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THE OPERATIONS OF THE

IIN 1874-75.

The following is a summary of the several operations of the present

year, given in the order in which they will be found deseribed in this report.

I.
II.

II1.
Iv.

V.
VL

VII.
VIII
IX.

XI.
XIIL

XIII.
XIV.

XV,

Trigonometrical.
Trigonometrical,
Trigonometrical.
Trigonometrical.
Trigonometrical.
Topographical.
Topographical.
Topographical.
Topographical,
Spirit Leveling.
Tidal.

Geodetic.

Geographical.
Computing Office.

Cartography.

The R4mndd Longitudinal Series ; Parallel 91°. ...
The Operations in the Assam Valley.

The Secondary Triangulation in Burmah.

The Eastern Frontier Series, Burmah.

The Jodlupir Servies; Meridian 721°.

The Survey of Kattywar.

The Survey of Guzerat.

The Surveys in Dehra Dn and the Siwaliks.
Himalayan Surveys in Kumaun and Garhwal.
In the Madras Presidency.

Determinations of Mean Sca-level.

Electro-telegraphic determinations of Difference
of Longitude.

Trans-Himalayan Explorations.

and publication of }

J

Examination, final reduction
the Obscrvations.

Preparation and publication of various Charts
and Maps.

GREAT TRIGONOMETRICAL SURVEY OF INDIA

Described at poges
of the

Repart. | Appondix.
6) | 83—
® | 18—,
M | 24,
® | 20_,
@ | 26_,
(10) 28,
o) | 33_,
v | 42_,
(13) | 46_,
(13) 50__,
4) | B1_,
1) | 56_,
@1) | 58_,
24) | 69_,
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(2.) The operations carricd on during the year under review have pro-
duced the following out-turn of work;—of Prinecipal Triangulation, with the
great theodolites of the Survey, 89 triangles, covering and area of 6,416 square
miles, and disposed in chains which, if united, would extend over a direct length
of 297 miles, and in connection with which 2 astronomical azimuths of verifica-
tion have been measured ;—of Seccondary Triangulation, with smaller theodo-
lites, an area of 4,049 square miles has been closely covered with points for the
topographical surveys, and an area of about 6,000 square miles has been operated
in pari passw with the principal triangulation ;—of Topograplical Surveying, an
area of 2,176 square miles has been completed in the Himalayas, on the scale of
one inch to the mile, and areas of 2,141 square miles, on the two-inch scale, and
1,208 square miles on the four-inch scale, in the course of which 2,026 linear
miles of boundary and check lines have been traversed ;—and of Geographical
Explorations, much valuable work has been completed, on the Northern Frontier
of Afghanistan, and on the lines from Laddkh to Lhdsa, and Lhésa to Assam.

(3.) The principal triangulation has been executed with the great theo-

dolites, whose azimuthal circles have a diameter Probable 1 G - —
: - " robable comctricnl | & &
of 24 inches, and are read by b equidistant mi- Ervors of Ob- | Errors of | 5/
croscopes. The average theorefical probable | g perved Anglas. | Triangles. %3
error of the angles, and the average geometri- il 05 (s8] £ |28
cal error, of the triangles—the amount by 500§ 8] 8 |Z.
which the sum of the three observed angles of 2| 4 |2]| § |=5
each triangle differs from 180° + the spheroid- L |10s]+0%17 | a2 | 065 [Plaine.
al excess—are shown in the table given in the )
margin. The number of parties employed on | ™ | %6 #1948 Hils
the principal triangulation—which was origi- V. 84| 16|28 o,
nally fixed at six, but had by last year been —
reduced to four—has this year been reduced |Aversges,..| .. |+0"18 051
to three, the party employed on the Bralma-

putra Meridional Series having heen transferred, on the completion of that chain
of triangles, to undertake secondary triangulation in Burmak.

(4.) The financial administration of the Department during the present
year has been exceedingly difficult and embarrassing. A large increase of ex-
penditure had been occasioned by the introduction of the system of consolidated
salaries, which was effected in 1874, under the anticipation that the increase
might be met by ‘savings in other quarters’; these savings have turned out to be
illusive, and a further increase of expenditure has been incurred by the resump-
tion of operations in Burmal, where almost every description of work is very
much more expensive than it is in India proper. The orders and instructions
for giving effect to the above measures were followed very speedily by orders for
large reductions of expenditure; the latter could not be immediately carried out
without keeping a large portion of the establishment of officers and surveyors
unemployed ; they are now to be gradually carried out within the next three
years, by the stoppage of promotions, and a reduction of numbers as vacancies
occur by death, retirement, or transfer to other Departments,

(6.) I mow proceed, as usual, to report on and give an abstract of tho
operations of the several Survey Parties and Offices. Further details will be
found in the Extracts from the Narrative Reports of the Executive Officers given

in the first appendix; and a full account of the Trans-Himalayan Explorations
will be met with in the second appendix.
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NO. I.—TRIGONOMETRICAL.

THE RAMNAD LONGITUDINAL SERTES; PARALLEL 94°.

(6.) The operations for the revision of the portion of t_he Great Arc which
lies to the south of Bangalore having been completed,
_ uonsowusn as stated in my last Report, the Madras party was
o \Tojor B. R. Branill, Dy. Supdt.20d g0 huted to commence the R4mnad Longitudinal Se-
Mr. @. Belchom, Surveyor 4th Grade.  yjeg, which is to trend east-wards from the Great Arc
let"(}rgci:). Potter, Assistunl Surveyor on the pa,rallel Of 9;!0, and had been approximately
Mr. E. W. Loseron, Aest. Burveyor  ]ajd out during the previous year.
2nd Grode. (7.) Several stations had to be built and the
rays between them to be cleared, before the final observations could be com-
menced; the series had also to be extended along the coast to the Island of
Réimesweram, with a view to the proposed connection of the Survey of India
with that of Ceylon. Major Branfill himself took in hand the completion of
the stations and rays of the first figure, and sent his assistants to build the stations
and clear the rays further in advance. He commenced the final observations on the
29th December and completed six stations by the 20th January, when, finding that
hie was likely to overtake the station-building and ray-clearing operations—which
would have brought his own work to a stand still—he left his assistant Mr. Belcham
to continue the observations and proceeded in person to direct and acceleratc the
operations in advance. It was fortunate that he did so, for the belts of _dcnse
palmyra forest, intermixed with groves of cocoanut trecs, made the selection of
stations very difficult indeed. To carry a zigzag traverse in the vicinity of each
ray through the forest was possible, but to clear the straight lines between the
stations, down to the ground level, as usual, was found to be impracticable; thus
to raise the stations to a sufficient elevation to overlook all intermediate obstacles
was the only thing to be done, although the palms grew to a considerable height,
and the ground was generally flat. By availing himself of sand hillocks, and
constructing an ingenious portable braced stand for the theodolite, and lofty
scaffolds for the signals, Major Branfill succeeded in overcoming all obstacles, so
that by the end of the first week in March the work of station building and line
clearing—to the extent of cutting down or lopping the branches of some of the
most obnoxious palms —was complete, as far as Rimnad. The observations pro-
ceeded without interruption and were brought to a close by the 1st May.

(8.) Major Branfill’s, next care was to extend the approximate series from
Rimnad to Rdmesweram, with a view to the Ceylon connection. After examining
the country, he decided, on account of the increasing density of the palm forest
and the rapid narrowing of the land, to utilize the islets of the coral reef which
lies parallel to the mainland at the distance of 4 or b miles; he thus extended
the series by a succession of quadrilaterals as far as the land’s end. Next season
the remaining portion of the triangulation to connect the Survey of India with
that of Ceylon—a sketch map of which is given in my last annual report—will,
it is to he hoped, be completed ; the work however cannot be begun before the
end of the month of January, when the violent winds of the north-east monsoon
moderate, and open boats—the only craft this Department can afford to entertain—
may ply between the islands in the Straits, to supply the signal and observing
parties with water and food.

(9.) The out-turn of field work consists of 27 principal stations fixed by 42
triangles, forming 9 polygonal figures (6 quadrilaterals and 3 hexagons) which cover
an arca of 791 square miles, entirely in the plains, and extend for a direct distance
of 90 miles from west to cast. A set of star observations for azimuth was also
taken, and 35 secondary points were fixed. I have cvery reason to be satisfied
with the vigorous manner in which Major Branfill has carricd on his operations,
and with his judicious efforts to reduce their cost, by modifying the structure of
the stations of obscrvation, so as to utilize the advantages afforded by the timber
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of the palmyra trees, as a set off against the serious difficulties presented by the
superabundance of these trees, on the ground over which he was operating.

(10.) For some years past Major Branfill has been making a collection of
the common place-names met with in Southern India, with their traditional
root-meanings and local applications. A list of these will be found in the
Appendix to this Report. Similar lists, collected from other parts of India,
would doubtless be of much value to the ethnologist and philologer, as well as to
the topographer, throwing some light on the language and history of the inhab-
itants, and even on the physical geography of the country.

NO. II—-TRIGONOMETRICAL.

THE OPERATIONS IN THE ASSAM VALLEY.

(11.) Lieutenant Harman relicved Mr. W. Beverley of the charge of this

PRROONNEL, party at Shillong, in October 1874, under instructions

Licutenant H. T. Harman, RE, that lie would be required to join the Survey Detach-
Officiating Asst. Supdt. 2nd Grade. i ie i r

e O vt o ik Gyado. ment accompanyicg the Field Force which was to be

w J.0. Hughos, Asst. Surveyor Sent into the Daphla Hills in December. Thus it was
3rd Grade. a matter of great importance that he should take the
field at the earliest date that it would be safe to do so, and mark out work for
his European assistants and Native establishment to perform, during his absence
with the military expedition. Starting from his Head Quarters at Shillong on the
3rd November, he was able to devote upwards of a month to the preliminary
operations of the triangulation in the country between the Civil Stations of
Jorhét and Dibrugarh, and to frame instructions regarding the work which
was to be carried on in his absence.

(12.) On the 12th December he reached Borpathér, the second encamp-
ment of the Field Force, and reported himself to Major Godwin-Austen, of the
Topographical Survey Department, who had been selected for the charge of the
Survey Party which was attached to the expedition. He accompanied the Feld
Force, as Assistant to Major Austen, until the 7th January, when he was deputed
to make a reconnoissance of the Ranga Valley and the hill ranges to the east of
the tracts occupied by the Force. Starting from the vicinity of North Lakhimpur,
he marched for some distance along the course of the Pans river, taking the most
direct and best line to the Daphla villages isrthe Ranga Valley, which line, though
crossing the outer hill ranges, is more open and easily traversed than the route
along the Ranga river. Even here however no roads or well trodden foot paths
were found, the country was overgrown with dense forest and jungle, and the
progress made in each day’s march was very small. It was known that no food
would be ohtainable en rounfe, and very little at the Daphla villages when they were
rcached ; supplies of food had therefore to be carried with the party, by coolies,
and their daily consumption rapidly decreased the general stock provided for all.
Thus Lieutenant IIarman was obliged to content himself with a guard of only 12
scpoys; and after reaching the Daphla villages he found thateven these men were
more than he could feed, and that he would either have to return at once with
them, »e infectd, or to dismiss them and trust himself entirvely to the people of
the country. He chose the latter alternative, and succeeded in making good
friends of the simple mountaineers; and, after completing his survey of their
country, he eventually persuaded them to take him back to Lakhimpur by the
Ranga Valley route, though at first they stoutly objected to doing so. They
represented the track as very difficult, a mere hunting track, not passable for any
man with a load, and certainly not for Assamese .coolies, whom they appear to
regard with great contempt. Lieutenant Harman found that their accounts of
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the difficulties of the route were not much exaggerated, as there were places over
which even his dog had to be carried; but latterly it appeared that the chief
objections on the part of the Daphlas to taking him by this route were causcd by
apprehensions that they wight thereby incur the enmity of their more powerful
neighbours, the Abors, and be punished by them for so doing. )

(13.) Lieutenant Harman worked right well, and showed much patience
and tact in his transactions with the semi-barbarous inhabitants of a country
which no European had ever before entered. He underwent much roughing and
exposure, and incurred many risks, but these have been repaid by the success
which has crowned his exertions. He has drawn up a very interesting account
of his own operations and of the country and people, which will be published by
the Surveyor General as an appendix to the Daphla Military Expedition Survey
Report, by Major Godwin-Austen.

(14) Lieutenant Harman had expected that his services with the Expedi-
tion would not be required fora longer period than six weeks. But it was not until
the month of March, after an absence of nearly three months, that he was able
to rejoin his own party and resume the trigonometrical operations. He then
found that the amount of progress which bad been made during his absence was
not as great as he had anticipated ; several lines had still to be cleared before the
observations of the angles could be commenced. He laboured very vigorously
to push the work forward, but found the difficulties too great to be surmounted
in the short time remaining before the setting in of the rains and the conse-
quent termination of the field season. In many places the forest was very
heavy and dense; and worse than all were the occasional patches of jheel-canes
“terribly armed with crooked thorns on every surface,” through which the native
line-cutters, with their wooden sandals and naked legs, could scarely creep without
sulfering severely, and it was found impossible to clear the lines more rapidly than
at a rate of little more than 100 yards in a day. Thus the rains had commenced
before Lieutenant Harman was able to begin final observations at the stations
between which the lines were clear; and very soon the country was flooded to
such an extent as to become impassable. Lieutenant Harman had therefore
no alternative but to quit the field and return with his party to his head
quarters, at Shillong ; he completed only two triangles, after expending an amount
of labour and exertion on his work, which would have sufficed for a long line
of triangulation in almost any other part of India; much of what was done
will however be of futurc value, and tend to expedite the operations of the next
ficld season,

NO. ITII.—-TRIGONOMETRICAL.

THE SECONDARY TRIANGULATION IN BURMAH.

(16.) 1In May 1874, I received an intimation from the Secretary to the
PERSONNEL. Government of India, in the Department of Revenune
W. Beverley, Tisq., Offg. Assistact Agricultm:e and Commerce, thqt the want of proper
Suprrintendent bt Grade. topographical maps had necessitated the suspension
Grug W Mitehell, Surseyor dth o 1, Geological Survey in Burmah, that isolated
Ger. D.J. Collins, Asst. urvcyor 4th  town surveys were being carried out; that Marine
e Surveys of the coast were shortly to be commenced ;
and that the government wished me to take early steps for the vigorous prosecu-
tion of the triangulation in Burmah.
(17.)  Accordingly the party which had recently completed the Brahma-
putra Series, as reported last year, was re-organized and transferred to Burma—
under the charge of Mr. W, Beverley,—with instructions to carry chains of se-
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condary triangles, from the necarest principal sides of the Eastern Frontier Series,
in order to fix all large towns, prominent and permanent objects, peaks, &e., for
Topographical and Geological Surveys, and the light-houses, &c., along the coast,
for the Marine Survey.

(18.) The establishment was formed into two detachments ; one was imme-.
diately under Mr. Beveriey himself; the other was under his senior assistant Mr.
Mitchell, who was now transferred from the Bastern Frontier Series, in connection
with which, he had, during the previous seuson, laid out the design of a secon-
dary triangulation to Pegu and Rangoon. This he was now to finish, while Mr.
Beverley worked in continuation, in the country to the south of Rangoon.

(19.) Before commencing his own work, Mr. Beverley examined Mr,
Mitchell’s selections and found that they required to be modified to some extent,.
He then reconnoitered the country to the south, and laid out a triangulation
down to the coast line near the mouth of the Rangoon river. He took observa-
tions to fix the positions of Elephant Point Column and Eastern Grove Light,
and various points in the town of Rangoon for the Seaport Towns Survey. He
then commenced the observations at the stations, north of Rangoon, connecting his
stations to the south with the Eastern Frontier Series, but was unable to observe
because of the unfavorable condition of the atmospliere. Two more attempts were
made subsequently, on the commencement of the rainy season, but both without
success ; and the same result attended the resumption of the triangulation along
the coast towards China Bakir Light.

(20.) Mr. Mitchell spent much time in reconnoitering the ground and
laying out the triangulation to the north of Rangoon, and he took observations
from seven stations; but owing to very bad weather, frequent attacks of illness,
and other causes, he failed to carry out his share of the operations, and thus Mr.
Beverley's work still remains unconnected with the principal triangulation, and
consequently does not give any but roughly approximate results, 1t is expected
however that the requisite connection will be made early next season, when the
atmosphere will probably be clear and favorable for the observations.

NO. IV.—TRIGONOMETRICAL

THE EASTERN FRONTIER SERIES, BURMAH.

(21) In previous years the triangulation of this series had heen bronght

PERSONNEL. down from Prome to the northern portion of the

W. C. Rossenrcde, Fsq, Deputy Shoay-Gheen Districts, the terminal side spanning
Superintendent 3rd Grude. H r \ it } o
Tir I Beverley, Surr. 184 Grade. the Sittang Valley at a distance of abont 30 miles

. J.C. Clancey, Assistant Survey-  2hove the town whicli gives its name to the Distriet,
or 3rd Grade. During the present year the scries has been extended
in a south-easterly dircction, to within 40 miles of the town of Moulmein, the sta-
tions on the eastern flank resting on the hill ranges which separate the British
territories from the Shan States tributary to Siam, while those on the west flank
are near the coast of the Gulf of Martaban. Stations have also been selected in
advance, through the Province of Tennaserim, to a short distance below the
town of Amherst.

(22.) 1In Section V of my last Report I have given a very full account of
the great difficulties which are met with in conducting the opcerations of this
Survey in Burmab, in consequence of the dense forest and growth of tropical
vegetation which is usually met with everywhere, the sparse population, the
reluctance of the Burmese to work for hire, and the practice in which they
indulge of firing the grass jungles during the field scason, and thus obscuring
the atmosphliere to an extent which renders all observations to distant points im-
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possible. 1 need not repeat what has beon said on this subjeet, l_)ut allusion to
it is necessary, because similar difficulties have attended the operations of the pre-
sent field season. Moreover somc of the stations had to be placec_l on obligatory
peaks of the hill ranges, so far away from the nearest human habitations, and so
thickly fringed with forest, that no one was l;no“:n to have ever reached them. ;
the surveyors had to pioneer themselves with their compassqs,_and tq cut their
way onwards through the jungle, scaling great rocks and precipices, without any
guide to lead them. ] _

(23.) The out-turn of work compriscs a quad_rllateral, a double polygon
and part of a hexagon, covering an area of ﬂl)Ol-lt 3,150 square miles and adva.nc-
ing the series a direct distance of ahout 100 miles. Numerou's secondary po_mt_s
were fixed both within and external to the principal triangulation. The prelimi-
nary operations for future triangulation were carried over a distance of about 100
miles, and have reached the parallel of K4légouk Island, on which a station-site
has been selected. The principal towns wherein points have been fixed are Shoay-
Gheen, Pegu, Sittang and Bhiling; a secondary triangulation has been com-
menced towards the new Civil Station of Paplhoon. The out-turn of work would
be considered very good in any part of India, under far more favorable condi-
tions for its achievement; under the actual circumstances of the operations it
is all the more creditable to Mr. Rossenrode, and to Mr, H. Beverley, by whom
the preliminary operations were conducted.

NO. V.—TRIGONOMETRICAL.

THE JODHPUR SERIES; MERIDIAN 724°,

(2+.) Captain Rogers returned from furlough and relieved Captain Hill
PERSONNEL. of the charge of the party on the 20th Novem-
in M. W. Rogers, R.E., Officiatin ber 1874. - .

Oty Superintendent, 5ra Grade” {(25) The triangulation was extended north.
Me. W, O. Brice, Survegor dth Gride. - wards, through the Deserts of Jaisalmir and Bikanir,
1, Sk, Lorvens, Asistant Survoyor iy e tracts are apparently so called because, though
Mr. b F. Prunty, Assistunt Surseyor inhabited by a comparatively large population during
4tk Grade. the rainy season and the early portion of the cold
weather—when there is still a supply of water in the tanks—they are deserted in
the hot season, when the tanks arve all dry, and drinkable water is in many
parts only to be obtained by being sent for to great distances. The water in the
wells is usually brackish and unfit for human consumption; thus water for the
survey camps had to be brought from distances averaging 10 to 20 milcs, through-

out the greater portion of the scason.

(26.) The out-turn of work has been very good and creditable to Captain
Rogers and his assistants. The principal triangulation was advanced 104 miles
along the meridian by a series of polygonal figures, consisting of a pentagon, two
hexagons and one double polygon, which cover an area of 2172 square miles.
An astronomical azimuth of verification was measured at one of the principal
stations. The preliminary operations, for the selection of the sites of stations
in advance, werc carried over a distance of G4 miles, towards the Sutlej Series,
The positions of the towns of Bikanir and Pugal, and other points, were fixed by
sccondary chains of triangles.
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NO. VL.—TOPOGRAPHICAL.

THE SURVEY OF KATTYWAR.

(27.) The operations of this topographical survey have been carried on

PERSONNEL.

Captnin A. Pullan, 8.C,, Offy. De-
puty Superintendent 3rd Gendo.
J. McGill, Esq., Oz, Assistant Su-
perintendent 1ot Grado.
Mr. F. Dell, Surveyor 3rd Grade.
» N.C.Gwynne, Sur. 4th Grade.
» W.A. Ficlding, Assistant Sur-
veyor 2nd Grade.
Mr. W. Oldbam, Asst. Surveyor 3rd
Grade.
» G.T.Hsll, Ditto 8rd
» IL. Corkery, Ditto 4h
Vieaji Ragonath nnd 11 Native Sur-
veyors and Apprentices.

war and a portion of the southern sea-hoard of Cutch.

under the executive charge of Captain Pullan, owing
to the continued absence of Captain Trotter on duties
connected with the Geographical Explorations in
Eastern Turkestan and other regions beyond the Bri-
tish Frontier. The year has been uneventful in the
history of the survey, but good progress has been
made, both in the field work and the mapping.

(28.) The out-turn of final topographical work,
on the scale of 2 inches to the mile, by this party
embraces an area of 1749 square miles, comprising
parts of Prants Hallar and Machlhu Kénth4 in Katty-
The area is less thian what

was covered last year, but this is satisfactorily accounted for by Captain Pullan, in
his report. The triangulation executed in advance for the operations of next
year covers an area of 2,200 miles, 200 of which are intended for the Survey of
the Cutch Coast. In addition to the above, 1,117 linear miles of traversing were
executed in order to demarcate the boundaries of Native States, and to check the
details of the plane table survey.

(29.) In my Report for 1872-73, para. 47, I stated that when the opera-
tions of this survey should reach the shores of the Gulf of Cutel, every effort would
be made to connect them with the survey of that Gulf which was made by Lieu-
tenant Taylor, LN. This has now been done, and the agreement between the two
surveys is reported by Captain Pullan to be very satisfactory. ’

(30.) As regards the mapping, four new sheets, Nos. 32, 33, 34 and 35,
have been drawn in such a manner as to be suited either for reproduction on the
full scale of 2 inches to the mile, or for reduction by photography to the 1-inch
scale.

XO. VIL.—-TOPOGRAPHICAL.

THE SURVEY OF GUZERAT.

(31.) During the present year Major Haig has been carrying on the

PERSONNEL.
Major C. T. Hnig. R.E., Depuly

Superintendent 2nd Urade.

Lieut. J. E. Gibbs, R.E,, Assistant
Buperintendent 2nd Grade.

Mr.J. Peston, Surveyor 1st Grade.

» A DNouza, PR 1T R,
»  AD.L. Christie,,, 4th
» C.H.McAFee, ,, 4th
5 E.J. Connor, Assl. Sur. Jst ,,
,  J. Mickie, " 2nd
» Q. D Cusson, ,, 2nd ,,
5 G Hall, " ard ,
»e 3. Norman, . 4th .

» C. Norman, " 4th ,,
Qopsl Yishun nnd 11 Native Sur-
veyore and Apprentices.

REVENCR SURVEYORS.

Mr. T. A. LeMesurier,
7 Native Survesora.

system of operation which las been very fully de.
scribed in Section VIII of my report for last year,
whereby all surveys of British lands, which had been
previously made in detail for fiscal purposes, by the
Bombay Revenue Surveyors, are combined together,
supplemented by topography wherever necessary, and
mapped on the scale of 4 inches = 1 mile,—while the
remaining portions of the British Districts, and the
whole of the Native States, are surveyed and mapped
on the 2-inch scale, as in Kattywar,

(32.) An arca of 1,375 square miles has been
topographically surveyed, of which 983 square miles
was on the scale of 4 inches to a mile and 392 square
miles on the 2-inch scale. Thus the out-turn of
work, as measured by the area completed, is almost
cxactly double what it was last year, when the opera-

tions were of a tentalive nature, and the best method of \utilizing the Revenue
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Survey details had still to be ascertained, by caref al trial and investigation.

(33.) In the Dang Forests an area of about 550 square miles was trian-
gulated. A small area in Sheet 79 was also completed with data points, by
traversing, and a further area of about 300 square m.iles of British temtpry
previously triangulated was prepared for survey on the 4-inch scale, by effecting
the necessary connection between the fiscal details.of the Revenue Survey and
the stations, of the triangulation by means of traversmg_. )

(34.) The country topographically surveyed includes portions of the
Dholka, Viramgéim and Dhandhuka talukas of the Ahmedabad Collectorate and
of the Limri, Lakhtar, Wadhwédn and Cambay States, all which have now been
completely surveyed, and appertain to Sheets 81 and 82 of the general maps; also
portions of the Ankleswar taluka of the Broach Collectorate and of the Olpad
taluka of the Surat Collectorate, appertaining to Sheet 14,

(35.) The mapping has progressed very satisfactorily. Major Haig has
jntroduced a valuable printed form, called the * Section Register ', in which all the
different stages through which each map has to pass are tabulated, so that it pro-
gresses regularly, and passes from one class of draftsman to another, according as
the stages are divided among the different classes.

(86.) An interesting report by Licutenant Gibbs of the country in the
Dangs, in continuation of the one which was published in my report for last year,
will be found at page 36—, of the Appendix.

(87.) The Surveyor General has expressed very decided opinions against
the desirability of making any use whatever of the Bombay Revenue Survey de-
tails; he has represented to the Government that, in his opinion, the Guzerat
maps, on the 4-inch scale, in which full use is made of those details, are not as
essential for the requirements of the country as maps on half that scale, obtained
from more speedily executed surveys, made without reference to the Revenue
Survey work; and he has particularly advocated the early procuring of materials
for the completion of the sheets of the Indian Atlas, which are engraved on a scale
of somewhat less than i-inch to the mile. A Committee of Survey and Engineer
Officers was therefore appointed by the Government of India to report on the sub-
ject. The Committee were not able to agree upon any report; no definite con-
clusion was arrived at with reference to the utilization of the work of Bombay
Revenue Surveys for topographical purposes; and irreconcileable differences of
opinion existed regarding the relative cost and utility of surveys on the 4-inch
and the 2-inch scales. Under the circumstances the Government had adopted a
medium course, and directed that the 2-inch scale is to be employed in future, but
that the Revenue Survey maps are to be utilized in the operations.

NO. VIII.—TOPOGRAPHICAL.

THE SURVEYS IN DEHRA DUN AND THE SIWALIKS.

