circle readings, telescope being set on (XXV)

M = Mean of Groups

Angle w = Relative Weight
between . C = Concluded Angle
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April 1853, observed by Captain A. Strange with Troughton and Simms’ 36-inch Theodolite.

At (XX¥)

Circle readings, telescope being set on (XXIII) M = Mean of Groups
Angle : w = Relativo Weight
between O = Concluded Angle
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BASE-LINE FIGURES. (29)

Sums of Squares of Apparent Errors of Single Observations, and of Apparent
Errors of Single Zeros.

SIRONJ.
ro%ﬁffuﬁf: | Observed Angle. oi%ﬁi sﬁl%éég:i%: g Number of siln-}}%e i&:;’:&: ‘ REMARKS.

(1)) V) & (111) 24 10'70 8 13'84
, (I11) & (II) 24 560 8 443
a1n (V) & (IV) 24 520 8 13'1§
» (V) & (I) 23 497 8 17'42

” I & (VII) 27 11'92 8 17°38

” (VII) & (IIT) 29 11’56 8 779
(I1I) (V) & (1) 24 1017 8 3'94
” (II) & R. M. 25 11'46 8 7'38

” BRM. & (I) 26 611 8 923

» M & (IV) 25 14°38 8 703

» (V) & (VII) 24 9'94 8 10'92
av) (VII) & (I11) 22 9'39 8 14'91
» (III) & (VI) 25 12'20 8 9'63

» (VI) & () 26 868 8 773

» I & (I1) 26 17°24 8 6'64

. |aD &) 35 | 537 8 629
V) [(@V) &(VII) 25 1355 | 8 3'43
” (VII) & (II) 33 3I'40 8 124

» (II) & R.M. 1 28 y'or 8 672

» RM. & (I1I) 28 10'70 8 5'42
” (III) & (VI) 26 15°74 8 565
(VD) (V) & IV) 24 6'91 8 5'72
” (IV) & (VII) 23 1164 8 861
(VII) |RBR.M. & (III) 31 21°'57 8 577
” dII) & (VI) 30 27'00 8 3'30
. |(D&an 27 227y 8 1391
» an & (v) 25 2764 8 13'53
’ Mm&av) 2I 1071 8 1523

B.M. denotes “ Referring-Mark,”



(30) BASE-LINE FIGURES.

Sums of Squares of Apparent Errors of Single Observations, and of Apparent
Errors of Single Zeros.

DEHRA DOON.
. No. of | Sum of Squares of Sum of Squares of
Station of s Number of "+
ol bion. Observed Angle, 01;:::&' Eérore o .slﬂgle “Zn;mo Errors of single
(VIII) | (XI) & (X) 24 21°69 8 3'87
» (X) & (IX) 24 54'27 8 676
(IX) (XI) & (VIII) 24 211X 8 12°14
» (VIII) & (X) 26 6079 8 799
(X) (IX) & (VIII) 24 42°48 8 617
» (VII) & (XI) 24 24'93 8 3'25
(XI) (X) & (VIII) 26 3032 8 9’11
» (VIII) & (IX) 25 3542 8 531
CHACH
(XIIT) | (X1V) & (XV) 21 2113 10 1675
» (XV) & (XVII) 20 1410 10 893
(XIv) (XVI) & (XV) 21 9'52 10 23°47
” (XV) & (XIII) 20 620 10 24'75
(XV) (XVI) & (XVIII) 23 13°04 10 11°44
» (XVIII) & (XIX) 21 494 10 12°95
” (XIX) & (XVII) 21 435 10 11'go
» (XVII) & (XIII) 23 10°62 10 13°69
” (XIII) & (XIV) 21 1367 10 7'44
» (XIV) & (XVI) 23 3161 10 2093
(XVI) |(XVIII) & (XV) 21 12'93 10 12°21
» (XV) & (XIV) 20 3'64 10 19°94
(XVII) |[(XIII) & (XV) 21 14'93 10 19'92
» (XV) & (XIX) 21 7'37 10 13'46
(XVIII) |(XIX)& (XV) 20 2°33 10 773
” (XV) & (XVI) 21 2420 10 73
(XIX) |(XVII) & (XV) 21 1828 10 1075
» (XV) & (XVIII) 21 12'57 10 343




BASE-LINE FIGURES, (31)

Sums of Squares of Apparent Errors of Single Observations, and of Apparent
Errors of Single Zeros.

KARACHI
opstion of Observed Angle. o%ii- s‘ﬁ}éﬁ;ﬁ“ﬁéﬁ Number of = °;emm1: g Bruazxs,
(XX) |(XXII)&R.M. 20 218 10 412 .

» R.M. & (XXI) 20 , 126 10 1'59
» (XXI) & (XXIII) 20 2°50 10 1'96
(XXI) |[(XX) & (XXII) 22 14°44 10 1350
» (XXII) & (XXIV) 24 2583 10 15°64
” (XXIV) & (XXV) 24 29'62 10 7'92
» (XXV) & (XXIII) ar 5'92 10 10°94
» (XXIII) & (XX) 22 1401 10 I1'54
(XXII) |(XXIV) & (XXI) 20 302 10 7'5t
» (XXI) & (XX) 20 2'96 10 566
(XXIII) [(XX) & (XXI) 20 404 10 463
” (XXI) & (XXV) 23 14°33 10 204
(XXIV) |(XXV) & (XXI) 21 294 10 800
" (XXI) & (XXII) 20 398 10 8:36
(XXYV) | (XXIII) & (XXI) 21 10'83 10 651
» (XXI) & (XXIV) 20 794 10 597




(32) BASE-LINE FIGURES.

From the preceding data of the sums of the squares of the apparent errors,in the measurement of
each of the angles of the base-line figures at Sironj, Dehra Doon, Chach and Karéchi, we may ascertain the
e. m. 8. (error of mean square) of observation of a single measure of an angle, and the e. m. 8. of graduation
and observation of the mean of the measures on a single zero, for each group of angles measured with the
same instrument.

The observations may be divided into three groups, as follows :—

I. The whole of the angles of the Sironj and the Dehra Doon figures; they were measured with
Barrow’s 36-inch theodolite, probably by Colonel Everest, though this is not quite certain; the azimuthal
circle of the instrument was read by 5 microscopes, on 4 pairs of zeros (face right and face left) giving circle
readings at 9° apart.

II. The angles of the Chach figure; they were measured by Mr. George Logan with Col. Waugh’s
24-inch theodolite No. 1; the azimuthal circle was read by 5 microscopes, on 5 pairs of zeros, giving circle
readings at 7° I2' apart.

III. The angles of the Karéchi figure; they were measured by Captain Strange with Troughton
and Simms’ 36-inch theodolite ; the azimuthal circle was read by 5 microscopes on 5 pairs of zeros, giving
circle readings at 7° 12' apart. .
basoli The whole of the stations were situated on hills with the exception of those at the extremities of the

ase-lines,

. . Sum of squares of apparent errors of observations.
The e. m. 8. of observation of a single measure » = No. of observations—No. of angles X No. of changes of zero.

The e. m. s. of graduation and observation of Sum of squares of apparent errors of zero.
= No. of angles x (No. of changes of zero—1).

the mean of the measures on a single zero

The following results have been derived from these formule.

. o s Number of
LIRS B .
- ~
a Instrument and g 2 ,g K : §° é g § e. m. &. of observation of | e. m. #. of graduation and ob-
P Observer. "3‘ -E g_.g °e |5 z ] a single measure. servation of a single zero.
S (]
8 S d ] )
AHEIANEIE
B ‘g Sw @
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KARACHI LONGITUDINAL SERIES

INTRODUCTION

In 1848, on the completion of the Maluncha Meridional Series, the establishment
employed thereon was transferred to the Kardchi Longitudinal Series, which was to be carried
westward from Sironj, in latitude 24° N., to Kardchi, in Sind, where it was designed to
measure a base-line, the locality being admirably adapted for such an object, as it would
serve two purposes at the same time, viz., a foundation for the triangulation of Sind on the
one hand, and on the other a verification of the contemplated operations forming the con-
necting link with the Great Are, which is the main axis of all Indian geography.

The objects of this triangulation were, 1s¢, to connect the survey of the Province of
Sind, 2zd, to verify the triangulation of the Bombay surveys, 87d, to furnish a basis for the
subordinate meridional triangulation over the country to the west of the Great Arc.

This important undertaking was placed under the superintendence of Captain T.
Renny, (afterwards, Renny Tailyour) of the Bengal Engineers, with instructions to make the
series double throughout, by forming a succession of quadrilateral or polygonal figures, or a
combination of both, by which means, not only is a superior degree of accuracy attained, but
the work can be verified at every stage during its progress.

The geographical knowledge of the countries to be traversed by this series, being very
limited, Captain Renny was directed by the Surveyor General, Lieutenant Colonel Waugh,
to obtain, in addition to the prizcipal triangulation, as much topographical knowledge as
possible, as well by regular secondary operations, as by route surveys and by sketching the
features of the country, and especially, that every important city, town, or cantonment, within
a moderate distance of the principal triangulation, should be connected.

Captain A. Strange, who had been appointed a 2nd Assistant in the Department, in
Season 1848-49. December 1847, and was originally selected on account
PERSONNEL. of his qualifications as an astronomical observer, and

Captain T. Renny, Bengal Engineers, 1st Assistant. @ skilful mechanic, was posted to the party, with a view
A. Strange, Madras Cavalry, 2nd ,,

Mr. C. Lane, 8rd Principal Sub-Assistant. to his acquiring a practical knowledge of geodetical
" T oo Clas Sub- Aseiant, % operations. Captain Renny left Head Quarters on the
» B. W. Pierce, Do. 8rd October 1848, accompanied by Mr. Pierce, and

arrived in the neighbourhood of Sironj on 22nd November, having been joined en-route at Agra,
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by Captain Strange, and Messrs. Lane and Haycock. Mr. Rossenrode had been previously
detached in advance to explore the ground.

The country where the operations commenced is thus described by Captain Renny :—
- “The country immediately west of the valley of Sironj, is very unfavorable for geodetic opera~

“ tions, being a high table-land, presenting a succession of flat ridges of nearly equal height,
“covered with a mixture of jungle,and villages which are surrounded by topes of trees, so
“that the view was generally very contracted, and the selection of stations a matter of much
« difficulty.”

After various trials however, Captain Renny succeeded in forming two polygons
emanating from the stations Kémkherd and Strantil, of the Great Arc, which points are most
-eligibly situated for the origin of so extensive a work, being immediately connected with the
Sironj Base. Previous to commencing the observations, Captains Renny and Strange, examin-
ed the state of the centre marks of these stations, as the accuracy of all the subsequent
operations depended on their identity. That at Strantdl, which was fixed in an isolated
masonry pillar, was found intact, but at Kdmkher4, where the pillar had been constructed of
only stone and mud, the upper mark-stone had been removed. On digging down, however,
they found that the mark-stone at the bottom of the pillar was quite safe.

