GREAT TRIGONOMETRICAL SURVEY OF INDIA.

Photozincographed al the Office of the Superintendent Greot Trigonomatrical Swroey, Dehra Doos, April 1874.



SYNOPSIS OF THE RESULTS OF THE OPERATIONS OF

THE GREAT TRIGONOMETRICAL SURVEY OF INDIA

VOLUME IT.

e res v v~

DESCRIPTIONS AND CO-ORDINATES
OF THE

PRINCIPAL AND SECONDARY STATIONS AND OTHER FIXED POINTS OF

THE GREAT ARC—NECTION 24 T0 50

OR SERIES A

OF THE

NORTH-WEST QUADRILATERAL.

BY COLONEL J. T. WALKER, R.E, F.R.S8, &c., &c.,
SUPERINTENDENT OF THE SURVEY
AND HIS ASSISTANTS.

Behrx PBoon:
' PRINTED AT THE OFFICE OF THE GREAT TRIGONOMETRICAL SURVEY OF INDIA.

M. J. O'CONNOR.

1874.




Digitized by GOOSIG :




CONTENTS.

Exrrata ET ADDENDA . .. .
Rererences .. A . . .
Pmﬁncn . . . . ..
Introduction .. .o . . .
Alphabetical List of Principal Stations . .
Numerical ”» » . .
Description of Principal Sta.tions. . o .

Notes relating to the mutual visibility of the Stations
Addendum to Description of Principal Stations .
Principal Triangles .. . . o

Co-ordinates and Azimuths of Principal Stations .

ow

oe

oo

.o

e

LX)

(LX)

oo

Descriptions of Bench-Marks fixed by Leveling Operations at Principal Stations ..

Geodetic Elements of the Dehra Doon Observatory (old) and Sirkanda H.S. (old) ..

Descriptions » ”»

Secondary Triangles connecting Principal-Auxiliary Stations and Intersected Points

» Kalidnpur to Sdrantdl Series .. ..
» Gugubéra-Mamoni to Din-Juktipura Series
" Dholpur Series . .
,, Agra 3 ee .. .
1 Ch4tai Sarai Series

’ » Noh-Manpir to Pihera Series .
o) Noh to Karol 9 . .
9 ' ﬁoh to Chandaus ”» . o

» - Hétras and Aligarh » .

370604

o

o

oo

.o

.e

.o

89_
8o_,
a_
s_
42_.4.
a2_
42_

42

NN



- CONTENTS.

Secondary Triangles Chandaus to Bulandshahr Series . . . . “_
” Bulandshshr to Datairi . . . . 6
» Bostén to Datairi » . . - . 46_4.
2 Datairi to Pirghaib » . . . . 46__ ”
» Saini to Saraoli ”» . . . .. 47__ ”
2 Saini to Begarazpur » . . . .o 48__ ”
2 Saraoli to Begarazpur » .o . . .e 50—,
» Begarazpur to Sheopuri » . .. . . 51—,
9 Sheopuri to Godhna » . .o .o . 52—,
" Begarazpur to Kalidna 9 . . . . 54—,
,, Godhna to Kaliina ” e . . . 56—,
” Dahera to Nojli 9 . . e . 57— 4,
2 Godhna to Nojli 2 . . . . 58,
2 Karnél Series . . .o . . . 68—,
» Siwdlik ,, .e .. . .. . . 64,
Azimuths of Surrounding Points at Principal, Principal-Auxiliary and Secondary Stations .. 67—,
Geodetic Elements of Points in and about Rurki (Roorkee) .. . .e . 84__,
» of modern Observatories at the Head Quarters at Dehra Doon and Masiri 85*_
Descriptions » 2 ” 86%__ 4
Co-ordinates and Descriptions of all Stations and Points . o .o o 85__ ”
Alphabetical List of Stations of Base-line Figures .. . . . .. (1)
Numerical » : » . . . . . (P)]
Description of Stations of Base-line Figures . . . .e . (3)
Addendum to Description of Stations of Base-line Figures .. . . .o (9)*
Alphabetical List of Points omitted in Chart for want of space .. . . . (10)*

. CHART i o



Pace
IV—,4  line 2 from top,

T—4. lines 7 and 8 from bottom,

10—, line 10 from bottom,

3T7—4, in triangles Nos. 854 and 355,

38—4. in triangle No. 368,

43—,  firiangles  Nos, 467 and 469,

53—4. from triangle No. 695,

56—4 ” » 174,

57—,  in triangles Nos. 793 and 794,
” » » 795 , 796,

67—, line 3 of title,

68—4, » ¢ from top, col. 8,

69—4  cols. 3 and 4,

70—,  incols. 5 and 6,

71—, line 5 from bottom, col. 5,

72—4, » 32 from top, col. 1,

” »n 10, » 3
74—4, s 18 » 1
87—4. » 21 from bottom, col. 1,

” in col. 3,

line 18 from tJop, col. 2,
” ” 23 ”» ” 3’
90—4,

89— A,

” 2 » ” l’

ERRATA ET ADDENDA.

Jor were
after Ferozp:n'
, Btation
after Karaunda Mark
Jor Timli Temple
Jor XXXV
after Thisa Tree
s Bégowila Tree
Jor Laknauti Haveli
» Laknauti
» SECONDARY

» No.5

after line 23 from top,

between lines 21 and 22 from top, ,, {

Jor »
» Nagla
» Khera Tree
» Bjapur
Note Badkal h.s.

between lines 7 and 8 from top,

Jor 22—,
yy Bari

» 19—4,

ts identical with

v
read  where
dele  Thir
insert ’
» (D)
read  Timli Temple s.
» XXXVI
dele ,,
” »
read  Lakpauti Haveli s.
” ”
» SURROUNDING
»” No. ba.

(Pur Tree 60 32 55| 631
Sonjhni Tree 8744 7| 729
Lachera 8. I1274r117| 717
Jaroda Bastion 156 21 52 | 730
Jaroda » 1725135 716
Néra Building 20116 3| 726

insert Néra Makbara 215 14 48| 727

) Nirdna » 2353615/| 660
Fahimpur s 2553333| 715
Bihiri Makbara 262 27 41| 724
Mansiirpur 277 59 58| 725
Mogpur » 2865341 660
Johra House 292 43 o 633

Sontha » 32831 5| 603
Darapras, II
Charauli Hill 103 23 51| 114 |

read s,
» Nagla No. 1
» Khera No. 1 Tree
” Bijapur
Barkala h.s, p. 88— 4. line 33 from bot-
tom, col. 3
Bahensia Hill Mark.
(Dehra Dun) On snmmgt of'Siw‘il.lik range.
tnsert A * 3017 162
L 79 51 21°0
H 3041
Nos. 987, 988
read 10—,
” Bari
n (%)




Vi ERRATA ET ADDENDA.—(Continued).

Page

91—y,  line 7 from top, col. 2, Jor 21—, . read 9=y,
” » 24 w9 2 . ” »” »
” » 14 from bottom, col. 8, » ” » ”

92—y, w T 5 top, » 1 y 22—4, yw  1l—g,
» » 21 , bottom, ,, 1, » 20—4, ” T—4.
”» »n 22 , top, n 3 » ” ‘ ” 5—4,

(9)* » 11 of table from top, col. 5,  ,, Maskri »  Mastri

ADDENDUM TO PAGE 23__ 4

Since this volume was printed the following information regarding the connection of the Principal Station of Noh
of the Great Arc Meridional Series, by Spirit Leveling operations executed under the superintendence of Lieutenant-
Colonel F. C. Anderson, Deputy Superintendent, Revenue Survey, 2nd Division N.W. Provinces, has been received.

HEIGHT IN FEET
STATION. : ABOVE MEAN SEA LEVEL

DETERMINED BY SPIRIT SURPACE ON WHIOH THE LEVELING STAFP WAS PLACED.
LeveLING.
XXXIII .. . . 653'14 On mark-stone let into the ground floor of the tower.

REFERENCES.

The Principal Stations of this Survey, when on hills or high mounds, consist of circular masonry
pillars from 3 to 4 feet in diameter for the large theodolites to rest on, surrounded by a platform from 10 to 16
feet square on which the observatory tent was pitched. Being invariably placed on the highest accessible
points, they rarely required to be raised more than 2 or 3 feet. When in the plains, and mounds were not
available, towers had to be built; these were in the majority of instances of a square form with ladders
inside for mounting to the top where a slab of sandstone, over an isolated masonry pillar of the usual
dimensions resting on stone beams let into the walls, was placed for the instrument to rest on; one or two
have been constructed of the modern pattern, consisting of a central masonry pillar, sometimes perforated,
sometimes solid, surrounded by a mass of sundried bricks to the level of its surface, for the observatory tent
torest on. When the pillars were perforated no mark-stones were permanently placed at their upper surface.

The abbreviations employed in the text and on the charts at the end of the volume are as follows :—
H.S. denotes Hill Station (Principal)
T.8. ,, Tower s
h.s. »»  hill station (secondary)
t. s, 5  tower 9
8. ,»  station 9

The last three abbreviations are only placed after stations where a theodolite has been set up and observa-
tions taken to surrounding stations.

The name in italics in the alphabetical list commencing on page 85—, is that of the district in which
the point is situated. .

The latitudes and longitudes of all points shown on the chart at the end of this volume and included in
the list on pages (10)* and (11)* will be found in the text. Where continuous lines are drawn connecting
them the distances and reciprocal azimuths will also be found ; where no such lines exist*these elements are
not given. In cases where half the line is dotted, it is to be understood that the point at the extremity of
the dotted half was observed to, but that reciprocal observations were not taken. When no observations at
all have been taken from a point, the azimuths of the surrounding points are not given.

W. H. COLE.
November 1874,



PREF ACEHE.

The Triangulation, of the results of which the present volume is a synopsis, is a section of the meri-
dional chain of triangles, trending from Cape Comorin to the Himalayan Mountains, which has long been
known to geodesists as the Great Arc of India, and has been employed—in combination with meridional arcs
measured in other parts of the globe—in all the investigations of the Figure of the Earth which have been
made during the present century. Full details of the principal triangulation of the Great Arc have been
published from time to time, as each section was completed, by Major Lambton in Volumes VII, VIII,
X and XII of the Asiatick Researches, and by Colonel Everest in his two Accounts of the Measurement &c.
which were respectively published in 1830 and 1847. In these volumes the Arc has necessarily been
treated as a solitary chain of triangles, dependent for its linear elements on base-lines measured at the ex-
tremities of the several sections, but independent of any external triangulation, for when they were published
it stood alone, and was intended to form ¢ the axis of the Great Trigonometrical Survey of India.” After
its completion however longitudinal chains were carried to the east and west, and in course of time were
connected together at intervals by meridional chains and at their extremities by chains following the Frontier
and the Coast Lines; and this system of triangulation is now nearly complete, for the whole of India
proper, or the regions included between the parallels of 8° and 34° and the meridians of 67° and 92°. Thus
the Great Arc has ceased to be a solitary chain of triangles and has become merged into the general trian-
gulation of the country; and whereas originally its results were necessarily published without reference to
those of the cognate operations in other parts of India, it can now no longer be considered as an independent
work, but it must be treated as a part of the general triangulation and be made to harmonize therewith,
borrowing from, as well as exerting an influence on, the chains of triangles external to itself.