(38.) These surveys arve being made conjointly by a portion of the Ku-
Personnel of the portion of the maun and Garhwél Party under Captain Thuillier,

L ""'""':,:;;‘0 ﬂ;'l':.";;.: Sywey Party —and by the survey branch of the Forest Department
Coptain IL. R. Thuiller, R F, Off, which has been lately created and placed under Cap-
Deputy Superiniendent. 1at Grade. tain Bailey—with a view to exccuting special surveys
Suprrintesient son gy, O Ast- for the requirements of forestry—and, while under
Mr. C. J. Neuville, Surveyor 2nd  fOrmation, has been temporarily affiliated to this Sar.
Gr]l;Id:-J. Low, Burveyor 3rd Grado vey.
w L. I Pacock, Surv, 4th Grade. (39.) The survey of the non-forest tracts of
» i gi‘"f‘n“p'y"‘“‘-"s““- lot Grade.  the Dehra Din District, by Captain Thuillier and his

» B.P. Writon, ,, 2ad Grade.  party, has made good progress during the year, and
1 Native Surseyors. Captain Thuillicr hopes to be able to complete it,
as well as the survey of Jaunsir Biwar, in the next field scason.
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(40.) The field operations were commenced early in October and conti-
nued to the end of April. 225 square miles of country were topographically
surveyed on the scale of 4-inches to the mile in the Din. The whole of Jaunsar
Biwar was covered with a net-work of triangles, comprising an aren of 470 square
miles; 398 linear miles of boundary traverses were executed, and 63 miles of
chieck lines were run over the topographical work of the surveyors.

(41.) The country surveyed presents ground of very varied descriptions,
from the flat cultivated lands in the vicinity of the River Asan—a tributary of the
Jumna, and the main drainage channel of the Western Din—to the crest of the
Mussooree range, which rises to a height of 5,000 feet above the level of the
Dan, 'The low spurs and broken tracts about the foot of the hills gave an infi-
nity of trouble, both in delineating the features of the ground, and in chaining the
boundary traverses; in the latter operation very heavy corrections were required
for the reduction of hypothenusal to horizontal values.

(42) Captain Thuillier reports favorably of the progress of his Native
Surveyors, who ave said to be improving in the art of delineating ground with
the plane table; their traversing work was all reduced in the field and found
to stand the usual tests in a satisfactory manner. As the survey advances and
the Native Surveyors become better trained, the introduction of this cheap agency
may be expected to have a very appreciable effect in expediting the completion
and reducing the cost of the work.

(43.) The Index Map of the Dehra Din and Siwalik Survey, which is
attached to this report, shows very clearly the extent of work completed and
remaining for execution by Captain Thuillier’s party. The uncoloured portions
of the map represent the forest tracts which have been or are being surveyed by
Captain Bailcy.

(1L) Captain Bailey’s Annual Report has already been submitted to
Government through his own Department, together with my review of his opera-
tions. It is Lere therefore unnecessary for me to say more than that the out-
turn of topography is about 288 square miles, which lhas been done on the same
scale as the non-forest tracts by Captain Thuillier; the amount of the boundary
and interior traversing was 326 miles. The ground operated over was very broken
and difficult, morc particularly in the interior of the Siwalik Hills, the intricacy
and ruggeduness of which are probably unsurpassed by hill ranges of the same
altitudes in any part of the world.

(45.) The out-turn of topography cxecuted by these two parties may be
considered small, as compared with that of other topographical parties working
on the standard scale of 1-inch to the mile, in Native States and in Districts where
minute delineation of the features of the ground is not required; or even with
that of Revenue Survey partics, working on the same scale and with much atten-
tion to detail, but in flat and open country, which requires little or no topographi.
cal delineation. In Captain Thuillier’s operations the average monthly out-turn
of topographical area, during the field season, by a party of plane table surveyors,
consisting of 1 European and 2 Natives, was 10 square miles; in Captain Bailey's
with two more natives -in each party, it was 7§ square miles; iz both cases the
native surveyors were new hands under training, but the Europeans in the former
were, as a rule, older surveyors and better skilled than in the latter, I am satis-
fied that therc was no want of exertion and painstaking in the execution of the
operations, and that a larger out-turn could only have been secured by a sacrifice
of fidelity and exactness, in the delineation of the ground.

(46). The conjoint survey will form a map in 42 sheets; of these 18 have
been completed and deposited in this office, and 156 have been reproduced to full
scale and published by photo-zincography.
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NO. IX.—TOPOGRAPHICAL.

HIMALAYAN SURVEYS IN KUMAUN AND GARHWAL.

(47.) During the rainy season of 1874, a detachment from Captain
Thuillier’s Party, under Mr. Ryall, was located at

L Exq. Offcinting Assist Almora, the nearest point to the scene of the future
unf‘sfr‘m]:i{]';ﬂ"dcs,ﬂjm Groder field operations at which the recess quarters of the
Mr. C. H. McAFee, Assistant Sur- party could be established. Before the rains were
R w "f}ii'emem, Assistont Sur- Wellover, M. Ryall and his assistants had to take the
veyor 3"'180;‘“(“-!( Assistant Surveyor field, in order that they might reach the lofty ground
an Gt o " they had to survey, and make the most of the short
M. J. F. McCarthy, Assistant Sw- jpterval during which the snow line is at its highest
veyor dth Grade. and the atmosphere is bright and clear; this occurs
Detween the cessation of the autumnal rains and the sctting in of winter weather.

(48.) Mr. Ryall conducted a series of triangles through a stupendous
gorge overhung Dy the lofty mountains of Chirkhana and Husaling; an under-
taking which, he says, required all his skill and nerve. e also supervised
the operations of his assistants who were employ~d in plane tabling on the
seale of one inch to the mile.  The difficulties this little detachment had to con-
tend with in the lofty region in which they were employed, and which were
successfully overcome, are fully detailed in the Appendix and they reflect credit
on all cencerned. Captain Thuillier draws pavticular attention to Mr. I. Pocock’s
work in the upper part of the Mdna Valley, where the average height of tlhe
ground surveyed was over 21,000 feet and the maximum height reached was
92,010 feel above sea level.

(49.) The area topographically surveyed comprises 2,176 square miles, and
the portion of country triangulated in advance covers 800 square miles. There
now remains only about 1,200 square miles in the Mulla Jower, Dharma and Biyins
Valleys to survey, which will complete the unfinished portion of Garhwil. But as
the operations in these degolate regions—to which supplies of food and fuel have
to be transported from great distances—are necessarily of a somewhat costly
nature, their completion has been postponed for the present, and it will not be un-
dertaken until the expenditure can be met by savings in other quarters.

PERSONNEL.

NO. X,

SPIRIT LEVELING OPERATIONS IN THE MADRAS PRESIDENCY.

(50.) Captain McCullagh, on his return from furlough, succeeded to the
DERSONNEL. charge of these operations, vice Licutenant Harman
Coptain J. R, McCullagh, RE, Who had been transferred to Assam. e commenced
OfBeinting  Assistant  Superintendent \\'Ol‘k at thc S\V. end Of tllC Ban galore Base, the ]leif_‘:]lt
ot Brade. Bryson, Assistant su-  OF Which had been provisionally ascertained by trian-
veyor 9rd Grade. gulation whicli rests on a determination of the mean
£wo native recerders. sca-level at Madras, by Colonel De Haviland. He
then carried a line of levels, vid Tamkir, Sira, Hirviyur Tallak and Rampur, to
to Honur ILS. and into Bellary, from which station the work was continued, vid
Alir, Adoni, and Méduwiram to Raichore Railway station, where it was closed on
the 3rd April 1875. The operations were carried on in a very satisfactory manner,
and the aggregate length of the lines completed is 297 miles.
(51.) At Bellary a junction was effected with the line of levels which had
bheen carried from there to the Port of Karwar—on the western coast—by Lieute-
nant Harman, in the precoding ficld scason. Captain McCullagh'’s height of
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the point of junction is 45 feet greater than Lieutenant Harman's; but the discre-
pancy is believed to be in great measure due to inaccuracies in the determinations
of the datum points of the respective lines, both of which are provisional only;
final results will not be obtained until the mean sea-level has been exactly deter-
rined at Karwar, and probably at Madras also; the difference of level Detween
Madras and Bangalore also nceds to be more exactly determined than at present.

NO. XI.—-TIDAL OBSERVATIONS.

DETERMINATIONS OF MEAN SEA-LEVEL IN THE GULTF OF CUTCH.

(52.) The primary object of these operations is to determine the existing

PERSONNEL. relations between the level of the land and the sea at

Capluin Baird, RE., Ofg. Deputy  Certain points on the coasts of the Gulf of Cutch, as
8 intendent. 3rd Grade. . . 3 4 : : ;

T Rl Aot Sy, 16t Grade, & first step towards investigating the question whether

Nureing Dass, and other Sub-Sar.  progressive changes arve taking place in the level of
veyors. the land at the head of the gulf, as has long been
supposed to be the case. It is under contemplation to repeat the operations a
few years hence, at the same points, with a view to ascertaining the relations
which will then obtain between the land and sea; a comparison between the
results of the two series of determinations will show whetber any sensible varia-
tion of level has occurred in the interim.

(53.) The operations were commenced in 1873 ; their annual progress, and
the several instruments employed, have been very fully deseribed in my reports
for 1872-73, and 1873-74. I may here however repeat that the tidal stations are
three in number, and are situated respectively at Hanstal Point, near the head of
the gulf; at Nawandr Point, half way up on the northern coast; and at Okha
Point, on the southern coast and near the entrance to the gulf. At each station
a self-registering tide gauge was set up, and it was a part of the programme of
the operations that the relative levels of the three stations should be determined
by running lines of very carefully executed spirit levels between them. No
harbour walls or piers being available, at cither place, for the tide gauges to be
crected on—over deep water—it was found necessary to set up the instruments on
shore, at tlie nearest points to deep water, and to connect them with the sea by a
system of piping, of which the land portion was rigid and the sca portion flexible.
I'he fAexible piping terminated in a ‘ rose’, which was suspended from a buoy in deep
water, while the rigid piping was conducted to the bottom of an iron cylinder,
which was sunk verlically—its lower end bheing closed by an iron plate—into a
masonry well over which the tide gauge was erccted. The sea water passed
freely through the piping into the cylinder when the tide was rising, and back
again when the tide fell, the level of the witer in the cylinder being always
identical with that of the sea at the same moment, when therc was no air in the
piping; by mecans of a stop-cock which was attached to the highest bend of the
piping, any air, which might have accumulated internally—as occasionally hap-
pened—could be readily expelled whenever the level of the sca rose above that of
the stop-cock, which oceurred twice daily. The float of the tide gauge rested
on the surface of the water in the eylinder, and its risc and fall was duly register-
ed on the barrel of the gauge. Each station was furnished with sclf-registering
instraments for recording the direction and velocity of the wind and the barometric
pressurc. A native surveyor with a few assistants was placed in charge, and located
in ahut in the immediate vicinity of the station. Periodical inspections were
made by Captain Baird, and by his assistant Mr. Rendell, and on these occasions
the clock crrors were determined, the eylinders and pipes cleared of any silt which
had been deposited in them, and the instruments thoroughly overhauled.
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(5%) Much time was necessarily occupied in the construction of the
stations and in getting the instruments into good working order. The regular tidal
registrations were commenced, at Okb4 in December 1873, at Hanstal in March
1874, and at Nawan4r in April1874. Tt was hoped that they might be carried on
continuously for at least a year, if not longer, at each station, a shorter period
being inadequate to furnish the rcquisite data for an investigation of each of
the principal tidal constituents. Considerable anxiety was however felt as to
what might bappen during the season of the monsoons, when heavy gales are
prevalent; but every precaution was taken to strengthen the wooden observatories
in which the instruments were set up, and to anticipatc and provide for all possible
contingencies. ' _ .

(55.) The monsoon of 1874 set in with great severity and lasted lfmg;
but the observatories all stood firm, and the tide gauges and the other self-register-
ing intraments remained in good working order, at all the stations, throughout
the season. Unfortunately however at Nawandr the entire configuration of the
fore-shore becamne altered, and an extensive sand spit was formed, below the
low water level, on the line of piping, which becaine completely buried. This
occurred in the month of July, and necessitated the suspension of the registra-
tions at Nawandr, until such time as the piping could be extracted and again put
into communication with deep water. It was expected that the original confi-
guration of the fore-shore would probably be restored hy natural causes, when
the wind veered round to its usual direction, which would occur soon after the
commencement, of the cold weather months; hut this expectation was disappoint-
¢d, and, as the cold season wore on, it became only too certain that the piping
which lay beyond the low water line would never be recovered. A supply of new
piping was therefore obtained from Bombay and attached by Mr. Rendell to the
land portion of the original pipe, and by the commencement of the month of
March 1875, after a break of nine months duration, the tide gauge was once more
in free communication with the sca, and there appeared to be every probability
that it would so remain, at least until the setting in of the next monsoon,

(56.) DBut the station of Nawandr appears to have been fated to be a
trouble and a vexation. Within a fortnight after Mr. Rendell had re-started the
tide gauge, he returned, from an inspection of IManstal station, to see Lhow mat-
ters were progressing, and found that during his absence considerable changes
had again taken place; the fore-shore had heen rapidly shallowing, and the new
piping was being fast covered with a deposit of silt and mud, which had nearly
reached up to the level of the rose at its outer extremity. Ile cat it away at
once, and substituted several lengths of iron piping, which were held in sus-
pension above the surface of the shore, by being attached—at a level a little
helow that of the lowest spring tides—to stakes driven vertically into the ground
for the purpose. BMr. Rendell remained on the spot for the next two months,
taking steps to prevent the rose from heing reached by the constantly rising mud
and silt; he thus succeeded in getting satisfactory and continuous registrations
for the whole of the time, and he chiecked them by a series of hourly readings
taken pari passu on a graduated staff, which had been set up in the sea, in deep
water, in order to afford a means of verifying the indications of the self-register-
ing gauge.

(67.) At Okhi station all went on most satisfactorily throughout the
monsoon of 1874 and the following ficld scason; there were very few breaks of
continuity in the registrations, and they were very short and of no importance.
At Hanstal the breaks were more numerous and longer; here the water was very
muddy, and not pure and clear as at Okhd; consequently there was a tendency
for o sediment of mud to e deposited in the cylinder of the gauge and in the
piping; this sediment had to be eleared out occasionally and then the registra-
tions were necessarily interrupted; but the hreaks in the curves are of no ma-
terial importance, and they can be filled in by hand from the outlines of the
collateral curves, without any risk of significant error,

(58.) The most trying and diflicult portion of the operations was the
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carrying out of the periodical inspections during the monsoon of 1874. This had
proved to be so arduous, and to entail so much exertion and exposure on the
officer on whom the duty devolved, that I felt I should not be justified in request-
ing Captain Baird to carry on the operations through the monsoon of 18756. I
therefore directed him to continue the registrations up to within a few days of
the commencement of the monsoon, and then to dismantle all the stations, and
remove the instruments. These instructions were duly carried out in the month
of May.

y(59.) Thus the periods during which the tidal heights have been conti-
nuously registered at the three stations, are 164 months at Okh4, 14 months at
Hanstal, 2 months at Nawandr in 1874 and 2 months more in 1875. Simultane-
ous registrations of the direction and velocity of the wind, and of the barometric
pressure, were made by the anemograph and the barograph, which were set up at
each station. )

(60.) The long break in the registrations at Nawandr is to be regretted.
But as the station lies nearly midway up the gulf, it is probable that the values
of the difference between the mean level for the periods of actual observation and
the mean level for the entire year, which are given by the registrations at Okhé
and Hanstal, may be safely applied to the results at Nawandr, to obtain the mean
lovel for the year there. Captain Baird has already done this, and obtained very
accordant and promising results.

(61.) During the field season of 1874-75, the work of inspecting the
observatories, rating the clocks, and maintaining every thing in satisfactory work-
ing order, devolved chiefly on Mr. Rendell. Captain Baird was principally em-
ployed in conducting spirit leveling operations, for determining the relative levels
of the datum points of the three tidal stations, and of the stonme bench-marks
which had been laid down, a year previously, along the lines to be leveled over.
The length of the main lines connecting the three tidal stations was 275 miles,
which was leveled over independently by Captain Baird and Narsing Dass, in
accordance with the rigorous system of operation which has been followed for
several years past in this Department; 29 miles of branch lines were also executed,
in order to connect the stations of the Kattywar triangulation with the tidal
stations.

(62.) In working between Nawandr and Ilanstal, Captain Baird had to
make a considerable detour round the head of the gulf, crossing thie Runn between
Shikacpar and Mallid. Several bench-marks were fixed on the Runn, and they
will be important points of reference when the operations are repeated some years
hience. The existing surface level of the Runn has been obtained at a number
of poiats, for Captain Baird took the precaution of having all the pins on which
the leveling staves were set up, driven downwards until their heads were exactly
flush with the surface of the ground.

(63.) At the close of the field season, the instruments were taken down
and the observatorics were dismantled. At each station the vertical ivon eylinder,
in which the float of the gauge had acted, was left éx stalu quo, together with a
length of about 50 feet of the iron piping extending sea-wards from the cylinder.
The eylinder was filled with clean dry sand, and closed above with a thick planking,
after which a massive pile of stones was raised over the ground around it to serve
the double object of a protection, and an indication of the position for future
reference. The three bench-marks in the immediate vicinity of the cylinder, with
each of which the datum of the gauge had been connected, were similarly covered
over. Finally the several cairns were placed under the protection of the local
officials ; and itis to be hoped that the cylinders and bench-marks will be readily
discovered whenever the second series of operations are commenced, and that they
will be found to have remained undisturbed meanwhile.

(64.) Thus the first series of operations, to determine whether the relations
of land and sea are constant or changing, is now an accomplished fact. Great credit
is due to Captain Baird for the manner in which he has conducted the task
entrusted to him. 'The difficulties he had to contend with, in obtaining exact re-
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gistrations continuously for such long periods, were very serions and formidahle ;
all the stations were situated at points on the coast line which were very far from
the nearest habited localities; aud the inspections during the season of monsoons,
which work was done entively by himself, necessitated constant travelling during
the most inclement time of the year, and entailed an amount of risk and exposure
which would tell on a constitution of iron, )

(65.) The final reduction of the registrations at each station has been
commenced, but it will still take some time to complete. The following prelimi-
nary results have however been obtained from the combined tidal and leveling
operations—uviz., that the mean sea-level is higher, by 7 inches, at the head of the
gulf, and by 4 inches, midway up, than it is at the mouth of the gulf.

(66.) During the present year the tidal obscrvations which were taken
at the Port of Tuticorin, in the year 1871.72,—with a self-registering tide gauge,
similar in all respects to those employed by Captain Baird—have been reduced
by the harmonic method, by Mr. Roberts of the Nautical Alm'n,pac Oﬂicq, x'vho
has long been employed in reducing tidal observations for the British Association,
and whose gbod services, in aiding Captain Baird in the preparation of his Notes
on the Harmonic Analysis of tidal observations, I have already acknowledged in
my report for 1872-73. Mathematical expressions have been deduced for each
of the several tidal constituents, by mcans of which the height of the tide, at
any moment, may be computed with great exactitude.

NO. XII.—GEODETIC.

ELECTRO-TELEGRAPHIC DETERMINATIONS OF LONGITUDE.

(67.) 1In consequenceof Captain Herschel’s absence from this country, on
leave to Europe, and of the services of Captain Campbell having been placed at
the disposal of Colonel Tennant for an entire ycar—to assist in the operations
connected with the observations of the Transit of Venus at Roorkee—the dif-
ferential determinations of longitude by the electro-tclegraphic method, which
were commenced in 1872-73, have bcen suspended, and the two assistant sur-
veyors and small native establishments employed on them were transferred
temporarily to the parties under Major Branfill and Captain McCullagh,

(68.) Captain Campbell’s services were replaced at my disposal at the
end of April, when the field season of 1874-75 was so nearly ended that it would
not have been practicable to resume the electro-telegraphic operations. Captain
Campbell came up from Roorkee to Mussooree to frame with me a programme of
operations for the following field scason, to be undertaken by himself and Captain
Heaviside, whose services would be shortly available, for the purpose.

(69.) The first part of the programme was to endeavour, during the
approaching season of rccess, to asccrtain the cause of the imperfect perfor-
mances of onc of the Transit Instruments, while employed in the operations on
the line Madras-Bangalore-Mangalore, and to dispense with the induction coils—
involving troublesome batteries and frictional clectricity—which had hitherto boen
a constantly recurring source of failurc and disappointment in the manipulation
of the electric chronographs; vide paras 79 and 85 of my report for 1872-73.
Both these duties have now heen successfully accomplished, as will be seen on
reference to Captain Campbell’s report in the Appendix,  The reduction of a por-
tion of the previous observations—which remained in hand when the party had
to be brokenup, and has been held in abeyance ever since—has now been com-
pleted by Captain Campbell; the final results from the whole of the obscrvations
have heen found to differ by only 03 of a sccond of time, from the preliminary
results by a portion of them which Lave been alrcady published.
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NO. XIIIL—GEOGRAPHICAL.

YARKAND MISSION. TRANS-HIMALAYAN EXPLORATIONS.

(70.) In myreport for last year I stated that, on the return of Sir Douglas
Forsyth’s Mission to Eastern Turkestan, Captain Trotter—who had been attached
to the Mission on my recommendation, in order to utilize any opportunities wlich
might occur for prosecuting geographical investigations—had returned to the
Head Quarters of this Survey, and was supervising the reduction of his astrono-
mical observations and the compilation of a map of the country, which were
being done for him in this Office.

(71) The map and his Narrative of the Geographical Operations, with
full details of the results, have already been submitted to the Government, and
are published in the Official *“ Report of a Mission to Yarkand in 1873, under the
command of Sir I'. D. Forsyth, K.C.8.I,, C.B.”, which was printed at the Foreign
Department Press in 1875. It is now therefore only necessary for me to give
a brief capitulation of the geographical acquisitions which were the fruits of the
lahours of himself, and of the Pandits and other natives especially trained for Hima-
layan Explorations, who were sent to assist him.

1st. The positions of Kashghar, Yérkand, Tashkurghdn and Kila Panjah
(on the River Oxus, in Wakhdn) have been very exactly determined, by astro-
nomical observations; they have been used as the basis of the mapping, and the
positions of all other places have been laid down differentially from them,

2nd. The routes from Kdshghar to the Chadirkul Lake, on the north, to
the B:lowti Pass, on the north-east, and to Mardlbashi, on the east, have becn sur-
veyed, the two first by Captain Trotter and the third by Captain Biddulph. The
one to the Chadirkul Lake had been previously surveyed by Russian Officers, and
it serves as the first connecting link between the British and the Russian Surveys
in Central Asia.

3rd. The routes from Kishghar to the south-west, to Badakshdn and
Kabul, vid Tashkurghén and the Pimir Lands, have been surveyed up to Kila
Panjah and to points in Wakhdn and near the sources of the River Oxus, some of
whicl had been previously fixed in 1837 hy Lieutenant Wood of the Indian Navy,
and others by the Native Explorer who is known as the Mirza.

4th. The eourse of the Panjah Branch of the River Oxus has heen sur-
veyed from Wakhan through Shighnén, and down to Kila Wamar and Pigish in
R shdn, whereby a considerable portion of the remarkable bend in the river,
along the northern border of Badakshan, of which nothing was known previ-
ously, has now been clearly defined.

5th. The routes from Yirkand to Khotan, and from Khotan to Kiria and
the Sorghidk gold fields, on the road to China, and from Kiria southwards, across
the Kuen Luen range and the Thibet plateau to the vicinity of Gartoklh and
Rudokl, have been surveyed.

6th. Various routes between Laddkh and Eastern Turkestan over the
Karakoram and the Kuen Luen ranges have been surveyed, some for the first time,
though of others we were already in possession of maps of varying degrees of
accuracy, which had been constructed by Messrs. Johnson, Hayward and Shaw.

(72.) All these, and more particularly the surveys of the routes over the
Pamir Lands and of the course of the Oxus, are very valuable additions to the geo-
graphy of Eastern Turkestan ; and they are especially gratifying to myself as having
been obtained, almost entirely, through the instrumentality of an Officer of this
Department who was attached to the Yérkand Mission on my recommendation, in
order to make the most of the opportunities which would be afforded for surveying
these interesting, but hitherto badly mapped, regions.

(73.) On the completion of his map and report, Captain Trotter was about
to proceed to Europe, when the Havildar who had been deputed to make a survey
of the unknown portions of the course of the River Oxus, and the Pandit who
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Dhad been deputed to survey the direct road from Ladikh to Lhésa and then to
make further explorations, returned to Head Qnarters, almost simultaneously,
though from such opposite directions. Bach of them brought with him numerous
journals and records of astronomical ohservations and route surveys, from which
maps had to be constructed and the information extracted and put_into a suitable
form for publication, as has been done by Major, now Lieut. Colonel, Montgomerie
in his reports of the l'rans-Himalayan Explorations. Believing that this work
could not be performed by any one better than by Captain Lrotter, I asked him to
postpone his return to Europe, and to undertake it; and he cordially assented to
my proposal, though he was thereby disappointed of the gratification of an
early return to Europe, which he had been looking forward to. Itis to him
therefore that I am indebted for the “ Report on the Trans-Himalayan Explora-
tions during 1873-74-75”, which accompanies this report, and of which I now
proceed to give a brief epitome.

(74.) Starting from Kabul, the Havildar struck at once to the north,
instead of taking the usual circuitous route to the west, by the Bédmian pass,
He crossed the Hindd Kush range by the Sarolang pass, and, descending to
Khinjan, took the direct route by Nrin and Ishkamish to Faizabad in Ba-
dakshan, the greater portion of which had never before been surveyed. Thence
he proceeded vid Rustdk to Koldb, crossing the Oxus at Samti. His instructions
were to follow the course of the Oxus upwards, as closely as possible; but
he found that this would have led him away from the main lines of communi-
cation and rendered him open to suspicion, and that to advance at all into this
terra incognite, it would be necessary for him to preserve his assumed cha-
racter of a travelling merchant, and to keep to the most frequented roads. He
proceeded in a north-easterly direction, #id Khawéling and Sdgri-dasht, to Kila
Khumb (the capital of Darwdz) where he again struck the river — here called the
Panjah—at the northernmost point of the bend in its course through the mountains,
between its rise in the PAmir plateau, and its downward plunge into the plains of
Kolib and Badakshan. From Kila Khumb the Havildar advanced for a distance
of about 50 miles in a south-casterly direction, along the right bank of the river,
making a detour to Kila Wanj en roufe; and finally be reached Yazghulim, the
froutier village of the principality of Darwdz. Most unfortunately he was turned
back at this point, under orders from the Khan of Darwiz, who happened at
the time to be at enmity with the Khan of Shighnén. Thus his exploration of
the river was stopped at a distance of about one long day’s jowrney from Pigish,
the lowest point reached by Captain Trotter’s native surveyor from the opposite
direction. Being ignorant of what this man had already done, and most anxious
to complete his survey of the bend of the river, the Havildar eventually re-
turned to Faizabad, and went on to Ishkashim, the well known village on the river,
at the eastern end of the bend; he then followed the river downwards, but was
again stopped and turned back, this time by the Khan of Shighndn. There is
therefore a gap, probably of about 20 miles, between the work of the Havildar
from the west, and that of Captain Trotter’s agent from the east, which is to be
much regretted ; but on the other hand it is a matter of congratulation that so large
a portion of the course of the Oxus, which was unknown when that river was
adopted as the Northern Boundary of Afghanistin, by the British and the Russian
Governments, has now become clearly defined.