By the beginning of January 1849, the stations were ready for the observations to be
commenced. The progress in the observations however, during that month was small, owing
to defects in the Instrument, (Troughton and Simms’ 36-inch Theodolite) which could only be
detected from the discrepancies they occasioned in the observations, and which had to be
remedied after a careful investigation of their causes. The necessary alterations were ably
executed by Captain Strange, whose mechanical genius proved of great service. The time
lost by these alterations, and in the consequent revision of work, caused great delay in
“the observations of angles at the two stations first visited, so that Captain Renny did not
arrive at his third station, Strantdl, until nearly the middle of February. Subsequently,
the observations were continued till the second week in May, when the atmosphere became
so decidedly unfavorable, that no further work could be obtained. Captain Strange and
Mr. Lane, assisted in the principal observations. Mr. Rossenrode was employedin selecting
stations, and constructing platforms, and Messrs. Haycock and Pierce acted as observatory
recorders, and assisted in the current office duties.

Lieutenant H. Rivers, Bombay Engineers, in charge of the Bombay Party, had been
employed on the Khénpisiira Meridional Series. Atthe

P“““’f’“ ‘ end of 1848, however, his instrument having got com-

e T o e s donane " pletely out of order, the operations had to be suspended.

» 2 Sanger, Junior st clase Sub-Assistant. Lieutenant Rivers had been appointed to the
T Survey for special work in the Bombay Presidency, and
had had no preliminary training in the Department. As there was little choice in the mode
of employing the Bombay Party, Lieutenant Colonel Waugh availed himself of the opportu-
nity afforded by Captain Renny’s services lying in the vicinity of Lieutenant Rivers’, to
direct the latter to employ the remaining part of the season 1848-49 in assisting on the
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Kardchi Longitudinal Series. He was thus afforded an apportunity of acquiring a knowledge
of the Great Theodolite, and of the forms and usages of the G. T. Survey Department, prevailing
in Bengal. He joined the Kardchi Longitudinal Series, with the Bombay party, on the 5th
March, and contributed to the progress of these operations by his own labors, and that of his
establishment. '

The amount of work executed jointly by the two parties during the field season, was
as follows ; observations were completed at 13 principal stations; circumpolar star observa-
tions for Azimuth were taken at 3 stations; the approximate series was carried 220 miles,
along the parallel of latitude of Kalidnpir, to which the southern flank of the series conforms ;
a branch series of minor triangles, extending about 60 miles in length, was carried to fix the
positions of Sehore, Narsinghar, Bhopal &c., as well as to furnish points for a topographical
survey, then in progress in those districts, under the orders of the Resident of Sehore; the
topographical details of the country embracing the first two polygons were filled in, compris-

_ing an area of about 2,300 square miles. '

At the conclusion of the field season, Captain Renny with his party, marched
to Neemuch, where they cantoned during the monsoon. Lieutenant Rivers, with the
Bombay Party, recessed at Mhow. At the close of the rainy season, Captain Renny’s
services being required at Head Quarters, he received orders to make over charge of
the Series to Captain Strange, and to proceed to Dehra. Mr. Haycock was transferred
at the same time to assist Captain Renny. Captain Strange assumed charge on the 6th

September 1849. :
On account of the unhealthy state of the countr;", in the neighbourhood of Neemuch,

Season 1849-50. after the breaking up of the rains, Captain Strange, by
the advice of the political officers of the districts, de-

PERSONNEL.
Capt. A. Strange, Madras Cavalry, 2nd Asistant.  layed his departure for the field till the beginning of
Mr. C. Lane, 3rd Principal Sub-Assistant. . .
» W. C. Rossenrode, Jr. lst class Sub-Asst. November. Mr. Rossenrode having been previously des-
» B.W. Pierce, 3rd class Sub-Assistant. patched to select stations, and build the platforms in

advance, the main party left Neemuch on 8rd November and proceeded to Rémpura station,
to continue the principal observations. Notwithstanding some delay from the unfavorable
state of the atmosphere in January, Captain Strange had completed observations at 18 princi-
pal stations, and taken 4 sets of circumpolar star observations for Azimuth, by the beginning
of March 1850. The weather then became so unpropitious, that after waiting 6 days at one
station without seeing any signals, Captain Strange resolved to discontinue field work for
the season. Mr. Lane assisted Captain Strange in the observatory, and fixed the positions of
the cantonments of Augur, and Neemuch. Mr. Rossenrode continued in the field till the
10th April, by which time he had advanced the approximate series to about 30 miles west
of Mount Aboo, over a direct distance of about 160 miles, through a very difficult piece of
country.
The general character of the country through which the series had advanced, and
which lies chiefly in the native states subject to Sironj, Gwalior, and Holkar, is thus described

by Captain Strange :—
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“'The first polygon of the present season’s operations, has its stations in several districts,
“ viz., Kilchiptr, Kdmr4j, Narsinghar, Kotah, Tonk &ec. This part of the country is even
“ bolder than that met with in the previous season; most of the stations being fixed upon
“ high isolated hills, command in several instances a view of upwards of 40 miles. Of the
“ 8 quadrilaterals next in order, the northern stations are fixed upon one continuous plateau
“ of considerable height in many parts, and stretching away far to the north. The southern
“ stations stand upon isolated hills, which here constitute the prevailing feature. The tract
‘¢ between the southern and northern stations is low, cultivated land, diversified with detached

"¢ conical hills. The station of Dhamnér is within a few feet of the caves of that name,
“ which are objects of great celebrity, and offer much to interest both the antiquarian and
“ the artist. The series here enters the Neemuch district, (under British superintendence)
“ which closely borders the Udaipir dominions. To the west of Neemuch, the nature of the
s country is more formidable, and the series enters a wild, uncivilized land, whose deep and
“ rugged valleys and dense jungles, afford refuge to bands of plunderers of the Bhfl and
« Mina tribes. Villages are here thinly scattered, cultivation meagre, and provisions conse-
« quently dear and scarce. These characteristics become aggravated as the series advances
¢ over the Araballi range of mountains, to cross which, even by the high road, is a work
« of difficulty. Nothing but systematic pioneering will enable the party to advance from
¢ gtation to station, for the unfrequented mountain passes, contracted by rocks, and
¢ overhung with dense jungle, afford in their usual condition, passage only for a single
¢ man.”

Lieut.-Colonel Waugh highly commended Captain Strange for his successful field
season’s operations, and recommended him for promotion to the grade of 1st Assistant, which
was sanctioned from 1st May 1850.

Captain Strange had been directed on the close of the field season, to recess with his
party at Mount Aboo, that station being conveniently situated for the further prosecution of
the triangulation, and more particularly, for its extension across the desert. He commenced
his march thereto, on the 10th March, the route lying through the city of Udaipir, where he
waited upon his highness the Rana of Udaiptr, from whom he received every assurance of
assistance whilst employed in his dominions. 'When at Udaiptr, a representation was made
to Captain Strange, by the minister of the Rana, offering objections to the construction of a -
platform, which had been built by Mr. Rossenrode for a principal station of the series, on a
high hill in the vicinity of Bharak, on the grounds of its interfering with the religious pre-
judices of the inhabitants, who resort to a temple situated in that locality, reputed to be of
great sanctity ; it was stated that this platform had excited great displeasure in the divinities,
to whom the temple was dedicated, evinced by the miraculous flow of milk and water there-
from, and that nothing short of the total demolition of the obnoxious structure, could allay
the wrath of the Deities, and the apprehensions of their worshippers. It appeared however,
that the sanctity of the temple itself had not been violated, but that there had formerly
existed some objects of reverence, the sublime nature of which could not be distinctly

ascertained, which it was declared had been removed, to give place to the profane
platform.
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On investigation this proved fallacious, as Mr. Rossenrode had made strict inquiries of
the inhabitants as to the propriety of building the station at Bharak, and they not only gave
him full permission to do so, but also pressed him to accept the building materials free of all
charge. As the removal of the platform and the alteration of the station would have entailed
great delay and additional expense, the political officer was appealed to, to exert his influence
in the matter, especially as the question was one of more extensive bearing than this solitary
case implied. On this subject Captain Strange wrote as follows :—“ My operations are at
“ present traversing a tract of country, the religious prejudices of whose inhabitants are more
“uncompromising than common, and almost every high point in this hilly land is associated
“in their minds with devotional customs and traditions. The Trigonometrical Survey has,
““moreover, the misfortune frequently to stand suspected, even by educated natives, of a
“malign influence; our luminous signals and mysteriously unintelligible instruments, con-
“ ducing very much to the feelings of dread and aversion with which our supposed diabolical
“rites are beheld. Such being the nature of one of the many difficulties epposed to my
¢ progress, it seems that were the point at issue concerning Bhérak station to be decided in
«favour of this superstitious demand, the inevitable consequence would be, that similar
“ objections would be raised to every station in this portion of the series.” The political
officer addressed a communication to the Rana of Udaiptr on the subject, with a satisfactory
result, and the station was ultimately made use of.

The approximate series had now reached the borders of the desert, and great appre-
hensions were felt of the physical and social difficulties to be encountered in carrying the tri-
angulation across this arid tract, and the expense they would occasion, no analogous operations
having been ever attempted. In September 1850, therefore, Mr. Rossenrode was despatched
on an exploring expedition to ascertain the feasibility of carrying the series in a direct course
across the desert, and to report on the nature of the peculiarities of the country that seemed
to offer obstacles or difficulties to the progress of the work, and the best means of overcoming,
or avoiding them. )

Captain Strange, with Messrs. Lane and Burt, the latter having been posted to the

Season 1850-51. party in place of Mr. Pierce, who had resigned his
PrasoxwxL. appointment in the department, took the field on the
%S‘éf“:ﬁaﬁ‘;:ﬁ*;’ﬂ‘iﬁ?sﬁiﬂ‘ﬁ;&fﬁ“ istant.  4th November and commenced operations at Gird Sik-

» W. C. Rossenrode, Junior lst Class Sub-Asst. ar station, the highest hill above Mount Aboo.

" s MG o Astant Captain Strange, assisted by Mr. Lane, carried
on the principal observations till the beginning of April, when he had completed the moun-
tain work in the Araballi range, defined by the stations of Jerdj and Stinda, and 8 more stations
to the west, comprising in all, observations at 24 principal stations. The party then returned
to quarters at Mount Aboo, reaching that place on 13th April 1851.

Most of the stations visited during this season, were situated in the Araballi range
of mountains, to cross which considerable difficulties were met with.
Captain Strange describes the Araballi mountains as an extensive tract, having a gene-

ral north and south direction, composed of ridges and peaks, which though attaining ne
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elevation greater perhaps than 5,500 feet above the sea, yet exhibit in their detnils all the
boldest features of the most stupendous mountain scenery. The traveller at the end of his
day’s journey attains perhaps an elevation little greater than that from whence he departed ;
but he has in its course more than once ascended with great labour high acclivities, only to
plunge again and again through dense forests, and across rugged beds of mountain torrents,
into precipitous valleys of equal depth. In many parts of this very peculiar tract, where
but slight communication and no traffic exists, it may be said that there are no roads what-
ever. Nothing meets the eye, but vast blocks of granite, towering aloft, and jungles almost
impenetrable, obstruct every step. The habitations of men are seldom met with, and man
himself as here found, roams a lawless savage.

In a tract so wild and destitute of roads, the transport of the Great Theodolite was
naturally a matter of great anxiety and responsibility. The expedients resorted to however,
proved quite successful, and although some risk was incurred, the expense of cutting roads
was saved, and the mountain work completed before the want of water and the dust of the
desert put a stop to further operations. By these energetic measures nearly a whole season
was saved, and the principal triangulation advanced 60 miles west of Mount Aboo.