For reasons which will be found explained at length in Section 7 of Chapter I of Volume II of the
Account of the Operations of this Survey, the general triangulation of the country has been divided into five
great figures or sections for final reduction ; each of these figures contains a section of the Great Arc, and the
one which has been selected for reduction before all the others is the North-West Quadrilateral.

The northern section of the Great Arc—which is comprised between the parallels of 24° and 30°—

constitutes the eastern flank of this figure, which' embraces the area included between lines running from
Central India westwards to Kurrachee (Kardchi), and-northwards to the Himalayas, and the British Frontier-
lines on the west and north. With the exception of two comparatively short chains of triangles across the de-
serts of Sind and Réjputéna, the whole of the principal triangulation of this great Quadrilateral was completed
by the yeay 1866; the base-lines at its four corners, namely Sironj, Dehra Din, Chach agd Kurrachee, on
which the linear elements are dependent, had been completed several years previously. As it was then
known that many years would elapse before the two remaining chains of triangles could be undertaken, and
as the base-lines and the four external and all the most important internal chains had been finished, the final
reduction of the Quadrilateral was commenced, without waiting for the completion of the entire figure. The
general principles of the reduction, and the procedure followed in carrying it out, will be explained in Volume
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II of the * Account of the Operations &c.” which is now in preparation, and full details of the whole
of the principal triangulation, that is at present included in*the Quadrilateral, will be found in Volumes III and
IV, which have been printed, but await publication until the completion of Volume II.

As however the entire contents of those volumes will not be needed by geographers and surveyors,
and moreover as they give no details of the secondary triangulation—which is of considerable value
for local requirements—it is obviously desirable that Synopses of the final results of the whole of the
operations, including the secondary as well as the principal triangulations, should be prepared for general use,
in such & manner as to be most suitable for convenience of reference; and this has been already done for the
Great Indus Series, in Synoptical Volume I.

The present is the 2nd of the Synoptical Volumes, and it gives the vesults of the whole of the triangu-
lation comprised in the northern section of the Great Arc, both the principal—or that executed with great
theodolites, having azimuthal circles of 86 inches in diameter which were read by micrometer-microscopes
—and the secondary, executed by smaller theodolites, with circles of 6 to 14 inches in diameter which were
read by verniers. .

By the process of reduction which has been followed the principal triangulation has been rendered perfect-
ly consistent, both internally and externally ; internally, so that if in any one of the several polygonal figures
of which the chains may be composed, calculations are carried from one station to another in eévery possible
direction, the same results will be inevitably deduced; and externally, so that the values of the co-ordinates
of any station, when computed from the given co-ordinates of any other station, with the final linear and angular
data, will be the same, whether the calculation is carried directly through the series or circuitously through any
of the other chains of triangles comprising the North-West Quadrilateral. All secondary triangulations which
emanate from one side of the principal series and close on another side thereof, or on a contiguous series, have
also been made consistent throughout.

As regards the general arrangement of this volume it is necessary to point out that the several sections

" have been prepared and printed at different times, and that the work has extended over several years. The
Introduction—by Mr. W. H. Cole, m.a.—and the descriptions of the principal stations, were originally prepared
for Volume IV of the *“ Account of the Operations &c.”, and when a sufficient number of copies had been
printed for that work additional copies were struck off for the present synopsis. The descriptions of the
principal stations, pages 1—, to 11— ,, were printed first of all. This was donein the year 1865, after a
general programme had been drawn up for the reduction of the North-West Quadrilateral, in accordance
with which the four polygonal figures round the base-lines at the corners of the Quadrilateral were grouped
together, instead of being treated as portions of either of the two chains to which each figure may be con-
sidered as belonging, an arrangement which was made with the expectation of simplifying the reduction of
the Quadrilateral, which had not then been commenced. Subsequently, when the reduction was actually
undertaken, the arrangement was found to be not only unnecessary but inconvenient; the Sironj and Dehra
Din base-line figures were therefore combined with the section of the Great Arc which lies between them,
and the Kardchi andthe Chach base-linefigures with the Great Indus Series. There isthus an absence of unifor-
mity in this portion of the work which is to be regretted, as it may somewhat inconvenience persons searching
through the volumes devoted to the triangulation of the North- West Quadrilateral for the data of the stations
of the said base-line figures; but in excuse thereof it may be pleaded that the reduction of this vast amount
of triangulation was a most formidable geodetic problem, far exceeding in magnitude and intricacy anything
of the kind whicl had ever been undertaken in any part of the world; consequently allowances may well be
made for a slight departure from the programme of operation which was marked out in the first instance,
and the result of which is merely that the principal stations appertaining to the base-line figures
are not numbered in order with the other stations, and that their descriptions must be looked for in a
different part of the volume, whereas their co-ordinates and mutual azimuths are givent with those of the
other stations,



The data given in this volume are the following :—
First (page 1— ), an alphabetical list of she names of the principal stations, showing the numbers

assigned to each, which were employed in the reductions as being more convenient to use than names.
Second (page 2— ), a numerical list giving the name corresponding to the numbers.

Third (page 83— ), descriptions of the principal stations—of their structure and positions—as taken
from the original records of the observations, and supplemented by an Addendum, page 13*— ,, which gives
the most recent information of their condition that has been received up to date.

Fourth (page 13— ,), the angles and sides of the principal triangles, numbered and arranged in order
from south to north.

Fifth (page 18— ), the latitudes, longitudes and heights of the principal stations—including those
of the base-line figures at the northern and southern extremities—and the azimuths at each station of the
surrounding ones.

Sizth (page 23— ), descriptions of the points of reference at the stations whose heights have been
determined by the spirit leveling operations of this Survey, emanating at the mean sea leyel of the tidal
station at Manora, in the Harbour of Kar4chi.

Seventh (page 24— ,), the elements of and principal triangles to fix the old Dehra Doon Observatory.

Eighth (page 26— ), the angles and sides of certain secondary triangles; the numbering is here
made consecutive to that of the principal triangles, in order to facilitate references which are mnade in other
sections to the place where the length of a side is to be found.

Ninth (page 67— ), the azimuths of secondary points at principal, principal-auxiliaryt and secondary
stations, the latter arranged in alphabetical order.

Tenth (page 84— ,), Addendum; data of points fixed at Roorkee (Rurki) in 1878, for the obser-
vations of the Transit of Venus iz December 1874.

Eleventh (page 85%— ,), the elements of the modern observatories attached to the Head Quarters’
Offices of the Survey at Dehra Diin and Masuri. '

Twelfth (page 85—,), the co-ordinates and descriptions of all stations and points, arranged in
alphabetical order.

Thirteenth (page (1)), an alphabetical list of the principal stations of the four base-line figures of the
North-West Quadrilateral.

Fourteenth (page (2)), a numerical list of the principal stations of the base-line figures.

Fifteenth (page (3)), the descriptions of the principal stations of the base-line figures, taken from the
original record of the observations, and supplemented by an Addendum giving the latest icformation of the
condition of the stations.

Sizteenth (page (10)¥), an alphabetical list of points omitted in the chart of the triangulation, from
want of space.

The heights of some of the principal stations were determined by the line of levels which was brought
up from the tidal station of Manora, at Karéchi, to Dehra Din and then down the Great Arc to Sironj, and
is described in the introduction to the ¢ Tables of Heighis in Sind, the Punjab &c., Calcutta, 1863.” All other
heights were determined differentially, by the method of vertical angles, with reference to the nearest stations
whose heights had been fixed by the spirit-leveling operations. All the heights which were determined by
spirit leveling are given to two places of decimals of a foot; the other heights, being in great measure depen-
dent on the triangulation, are given to the nearest foot only. o

It has not been considered necessary to publish the whole of the details of the secondary triangula-
tion ; the sides and angles of 917 triangles, which were selected as most likely to be of general use, and the

t Note, by a principal-auxiliary station is meant a station auxiliary to a principal station at which observations were taken to fix
unvisited points.
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azimuths of all these sides, have been given ; but for a considerable number of points the co-ordinates only
have been given. With the aid of Nos. X, XI, and XII of the * Auriliary Tables to facilitate calculations
of the Survey Department of India, Dehra Doon, 1868,” local surveyors, working on a system of rectangular
co-ordinates, can readily transform the spheroidal co-ordinates here given to suit their own requirements.

From the commencement of the operations of the Great Trigonometrical Survey up to the present time
the whole of the deductions of longitudes have invariably been referred, differentially, to the longitude of the
Madras Observatory, taken as 80° 17' 21”. This value has been modified on several occasions by the successive
Government Astronomers at Madras ; in the year 1869, I was—to the best of my recollection—verbally
informed by Mr. Pogson, who was then and still is the Astronomer, that the latest value was 5h 20m 5753
= 80°14' 19”5 as given in the Nautical Almanacs for 1862 and subsequent years, on the authority of his
predecessor Captain Jacob, the values iu the Nautical Almanacs for 1861 and previous years being 5h 21m 3,77
= 80° 15’ 56"-55. I have long been expecting an answer to various letters which I have written to Mr.
Pogson enquiring whether my recollection of the information which he communicated to me verbally is cor-
rect, and whether any later and more accurate determination of the longitude of the observatory has been
made, but hitherto no answer has been received. The following precept may however be considered as suffi-
ciently exact for the practical requirements of surveyors and geographers,—

the whole of the longitudes given in this volume reqmre 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 of orthography in this volume. Many years ago Colonel EVQrest endeavored
to bring into general use in the Survey Department Sir William Jones’s method, which is at once
elegant and phonical and is highly approved of by scientific men; but that method glves\to all vowels
their Italian sounds, and as the differences between the English aund the Italian sounds are®in almost
every instance very considerable, and as 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 manner that it is natural to most Englishmen. In 1865, when the prepiration
of the final results was commenced, the spellings were corrected in accordance with Sir William Jd(les 8
system, excepting in the case of well-known names—such as Meerut, Calcutta, Cawnpore—which had \be-
come settled and familiar by long use and which it would have been pedantic to alter. But in 1871 \he
Government of India made arrangements for the introduction of a uniform system of spelling throughc;‘it
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 o}
Statistics to the Government 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 Depart- \
ment, 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. In his list of post-towns 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 whichiithe Head Quarters of this Survey are located, during the summer months, is
spelt ordinarily Mssoorie and scientifically Masiri, but according to Dr. Hunter it should be spelt Masauri.
In September 1873 the Government of India issued amended rules for the spelling of all names not well known,
which are practically identical with those originally followed in this Department ; at the same time it was
ordered that the orthography of the well-known names should be retained, and that alist of all note-worthy
names should be prepared, in each Province, showing the orthography to be uniformly followed in future
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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 com-
pilers of the lists in defining the number of names which are to be considered as well-known.