(75.) Compelled to return from Yazghildm to Koldb, the Havildar, in-
stead of directly retracing lis steps to Faizabad, struck westwards, through
regions, on the north bank of the Oxus, of the geography of which very little
wasknown. His route determines the position of the important town of Kabidian,
and proves that the Surkhdb River —which rises in the Alai plateau to the south
of Khokand, and passes through the principality of Karitigin—joins the Oxus,
not near Koldb, as has long been supposed, but at a point about 80 miles lower
down. MHis route survey was carried southwards from Kabddiin,—crossing the
Oxus at the Iwachik ferry—down to the well known town of Khulm, and thence
castwards, vid Kunduz and Talikhdn, back to Faizabad,
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(76.) While the Havildar's observations were being worked out and
mapped in this Office, information was received of the Russian expedition to
Hissdr, in the summer of 1875. As yet no full accounts or maps, which may
have been published by the members of the expedition, have reached this country ;.
but from the * Glance at the Results’” by Herr. P. Lerch, which is translated
from the Russische Revue, and published with notes by Colonel Yule in the
Geographical Magazine for November 1875, it appears that Koldb and Kabaddiin
are two of the points which were visited and fixed by the Russian Officers,
Thus a second connceting link has been obtained between the British and the
Russian surveys in Central Asia.*

(77.) A Mullah, who bad been recently trained by the Havildar, was
deputed to explore the course of the Kunar River, from its junction with the
Kabul River near Jalidlabad, to Chitrdl, and then on to its source in the Hindd
Kash range. This man ascended the river as far as Asmar, where he found any
further direct advance impossible at the time, because the people of Asmdr were
at war with the neighbouring Kiffir tribes. He therefore made his way over the
range of hills on the left bank of the river to Janbatai, a place on the Havildar’s
route in 1870 from the Punjab to Badakshan, which route the Mullah followed
as far as Chitral. Thence he struck into new ground, ascending the course of the
river, vid Mastuj, up to the Baroghil pass; and after erossing the pass he worked
up to Sarhadd Wikhan, the position of which had been fixed by Captair Trotter,
His work was very carcfully executed, and it has shown that the positions for Dir
and Chitril, which were determined by the Havildar, require to be altered by a few
miles. It gives the entire course of the Kunar river with the exception of a
length of about 25 miles through the Kaffir hills immediately above Asmér,

(78.) Pandit Nain Singh—the Pandit par excellence of Major Montgo-
merie’s Trans-Ilimalayan Explorations, whose name it is no longer necessary to
suppress as he has recently retired from active employment—was one of the
explorers who were attached to Sir Douglas Forsyth's Mission, with a view to
being sent into the countries lying either to the north or the south of the Gobi
Desert, should an opportunity present itself.  As this was not found to be feasible,
he was sent, on his return from Ydrkand to Lel, on an exploration to Llidsa, by
a route lying considerably to the north of the one which he had previously taken,
and which is described in my report for 1866-67. His instructions were to return
to India from Lhdsa vid China, if possible, otherwise by some Litherto unexplored
route through the Bhotan Hills.

(79.) He left Leh in July 1874, and succeeded in crossing the Thibetan
frontier, in the disguise of a Lama, or Buddbhist priest. Passing about 15 miles
to the north of Rudokl, he travelled nearly due east for a distance of more than
800 miles, over a new line of country, separated from the valley of the Tsanpo—
or Great River of Thibet—by an almost continuous ronge of snow mountains,
which trends eastwards from the Alang Gdngri peaks, in longitude 81°, up to the
Ninjin Thangla peaks, south of the great Tengri Nur Lake, in longitude 904°.
His road lay, throughout, over an extensive table land ranging in height from
13,900 to nearly 16,000 feet above the sea level, a region containing a few gold

® While these pages were being passed through the presa T received a copy of the table of “the Latitude,
Longitude and Altitude of certain points in Hissir by M. Schwartz, & member of the Scientific Expedition of 1875 to
that country ", which is published in the Russian Tarkestan Gazetto No. 49 dated 29—1 December 1876, The positions it

gives for Eolib and Knbididn are very fuirly sccordant with those deduced from the Havildar's work es will be scen
from the following values.

By M. Schwarts By the Havildar
Latitude, Longitude. Latitude, Longitude,
o 4w o 4 m o 4 o 4

87 64 83 69 46 24 Koléb, 37 80 69 48
87 24 23 68 13 15 Kabididn, a7 22 68 11

The longitudes are referred to the meridian of Greenwich.
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flelds, and numerous lakes and streams, and almost covered with rich pastures ;
the inhabitants are bands of nomads, who dwell in tents 'and regulate their move-
ments by the supply of grass and water available for their flocks and herds. The
Pandit struck the Tengri Nur Lake at its north-west corner, and travelled alopg
the northern coast of the lake—a distance of nearly 50 miles—to the opposite
corner, whence he turned southwards to Lhdsa. . ] )

(80.) He had spent three months at Lhésa on the occasion of his first

visit, without being discovered to be a British employé. On the present oceasion,
one of the first men he met was a Muhainmadan merchant whose acquaintance
he had made at Leh. Tearing that he might be betrayed, he hurried away at
once, without waiting for the arrival of a caravan from Leh which was bringing
him ample funds for furtier explorations. It was thus necessary for him to aban-.
don all idea of working his way back through Western China, as his remaining
funds would barely suffice to carry him back at once to India. .
v (81.) The most direct route for him to take was happily one which lay
considerably to the east of any that had been previously explored. He followed
the Tsanpo (or Brahmaputra) River for a distance of 30 miles, in a portion of its
course through Thibet about 50 miles lower down than the lowest which had
been reached by previous explorers, and his observations have enabled the course
of the river to be laid down approximately for a further distance of about 100
miles, so that the part which still remains unknown is now materially reduced.
He crossed the Bhotan Hills by the route from Chetang vid Tawang into Assam,
which lies nearly north and south on the meridian of 92°.  And finally he brought
his work to a close at the town of Odalguri in British territory, and, going down
the Brahmaputra river by steamer, reached Calcutta on the 11th March 1875.
His astronomical and boiling point observations were very numerous and satis-
factory, and his work has been excellent throughout. )

(82.) Thus a rich harvest of geographical results—now published in detail
for the first time—Nhas been obtained from the labours of the Pandit, the Havil-
dar, and the Mullah; and happily it has been acquired without loss of life or
serious misadventure, such as have too frequently been met with in these arduous
and hazardous explorations,

NO. XIV.—THE COMPUTING OFFICE.

EXAMINATION, FINAL REDUCTION AND PUBLICATION OF THE
OBSERVATIONS.

(83.) Mr. Hennessey—who has for so many years been in charge of this
Office, and to whom its
present state of efficiency
is so greatly due—bhas
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been absent on furlough
to Europe since the 1st
January 1876. The lo-
nours have been recently
conferred on him of being
elected a Fellow of the
Royal Society of London,
and an M.A., Honoris
causd, of the University
of Cambridge. During
bis absence the charge
of the Office has devolved

on Mr. Cole, by whom its varied and responsible duties have been carried on

to my entire satisfaction.
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(81) The Officc has been employed in its usual duties of carefully ex-
amining and reducing the observations, and publishing the ultimate results of
such portions as have heen finally treated, and preliminary results of the portions
whioh await the completion of further triangulations before they can be finally
disposed of. The 3rd and -4th Volumes of the “ dccount of the Operations, &e.”,
have been completed and are now in the hands of the binders. They contain full
details of the principal triangulation which is contained in the Sectional Figure
known as the North-West - Quadrilateral, the limits of which are,—on the east,
tho middle Indian meridian, 78°,—on the south, the western half of the line
from Calcutta to Kurrachee,—on the west, the British Frontier line from Kurracliee
to Peshdwar,—and on the north, the western half of the Himalayan Range. Of
the Synoptical Volumes—which give the results of the principal and secondary
triangulation for cacli series included within these limits, in a condensed form, for
the use of geographers and surveyors—three had been published by the date of
my last report; in the present year two more, »iz., No. 4, the Gurhdgarh Meri-
dional Serics, and No. 5, the Rahin Meridional Series, have been published : No. 6,
containing both the Jogi-Tili Meridional and the Sutlej River Series, has been
completed and is now in the hands of the binders; and No. 7, containing the
North-West Himalaya Series and the Kashmir Triangulation has been got ready
for the press.

(83.) Another Sectional Figure of the principal triangulation is known as
the South-East Quadrilateral; its limits are,—on the north, the eastern half of the
line from Calcutta to Kurrachee,—on the west, the central meridian of '78°,—
on the south, the eastern half of the line from Vizagapatam to Bombay,—and on
the east, the coast line from Calcutta to Vizagapatam. This section I had fixed
on to be taken up, for final reduction, on the completion of the North-West Qua-
drilateral ; and it has now been disposed of in a most satisfactory manner, under
the supervision of Mr. Cole, to whose intevesting report on the subject (in the
first appendix), I must invite attention. The third PFigure, known as the Northe
East Quadrilateral, comprises the whole of the country between the one now
completed and the eastern half of the limalayan range (up to the meridian of
89°) ; its reduction is now in hand.

(96.) Though Volumes III and IV of the dccount of the Operations, &e¢.,
are now in the book-binders’ hands and might be shortly issued to the publie,
I propose to postpone their publication until the eompletion of Volume II, which
should be issucd simultaneously with them, That volume is intended to give an
historical account of the triangulation, and descriptions of the methods of proce-
dure and of the instruments which have been employed ; to set forth the mathe-
matical formule which have been adopted for the several caleulations, and to give
full details of thie final steps in the reduction of the North-West Quadrilateral,
when tho several chains of triangles arve vegarded, no longer as separate series,
but as a single triangulation, which has to be made consistent infer se, and with
the four hasc-lines at its corners. A considerable portion of the volume has been
comploted and passed through the press, but the pavt appertaining to the North-
West Quadrilateral is still in hand.  Tho preparation of the volume has neces-
sarily fallen in groat measare on myself, and it has frequently had to be laid
aside, when other matters of more immediate interest required my attention.
Of these one of the most important has been the final redaction of the Pendulum
Observations, and the preparation of the vesalts for publication. Happening from
my long personal as well as official acquaintance with the late Captain Basevi,
to be more familiar than any one else with the work he had done, and with his ideas
regarding the reduction of hisobservations, I felt it incumbent on me to set aside
Volume IT—which is on subjects that are familiar to several of the Officers of
this Department, who might complete it in case of mishap to myself—and take
up the volume which is to be devoted to the pendulum operations.
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87) A great mass of cxporimental observations which Captain Basevi
had made—for the determination of the reduction of the glven'VLbratlon-numbers
of the pendulums at the actual temperaturcs and atmospheric pressures under
which the swings were observed, to the corrcsppndmg_v'lbmt'mn-nl_lml)'ers in a
standard temperature and in a vacunm—were still awaiting investigation and
discussion at the time of his death; and until this work was gompleted the
final reduction of tho observations at the several pendulum stations c'ould not
be performed. T took it in hand about the time of CIL[)F{LIH ﬂeavmd_eg return
from England, after completing the swings g),t the stations 1_|1'the original pro-
gramme of operations which Captain Basevi did not live to visit. Tt proved to
be a very formidable task; for, excellent as were the experimental observations
and great the care which had beqn bestowed on them, they pr_csented' many per-
plexing anomalics for examination, and these had to be patiently investigated
seriatim, Lefore any final decision, as to the inferences to be drawn from them,
could be formed.  All these investigations have now been completed, and the whole
of the observations at the several stations visited by Captain Baseviand by Captain
Heaviside have been reduced accovdingly. A descriptive account of the general
operations from first to last, of the several investigations just'mentioned, and of_the
methods adopted in reducing the observations, and full details of the observations
themselves—with the results obtained after the reductions—have now been com-
pleted and printed for publication; they fill 379 closely printed quarto pages,
which will probably form part of Volume V of the dccount of the Operations &ec.,
of this Survey. )

(88.) It isintended to devote the remainder of the volume to papers by

Captain 7. Herschel, RE, PRS.&¢, Captains Herscheland Heaviside. Captain Herschel
Deputy Superintendent 2nd Grade, is engaged in investigating the reduction of the

Coptain W. J. Heariside, RT,  pendalum vibration-numbers, from the values de-
Deputy Superintendent 3rd Grado. duced for the respective levels of the several stations,
to the corresponding values at the sea-level. In previous operations of this
nature the reduction to sea-level, which is a question of attraction, has never
occupied much time or been of much importance, owing to the fact of the stations
having been usually sitnated at places near and very slightly above the sea. Here
on the contrary the selection has, in some cases, been made expressly for the pur-
pose of experiment in the direction of attraction. The stations on the table land
of Southern India, and on the skivts of the Himalayas, and more particularly
the station of Moré, atanaltitude of 15,400 feet in the interior of the Himalayas,
are of this kind; and a considerable majority of the stations, on the meridional
axis of the Indian continent, ave situated at elevations of upwards of 500 feet.
There are also several stations which are either at ov very little above the sea-level ;
for one of the objects of the opevations was to investigate the relations of sub-
oceanic to sub-continental attraction.

(89.) But enquiries of this nature arve far from easy. The calculation of
the attraction of a mass of known simple form is often troublesome ; but where
the mass is a mountainous district, it is absolutely necessary to make a variety of
assumptions, of a more or less precavions character, on the legitimacy of which
the result muast depend. The principal of these has veference to the configuration
of the surface. The effective attraction is separable into two parts of which the
chief requires an accurate knowledge of the contours immediately round the
station; while the other, depending on the curvatuve of the earth, does not
become sensible for some distance, and then continually increases in importance—
or more corrcetly, would do so, but for the general tendency of increased area
to present a lower average height,—so that it 1s hardly too much to say that the
effect of distant continents must not be entively overlooked. Thus a knowledge is
required in detail of the masses standing on given areas, and Captain Herscliel
has necessarily devoted much time to their estimation.  The mean height of about
500 half degrec squaves have thus been obtained for Northern India, Kashmir,
Turkestan and Thibet, by a close stndy of the best available maps. It is probable
that the arca to be dealt with will have to be cxtended so as to include a great
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part of the Indian continent, should it appear worth the labour. TUnder the
oircumstances, there is still much work to be done, before the results of the
pendulum operations can be satisfactorily elucidated and prepared for publi-
cation.

(90.) On his return from England, Captain Heaviside was employed in
this Office, for nearly a year, in completing the reduction of his own observations
with the Royal Society’s pendulums and in supervising the printing of them and
of the greater portion of Captain Basevi’s observations. He also completed the
reduction of his observations with the Russian pendulums—which had been sent
to India to be swung at some of the Royal Society’s pendulum stations, with a
view to establishing a connection between the operations in India and in Russia—
and with Kater's convertible pendulum, which had originally been employed in
determining the relations between the length of the seconds’ pendulum, and the
British Standard Yard, and was re-employed by Captain Heaviside for the con-
version of the differential results by the Royal Society’s pendulums into absolute
values. Full accounts of these operations, and dctails of the observations and
reductions, have been printed in readiness for publication, either in Volume V or
in a supplemental volume; they occupy 181 pages of closely printed quarto. The
results have been provisionally reduced to the sea-level, but corrections may have
to be applied to this portion of the reductions, after the completion of Captain
Herschel’s investigations, The result of the determination of the present relations
gf Kater’s convertible pendulum to the Standard Yard, which is now being made
in the Ordnanoce Survey Office, Southampton, by Colonel Andrew Clarke, R.E.,
C.B,, is also awaited, to complete the subject, before publication.

(91.) I have every reason to be much obliged to Captain Heaviside for the
assistance whichi he has rendered to myself, and the pains he has taken in com-
pleting his own share of the pendulum work. He is now employed with Captain
Campbell in the determination of clectro-telegraphic longitudes in the Madras and
Bombay Presidencies.

NO. XV.—CARTOGRATHY.

(92.) The preparation of a 3rd Edition of the Map of “ Turkestan, and
the Countries between the British and the Russian Dominions in Asia,” was com-
menced last year. Each of the four sheets comprising the map had been entirely
redrawn, ou the same scale as that of the two first editions, viz. 1 inch=32 miles,
and a large amount of valuable and newly acquired information of Khiva and the
regions on the eastern horders of the Caspian S8en—obtained directly from the
Topographical branch of the Russian War Office—and of the Northern Frontier
of Persia, from British soucces, had been inserted.  But the completion of the map
was postponed until the results of Captain Trotter’s surveys, in connection with
Sir Douglas Forsyth’s Mission, and of the explorations of the Pandit, the Ha~
vildar and the Mullah—which I have deseribed in the Geographical Section of
}bi‘s g,eport——could be introduced into the map. It was then finished and pub-

ished,
. (93.) A mnew map of Northern Afghanistin, and the Countries to the
north of the Trans Indus Frontier—on fivice the scale of the Turkestan Map—
has been prepared under Captain Trotter’s supervision, to indicate the results of
the explorations of the Havildar and the Mullah; it is appended to this report.
It is exceedingly intevesting, its larger scale permitting of much detail being
shown which had to be omitted from the Turkestan Map. Two maps, compiled
from the Pandit’s surveys of the routes from ILaddkh to Lb4sa and thence

to Assam, also accompany this report, and contain much new and valuable
geography.
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(91.) Of other work done in this office I may specify the preparation of
Captain Trotter’s Preliminary Map of Eastern Turkestan, which has been pub-
lished with Sir Douglas Forsyth’s Report ; the completion of the Gazettecer Maps
of Kumaun and Garhwal, of 23 Final Charts of the triangulatlon,.ln 1llust.ra-
tion of the Synoptical Volumes, and of 5 Preliminary Charts of triangulation
which as yet has not becn finally reduced ; and the revision of the Map of Routes
in Northern India. A tabular statement of the work is given at the end of the

first appendix.

*

(95.) It now only remains for me to acknowledge the valuable services
which have been rendered by my Personal Assistant, Mr. H. Duhan, who has
relieved me of a considerable amount of official routine work, that would other-
wise have taken up much of my time. Mr. L. H. Clarke, has rendered good
service by the careful and punctual performance of his dutics in the correspon-
ding office and as general store-keeper; and he also acted for three months as
Personal Assistant, during Mr. Duhan’s absence on leave.

(96.) An abstract of the out-turn of work executed by each of the Survey
Parties, whose operations can be exhibited in a tabular form, is given on the
following page.

J. T. WALKER, CoroNEL, R.E.,

Supdt. Great Trigonometrical Survey.
Deura Dun; Z

Dated 3rd March 1876,

Post-script, 2Tth Marck 1876.

Circumstances, which I am not at present in a position to explain, have
disappointed me in the expectation of being able to append Captain Trotter's
account of the Trans-Himalayan Explorations, during 1873-74-75, to this Report.
An account will I trust be published hereafter, and at no very distant date,

4o T. W,
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Abstract of the out-turn of work executed by the Great Trigonometrical
Survey Parties, during the Official year 1874-75.
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PLAN of a G, T. SURVEY STATION with OBSERVATORY and SIGNAL PLATFORMS shewing
BRACED STAND for the GREAT THEODOLITE, designed by MAJOR B. R. BRANFILL, Dupy. Supdt.
G. T. Survey, for the RAMNAD LONGITUDINAL and MADRAS COAST SERIES (S. Section).

Ground, Level

Ground, Leved

REFERENCE. - -
A Masonry pillar and annulus, section and plan,
B Closing pillar in section. d—— = 3 2 =
C Wooden braced stand, elevation. /m\
c'c' Masonry support for ditto, in plan, fa . c(‘ ) \;‘“""{;—’
D Observalory tent, %\\/é .
E Theodoiite box, in elevalion and plan. :
FF Palmyra platform, . T
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Scale 1 inch = 8 feet.

Photosincographed at the Qffice of the Superintendent, Great Trigonometrical Survey, Dehra Din, November 1875.
C. DYSON, PHOTO. €. G, OLLENRAOH, BN
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Extract from the Narrative Report—dated 30th September 1875—of MAJOR B. R. BRANFILL,
Deputy Superintendent 2nd Grade, in charge Madras Party.

P e e

(2.} The party took the field at Banaalore on the 9th of November, renched l'richinopuly on
the 6th of December, Madura on the 12th and the scene of aperationy on the 20th of the same.

(3.) The Rimndd Longitudinal Sevies had been approximately laid out the previous season

as stated in my last Annual Report (paca. 15).  There remained to

The Scason’s work to be done. build most of the stations and clear the rays between thewm, to

select a few of the station sites which had not been precisely determined on, to observe the final angles,

and to close aud deliver the stations. Besides this the Series had to be estended along the coast to
Rimesweram with a view to the Ceylon connection.

(+) I mysell took in hand the completion of the stations and rays of the ficst figure, a quad-

. rilateral. I sent Me. Beleham to complete the next fizure in ad-

Dieposition of Purty. vance, also a quadrilateral, and the other two Assistants to build

the stations and clear the rays further in advance; oue on the northern lank and cenire, and the

other on the southern flank along the coast.

(5.) I commenced observing on the 29th December at the stations of Kulayanallie and

Kovilpatti, forming a side on the east flank of the Great Ave (Lat. 9°)

Final obscrvations after three weeks and completed final obscrvatious at the six stations forming the first

entrusted to Mr. Belcham. two ligures (quadrilaterals) by the 206h Jannary, when I was joined

by Mr. Beleham, whom I had recalled to take up the obscrvations,

a mere mechanical process requiring only the skill and care which I felt sure Mr. Belcham possessed
and would use.

I ways impelled chiefly to tale this step in consequence of the great probability of the observing
overtaking the approximate series (which eventually it actually did) and because I felt that the most
important duty in such dificult country (wouoded plains) is the laying oub the series in advance to the
best advantage, and directing the * Approximate Scries” operations generally, [ romaived instruct-
ing and assisting Mr. Belcham for a week, when alter seeing him through the observations at two
stations I felt confident that I might leave him to pursue the duty successfully.

(6.) I then procoeded to inspect Mr. Potter's work on the north flank and centre, and, after

selecting a station in advance and tracing and clearing the ray to

Tho Exccutive Ofcer in charge pro- it, visited Mr. Laseron, and gave him a little practical and personal

ceeds to the front. instruction in the art of ray tracing, &. I nest proceeded to build

the stations and clear the rays on the south flank, leaving Mr.

Laseron to combine his efforts with Mr. Potter in pushing on the building and ray-cleariug of the
centre and north flank, where the most masonry werk was required to be done.

(7.) The stations of tho north flank and centre of the Series were hollow masonry pillars
15 to 25 feet in height, banked up with earth and gravel as high
Stations of the north flank and cen- 55 practicable to provent vibration, with a timber scaffolding to
tr, hollow masonry pillars with timber X
souffolds. support the observatory, run up to a much greater height for the
signal.
(8.) The south flank lay along the series of sand hillocks and ridges that skirt the const
enveloped for the most part in dense palm forest. The shifting
Temporary stations of timber pro- hillocks of drift-sand wore not suitablo for permanent principal
vided on tho south flank. stations, bub by their means, temporarily occupied by stations com-
posed of wooden piles, all the permanent buildings onthe coast
which could be observed, were fixed, and the scrios rendered n double one throughout. A large mark-
stone wus buricd deeply in the sand, and should the sand hillocks remain, may be found for many years
to come. I propose having a pile of (coral) stones placed over each such station more permanently
to mark the site in case the sand does shift.
(9.) By the end of the first week in March the Approximate

Completion of Approximate Series. .
P pproxt Series on the south flauk and centre was complete as fur as Ramnad.

(10.) The south coast of Rémndd, from the lands-end (Toni Turei="boat ferry") opposite
Pimban, for 60 miles to the westward, is fringed with a belt of
dense palmyra forest, intermixed with groves of coconnut trees,
through which it wes very dificult indeed to carry on the series, but there was uo alternative feasible.
To traverse or “trace” each ray through the forest was possible, but to “clear” it quite impracti-
cablo; to overlook it was the only thing to be done, although the palms grow to a height of GO feot

Difficulty of the palm forest.
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nnd the ground is generally quite flat. At a distance of a mile or so inland from the sea shore there
is n ridge or scries of hillocks, rising from 10 to 50 {eet above their base, formed probably by the con-
stant action of the sen breezea blowing the dvy surface sand of the beach inland, and depesiting it in
the palm forest where it is sheltered from farther action of the wind. After selecting and erecting
high flags on the most promising of these sand hillocks for stations, the line between them had to be
traversed and the height of {he intervening hillocks and of the palins carcfully noted. The latter has
to be done by climbing the highest palms and examining the height of the forest in the direction of
the ray. About midway the most prominent palm in or near the line is sought for and marked with
o flag, whenco the flags of the two station sites at the ends of the line can be seen; a sextant here may
be used to mensure the angle contained by the rays to the station flags, which, with the traversed
(perambulated) distances gives the approximnte position of the true rny, and one is able to judge by
examining the top of the forest whether the ray is likely to prove practicable or not, and wherc most
clearing is necessary. Having found the direction of the ray, (and if it still seems practicable) a trial
line has to be carried, from one or both ends, over the palm fops, the leaves of which have to be cut off
leaving n clear gap of 10 or 12 feet in the forest. 1f the trial line proves all right it has to be widened
some scores of trees have to be cut down and their price, (from one to four shillings ench), settled
and paid to tho owners.
(11.) As the sand hillocks do not attain the height of the palms, within 15 or 20 feet probably,
the eye and signals have still to be raised, and for this purpose
Means for raising eyo of observer I prepared a portable braced stand of wood 17 feet in lieight, or
sud signals. else in its place set up palmyra logs steadied by piles of sand, and
found they both answered well, and thus the eye of the observer was
rnised more than 20 feet above the top of tho sand hillocks. A much greater height was necessary for
the signal, and this was obtained by menns of lofty scaffolds, for which as regards length, the palmyra
is well suited. The longest, straightest and most convenient trees cut down on the line were selected
and split up into halves for the four uprights, and into quarters and eighths for the beams, braces,
ties, &c. The stalks of the palmyra leaves furnish the rope by which the scaffold is put together and

made fast.  Such a scaffold takes two or three days to ercet under ordinary circumstances and costs
about Rupees 30 (thirty).