The cantonments of Deesa and Erinpira, and the city of Sirohi, were fixed by
observations from the principal stations. The city of Udaiptir was connected from one
principal and one secondary station. Several 1st class secondary points were determined
with the Great Theodolite, and many 2nd class secondary points and villages were also
fixed. The Araballi range however was found to be unfavourable for secondary operations,
owing to the great difficulties and delays occasioned in setting up marks. Captain Strange
reports :—* This delay was owing to several causes, such as the utter impossibility, in
“ many instances, of obtaining the name of a distant point, or of any village near it; the
¢ worthlessness of the guides, who constantly ran away leaving the signal men in the midst
 of a trackless mountain waste; the great similarity of the peaks and ridges to each other
“ when near them ; to which may be added the absence of villages for many miles and the
« want of intelligence and willingness to assist, that characterised the inhabitants generally.
¢ In many parts also it was quite unsafe to detach parties of two or three men: each party of
< gignal men had to be escorted by two sepoys, and to this protection they owed their safety.”
Owing also to the desertion of the theodolite bearers, and the diminution of the native
establishment from the high pay it was necessary to give, to retain the men in such a wild
and expensive country, Captain Strange’s means for secondary work were restricted.

Mr. Rossenrode, by the end of October 1850, having explored the tract across the
desert up to within 50 miles of Tatta, reported the practicability of carrying the series
through it, and stated that considerable facilities existed for triangulation, whereby the
anticipated expense would be greatly reduced and the work vastly accelerated.

While the final operations were progressing in the rear under Captain Strange, Mr.
Rossenrode was laying out the approximate triangulation over the desert, and during the
season selected 44 triangles, extending, in quadrilaterals and polygons, 145 miles in advance,
which was nearly half way across the desert tract. He also arranged for the building of
4 towers and 32 platforms, in a country absolutely destitute of workmen, and of many of
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the essential materials for building. The fruits of his labour afford ample proof of his
indefatigable exertions and skill, especially as he was necessarily left to act on his discretion as
circumstances prompted, having been cut off from postal communication for several months.

Mr. Burt was employed during the field season in the observatory, and occasionally in
selecting and observing at secondary stations, Mr. James McGill, who was temporarily
attached to the Kardchi Longitudinal Series, joined on the 6th January. Shortly afterwards
however he was taken ill and was obliged to proceed to Erinpira for medical advice.

Captain Strange broke ground again on 1st November 1851, with the same assistants
as during the previous season, and proceeded to the desert to continue the final observations.
This tract being destitute of food such as the men of the survey were accustomed to, and

Season 1850-51. the grain used by the inhabitants being barely sufficient
for their own wants, it was indispensable that suitable and timely arrangements should be
made for the supply of provisions. The nearest places from which they could be procured at
moderate prices, were Deesa on the one extremity, and the Sind towns on the other.

The projected measures contemplated the establishment of three dep6ts for grain, at
the principal stations of Virdria, Linki, and Rojhra; the first two to be supplied from Deesa,
the last from Sind: each dep6t to contain twenty days provisions.” Estimating the whole
party at 200 men, and the rate of consumption at one seer per man per diem, the supply would
amount to 100 maunds, which at 5 maunds per camel, required a convoy of twenty camels;
this number being able to stock the dep6ts in three trips. Ten camels were further required
for water for the main party, five for the advanced party on the approximate series, and five
for the secondary operations and detached signal men. The extraordinary aid required,
amounted therefore to forty camels, which was found just sufficient for the purpose.

It was clear that success depended chiefly on traversing the desert at the best season,
which being brief in duration, it was necessary that the rate of progress should be accel.
lerated as much as possible, so as to endeavour to reach in that short time, the fertile plains
of 8ind, being a distance amounting to 3° of Longitude.

The line of country traversed is thus described by Captain Strange : —*“The tract crossed
“by the series comprises three distinct kinds of ground, viz., 1. The sandy, undulating coun-
¢ try between the Araballi range and the desert; 2. The desert; 3. The plains of Sind.
¢The character of the soil on leaving Mount Aboo and proceeding westwards, alters imme-
¢ diately from hard rock, to sand nearly free from loam. The countryis in many parts flat,
“but more commonly presents gentle undulations. A few isolated hills are found west of
¢ Aboo, some of which are of considerable altitude; the station of Stiinda being 3,336 feet above
“the sea. The last hill is the station of Bargfon, beyond which as far as the desert, there
“are a succession of gentle swells, clothed with rather thick, low, stunted jungle. This tract,
¢ appertaining chiefly to the Jodhpir and Pélhanptr states, is thinly populated and but little
¢ cultivated, the inhabitants relying for support chiefly on large herds of cattle. Water in this
¢ region is generally brackish, and wells are the only source of supply. These are generally
¢ deep, some being no less than 300 feet in depth. It is altogether a miserable country and
*only interesting from its physical deficiencies.
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“The desert, commonly known among the natives as the ¢ Tharr”, and geographi-
¢ cally termed the “ Little Desert ”, is composed throughout of sand hills, whose general form
¢ is long straight ridges, which seldom unite, but stand at close and regular intervals, paral-
¢lel to each other. The ripple marks on the sea shore afford a fair illustration, in miniature,
“of the formation of the ground. Some of these sand hills are perhaps a mile long, and
“vary from 50 to 300 feet in height, their sides are deeply channelled by rain, and their ge-
““neral appearance from a distance differs but little from that of ordinary low hills. They
“ are evidently permanent. There is more jungle than might be expected in a desert, but it
i low and almost leafless. The whole tract in the cold season is clothed with grass, at-
“taining in many parts, a height of two feet. At this period, it is much resorted to for
“ pasturage, by owners of large herds, who desert it again on the approach of the hot
““weather. The permanent population is of course scanty, and their villages, scattered
¢ at intervals of from 8 to 12 miles, consist of a few conical huts scarcely a man’s height,
«rudely constructed of twigs and grass. A herd of cattle, a few camels and a well, consti-
“ tute the wealth of a village; no cultivation is attempted, except during the rains, when
. an uncertain crop of Millet (Bajra) is obtained. A fine race of men, inhabit this inhos-
« pitable region : athletic in frame, independent, cheerful, intelligent and brave, they
« only require to abstain from their favourite pursuit of cattle lifting, to rank above almost
“any other tribe in India. The villages in the desert, though invariably distinguished
by a name, cannot be considered, striotly speaking, fixed localities, as their permanence is
« dependent solely on that of the well : as long as that affords sufficient water, of tolerable
¢ quality, the village remains standing. The wells of the desert are however liable te cease flow-
“ing or to become too brackish, even for the use of the inhabitants or their cattle. The spot
¢is then deserted, and the villagers migrate to some more favoured locality. The wells seldom
“exceed 100 feet in depth. Water is also collected during the periodical rains, in small
“tanks and ponds, by damming up the streams running down from the sand hills and the
“intervening gullies.

“Travelling in the desert is exceedingly laborious to men carrying loads : no sooner
“is one sand hill passed than another presents itself. The hill sides are very steep and every
«frequented track is converted into deep loose sand, into which the feet sink to the ankles.
e No wheel carriage is used, nor are loads ever carried voluntarily by the inhabitants, otherwise
-¢than on camels, the only fit conveyance on such a soil. Indeed the men of the desert
“rarely walk, as every man possesses a camel. The air during the cold months is
“very transparent, which circumstance greatly favoured the observations. The portion of
“ the desert traversed by the operations belongs partly to Bhij, and partly to Hydrabad in
¢ Sind.

“The transition from the desert to the plains of Sind is surprisingly sudden. In the
« gpace of a hundred yards, the traveller leaves a sandy waste, and enters a perfectly flat
¢ country with a firm black, loamy soil, rich with luxuriant crops. Inhabitants, customs,
« language, and vegetation are exchanged with the same startling abruptness. The soil is
« devoid of grass, jungle is thick and plentiful, the country populous and cultivated, and
« intersected in every direction by irrigation canals, which are dry in the cold season. Such
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- % a country is very unfavourable to trigonometrical operations. Ray tracing and clearing check
“ the progress of the approximate work; the necessity of building towers causes further
¢ delay and expense, and bad signal lights embarrass the observations.”

The desert was found perfectly free from mrage at the season it was visited ; but the
Runn of Cutch, on the southern flank of the series, was greatly affected by this atmospheric
phenomenon, which prevented the ascertainment of the height of the Runn with respect to
the sea level. The physical character of this tract is a matter of much interest. The Runn
or salt marsh is supposed to be the dried up bed of amn inland sea, which has resulted from
its elevation by an earthquake. In this case it may either be at ordinary high water level,
or may form a basin below it. To determine this point, a secondary station wasselected in the
Runn, and vertical angles taken to it from Akoria station, on the edge of the tract, but the
secondary point could not be connected, and the vertical angles were so affected by mirage,
as to be untrustworthy.

Captain Strange describes the Runn to be in November superficially dry, the séil of
a dark colour, totally without vegetation, and in many places so smooth, as to reflect the
image of the sun like water. The soil however becomes dry to the depth of an inch or two
only, and this crust being removed, a soft quagmire strongly impregnated with salt is disco-
vered, from which abundance of vapour constantly arises. In the rains, the Runn is entirely
flooded by rain and sea water combined, which on evaporating, leaves the salt which is found
so abundantly covering the surface of the depressed portions.

Captain Strange, assisted by Mr. Lane, continued the principal observations without
any obstructions, till the end of January 1852, when the former officer was obliged to apply .
for leave on urgent private affairs, and to make over charge of the party temporarily to
Mr Lane. As the camp would have to cross the desert again, in returning to quarters at
Mount Aboo, it was necessary to close the work by such a date, as would enable the party-to
accomplish the journey before the desert became impassable. Mr. Lane found sufficient
time to complete the observations of one more hexagonal figure and started on 23rd February
‘with the main camp, en route to Mount Aboo, where they arrived about the middle of March.,
Captain Strange rejoined from leave and resumed charge on the 15th March.

The progress made in the principal triangulation in the season 1851-52, consisted of
observations at 39 stations, forming 53 triangles, over a direct distance of about 180 miles, and
9 complete sets of circumpolar star observations for Azimuth. The following towns situa-
ted in the desert were also laid down, viz., Islamkot, Mitti, Chelar, and Umarkot. This
amount of work was accomplished in the short space of 3 months and 10 days, an achievement
which had not been surpassed.

During the same season, Mr. Rossenrode was erigaged in extending the approximate
series, which he carried successfully up to Karédchi, the terminus of the Kardchi Longitudinal
Series. There he succeeded in selecting suitable ground for the proposed base of verification.
In the short period of 4 months, Mr. Rossenrode had laid out 7 polygonal and 2 quadrilateral
figures formed by 40 principal stations, many of which being in a flat country, were selected by
the tedious method of ray tracing. He also made arrangements for building 13 towers and 8
platforms., Mr. Rossenrode was directed to quarter at Karachi at the close of the field season, '
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in order to facilitate the construction of the numerous towers and platforms remaining to be
built in that vicinity, and especially of those defining the extremities of the base-line.