Some portions of the present volume having been printed before and others after the orders were
received for the employment of Dr. Hunter’s system, the attempts to introduce a uniform system of ortho-

graphy have occasionally led to considerable diversities of spelling; but nevertheless it is believed that the
names will be generally recognizable. ’

The Chart accompanying this volume shows the whole of the principal stations and triangulation, the
positions of all the secondary and minor points—with the exception specified on page (10)*—and the portions
of the secondary triangulation of which full details of the angles, sides and azimuths are given. With the
aid of this Chart it is hoped that little difficulty will be met with in finding out any of the data contained
in the volume which may be required. I must acknowledge with regret that the descriptions of the second-
ary stations are in many cases not as full and clear asis to be desired ; this arises from the inadequacy of
the information entered on the spot by the surveyors, in their field books ; every effort has been made to
supplement the information given by the surveyors, whenever it was practicable to do so, in order to facilitate
the future identification of the stations, and all the information which is at present forthcoming in this Office
has been given. )

The general arrangement of this volume and the preparation of the data which it contains are due
in great measure to J. B. N. Hennessey, Esq., Deputy Superintendent 1st grade, in charge of the Comput-
ing office, who has taken great pains to secure the utmost possible accuracy in preparing the data and pass-
ing them through the press.

J. T. WALKER, CoronkL, R.E.,
Ngz;;:rl)l‘g;:l Supdt. Great Trigonometrical Survey of India.
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GREAT ARC MERIDIONAL SERIES.

INTRODUCTION

The Great Arc of the Meridian, the measurement of which had been begun by Lieu-
tenant-Colonel Lambton and extended by him in an unbroken chain from Cape Comorin to
latitude 20° 30’, had, by 1825, been brought up by his successor, Captain Everest, as far as
Sironj in latitude 24° and closed on a base of verification, measured in the neighbourhood
of that place, with the chain that had been used on all prior occasions. On the completion
of this work Captain Everest was compelled by ill health to leave the country, and during his
absence, which extended over some five years, the establishment of the Great Trigonometrical
Survey was considerably reduced; so much so that on his return to India in 1830, he found
himself the only Executive officer with but a few of the old hands of the subordinate branch
of the department to assist him.

The first duty, therefore, Major Everest found himself called upon to perform on his
Major G. Everest, Arty., Surveyor Genl. and Supds, TELUWrR Wwas to resuscitate the department, and he set

Great Trigonometrical Survey. about it with such good will that before the end of 1832
) _Surveyors, he had 8 military assistants and a subordinate establish-
g‘f:ﬁ:ﬁt }V %3°££3§,“E’f,gf,;m. ment numbering 20 sub-assistants; amongst the latter,
» ﬁ Boileas, | thh N.L the only trained men were Mr. J. Olliver and Mr. W.
» P Bridgmen, Art Rossenrode, both of whom had had long experience in
» augh, Engmeors . . . .
" % Rany, » trigonometrical surveying and were very efficient. The
”» . L. Ommany, -

task of training so many new hands was of course an

arduous one, but was greatly lightened by his being able to confide the instruction of the sub-
assistants to Messrs. Olliver and Rossenrode.

After measuring the Calcutta Base-line, the first at which the “compensation apparatus
was employed, and starting some meridional series emanating from the triangulation between
Sironj and Calcutta, which had recently been executed by Mr. Olliver, the Surveyor General
felt himself at liberty to resume operations on the Great Arc at the point where he had left

them in 1825, and to carry the trmngtﬂatlon northwards to the limit of the dominions of the
Honble E, I. Company.,



M-y, INTRODUCTION.

The country to be traversed is thus described by Major Everest. *¢What may be
“ termed the elevated plateau of Central India terminates on the northern side with the high
“lands in the vicinity of Gualior, where the valle} of the Chambal and its subsidiaries the
“ Kohari and other streams commences. This valley is bounded on the north by a range of
“ old red sandstone dipping to the north at about 20° which overhangs the Chambal, and
“seems to have determined the course of that river, and to have limited its wanderings on
“ the northern side.

“ Further northwards than therange in question there are detached ranges and isolated
“ hillocks cropping out, but the average level of the alluvial surface of the country from
* which they rise seems to be rather below than above that of the valley of the Ganges. The
“ last of these isolated hills commodiously near to the direct line of the meridian of the Great
« Arc Scries is Usira, after which wherever they do occur they recede to the westward of that
“line, thereby furnishing inconvenient positions for the continuation of the triangulation.”

. From Usira to Delhi few hills existed and those only on one flank of the proposed line
of triangulation, and beyond Delhi they altogether ceased. The series had then to pass
through the flat lands of the Doéb, or country between the two rivers Ganges and Jumna.
+“This is a wide extended plain remarkable for the richness of its soil, its abundant
“ population, the scorching heats of the winds which blow over it in the season from March
¢ till June, the deluging and almost incessant rain which falls in the four succeeding months,
“the unvarying monotony of its ‘scenery, and the universal deadness of level of its surface.
“though there arc few or no forests in the tract in question yet it is overspread with thick
“groves of Mango, Mulberry, Jaman, Tamarind, and other fruit trees intermingled with lofty
“ Pipuls and Banians, all either yielding an annual income to their proprietors, or endeared to .
“them as fancy plants destined to perpetuate the name of him who reared them.

“In common with other parts of India, the inhabitants are congregated in villages
“and towns which vary in extent and character according to the wealth and traffic of the
* owners, from the veriest hovel composed of straw to the costly four-storied edifice of mason-
“ry; but instances of isolated dwellings are rare and hardly ever met with except in the case
“of Indigo planters, or now and then a temple or mosque, the bare walls of which offer no
“temptation to the plunderer. The villages however lie so thickly scattered over the sur-
“ face that it is difficult to trace a line in any direction so as to pass free of all habitations, and
“ quite impossible to calculate on seeing between the breaks which occasionally appear in the
* dense belt of foliage, for, in the very few instances where such do exist, they stand altogether
“at random and without any regard to theray between one mound and another. In fact
« generally speaking, the trees form to all appearance a continuous dense belt of foliage at
“the distance of four or five miles from the eye of the observer, and if an interstitial space
“‘is any where found, it as often as not leads to low marshy or other land totally ineligible
‘as a principal station.

“The whote tract though coming under the definition of a flat alluvial formation in-
“tersected with sluggish streams which overflow their banks annually, and totally devoid of

; Ilﬂggz'est’s Moasurement of the Meridional Arc of India, London, 1847, page XIIL. o
1d,
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“all natural elevations except loose heaps of sand, accumulated by the wind, which over-
“spread its surface promiscously, has yet many elevated earthen mounds, the partially
“occupied or abandoned sites of villages or’ forts which appear to have been raised by the
“inhabitants in periods gone by as a protection against inundation or external violence.

* * * * * *

“This part of the Doéb is bounded on the north by a range of hills to which whether
‘‘appropriately or not the name of Sewalik has been assigned. It is an irregular mass run-
“ning N. W, and 8. E. nearly, presenting obvious marks of upheavment, and composed chief-
*“ly of boulders of quartz, limestone, basalt, and other rocks manifestly rounded by attrition
*and imbedded in most cases in argillaceous earth, which appears to rest and to have been
“ deposited on a basis of soft friable sandstone. Ococasionally though the cement which re«
“tains the boulders together seems to be of a more durable substance than mere clay, yet
“ there is altogether such an appearance of incoherence about the structure that it is incon-
“ ceivable how the whole is held together. In fact the higher parts of the range are visibly
“undergoing a daily decay; every rainy season, nay each heavy fall of rain brings down large
“flakes with a tremendous crash, and exposes a new precipitous face to be aeted on by the
“elements, which when in due course of time it has had its day is destined to be hurled down
“in like manner into the ravine below, and there mingle its ruins with those of its pre-
* decessors,

“The highest point of this range lying within the area embraced by the Great Arc
* Series is that called Amsot, the only peak which looks down into and commands a full view
“of the beautiful valley called Dehra Din lying to its north. My observations assigned to it
“a height of 3,252 feet above the sea, which is 2,208 higher than Nojhili my last principal
“ station in the Dodb. There are several other eminences such as that of Doiwala 8,064 feet,
“of Mohan 3,181, of Lalu 3,119, but in assigning these names I must remark that, with
¢ the exception of that of Amsot which is ond fide employed by the native inhabitants, all
“the others are quite arbitrarily imposed and are known only to my own department, for the
“said eminences have literally no known names and lie in the jungles far out of the haunts
“of men, unknown and unvisited by any body.

“On the north of this range lies the beautiful valley called Dehra Didn which is there-
¢ fore comprised between the so-called Sewalik Hills and the part of the Sub-Himalayan range
*on which the settlements of Landaor, Masuri, Hatipaon, Bhadraj, &c., so celebrated for
¢ their salubrity as to have been selected as Sanataria are situated: the average height of
“this latter range which bears to the Himalaya Mountains somewhat the same relation
“that the Jura does to the Alps may be stated at 6,500 feet above the sea. Some of its emi-
“nences are indeed much higher than this, my principal station of Banog for example being
“ 7,433* feet above the sea, and the Landaor Hospital falling short of it by 71 feet, but then
‘““there are others considerably lower. .

“The height of the Dehra Diin varies considerably, as will naturally be supposed from
“its being between two such large rivers as the Jumna and Ganges flowing so near to each

# This and the follov;ing heights have beon corrected to the most recent values,
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¢ other —the highest part of the valley is that were the town and cantonment of Dehra stand,
“near the latter of which my office is situated at the height of 2,288 feet above thesea. The
“ height of the west end of my base is as low as 1,772 feet, which is still 842 feet higher
¢ than Nojhili my last principal station in the Do4b : the east end is at a height again of 1,958
¢ feet; and in general we may fairly assume that the average height of the plateau of the
* Din, which skirts the so-called Sewalik range on the north, exceeds that immediately to the
«south of the same range by about 1,000 feet. From this description and a reference to the
*map it will be seen that between the last elevation of Central India (the low sandstone
¢ height near Dehli) and Amsot, the most southern eminence connected with the Himalaya
« Mountains, the shortest distance in a straight line is 104 miles, through which a series of
¢ principal triangles had to be carried over a tract of the nature which I have been above
“describing.”