(12.) In one instance I met with a great disnppointment and tho loss of several days. The lofty
gopuram, or entrance-tower, of the Tirupullini Temple, (s sacred

003;1;:; bl‘:ll“:'“:r:t';z&“:hep",}‘;‘ri:;i:ﬁ'é:l‘; Vishnu fane,) offered a temPting site for a stntion, eighty. (80) feet
templo tower. above the ground, by which five rays to adjacent stations over
the palm forest were well commanded. I visited the place and was

allowed to mount and observe with n small theodolite from the summit of the tower without demur,
and was informed that I might use it as a station, engaging to do no damage that I would not make
good. When however I came subsequently to prepare the station, and had been allowed free access a
second time, and had taken the necessary measurements, for the platform, &c., the brahmans and others
attached to the temple, and n large portion of the inhabitants of the village that profits by the temple
funds, turned out to the number of some hundreds, and surrounded my tents in nstate of much
excitement, protesting ogainst my again entering the tower, unless I was prepared to pay many
thousands of rupees for its purification, whilst some of them demanded money for the pollution that
had already occurred through my presence. I tried for sometime to concilinte them but without
effect: they refused me further access, locked tho door, and kept a watch to prevent by force any
attempt on my part to effect an cntrance, which of course I did not make, though it was with much
reluctance that I felt obliged to abandon so advantageous o site. I afterwards learnt that on the day
of my first visit a subscription wns made nnd n sum of one or two rupees collected to enable the priests
to perform certain purification ceremonies on account of my visit. On hearing this I sent word o the
temple manager that I was ready to pay & rent equal to the amount of any such expiatory sacrifices a8
they deemed absolutely necessary, for as long as wo occupied the tower, but they refused. They
added that they had already caused the unhallowed government telegraph wire to be removed from
possing too near their holy building to a distance of some hundreds of yards, and that they could not
let me use their tower at any price. No anger or ill will was displayed on either side, but I was not
prepared for such persistent obstructivencss, considering I had already established a station on the
unfiniehed gopuram at Uttara Koshamangei, a celebrated Shiva temple only a fow miles distant, with-
out any difficulty. The gopuram, or entrance-tower, of any Indian temple is perhaps of less use, from
a religious point of view, than thoe ordinary tower of an old English Church; and in this instance, as is
common in Hindu temples, the tower being the sole resort of monkeys and bats, and seldom or never
cleaned, was in o most filthy state, and so disgustingly loathsome os to be almost unendurable to any
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onc passing through it. That my presence should be thought a greater pollution to the temple
than that of these unclenn beasts and birds, reveals a state of mind that is somewhat remarkable. I
lost no time in searching for another point, but the delay caused by the abandonment of this cost me
about & week in the busiest time of the senson,

(13.) My next caro was to extend the series to Rimesweram with a view to the Ceylon connee-
tion. After a careful examination of the country to the south-
east of Ilimudd, I found that tho increasing density of the palin
forest and the rapid narrowing of the land, obliged me to attempt
to utilize the islets of the cornl reef which lies paralic] to the ehore of the main land at the distance
of 4 or 5 miles. I accordingly threw out a quadrilateral to the southward based on the last, (south-
easternmost) side of the trinngulation which lay convenient for the purpose, and found no great diffi-
culty in extending the series by a succession of quadrilaterals as far as the lands-end.

(14.) The islands aro scarcely above the sea at high water of spring tides, and are composed
of coral and sand and devoid of fresh water or anything to live
upon, although they are covered with a coarse grass, wecds and
gome bushes and trees, the Jast planted by the fishermen who resort there from the main land : several
of them were densely covered with high tangled bushes that cnused much trouble to clear o ray
through. Labeor, material, food and water have to be transported thither by boat, and as constant
communication by open boats or canoes must be maintained, there are only about three months,
February, March and April, between the monsoons, during which this work can be carried on. The
last four stations built and observed at, are of good permanent masonry, as also are two of those
in advance, on the island of Itémesweram, observed to but not yet olserved at. High scallolds were
required at nll of the island stations, and in builling these only one accident occurred throughout,
which I think very fortunate, considering that we were all of us inexperienced in this kind of work,
and that our materials and implemnents were of the most unwieldy and roughest description. An
ordinary palmyra freshly cut down weighs about 1} tons, and each half tree over forty (40) feot in
length, probably 4 a ton, to taise which we had o working party of from 12 to 20 common coolies
nnd 3 or 4 klassies. A few stout bamboos for sheers, props, &e¢., & pair of metal blocks with a stout
cotton rope and plenty of “ Coir” (cocoanut fibre) rope were all our implements, but they proved
suflicient for the purpose.

(15.) The one accident alluded to, oocurred by a faulty beam, injured in the felling of the

Acsident. tree, having been inndvertently used on the top of the scaffolding

to support the signal platform. On noticing this I ordered its

removal, but it gave way in the process, and two klassies were precipitated to the ground from a
height of about thirty (30) feet; onc of them was hurt a good denl, and is scarcely well yet.

(16.) 1 completed these stations and cleared all the rays by the middle of April, when I

found it necessary to desiat, s it was useless to prepare the remain-

Conclusion of the island Approxi- ing stations in advance, some of which must be temporary stations,
mato Sorice. (being umnavoidebly on hillocks of drift-sand), unless the final
observations could be carried beyoud them to two or more perma-

nent stations still farther in advance, and this was quite out of the question. I therefore contented
myself with visiting the Islands of Kachi, and Neduvan (or “Delft”) and ascertaining that there

wes no great difficulty in any of the rays in advance, as far a3 the completion of our share of
the series.

Tastorn oxtension for the Ceylon
connection by an islond series.

The islets of the coral reef.

(17.) Mr. Bolcham meanwhile pushed on the final observations with vigour and success

Progress of the final obrervations., \\'ithout. i}lterruph:on, except for one or two days when he overtook
L. ) the building parties. On reaching Rimndd 8. on the 18th March
I joined him for the Azimuth observations, and nfter two days and nights instructions and

assista.nce, found him quite able to complete the work alone, which he did after I left him without
any migshap, Iam glad to say he continued to work steadily, and made good and uninterrupted
progrees, until he brought the work to a close by the st May, when I ordered him to desist, and to

return to quarters, as the entire party was much exhausted, and a large portion of it sick or ailing
officers included. '

(20.) Mr. Belcham has done a good senson’s work having conducted the final obscrvations
with the 24-inch theodolite very creditably to himself, this being

M. G. Delcham his first senson, and quite to my satisfaction. The conduct of the
el . observing and signal parties for the island series required much
forothought aud good arrangement; but Le was cqual to the occa-
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sion, and no mishap or failure occurred to hinder the work throughout.

(21.) Mr. Potter has worked wiilingly and well s usual, taking an interest in his work, He
has built 7 masonry pillar stations, and traced and cleared 19

Mr. C. D Potter. miles of mys. He suffered severely in henlth towards the end of

the season,

(22)) Mr. Laseron commenced the season’s work under the disadvantage of not having had any
previous practieal experience of ray tracing and clearing in o flat
Mr. E. W. Laseron. nud wooded country, and he found much difficulty in making the
*trial lines,” Jaid off from his ray trace observations, come out right, even after repeated trials, and
in this way he lost considernble time. He appears however to have worked hard and willingly,
and will 1 do not doubt master the difficulty with a little more practice. He has built 8 high
sigonl scaffolds, traced and clenred G4 miles of rays, and built, partiolly or entirely, 6 masonry
stations. He also built closing pillars at, and delivered over charge of, 12 principal stations.

(24.) The country is ns flat as possible, although there is n slight dlope down towards the sea
of a few feet per mile. Inland the country is generally deep black
General fentures of the country, eoil, (cotton) soil, which is immediately succeeded near tho coast by deep
sand. The black soil is extremely rotten, becoming irspassable in
wet weather and nothing but yawning erncks when dry., The former
inland, is much wooded and intersected by tanks, and a net work of bunds, dykes, and supply channels
for collecting water, and it is every where cultivated with high growing corn crops, so that the view in
all directions is obstructed or confined to a limit of 2 mile or o even when the observer's eye is raised
above the corn which grows up to ten feet in height. Moreover every tank bed (and tanks abound,
witness Indian Atlas Sheet No. 80), is overgrown with a dense thicket of thorns of a kind of hard
and matted * Bdbul” (mimosa Arabicn) that is exceedingly tedious to clenr a ray through.

Except for the occusional sand hillocks, the vicinity of the coast offers no advantage over the

inland tract, in as much as it is overgrown with palm forest, thorn jungle and cocoanut groves.

(25.) Compnred with previous sensons’ trinngulation, with hill stations, the signals and obser-
vations were very wild, as was to have been expected. Excepting
the first few, nearly all the rays were unavoidably very low, grazing
within 10 or 15 feet of the ground, and a few much closer still.
(26.) We hnve eleven rays more or less clear over the land giving a mean factor of positive
L rofraction = + 0023 of the contained arc. Thirty-six rays graze
mgxiﬁr:°£‘_?:£';ct‘;’c:'m'::?ﬁ:gg::{ more or less badly over the land, giving a mean factor of negative
refraction = — 0-111: the largest of these is — 0°289, and there
are severnl others sbout one fourth of the contained arec.
Of sixteen rays over the sea, some clear and some grazing, only one gives negative refrnction,
(—0037,) the rest are all positive, and generally between + 0'020 and +0°040, the mean being
+ 0032 of the contained arc, or about half that of an ordinary series of hill stations.

Dad signals and grazing rays.

(28.) Besides the plan of the Island Series for the Ceylon connection, one hexagon of the Madras
Coast Series to the nmorth of Rimnéd wns laid out, nnd three of
Extension of the Madras Coast Series.  the stations built by Messrs. Potter and Lnseron, and the former
hos also reconnoitred the country with a view to another hexagon in
advance, but nearly all the rays require regular tracing and clearing.

(29.) It is much to be regretted that the remaining portion of the Island Series for the Ceylon

Plan of work for the ensuing season. connection cannot be begun before the end of January when t}le

violent wind of the North-Eaet monsoon moderates, and permits

open boats, the only craft our funds admit of, to ply between the islands of Palks Straits to the east

of the Pimban channel and Adam's bridge, and keep the signal and observing parties furnished with
water and supplies,

I therefore propose employing the strength of the party on the approximate series (Madras
Const) to the north of Rémnid under my own immedinte supervision, selecting and building the
stations, tracing end clearing the rays between them until enough of the series has been laid out to
occupy the observing party until it is time to take up the Island Series, so that as little time as possible
may be lost in traversing the interval between the advanced part of the Madras Const Series, and the
uncompleted part of the Ceylon connection.
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(30.) I am happy tostate that I believe a considerable reduction may be effected by the adoption

of only low masonry pillars and platforms, no larger than absolutely

Reduction of cost. necessary for tho sake of permanence, in place of the usual high

towers. I commenced the Rémnid Longitudinal Series by building

high masonry pillars with timber scaffoldings. Ten of these pillars, with a mean height of 21 feet

have cost at the rate of Rs. 175 each and the cost of the observatory

platform was Re. 40 making a total of Rs. 215 per station, exclusive
of supervision,

(32.) Latterly I have constructed log or pile stations for the sand hills, and low masonry piers
for the ordinary soil, with lofty scaffolds for the signals. I find the average cost of eleven obser-
vatory signal scaffolds with a mean height of 27 ft. to be only Rs. 30 per station, and I estimate the
cost of low masonry platform stations to be about Rs. 20 each, making a total of Rs, 50 per station,
showing a saving of Rs. 165 per station. I enclose a plan and elevation of such a station as I have
found best adapted for this series and most economical, shewing the portable braced stand with obser-
vatory and signal platforms.

(33.) 1 may notice moreover that the 17 ft. stand has proved more steady in a wind than the

Btability of 17 ft. braced stand. 20 ft. pierced masonry pillars previously used.
(94.) One dieadvantage of the lofty signal scaffolds is the difficulty of plumbing the eignal
) . apparatus in a wind, particularly in a high wind., This may be
fol]‘g:ndvantnge of lofty signal seaf: 1 viuted by using heavier plummets supported by fine brass wire,
and by protecting the plumb line by a long strip of cloth or matting

Comparative cost of masonry pillara
and timber scaffold stationa.

spread on the windward side,

(88.) Mr. Bond, Assistant Surveyor of No.2 Extra Party, was placed under my orders for

temporary employment in the vicinity of ‘‘Bangalore,” so as to be

Mr. J. Bond, No. 2 Extra Party, ready to join Captain Campbell, R.E., at any time during the season

temporarily "“%"hed&lf"" specisl eme oy ghort notice, in case that officer (who was employed at Roorkes

ployment near Bangalore. in the observations of the Transit of Venus,) should become avail-

able for Latitude observations on the Madras Meridional Series, or

Ordered to execute some minor trie other work. I accordingly directed him to execute some minor

angulation in Myore. triangulation in Mysore which was much needed by the fiscal and

other surveys, to make a more extended connection of the G.T.

Survey prineipal triangulation with that of Colonel Lambton, and to fill up a gap left in the net work

of triangulation of the latter, on the north flank of the Bangalore Longitudinal and between the

Great Arc and Mangalore Meridional Series, lying to the south of the * Chitaldroog* district of

Mysore.

(89.) He left Bangalore on the 24th November with a party of 12 Klassies most of whom were

quite new to the worl, and starting from the side Rimadevara-betta

EB?;:}“ the field and lays out the _Dodnir-manga H.8. of the Great Arc (in Lat: 13° 30) he pro-

: ceeded westwards, and in about seven weeks laid out o series of

thirteen triangles reaching as far as Shimoga 8., about 108 miles in length, and covering an area of

1,096 square miles. Two of these stations are previous G.I'S. points, besides the three initial and

terminal stations above named, and four of them are identical with old stations of Colonel Lambion’s
Survey at which the ® mark was found.

(40) He then commenced to retrace his steps observing the angles, but was very shortly
prostrated by siclness and obliged to return to Bangalore for medi-
cal treatment. The season was a very unhealthy one generally
throughout 1hat part of Mysore and the men of the party sufferod
considerably from fever, &c., as well as Mr. Bond.

The delay from this cause was more than a month. As soon as permitted by the doctor, Mr.
Bond again took the field and the observing was resumed on the 28th of March after an interval of
seven weelis during the best season for the obscrvations, and continued till tho end of May when he had
completed 10 triangles in all.

(41.) But he now discovered that one of the rays of his approximate serios which he had accept-

ed without due examination, on the eredit of Colonel Lambton’s Chart
Approximato Serics impracticable,  of the triangulation in which this ray is shown (and therefore might

well have been supposed practicable) was obstructed, nnd the observ-
ing wos thereforc brouglt to ou end,

The observations stopped by sick-
ness for seven weeks,
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An altornative station was selected but the clondy weather of the 8.W. monsoon had sct in, and no
farther observations could be obtained. After waiting for three

Reovised. weeks more in the hope of completing the serics, I ordered Mr. Bond
Bad weather provents complotion of o return to Bangalore where he arrived on the 24th June, leaving the
tho Series. threo triangles connecting his work with its proper base, incom-

plete. T trust however that he may be able to complete this work shortly before the ensuing field season,

(42.) Mr. Bond appears to have worked energetically and to heve done his best.  Fis men wera
many of them new to the work and insufficiently trained, and he was much delayed for want of good and
timely siguals, as well as by sickness,

(43.) 1 beg to append to this Report an alphabetical list of the proper nomes of the stations and
 tho ta land marks fixed during the season, together with those of the sur-
_ List of the propor names of the eta- 1o ,ding villnges and some of the neighbouring towns, thot will appear
bions and poinis fixed, &c., given. on the iecordgs of this party. Theg vernucuglar (Tamil) form ofpzach
place-name was obtained on the spot, as well o8 its etymology or root-meaning.
I do not suppose that all I have given in the list is correct, but it may be accepted as the current
local tradition and usage, and as a near approXimation to the approved method of transliteration,
(44.) I apprehend that such information, if faithfully and earefully collected, moy prove of much
general interest, and of special use towards removing from the face
p“m;?::“;’;‘g:f 3;':‘:.1 E{‘:;’;‘_‘m" of the English maps and charts of India, the great diversity of render-
ing and erroneous spelling that have hitherto disfigured them, and I
propose to give annually such a list as I have now drawn up of the common ond particular placo-names
met with during the field season.

Proper Names of Places and Common Village Names met with on the S. E. Coast of India,
chiefly in the Madura District of Madras (Tamil Country).

Agrahiram From S, a village, street, or quarter of a town, set apart for brah-
mans.

Alankulam Vil pr. n. (?)="* Banyan tank" fr. dlei, the banyan, and kulom,
a pond or tank.

Alattir Alei, the banyan (tree), and tiry, o village or town.

Ammi Mother, “ mamma", Lady. Amman-Kovil=** Lady chapel", a temple
or place of worship devoted to one of the female deities or
demons.

Anakattu Eng. “anicut”; fr. Tel. addamu, between, across, and kattu (to
bind) a bund, dam, embankment ; also T. anei, a dam, dyke, &e.

Anappan Pr.n. A Canarese caste or tribe found in Madura.

Aneipir Tiva Anei=elephant, pdrei=rock; and tivu=island (Madura const)=
“ Elephant-rock Island”.

Annapiunniken-patti Contr. for annaplva-niyakkan, a mon's pr. n, end patti, n fold,
or small village.

Appaniir Vil. pr. n. (?) fr. appu, a stake or large peg, o wedge; or fr.
appan=father, and dru=town, or large village.

Appa Tivu " Abbot’s Island”. Appa="* papa”, o term of respect. This island

i8 aleo called “Shéra mudili” (loc. corr. for Maulavi) the
name of a Muhammadan saint, whose tomb or shrine is much

venernted.

Aramanei ““ King's house”, & palace; fr. arasan, a king, and manei, a house,
dwelling.

Areikulam ‘Written drei, an edible water-plant, (marsilen quadrifolia), but

stated to mean “siz fanks”, asif fr. T, 4ru, six, and kulam, o
tank, reservoir.

Armugam Kottei “Siz fuced (one's) fort” ; hru=six, and mukham; fr. 8., the face;
a name of Kartikeiya, the War-god, Subramanya.

Aru A river. Com. use samo us for six; in comp. 4rr, pronounced. dtt:
see below.

Asuran Fr. ¥, a demon,
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Athodei
Atténkarei

Atér
Aykkudi

9—s

“ River course” ; fr, fru q. v, and odei, n course (fr. otu=run,
drive).

“ River bank" or ' River side”; fr. éru q. v., and karei, & bank,
shore.

A common village name in 8. I, possibly for ¢dlattiv’, q. v.

¥ Shepherd's abode" ; fr. dyon, & shepherd, pastor; snd kudi, &
habitation, dwelling.

B is not a letter of the Tamil Alphabet, but p ie sounded like it sometimes, a8 after m and n,
and, with v, Is used instead of it in foreign words, and slso for p'h, and b’h.

Chadnayan
Chakkili Medu
Chakrélkottei

Chattram
Chiévadi

Cheri

Chinni apps Dargah
Chippi-kulam
*Daghopa and Dahgop
Dalaviy-puram

Devipattanam

Dhans-kodi

(?) Pr. n. of a caste or tribe in 8. I, erroneous for kadeiyan,

“ Currier's mound" ; fr. chakkiliyan, a currier ; and medu, a hilloch.

From chakrd, S, the discus, Vishnu's weapon (a quoit) and
kottei, a fort.

Vulg. use for chattiram, a native rest-house. Hind.=chhattar,

The Anglo-Indian “choultry” of old writers, & native rest-house
for travellers.

An gssemblage, a hamlet, a small village ; allied to C. keri, o street,
row, cf. H. kherd, Ar. and H. karya, o hamlet or small village.

(?) ** Papa Chini's Dargah” (Muhammadan shrine), a pr. n.

4 8hell tank."; fr. T. chippi, & little shell.

S., fr. deh, the body, and gup, to hide; a Buddhist altar, viména
or shrine (see foot note).

Dalavdy, the minister, or commander-in-chief, in 8. I,, and puram,
a town.

“ Devi's town" 8., Devi=goddess, n name of Pirvati, Shivé's con-
sort, and pattanam, a town, a seaport (?).

% Bows point”; fr. S. dhanas, a bow, and kodi, & point. The

extreme S.E. point of Rimesweram Island, a sacred bathing
place.

In vulgar colloquial use y is commonly prefixed to e initial.

Endal or Yenthal
Eri
Etteydpuram

A small tank ; o com, affix to names of small villages in Madura.

A large street of water, lake, o big tank.

Pr. n, a town and zemindéri (estate) of the Ettappan (a Ndyakkan)
family of Tinnevelly.

G only represented in Tamil by k which is pronounced 2 k when initial, or double, but like

g when medial.
Gondha méua-parvatem

Giri

Gopala pattanam

Idem.bidal
Ideiyan

Ilampunam

Iswara

Kachi Tivu

;

Pr. n. of the bighest point of Rimesweram Island, 8., parvata=a
hill.

5. A mountain in S. I; com. applied to a hill named in Hindu
mythology or history.

“ Cowherd's town (or port)”; fr. S. gopal, a cowherd, and pattanam
or pattinam, q. v.

Perhaps fr. idam, left, as there is a “Valam (=right)-bédal"”
across the fen close by, Idam also means a place. If for Itham.
bidal =" Sweet songs’.

A man of the herdsman caste, or tribe; (?) fr. idei=middle=
middle-born, i. €., from Iswara's breast.

Corrupt. for llama-nattam. Nattam is the village-site, or building
ground.

S. The deity, Supreme God, Lord. In S. I. used for Shivd,
“ Tssuran-koil” = Shivd's Temple”.

“ Shingle Island"”; fr. Kachchi, a broken shell or sherd ; this island
is formed of bLroken cornl,

® Nots.—Pagoda (formerly pronounced pa-god) may be derived from this by metatliesis pa-go-da = (dn-go-pas,
Dr. Bargent). 1t mny bo from Pey-gude Tel, (=Law, Pey-kovil) = Demon's, or devil’s temple,” or Liouso,
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Eadaladi

Kadaleiyir
Kidamangalam

Kadavu-Santei, or Kathavu-Chanthei
EKadeiydkkulam

Keadeiydr (kulam)
Kédu

Kal, Kallu

Kadl

Kalak kudi

Kalari

Kaliman gundu
Kallan

Kammai, for Kanmiy

Kammao-patti
Kammaya-naiken-patti

Kaénjarangudi
Kappal-madei
Kippiliyan

Karei
Karisal-puli

Karshé-Kulam
Kasavangundu

Katari (or kithari)-Amman Tivu
Kiddthirukei
Kilakarei

Kila-kiddram
Kile

Kodi-kinal
Kodi-medu
Kodumudi

Kokkidi
Komba-ithi

Koneri
Kottan Kulnm

Kottei
Kovil or Koil

[Season 187478,

Y Sea bather "; fr. kndal, the sen, and adi, o player, bather; (fr. a
local tradition),

Corrupt, fr. kadasi=last, final; ellei, o boundary, limit; and dru,

Perhaps fr. kadu, a jungle, and mangalam= prosperity, fortune. A
flourishing village.

 door, or gateway fair”; fr. kathavu, o door.

¢ End tank"; fr. kadei=end, (market). The root-meaning is last
(born)=low caste. The Kadayar are below the Kallar,

" Kadeiyan's (tank)” ; a caste or tribe of fishermen (mostly
Christiana now) about Rémesweram.

A barren place, jungle; an untilled or un-irrigated field.

A stone, rock,

The leg; o quarter, (cf. H. pdon, and péo) a stake, stem, Pprop, pole,
shaft, &c.

Fr. kalam, e threshing floor, barn. Open field (see Kulnrl).

Barren or brackish ground, a threshing floor="! arena™

“ Clay-mound”, kaliman, clay, and kundu, a lump, boulder, henp

One of an indigenous tribe, addicted to thieving, Plur. kallar, the
“colleries” of Orme's history and others.

Com. uee in Madura for an irrigntion tank or reservoir, & common
village name.

“ Tank fold”; fr. kanmiy, o tank for irrigntion, and patti, g, v.

Pr. n.=* Kammaya Naik's fold". Paotti, o cattle fold, hence, a
small village.

Pr. n, (?) fr. kanjiram=* Strychnos nux vomica”, and kudi, a habita-
tion, dwelling.

An anchorage; fr. kappal a vessel, o ship, and madei (?) allicd to
madu, o pool, & place in the sean deep enough to anchor in,

One of a Canarese sgricultural caste or tribe in Madurs, with
com. agnomen * Gaundan” (T. kavandan).

A border, shore, bank, Common afiz to village names,

Karisal=black soil, blackness, or any thing black, and puli=
tiger.

Vulg. (?) for Karisare, for karisal, q. v., and kulam, a tank,

(?) for kusavan, or vulg. koshevan, & potter, and gundu, & boul-
der, rock : =" Potter's mount’.

Kithari, corrupt. for Cathorine=* Lady Catharine's Isle", so
called from an old R. C. Shrine there.

Kidé () short for Taddthagei, n. of Mindkshi; tiru, holy, and kei,
the hand.

* East-shore”, v. sup,; about the largest seaport town between Tuti-
corin and Pimban.

“ East Kiddéram” () kiddram=s bow), copper boiler, &c.

In comp.=eastern; fr. kile, below, because the country falls tothe
eastward,

* Creeper wood” =" Rattan (cane) forest.”” The first English settle-
ment on the Palney hills.

* Flag-mount”; fr.kodi, a flag, streamer, a creeper, &c., and medu,
2 mound.

" Flag (staff) point”; fr. kodi, a fag, v. sup., and mudi, a crown,
erest, topknot.

(°) “ Cranes play”; fr. kokku, n erane, nnd ddi=plager.

‘" Ilorn blast” or ** Horn blower”; fr. kombu, a horn, and ithu,
blowing. :

" King's lake” ; fr. kon=king, and eri, alnke, a large sheet of wator,

The old name of this place is Kunthi-nagaram, once a place of
pilgrimage.

A fort. Com. affix to pr. names of fortified villages.

A (Hindu) temple or place of worship (?) fr. ko=king, pastor,
and i, a bouse,
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Kovil Kulam
Kovil-patti

Kdal-i
Kudi
Kudisei

Kudi-irupu or Kudiyiruppu

Kudirei-katti-mundal
Kulam
Kulaya-nallir
Kuméra-lurichi

Kundu-kil

Kunru

Kurichi or Kurichchi
Kurtilam

Kurusadi
Kuruvi-nattam
Kuttamn

Kittam

Kuttei

Kiévar-kuttam or Kavat-kuttam

Latchmi

Letchmi.puram
Lingam

Madam

Madura

Malei

Malei

Maleipatti
Maleswerapuram
Man

Manal

Manapid (?)-

Manaar

Maadalam

Mandala-mdnikam

11,

“ Temple-pond”’ = Church-lake"

“ Church fold”; fr. kévil, a temple, and patti, 8 cattle fold, a small
village.

A junction, Com. term for the confluence of rivers,

A house, dwelling.

A small dwelling=huts, cottages.

A dwelling, residence ; com. n. for & small hamlet in S, 1., especially
near the coast,

“ Horse-bound-point”, local name for the Periapattanam headland ;
fr, kuthirei, a horse, and kattu, to bind, It is said a horse
sacrifice was made here.

A poud, tank, reservoir of water; usually for irrigation,

Pr. kula-Sekhara-n. = Race kead-ornament"'; fr. the n, of an early
Pindyan king; and nalladru="* good-town’ =* fair-ville".

Fr. a pr. n. of Subramanya, Kumdran=son (of 8hivé), and kurichl
=a settlement, village.

(?) “Squatting point"; kunthu=setting (on), kal, the leg, (°) going
on tiptoe. The W.S.W. point of Rimesweram Island, fr. a
legend about Hanumin.