The secondary operations were intrusted to Mr. .James McGill, by whom a chain of
points was selected on either flank of the series. These points are 66 in number, of which
80 are 1st class secondary stations laid down with the Great Theodolite : 37 masonry pillars
were built to mark these points. Mr. McGill suffered more or less from ill health during
the whole season, but continued his duties without intermission. At the end of the field
season however, he became so seriously ill from the continued effects of the malady he was
suffering from, that he was incapacitated from doing any work for some months. Mr. Burt
was employed as usual in recording observations and in the current duties of the office.

Lieutenant J. F. Tennant, of the Bengal Engineers, had been appointed to the De-
partment as a 2nd Assistant in October 1851, and was shortly afterwards posted to the
Karichi Longitudinal Series. He was unable however, to join the party in time to participate
in the field operations of 1851-52, and was directed therefore to proceed to Mount Aboo, where
he joined Captain Strange in March 1852.

Captain Strange took the field again on 15th November. Even at that late date

considerable sickness was found to prevail in the villages, and a large proportion of the native

Season 1852-53. establishment became prostrated with fever which proved

PERSONNEL. fatal in four cases. Mr. Rossenrode, having completed

Capt. A. Strange, Madras Cavalry, 1st Assistant.  the preliminary operations of this series, was directed to

%f:"(t) Jtalx:e,'r;;? “f‘rrf’nf:EE{"s".‘.’{“ kf.':;lme?o' lay out the approximate triangulation of the Indus

» O-H.Burt, 8rd Class do. Series, on which duty he was employed all the season.

Mr. McGill was transferred to the Rdwal Pindi survey under Lieutenant Robinson, of the
Bengal Engineers.

The party reached their ground of operations on 8th December, when Captain Strange,
assisted by Lieutenant Tennant, commenced the principal observations, which progressed
smoothly until the station of Chitli was reached. Here a wearisome detention of 25 days
took place from the unfavourable state of the atmosphere. At the next station, Kandd, the
observing party was doomed to meet fresh misfortunes arising from the tower giving way.
After many anxieties, the party at length reached its goal, Magar Pir hill station, where, on
the evening of 22nd April 1853, the last angle necessary to complete the principal triangulation
of the Kardchi Longxtudmal Series was measured, and the work brought to a successful close.

The season’s operations crossed two kinds of country which Captain Strange describes
as follows :—¢ The first portion from the desert to the Indus is a flat alluvisl tract, populous
« and extensively cultivated, the waste land being covered with thick Tamarisk and Mimosa
« jungles. The whole is intersected in every direction by a net work of irrigating canals
« which are supplied by the inundations of the Indus. On crossing the Indus, the series
« enters a hilly tract of marine sedimentary formation. This is more strictly a desert than
¢ the country so called, through which the series passed during the previous season. It
“ has a scantier vegetation, fewer inhabitants, no fixed villages, less water though of a
« guperior description, and is throughout stony and arid. This tract extends westwards beyond
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¢ Kardchi. It ceases abruptly to the south, the series conforming to its boundary nearly

 and it stretches away to the north for a considerable distance. The hills included by the

¢ geries, vary from 1,500 feet downwards, but to the north and west they attain a much

¢ greater elevation : they have all with scarcely an exception, a precipitous face on the eastern

¢ side, the western sloping in a gradugal incline. The whole of this extensive tract may be

“ considered one bed of fossils, whole hills being composed entirely of marine exuvie. There
" “ are in many parts extensive superficial beds of iron which are apparently very rich.”

The secondary operations this year were conducted by Mr. Lane, who was unfortu-

nately taken ill the day after the camp left quarters, and was under medical treatment at

*Erinpira for more than a month. He rejoined the party on 1st January and connected the
following important places and towns with a l4-inch theodolite, viz., the cantonment of
Hydrabad, the towns of Kotri and Jherak, and the sea port of Soumiani, a small town in
Belichistan, together with a few points on the coast to determine its general form. The
towns of Tatta and Mahomed Khan’s Tanda, and numerous points in the cantonment of
Kardchi and its vicinity, including the Manora Light House, were also fixed from the principal
triangulation.

The series was thus executed in five years. The extent of the arc of Longitude is 10° 37,
equivalent to 672 miles in length, covering an area of 23,099 square miles; and being con-
tinuous with the Calcutta Longitudinal Series, it forms therewith the largest Longitudinal are,
ever measured on the surface of the globe, stretching over the whole breadth of the Peninsula,
of India, from Calcutta on the east, to Kardchi on the west.

The remarkable energy and rapidity with ‘which the series was carried on, under
many and great difficulties, reflects the highest credit on Captain Strange and his assistants.
Captain Strange in reporting the conclusion of the operations, brings prominently to notice
the valuable aid he derived throughout from Mr. Rossenrode, to whose exertion and skill
in laying out the approximate series, the success of the undertaking was mainly owing.

The Karéchi base-line was measured in the season 1854-55, and on the completion of
the calculations thereof, it was found that the measured length of the base-line was greater
than that of the trigonometrical length, expressed in terms of the Sironj base-lize, by 1045
inches : in other words, the ratio of the total error which had been generated in the course
of the triangulation was = 23 u, u being the millionth part of the distance. This error is
taken from the then existing records of the department, in which the triangulation was
reduced according to a method of successive approximations introduced by Colonel Everest.

July 17¢h, 1873. ' H. R. THUILLIER.






Adiri

Agar

Akoria
Alamkhén .
Alam-Shahar .
Amirsha
Aramlia
Arniéla

Atithol
Bilagarra
Bénskati
Bargéon

Barra Sadri
Belka

Bharak
Bhilgion
Birona .
Bolilio .
(of base-line figures).
Bol .
(of base-line figures).
Bonik

Borikalor

Bida

Bigia

Chinga

Chitli .
Dadiiri .
Dand .
Dang-ka-basti .
Diwa

Diwal

Dhamnar
Dhérindera
Dhingpiira
Didiwa

Dribi

Farraha .
Fulrir .

KARACHI LONGITUDINAL SERIES.

ALPHABETICAL LIST OF STATIONS.

—OC—
. XC. Gangasira
. II. Ghatéina
LXI. Gopilpiira .
XCV. Guldsan
LXVIII. Guriria .
LXXXVI. Giri Sikkar .
XXIII. Hakiméani
LXXIV. Hatni
XLIX. Hilaia
XXTV. Honitali .
XIV. Jin Mahamad .
XLV. | Jerdj
XXVII Jhund
XXXIX. Kakeja
XXXIL | Kémkhers
LXIV. | (of base-line figures).
XLVIL Kanid
(XXV). Kénnagar
K4ra .
(XXII)- | Karibhit :
XLL Kirothol
XXX. Két-biman
XX1. | Khajiri
LXXXL Khankharia
LXXX. Khori
C. Kisalpirs
cm. | Kil
VL Kosia
XCm. | Kini
X. Lakarwas
LV. Losalli
XIX. Linki
LXXII. | Magar Pir
LVIIIL Maio .
LXII. Mairab-ka-Shahar
LXXVIIL M4l Niver .
LXXXVII Manjékar .
LXXVI Mérd

l—3

LXXXIX.

LXVI.
XCVIIL

(IV).

CL
. CVIL
CIv.

XCVIL.
XVII.

XCI.

XTIII.

LXXIX.

LIIL

. . CVIIL
. . XXXII.

LXXI.
.. (XXID.
.. (XXIV).
. . LXXXV.
. . XXXVL
. . LXXXIV.



Marwar

Métékd-hird .

Mendki
Niga Sha
Néndna

Nanka Haaro .

Nidaméni
Nimthir
Pédria
Pakka Kothi
Panchawa
Pangra
Rajira
Rémpiira
Rampiir
Rangion
Rojhra
Séhiji
Salot
Samdro
Sénd
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ALPHABETICAL LIST OF STATIONS—(Continued.)

XXXV.
IX.
XXVI.
XCIX.
VIIL.
XXII.
XCIV.
XVIIL
LXXXTI.
LXXII.

. XV.
. LXXXVIIL
LVI.
XX.

IV.

XTI
LXXYV.
CVIL

V.
XLVIL
XXVIIL

Sandohar
Sarla
Sartal
Sawaji
Sha Turel
Sitora
Sodichar
Sohégi
Sinda
Sirantal

(of base-line figures). )

Téampi
Téna
Thalli
Tiki
Tinsia
Ter
Tugisar
Viraria
‘Waladhar
Zelio

LXXVIIIL.
LVIIL

XT.

CIX.
XCI1I.
XLVIII.

LXXXIIT.

LXIIL
XLIV.
(LLI).

LX.
XXIX.
L.
XXXIII.
III.
XXXIV.
LXX.
LXVIIL.
LIV.
XXXVII.
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GEERREELL RS

XXI
XXTI
XXII
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NUMERICAL LIST OF STATIONS.

—COC—
. Strantdl. | XXXV
(of base-line figures). XXXVI
KAmkher4. XXXVII
(of base-line figures). XXXVIIT
Losalli. | XXXIX
Agar. XL
Tinsi4. XLI
Rampir. XLIT
. Salot. XLIII
. Dand. | XLIV
Hatni. | XLV
Néndna. | XLVI
Miti-ki-hirs, | XLVII
Déwa. XLVIII
Sartal. | XLIX
Rangéon. L
Kisalpard. | LI
Binskati, | LII
Panchiwa. LIII
Guriria. L1v
Khajiri, | LV
Nimthir, | LVI
Dhamnér. LvIn
Rampira. LvIII
. Bida. | LIX
. Nanka Hiaro. LX
Aramlia. LX1
Balagarra. LXII
Gopilpira. LXIIT
Mendki. LXIV
Barra Sadri. LXV
Séand. LXVI
Téna. LXVII
Borikalor. LXVIII
Bharak, LXIX
Lakarwas. LXX
Tiki. LXXI
Tér. LXXII’

Marwar.
Mail Niver.

' Zelio.
Kénnagar.
Belka.
Mard.
Bonik.
Gird Sikkar.
Jerdj.
Sinda.
Bargion.
Birona.
Samaro.
Sitora.
Atithol.
Thalli.
Khankharia.
Kosia.
Gulasan.
Waladhar.
Dawal.
Rajira.
Sarla.
Dhingpira.
Honitali.
Témpi.
Akoria.
Didéwa.
Sohégi.
Bhilggon.
Gangasdra.
Jhind.
Viréria.
Alam-Shahar.
Kdribhit,.
Tugisar.
Linki.
Pakka Kothi.
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LXXITI
LXXIV
LXXV
LXXVI
LXXVII
LXXVIII
LXXIX
LXXX
LXXXI
LXXXII
LXXXIII
LXXXIV
LXXXV
LXXXVI
LXXXVII

LXXXVIII .

LXXXIX
XC

XCI
XCII

KARACHI LONGITUDINAL SERIES.

NUMERICAL LIST OF STATIONS—(Continued.)

Dhérindera.
Arniala.
Rojhra.

Fulrar.

Dr4bi.
Sandohar.

Kil.

Chénga.

Bigia.

P4dria.
Sod4char.

. Manjdkar.
Mairéb-ka-Shahar.
Amirsha.
Farraha.

. Pangra.
. Jan Mahamad.
Adri.

. Khori.
. Dang-ka-basti.

XCIII
XCIV
XCV
XCVI
XCVII
XCVIII
XCIX
C

CI

CII
CIII
CIV
cv
CVI
CVII
CVIII
CIX
(XXTIT)

(XXV)

Shé-Ture..
Nidaméni.

_ Alamkhin.