Before commencing a principal triangulation it is necessary to select the most suitable
positions for the stations which the country affords, the chief desiderata being that they shall
occupy the highest elevations, giving the greatest command of the surrounding country, and
yet shall be so situated relatively to one another that the triangles connecting them may be
both large and symmetrical, their symmetry conducing very much to the accuracy of the
measurements, and the fewer the stations, except when lofty towers have to be erected on the
sites chosen, the less.-being the cost entailed. The selection of stations is usually entrusted
to the care of an experienced assistant who at the same time generally executes a prelimi-
nary triangulation connecting them which is called an approzimate series.

In preparing for the extension of the Great Are, this duty was assigned to the under-
mentioned officers as follows :—M-r. Rossenrode was to select stations and carry an approximate
series from Sironj to the north to meet Captain Wilcox and Mr. Olliver who were to com-
mence from Futtehpur 8ikri and work southwards. Lieutenant Boileau had been previously
deputed to start from the latter point and select stations t» the north.

Mr. Rossenrode commenced work at Pardho on 1st February 1838, and performed his
part very ably. In spite of unfavorable weather by which he was much delayed, he suc-
ceeded in bringing up the approximate series to Juktipura and Pagéro, two stations on the
south of the Chambal. The rains having by that time set in and his party suffering consi-
derably from sickness he closed work for the season. Lieutenant Wilcox carried out the
instructions given him, in so far as selecting stations on the Biana, Usira, Gurja, M4chi and
Nindar hills and the rejection of Futtehpur 8ikri, but he observed no angles. Also so far
as the highlands lasted, viz., to Dehri Station, Lieutenant Boileau made good progress.

Hitherto the principal stations had been on the highest points of mountains or hilly
land, and each was visible in broad day from those with which it was connected. The emi-
nence that bade fair to answer best was chosen from a distance and a party was sent in
advance to mafk and occupy it, a business which, when the features of the spot selected were
sufficiently defined was confided to one of the native flagmen or otherwise to one of the
sub-assistants.
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Amongst the subordinates were men well trained to a duty of this nature, but when
the circumstances came to be so thoroughly changed, when instead of having the power to
choose in the light of day from a number of distant peaks, the view was limited to five
or six miles, without the power of forming a rational conjecture, either as to the direction in
which the party in advance was to be detached, the obstacles which would stand in their
way or the mode of overcoming them when revealed, all previously acquired experience
became inapplicable and of no avail,

Major Everest thus found himself called upon to devise some method by which these
difficulties might be overcome, and that which he adopted is best described in his own
words, .

* « T designed a mast of seasoned timber 35 feet in length, consisting of two parts which
* could be firmly united by iron bands when necessary, or otherwise taken asunder for more
“ easy transport ; of this mast the lower b feet were to be buried in the earth, leaving 30 feet
““above ground ; at the summit was a circular table of 40 inches diameter, to be occupied by
“the instrument on its stand; at the height of 20 feet an iron ring was applied with 4 dead
“eyes for as many stay ropes, and a like number of antagonizing struts adapted below.

“ Round this mast a square scaffolding was to be erected, having at each corner a strong
“upright post of seasoned timber, all of which were to be well supplied with strong stay,
“ ropes, the lower ends being also sunk into the ground and otherwise sustained by earth pil-
““ed above their bases; these posts were intended to form the skeleton of a scaffolding for
“ sustaining an observing tent, the observers, and such attendants as were needed to manage
‘“the ten® and lights; and all the rest, consisting of the frame-work, ladders, stage, &c., was
¢ constructed of large Calcutta bamboos tied together with string.

It will be understood that, agreeably to the original design, the mast for the instru-
“ ment was to stand quite isolated with respect to the scaffolding, and sustained solely by the
¢ parts sunk into the earth and the four stay ropes and lower struts above specified, but on the
% first occasion of its being put up at the station of Karol this condition was found untenable,
¢ because the slightest agitation of the air caused it to vibrate. The only remedy therefore
“ was to sacrifice the isolation of the mast, and to connect it with the four corner posts of the
¢ scaffolding, which was done by means of two pairs of diagonal bamboos, the one applied
‘“above the centre of oscillation, and the other below it, care being taken at the same time
“ that no part of the ladders or stage work should come in contact with them ; this arrange-
“ ment effectually remedied the vibration, but at the same time rendered it necessary that no
« person should be allowed to ascend the ladder or stand or move about on the scaffolding whilst
“ the observations were being made, so that except myself and one person to hold a light, all
“the attendants were seated and formed a dead weight affecting alike each observation of a
« distant station ahd the near object to which it was referred.

# Everest’s Measurement of the Meridional Arc of Indis, page XVI.
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“ With the instrument thus raised above the ground, corresponding drrangements were
‘‘requisite for elevating the objects at the surrounding stations, for which purpose I contriv-
“ed to erect masts 70 feet high ; the nucleus at the base of each was formed of an upright post
“of seasoned timber, and the superstructure of bamboos firmly linked together, the protrud-
“ing ends of those which encased the nucleus forming so many points of connection for
“others immediately above and contiguous to them; a pulley fixed at the top furnished me
““the means of raising a bamboo staff in a horizontal position to the height of 70 feet as
““above specified, which bamboo being supplied with a sway rope at one end, and bearing an
“ignited blue light at the other, enabled me to have the latter displayed at a further height of
“20 or 25 feet above the top of the mast, thus supplying a brilliant light at upwards of 90
“ feet above the surface of the ground.”

Major Everest’s next step was to raise and train an establishment of native subordi-
nates. In September 1833 he sent three men to Meerut to collect recruits and they returned
in a few days with an assemblage of 100 men, who had been driven to accept the first employ-
ment offered them, by the scarcity which then prevailed, and who on their arrival presented a
half starved appearance. Among them were barbers, weavers, smiths, bricklayers, potters,
thatchers, tilers, shepherds, gardeners, musicians, and priests, all with their clownish habits
fresh upon them and many of them never having had dealings with an European or con-
templated one except as a dealer in magic. To adapt such material as this to any useful
Ppurpose naturally at first appeared a hopeless task ; but the docility of the native character.
enabled Major Everest to transform many of them, in time, into efficient and valuable
servants,

In November he was prepared to take the field again, but prior to recommencing the
approximate series of the Great Arc, he spent ten days in examining the Din or valley of
Dehra, which is situated between the Himalayas and the Sewalik ranges, for the purpose of
selecting ground for measuring a base-line of verification on which the Great Arc Series was
to close. The valley offered many advantages for this purpose. It lay in the line which the
triangulation would take and though in parts very rugged and intersected by ravines it pre-
sented a strip of land in the neighbourhood of the river Asun which was upwards of 7 miles in
length and had few unevennesses and those easy to be overcome. There were neither villages
nor cultivation in this tract which was waste, belonging entirely to the state, and therefore no
interference with proprietory rights was.to be apprehended ; it was free from trees and only
covered with grass and reeds which could be removed without much labour, and finally it
was within a few miles of the Head Quarters of the Survey, which Major Everest had
already establiShed at Masiri, on the first range of the Himalayas, with a view to facilitat-
ing his progress with the Great Arc triangulation. Leaving one of his sub-assistants, Mr.
Kallonas, to examine the course of the line and to report on its various features, and sending
another, Mr. Clarkson, to clear the top of Amsot hill, in the Sewaliks, and occupy it as a sta--
tion, he proceeded himself, after visiting Amsot, to undertake the selection of stations in
the plains.
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On his journey down country he fixed on the station of Begarazpir, examined the

PERSONNEL. tract in the vicinity of Hapar, selected the old mosque at
MS".f:v G. Everest Surveyor Genl, and Supdt. 6. T.  Boolandshahar, fixed the site of the Chandaos station and
Cnptamquﬂeox, Surveyor. "that at Noh and reached Muttra on the 5th December.
ﬁ:“%ﬁ:;l,"f“’ Do. There he detached Capt. Wilcox with a party to take
G Murphy, Sub-Amssant 0d Olse Prelillllzirnaryd messtrcs of the anglzs & Dholpi, Gur
» W. Martin Do. j4 i an terwards to complete the
. japa an P
Baboo Rfﬂmf’ s?edl;rmu&? f3rd Clas. connection of Noh, Chandaos and Boolandshahar with
Mr. R. Clarkson, Do. . s
» H. Keelan, Do. the triangulation
» G. Terry, Do.
» ©O. K. Dove, Do.
9 J. Mulheran, Do.

Leaving Agra on the 13th December, he proceeded in succession to Alipir, Madhoni,
Aring, Rasfa, Chapra, Pat and Meoli stations, determining the most eligible sites and ob-
serving the necessary preliminary angles at each. In January he reached Karaol hisfirst station

in the plains where he had occasion to erect his scaffolding and mast and rectify any defici-
encies in their structure.

This first trial naturally caused him considerable apprehension, for had his invention
been found to fail, not only would the remainder of the season have been lost, but much of
his previous work might have proved useless. Many of the stations already selected might
have had to be rejected, and the substitution of a new plan might have led to the necessity of
re-casting the triangulation. Fortunately the success he met with was sufficient to banish all
fears of the kind ; and, if not without its drawbacks, the invention was sufficiently serviceable
to give him the results he required. His men quickly learnt how to erect and dismantle it
without superintendence and thus left him at liberty to employ his time on the more im-
portant duties connected with his work.

The blue lights which were employed as signals were not w1thout objection, they
~ could not be used except in calm weather and the composition was so inflammable. as often
to be quite unmanageable ; they were liable to burst when burning and the flakes of liquid
fire scattered on such occasions endangered every surrounding object.

Another difficulty now presented itself. The principal stations were chosen at such
distances apart that the bluelight signals were rarely visible to the naked eye, and it became
necessary to know in what direction to point the telescope of the theodolite in order to see
them. Without this information it could only be by the merest accident that they would
be discovered, for although the general direction in which they were likely to appear might
be anticipated, the field of view of the telescope was so small that misdirecting it a few degrees
one way or the other would preclude the chance of seeing the signal at the time it was exhi-
bited, the burning of the blue lights lasting only a short time and but four being burnt each
evening at intervals of 16 minutes.