Pronounced kundra (and in Mal. kunnu), & bill, a small hill, & round
stone, o boulder rock.

A scttlement. Com. n. for o small village or hamlet in S. 1. pro-
perly on a hill, for kundrachi (?).

(Vulg. “Courtallum’”)=(?) *Stunted Banyans” (? fr. kuttru, ?
dwarf) and dlei, the banyan.

“ Cross-foot ”; an island nr. Pimban; so called fr. & R. C. Shrine,
(kurukke=a oross) and adi, the foot.

Fr. kuruvi, a bird, a small bird, and nattam, a village site, a village.

A tank, a large pond.

A collection, assemblage, a crowded group, cluster, &c,; applied
to a collection of huts, a hamlet.

A small tank.

(?) “ Noise-tank™; fr. ktival=cooing, & crowing noise, and (?) kut-
tam, q. v., applied to a littlo village of a few inhabitants,

Fr. S. Lakshmi, pr, n. of Vishnu'a consort, or Sakti, goddess of
wealth, fortune,

¢ Lakshmi's town.

The sacred phallic emblem, symbol of Shivd under which he is
worshipped by Saivas.

Fr. 8. and H,, math, a school or college for brahmans, a cloister,
monastery.

Town and district or collectorate : derivn. doubtful; perbaps more
prly. spelt Madhura (Nelson).

A hill, mountain, com, use; hencoe Malabar for Malei-war, and
Maleiyilam, the Malabar language.

Rain. Hence Malenddu, the Maluéd or rainy district of Mysore.

¢ Hill-fold”; very com. n. for vil, at foot of, or near a hill.

Pr. n. (?)="* Hill-gods-town".

Earth, soil.

Sand.

¢ Sand-hill"'; pr. n. of a headland on the Tinnevelly coast between
Trichendir and Cape Comorin.

Vulg. use for Mannir=a town, settlement, fixed abode, fr. mannu
to be fixed, lasting, to remain; or (?) fr. manudr—=enemies, foes,

Fr. S, a rogion, circle, district, (cf. L. wmundus, the world)
“ Coromandel” (?) for cholamondal, ¢f. tondamendalam, also=
2 small temple or shrine,

Pr. n.=""Region of gems”, or rubies. Minikkam (fr, S, mani, &
gew), & precious stone, gem, a ruby.
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Mandapam

Manditop
Mangalam

MannAli
Mantri
Marakkayar-pattanam

Miriyér
Maravan, pl. Maravar

Méydkulom
Medu (see Metu)
Mela-kal-Gruni

Mela-madei

Mele
Melmanthei

Metu or Medu

Minéchi, also in T. Minétchi

Mipaugudi
Mottharuni

Mudaliyér or Mudali
Mudukulattir

Mikkeiytr
Mulli Tiva

Mundel or Munthal
Murugei-talei

Musal Tivu
Muttupettei

Muttiruni

Nidu

Naduvupatti
Naiken

Nija-mundel
Nallatanoi Tira

[Srason 1874.75,

A covered court or hall, built with pillars, a rectangular open.
sided hall, before or near o temple.

Pr. n.; fr. mandi=n monkey, and toppu, o grove, o “fope”.

Maotrimony, praise, delight; com. affix to pr. ns. of wealthy vil-
lages of brahmans, rich in rice fields=a flourishing village.

Pr. n. of an island, perhaps fr. its being composed of mnanal=snnd.

A chief counsellor, prime minister ; a com. prefix.

“ Skippers’ town (or port)"; fr. marakkalam, a ship, (mara, wood,
and kalam, n vessel), marakkaya=ship-owner.

Once & large seaport town on the Gulf of Mandr,

Pr.n. of a tribe of the inhabitants of Madura, of lawless and
predatory habits.

" Bverlasting-pond” ; fr. méy-d, that vanishes not, and kulam, a
pond, tank.

A height, &c., comly. pronounced more as if written modu, moedu,
or méru; e. g., Nagari Mor, a hill near Madras.

Pr. n.="“upper (i.e. western)—kal-iruni”, (perhaps stone tank);
fr. iruni, & common village tank.

" Upper (i.e. west)—sluice”; fr. madei, n small water-sluice for
irrigation, &c. The land first watered being nearest to the
sluice is called Mel-madei, nnd the lowest or last watered land
is called Kil-madei.

In comp. mel=up, upon, (upper), hence western, west; because
the country rises to the west.

“ West mdnthe;”” (?) for monthei, mandei or mantei=a herd,
flock, (?) assembly.

A height, hillock, rising ground, com. use for a swell of high
land.

For 8. Minikshi=* Fish-eyed"’; a name of Pirvati, consort of
Shivéi=kali.

(?) “ Fish-village’.

Pr. n.; fr. mottei, bald headed, bare, (?) from being on an open
bare plain, devoid of trees, &c.

A title of respect, in com, use in Madras, applied to a Tamil caste.

“ Old-tank-town” ; fr. muthu, ancient, kulam, a tank, and fru, a
town.

Pr. n.="" Cape-town” or “Bill town’ ; {r. mikku, the nose, bill,
beak; (?) so named fr. being near a headland.

4 Conch (shell)—Island " ; fr. mulli, a shankh, or conch shell, once
abundant here.

A headland, cape, point, loc. use for munei, o headlaiid, promontory.

Fr. murugei, coarse coral rock, and (?) talei, the head: a common
affix, cf. leatherkead, gateshead, &ec.

“ Hare-Island” ; fr. musal or muyal, o hare. Hares are till found
on Hare-Island at Tuticorin.

% Pearl-towon ™ ; fr. muttu, a penrl (cf. H. moti), and pettei, a
(market) town, a village with shops, a baznaar.

“ Muttw's druni” (i.c. tonk). Muttu, perhaps the name of the
man who had the tank made. A common proper name fr.
muttu, a pearl,

A district, country, as opposed to tewn. In Madura comly.
applied to Kalla tracts, (sce kallan). The opposite of Kddu
jungle.

" Middle-fold ”’; fr. nadu, middle, and patti, a fold or small village,

Short for Nayakkan, a tille borne by men of Telugu (or Telinga)
race, a chief, leader.

Pr.n. (? ) and mundel (q. v.) a headland.

* Sweetwater island" ; [r. nolla, good, and tannir, water (properly
tanniru=cool water).
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Nallir
Naripeiytr

Nattam
Niyakkan
Neduvan Tivu
Negapatam

Nellar
Nerinji-nattom

Nerinji-patti
Nochchdruui
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 Good-ville" ; fr, nalla, good, fair, and dru, a town.

(?) * Foa-bag-ville”; fr. nari, o fox, pei (or pai), a bag, and Gru, a
town or village.

The village site, ground reserved for building on. Com. village
name in 8. L.

Fr. S. niya, a leader=néya, guiding. In 8. I. o title of warlike
Telingas, (the “ Poligars”’)=chief, leader; allied to ndyar, the
honoured Sudras of Malabar.

On old maps “ Nedocn", locly. pronounced Nedum==* Long islznd”.

Vulg. for Niga-pattanam. Néga, snake, “dragon”, and pattanam,
a town, (?) a seaport town.

“ Rice town”, fr. nel, raw rice, * paddy”, and {ru, a town.

¢ Thistleham” or *thornville” ; fr. nerunjil (vulg. “merinchi”), a
weed Dearing a thorny seed : (tribulus terrestris).

“ Thistlefold.” See above.

Fr. nochchi, o medicinal tree (vitex negundo), and druni = a
tank or well.

In Tamil w is vulgarly prefixed in pronouncing words beginning with o.

Oppilin

Ottangudi

Ottapidéram or Otte-pandiram

Pr. n.=(1) “the incomparable”; fr. oppu=Ilikeness, comparison, and
illidevan=one destitutc of,=‘he who it without”. (1)

(1) «“ Builders’ village”; fr. ottan, a well digger, or builder (a
caste), and kudi, & dwelling.

Fr. o man's name, and o corruption. of “(Alagiya)-péndiya-puram”,
the ancient name.

P.in Tamil is pronounced like b sometimes, as after m and n, and stands for the labials (Surd

and Sonant alike) p, p'h, b, and L’h.

Pid
Pédi

Pédu
Pékkam

Palayn
Pileiyam

Pilkulam

Pallam

Pallan, pl. Pallar
Palli

Palli-vésal

Palliamunei
Péimbon

Pimbér
Paneiytr
Paneiyeri-Enthal

Pépéokulam
Pépanisham

Pir

Parambu
Parapana-velasei
Phrei

Pareicheri

Tel. a hill, (?) corruption of H. pahdr, n hill.

A village or town, (in comp.bidi) & row; com. affix to vil. pr. n,
(1) a’bar (in the sea).

A place, situation, location, besides many other meanings.

Com. affix to vil. names near Madras; (1) allied to pakkam T., a
side, vicinity, or (1) to bigam, a division, share.

Old. Cf. Gr. palaios, old.

A place or district under feudal tenure (a fief), a oantonment,
military suburb, a village.

“ Milk-tank" ; fr. pél, milk, (cf. C. nil, and Gr. gala, milk),

A ditch, hole, pit, ravine, water course, hollow, &c.

A very low caste of labourers in S.T.

A hamlet, also a small town, a village: a fane, mosque, &ec.

Com. use on the 8. const for & mosque, place of worship; fr. palli,
o place of assemblage, and vésal, & door or gatewny.

Derivation. uncertain: n. of anisland said to be named from
the mainland of which it perhaps once formed o part.

Fr. 8. pimbu, n snake. Pr.n. of the town on Rimesweram JIsland,
at the channel, dividing it from the mainland.

* Snake-river”. A small river of the Madura country.

“ Palmyra-ville”; from panei, the Palmyra palm, and tru, o town,

“ Palmyra-climbers’ tank”; fr. panei, v. sup. eru, climb, and
enthal, a tank,

‘! Brahmans’ tank”. Brahmnns aro called péps, and pépén, for
pArpan (? = “Seer”) in S.1.

Tr. 8. = " Sin-extinction”, n sacred bathing place noar the lowest
cataracts of the Tdmraparnei river.

(1) for parei, a rock, erag: n common affix to pr. n. of villages, &ec.

High ground, a stony mound, gravelly waste, a ridge.

(1) “ Brahmans’ retreat”; see pépén, valasei, Tel, a retreat.

A rock, com. use.

“(Vulg. Tarcherry)”=""Pariak's kamlet”, ov quarters; fr. parei-
yan, an oul-caste, drummer, and cheri, o hamlet, place,
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Parutti
Pirvati

Pattonam
Patti
Pattingm *
Peigfs-mundel

Perie Kulam
Periapattanam

Peridr and Perdr
Perumil

Pottei
Poy-kovil
Pillei

Ponthampuli
Pothikulam

Poy-chal-1i-meyir-nyan-kovil

Pa
Pudu or puthiya

Pudu-madam

Pul
Palénkil
Puli
Puli
Pulieri
Palli

Pumurichin

Puram

Puram
Putti Tiva
Pivarasanshallitivu

Phvaniyakkanpatti

Raghunéthapuram

[Season 1874.75,

Cotton, the cotton shrub.

Pr. n. daughter of Himélayah, and consort or Sakti of Shivé;
also cslled Durgs, Devi, Bbavini, Kéli, &c., at Cape Comorin
(“konniyd-kumiri=the virgin maid”) where there is a famous
old temple in her honour ; she is also called Bhagavati.

Fr. 8., a town, a city, a large town.

A cattle-fold, herdmen's village, a small village (=c. hatti).

A town by the sen or on a river. A seaport town, (a port).

Fr. 9. pisicha=*Demon-cape’. The northernmost point of
Réimesweram Island.

« @reat tank”; fr. periya, great, and kulem a tank,

" @reat town”. This is said to have been an exceedingly large city
gome centuries ago.

“ Grand-wille”.

“ Qreat ome”; fr. periye, great, and 4], a person. A common
name for Vishnu in 8. L.

A suburb, a town or village with shops, a market town, usually
contiguous to a fort.

¢ Devil's temple”. The Shindr (or Séndns) and other low tribes
worship a demon for god, i.e. & malignant deity.

A child, son, a titie assumed by some of the higher Tamil castes

(cf. L, filius; fr. fil, &c.).

Pr. n. (°) fr. pontu, a hole, cave, and puli=tamarind (tree).

“ Baggage-pond”’; fr. pothi=*full of sacks”, or packs. A tank

where they unpack and rest, &e.

Pr. n. “ The lieless truthful (i.e. most true) lord's temple”,

A flower; also pushpam or pudpam {rom the S.

New, com. use. Pudir="new town"; Pudu-kottei="* new fort",
(vulg. © Poodoo-Cottah”).

¢ New College”; {r. the previous, and madam, a school or college
for brahmans,

Grass.

# Pildm-branch”; fr. pilém, a plant (the twigs of which are used
for a toothbrush), and kil=a leg, properly limb-branch.

A tiger.

A tamarind (tree) sourness.

% Tamarind-lake”; fr. puliya (-maram) the tamarind (-tree), and
eri, q. v.

A spot, point.

 Flower-broken”; from pd, a flower, (which the coral much resem-
bles), and murichdn=plucked or bruised. Name of a chunnel
through the coral reef.

Fr. 8. pur, purd and pir, a town, city, a considerable town with
brahman inhnbitants; waram, or veram is vulgarly used for
this word, as in * Conjeveram”, for Kanchipurom; “ Mauli-
veram” for Mahd-bali-puram, near Madras,

T. a side, the out«ide: comly. applied to an outlying village, a
suburb, com. T. affix to v. and pr. n. This word is enid to have
no connection with the previous *puram”,

() * Hummock Island”. Putti und pottel, are applied locally to
shoals, reefs and sandbanks in the ses, cf. pottei, s mound or
hillock, local usage.

Y Portia (-tree)-Shingle Island™, puvarasu-maram=the tulip tree

“ Piva Naik's fold", (pronounced more like Boghanoiken-p.), a
man's pr. n,, and patti, a fold = a small village.

Pr.n. “ Raghundih's town”.

 Nore.—In Northern India * Pattan " is frequent, on the rivers of the Panjib, as Pik-pattan, Hari-ka-pattan, &e,
and it is md‘ to mean a ferry there (cf. H. patni, a ferry man) ; aleo on the " Jumna” and ‘ Ganges”; e.g. Indrapat (?),
Patna ; slso it is excecdingly common on both coasts of Southern India:— Seringapatam” (Sri-ranga-pattansm) is on

the river * Cawcery"” (Eiveri).
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Rajdkepiliam Vulg. for Rijikal-paleiyam. Réjikal (plural of R4jd) = kings, and
pileiyam, q. v., = “Kings'ton”.

Rémuswimi-madam “ Rémaswdmi's College”, on the S. coast of Madura founded by a
former zemindar.

Rimesweram Pr. 8, Rimd, iswara=God, and puram (=2 “ The town of Rima's
lord"). .

Rimndd Pr. n. of the zeminddri estate and the town com, called by the
patives Rimd-nitha-puram (Lord Rdma's Town) for which it
stands.

Reddi One of a Telinga (or Telugu) agricultural tribe or caste, of which

there aro somo colonies in Tinnevelly and Medura.

8. in Tamil stands also for ch, j, jh, and sh, and the Sanskrit ksh, and is pronounced and trans-
literated variously.

Sambutti-yendal Pr. n. Endal or yenthal, a small tank, com. in Madura.

Santei (Vulg. shandy) a fair. The com. weekly village market of 8. L.

Siyalakudi (1) ** Belle-house " com. pr. n. of vils; fr. chdyal, beauty, and kudi,
a dwelling.

Sc- sen- sev., &c. or Che-chen., &e. A com. prefix meaning red, See following.

Scnchadainfthapuram ¢ Red-shocked lord’s-town”; fr. sen, red, chadai, matted hair,

. nétha, lord and puram, town.

Sengalanerodei  Red-water-course”; fr. chengal (sen-kal, red-stone) neru, water
and odei, a course (fr. odu=run).

Scrveikiran The title of the Ahambadiyan, tribe of Madura Tamils., hereditary
servants or clansmen of the Sethupatis (Zemindirs of Rdmndd).

Sethupati « Lord-of-the-causeway™ ; title of the Prince of the Maravars,

Zeminddr of Rimndd ; fr. chedu, a cruseway= Adam's bridge,
and the ancieut causeway of Lamesweram.

Sevalpatti “ Red-fold"; fr. sivappu, red, and patti, a fold, village.

Shalli-Tivu 4 Shingle-island"; fr. challi, broken pieces of stone, brick, shell, &c.

Shemanir Pr. n. perh. derived fr. Shapana, or Simana, a Jaipa sectin 8. I.

Shera-mudali or muthali Pr. n. for maulavi, 2 Mulemmedan worthy, saint, or sage named
Shera.

Shevelmedu “ Red-mound”; fr. sivappu, red, and medu, a mound, high ground.

Shivd or Sivd The 3rd deity of the Hindu triad ; Saivas regard him as creator,

destroyer and regenerator, and worship him in the form of the
linga, his type or emblem,

Soneiperiydn-Kottei % Grandec's-spring-fort”; fr. shonei, a (water) spring, periyin=great
one and kottei, a fort.

Sri A pame of Lakshmi, the consort or Sakti of Vishnu, goddess of
prosperity, fortune.

Sundaramudeiyén " Beautiful-Udeiydn ", fr.sundaram = beautiful and udeiyén, a title
of the kallan tribe.

Suplipuram Corrupt for Subramanya-puram = * Town of subra-manya” the
Hindu Mars, god of war, son of Shiva.

Sirangudi Pr. n. of o chief (siren = a hero; fr. 8. suria, the sun), and kudi,
a dwelling.

Taleimande (?) * Head of Manaar"; fr. talei, the head. The Ceylon end of
Adam’s bridge.

Taleiyali N. of an island ; fr. talei, the head.

Témraparni “ Copper-coloured”; fr. 8. timra, copper and varna, colour.

Tangamma-puram “ Golden-lady-town” (?).

Tapi-chanthei (") “Onlyfair”; () santei = a fair, market, (vulg. shandy). Ol
name Tani-cheyum.

Tanni-turei (? toni-turei, q. v.) “ Waterford™; fr. taunir, water (prop. cool water), and turei, a

' ghét, ford, shore, &ec.
Taravei (P-vu.) A salt-marsh-swamp. com. use near the Madura coast.
Tareigudi (?) * Landham”, or (?) * flat-house”; fr. tarei, the ground, earth,

a place, and kudi, q. v. (? a level place, fiat).

Tattanadi “ Parrot-river ”; {r, tattci, the green parrot, and oadi, a river,
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Tedal or Tidal

Tekkei
Tenkadd
Tenkdsi
Teppukulam
"L'eri or Theri
Thalavaypuram

Tidar
Tinnevelly

Tiru

Tiruchir
Tirumélugandén Kottei
Tirupatiar

Tiruppuléni

Tivu

Tiyandr
Toniturei

Tulkapatti

Turei
Tuticorin
Tutti-nattam
Tutti
Tattukudi

[SEasox 1874-75.

High ground, & dry place in a river or marsh, a heap, swell of
rising ground ; tidar, titei and tittu all mean very much the
same.

Vulg. for terku (ten) south, southern, in oppn. to vada, north,
northern.

For ten-kadal="* south.sea’’, & place om the south coast of
Hémesweram.

“ South Kdsi", or Benares.

“ Raft-tank"; fr. teppam, o raft on which the idol is floated about,

Local name for the drifting sand hillocks or red sand wastes of
Tinnevelly and Madura.

Y Field marshal's town"; fr. Talaviy=Dalaviy, title of the com-
mander-in-chief, or minister of a South Indian Native Govern-
ment.

(Teda), q. v.) & mound, dry bank in a marsh or river, &e.

Vulg. Eng. for com. Nat. pron. Tirnaveli, wh. is for Tiru-nel-veli=
“ Sacred-rice-hedge”, The town stands in the midst of rice
fielde.

Blessed, holy, sacred ; a name of Lakshmi=good fortune.

(Vulg. ® Trichoor”) (?) corruption of * Tiru-Shivé.per-ri” =
* Holy Shivd's greaé town”,

(?) “ Shivd-server's fort"; fr. Tirumél, Holy one, and ukandén,
obeyed.

(Vulg. ¥ Tripatoor") for Tiru-pati (vulg. “ZTripetty ") =sacred-lord,
and tru.

Pr. n,; fr. tiru, holy, pul, grass, and 4ni ((?)=wearing) fr. the legend
of Rimi having once slept here on the sacred (sacrificial) grass.

An island (on Coromandel Coast divi, on Malabar Coast tiv.

and div.) fr. S. dwipa=two waters.

Fr. tiyan= low-born, base.

 Boat-ferry", *ship-ford"”; fr, toni, a boat, and turei, landing-
place, ford, road =ghit.

' Turks-fold”. Tulukkan or Tulukkar, a8 Muhammadans are call-
edin 8.1,

A landing place, the ford of ariver, the haven of & sea.

Corrupt. for Tattukudi, q. v.

Fr. tutti, a plant (“ Sida Mauritana") and nattam a villoge.

A trifle, insiguificant,

The native name of “ Tuticorin”, said to mean *gscatlered-habita-
tion " =" winnow village"'.

U final is 8o soltly sounded in Tamil as to be nearly mute.

Umuriampadu

Uppér
Uppu-tanai-tiva

Uru or Ur
Uruni
Uth

Uttan or Vuttan
Uttarakoshamangei

4 (Sea)-weed-shore", (?) from the accumulations of mea-weed so
common about here,

" salt river"; fr. uppu, salt, and Aru, a river.

“salt-water.island”, in oppn. to * Nalla-tapni-tivu” (q.v.) an adja-
cent island where good water (to drink) is found.

A village, town, country ; com. appd. to large villages of Canarese
or Telugu people in Madura.

A tank or well. The common village tank, accessible to all in
the place.

Com. affix. ( for firru, prond. Gttru) a spring, fountain.

V. pr.n. (7).

Pr. n,, more fully, *Tiru-uttara-shri-koshamangei”, a famous but
decaying Shivé temple near Rimndd, about which thereis a
long legend.

V is used sometimes for b and w in writing foreign words in Tamil.

Yada

In comp.=north. By the English called Wada end Bada, e.g. Vada-
karei, Wada-k, and Bada-k. “ North-bank", North-shore.
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Valam-bidal
Valasei

Valei Tivu
Vilinokkam
Varam or-Yeram
Visal

Vayal

Veli

Medu Vellakéra
Velleiyammanpuram

Vembér
Veppam-kulam
Vettilei-mandapam

Vijayipati

Vildttikulam

Vilvamarattupatti

17,

(?) Perh. “Right (hand).bidal", in oppn. to Idam-bidal, a vil. to
left of the marsh close by.

Tel.="Removal” =flight from home for fear of anarmy in the field,=
“ g retreat”, com. n. of a village so occupied, Vulg, *“ Walsa”.

(?) " Sword-fish-island” ; [r. val-min=the sword-fish.

Pr. n. of a hendland 8. coast of Madura.

Vulg. collog. form of puram a town, also waram and weram.

A doorway, entrance, gate ; pallivdsal, 8 mosque loc. use.

An open plain, a field, C. bailu, The vulg. “bile,” *' byle", vail,
and boyal, &c., of Eng. maps.

A hedge, ward, wall; com. affix to village names, as * Tirnaveli”
seo " Tinnevelly".

" White-man’s-mound” ; fr. velli, whiteness.

“ White-goddess-town" ; fr. vellei, white, ammél, goddess, and
puram, a town.

 Margosa river" ; fr. vembu, the margosa or ** Nim" tree, and
dru=river,

“ Margosa tank” ; fr. veppu, the margosa or ** Nim ' tree, and kulam,
a pond or tank.

" Betel mandapam”, written Verrilei (rr prond. = tt) on the
mainland opposite to Pimban.

“ Vijayd's lord”, (i.e. Shivé) Vijayd=" Victorious”, a n. of
Pérvati: hence Eng. " Begjapore” (for Vijaydpur) and “Viziana-
gram” (for Vijaydmanagaram ).

() Vilitti, occas. form of vili=the wood-apple (Feronia Elephan-
tum), and kulam, a tank.

 Bel tree village” ; fr. Vilva-maram (in comp. marattu)=the sacred
Bel tree (cratava religiosa).

W is not & Tamil letter, but it is vulgarly pronounced before o initial and u sometimes.

In Tamil y is vulgarly inserted or pronounced before a and e initial,

Yaénei or anei
Yelavelankal

Yenédi
Yendal

Yervidi or Ervédi
Yottiyal

An Elephant.

(1) “tender thorn branck" ; fr. yel = tender, velam = thorn (tree)
(‘' deacia arabica”) and kil, the leg, a prop, branch, &c.

Pr. n. = (1)  why-first”?

A very small tank, or reservoir com. affix to pr. n. of villages in
Madura.

Pr. n.; (1) fr. eru a buffalo, and vidi an enclosure, yard.
Pr.n. (1) for yetti-vayal; fr. Etti = a bitter and poisonous tree
(“ Strychnos nux vomica") and vaysl, a plain, field, &e.

ABBREVIATIONS.

C = “Cunnarese” ; Gr. = Greek; H. = Hindustani; L.=Latin ; M.= Malaydlam ; S. = Sanskrit;

T. = Tamil ; Tel. = Telugu; R.C. = Roman Catholic; S. I.=South India; N, E,, S., W. = North, Eaat,
South, West; = menns equivalent to; com. = commonly; fr. = from or derived from; n.= Dame;
pr. = proporly; t.= town ; v, = village; besides others in morc common use,
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Extract from the Narrative Report—dated 23rd August 1875—of Lieut. H. J. HARMAN, R.E.,
Assistant Superintendent 2nd Grade, in charge Assam Valley Triangulation.

(1) T arrived af Shillong from Bangalore on October 4th 1874 and took over charge of the
Party from W. G. Beverley Esq., on October 6th 1874,

(2) The Party left * Gauhiti”, by march to “Jorhdv”, on November 5th 1874, in charge of
Messrs. W. J. O'Sullivan and J. O. Hughes. With o few men I took passage in o steamer to * Kamlé-
bari” near “ Jorhit” and made arrangements for fixing the Treasury building in “Jorhit” from the stations
“Bor Bhiti" and " Phakwa Dol”, by running ray traces from these points into ** Jorhdt”.,—The finol
rays were ench 6 miles in length and were opened out by Messrs. O'Sullivan and Hughes.

(3.) Meanwhile I visited the stations of the side of continuation and the stations “ Bor Ghop"
and " Gohaingdon "’ which were selected lnst season: and on the sands of the river laid out a triangulation
to give data for cutting the ray “Bor Ghop” to “ Gohaingdon” and to the Revenue Survey Pillar on thebanks
of the “ Dikhu”. This done I selected the position for the station of *“ Melankur” and obtained the bearing
that the right flank ray from “ Gohaingaon” should have so as to skirt the forest which borders
the old “ Dhy Ali”. I could not get to the position of the “ Dimd” Station, but got near enough to
warrant the ray being cut through at once as a final ray. This line was successfully carried by Mr.
O’Sullivan, and he suitably placed the *Dimi” Station at nearly G miles from “Gohaingion™, I returned
to *sibsdgar” on December 2nd and as I was under orders to join the Military Expedition (which had
already left " Narainpér” for the * Daphla” Hills) T visited the parties at “ Jorhét"” and reported my-
gelf to Major Godwin Austen (in charge of the * Daphla Expedition” Survey Party) at “ Borpathir”
(campNo. 2) on the 12th December.