Hakimani.
Kat-baman.
Kakeja.
Néga-Sha.
Chitli.
Kan4d.
Hilaia.
Daduri.
Karothol.
Ghaténa.
Kara.
Séhiji.
Kini.
Sawaji.
Bol.

(of base-line figures).

Boldlio.

(of base-line figures).
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DESCRIPTION OF STATIONS.

—C—

(II1.) Sidrantal Hill Station. For description, see base-line figures.
(IV.) Kamkhera Hill Station. For description, see base-line figures.

I. Losalli Station, lat. 24° 6, long. 77° 36, is situated in the Sironj district of the
Tonk territory, 1§ miles W. of Pagrani, and the same distance S.E. of Barid Losalli, on a
gentle undulation of the high table-land which rises immediately to the west of the Sironj valley.

Some of the circumjacent villages are as follows :—Manakheri, N. 2:33 miles; Alinagar, W.
0-85 miles, and Bogra, S.E. 3:39 miles. :

The pillar is solid, 14} feet high, and has the usual mark-stones at top and bottom, besides two interme-
diate ones at 5 and 10 feet respectively above the lower mark.

II. Agar Hill Station, lat. 23° 57/, long. 77° 27’, is situated on a high ridge of a mass
of hills in the Tonk territory and Sironj district, at about a mile E. of the hamlet of Agar, and

2 miles S.S.W. of the village of Tenoli. The spot on which the station is fixed is also called
by the natives Katareri pathar. R

The pillar is solid, 4 feet in diameter, and 4 feet high, and has the usual mark-stones at top and hottom.

III. Tinsia Hill Station, lat. 24> 6', long. 77" 21, is in the Tonk territory on the

western border of the Sironj district, at 4 mile S. of the small village of Tinsi4, and 5 miles
W.S.W. of Isarwas.

The pillar is solid, and 4 feet in diameter. It is 5 feet high, and has mark-stones at top and bottom. .

IV. Rémpir Hill Station, lat. 24° 18, long. 77° 28, is situated on the highest peak -
of a double-headed hill in the Isdgarh suba and Ardon district of Sindi#’s territory, at 1:28
miles S.W. of the village of Rampiir, and 4 miles S. of Aréon.

The pi]ia.r is solid, 4 feet 11 inches high, and has the usual mark-stones at top and bottom.

V. Salot Hill Station, lat. 24° 15, long. 77° 17, is situated on a high pe'ak’ in the
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territory of the chieftain of Garha, and immediately east of the valley of the Parbatti. The vil-
lage of Gaddia lies about 2 of a mile to the E.S.E., and that of Salot about 3 miles to the
west of the station. '

The pillar is solid, and 3 feet high. It has two mark-stones, one at top, and the other on a level with
the summit of the hill.

VI. Dand Hill Station, lat. 24° 4, long. 77° 9', is situated in the Napanird par-
gana of the territory of the Raja of Rijgarh, at about 2 miles N.E. of the village of Napanir,
and 3 miles south of Tehli.

The pillar, 4 feet high, is solid, and has two mark-stones, one at top and the other at hottom.

VII. Hatni Hill Station, lat. 24° 30’, long. 77° 16', is in the Danada division of the
Ragogarh state, and on a high peak of the range of hills extending northwards from Ragogarh.
The cantonment of Gooni is distant N.N.W. about 12 miles.

: The pillar, 6 feet high, is solid, and has three mark-stones, one at top, another at bottom, and a third
at mid-height.

VIII. Néndna Hill Station, lat. 24° 22', long. 77° 1/, is situated on one of the iso-
lated hills forming the western boundary of the valley of the Parbatti river, in the Kumra;j
district of the Gwalior territory. The village of Piperia, which lies near the foot of the hill, is
about a mile S.S.W. of the station.

The pillar, 4 feet high, is solid, and has two mark-stones, one at top, and the other on a level with the
summit of the hill.

1X. Maté-ki-hird Hill Station, lat. 24° 14', long. 76° 39, is situated on a high hill
in a wild and hilly tract appertaining to the Raja of Kilchepiir. The circumjacent villages are
Dhand, at about 1} miles E.; Rosildia, 1 mile N.W., and Mawa-khera 14 miles N. '

The pillar, 4 feet high, is solid, and has the usual mark-stones at top and bottom.

X. Diwa Hill Station, lat. 23° 49, long. 76° 39, is on the highest point of an iso-
lated hill so named in the Kujnehr district of the Narsinghar state, and close to the northern
boundary of that state. The village of Chdorapir lies about a mile to the S.E., and that of
Bakher is distant about 2 miles to the W.N.W.

The pillar is solid, and 3 feet high. It has the usual mark-stones at top and bottom.
XI. Sartal Hill Station, lat. 24° 30’, long. 76° 40, is situated upon a high range of

hills in the territory of the Raja of Patan. The town of Sartal is distant 1'55 miles, its azimuth -
being 37° 25'.

- 'The pillar, 4 feet high, is solid, and has the usnal mark-stones at top and bottom. .
XII. Rangdon Hill Station, lat. 23° 55', long. 76° 26, is on the highest point of an

isolated hill, the northern half of which belongs to the Jirdpir district of Holkar’s territory,
-and the southern half to the Chaperd pargana of the Narsinghar state. The village of Rangdon
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is distant about a mile to the S.E.; Berkheri about 1§ niles S.; Bénsi:h_erf about 1} miles N.\W.,
and Jharmao about 1} miles NNW. W,

The pillar is solid, and 4 foet high. It has two mark-stones, one at the top, and the other on a level with
the summit of the hill.

XIII. Kisalpird Hill Station, lat. 24° 18, long. 76° 22/, is situated near the nor-

thern boundary of the Jhallawar state, in the Hardoti district of the province of Ajmere. The
village of Kisalpiiri is distant about } mile W.

The pillar is 8 feet high, and has four mark-stones; one at top, another at bottom, and two others at dis-
tances of 3 and 6 feet respectively frum the latter.

XIV. Banskati Hill Station, lat. 24° 35, long. 76° 18/, is situated upon the crest of
a bold ridge of hills, in the territories of the R4ja of Patan. The small village of Banskati
lies at the foot of the hills, to the K., and the city of Patan is distant about 8 miles in the
opposite direction.
The pillar is solid, and is 4-42 feet high. It has two mark-stones, one at bottom, and the other at top. .

XV. Panchiwa Hill Station, lat. 24° 8’, long. 75° 59, is in the territories of the Nawab
of Tonk. It derives its name from the group of five isolated hills, on the most extensive one
of which it is situated. The following villages lie around the station :—Haraotia Kotri, N.;

Saranga-Khera, N.E. by N.; Parawd, a large village, N.E.; Dhabla, S.; Ramaia, W. by S.;
and Naoli N.W.

The pillar is solid, and 3 feet high. It has two mark-stones, one placed at top, the other at the bottom.

XVI. Guraria Hill Station, lat. 24° 26’, long. 76° 7’, is fixed upon the eastern half
of a small low isolated hill, and is in the territories of Holkar. The western portion of the
hill is in the Patan state. The circumjacent places are as follows :—The village of Guraria,

distant about a mile to the southward, the large town of Sunail, about five miles in the same
direction, and the city of Patan, 13:704 miles to the N.E.

The pillar is 4} feet high, and is solid. It has a mark-stone at the top, and another at bottom.

XVIL. Khajiri Hill Station, lat. 24° 14', long. 75° 46, is fixed on a small isolated flat-
topped hill in Holkar’s territories. 'The circumjacent villages are as follows :~—Nerkherd, N.W.
by W. 2 miles; Samelf, N. 23 miles ; Kotra, a large village, E. 1 mile ; Khajiri, S.S.W. 1 mile.

The pillar is solid, and 3 feet in height. It has a mark-stone at top, and another at bottom.

XVIII. Nimthdr Hill Station, lat. 24° 32, long. 75° 50, is situated in Holkar’s territo-
ries, and N.E. of the large town of Bhanpdr, on the high range of hills that runs contmuously

from that town to Rampdra. The village of Nimthdr lies about a mile to the eastward, at the
foot of the hills.

The pillar, 8 feet 10} inches in height, is solid, and has three mark-sto one at another at bottom,
andthethud4feetabovethel&tta¥ et 4 o B
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XIX. Dhamnir Hill Station, lat. 24° 12’, long. 75° 32, is situated in Holkar’s terri-
tories, on an irregular group of hills, celebrated for the curious “ Dhamnar Caves,” or excavated
temples. The station is within a few feet, and north of the principal temple.

From want of time the pillar could not be built of masonry. It consists of three large stones placed in
a triangular form, height 0-75 feet.

XX. Rémpira Hill Station, lat. 24° 29/, long. 75° 29/, is situated in Holkar's territories,
about a mile north of the large town of Rimpira, and on a high range of hills.

The pillar, 6 feet 9 inches in height, is solid, and carries three mark-stones, one at top, another at bottom,
and the third three feet above the latter.

, XXI. Buda Station, lat. 24° 14', long. 75° 11, is situated in Holkar’s territories. The
following villages lie around the station, viz.: Bida, 1 mile N.E.; Ger-rawud, due E. 2 miles;
Talldopipla, E. by S. one-fifth of a mile; Bdjpir, S.W. 0-8 mile.

Four mark-stones are placed in the solid pillar, which is 5:2 feet high, viz. : at level of foundation, 1-23
and 2:75 above it, and on top of pillar.

XXII. Nanka Hidro Hill Station, lat. 24° 32, long. 75° 17, is situated in Holkar’s ter-
ritories, on the southern edge of the same extensive flat-topped range as Rampira H. S. and
Nimthdr H. S. The circumjacent villages are as follows :—Mota Soara to the N. about 2 miles;

Nanka Hdaro, N.E. by N. about 13 miles ; Mokri, W. by N. about 3 miles ; Kherawudda, S.
about 14 miles.

The pillar is solid, and 7§ feet high. It has a mark-stone at bottom, and another at top.

XXIII. Aramlia Station, lat. 24° 25, long. 75° 2/, is in the Jawud Neemuch district.
‘The following villages lie near the station, viz.: Deori, N. 2 miles; Bijurwas, N.W. by N. 13}

miles ; Kana-Kherd, N.W. 1} miles; Rattrio, W. 2 miles ; Palsora, or Parorj, a large village,
S.E. by S. 4 miles; Aramlia, E. 1 mile.

The pillar is solid, and 5'42 feet high. It carries a mark-stone at the bottom, another 2 feet higher, and .
a third at the surface.

XXIV. Balagarra Hill Station, lat. 24° 10’, long. 75° 0/, is situated on a high range of

table-land, in zilla Jawnd Neemuch. The village of Balagarra is at the foot of the hill, and’
" distant about three miles.

The pillar is solid, and 3 feet in height. It has a mark-stone at top, and a mark on the rock in situ.

XXV. Gopalpdra Hill Station, lat. 24° 18, long. 74 49, is situated in the Jawud Nee-
much district, on a range of wild hills, inhabited chiefly by Bhils. The village of Gopalpira.
- is about 1% miles E., and that of Chota Kheri about 3 miles N.E. of the station.

The pillar is solid, and 5:17 feet high. It carries a mark-stone at the bottom, another 2 feet higher, and
a third at the top.