The necessity which thus arose for laying the telescope correctly, before the time for the
appearance of the signal, led to the introduction of what is now well known as ray tracing.
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A point was chosen at a distance of frqm 4 to 5 miles from the station where the
scaffolding was erected and the line between this point and the principal station being
taken as base, a chain of small triangles was carried from it by one of the sub-assistants
using a small theodolite, to the station where the signallers were. This could easily be
effected by making use of the tops of houses, temples and any small elevations afforded
by the country traversed, and as it was not requisite that more than two angles of each
triangle should be measured, if the work was carefully executed, many of the stations
need not be visited. Assuming the length of the base of this chain of triangles to be unity,
and computing accordingly it was very easy to determine the angle between the first station
and the last, at the station where the scaffolding was erected, and it only remained for the
observer to point his telescope at the first station of the ray-trace triangles, read the
horizontal circle, then apply the known angle to this reading and set the telescope so that
the circle read accordingly, and clamp it, after which he had nothing further to do than to
wait untill the time fixed for shewing the signal and then observe the angle between it and
the other principal stations with which it was to be connected: should. obstacles present
themselves in the direction in which the observer wanted to look, such as trees, huts, &c., he
knew exactly which to remove. When this connection was accomplished, the ray-trace triangula-
tion could be brought into use as secondary triangulation; for when the distance between
the two stations was known, a factor could readily be obtained by which if the base, hitherto
considered as unity, were multiplied, its trué value would be obtained and hence the lengths
of all the sides of this minor triangulation deduced. Another and more speedy way of
obtaining the direction of the forward station, when the country admitted of it, was to
carry a traverse from one station to the other with a theodolite and perambulator.

The series quitted the last of the southern hills at Delhi and lay through almost level
country till it reached the S8ewalik range of hills where work closed for the season.

The next cold season 1834-5 was occupied by Major Everest in measuring the base-line
in the Dian with the apparatus of compensation bars and microscopes, and connecting it with
the principal triangulation through Banog and Amsot. By the time this was accomplished
his health, which had previously shewn signs of giving way, completely failed him, In a
letter addressed to Government he writes as follows :—

«T was confined to my bed from May till the end of October, with little intermission,
“ during which I was once bled to fainting, had upwards of 1,000 leeches, 30 to 40 cupping
“ glasses, 3 or 4 blisters, a deep issue and fomentations without number, besides daily doses

“ of nauseous medicine administered to me.” Further proof of the natural strength of his
constitution ig hardly needed.

It was while executing the minor triangulation of the base-line that Major Everest
designed the form of signal which he denominated a sight vane and which js still in use when

small triangles have to be measured with great accuracy. Its description will be found in
the chapter on signals in Vol. II.



GREAT ARC MERIDIONAL SERIES. IX~—4

During this season he was deprived of the services of two of his assistants, Captain
Wilcox and Lieutenant Boileau, the latter having been ordered, in September, by the Adjutant
General of the Army, to proceed into the field with the force sent to reduce to order
the small state of Shekawatti, situated in Ré4jptitdna, and inhahited by a semi-barbarous
population of free-booters; and the former having in the January following heen appointed
Astronomer to the King of Oude.

While the measurement of the base was in progress, towers designed by Major Everest
were in oourse of construction at the several principal stations in the plains by the
Exeoutive Engineers of the districts in which they were situated, to whom the duty of building
them had been assigned by Government.

Parties were also employed in clearing the lines between the stations of ohstacles such
as trees, huts &c., which. obstructed the view. The wholesale way in which this was some-
times done, is exemplified by the clearing of theray Datairi to Boolandshahar, when the follow«
ing destruction took place.

b thatched huts in Rdémnagar crushed by the fall of trees.

37 flat roofed houses .
52 huts and atéris, walls of mud, } razed to the ground in the town of Bhatona.,

12 thatched huts with mud walls in the village of Daherpur.

It is fair to state that this was considered an exceptional destruction of property; and
that the owners were compensated for their loss to their complete satisfaction, is evident from,
their putting no obstacles in Mr. Rossenrode’s way, to whom the duty of clearing the ray
was assigned, which as the town of Bhatona contained 2000 fighting men of the J4t caste
and Mr. Rossenrode was unarmed would have been no difficult matter for them.

In October 1835 Major Everest again took the field for the purpose of finally measur«

ing the angles of this section of the Great Arc.
PERSONNEL.

Major G Bvoreat, Survoyor General and Buperinten- ~ The triangulation was taken up at the line Dof«

0Y.
Lioutensat A. 8, Waagh, Astronomical Assistaut. wéla to Amsot. Two instruments being employed on it,
” . Jones, n .

G. Logan, Esquire, _ Do. the 36-inch theodolite which had been renovated by

' lﬁr W Tomen Frineipep Jutr dssstant. Mr. Barrow, and Troughton and Simms’ 36-inch theo-
B';bo{; H. Soull :smf@“ﬁ'z"d Claz. dolite. Two parties were formed, one of which appears to
Mr. B. Clarkson, Do. have been committed to the charge of Mr. Logan in the

» 3. 'Mulheran, Do first instance, until Lieutenant Waugh joined in January

» O poartin, Sub-Asistary 3rd Class. 1836. This Officer had been sent for because Major

" & D, Do Everest felt his health to be still in so unsatisfactory a

" 0 g&}hh%:m Do state that he feared he might be compelled to give up

active duties; but on his arrival he gave Lieutenant
Waugh the second party and the operations were then conducted by both officers simulta«
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neously, Lieutenant Waugh apparently being employed on the west flank of the series while
Major Everest followed the east. In the meantime Lieutenant Jones had been despatched to
the south of the Chambal to improve the configuration of. the triangulation in that part of
the Are. |

From the 11th December the final operations were greatly impeded by bad weather, the
air being saturated with dust and smoke which prevented the rays from the distant lamps
being seen for many nights at a time. This state of the atmosphere lasted for 23 months and
was terminated by a violent storm which lasted three days and nights. This was the first
occasion on which the argand lamps, now in common use, were employed in India as signals.
They formed excellent objects to observe to, and were visible even at distanoes of upwards of
40 miles. By the 1st May the final triangulation had been advanced to the southern side of the
Chambal to the line Juktipura-Pagiro where further work was precluded by the heated and
dusty state of the atmosphere, and the party returned intorecess quarters.

Field operations commenced again in October 1836, Major Everest proceeding in the
first place to Kalidna near Muzaffarnagar where a small

- PERSONNEL.

Major G. Evcrest, Surveyor General and Supds. observatory was in process of erection. This point had
G. T. Survey. s :
Licutenant A, 3, Wangh, Astronomical Assistant, €€l Selected as the northern extremity of the celestial
@, Lgan E‘Z’ Jones, 1st Awistant. arc of amplitude for this section of the Great Arc; any
- Mr. W. Rosenrodo, Principal Sub-Assistant. nearer approach to the Himalaya Mountains was likely
» . N. James, * Do. . . . .
. vg ]lln[urtin,l sub.,':ssist;mt 18t Class. to lead to the observations being burthened with consi-
Baboo Radanath Siodar - Dar %% derable local attraction. Leaving this place on the 11th
Mr. B. Clarkson, Do. the march was continued southward and the ground

» o td . . o

» @ Terry, . Do. was reached about the middle of November. The esta-
» O. Mulhoran, Sub-Assistant 3rd Class. . . . . . , : . .

w J. Nicolson, Do. blishment was then divided into two parties, one being

Miz Mohsin, Do. placed under Lieutenant Waugh, to whom was assigned

Troughton’s instrument with instructions to work southward from the side Juktipura-Pagiro,
and the other proceeding with the Surveyor General to the base Gugubéra-Nimdént. The
junction with the Sironj base measured with the chain in 1824 was effected by the 1st of
Eebruary, besides which at several stations of the old work the angles were remeasured with the
large theodolites. Major Everest then started for Kalisna, leaving Lieutenant Waugh with four
parties to observe simultaneous vertical angles, the results previously obtained having been
rendered unreliable from the effects of terrestrial refraction, for most of the stations were so
situated with reference to one another that they were only mutually visible at the time of
maximum refraction or a little before and after that. time,

The tertination of the triangulation shewed a discrepancy of 3-3 feet between tho
length of the base as measured with the chain in 1824 at Sironj and as deduced by the triangu-
lation from that at Dehra, which as before said had been recently measured with the *compen-
sation apparatus.” The discrepancy being so large it was decided that the base should be
remeasured during the next field scason with the compensation apparatus,
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The triangulation connecting the two base-lines was completed by the 8th June 1837
as to the horizontal angles. But some of-the vertical angles remained to be observed, from
Aring northward ; they were measured by Lieutenant Waugh, Lieutenant Jones, Mr. Logan
and Mr. James, and the instruments supplied them for the purpose had vertical circles 12 inches
to 18 inches in diameter. The observations were made simultaneously with the expectation
that they would be equally affected by refraction, but it was soon found that the laws of
terrestrial refraction were as yet far from having been discovered. The subtended angle, which
is half the difference of a pair of reciprocal vertieal angles, should, if the refraction at both
stations were the same, remain a practically constant quantity, however much the amount
of the refraction might vary. Far from this being the case however the subtended angles in
many instances were frequently found to vary between limits far exceeding those of the
errors of observations, thus showing that the reciprocal vertical angles were not equally
affected by refraction though observed simultaneously.

In October 1837 Lieutenant Waugh proceeded to measure the Sironj base-line with
the compensation apparatus, this duty having been entrusted to him by Major Everest who was
prevented by illness from personally superintending the measurement. The base was complet-
ed on the morning of the 18th January 1838 and the result shewed a difference from the value
deduced by the triangulation from the Dehra Diin base of six inches or about one inch per mile,
which considering that the Sironj and Dehra bases are separated by nearly 450 miles is a
satisfactory proof of the accuracy with which this section of the Great Archad been executed,
and proves conclusively that the discrepancy with the chained value of the base arose, as
had been anticipated, from the errors to which chain measurements are liable.

In the year 1865 steps were taken to strengthen what had up to that time been the
weakest portion of the northern section of the Great

PERSONNEL. . . . . . A
Licutenant H. Trotter, R.E., 1st Assistant. Are, viz., the chain of single triangles crossing the diffi-
e ¥ W, Macdougall Sub-assistant 5vd Class,  ©ULt Delt of plains between Delhi and the Sewalik hills.
Bam Chund, Native Surveyor. New stations, Tetaora, Baraodh and Bigpat were added

and connected with the original stations, and three stations Chandipahér, Ghandiél and
Mehesari, of the Budhon Meridional Series, were also connected with the contiguous stations
of the Arc, and the triangulation was thus converted into a compound chain forming a
hexagon and double polygon. The observations were taken by Lieutenant Trotter who
worked at first under the superintendence of Lieutenant Herschel R.E.

W. H. COLE.
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GREAT ARC MERIDIONAL SERIES,

DESCRIPTION OF STATIONS.

e OO

(V). Bhaorésa Hill Station (for description see base-line figures).
(VI). Péardho Hill Station (for description see base-line figures).