(+.) The force had but a short distance to march, and I did not anticipate being with it more
than 6 weeks, but it so happened that I did not get back to my Party until March 3rd, on which day
1 reached “Disangmuk”. Now I hnd directed that as soon as the rays to *“Jorhit” were clear, the
party should move on atonce to “Sibsigar” and work solely in advancing the approximate series,
because 1 intended to return by * Jorhét”, build the station there and take the observations for fixing
it : this plan was frustrated, and the angles mnust be observed on the march up next season.

(5.) During my absence Mr. O'Sullivan was in command of the party, with instructions to
observe to any new peaks not already fixed by Mr. Beverley, but an opportunity did not offer. The
rays to the Revenue Survey Pillar on the " Dikhu” were cut. A length for the side * Bor Ali" to “ Bor
Ghop” obtained, but a mistake crept in, and the ray “ Bor Ghop”—* Gaurisigar” in consequence fell
out a good deal ; this ray was 5§ miles in length and bad very heavy forest on it. The ray * Bor
Ghop”—** Gohningdon”, 7 miles in length, passed entirely over grass country, except in the middle
of the ray where it traversed a belt of trees bordering the ** Darikn” river. The rays on to ‘' Melan-
kur” station from ‘ Bor Ghop” and Gohaingéon were carried up to the left bank of the '* Brahmaputra”,
and the right flank ray from “ Gohaingdon” to * Dimid” carried as before stated in para. 2.

(6.) On March 4th I crossed the river nud cut the two rays on to * Melankur” till they met;
the ray from * Gohaingdon” fell on the spot indicated on the chart, but the line from *Bor Ghop”
was considerably out; the final ray to “Bor Ghop” was cut and the station of *“Melankur” built
by Mr. O'Sullivan (a post station requires 3 days to erect if the materials are near at hand). I ran a
ray trace between the * Melanknr” and “ Dimi" stations, the cutting of the mnarrow gap took 15 men
four full working days, but the final ray took 20 men 20 days, Mr. Hughes cutting the heavy forest
extending from the * Brohmaputra” to the * Bolemdr” river, a distance of 1 mile, while my detachment
cut from the “Dimd” side to the * Bolemar”. On thisray fell 2 miles of jheel, a formidable obstacle,
traversed by elephants with very great difficulty. On March 15th 1 visited Mr. I{ughes, who was then
carrying & right flank ray from * Dimd"” to * Tengipania”; this line was for the first 1} miles clenr,
being across a jheel, then came a huge cane forest for § of a mile up to a jheel full of trees of extreme
hardness, and the men were working up to their waists in water; I found Mr. Hughes far from well,
he had written to say that he feared he would not be able to stay out the season, and some cases
of sickness were showing in his detachment, so I removed this party to the banks of the river and
Mr. Hughes cut the forest portion of the “ Melankur”—* Dimi” ray as above mentioned.

(7.) I had not been able to visit *Tengdpinia” before I left for the “ Daphla” Hills, nor had
Mr. O'Sullivan the opportunity subsequently, and from a misconception of my letter of instructions,
in which I wished the rays to *Melankur” to be completed before advancing, this ray was under-
taken without n reconnoissance having been made, and it landed us in trouble; finding so much labor
had olready been expended on the line I did not like to desert it as in 3 miles more it would cross
the old Assamese raised road, the “ Dhy Ali;” soon March 17th my party shifted to the head of theray;
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the two following days I was on the line and we worked very hard, but accomplished 220 yards only ;
the jheel cane was terribly armed with crooked thorns on every surface, I have soen no cane like it
elsewhere : the natives with their wooden sandals and noked legs could barely creep through the fallen
stuff, and they suffered severely. On March 20th I left my party on the ray, and with a few men went
to reconnoitre *Tengdpinia” : the tract of country between the *“Dimid” river and “ Tengipinia™ is
interseoted by the  Bolemér” river, several streams, and the old “Dhy Ali"; and has not been
surveyed by the Revenue Survey, so to find where the ray would emerge on the “ Dhy Ali” I ran n
traverse from * Lasua Mirigaon”; this done we dragged a boat through the forest and I went
down the “Bolemér” and decided to carry the line on.

(8.) I then selected the stations of ** Kherkutia” and  Sisa” and gave off the ray “ Melankur”—
“ Kherkutia”, which Mr. O'Sullivan carried, building the station close to the spot selected. I mes-
sured o base on tho sands of the river and luid out & plan for triangulating this side, which work Mr.
Hughes executed and I also measured another long base at * Lasua” to connect on with this work and to
find the sides ** Kherkutia” to “ Sisa”. Mr. Hughes now took up the ray * Kherkutia” to “ Dim6"”, of
which I had alrcady cut a part from the “ Dimd" side, leaving 2§ miles of forest and cane tv be cut by
Mr. Hughes from the river side,

(9.) On April 1st I returned to ** Disangmuk” and reported to you my intention of at once taking
up observations on the 4 triangles now ready ; but reports came in, that the * Tengdpdnia” ray was still
in cane, though better progress was being made. The spring rain set in violently, and I got news that
an clephant had been lost in the jungles about “ Dibrugarh” for five days; so taking some men I went
up to “ Dibrugarh” ; the river rose rapidly and I was able to take my boat everywhere and so selected
the 7 stations necessary to carry the series on to “ Dibrugarh™ Church tower, and see the country well.

(10.) On April 11th I returned to * Disangmuk”, and found that my Jemadar, 2 elephants and
men from the “ Tengdpinia” ray, had not returned as ordered ; they had not been heard of for 7 days
and as it had been raining heavily since April 1st, and all the rivers were up and the country flooded, I
went the next day in search of them; we had rather n rough time of it, but on April 17th were all
safely back at “ Disangmuk”. On my journey I visited Mr. Hughes' ray * Kherkutia"—*Dimi" and
found it had gone a mile and was in heavy forest and cane. On April 22nd Mr. O'Sullivan crossed the
river from “Sisa" to aid Mr. Hughes in pushing on this line. On April 25th the ray suddenly got
flooded from the overflow of the ‘‘ Bolemir”, and a few dayas afterwards as the water was still up, I
directed that the work should close there for the senson.

(11.) The forenoon of April 21st I left «“ Disangmuk " to observe the 4 triangles ready, and so
much water was then out that it took us till nightfall to get over 5 miles of the path to “Sibsigar.”
As expected I could not encamp within a mile of any of the stations ‘* Gohaingaon”, * Bor Ali " or
* Bor Ghop”. I had put off taking observations till so late because from December to March they
cannot be speedily done, and I thought it most important I should examine the country ahend, and get
all the stations selected this seagon up to “ Dibrugarh”, if possible. I was delayed at ‘‘ Gaurisigar” on
account of the branch of a tree on the ray to * Bor Ghop " cutting the heliotrope and giving a grazing
ray; and also at “ Bor Ghop” on account of the heliotrope at “ Gohaingaon"” not being visible at the
time of minimum refraction ; it was difficult to remedy thesq defects, as all the lines were under water,
8o after having visited 4 statione and obtained the elements of the side “ Gaurisdgar " to * Gohaingaon®,
Trom which the Topographical Survey were taking their triangulation into the Négd Hills, I closed
work on May 10th and dropped down the river  Brahmaputra” in my boats to ** Gauhiti” , renching
that place on May 16th, the same day that Messrs. O'Sullivan and Hughes arrived by steamer from
“ Disanguuk”, the steamer having been greatly delnyed.

(13.) Mr. O’Sullivan managed the party satisfactorily while I was in the *Daphla Hills”. The
amount of final ray opened was 49 miles of which 6 miles were in forest, 30 over Chapori jungle, and 3
of village cutting ; he selected the  Dimd” station and built excellent post stations at 3 places.

(14.) Mr. Hughes opened out 20 miles of final ray of which 7 miles wero in heavy forest, 7 milea
of light work and 2 of village clearing : built good post stations at * Bor Ghop” and “ Dimd ”: built
the high platform for shewing a heliotrope above “ Phakwn Dol”, and observed the angles for mensur.
ing the side *“ Melankur "—* Kherkutia " and for correcting the trial ray “ Jorhét” to “ Phakwa Dol”,

Mr. Hughes has not worked this season in the manner I wished and had shown him; on most
of his rays the work expended has not been at all judiciously applied and the labor has been excessive.

(16.) A man mounted on an elephant can rarely see over the surrounding grass, or whatever it
is; 80 I tried to introduce the plan of aligning the main flags by the parts of the flags which overtop
the grass, and not by the lower half of the flags which is the usual custom.

A tiny gap is carried as straight os con be done with small hand flags placed at very short inter-
vals, and at evory hall milo a man ascends a small porlablo bamboo frame 30 &s to overlook the grass



20_, [Srssor 16874.75.

and plant o tall flag in the nlignment with the back tall flags: this method obviously requires the least
grass cutting possible: I have tried the method znd with success; but this season, owing to Messrs.
O'Sullivan and Hughes being sick and unablo personally to superintend the cutting it has not been
employed : again, in carrying a trial ray through forest it is plaiu that large trees should be avoided by
shifting the live n foot or two parallel to itself, but for the same reason this has not been dome ; so
that with exception of the ray *Melankur "—*“Dimi" all the rays have been cut through as final
rays, which is in great measure the cnuse of the small progress made, especially ns the stations and the
heliotropes are placed above the line of grass and the only obstacles are the trees. Before leaving
* Gnuhdti " the establishment were put through o course of trying frames of cut bamboos, and any 12
men could construct and erect a stiff frame 50 feet high in 40 minutes, of course 50 feet is never
necessary, 20 to 25 feet suffices in almost every cnse.

(16.) The district worked in this season (excepting ' Gobaingaon” near *Sibsigar”) has only
a small ““ Miri” village here and there ; no local labor worth mentioning was available or procured : next
season the *“ Miri " villages will be fewer in number ; when nenrer *“ Dibrugarh ” the Commissioner will
make specinl arrangements for us, There are no roads, only one or two paths were found of use ; the
main communications are the river and the rays cut; for the former, boats larger than small dug-outs are
very scarce and men not ensily found to work them, and a ray cut through forest is almost impassable
for elephants. Provisions have to be entirely supplied to the parties at work from depdte where they
nre collected, so that to maintain local labor and move it on the work is rather a task, The leeches
in April and the swarms of mosquitos about the middle of April were great plagues.

(17.) Of the ray “ Kherkutia”—“Dim&” 1 mile remains uncut and of the ray “Dimd"—
“ Tengapdnia " 1} miles: when this work is done, there will be little cutting on the left bank of the
“ Brahmnputra”, the whole of the remaining lines into * Dibrugarh™ are over Chapori jungle, chaurs,
and the river.

(18.) We came across several old Assnmese embankments apd “ Alis”* (ronds) on our lines this
year, all covered with tree forest, they are not shown on the maps, While travelling in my boat
up one of the jins (small deep streams) north of the * Dihing” river in search of a suitable site for a
station I came upon the trijunction of 3 old “ Alis” in the thickest tree forest, but whither they led the
“ Miris” who accompanied me could not say. Near the “Tengdpdnia™ station is the junction of the
“Dhy Ali" and the ** Motiirigarh "' (old embankment), and the angle is curiously enclosed with a great
circular road.

(19.) The out-turn of aren this season is insignificant, but I hope, Sir, you will take into consi-
deration the many retarding influences we had to contend with.

Extract from the Narrative Report—dated 22nd September 1875—of W. C. ROSSENRODE, ESQ.,
Deputy Superintendent 3rd Grade, in charge Eastern Frontier Series.

(3.) Owing to the difficulty of obtaining carriage and the country being still under water, I
sent on the baggage and some provisions in charge of the tindel on the 7th November 1874, to Jung-
jungia, which was to be my first station of observation.

(4.) 1 left Moulmein on the 19th November, accompanied by Mr. Beverley, in boats, renched Sit-
tang on the 30th November, hired boats at once, and joined my camp et Jungjungia H.S. on the let
December.

(5.) On the afternoon of the 1st December the men who had gone to Suplitong H.S, with the
signol party, returned with the intelligence that they could not find the path to ascend the hill, nor could
they induce the villngers to accompany and guide them, The guide took them to the foot of the hill and
would go no further, for fear of losing himself in the denee grass and trec jungle. I manned a fresh party
with axes, billhooks and sickles and ordered them to cut their way and get up to the station as quickly as
they possibly could, without waiting or trying to obtnin aid from the inhabitants, To wait for nssistance
wos bopeless. Suplitong H.S. is so situated that for 20 to 25 miles in every direction there are no
villages.

The party I sent cut their way up and reached the station on the Gth day after leaving camp,
and directed their signals the day after clearing the jungle on the summit.

(7.) The observations at Jungjungia H.S. were concluded without further interruption on the
11th December, Kuladong, The-ye-khu, Myayabengkyo, Kaneindong, and Keokpondong Hill Stations were
then visited in succession. From Keokpondeng H. 3. I had to march to Kambungun Tower Station.
The route lay through the extensive Pegu plain covered with reed and grass jungle : this during the rains
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is an immense swamp and it was still wet. ~ Even in the middle of January some portions were imprac-
ticable for elephants. The march was circuitous and difficult and occupied 7 days, the direct distance
from station to station being only 26 miles. :

(8.) On completing the observations at Kambungun Tower Station on the 25th January 1875,
,I marched the next day and arrived at Chaiteo H.S. on the 1st February. A description of it 18 neces-
gary, this hill being held in great sanctity by the Burmans and all the other tribes in the Province.

(9.) Chaiteo H.8. is 3600 feet above sen level. Stupendous projecting rocks, surmounted with
magses of rock, rivet the attention of the traveller on his attaining the summit of thie mountain, and
he is lost in thought and speculation at the wonderful phenomenon which presents itself, The priests
gssert that superhuman agency alone has accomplished the miraculous lifting of these huge masses of
rock in successive tiers, and that the gods who executed the work, reside beneath them. Each of the
above rocks is crowned with a pagoda dedicated to Gaudama the Budhist Deity, and the Burmans,
Shans, Karens, and other tribes, make pilgrimages from all parts of the Province to the shrines (pagodas)
constructed on this sacred mountain,

(10.) The Principal pagoda, nemed Chaiteo, is constructed on a rock overhanging the south-
wostern face of the hill; directly below it is a yawning precipice several hundred feet in depth. The
pagode as it stands on the rock overhanging the precipice gives onc the impression on secing it from a
distance that it is poised in mid air. On approaching it however the rock, an immense one, it is seen,
has firm hold of the hill side and projects like o rhinoceros horn over the precipice. On this projecting
portion the pagoda hns been constructed. This is the principal and most sacred pagoda in which are
deposited the bones and a tooth of Gaudama. There is nothing artistic in the edifice itsclf, the nerve
and courage of the artificcrs commend themselves to the admiration of all visitors who are able to
appreciate these qualities. The pagoda is roughly constructed, its defects however are hLidden by the
covering of gold leaf over a thick conting of some black looking adhesive substance which is prepared
by the Burmans and used for this purpose to obtain a smooth surface. This substance consolidates and
adheres most tenaciously to the structure and the gold leaf put over it is so tenaciously grasped by it
that when dry it becomes a solid mass difficult to remove.

There aro several other pagodas which have their history, and the pilgrims visit each in succession
daily during the dry months from December to May. A grand festival is held annually, during March and
April. The day of the full moon in March was this year the grandest day of the festival. Prior to the
commencement of this carnival, sheds and booths spring up in all directions all over the hill, constructed
by oue or more members of each community, for the accommodation of themselves and their families.
Traders have their stalls well stocked with every requisite and fubulous prices are realized by them, the
demand inercasing as the days run on townrds the termination of this festive senson. To obtain &
blessing, it is necessary to worship at each pagoda and each pilgrim must at all times use a lighted candle
during worship, the consumption of candles is therefore enormons. They sell at ¢, 6, 8, 10 and 12 annas
each, the former prices ave obtainable during the first month, and the latter during the succeeding
month, After the expiry of the two months, the festival concludes and the pilgrims retire to their respee-
tive homes, Near the principal pngoda is a fissure in the rock, about 4 inches in width, 7 feet long, and
15 feet deep, into this offerings are cast, consisting of silver annd copper coins, gold leaf, (beaten gold)
rubies and other stones of lesser value. This fissure is the treasury bos of the Budhist Deity Gaudoma.
On the pilgrims retiring, after making their offerings, men with long thin rods with bird lime attached
to the ends, endeavour to sccure for themselves the coins and other valuables cast into it, whatever
adheres to the rod is brought up and appropriated. Cloths of cotton and silk nre also offered, should
the cloth be of great length it is wrapped round the pagodn, the smaller pieces do duty ns flags, strea-
mers and banners. Cocoanuts and plantains and food are the usual offerings to the priests and monks.

(11.)+ A well 20 cubits deep has been sunk neer one of the pagodas, this feat was accomplished by
8 single man working daily for 6 ycars through the rocky strata; he was rewarded for his patience and

perseverance by hitting upon a spring which provides a plentiful supply of water, and the well has never
been known to be dry.

(13.) After completing the obsorvations at Chaiteo H.S. I had to visit Toungoundong H.S.
The routes to it were very circuitous and would have occupied me 9 and 10 days to reach the station.
T ascertained that an old road through the hills was still partinlly in uee which would save me 5 stages.
I had this path, for it was nothing more, clerred, widened, and the overhanging branches removed, and
although the marching was difficult and tedious and occupied 8, 10 and 12 hours daily, I saved 5 days
by adopting it.

(17.) Suplitong H.S. was dreaded by every man in the native establishment. Thoy had heard
how Mr. Beverloy had fared thore the previous asason ; how the men with the signal lamps and Leliotropes
bad been detained in a howling wilderness, in tho early part of the season, until re-inforced by me;
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how the men I had sent cut their way up to the station; how members of this party had returned
sick and disnbled, and suffered from fever for 2 months, one having died o raving maninc from fever
contracted thero; how Mr. Clancey who had cut the road, nearly succumbed from fever and how all
his mon, public and private had been prostrated and sent to Hospital, one having died there, His
servants and Interpretar had deserted, and another Interpreter I had sent him had taken his
discharge. The exaggerated accounts given by the men who had been there, of the dangers and difficul-
ties to be oncountered on the journey to Suplitong made such an impression on the minds of the men
of my camp, that they drended tho idea of going there. Disheartened and desponding they commen-
ced the march. They were well fed and cared for. The preparatory arrangements had been well made
for going and returning, the healthiest time was chosen after the jungle bad been fired, and the difficul-
ties and dangers, which were so appalling became less and less ns the camp proceeded onwards. The
summit was attained, the theodolite put up and the observations were completed the third day and we
descended the hill returning by the same road and encamping at the same spota.

(19.) From Suplitong I proceeded to Thulu H.S. which I reached on the 10th of March mak-
ing 12 consecutive stages. Owing to smoke and haze, the observations were not completed until the 21st
I then visited Chaideo H.8. where I was detained 7 days from bad wenther.

(20.) From Chaideo I visited Kyunkaban Station situated near the mouth of the Bheling river,
hero 1 was detained 8 days. The ray from this to Knlamatong H.S. was 32 miles in length and passed
over a large expanse of water, the signals were at first unfit for observing; when the weather cleared
up I succeeded in getting good signals and completed the observations. This was a most uncomfortable
station to encamp at. Standing as it did close on the bank of the Bheling river, near its mouth, in
dense tangled jungle difficult to cut ond difficult to penetrate. The spot selected for the station was
the highest available. A circular clearance of a hundred yarde was made for the encampment. The
elephants horses and the sick under the Native Doctor were located in a village 4 miles away.

(21.) 1 arrived at Kyunkabun Station on the 4th April during the spring equinox. Two days
after the sun was partially eclipsed. The spring tides on this occasion were unusually high. The first
washed over the encampment and submerged it, the platform was the only dry spot, upon which all
the baggage, provisions, and other valuables were placed. As soon as the tide receded, a strong
scaffold 15 feet high was erected for the baggage, and the tents were pitched upon raised ecaffoldings
4 feet in height. 1t was most fortunate that no storms occurred during my stay at this station, for
hed one broken upon us and raised the water, as storms generally do, to a great height, we should one
and sll have perished, for there was not the remotest chance of escape encompassed as we were by
tangled and impenetrable jungle, by the river and by two creeks, which would have proved formidable
barriers.

(24.) There is a bar at the mouth of the river and the bore here is more formidable than any I
have witneased in other tidal rivers.

(25.) From Kyunkabun I proceeded to Kathbatong H.S. the ceutre of the next hexagon ; owing
to the smoke and haze with which the atmosphere was impregnated, observations proceeded rather slowly.
The monsoon set in on the 21st April, with storms and rain, its usunl nccompaniments. The heavy
down pour ushered in fine observing weather and I completed my observations and pushed on to
Kalamatong which I reached in four days. Notwithstanding daily showers of rain, I hurried on not to
lose the fine weather following rain, but on arriving at Kalamatong I found myself enveloped in
cloud and mist. The rains had eet in from the first shower which fell on the 2lst April, every day
was wet and the clouds and mist delayed mo greatly. I took advantage of every break in the weather
and completed my observations on the 13th day after my arrival.

(26.) There had been no rain from November to the 20th April, and I naturally expected a
long break of a fortnight or three weeks duration between the first showers, and the regular setting in
of the monsoon, which bout of good observing weather, would, I had hoped, enable me to complete
the Kathbatong hexagon. In this however I was disappointed I could not visit the two remaining
stations of this hexagon owing to the daily rain and the country beocoming gradually submerged and
Kalamatong which was the highest mountain for miles around, being generally capped with clouds ; no
signale from it to Mizantong with which it ie connected, could be obtained. I had no other alternative
but to close work and return to recess quarters.

(27.) In a densely wooded country, sparsely inhabited, without roads, the time occupied in
morching alone is considerable, 85 days were this field season spent in travelling. The routes from
station to station are circuitous, the tortuous course of the hill streams being generally adopted to save
time and expense in cutting new and direct roads. Labor is the great drawback in Burma. It cannot
be obtained, the inbabitants, as & rule, are unwilling and dieinclined to work, The laboring olasses all
over India readily present themselves, when work offers, to add to their comforts, by earning as much as
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they are able. The Burmans are too lazy to do so, and throughout the Province, they themselves
engage tho Madras and Chittagong coolies to plough their lands and reap their fields.

(31.) During this season the positions of the following towns have beon determined, Shoay-
gheen, Bittang, Chaito, Bhiling, Thatone, Moulmein, Amherst and the Great Pagoda in Pegu. I find
that the observations taken at Thelakitong in season 1869-70 to Pegu Pagoda were incorrect, some
other Pageda was taken and an erroneous position was therefore assigned to it. The observations taken
at Sanwinguntong during eeason 1869-70 were correct. This season the Pegu Pagoda was observed
from five Principal and one Secondary station. Many Pagodas have been fixed and the positions of a great
many more will be determined during the ensuing season when the two remaining stations of the
Kathbatong figure and some of the stations of the Makbo Pentagon ere visited. To seoure as much
secondary work as I possibly could, I engaged o Native Recorder, and was thus able to detach Mr.
Clancey.

(32) There was less sickness this season than the previous one, the average number of sick
was 8 in my camp and 4 in Mr. Beverley's. There were b casunlties. Three men were sent home,
their recovery in this climate being hopeless, owing to continued debility and emaciation from fever.

(33.) Mr. Henry Beverley, Surveyor 1st Grade, has been engaged the whole season on approxi-
mate work. He commenced work by sclecting the stations of Toungoundong and Thulu. MHe then
proceeded to Sittang and constructed the pillar at Kimbiingin in the plains, surrounding it with a
wooden platform 16 feet square and 18 feet high. He then constructed the wooden scaffolding over
Chaideo rock, 26 feet high. Every description of work tnkes time to accomplish in this Province, and
the construction of the above pillar and two wooden scafloldings, detained Mr. Beverley from 13th
Decomber to 20th January. Had Colonel Brown, the Commissioner of Tenasserim, not interested
himself, by personally addressing the Extra Assistant Commissioner (2 Burman), Mr. Beverley would
have been delayed much longer than he was.

(356.) On completing the above, he resumed approximate operations, nnd selected two simple
figures, a Hexagon and a Pentogon, and closed work at Sendong H.S., after having fixed most of
the stations of a compound figure in advance. Owing to the setting in of the rains this latter figure
could not be completed. Some of the sides of the compound figure are long owing to Mr. Beverley's liaving
1o choice of ground, the isolated, inaccessible lime-stone hills rugged, jngged and funtastically shaped,
in the valleys of the Atteran and Wiang rivers, being hopelessly unsuitable.

(36.) I had directed Mr. Beverley to observe all Pagodas, which were visible at each station that
he visited, and to uso his best endenvours to determine the position of the Pegu Pagods. He was
successful in seeing it from Thulu and Shoay-yongbia Hill Stations. He selected and constructed a
station at Amherst which was finally fixed by his observations there and at Toungzun, and my angles
st Kalamatong H.8. Mr. Beverley also coutributed some secoudaries, while carrying en approximate
operations, and many other Pagodas, which he has observed in advance of the final work, will be fixed
during the ensuing season when I visit the Principal Stations.

(37.) ‘The lime-stone ranges of hills ou the eastern flank of the Series are mostly precipitous
and inaccessible ond Mr. Beverley had great diffculty in fixing suitable stations. He had to abandon
Zway-ga-beng and other hills more favorably situated, because the 24-inch Theodolite could not be
carried up, 'With all his picking and choosing, he was compelled to adopt two of these difficult hills
of lime-stone formation Mizantong H.S. and Makbo H.S., which with the nid of ladders and ramps, he
managed to ascend. As this Party has, during its progress, encountered difficulties of every descrip-
tion, and every variety of ground, these two hills need not cause anxiety.

(38) Mr. Beverley has nccomplished a very satisfuctory season's work, Ife lost the most
favorable time of the year from the 13th December to 20th January in preparing the pillac and
scaffolding at Kambngin and Chaideo stations ; notwithstanding this loss, he with his usual zeal and
energy advanced the approximute triangulation 100 miles of direct distance in a trying and difficult
country with commendable cheerfulness and alacrity.

(41.) Mr. Clancey has worked well and sntisfactorily. He takes much interest in his duties,
and is assiduous to plense. Ho hns lenrned the Burmese lIanguage which will be very useful to him.
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Extract from the Narrative Report—dated 13th September 1875—of W. G. BEVERLEY, ESQ.,
Officiating Assistant Superintendent 2nd Grade, in charge of the Burmah Party.

(2.) The Party was constituted under Departmental Order No. 44 of 6th August 1874, the
establishment being transferred from the late Brahmaputra Series. Its object is to carry chains of
secondary triangles from principal sides of the Eastern Frontier Series, in order to fix all the large towns,
prominent and permanent objects, peaks, &ec., in the province of Dritish Burmab, for detail and
Geological Surveys, and the light-houses &c. along the coast, for the Marine Survey.