XXVI. Mendki Hill Station, lat. 24° 38’, long. 74° 56', is situated in the dominions of
“the Ré14 of Udaijur, on the southern edge of the same extensive flat range as Nimthir H.S.,
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Rampira H. S. and Nanka Hudro H. S. The town of Jawud Neemuch lies in the plain below
the station towards the S.W. at a distance of 3 miles.

The pillar is solid, and 35 feet in height. It has a mark-stone at bottom, and another at top.

XXVII. Barra Sadri Hill Station, lat. 24° 23’, long. 74° 32’, is situated in the territo-
ries of the Rana of Udaipdr, on a high and extensive group of hills lying to the east of the

Araballa range. The ascent to the station commences at the town of Barra Sadri, distant iu a
direct line about 2 miles.

The pillar is solid, and 2 feet high. It has a mark-stone at top, and another at bottom.

XXVIIL. Sind Hill Station, lat. 24° 43, long. 74° 35, is on a irregular cluster of high

hills in the Nimdhera district, appertaining to the Nawab of Tonk. The village from which
the station derives its name is distant 14 miles to the N.E.

The pillar is solid, and 3 feet high. It has three mark-stones—one at top, another at bottom, and a third
2 feet above the latter. .

XXIX. Tana Hill Station, lat. 24° 43, long. 74° 14 is situated on the highest point
of a well-known isolated hill, at the foot of which to the south lies the large village of Tana.
Itis in the pargana of Tana, in the Udaipur territories.

The pillar is solid, and 25 feet high. It carries thrce mark-stones—one at top, another at level of founda-
tion, and a third 2 feet above the latter.

XXX. Borikalor Hill Station, lat. 24° 21", long. 74° 15/, is situated in the Vallicha
pargana of the Udaipir territories, in a wild and thinly populated tract of hilly country, form-
ing the eastern outskirts of the Araballa range. The large town of Kanadr is distant about 8
miles to the north, and the large village of Vallicha about 2 miles east by south. The well-
known Dehbar lake lies about 15 miles west by south.

The pillar is solid, and 40 fect high. It carries three mark-stones, one at level of foundation, the next
3 feet above, and the last at its surface.

XXXI. Bharak Hill Station, lat. 25° 8, long. 74° 19, is on the highest of a group of
pointed hills rising from the extensive plain that lies to the east of the Araballa range. A
temple dedicated to the goddess Bharka adjoins it on the south side. The station is in the
Sanda pargana of the Udaipdr territories. The small village of Bharak lies at the foot of the
hill, and the large town of Poatla is distant about 4 miles to the S.W. '

The pillar is solid, and 29 feet high. It has a mark-stonc at bottom, another 2 fect highcr, and a third
at top. _
XXXII. Lakarwas Hill Station, lat. 24° 32', long. 73° 52', is situated on the range of

high hills forming the eastern defence of the city of Udaipir. The large village of Lakarwas
is distant about half a mile from the foot of the hill to the westward.

The pillar is solid, and 28 feet high, It bears three mark-stones, one at bottom, another at top, and the
third 1 foot below the latter.
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XXXIII. Tiki Hill Station, lat. 24° 56', long. 73° 58, is fixed upon the highest of an
irregular cluster of low hills, in pargana Nathdwara, territory Udaipir. The large town of
~ Nathdwira, celebrated for its sanctity, is east of the station.

The pillar is solid, and 3 feet high. 1t has three mark-stones inserted in it, one at top, another at bottom,
and the third 2 feet above the latter.

XXXIV. Ter Hill Station, lat. 24° 47’, long. 73° 39’, stands upon the highest point of
one of the ridges which rise from the plateau of the Araballas, in the Chalpaki pargana of the
Udaipir territories. The large town of Gogunda is distant 5680 miles to the S.S.W., and the
village of Biiballi lies to the N.W. at 1-623 miles.

The pillar is solid, and 3 feet high. It has three mark-stones inserted 'in it, one at bottom, another 2 feet
higher, and a third at top.

XXXV. Marwar Hill Station, lat. 24° 26’, long. 73° 35', is situated upon a high ridge
of the Araballa range, in the midst of a wild tract called the Bhilwir4, from its being inhabited
exclusively by Bhils. The village of Jharol is distant about 3 miles to the west.

The pillar is solid, and 26 feet high. It has one mark-stone at surface, another 1 foot below, and a third
at level of foundation.

XXXVI. Mal Niver Hill Station, lat. 24° 59’, long. 73° 39', is situated in the Nalld
pargana of the Udaipir territories, on one of the clusters of hills rising from the plateau of
the Araballas. It derives its name from Niver, the hill on which it stands, and Mal, a small
,village lying to the S.E. The large village of Samicha is distant about 4 miles to the N., and
that of Atrimba is about 2 miles off in the same direction.

The pillar is solid, and 3 feet high. Mark-stones were placed, one at top, another at bottom, and a third
2 feet above the latter.

XXXVII. Zelio Hill Station, lat. 24° 34', long. 73° 22/, is situated on the summit of vne
of the highest peaks of the Araballa range, in the midst of Bhilwéra, in pargana Mirpiir of the
Udaipiir dominions. The small town of Obgad lies about 2 miles S., and that of Jirah about
6 miles S.W. A small rude temple, built of loose stones, adjoins the S.E. corner of the platform.

The pillar is solid, and 3 feet high. It has one mark-stone at top, another at bottom, and a third 2 feet
above the latter.

XXXVIII. Kinnagar Hill Station, lat. 24° 58, long. 73° 21’, is fixed on a peak standing
on the western flank of the Araballa range of mountains in the Jodhpar territory. The canton-
ment of Ernipoora is distant about 19 miles to the S.E., Bijapir is N.W. at about 7 miles.

The pillar is solid, and 3 feet high. It has a mark-stone at bottom, another 2 feet higher, and a third
at top.

XXXIX. Belka Hill Station, lat. 24° 47’, long. 73° 12, is situated on a high hill of the
Araballa range in pargana Rohai of the Sarohi state, and is distant 24 miles from Mount Aboo.

The pillar is solid, and 56 feet high. A mark-stone was placed at bottom, another 2 feet higher, and a
third at top.
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XL. Maird Hill Station, lat. 24° 24/, long. 73° 0/, is in the Possina district of the Idar
state, on a group of high hills forming a portion of the southern face of the Araballa range.
The ascent to the station from the town of Possina is long and tedious.

The pillar is solid, and 3-75 feet high. A mark-stone was placed at top, a second at bottom, and a third
2 feet above the latter.

XLI. Bonik Hill Station, lat. 25° 4, long. 72° 54’, is situated in the Sarohi territory,

on the most prominent peak of a group of hills which lie about 25 miles north of Mount Aboo.
These hills are unconnected with the Araballa range. .

The pillar is solid, and 3 feet high, It has one mark-stone at surface, another 1 foot below, and a third
at level of foundation.

XLII. Gurd Sikkar Hill Station, lat. 24° 39, long. 72° 49, is situated on the highest
pinnacle of Mount Aboo, in the territories of the Rdo of Sarohi, in Rajpootana. The small
rock temple of the Gird Sikkar, a resort of pilgrims from all parts of India, adjoins the station
platform towards the S.W.

) The pillar is solid, and 3'5 feet high. It has a mark-stone at surface, and another engraved on the rook
in situ, V

XLIII. Jerdj Hill Station, lat. 24° 25', long. 72° 32/, is situated on the summit of a
high and extensive hill lying between Mount Aboo and Deesa. The hill is named after a deity

said to reside at its foot. It stands upon the boundary between the Sarohi and Palhanpir states,
and is thus a fertile source of dissension among them.

No pillar could be built. The station mark is defined by a circle and dot engraved on a large rock forming
the summit of the hill. :

XLIV. Stnda Hill Station, lat. 24° 47’, long. 72° 28, is situated in the Jallor district
of the Jodhpir dominions, upon the northern portion of an isolated group of high hills, about
24 miles west by north of Mount Aboo. The ascent to the station commences at the small vil-
lage of Usmat, lying on the eastern side of the hill.

The pillar is solid, and 3-2 feet high. It has one mark-stone at top, another at level of foundation, and
a third 2 feet above.

XLV. Bargion Hill Station, lat. 24° 40’, long. 72° 17’, is situated in the J odhbpir terri-
tory, on the highest point of a conspicuous isolated hill, about 2 miles S.W. of the town of
Bargaon. '

No pillar could be built. The station mark is defined by a circle and dot engraved on the naked rock.

XLVI. Birona Station, lat. 24° 27, long. 72° 16/, is situatéd in the dominions of the
Nawab of Palhanpir, on the summit of a gentle swell of ground, about 1 mile from the village
of Birona.

sbor The pillar is 9 feet high. It has four mark-stones, one at bottom, the others 5, 8, and 9 feet respectively
e it.
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XLVII. Samiro Hill Station, lat. 24° 49’, long. 72° 16, is situated in the Jodhpir do-
minions, on the highest point of the -easternmost of two irregular ranges of low hills. The

large village of Malwiri lies about 4 miles towards the east, and that of Mari is distant about.
3 miles to the west.

The pillar is solid, and 2 feet high. It has two mark-stones, one at top, the other at the bottom.

XLVIII. Sitora Station, lat. 24° 31’, long. 72° 9, 'is situated in the territories of the
Nawab of Palhanpir, on a high bank of sand, after which it is called. The circumjacent vil-
lages are as follows :—Rampiréd, about 13 miles N.; Vord, about 2 miles W. by N.; Wadir,
about 1 mile S., and the town of Dhanala, about 5 miles to the west.

The pillar is 6 feet high, baving three mark-stones, one at top, another at bottom, and a third 5 above the
latter. : .

XLIX. Atithol Station, lat. 24° 42/, iong 72° 6, is situated in the territory of the
Nawab of Palhanpiir, on a high bank or ridge of sand, about 13 miles N.E. of the large village
of Yeta.

The pillar is solid, and 3-3 fect high. A mark-stone was imbedded at surface, another at bott.om, and a
third 2 feet above the latter.

L. Thalli Station, lat. 24° 53', long. 72° 4, is situated on a swell of sand, in the Sachor
pargana of the Jodhpir dominions. The village of Gondao lies 6 miles off to the south, and
that of Kurra 8 miles to the east.

The pillar is solid, and $ feet high. It has two mark-stones, one at top, another at bottom.

LI. Khankharia Station, lat. 24° 37, long. 71° 56’, is situated on a low swell of sand of

the same name. The large village of Ninawa lies about 3} miles to the N.E., and Baja village
is distant about 2} miles.

The pllla.r is 8 feet high. It ‘carries five mark-stones, one at its base, and the others 2, 6, 7 and 8 feet
respectively above it.

LII. Kosia Station, lat. 24° 47’, long. 71° 56', is situated in the Sachor pargana of the
Jodhpir territories, on a low swell of sand. The village of Pairi is distant about 2 miles to the
N, and the town Sachor lies about 9 miles off.

The pillar is 6 feet high. It has four mark-stones, one at top, another at bottom, and the other two at 2
and 3 feet respectively above the latter.

LIII. Gulasan Tower Station, lat. 24° 41’, long. 71° 46/, is situated in the Jodhpiir ter-
ritory. The village of Gulasan is distant about 1 mile to the west, and the town of Sachor
about 5 miles to the N.E.