I. Handiapiro Hill Station, lat. 24° 26', long. 78° 3/, is built on a long range of table-
topped hills, running north and south, and is on lands subject to the village of Jaklon;
pargana Magaoli of the Gwalior territory. The circumjacent villages, with their distances
and bearings, are—Jaklon and Nandenkhera about 2 miles E.; Harokheri 3 miles 8.;
Thamasa and Khar about 2 miles W.; and Bhansa Kheri about 8 miles N.N.W.

The pillar is solid, 4 feet in diameter and 7 feet high. It has a mark-stone at top, another at bottom
and a third between them, each having a circle and dot ©® engraved on it.

II. Daiddhari Hill Station, lat. 24° 88’,long. 77° 42’, is situated on a low detached hill
in the Gwalior territory. On the eastern brow of the hill stands the village of Daiddhari, well
known in those parts as being the residence of a Mahant, or high priest, and a horde of
Sanyéisis. The adjacent places, with their distances and bearings, are—the Mahant’s building
a few hundred yards S.E.; Sadhora, a town, about 4 miles 8.W.; the large village and fort of
Puchar about 6% miles S.E.

The pillar is solid, 4 feet in diameter and 5 feet high. It has a mark-stone at top and another at
bottom with a circle and dot © engraved on each.

III. Hatidpahdr Hill Station, lat. 24° 49', long 77°57, is built on a commanding
eminence which rises above the ridge of flat hills lying about 2 miles S.W. of the large town
of Isigarh in pargana Isigarh of the Gwalior territory. The circumjacent places, with their
distances and bearings, are—Jamdela village about 3 miles S.E.; Amjera vﬂlage about 2 miles
8. ; Dhakoni village about 5 miles S.W.

The pillar is solid, 4 feet in diameter and 4 feet high. It has a mark-stone at top, another at bottom
and a third between them with a circle and dot © engraved on each.

IV. Pahérgarh Hill Station, lat. 24° 56’, long. 77° 44/, is built on the highest point of
a flat sandstone ridge, on the S.E. extremity of which stands the ruined village of Pahérgarh
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in the Gwalior territory. The circumjacent villages, with their distances and bearings, are—
Barodia about 1 mile 8.E.; Piraot 2 miles N.E~; and Mangrora about 1 mile N.W.

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

V. Barkheri Hill Station, lat. 24° 58’, long. 77° 29’, stands on the highest point of a
low mass of hills in the Gwalior territory. The ruined village of Barkheri, from which the
station takes its name, is distant about 1 mile to the S.E.; that of Chandona about 3 mlles to
the N.E, and the fortress of Bijrawan about 4 miles N.

The pillar is solid and 4 feet in diameter. It has a mark-stone at top and another at bottom.

VI. Nimdént Hill Station, lat. 256°3’, long 77° 55', is situated on a hill so called at
the eastern extremity of a range of flat topped hills; pargana Ranod, of the Gwalior territory.
The circumjacent places, with their distances and bearings, are—the town and fort of Ranod,
well known in those parts, about 2 miles N.; Bara Pahéro village about 13 miles E.; Chota
Pahdro village about 13 miles 8.E. ; Karila village about % a mile N.N.W.

The pillar is solid, 4 feet in diameter and 5 feet high. It has four mark-stones, one at top, another at
bottom and two others between them marked with circles and dots ©.

VII. Gugubdra Hill Station, lat. 25°12’, long 77° 87’, stands on the ruins of a village
of that name situated on the summit of a hill, which is one of a low flat sandstone range;
pargana Koldras of the Gwalior territory. The adjacent places, with their distances and
bearings, are—the large fortified town of Koldras about 23 miles N.E. ; the hill fort of Akawal
about 24 miles S., and that of Rai about 8 miles W,

The pillar is 4 feet in diameter and 5 feet high, the lower mark being engraved on the rock in situ.

VIII. Mao Hill Station, lat. 25°17, long. 77° 56, is situated on a detached flat-topped
hill, surrounded on all sides by a low ridge of highlands covered with dense khair jungle ;
pargana Kenwai of the Gwalior territory. To the westward of the station flow two rivers the
_Aer and Sind, which unite their waters opposite to the town of Kenwai. The circumjacent
places, with their distances and bearings, are—the fort and town of Kenwai about 3 miles
N.W.; the small village of Mao about 1 mile W. ; the village and fort of Kundulpur situ-
ated on the ridge about 2 miles W., and the village of Mach Mor about 3 miles 8.

The pillar is solid and 6 feet high. It has two mark-stones, one at top, the other at bottom marked
as usual.

IX Mamoni Hill Station, lat. 25° 31, long 7'7° 44/, is situated in the Gwalior territory
on an elevated point on the eastern border of an extensive table-land in which the river Par-
bati takes its rise. The almost ruined village of Mamoni is about 2 miles 8., and the canton.
ment of Seepmee, about 7 miles in the same direction. ,

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

X. Shergarh Hill Station, lat. 25°35’, long 77° 58’, is situated in the Gwalior territory
on a lofty isolated sandstone hill, which is an outlier of the Bindrichal range, running a
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little to the west. Thesides of the hill are steep and rugged, and covered with dense jungle.
The ruined fort and village of Shergarh lie 2 miles north in the plains, and the town of
Narwar is 4 miles distant in the same direction.

The pillar is solid and 6} feet high. It has & mark-stone at top and another at bottom.

XI. Kesri Hill Station, lat. 25° 47, long. 77° 48', situated in the Gwalior territory,
is built on an eminence of the range, which forms the southern boundary of the Parbati valley.
The upper road from Gwalior, vid Seepree, to the Deccan skirts the Kesri hill. The ruined
village of Kesri lies about 1} miles to the south, and the large village of Gopilpur about 4-8

miles S.W.

The pillar is solid and marked in the usual manner.

XII. Dhobéi Hill Station, lat. 25° 56, long. 78°2’, is situated in the Gwalior territory
on the eastern edge of the Bindréchal range of hills, which here commands an extensive view
of the plains of Bundelkund. The village of Dhobéi stands on the plain at a distance of about
14 miles to the S.E., and that of Karaia 4'1 miles S.S.E.

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

XIII. Din Hill Station, lat. 26°1’, long. 77° 51’ is situated on a lofty detached and
densely wooded hill locally called Daotora in pargana Raint of the Gwalior territory. The
circumjacent places are as follows :—The village of Din, 14 miles N.E. ; the fort of Raint, about
2% miles S.E.; and the town of Doa, famous for its iron works, 6'5 miles N.E.

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

XIV. Chilwéni Hill Station, lat. 256° 58’, long. 77° 34/, is situated on the highest point
of an extensive flat-topped ridge, in pargana Gaswani of the Gwalior territory. The village,
within the lands of which the station is situated and whence the name of the station is derived,
is about % of a mile to the N., and that of Dongarpur about 1 mile to the 8.

@ The pillar is solid and 6 feet high, It hasa ma.rk-si;one at top, another at bottom and a third between
em.

XV. Réeptr Hill Station, lat. 26° 8, long. 78° 7', is situated on a lofty conical peak
of the Bindrdchal range surmounted by a Hindoo temple and isin the Gwalior territory. The
station commands a good view of the town and fort of Gwalior, which lie about 9% miles to
the N. E.; the village of Réepir is distant 1} miles S.W.

The pillar is solid and marked in the usual manner.

XVI. Juktipura Hill Station, lat. 26°12’, long. 77° 81’, is built on the eastern extremity
of aridge of elevated land, known as the Sabalgarh range, situated in pargana’Sabalgarh of
the Gwalior territory. The circumjacent places, with their distances and bearings, are—the
small village of Juktipura about 1 mile N.W.; the town and fortress of Sabalgarh about 6
miles N.N.W.; Jelulpur .village about 1 mile 8.E., and Tailori about the same distance 8. W.

The pillar is solid. It has a mark-stone at top and a mark engraved on the rock #n situ.
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XVIL. Pagéro Hill Station, lat. 26°16’, Jong. 77° 54, is situated in the Gwalior terri-
tory on the highest point of a cluster of bluff peaks in the neighbourhood of the small village
from which the name is derived. A high temple, dedicated to a Hindoo deity, is close to the
station to the N.N.E. The adjacent villages, with their distances and bearings, are—Dararo
about 1 mile N.W., and Basai about 3 miles S.W.

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

XVIIL. Gurjipahdr Hill Station, lat. 26° 29, long. 77° 36’, is built on an extensive
range of hills running east and west, and overhanging the northern bank of the Chambal river.
The station is in the Dholpur district. The circumjacent villages, with their distances and
bearings, are—Gurjd, a small village about # of a mile N.; Sewar and Pali about 33 miles
8.E. ; Madanpur, Bejoli and Barwar, to the west, situated in the Keraoli district.

The pillar is solid and 8} feet high. It has a mark-stone at top and a mark engraved on the rock
o situ.

XIX. Nindar Hill Station, lat. 26°18’, long. 77°18’, situated in the Keraoli district is
built on a high isolated hill of sandstone. A lofty range of sandstone, stretching N.E. and
S.W., passes about 6 miles to the north of the station. The surrounding country is much inter-

sected by ravines, a feature peculiar to all the land bordering on the Chambal river. The fort
of Mandrel, on the banks of the Chambal, bears 3 miles S.W.

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

XX. Dholpar Hill Station, lat. 26° 39, long. 77° 52/, is situted in the Dholptr district
on a conspicuous part of the range of hills known as the Kéldpahér range, and on which also
stands the station of Gurjipahédr. The town of Dholpir lies about 5 miles to the N.E., and
the cantonment of the Réna of that place is about 4 miles directly N. of the station.

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

XXI. Méchi Hill Station, lat. 26° 33’, long. 77° 6, situated in the Keraoli district, is
built on a low sandstone range, forming the northern boundary of the Keraoli valley. The

station is approached on the northern face of the hill by an easy ascent. The town of Keraoli,
lies about 8 miles to the S.E.

The pillar is solid. 1t has a mark-stone at top and another at bottom.

XXII. TUsira Hill Station, lat. 26°57’, long. 77° 40’, is situated in the Agra district, on
a shelving range of rocky hills, running N.E. and 8.W. The circumjacent villages, with their
distances and bearings, are—Khand about 2 miles N.N.E.; Kheri about 1 mile N.N.W,, in
pargana Ripbis, of the Bhartptr territory; Usira, close under the station to the W.; Nagla
about 1 mile S., in pargana Jagner.

The pillar is solid and 4} feet high. It has a mark-stone at top and a mark engraved on the rock
n sitw. .