(3.) A part of the establishment and heavy buggage left Calcutta for Rangoon with Mr.
Collins on the 1st November; and the remainder with me on the 7th. Mr. Mitchell was transferred
from the Eastern Frontier Series, and joined the Party at Rangoon. Work was commenced before the
end of the month.

(4.) During the preceding senson, Mr. Mitchell had in connection with the Eastern Frontier
Series reconnoitred the country, and laid out an approximate triangulation from the principal side
Keokpongdong H.8. to Kaneindong H.S. down to Rangoor, 8o asto fix that town, as well as Pegu,
I considered it advisable, on commencing work, to examine Mr. Mitchell's selections and found it
necessary 1o modify his plan to some extent, to save time in clearing rays and hill tops.

(5.) On my return from exsmining the country to the north, I took up the triangulation
southwards to the coast, selecting stations after & careful reconnoissance of the ground. Most of these
stations are fixed on old Pagodas, by which there was n great saving of time as regards ray cutting,
and of expense in building stations. The approximate work of selecting stations, and the final work of
observation, were carried on together as far as practicable. The triangulation was carried down to
the mouth of the Rangoon river.

(6.) Mr. Collins had been left to clear the rays at the hill station of Ayodong; and as he had
now nearly completed his work, I returned to take up the final observations from the stations north of
Rangoon, as the atmosphere which hitherto had been pretty clear was gradually getting hazier, I went
up as far as Taongnio H.S,, but as Yomé H.S. in advance had not been cleared nor ocoupied by the
sigoalmen, I was unable to complete my observations there. The angle at Chiglibi H.8., between
Ayodong and Taongnio stations, could not be observed, as the signalmen had been compelled to abandon
the latter station on 4th March, from the only spring there having censed to rum, and there being
no water known to exist Within 10 or 12 miles.

(7.) The triangulation from Taongnio and Chiglib4 to the const is incomplete ; as the very dense
haze, which prevailed from the beginning of March, prevented the requisite observations being taken at
Ayodong, Chiglibd, and Shinteji, a8 shown by dotted lines in the chart accompanying. Two attempts
were made after the raine set in to obinin observations, but without success.

(8.) The triangulation along the coast towards China Bakir light-house, was resumed in the
middle of March ; but from the nature of the ground the progress made was slow. Work was closed on
the 24th of April, when the southwest monsoon set in with severe storms, and very henvy and continu-
ous rain. 1ln fact, the country had been gradually getting under water along the large streams, from
the rising of the Irrawaddy river since the middle of March, when the enow nt the sources begins melt-
ing. The cutters werv frequently up to their waists in water, and suffered great inconveniences from the
absence of drinkable water under o burning sun.

(9.) Mr. Mitchell at the commencement of the field season, opened the ray Chanakpbo H.S.
to Insingpaid Station, and partially cleared the hills of Ayodong and Taongnio, taking some observa-
tions at the latter station. He took up the clearing of the ray Chanakpho to Ayodong, which was
ultimately abandoned : he also took some final observations at Insingpaid.

(10.) As there were no means of renching Yoma Station directly from Taopgnio, but by &
circuitous route which would occupy nearly a fortnight, Mr. Mitchell was deputed to clear the summits
of Kamlitong and Yomé, selected by him the previous year, to build the stations there, and com-
mence final observations from the side Kaneindong H. 8. to Keokpongdong H. 8., closing on the
stations of ‘T'aongnio and Chéglibé to be visited by me. This wae partly in conformity with the plan
laid down by himself, and which, from my exawmination of the country, appeared to be feasible. Mr.
Mitchell, however, after a second examination of the country, and after visiting 3 or 4 points where he
took rough observations, found numerous difficulties in 8o carrying the triangulation, and was obliged
to resort to the side Kambingin T.S. to Jingjingid H.S. from which he thought he could get over
the country more rapidly.

(11.) Mr. Miichell took observaiions from seven stations ; but owing to very bad weather and
frequel.lt sttacks of illness, he was nnable to carry his final observations up to the point where they
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would have been connected with the work executed by myself. Ho endeavoured, at risk of health and
much inconvenience, to complete his work by remaining out until the middle of June, when field work
was impossible from the incessont rain,

(13.) Mr. Collins was employed in clearing the stations of Chéglibi, Engtago and Ayodong,
and building masonry pillars on them, The forest at the latter station was extremely dense, and the
rays from it to Jusingpaid and Shénteji were cleared over three broad wooded ranges. Upwards of a
month was occupied at Ayodong alone. The delay was chiefly due to the difficulty of procuring labor.
Burmese coolies could not be obtained after the middle of December, and the immigrants entertained
were almost useless, Several of these latter deserted shortly after obtaining an advaunce of pay ; while
those from the immigration office contained & large percentage of Brahmins, who systematically abstained
from any and every kind of work on the pretence of illness.

(14.) When the rays at Ayodong were all cleared, Mr. Collins took some final observations
there, and aleo at Kaitingdle Station with the 8-inch theodolite, and then proceeded and built a mosonry
pillar at Shénteji, but could not get observations, on account of the haze which had now become unusu-
ally thick. He joined me on the coast at the end of March, and was employed in carrying rays, &e.

(15.) Mr. Collins has throughout the season shown a great deal of zeal and energy, is a good
and careful observer, and is rapidly becoming an efficient surveyor.

(16.) Two Burman interpreters and writers were entertained for this Party. One of these with
Mr. Mitchell, died from fever in the field. The other was of very great service to me,

(17.) The men of the Native Establishment have worked well and cheerfully although in 8 new
country and ignorant of the language and custorns, and have given satisfaction. They are trained men
selected from the Establishment of the late Brahmoputra Party, and sent to Burmah on higher rates of
pay, but still much less than the pay given in this Province, and in some instances less than that given
to the game class of men in the Eastern Frontier Party, In spite of the inducements of less work and
very high wages offered in the Public Works Department, they have remunined faithful to their agree-
ments, The elephant keepers alone have been as usual with that class of men a cause of trouble end
annoyance, and anxiety for the health and safety of the animals in their charge.

(18.) The triangulation hos been carried over a variety of ground. The hilly portion is low
and denscly wooded, and the difficulties peculiar to this tract bave been fully pointed out by Mer.
Rossenrode, and noticed by yourself in your last year's Report to Government., 'I'hese difficulties were
to a certain extent greater to our Establishment which was quite new to the Province. The country
along the coast is an equally difficult one for triangulation. 1t is low, and cut up with numerous tidal
creeks and rivers, There are few or no paths through the low thick tamarisk and thorn jungle ; and
no drinkable waler except at the villages which are small and far apart. The work on the coast can
only be done by boats and coolies, both to be entertained at Rangoon, as they can rarely be got in the
villages, and then only at exorbitant rates. Elephants cannot be used on account of the acarcity of
fodder, and small supply of water procurable. The ground too, after inundation at every high tide, is
extremely dangerous for laden animals.

(19.) The out-turn of work for the past year, would have been more satisfactory if there bad
boen no break in the triangulation ; and as the members of the Party are now better acquainted with
the peculiarities of the country and people, a greater out-turn may be confidently expected in the
ensuing field season, under favorable circumstances. 'I'he chief causes of delay in Burmah are the
difficulty of procuring labor, and in moving with rapidity from one place to another ; but the greatest
is the haze arising from the burning of jungle and rice straw. On the coast, there is less haze to
contend with, as there is very little jungle that can be burnt for clearings. Very little rain falls
during the dry season: between the 7th of November and 23rd of April, there were only two slight
showers.

(20.) There was much sickness in the camps at the commencement of the season ; and both
Messra. Mitchell and Collins, and uearly cvery man of the Establishment, have suffered from
melarious fever, In fact, there was always a large percentege of sick throughout., Three deaths
occurred,
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Extract from the Narrative Report—dated 16th August 1875—of Captain M. W. ROGERS, R.E.
Officiating Deputy Superintendent 3rd Grade, in charge Jodhpur Series.

(2) 1 returned from furlough on the 28th October, and on the 20th November relieved Lieuten.
ant Hill, R.E, of the charge of the Party which he had held during my absence,

(3.) Al arrangements for the field season had been made by Lieutenant Hill and he had sent
off the assistants before my arrival. I had engnged the carriers for the Groat Theodolite whilst at
Ahmedabed and there was therefore no delay in taking the field which was done on the 23rd November,

(4) 1 morched vid Jodhpur to Nok H.8. in Jaisalmir, where observations were commenced on
the 17th December ; from thence the observations were carried on continuously through the heart of
the great Jeiealmir and Bikanir desert as far as Marot in Bahdwalpur and were closed at Bhulan H.8,
on the 21st of March.

(6.) The following is a general statement of the season’s work. Observations were taken at 25
principal stntions forming a pentagon, two hexagons, and one double polygen, fixing 23 new principal
stations, embracing an area of 2472 square miles, and extending the series 104 miles along the meridian,
An azimuth was observed at Mugrilé H.S. to two circumpolar stars. The Approximate Series was
extended G4 miles to its junction with the Sutlej Series. The positions and heights of Bikanir and
Pugsl were fixed by minor trisngulation, the area of which, exterior to the series, was 681 square
miles.

(6.) Some explanation is meeded as to the dearth of secondary and intersested points ; this is
due to the nature of the country, in which there are neither natural nor artificial objects of interest.

The total intersected points on the principal series were 8, of these 7 were intersected from the
four last stations of the series, leaving a tract of about 90 miles by 30, in which there was only one
point which could be intersccted.

(7.) Mr. Price was in charge of the Approximate Series and extended it through the desert to
the Sutlej Series. Bearing in mind the grent difficulties of the
country, I consider the amount of work he has done and the well
proportioned good figures which he has been able to obtain, reflect great credit on his zeal, intelligence
and hard work.

Mr. Price.

(8.) Mr. Torrens laid out and observed o minor series to Biltnnir by which that city was fixed
in height ; he closed on to a side of the serics emanating from the
Gurhégarh, with very satisfactory agreement in results. He also
fixed the position of Pugnl by a short series and the Revenue Survey trijunction at the junction of the
Bikanir, Jaisslmir and Bahiwalpur boundaries. He aleo closed 17 stations in Bikanir and Jaisalmir.

He observed with a 10-inch theodolite and his average triangular error was 17,  He has worked
well and cheerfully and I am much pleased with the quality and quantity of his work.

Mr. Torrens.

(9.) Mr. Prunty joined the party from Head Quarters during last recess, and accompnnied me
during this seazon as observatory recorder. He is painstaking, will-
Mr. Prunty. . . R
ing and neat, and has now acquired the accuracy which was all he
needed to make him a very good recorder. He has learnt the use of the theodolite and perfected himself
in departmental routine and I am very well entisfied with him. :

(12)) The country through which the series passed this season, is a sandy desert ; the sand hills
in Jaisalmir are from 50 to 150 feet in height and are distributed in such a confused manner over the
country as to make it a work of great difficulty to relect stations or to obtain any but very short sides.
Towards the north, in Bahiwalpur, they diminish in height and become mercly mounds of drifting
sand, interspersed with open apaces of hard clay which are perfectly level like tho beds of immense dry
tanks,

(18.) The sand hills of Jaisalmir and Bikanir nre covered with high conrse grass, which grows
in Jarge tufts, and with shrubs, of which the most common and largest is the Phog, ‘a leafless shrub,
from 5 to 8 feet in height with green twigs and pleasant smelling flower.

(14.) 1In the Jaisalmir desert thereis a good deal of cultivation mostly “ bajri”. Most of the
numerous small valleys formed by the sand hilla are ploughed and sown, although miles from any
village, and [ believe that the grain produced is very good.

(15.) The villages are few and far apart ; attached to each are numerous “ dhénis ", thatis two or
three huts erected in the desert, wherover there ig eithor n well of brackish water or a small excavation
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in the hard soil (which crops out at intervals) in which water collects during the rains, These ¢ dhdnis’
gre inhabited during the rains and cold weather, when the desert is comparatively populous, but are
deserted in the hot weather, when the inhabitants return to their villages.

(16)) 1In the portion of Bikanir, through which the series passed, there is hardly any cultivaticn,
The occupation of the inhabitants is almost entirely pastoral, nnd they have large herds of cattle, sheep,
goats and camels. From Pugal in Lat. 284°to the valley of the Sutlej, with the exception of the
villages lying on what was the bed of the old Hurkara river—about 40 miles south of the Sutlej—
there are no villages and only e few wells of brackish water ; this tract is the most desolate I have yet
met with, and the inhabitants desert it in the hot weather, taking their camels into Sindh ; this custom
deprived me of my supply of water camels and obliged me to return earlier than I otherwise should
have done.

(17.) In the cold weather, up to the end of December, this portion of the country is alive with
flocks and herds which get water from innumerable * tobas” or small tanks excavated in the hard clay,
which are as I have already mentioned abundant in Bahdwalpur and N.W. Bikanir, and I apprehend no
difficulty whatever in taking the series in November through the portion remsining from which I had to
retreat this season,

(18.) Al the villages have large numbers of camels which roam in the desert and return every
few days to the wells to drink, when such as are wanted are caught.

(09.) Nearly all the country 1 worked through belonged to three influential Thékurs, Bikampur
and Birsilpur in Jaisalmir and the Rao of Pugal in Bikanir, which last belongs to one of the oldest
Bhatti Rajput families and is reported to have held Pugal for more than 1,000 years,

The villages in which they live are larger, but quite as wretched in appearance as any I met with,
the only distinction being that the Thikurs live in a sort of a half house, half fort built of mud and
stones.

(20.) The cold was very great at times, the minimum thermometer twice registered 16°; this was
very trying to the men who however enjoyed good health as a rule. My experience of the desertis
that it is very healthy for people who are well fed and have good water to drink,

(21.) The oity of Bikanir to which a minor series was taken this season to fix its height, is a
fine city built on a slightly elevated spot in the desert where the
ground is hard and stony and intersected by ravines. It has a wall
3} miles in circuit, wholly built of stone and in good repair, it has 8 gates and three sally-ports; the wall
is from 15 to 30 feet high and it has a ditch on three sides about 15 feet deep. There are many highly
carved houses in the city and two imposing looking Jain temples. Water is plentiful from many very
fine wells. The chief productions are sugar-candy and blankets, both of which are of a very superior
kind. The population is about 35,000.

(22.) The fort of Bikanir which contains the Maharajah’s pelace is about 300 yards N.E. of the
city. The palace rises above the battlements and gives it an imposing appearance : it is 1,100 yards in
circumforence and has two gates, numerous bastions and a ditch all round.

Bikanir,

(23.) The Governments of Marwar, Jaisalmir, Bikanir and Bah4walpur sent officials and men to
accompany the camps, in their respective States, and rendered every assistance in their power, and very
greatly was their assistance needed, for without it the work could not have been carried on for a day as
the water for the camps, had to be brought on an average, 10 to 20 miles on camels.

My best thanks are due to the Political Agents Colonel Minchin, Major Walter and Captain
Burton.
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Extract from the Narrative Report—dated 8th September 1875—of Captain A, PULLAN, S,
Officiating Deputy Superintendent 3rd Grade, in charge Kattywar Survey Party.

The out-turn of field work for
Head Sub-Surceyor, )

PERSONNEL, Out-turn of Field work. theseason1874-
R Mr., Visaji Ragunath, 75 was not mo
Ceptain A. Pullan, 8. C, large as in the two preceding sensons.
John McGill, Ksq., Asst. Supdt. Sub«Surveyors, A considerable portion of the country
Govin%i Mahaleg. under revii‘e“;], lying as it does along the
Suroeyors and Asst, Ssrveyors. Narsu Dinkar. borders of the Gulf of Cuteh, was very
3. Peston ghri's"lll“ (;ovind. difficult and tedivus to survey, not
‘:"' e Vishno Morcohoar, only on account of the treacherous
» N.C. Gwynne, 1131_11‘;laji %ht?lel“' mud banks end almost jmpassable
:: %'VX."I'QE;ME& K;sha:tVit:ll.. mangrove swamps, but also from the
» W. Oldham, gunkmm Chowdry. variable winds and sudden changes of

G. T. Hall. nesh Rimchandra, s :
:: H. Corkery. Vishon Bulwagt. tide among the cre‘eks which threw
constant hindrance in the way of the

BUrveyors.

An area of 1877 square miles inclusive of overlaps, or 1749 square miles within graticule, was
topographically surveyed, consisting of parts of Prints Hillir and Machhu Kinthé in Kattywar and s por-
tion of the southern seaboard of Cutch, which was surveyed in order to render the Sheets of Kattywar
more complete and to delineate more clearly the hend of the Gulf of Cutch. 2200 square miles were
trigonometrically surveyed, 200 for the survey of the Cutch coast during the same season, and 2000 in
sdvance preparatory to ensuing topographical operations, and 1117 linear miles of traverse were carried
over the area of country topographically surveyed, demarcating the boundaries of States and checking
the details of the Plane Table Survey.

It must be borne in mind that the out-turn of work for the two preceding seasons was exception-
ally large owing to the wide area of (lat ‘ Rann’ it included, and such an out-turn can bardly be expected
in future. I may here state that the agreement between our survey of the head of the Gulf and the
coast line given by the Marine Survey of Lieutenant Taylor, I. N, is decidedly satisfactory, taking into
coneideration the diflerence of scale and mode of delineating ground.

At Réjkot, hearing from Mr. Bell, who was triangulating the seaboard of Cutch, that the
nature of the ground on Sathsnida Det rendered a stome or masonry pillar unadvisable, I devised a
pillar composed of piles of hard teak seven feet long, four feet below the surface and three above, ar-
ranged in a circular form, the mark-stone being imbedded in the mud beaten hard all round with amall
pebbles and straw to bind it, and the cylinder being then filled up with shingle from the beach mixed with
mud. This pillar is calculated to stand the wash of the monsoon waters better than a mesonry pillar,
which would offer unyielding resistance and tilt over from its own weight, whereas in the cace of the
pillars now erected the force of the water is dissipated, and I think they will all be found next season,
in staty quo.

On arrivel at Jémnagar or Nawénagar, the capital of the territories of H. H. the Jém, I found
that the border of the Qulf, studded as it is with numerous small islands, intersected by tidal creeks,
offered a very difficult piece of work for the Plane Tabler, not only on account of the heavy mud and
quicksand, but aleo from the fact that the work had to be done by boat principally, and the surveyor
would have to study carefully the state of the tide and the direction of the wind. This work I took up
myself and completed all the northern and difficult portion of the board by the time that it becamo
necessary to cross over to Cutch and examine the Plane l'able work on that coast and also about Hanstal
Creek. 1 therafore started on the 26th February for Hanstal vid Juria.

On arriving at Hanstal, 1 found Mr. Hall getting on very well and surveying the ewampe with
correctness and facility. I passed on, after examining Mr. Hall's Plane Table, to the opposite const of
Cutch and spent four days in a careful examination of Govindji Mahalay's Plane Table which I found
correct and neatly executed. I then returned to Juria and marched along the coast to Balacheri in
order to judge for myself of the general character of the coast line and swamps; the journey was a fati-
guing and dangerous one and I wus very nearly swamped in o quicksand from which 1 was with difficul-
ty extricated by my khlassies.

1 marched from Molila on the 6th April en route for Gogo, The heat was at this time intense, far
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greater than T had hitherto experienced in Kattywar, and the hot scason threntened to be exceptionally
sovere, I therefore reluctantly gave up the plan of completing Sheet 456 which would have kept the
Plane Table parties out until near the end of May, and sent orders to the surveyors and sub-surveyors
to the effect that when they had completed the boards they were working they were to march and joln
me at Gogo and from that port make arrangements for return to recess quarters,

After receiving all the Plane Tobles and comparing their borders before taking them to Poons,
I started from Gogo on the 12th May and opened office at Poona on the 17th May 18765.

Mr. McGill left Wadhwén on the 21st November 1874 to take up and complete the triangulation
of Sheet 10a of Kattywar which had been left unfinished by Mr,
Wyatt. After completing this work Mr. McGill marched vid Malia
and the borders of the Tonn and examined the southern Plane Tables of Sheet 31.  Mr. McGill proceed-
ed thence vid R4jkot to Gondal where hie commenced the triangulation of Sheets 36 and 37—theso Sheets
were completed on the 6th April and Mr. McGill marched to Gogo at my request and thence proceeded
to Poona.

Mr. Mc@ill worked with tho same zeal and ability which has charucterized him for many years,
His interesting memorandum on Sheet 10a is appended to my report.

J. McGill, Esq. Asst. Supdt.

Mr. Bell left recess quarters in advance of the rest of the party as I required him to furnish
some few extra points on the seabontd of Cutch. Proceeding b

Me. F. Boll, Surveyor 3rd Grade. boat to the port ﬂf Maudir, Mr. Bell commenced work on the lﬁtz
November at Charakla H. S,, and worked very hard and well; having completed his triangulation he
joined my camp on the 21st December and we conjointly computed and projected the points on the
Plane Tables and made them over to the Plane Table Surveyors. IMr. Bell then proceeded to take up the
triangulation of Sheet 38 which he completed by the end of Maroh. His out-turn of work was 800 square
miles, and I have every reason to be satisfied with the number and position of the intersected points,

Mr. Gwynne, after completing Fair Sheets 33—35 of Eattywnar, took up his first Plane Table

on the 15th January 1875. Mr. Gwynne worked throughout the sea-

G:S;_ N.C. Gwynne, Surveyor dth ) Gith the willingaess and energy which distinguish him, turning
out 125 square miles of very difficult aud hilly country in admirable

style besides instructing Mr. H. Corkery, Assistant Surveyor and Sub-Surveyor Vishou Bulwant. Mr,

Gwynne's steady application in the drawing office during recess is worthy of particular notice,

Mr. Fielding started from Wadhwén on the 24th November for Sheet 31. He was accompanied

. by Messrs. W. Oldham and H. Corkery, Assistant Surveyors, Sub-Sur-

’ngﬁd:‘;'e_" Fielding, Asst. Surveyor  covory Nilkant Vital and Ganesh Rémchandra and Traverse Sur

veyor Tukaram Chowdry. The whole of the Plane Table parties and

Traverse party I placed under the orders and general superintendence of Mr. Tielding of whose intelli-

gence and carefulness I had formed a high opinion and I was well satisfied with the result, Mr. Fielding

having completed Sheet 31 marched southwards and took up R. Plnne Table, 8.W. Section of sheet 43.

Mr. Ficlding's out-turn of work was 154 square miles, very creditable when it is taken into consideration

that in Sheet 31 he had to superintend the work of 2 European and 3 Native Assistants besides doing
some Plane l'able surveying himsgelf,

Mr. Oldkam worked well throughout the season, first under Mr, Tielding's superintendenco in

Sheet 31 and afterwards on Sheets 43 and 45 under my own eye, I

G:;;_W' Oldhom, Asst. Surveyor 8rd )4 Mr. Oldham's work very carcfully done on every occasion that

1 examined it. He requires further practice in neat drawing and

printing, and when these are ncquired satisfactorily, he will be o valuable Plune Table Surveyor, His
out-turn of work 200 square miles for this, his first season, is most creditable to him,

Mr, Hall worked very well throughout the season both on tho borders of the Gulf of Cutch

Mr. G, Xall A and also in hilly ground in Sheet 44. His out-turn of work was

Gead,. ok Aast. Surveyor 3rd 130 square miles, and I have every reason to be satisfied with its
quality.

Mr. Corkery was employed throughout the season in topographical work; his out-turn wns 144

Mr. H, Corkors: Aso square miles, and both Plane Tables in execution and delineation of

ray, - Corkersy Amt. Burveyor #tb hilly country are very creditable to & young hand and show a marked
improvewent.
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Mr. Vieaji Ragunath was employed during the major part of the season in projecting Plane

Mr. Vieaji Rogunath, Head Sub-Sar- Tables, computing Lats., Longs. of intersected points, and in general

veyor. miscellaneous work ; at the beginning of April, 1 sent him to run a
Check Traverse across the Cutch portion of Sheet 31. I'his work he satisfactorily completed.

Govindji Mahalay executed the Plane Table survey of 171 square miles of country in his usual
careful and artistio style. He has also been very useful as a draughtsman during the recess season.
Narsu Dinkar was employed in running boundary traverses and check lines during {he whole season,
He executed in a satisfactory manuer 823 linesr miles of traverse, and is a useful and hardworking
assistant. Krishna Govind was employed during the season as recorder to Mr. Bell. Shridhar Succaram
executed 167 square miles of Plane Table survey slowly but accurately.

Vishnu Moreshwar worked very steadily throughout the field season. His out-turn was 196 square
miles, snd there was some improvement this season in his delinention of hilly ground. Bholaji Bhosekar
was employed throughout the season in boundery traversing and running check lines; he completed
273 linear miles of traverse. In consequence of information received from you respecting the amount
to be expended on the Native Establishment of this party, I was obliged to reduce two parties, one Plane
Table and one Traverse party; Bholaji Bhosekar being the least useful of the Traverse Surveyors was
therefore discherged. Nilkant Vital executed 164 square miles of topography with accuracy and some
improvement in his style of drawing. Keshu Vital executed 146 square miles of topography; there is
much room for improvement in his style of sketching ground. He is & good computer. Ganesh Rém.
chandra executed 170 square miles of topography in a very creditable way for so young a hand,
Vishnu Bulwant is very useful in the drawing office and promises in time to be & really good draughts.
man,

The principal towns contained in the country nmow under consideration are; 1st, Jémnagar or
. Nawinagar, the capital of the territories of the Jim of Nawénagar
Principal Towns, &o. which digstrict compl:'ises, roughly speaking, with the exception :%ﬂ a
few small detached holdings, Sheets 42, 43, 44, 45 and the eastern halves of 52 and 53. The town which
is on the banke of the little river Ndgmati is clean and well built with good streets. The population accord-
ing to the last census amounts to 84,744 souls. The Jém, a Jharejo Réjput, is gentlemanly and pleasant
and from either liking or policy affects the society of Europeans, treating all who visit his territories
with much courtesy and hospitality.

The other towns of note in the Jém's territories are Hariana, Dhunwao and Balamba, The last
named town is supplied with good water by means of a canel four miles long which carries the sweet
waters of the Aji up to the town ; tradition has it that a rich Brahmin of Balamba was enamoured of
the daughter of & Brahmin of Latipur; but as Balamba was notorious for its bad brackish water, the
girl's father refused his consent until his daughter was sure of good water to drink in her new home,
The suitor thereupon eet to work and had the canal cut which now exists thereby winning his bride.
A dam is now in course of construction near the village of Madhapur on the Aji which will, when com-
pleted, render the canal always full of sweet fresh water.

The town of Malia, on the banks of the Machhu was 50 yeara ago a very strong place; it is the
only place of importance in Sheet 31 : the inhabitants are principally “ Miani” Mahomednns, but the
Raéja is a Jbarcja Rijput of the Cutch family.

Nenr Jimunagar is a little pleasure house and temple called Rozi Mata, a favorite summer resort
of the Jam's, situnted on a small island or rather isthmus which jute out into the lagoons and swamps
of the Gulf; the fresh breezes from the sea render Rozi a pleasant place of sojourn during the hot
months ; the island is covered with long grass and tangled thicket giving cover to herds of * Nylghai"
or “ Roz” which roam at will unmolested, the island ns its neme implies being their favorite haunt. Near
the small village of Balacheri there is a bungalow on the shore of the Gulf built by the Jém and occupied
during the hot months by the political officers; at a short distance from the bungalow is the village of
Sachane, the inhabitanta of which drive a thriving trade in fish of various kinds, and send a regular
supply to the British Station of Réjkot.