The platform is 14'7 feet high. Five mark-stones were imbedded in the usual masonry pillar as follows :
One at lovel of foundation, threc othors at 2, 8 and 14 feet successively above this level, and the fifth at the surface
of pillar.
LIV. Waladhar Station, lat. 24° 32/, long. 71° 48, is situated in the Palhanpir terri-
tory on a knoll about 2 miles west by south of the village of Waladhar. The adjacent villages
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are as follows:—Kahilgaon about 4 miles to the north, and Sohana about the same distance to
the north-east.

The pillar is solid, and 12 feet high. It has four mark-stones, one at the bottom, the others at 5, 10, and
12 feet respectively above it.

LV. Dawal Station, lat. 24° 51', long. 71° 45, is situated in the Sachor pargana of the
Jodhpiir territories on a swell of sand, after which it is named. Dawal village lies N.N.E. at
06 miles ; Palri S. at 2:0 miles ; and Amli S.S.W. at 2'4 miles.

The pillar is 6 feet high, and bears four mark-stones, one at bottom, the others at 2, 5, and 6 feet respec-
tively above it.

LVIL. Rajira Tower Station, lat. 24° 35’, long. 71° 35’, is situated in the territories of
the Nawab of Palhanpiir, on the site of the ancient village of Rajtra. The village of Sardo
lies about 6 miles to the south.

The pillar is solid, and 25 feet high. It has eight mark-stunes, one at the level of foundation, the others
at 5, 10, 14, 15, 20, 24, and 25 feet respectively above it.

LVIL Sarla Station, lat. 24° 47, long. 71° 37’, is situated in the Jodhpir territory on a
slightly elevated knoll, about 2 miles S.E. of Jami.

The pillar is solid, and 2:17 feet high. A mark-stone was placed at top, and another at bottom.

LVIIL. Dhingpira Station, lat. 24° 44', long. 71° 28, is situated on a swell of sand in-
the Sachor pargana of the Jodhpir territories. The village of Dhingpira lies about 2 miles to
the west.

The pillar is 14:25 feet high. It has seven mark-stones buried as follows:—One on a level with the bot-
tom of the foundation, the others 3, 5, 10, 12, 13, and 1425 feet respectively above it.

LIX. Honitali Station, lat. 24° 35', long. 71° 26’, is situated in the territories of the
Nawab of Palhanpiir, on a low swell of sand, after which it is named. The village of Bannotri

is about 2 miles to the south, and the eastern border of the desert is distant some 10 miles to
the west,

The pillar is 1-25 feet high. It has two mark-stones, one at surface, the other below.

LX. Tampi Hill Station, lat. 24 53, long. 71° 30, is situated on a low sandhill which
stands on the eastern border of the Tharr, or Little-desert, and is in the Sachor pargana of the
Jodhpir territories. The village of Tampi lies to the S.E,, distant about two miles.

The pillar is solid, and 6 feet high. It has a mark-stone at the level of the foundation, and others at 2,
5, and 6 feet respectively above it.

LXI. Akoria Station, lat. 24° 41’, long. 71° 19, is situated in the Jodhpir dominions
upon a little mound, on the northern border of the Runn of Cutch. It takes its name after a
village that formerly stood near its site. The large village of Khijriati is about 6 miles distant.

The pillar is 8 feet high. It has a mark-stone at the level of the foundation, and others at 1, 3, 7, and 8
feet respectively above it.



14—3p, KARACHI LONGITUDINAL SERIES.

LXII. Didawa Hill Station, lat. 24° 51', long. 71° 21, is on a sandhill in the Tharr, or
Little-desert, and distant from the hamlet of Didawa % of a mile. It is in the Jodhpir terri-
tories.

The pillar is solid, and 2 feet high. A mark-stone was placed at the bottom of the foundation, two others
at 1 and 2 feet respectively above it.

LXIII. Sohagi Hill Station, lat. 24° 48', long. 71° 10, is situated in the Jodhpir terri-
tories, on a sandhill in the Tharr, or Little-desert. The well-known town of Bakesar is distant
about 34 miles, and the village of Sohagi is some 4 of a mile from the station.

The pillar is solid. It contains four mark-stones, one at bottom, another at top, and two others at 1 and
2 feet above the former.

LXTIV. Bhilgion Hill Station, lat. 24° 42, long. 71° 7', is situated on a sandhill in that
portion of the Tharr, or Little-desert, appertaining to Bhdj. The village of Sammari, bearing
16° east of the ray to Jhund Station, is about 2 miles distant.

The pillar is solid, and 4 feet high. It carries four mark-stones, one at top, another at bottom, and the
others 2 and 3 feet respectively above the latter.

LXV. Gangasara Hill Station, lat. 24° 59', long. 71° 14/, is fixed on a sandhill in that
portior ci the Tharr, or Little-desert, which appertains to Bhtj. The village of Gangasara is
“distant 2 or 3 miles towards the N.E., and Faglia village is about 2} miles away.

The pillar is solid. It has a mark-stone at the level of its foundation, another at its upper surface, and a
third 2 feet above the former.

LXVI. Jhund Hill Station, lat. 24° 48’, long. 71° 1’, is fixed on a sandhill in that part
of the Tharr, or Little-desert, which appertains to Bhij. The village of Jhund is distant about
2 miles.

‘The pillar is solid, and 3 feet high. It has three mark-stones, one at top, another at the bottom, and the
third 2 feet above the latter.

LXVII. Viraria Hill Station, lat. 24° 57’, long. 71° 5, stands on a sandhill in that por-
tion of the Tharr, or Little-desert, which appertains to Bhiij. The large village of Jharpa is
distant about 3 miles. .

The pillar is solid, and 3 feet high. Three mark-stones are imbedded in it, one at the surface, another at
the bottom, and the third 2 feet above the latter.

LXVIIL Alam-shabar Hill Station, lat. 24° 52’, long. 70° 53, is situated on a sandhill in
that portion of the Tharr, or Little-desert, which appertains to Bhij. The azimuths and dis-
tances of circumjacent villages are as follows :—Lonia, 312° 56’; miles, 2'5. Herar, 93° 46';
miles, 6. Aoramar, 178° 26’ ; miles, 4. Kariiro, 291° 16’ ; miles, 8.

The pillar is solid, and 3 feet high. It has one mark-stone at top, another at bottom, and a third 2 feet
above the latter.



DESCRIPTION OF STATIONS. 15—5

LXIX. Karibhit Hill Station, lat. 25° 0/, long. 70° 51’, is situated on a sandhill in that
portion of the Tharr, or Little-desert, appertaining to Bhiij. The village of Basarnia is distant
about 2'5 miles to the east.

The pillar is solid, and 3 feet high. Three mark-stones are placed in it, one at bottom, another at top,
and a third at 1 foot below the latter.

LXX. Tugisar Hill Station, lat. 24° 50’, long. 70° 39’, stands on a sandhill in that por-
tion of the Tharr, or Little-desert, which appertains to Bhdj. The azimuths and distances of
circumjacent villages are as follows:—Dhobar, 59° 34’ ; miles, 15. ' Thagasind, 175° 34’ ; miles, 6.
Kirar, 251° 24’ ; miles, 7'5. Matteria, 302° 44'; miles, 2. Tugisar, 29° 44’; miles, 0'5.

The pillar is solid, and 3 feet high. A mark-stone was placed at top, another at level of foundation, and
the third 2 feet above the latter.

LXXI. Linki Hill Station, lat. 24° 58', long. 70° 42/, is situated on a sandhill in that
portion of the Tharr, or Little-desert, appertaining to Bhij. The village of Dadia is S.E. at
about 2 miles, and that of Janji-ki-kia N.W. at about 17 miles.

The pillar is solid, and 3 feet high. It bears three mark-stones, one at top, another at bottom, and a
third 2 feet above the latter.

LXXII. Pakka Kothi Hill Station, lat. 24°-50/, long. 70° 27’, is on a sandbank in that
portion of the Tharr, or Little-ceaert, which appertains to Bhij. The village of Bakria is dis-
tant about 4 miles to the S.E.

The pillar is solid, and 3 feet high. Three mark-stones were placed in it, one at bottom, another at top,
and a third 1 foot below the latter.

LXXIII. Dhérindera Hill Station, lat. 25° ¢/, long. 70" 27’, is situated on a sandhill in
that portion of the Tharr, or Little-desert, appertaining to Bhij. Dhérindera village is distant
about } miles, at an azimuth of 290°.

The pillar is solid, and 9 feet high. Six mark-stones were imbedded in it as follows :—One at level of
foundation, and the others 2, 4, 6, 8, and 9 feet respectively above it.

LXXIV. Armniila Hill Station, lat. 24° 48, long. 70° 13', is situated on a sandhill in that
portion of the Tharr, or Little-desert, which appertains to Bhaj. The azimuths and distances
of circumjacent villages are as follows :—Aurnidla, 209° ; miles, 1'5. Sonalba, 277°; miles, 5.
Akka Réthar, 81°; miles, 5. Badiar, 165° ; miles, 7.

The pillar is solid, and 6 feet high. It has four mark-stones, one at surface, another at bottom, and the
others at 2 and 5 feet above the latter.

LXXV. Rojhra Hill Station, lat. 24° 57', long. 70° 17/, is situated on a sandhill in that
part of the Tharr, or Little-desert, appertaining to Bhdj. The village of Parfira is distant
about 3} miles to the N.N.W.

The pillar is solid, and 3 feet high. It contains three mark-stones, one at top, another at bottom, and a
third 1 foot below the former. .
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LXXVI. Fulrar Hill Station, lat. 24° 53', long. 70° €', is situated on a sandhill in that
portion of the Tharr, or Little-desert, which appertains to Bhdj. The village of Fulrir is
distant about 1 mile, at an azimuth of 150°.

The pillar is solid, and 3 feet high. It has three mark-stones, one at level of foundation, another 2 feet
higher, and a third at upper surface.

LXXVII. Dribi Hill Station, lat. 24° 44/, long. 70° €', is situated on a sandhill in that
portion of the Tharr, or Little-desert, which appertains to Bhdj. The following are the azi-
muths and distances of the circumjacent villages :—Islimkot (a town), 285°; miles, 5. Kamra,
175°; miles, 2'3. Dipiar, 35°, miles 2-5.

The pillar is solid, and 3 feet high. It carries three mark-stones, one at top, another at bottom, and a
third 1 foot below the former.

LXXVIII. Sandohar Hill Station, lat. 25° 3', long. 70° 1', is situated on a sandhill in
that portion of the Tharr, or Little-desert, appertaining to Bhdj. The following are the azi-
muths and distances of circumjacent villages :—Sandohar, 280° ; miles, 0’5 ; and Arnara, 155°,
miles 1.

The pillar is solid, and 3 feet high. It has three mark-stones, one at level of foundation, another 2 feet
hlgher, and a third at upper surface.

LXXIX. Kil Hill Station, lat. 24" 47’, long. 69° 50/, is situated on a sandhill go named
in that portion of the Tharr, or Little-desert, appertaining to Bhij. The town of Mitt{ is dis-
tant about 23 miles S.

The pillar is solid, and 3 feet high. It has three mark-stones, one at top, another at bottom, and a third
at 2 feet above the latter.

LXXX. Chénga Hill Station, lat. 24° 59', long. 69° 54’, is situated on a sandhill bear-
ing that name in that portion of the Tharr, or Little-desert, appertalmng to Bhij. The town of
Chelar lies to the east at about 33 miles.