XXIII. Dimdima Hill Station, lat. 26° 54/, long. 77° 18/, issituated in the Bhartpir
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territory, on a high range of sandstone, and is distant about 2 miles 8. of the village- after
which it is named. The adjacent places, with their distances and bearings, are—the town
of Biana, at the foot of the hill, about 24 miles E.; the hill fort of Indargarh, on an out-
lying portion of the range, about 2 miles 8.

The pillar is solid. It has a mark-stone at top and a mark engraved on the rock ¢n situ.

XXIV. Madhoni Hill Station, lat. 27° 14/, long. 77° 28, situated in pargana Bhart-
pir of the Bhartptr territory, is built on a sandstone ridge 8 miles N.W. of the celebrated
fortress of Bhartpir, of which it commands as good a view as can be obtained at that
distance, The station is named after the nearest village.

The station is denoted by a stone imbedded in the ground and marked in the usual manner.

XXV. Alipar Hill Station, lat. 27°9’, long. 77°2/, is built on a lofty hill, locally
known as Kéldpahdr, and situated in the Bhartptr territory. On the summit of the hill
stands a Hindoo temple, which forms a remarkably conspicuous object. The village of Alipir
is at the foot of the hill.

The pillar is solid. 1t has a mark-stone at top and another at bottom.

XXVI. Rasfa Hill Station, lat. 27° 26’, long. 77°13’, stands upon a spine of quartz
rock which rises to a height of 500 feet above the surrounding plain, which is well culti-
vated. It isin pargana Nagar of the Bhartptr territory. On the summit of the hill, a
few yards west of the station, stands a Hindoo temple. The circumjacent places, with their
distances and bearings, are—Rasfa village, at the S.W. foot of the hill; Kumber, 15 miles
to the S.E., and the fortress of Deeg about 10 miles E.N.E.

The pillar is solid and marked in the usual manner.

XXVII. Ladpuar Hill Station, lat. 27° 30’, long. 76° 51', situated in the Alwar district,
is built on a peak of remarkable outline, which is an out-lying portion of the great sandstone
range on which the station of Meoli stands. The station commands a good view of the plain
on which the batttle of Liswéri was fought. The circumjacent places, with their distances and
bearings, are—the village of Ladpitir at the northern foot of the hill; the hill fortress of
Alwar 147 miles N.W.; Ramgarh fort 51 miles N., and the field of Liswari 7'5 miles
N.E.

The pillar is solid and marked in the usual manner.

XXVIII. Chapra Hill Station, lat. 27° 44/, long. 77°3’, situated in pargana Feroz-
pur Thir of the Gurgaon district, is built on a range of hills forming the eastern boundary
of the village of Ferozpur. The clrcumJa,cent places, with their distances and bearmgs, are—

the village of Chapra, about a mile S.E.; Gato village, 1 mile N., and the town and fort of
Ferozpur about 4 miles N.W. of the statlon

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

XXIX. Ménptr Hill Station, lat. 27° 38', long. 77° 24/, is built on a low sandstone range -
of hills in pargana Chata of the Muttra district. Thecelebrated templesof Barsana and Nandgaon
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are to the N.E. of the station, the former at a distance of 1'3 miles, and the latter at 5°4 miles.
The pillar is solid and 5 foet high. It has & mark-stone at top and another at bottom.

XXX. Aring Station, lat. 27°29’, long. 77°84/, is on the vaulted roof of an old
castellated building within a mud redoubt. A well or hollow cylinder of masonry was erected
on the upper roof surmounted by a circular slab of sandstone. The building stands on a
mound which is about 25 feet higher than the surrounding country, in pargana Aring of the
Muttra district. The circumjacent villages are—Aring, -close to the station to the south;
Ral 556 miles N. E., and Govardhun about 4 miles W. N. W, .

The station is 32 feet high and is marked by a stone sunk endwise into the ground floor of the
building, the roof of each storey being pierced above it.

XXXI. Pdhera Tower Station, lat. 28°3’, long. 77°20’, is built on a very low sand-
stone rock cropping out of the plains, in pargana Hatin of the Gurgaon district. Theadjacent
villages, with their distances and bearings, are—Gharab 1‘1 miles S. W., and Atin 3 miles

W.S.W. '
ground floor.

XXXII. Meoli Hill Station, lat. 28° 8’, long. 76° 69’, is situated on the table-land of the
great sandstone range on land belonging to the Tijara R4j4, in pargana Noh of the Gurgaon
district. About a mile to the north of the station are several domed buildings belonging to
the neighbouring village of Indor, and about half a mile N. W. of these is the fort of Indor.
The adjacent villages are—Meoli about 2 miles east from the foot of the range, in pargana
Noh, and Bai at the very foot of the hill.

The pillar is solid and 13} feet high. It has a mark-stone at top and another at bottom.

XXXIII. Noh Tower Station, lat. 27° 51’, long. 77° 41, is built within a mud
redoubt bordering on the low lands of the Jumna, and is situated in pargana Mat of the
Muttra district. The circumjacent villages, with their distances and bearings, are—Dhanota
about 8 miles N.W.; Mitholi 6'9 miles N., and Mubé4rakpur 1-7 miles N.W.

The tower is hollow and 60 feet high, 1t has a mark-stone in the ground floor.

XXXIV. Karaol Tower Station, lat. 28°10’, long. 77° 36, is built on the mound of a
ruined redoubt, situated within the village of that name, in pargana Khoorja of the Booland-
shahar district. The river Jumna flows within a quarter of a mile to the west of the station.
The circumjacent villages, with their distances and bearings, are—Jewar 32 miles 8.8.W.;
Begamabad 0'9 miles N.; Difnatpur 1'4 miles N.E., and Chandat, 6'9 miles S.W.

Thedower is hollow and 50 feet high. 1t has a mark-stone in the ground floor.

XXXV. Dehri Hill Station, lat. 28° 25, long. 77°15’, stands on an extensive flat of
sandstone in pargana Balabgarh of the Delhi district. The small village after which the
station is named is distant about 2 miles N., and a fakir'’s hut and tank<about 1 mile W.
The Kutub lies 7°9 miles N.N.W. .

The pillar is solid and 6 feet high. It bas a mark-stone at top and another at bottom.

A hollow tower 40 feet high is built over the station mark which is denoted by a mark-stone in the
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XXXVI. Chandaos Tower Station, lat. 28°5’, long. 77° 54/, is built on a high bank
of accumulated sand about 400 yards from the village of that name, in pargana Khyr of the

Allygur district. The adjacent villages are—Umri 5°9 miles 8.W., and Elampur 2'4 miles

N.W.
The tower is hollow and 40 feet high. It has a mark-stone in the ground floor.

v XXXVII. Boolandshahar Tower Station, lat. 28° 24/, long. 77° 54/, is situated on the
vaulted roof of an old mosque, upon the highest part of an elevated mound within the city of
that name, and which gives its name to the district. The height of the building is 14 feet.

The station is denoted by a mark-stone sunk in the ground floor of the building.

XXXVIII. Bostin Tower Station, lat. 28° 31', long. 77° 33, is built on the high bank
which bounds the bed of the river Jumna to the east in pargana Dadri of the Boolandshahar
district. The adjacent villages are—Garabpir 3'9 miles N.-W., and Dadri 3'5 miles N.E,

The tower is hollow and 50 feet high. 1t has a mark-sione in the ground floor.

XXXIX. Pirghaib Tower Station, lat. 28° 41’,long. 77° 15’, is in the Delhi district, and
situated on the dome of a small dargah, or shrine, of a Mahomedan saint, from which it takes
its name, and which is situated on a ridge of sandstone running N.E. and 8.W., between the
cantonment and city of Delhi.

The station is denoted by a mark-stone 1mbedded in the ground floor of the building 39 feet below the
upper mark-stone.

XL. Datairi Tower Station, lat. 28° 44/, long. 7'7° 41, is situated about half a mile SiE.
of the village of that name in pargana Gazeeabad of the Meerut district. The circumjacent
villages are—XKalchina 46 miles N.W.; Nal 5:8 miles S.W., and Pilkua about 1'56 miles 8.8.E.

The tower is hollow and 50 feet high. It has a mark-stone in the ground floor.

XLI. Dhaolri Tower Station, lat. 28° 55’, long. 77° 81, is situated on shghtly elevated
ground near the village of that name in the pargana and district of Meerut.
The tower is hollow and 50 feet high. It has a mark-stone in the ground floor.

XLII. Bégpat Platform Station, lat. 28° 56, long. 77° 16’, stands on an old brick-kiln,
situated just outside the N.W. corner of the city of Bagpat, in pargana Béigpat of the Meerut

district.
The pillar is solid and 10 feet high. 1t has a mark-stone at its upper surface.

XLIII. Baraodh Tower Station, lat. 29° 4, long. 77° 22, is built on level ground near
the village of that name in pargana Baraodh and tahsil Bigpat of the Meerut district.,
The pillar is perforated and 26 feet high. It has a mark-stone in the ground floor.

XLIV. Saraoli Tower Station, lat. 29°10’, long. 77° 34/, is situated in pargana Sirdhana
of the Meerut district. The circumjacent places, with their distances and bearings, are—the
town of Sirdhana 59 miles E.; Chur village 1'5 miles N. N E.; Gotka village 0'7 miles
S.8.w., andPa.r31v1]1agel6m11esW

The tower is hollow and 50 feet high. It has a mark-stone in the ground floor.
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XLV, Saini Tower Station, lat. 29°2’, Ibng. 77° 50, situated in the village of that name,
is built on a very high mound of mud and broken bricks, said to be the remnants of a ruined
redoubt, in the pargana and district of Meerut. The Meerut church is 54 miles S.W.
of the station.

The tower is hollow and 50 feet high. It has a mark-stone in the ground floor.

XLVI, Titaora Tower Station, lat. 29° 14/, long. '77° 47, stands about half a mile east
of the Grand Trunk Road, and is distant about # of a mile N. of the village after which it is
named, in pargana Jansuth of the Muzaffarnagar district.

The pillar is perforated and 30 feet high. 1t has a mark-stone in the ground floor.

XLVII. Begarazpir Tower Station, lat. 29° 23’, long. 77° 44/, is built on a mound of

. sand not far from the Grand Trunk Road, in pargana Khataoli of the Muzaffarnagar district.

The circumjacent places are—Muzaffarnagar, a town, about 5 miles N.; Begarazpur village
09 miles N.W.; Jaroda village 1'8 miles N.N.W., and Mansurpur village 2'8 miles E.

The tower is hollow and 50°5 feet high. It has a mark-stone in the ground floor.

XLVIII. Sheoptri Tower Station, lat. 29° 19’, long. 78° 2/, is built on an elevated
mound, apparently the site of a ruined fort, standing on the high bank which bounds the bed of
the Ganges on the west. It is in pargana Bhooma Sumbulhera of the Muzaffarnagar district.
The adjacent villages, with their distances and bearings, are—Sheopri about half a mile W,
and Mirapur about 8 miles S.W.

The tower is hollow and 405 feet high, It has a mark-stone in the ground floor.

XLIX. GodhnaTower Station, lat. 29° 37’,long. 77° 57, is built on the high bank which
bounds the bed of the Ganges to the west, and is distant about } of a mile to the east of the
village from which its name is derived, in pargana Poor Chapar of the Muzaffarnagar district.
The adjacent villages, with their distances and bearings, are—K4jikdpur about 4miles W., and
Thugalpur about 1} miles 8.

The tower is hollow and 50-5 feet high, It has a mark-stone in the ground floor.

L. Kalifna Observatory Station, lat. 29° 81’, long. 77° 42', is situated in the thana, tahsil
and district of Muzaffarnagar. The village of Kacholi is 0'8 miles to the N.N.E, of the
station Kasari 1'8 miles to the N.N.W., and Seid Nagla 0-7 miles to the N.W,

There are two of the usual station marks in this Observatory, with small perforated pillars about 2} feet
high built over them. The marks are 8 feet asunder, and due E. and W. of one another. The eastern station is
the point connected with the triangles, and the western station that at which the celestial observations for latitude

were taken.

LI. Dahera Tower Station, lat. 29° 38’, long. 77° 89’, stands in the village of that name
in pargana Deobund of the Saharanpore district. The adjacent villages, with their distances
and bearings, are—Rankanda 1'6 miles N.W. ; .Kasoli 0'6 miles N.E., and Jakwala 0'9 miles

SOSQW‘
The tower is hollow and 50 feet high., It has a mark-stone in the ground floor.
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LII. Mehesari Tower Station, lat. 29° 30’, long. 78° 11’, is built on a sand ridge, about
20 feet in height, near the S.W. corner of the small village of that name in pargana Mundawar
of the Bijnor district.

The pillar is solid and 13} feet high. It has three mark-stones, one at bottom, a second 7 feet above
this and the third 5 feet higher.

LIII. Nojli Tower Station, lat. 29° 53’, long. 77° 43, is situated 0'4 miles 8. of the
village of that name in pargana Heroura of the Saharanpore district. The adjacent villages,
with their distances and bearings, are—Pander 1 mile N., and Barapur the same distance N.E.

The tower is hollow and 50 feet high. It has a mark-stone in the ground floor.

LIV. Chéndipahdr Hill Station, lat. 29° 55’, long. 78° 14/, is situated on the highest
part of the hill facing the town of Hurdwar, a noted place of Hindoo pilgrimage, in thana Négal
of the Bijnor district. On a peak about half a mile north of the station stands a conspicuous
Hindoo temple. The river Ganges flows to the west of the station, at a distance of about a
mile.

The platform is solid and 6 feet high. It has a mark-stone at top and another at bottom.

LV. Doiwéla Hill Station, lat. 30° 7', long. 78° 4/, is situated on a peak of the Sewalik
range of hills which separate the Dehra Dhoon from the plains of the Doab. The station isin
the district of Dehra Dhoon. The nearest habitable place is the village of Doiwéla, which lies
about 7 miles in a direct distance N.E. of the station.

The station is denoted by a mark-stone imbedded in the ground.

LVI. Ghandisl Hill Station, lat. 30° 13, long. 78° 28, is built on a hill of that name
which stands in the fork formed by the junction of the Bhagarati and Haidl rivers, and is in
the territory of the Teeree R4ji. The principal road from Teeree to Hurdwar passes about 3
miles from the station. The village of Adwani is about 5 miles distant.

The pillar is solid and 2'6 feet high. It has a mark-stone at top and another at bottom.
(X). Banog Hill Station (for description, see base-line figures).
(XI). Amsot Hill Station (for description, see base-line figures).




12—4.
NOTES RELATING TO THE MUTUAL VISIBILITY OF THE STATIONS.

Aring Station.—The Noh heliotrope was visible only late in the evening and early in the morning.
Pihera Station.—The Ménpir and Noh heliotropes were visible only in the evening and in the morning.

Nok Tower Station.—The Karaol heliotrope was visible only late in the evening and early in the morning.
The Chandaos heliotrope was visible nearly the whole day.

Karaol Tower Station.—The Boolandshahar and Noh heliotropes were never visible.
Chandaos.—The Boolandshahar heliotrope was only visible morning and evening.
Boolandshahar Tower Station.—The Karaol heliotrope was only once seen, late in the evening.

Bostdn Tower Station.—The Boolandshahar heliotrope was only visible late in the afternoon and early in the
morning.

Pirghaib Tower Station.—The Dhaolri heliotrope was only visible morning and evening.

Datairi Tower Station.—The Boolandshahar heliotrope was only visible late in the afternoon and early in the
morning. The Pirghaib heliotrope was never seen.

Dhaolri Tower Station.—The Saini heliotrope was only visible late in the afternoon and early in the morn-
ing. The Pirghaib heliotrope was rarely visible and then only late in the
afternoon.

Saini Tower Station.—The Begarazpdr, Sheopiri and Datairi heliotropes were only visible late in the after-
noon and early in the morning. The Dhaolri heliotrope was never seen.

Begarazpir Tower Station.—The Dahera, Kalidna and Godhna heliotropes were only visible morning and
afternoon. The Saini heliotrope was never seen.

Sheopiiri Tower Station.—The Saini heliotrope was only visible late in the afternoon and early in the
morning.

Godhna Tower Station.—The Nojli, Kaliina, Dahera, Begarazpir and Sheopiri heliotropes were only visible
during the morning and afternoon.

Kalidna Observatory.—The Godhna heliotrope was only visible late in the evening and early in the morning.
Dahera Tower Station.—The Nojli heliotrope was only visible in the morning and afternoon.
Nojli Tower Station.—The Godhna and Dahera heliotropes were only visible in the morning and afternoon.
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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 each station were taken, the
deficiency has been supplied in the column headed “Observer” in which E. stands for Major Everest, W. for
Lieut. Waugh and T. for Lieut. Trotter. The instruments used by the several observers were Barrow’s 36-inch
Theodolite by Major Everest and Lieut. Trotter, and Troughton and Simms’ 36-inch by Lieut. Waugh.

It has become customary in modern times to erect a sguare protecting pillar at Principal 8tation 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 not protected in
the manner described are indicated by + .

=
3
§ No. Local name District Pargana &c. Village Remarks
(S
E|M ) .
Visited by Lt- C. Strahan
e R.E. of the Topographical
g - Survey in 1870 and report-
P ed by him to be in good
» (7D 3 | order:
» |1 e )
, | III = g
5|1V £
v - e 3
” oxn
» | VI - 0 2
e | VII £
W.| VIII g*
» |IX SS
. | X :.g Visited by Mr. L. H.
» | XI ® g | Clarke of the G.T. Survey
” X1 58 in 1868 and left by him in
| X1 28 good repair.
< | X1V 84
”» )94 (=4
» | XVI §‘
» | XVII
» | XVIII 2
» | XIX b
»” §§1 Dholpur Bhartpur State | Dholpur P. Dholpur
» | XXII | Usira hill Bhartpur State | Ripbds P. | Between Usira Damaged by lightning in
— ion P and Kherdjat 1870. ,
n Kirkari Menda » Biéna P, Dimdima Visited by Mr. L. H.
» |XXIV | Madhoni hill " Bhartpur P. pszwﬁnﬁim&  Clarks of tggl' G.T Survey
. in and left by in
» | XXV Kélépahér » 'Akbegarh P, Bgmen Jurl;l uf ‘ good repair.
» | XXVI | Rasfa'hill » Nagar P. Rasta
» | XXVII |Lidpur Alwar State | Rémgarh Lidpur
» | XXVIII | Chapra hill Bhartpur State | Puhari P. Between Chapra
and Chinan

P. stands for Pargana and Teh, for Tehsil,
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g |

5 No. Local name District Parghna &c. Village Remarks

5

W. | XXIX Mattra Chata P. Between Ménpur

and Dhowara

» | XXX ” Arxing P. Aring

» | XXXI

» | XXXII

E. | XXXIII Mattra M4t P. Naujhil

» | XXXIV Bulandshahr | Khurja P, Bahibnagar or

, Karaul
W.| XXXV Debli Police Station | Dehra
Mehroli
E. | XXXVI [Minfr Chandaus| Aligarh (Allygurh) Clgxl;daus IL., Chandaus Mark-stone missing.
air Teh. :
» | XXXVII Bulandshahr ‘Destroyed and a Tehsil
: built on the site.
» | XXXVIII » Dédri P. Grulistén
W. | XXXIX+t Dehli Police Station | Dehli On visiting this station in
No. 6. (Sabzi- 1866 Lieut. Trotter found
mandi) the lower mark-stone re-
moved, and replaced it by
another with a circle and
dot engraved on it, the dot
being under the centre of
the aperture in the large
slab of stone on which
A the Instrument originally
: rested. '

E. | XL Mirat (Meerut) | Jaldlabad P. | Doihri

W. | XLI ” Mirat P. Dhaulri

T. | XLII+ » Béghpat Béghpat Fallen down.

» | XLIII4 » Baraudh P,, Baraudh

Baghpat Teh.

E. | XLIV . » Sardhana P. | Sarauli A portion of the copper
bolt in the ground floor
mark has been removed,
a part remains with a
mark on it.

» | XLV »” Mirat P. Saini

T. | XLVIt Muzaffarnagar | Jinsath Teh. | Titaura Mark-stone reported miss-
ing, Report doubtful.

E | XLVII . » » Begarazpur The copper bolt and half the
stone have been removed.

» | XLVIII » " Sheopuri

» | XLIX » Muzz;.lﬂ'arnagar Godhna

Teh.

» | Lt . » » Kalidna

» | LI . Sahéranpur | Deoban P. Dahera Mark-stone holes empty. -

T. | LII Bijnaur Manddwar P. | Mahesra Nagla

E. | LIII Saharanpur | Harraura P. | Nojli Do. do.

. T. | LIV L Chandi Bijnaur Najibabad Teh.| Chandi Platform considerably dam-
aged by alandslip one side
ot the pillar has given way.

E |LV¢ Bildw4la Forest| Dechra Eastern Din | Bildwéla Forest :

T. | LVIt Tiri or foreign |Sukniana P. | Pujirgéon -

Garhwil

E. [ (X) Tibba Banauri Dehra Western Diin | Mastiri

» | (XI}¥ { Timli Forest 9 » Timli Forest Platform considerably dam-
aged on the west and

. south sides.
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