The pillar is solid, and 3 feet high. Mark-stones were imbedded at top and bottom, and at 2 feet above
the latter. :

LXXXI. Bigia Hill Station, lat. 24° 56’, long. 69° 37’, is fixed on a sandhill so named
in that portion of the Tharr, or Little-desert, appertaining to Bhiij. The village of Haida is
distant about 1§ miles W.

The pillar is solid, and 3 feet high. It carries three mark-stones, one at top, another at bottom, and a
third 2 feet above the latter.

LXXXII. Péddria Hill Station, lat. 24° 44/, long. 69° 33, is situated on a sandhill in
that part of the Tharr, or Little-desert, which appertains to Bhdj. The following are circumja-
cent villages with their azimuths and distances :—Ladia, 160°; miles, 1'0. Nabfsar, 242°; miles,
30. Kalian, 357°; miles, 2.

The pillar is solid, and 3 feet high, and has three mark-stones, one at top, another at bottom, and s third
2 feet above the latter.
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LXXXIII. Sod4char Hill Station, lat. 25° 6, long. 69° 45’, is situated on a sandhill,
from which it derives its name, in that portion of the Tharr, or Little-desert, appertaining to Bhuij.

The pillar is solid, and 3 feet high. It has three mark-stones, one at the top, another at the bottom, und
the third 2 feet above the latter.

LXXXIV. Manjikar Tower Station, lat. 25° 7', long. 69° 30/, is situated in the Hydra-
bad Collectorate of Scinde. The azimuths and distances of circumjacent villages are as follows:
Manjékar, 192°; miles, 0'7. Shahokathar, 264°; miles, 4. Kakdbiro, 299°; miles, 3.

The pillar is 20 feet high, and has six mark-stenes placed as follows :—One at level of foundation, the
others 6, 12, 18, 19, and 20 feet above it.

- LXXXV. Mairab-ka-Shahar Tower Station, lat. 24° 50’, long. 69° 23, is situated in the
Hydrabad Collectorate of Scinde. The village of Mairab-ki-Shahar is distant about 2 miles.

The pillar is 20 feet high. Six mark-stones were imbedded as follows :—One at level of foundation, the
rest at 6, 12, 18, 19, and 20 feet above it.

LXXXVI. Amirsha Tower Station, lat. 25° 0/, long. 69> 23', is situated in the Hydra-
bad Collectorate of Scinde. The village of Amirsha is only 70 yards away.

The pillar is 24 feet high, and carries six mark-stones, one at level of foundation, the others at §, 12, 18,
23, and 24 feet above it.

LXXXVII. Farrdha Tower Station, lat. 24° 56', long. 69° 14/, is éituated in the Hydra-
bad Collectorate of Scinde. The village of Farriha is distant 0'3 miles, azimuth 120°, and that
of Sawun 0'8 miles, azimuth 340°, '

The pillar is 15 feet in height. Mark-stones were placed as follows :—One at level of foundation, and the
others at 6, 12, 14, and 15 feet respectively above it.

LXXXVIII. Pangra Tower Station, lat. 24° 46’, long. 69° 14’, is situated in the Hydra-
bad Collectorate of Scinde. The azimuths and distances of circumjacent villages are as follows :
Pangra, 342°; miles, 0'4. Khanghar, 69°; miles, 2. Mahamad Ali Sand, 153° 22’; miles, 2.
Nurpower, 217° 52 ; miles, 2-5.

The pillar is 20 feet high. Mark-stones were placed in it as follows :—One at level of foundation, other
five at 6, 12, 18, 19, and 20 fegt respectively above it.

LXXXIX. Jin Mahamad Tower Station, lat. 25° 4, long. 69° 15, is situated in the
centre of the village of that name in the Hydrabad Collectorate of Scinde.

The pillar is 10 feet high, and has four mark-stones, one at level of foundation, and the others at 6, 9, and
10 feet above it.

XC. Adiri Tower Station, lat. 24° 50/, long. 69" €', is situated in the Hydrabad Collec-
torate of Scinde. The nearest of several small villages bearing that name is distant about 1-5
miles N.N.E.

The pillar is 20 feet high, and carries six mark-stones, one at level of foundation, the others 6, 12, 18, 19,
and 20 foet above it. . v 6d2
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" XCI. Khori Tower Station, lat. 25° 1’, long. 69° €', is situated in the Hydrabad Collec-
torate of Scinde at about 1 mile from the largest of the three villages after which it is named.

The village of Kariana is distant 2} miles, at an azimuth of 350°, and that of Raen 1°3 miles
nearly due N.

The pillar is 15 feet high, and has five mark-stones imbedded in it, one at level of foundation, the others
at 6, 12, 14, and 15 feet respectively above it.

XCII. Dang-ka-basti Tower Station, lat. 24° 55, long. 68° 56, is built in the centre of

the village of that name, in the Hydrabad Collectorate of Scinde. Seidpir village is distant
about § mile N.W.

The pillar is 24 feet high, and has six mark-stones inserted as follows :—One at level of foundation, the
others at 6, 12, 18, 23, and 24 feet above it.

XCIII. Shé Turel Tower Station, lat. 24° 46’, long. 68° 56, is situated in the centre of
the village of that name, and in the Hydrabad Collectorate of Scinde.

The pillar is 12 feet high, and carries four mark-stones, one at level of foundation, the others at 6, 11, and
12 feet respectively above it.

XCIV. Nidaméni Tower Station, lat. 25° 4, long. 68° 54', is situated in the Hydrabad

Collectorate of Scinde, on the ruins of an ancient town, distant about 0-4 mxles from the village
of Nidamdni. Golim Alf Tandi (a town) is distant 2 miles N.N.E.

The pillar is 15 feet high, and has five mark-stones, one at level of foundation, the others at 6, 12, 14
and 15 feet above it.

XCV.  Alam Khén Tower Station, lat. 24° 50’, long. 68° 46/, is situated in the Hydrabad
Collectorate of Scinde. Alam Khan Sigari village is distant about 0°15 miles.

The pillar is 32 feet high, and carries eight mark-stones as follows :—One at level of foundation, the others
2, 8, 14, 20, 26, 31 and 32 feet respectively above it.

XCVI. Hakiméni Tower Station, lat. 24° 59’, long. 68° 45', is situated in the Hydradad

Collectorate of Scinde. The adjacent villages are—Bilasand, distant about 0-6 miles, and Alipiir,
at about 1'5 miles.

The pillar is 38 feet high, Mark-stones were imbedded as follows :—One at level of foundation, 8 others
at 2, 8, 14, 20, 26, 32, 37, and 38 feet respectively above it.
XCVII. Kat-biman Tower Station, lat. 24° 53, long. 68° 37, stands on a high mound,

the site of the ancient city of that name, in the Hydrabad Collectorate of Scinde. An old mus-
jid stands at about 40 feet from the tower to the S.

The pillar is 18 feet high, and contains six mark-stones, one at level of foundation, the others at 2, 8, 14,
17, and 18 foet respectively above it.

XCVIII. Kakeja Tower Station, lat. 24° 43', long. 68° 37', is built 0'3 of a mile to the
S.W. of the village so called, in the Hydrabad Collectorate of Scinde.

The pillar is 20 feet high. It ocarries six mark-stones, inserted as follows:—One at level of foundation,
the others at 2, 8, 14, 19, and 20 feet above it.
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XCIX. Niga-Sha Tower Station, lat. 25° 1’, long. 68° 37/, is situated 04 miles from
the village of the same name in the Hydrabad Collectorate of Scinde.

The pillar is 37 feet high, and carries nine mark-stones, one at level of foundation, the others at 2, 8, 14,
20, 26, 32, 36, and 37 feet above it.

C. Chitli Tower Station, lat. 24° 46', long. 68° 26', is situated about 13 miles N.W. of
the village of Khorwa, in the Hydrabad Collectorate of Scinde.

The pillar is 44 feet high. It carries ten mark-stones, imbedded as follows :—One at bottom, and the
others at 6, 12, 18, 24, 30, 36, 40, 43, and 44 feet above it.

CI. Kanad Tower Station, lat. 24° 56, long. 68° 25’, is built close to and W. of the vil-
lage of the same name in the Hydrabad Collectorate of Scinde. The following are circumjacent
villages with their azimuths and distances:—Lairani, 295°; miles, 2-5. D4du, 125°; miles, 1.
Dandi, 170° ; miles, 4-5.

The pillar is 42 feet high. Mark-stones were buried as follows :—One at level of foundation, and the
others at 2, 8, 14, 20, 26, 32, 38, 41, and 42 feet respectively above it.
CII. Hilaia Hill Station, lat. 24° 52', long. 68° 5', is about 1 mile from the west bank of

the Indus, and within 200 yards of the main road running from Jherak to Taka. The village
after which the station is named is about 4 miles.

The pillar is 3 feet high. It has three mark-stones, one at top, another at bottom, and a third 2 feet
above the latter.

CIII. Dadiri Hill Station, lat. 25° 0, long. 68° 13', is situated about 300 yards from
the west bank of the Indus, and 2 miles south-west of the large village of Stnda. It derives
its name from a hunting preserve distant about } mile to the south.

The pillar is 3 feet high. It carries three mark-stones, one at top, another at bottom, and a third 2 feet
above the latter.

CIV. Kirothol Hill Station, lat. 24° 54’, long. 67° 56’, is situated in the Karéchi Col-
lectorate of Scinde, on the highest part of a hill of the same name.

The pillar is 3 feet high. It has three mark-stones, one at tup, another at bottom, and a third one foot
below the former.

CV. Ghatana Hill Station, lat. 25° 4', long. 68° 1’, is situated on the highest point of a

long low isolated range about 1} miles in length, and is distant 0-8 of ‘a mile from the village
after which it is called.

The pillar is 3 feet high. It carries three mark-stones, one at top, another at bottom, and the third 2 feet
above the latter. '

CVI. Kara Hill Station, lat. 25° 2/, long. 67° 42/, is situated on the southern of two
points on the high hill so called

The pillar is 3 feet high. It carries three mark-stones, one at top, another at bottom, and the third 2 feet
above the latter.

CVII. Sahiji Hill Station, lat. 24° 51, long. 67° 38', is situated on a small mound on
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the northern edge of a long flat range of hills, after which it is named. The well-known temple
of Kanpitian{ is about a mile and a-half to the north.

The pillar is 3 feet high. It has three mark-stones imbedded, one at top, another at bottom, and a third
at 2 feet above the latter.

CVIII. Kini Hill Station, lat. 25° 11’, long. 67° 48/, is situated on the highest part of
the hill so called. |

The pillar is 3 feet high. It has three mark-stones placed as usual, at top, bottom, and 2 feet above latter.

CIX. Sawaji Hill Station, lat. 25° 14/, long. 67° 33/, is situated on the highest point of
a high rocky hill of that name. No villages can be seen from the station.

The pillar is 3 feet high. It has three mark-stones, one at top, another at bottom, and the third at 1 foot
below the former.

(XXV). Bolalio Hill Station (for description, see base-line figures )-

(XXIII). Bol Hill Station (for description, see base-line figures).

(XXI). North End Base Tower Station (for description, see base-line figures).
(XXIV). Maio Hill Station ([for description, see base-line figures).

(XX). South End Base Tower Station (for description, see base-line figures).
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