The Maohhu river flowing into the Rann of Cutch at Malia and losing itself in the salt sand and
mud of the Gulf, is the principal drainage line in the country survey-
ed this season. The others are the Ndgmati which rises in the hilly
country 30 miles south of Jémuagar, the Aji the head of which only enters these sheets where it de-
bouches 3 miles north of Hanstal tidal station into the Henstal Creek, the Noani and Moti Phuljar, the
Und and the Mauwar,

Rivers.
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Sheet 31 calls for no further particular description as what I enid in my Narrative Report for
senson 1873-74 of Sheet 32 will apply equally to the country in Sheet
81. Sheets 42 and 43 nre flat and well cultivated up to the very edge
of tho mangrove swampa which are a leading feature of the country and which spread along the Gulf in
1 broad belt from Hanstal and even higher than that, southward over all the const surveyed laet season,
near the town of Jimnagar all the islands and spits of thick rich mud are covered with tangled mangrove
jungle in some places rising to an altitude of 40 feet but generally averaging from 8 to 10 feet in height,
At high tide n little fleet of boats puts out from Beri Bunder carrying the wood cutters to their work
in the lagoons, the white sails gleam on oll sides among the mnsses of rich green folinge and tho
labourers cut and stack mangrove till a returning tide bears them homeward ; the stock of firewood thus
obtained is a godsend to Jimnagar 18 the supply of wood round the city is scanty, a large quantity is
also lnid in by the Bombay bound craft that put in at the little port of Beri,

The country in Sheet 44 is undulating, orossed here and there by low ridges—a stony and sterile
land poorly cultivated ; there are few villages of any size in Sheet 44 except on its eastern border where
the country is somewhat less stony end the soil richer and better cultivated.

Throughout the low ranges which cross Sheets 43 and 44 are numerous stone quarries, where o
coarse white sandstone is excavated ; this stone though porous and
friable when first brought to the surface, hardens grently by expo-
sure to rain and sun and becomes a useful building stone.

To meet the wishes of the Political Agent, I propose next season to triangulate Sheets 46, 47
and 48 in advance, and to survey topographically Sheets 36, 37 and 38 and the portion of Sheet 45
which still remains unfinished—the small portion of coast near Diu of which Sheet 41 consists, I shall
alao, I think, be able to complete as the triangulation has been done and nothing remains but the bound-
ary traverses and topographical detnil Survey.

General appearance of the country.

Quarries,
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Extract from the Narrative Report—dated 15th October 1875—of Major C. T. HAIG, R.E.,
Deputy Superintendent 2nd Grade, in charge of the Guzerat Survey Party.

PERSONNEL, Raoji Nornyen, (3) During the season an
Mukand Dinkar. £ 137 i ,
Major C. T. Haig, R.E. @anesh Bapuji 2nd, area of 1375 square miles was topo-
Lieutenant J. E. Gibbs, B.E. Bhow Govind. graphed : of this 983 square miles
l‘:"‘ g S?sy;:;;ﬂ gﬁ{:ﬁfﬁgﬂmm‘ was on the scale of 4 inches to amile
» A.D. L. Christie, Monaji Aboo. and 392 square miles on the 2-inch
Q. H. McAFee.
" E.J. Connor, Bevenue Survey. scale. In the Dang F ofests an area
» J. Hickie. ) of about 550 square miles was tri-
" g lI:’Iu lf“m“' Mr. T. A. LeMesurier. angulated, but this will have to be
. 8. Norman. Native Surveyors. supplemented with further triangu-
w» 0. Norman. - lation and traversing to furnish a
Keshowram Rarvishanker, . h
Native Suroeyors. Jugal Mansukram, sufficiency of data points for the final
Dowlnt Lalbhai. Survey. A small area in sheet 79
‘Gopel Viehnu, Gopal Ganesh. R . X ’
Luximon Gorpuray. Euber Purbludass, which remained incomplete at the
Gunesh Narayen. Parbhu Kisor. close of the previous season, was
Ganesh Bapyji 1st, Trimbaklal Govardhan,

completed with datn points, by tra-
versing ; and am area of about 300 square miles of British territory previously triangulated waa
prepared for Sursey on the 4-inch scale, by effecting the necessary connections between the fiscal details
of the Revenue Survey and our triangulation stations by means of traversing.

(4) The arca topographically surveyed comprises the whole of sheets 81 and 82 (which com-
pletes the topography of Degree Sheet I1I), and the completion of sheet 14 of which one quarter waa
surveyed in the previous season; it thus fills up two gaps which last year presented on umsightly
appearance on the Index mop.

(5.) Sheets 81 and 82 include portion of the Dholka, Viramgim, and Dhandhuka talukas of
the Ahmedabad Collectorate and portions of the Limri, Lakhtar, Wadhwén and Cambay states which
heve now been completely surveyed and sheet 14 includes portion of the Ankleswar taluka of the
Broach Collectorate and of the Olpad* taluka of the Surat Collectorate.

(6.) The country in sheets 81 and 82 is very flat and the north-east portion of 81 and south-
west portion of 82 are very woody. These sheets include the mouth and about 33 miles of the course
of the Sibarmati river and about the same length of the Bhidhar, Bhogiwo and Rodh rivers, and also
the water connection during the monsoon between the Nal and the Gulf of Cambay which I mentioned
in para. 16 of my last year's report as probably existing. It is now established that during the monsoon
the Peninsula of Kattywar becomes an island. Sheet 81 also includes a portion of the Nal lake, the
greater portion of which is included in sheet 80, and was mentioned in my last year's report. When
I wrote that report I thought the portion left in sheet 81 was so small that I spoke of sheet 80 containing
the whole lake, but it appenrs thot the extents of the lake in November varies very considerably from its
extent in March. Many square miles which are dry in March and become the haunts of wild boar and
wolves, are in November several feet under water. I would remark generally that the drninage of
Quzerat is, from the flatness of the country, very capricious; some of the rivers lose themselves in marsh
orin sand, resolving themselves into strenms again further on, in their passage to the sen; others
change their course in a perplexing way, and none of them have a sufficiently rapid fall to carry off at
once any extraordinary rain fall, and 8o every year the towns on their banks and the bridges arein
danger. The Sibarmati, which has lately overflowed its banks and done such damnge to the city
of Ahmedabad and to many villages on its banks—for the second time within the last few years—
is also remarkablo for the capricious way in which it slters its course. I have the Revenue Sur-
vey map of a village (Rinjha) dated 1B56 on which an alteration in the fiscal details was made in
1867 owing to a change in the course of the Sibarmati, the left bank shifting § and the right § of a
mile, the new left bank boing_l—% of a mile to the right of tho old right bank, and our Survey this
year shews a still further divergence from the old course. To give another instance, it will be
found in the correspondence of the Bombay Party that in 1855 a stage erected at a place called Sikutar
Mitha for taking tidal observations, wns washed clean awny by the force of the current, the site of
that stage is now half a mile inland and is only Oooded ut spring tides.

(7.) Sheets 81 and 82 are crossed by the Ahmedabad and Gogo rond, but it soarcely deserves
mention as in nearly the whole of its extent across those shects it is out of repair, and in some places

® In last year's report, parn. 22, I gave three difforent waye in which this town is spelt, Olpid is now a fourth, but
ia that recently adopted aud cstablished by tho Government of Bombny in tho official list of nawes,
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totally obliternted. Dhandhuka the chief town of one of the talukas of the Ahmedabad Collectorate is
on this rond and is sbout halfway between Ahmedabod and Gogo. It is in sheet 82. Dholka another
taluka town and next to Ahmedabad the most important in the Colleotorate, is in sheet 81. On account
of the importance of Dholka I had all the principal thoroughfares traversed with o prismatic compass and
chain 8o that the town could if necessary be mapped on a larger scnle than that of 4 inches to a mile;
but on this scale it is a most imposing feature in the map, being nearly 6 inches from north to south and
3 inches from east to west. The Thikur's towns of Koth and Gingad are also in this sheet, and Dholers
(well known in connection with cotton) is in sheet 82. Sheet 81 contains a large aren of Taluldari land
interspersed with the Khalsn (I explained the menning of these terms in para. 20 of my last yemr's
report) but in sheet 82 the two classes of tenure are more separate, and I was therefore enabled to
survey an area of 892 square miles of Talukdari land in that sheet on the 2-iuch scale.

(8) 'The country in sheet 14 is flat, and fairly wooded with babool and paln trees, though along
the coast there is a considerable expanse of sand and mud which, on account of the number of intersect-
ing crecks and nalos, required as much labour in surveying as cultivated land and even more, because
of the difficulty of moving over the ground. The Kim and Sena rivers cross Sheet 14 from enst to
west., They are neither of much importance, not being navigable for large craft, but the Kim is the
Jarger of the two; both have considerable estuories, increasing the expanse of mud. The villages in this
sheet are much more closely packed than in sheets 81 and 82 : in the portion surveyed this season these
are none of any grent importance though all are fairly populous. Perhaps Eldo in the Anklesar taluka
and Bagwe and Kursad in the Olpédd taluka are the most so.

(9.) Leaving Poona on the 11th November we commenced work in shest 81 01_‘1 the 21st. Har-
ing a sufficiency of ground triangulated in advance for two years, I gave Plane Tuables to both Mr.
Christie and Mr. Connor who had previously always worked with a theodolite. The two Messrs. Norman
and three Native Surveyors having but recently joined the Department in September and October, had
nlso to learn the use of the Plane Table. I could not commence the instruction of all these pupils at
once, and therefore 1 employed those who had to wait, in my Office, where there was always plenty of
miscellaneous work to be done in connection with the mapping.

(10.) One new foature in the administration of my Party was the formation of a permanent
Drawing Office. I found this absolutely necessary, because my mapping power had been most severely
overtaxed by the great amount of mapping thrown upon it by the adoption of the 4-inch scale and [
therefore kept Mr. Peyton and six Native Surveyors at my Head Quarter Campand I supplemented this
force at the beginning of the senson by those hands who were waiting to be taught Plane 'Tabling. The
Revenue Survey Surveyors were eraployed solely in plotting the traverses on the Plane Table Sections,
as they came in, a8 checks to test their accuracy, aud in transferring on to them the fiscal details from
Revenue Survey village maps.

(11) On leaving Ahmedabad 1 apportioned off the work to the different Surveyors, and took
my Head Quarter Camp to & central position in their midst from which I could run out and see them
each at work: I was disappointed nt the rate at which the Survey of sheet 81 progressed, some of the
talukdari villages interlaced with the Khflsa gave a great deal of trouble from the fiscal demarcations
being obliterated, and from the patches of cultivation along the margins of the marshy connection be-
tween the Nal and the Bhidhar river not conforming to the field partition shewn on the village maps.
All these patches were surveyed, but at the cost of & great desl of time. On the completion of sheets
81 and 82 we moved into sheet 14, which was completed by 15th May, and f myself opened Office in
Poona on 20th April,

(12.) During the early portion of the senson, that is till the end of January, Lieutenant Gibbs

. . was engaged in Plane Tabling, and he completed two Plane Tables in

Lieutenant Gibbs, R.E. sheet 8% in the 4-inch scn.le,gcomprising 3(}; square miles. After this

I sent him to examine the Plane Table containing the town of Dholka and then to continue the trian-
gulation of the Dangs, which he commenced in the previous season.

(16.) He succeeded in fixing a great number of points, but found it impossible to fix nny down
in the raviner, on account of their being so tortuous and precipitous; it will therefore be necessary to
supplement his operations with traverses running along the ravines, in order to give data points to the
Plane Tablers who will be obliged to work either on the tops of the hills, or the bottoms of the valleys,
and sketch in the precipices, and when in & ravine they would never be able to see the stations on the
heighta.

(17.) Lieutenant Gibbe had & very diffcult task, as may casily be imagined from the fact that
the whole of the country in the Dangs is mountainous and wooded and intersected with preeipitous,
tortuous ravines, and that his stations vary in height capriciously betweon 1600 and 5000 feet.
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(18.) 1kept Mr. Poyton during the whole field senson at my Head Quarter Comp as the head
of the Drawing Office, the atrength and duties of which I have
Me. Peyton. mentioned in para. 10.

(19,) Mr. D'Souza supervised all the Nativo Surveyors’ Plane Tabling on the 4-inch seale, and
instructed as well ne supervised Messrs. Christie, S. Norman and C.
Norman (partly instructed also by Mr. McA Yee) and Gopal Vishnu,
Govind Gopal, and Bulwant Rajaram, so that he was actively employed the whole season, as he altogether
examined 41 Plane Tubles on the 4-inch scale, and 1 Plane Table on the 2-inoh scale, comprising an area
of 736 square miles.

(20.) Mr. Christle was employed the whole season in Plane Tabling on the 4-inch scale, and conw
sidering that it was hls first season at that work, his out-turn is very
creditable, both as to quantity and quality. Mr. Christie is also
very observant of the country he surveys, and has given me a report describing fully each Plane Table
that he completed.

(21.) Mr. McAFee joined me on the 31st December and I kept him at the Head Quarter Office
till the 6th February, when I gave him & Plane Table in sheet 81 on
the 4-inch scale, and sent Mr. C. Norman with him for instruction.
After starting Mr. C. Norman he was employed for the remainder of the senson on the topography on
the 2-inch scale in sheet 82, and had working under him Ganesh Bapuji 1st and Raoji Narayen; he is
a very careful aud accurato worker.

(22,) Mr. Connor, though he had learnt how to use a Plane Table before in the Kattywar Party,
had never learnt how to utilize the Revenue Survey materials, Mr,
D'Souze therefore gave him a helping hand at firet, and then he soon
went on with his Plane Table independently, but owing to his eyes failing Him, not being strong enough
to stand the continual glare, I had to find other work for him at my Head Quarters, in projecting the
Plane Tables and other miscellaneous duties.

(23.) Mr. Hickie was employed the whole season through in Plane Tabling, first in sheet 81
where he completed 3 Plane Tables on the 4-inch scale, then a Plane
Table in sheet 82 on the 2-inch scale, ond then 2 Plane Tables in
sheet 14 on the 4-inch scale. He is o careful and accurate worker.

(2¢) Mr. Cusson was also employed the whole season in Plane Tabling, firet in sheet 81 where
he completed 3 Plane Tables, one of which included the large town
of Dholka, which he surveyed very acourately and mapped very
neatly. He then completed a Plane Table in sheet 82 on the 2-inch scale, and then 2 Plane Tables in
sheet 14 on the 4-inch sonle. Iie is a very neat draftsman.

(25.) Mr. Hall after completing one Plane 1'able in sheet 81 on the 4-inch scale was transferred

Mr. Hall. to the Kattywar Party.

(26.) Mr. 8. Norman was only appointed to the Department on 1st September, so he had every
thing to learn. He rapidly acquired a knowledga of Plane Tabling,
and during the scason completed an out-turn of 94 square miles on
the 4.inch acalo very accurately and nently.

(27.) Mr. C. Normsn only juined the Department on the 12th October, so like his brother had
every thing to learn. His out.turn was only 569 square miles ot the
4-inch scale, but he was employed in my Office projecting Plane
Tables and on other miscellaneous work until the 8th February. He too promises well for duties both
in the field and in office.

(28). Mr. D'Souza reports well of all the Native Surveyors working under him. Gopal Vishnu who
had hitherto been employed ns a Traverse Surveyor, haa turned out a
very fair Plane Tabler. The two new hands Govind Gopal and Bul-

Mr. D'Souzs.

Mr. Christie.

Mr. McAFeo,

Mcr. Connor.

Mr. Hickie.

Mr. Cusson,

Mr. 8. Norman,

Mr. C. Norman,

Native Surveyors,

want Rajaram both promise well.

(29.) The Native Surveyors of the Revenue Survey Party were divided between two duties.
Mr. T. A. LeMesurier, the Assistant Superintendent, in charge with
3 Native Surveyors were employed traversing in sheets 31, 32, connect-
ing the village houndary trijunctions and vilinge sites of the British territory with the trinngulation,
while 4 Native Surveyors were employed in my Office transferring the fiscal details from the Revenue
Burvey village maps to our Plane Tables ns they came in.

(30.) It will perhaps be noticed that in my last year's report T only mentioned the Revenue
Survey Party as consisting of 5 Native Surveyors, whereas in this report there are 7. Fach senson I
have to consider the proportion of Native Surveyors to underlings that I requiro, and the Superintend-
ent of the Guzerat Hevenue Survey supplies me either with more Native Surveyors and leas funds to

Revenue Survey,
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pay for underlings, or vice versd; the total salaries of both being limited to Rupees 500 a month,
During the past season I only required very little more ground to be prepared in advance of the topogra-
phy, but that tho drawing power was insufficient to meot my requirements. I therefore drew on the
Superintendent Revenue Survey for 2 more Native Surveyors for employment in my Office.

(84.) I beg to inform you that, when we take the field at the end of this month, T expect that
with the excoption of part of the inking in of the fields ou 4 sections,
the whole of the drawing of the scctions on the 4-inch soale will
be completed, but there will remain a quantity of printing work on several sections, which will be carried
on by the permanent Drawing Office that I shall take into the field, The drawing of the sections on
the 2-inch scale has also been commenced, but will have to be finished in the field. 1 expect to have all
the seotions now in hand completed before we return to recess quarters.

(35.) Ium happy to inform you that there is a marked improvement in the mapping of this recess
over that of last year. Last year we worked under grent disadvantnges, but we learnt several lessons,
which have been turned to account this year, and now the hands are clagsified into (1) free hand drafts-
men, (2) second class draftsmen and (3) mechanical draftsmen, nnd the printers are also divided into
(1) hand printers, (2) and (3) st and 2nd class type printers. To each section, before it is begun,
is stitched a printed form called ** Section Register” in which all the different stages through whioh the
map has to pass are tabulated, and against each there is a spnce for the signature of the draftsmen
or examiner, who passes it through the particular stage, so that each map progresses regularly, and
passes from one class of draftsman to another, according as the stages are divided among the different
closses, 'This method could not be arrived at at once, and the want of it last year was the cause of
many errors, which have taken up a great deal of time in correcting.

Mapping.

Computations. (36.) All computations have been completed.

Extracts from Notes on the portion of the Dangs visited by Licutenant J. E. Gibbs, R.E., in
February—May 1875.

(L) The country in which I have been working this season comprises portions of the Dang
Forest, together with some Gaekwar territory, part of the Pimpaluer taluka of Khandesh and part of
the Baglin taluka of Nisik.

(2.) I muet preface my remarks with a few words concerning the notes that were published in
the General Report for 1873-74¢. They wWere in some cases merely records of the impressions with which
1 was struck at the time, aud which L was content to leave as such till I should verily or correct them
thie year, having no idea that they would go farther than the office table. I shall now have occagion
to correct some of my statements of lest year.

(3.) The whole of the hille forming the Dangs may be looked upon as the first step of the trap
formation leading to the Deccan table land. The second step is at
the Ghats bordering the east of the Dangs. The lower step is
deeply cut into, as with a graver, hy the water courses of the torrenis of the rainy season. At the foot
of the uppur step the valleys rise to nearly the original level of the ground; thus in a direct distance
of about 40 miles the water courses have a fall of about 1500 feet. The ‘trend’ of the lower step, and its
valleys are clothed with forest. The upper step ia fringed along its western edge by high peaks. The
strata are perfectly horizontal and the peaks consist of vertical columns of basalt. Whero these are
equal in height they give the appearance of a tower, but whero of unequal height and arranged like the
half of a set of organ pipes, they give at o distance the illusion of tilting, which I noted last year, and
which [ again noticed on leaving the Dangs this year. On tho upper step the aspect is quite different.
From one of my atations on the peaks of the fringe, which there ran roughly north and south, to the
north-east lay a flat plain dotted with low conical hills, bare of trees, to th2 enst and south-east were
high hills with fat tops, or peaks, but only clothed below with forest. To the west lay the Dangs,
monotonous expanae of forest. Looking down there acarcely appeared to be any hills, the valleys being
too steep-sided and winding to show. Gonerally speaking the aspect of the country is wild and inhospi-
table, but occasionally picturesque gorges, and dells may be met with, tbough always of a wild charao-
ter.

Aspect of the country,

(4.) In the eourse of my work T visited the hill forts of Rupgnrh, Songerh, and Siler belong-
. Hill Fora ing to H, H, tho Gackwar,

-
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Rupgarh Fort was taken from the Bhils by one of the Gackwars, but has long since been abandon-
ed, and is in ruins, [t lies in a very silent position on the frontier, and at one time was useful for keeping
the Bhils in check. Last year I made a note of a perennial spring supplying a tank in the fort. Dis-
gatisfied at the time with the information I received that the tank was supplied by a spring, I examined
the place, and thought over the matter this year. The level this year in March was within an inch or
two the same as in May last year, The tank is at the highest part of the fort, which stands on a mass
of rock high above any thing else within miles, so that it could not be a spring of descent. The water
ia oold, and there is neither motion in it, nor overflow, as would be ceused by u spring from a great
depth. A syphon could not exist through rocks of so jointed a kind as trap. The only explanation there.
fore that 1 oan give for the presence of this constant supply is that, a8 in the case at the ponds made on
the South Downs of England, the duily sea breezes laden with vapour reach Rupgarh almost without
obstruction, and there, being checked and meeting with the cold surface of the water already there,
they are deprived of their vapour, which condenses to collect in the tank,

Songarh Fort is on the hill to the west of the once walled town of Songarh. Tt was origlnally
geized from the Bhils, some families of whom still hold Jaghirs in connection with it. It hasa garrison of
25 men, and there are 35 guns in it, which are rusty and honey combed. The only portion of the defences
at all kept in repair is the entrance at the northern end. From the top of the hill two high walls run
down splaying out, and are connected at the bottom by a very high wall in which is & gateway. In the
lower part of the enclosed space are the ruins of what must have been a fine palace with several storiea,
Songarh is the Hend Quarters of the Pargana.

Shler Fort stands on an immense mass of basaltic rock on the top of the upper step. This mass
of rock is very steeply precipitous on the southern side, where it is slightly concave, the horns of the
crescent flanking the ground between. The sccurity of the fort lies in its natural inaccessibility. The
ascent i8 by a zigzag rock-cut staircase up the southern cliff, completely in view from the ridge above, as
far as the simple but ingenious system of gate-defences that bar access to a narrow ledge along and half-
way up the western face. From the northern end of this ledge is another rock-cut staircase leading to
the second set of defences that are just below the level of the spring of the ‘roof'. The most active of goata
could not ascend by eny but the regular path. On the top are cattle and goats that have been carried
up when young, a good supply of water in tanks at the foot of the roof-slope (which is about 200 feet
high), and rock-cut casemates for the garrison.

(5.) I think that the evil reports about the Dangs are exaggerated. Whether this year and the
last have been exceptionally healthy or not 1 do not know, but judging
from them 1 think that with a little care there need be very little
danger of sickness between the end of February and the middle’or end of May. I believe that during
that period there is little or nothing to fear in the nir. Without doubt the water is unfit to drink, not
only because in many places it is mixed with the rank products of rotting vegetation, but that it is still
impregnated with the malaria of the cold season. The sovereign cure for this I believe lies in distilling
all water for drinking or cooking purposes. Hindds, who drink water in large quantities, and who
will not touch distilled water because stills were unknown to their forefathers, suffer considerubly, and
1 had several very serious cascs of remittent fever among the Hindis of my party. The rest all en-
joyed very good health.

Climate and Health.

(6.) Laat year tho statistics I collected about 14 villnges that I visited in forest tracte, showed
that the percentage of children was 36:55 nnd this year the statistics
of 26 villages gives ns the percentage 37'96. On comparison with
the Census Report of the Bombay Presidency, I find that the proportion is a little over that for the
whole Presidency token together, and thercfore my conclusion last year that the population here was
rapidly decreasing may be erroneous, still I believe | was not very wrong, and think that, considering the
few old people one sees, the percentage of children is small.

The hillmen generally are very superstitious and their worship being dictated by fear, stones
erected to Wighdeo (the tiger god) and Ndgdeo (the snake god) are very common.

As I worked wore in the heart of the Forest this year than last, I naturally saw more Bhils.
They are however disappoaring from the country, The Bhil chiefs nre 14 in number, 5 being etyled
Réjs, and the rest Naik,

{ visited & manufactory of Kith, the Parses Ovorseer showing me every thing. The process was
just the eame as I described last year. I wns amused, if not shocked, by the nonchalance of primitive
innocenco with which several young women, habillées peutitre, mais non vétues, stood around. Some
were absolutely loss clad than the men, The dirtiness of the people is rivalled by the dirtiness of the
process,

Inhabitants.



Srason 1874-76,
BB_.. [ 74-76,

At one village vidi mirabile monstrum in the form of a young woman built by nature to be a
left-handed amagon. Her right breast was supplying the wants of her baby, but it is fortunate she had
not twins,

(7.) While working in and along the boundary of Gaekwar territory, I was surprised to sea
the wretched state of the trees, especially teak. One might reckon
on the core of any tenk tree over a foot in diameter being rotten,
and the trees were all misshapen. I was agreeably struck by the contrast on working into the Dang
Stutes, ‘The superiority in size, symmetry end henlthy growth of the trees under the Forest Depart-
ment over those in the uncared for Gaekwar districts, catches even the untrained eye at once, and
speaks volumes in praise of the care and efforts of the Department. The trees are tall, thick and
straight, and solid throughout, and the old frees that are felled are replaced by healthy saplings, In
some dells the trees were particularly fine with tall straight trunks, not branching till they had attained
a great height.

The Forest,

(9.) Last year in my notes the trees &c., mentioned were put down irrespective of order, I have
therefore repeated their names in the following list of species I have
identified. The native names are those given me by ihe hillmen,
who seem to have names for all trees and plants. Besides the following I noticed several that I hope
next year to be able to identify.

Capparidec—Capparis pedunculosa, a small shrub with recurved thorns and umbels of small
white flowers having long gynophors.—2500 feet.

Malvacee—Hibiscus Rosa Sinensis (Jasodi), the shoe flower in Siler gardena.

Bombar—Malubaricum (Sdonwar), red silk cotton tree, described last year.—Dang Valleys,

Sterculiacec—Sterculic urens (Khandol) described last yenr.—Dang Valleys,

Tiliacee—Grewia abutilifolis (Dhamon), a sinall tree with 3-nerved leaves and cymes of small
yellow flowers, having petals much smaller than sepals; drupes small yellow snid to be edible ; wood bard
and strong.—2000 feet,

Rutacee.—Egle Marmelos (Bil) with 3-foliolate leaves (emblematio of the Hindi Trinity), and
large globose fruit having & woody rind and many seeds in a sweet aromatic orange pulp, valuable in
dysentery.—1500 feet.

Anacardiacee.—Mangifera Indica (Am), the common mango, near village sites.

Celastrinee.—Celastrus paniculata (Kdrkingun), e scandent shrub with pendulous panicles of
tiny greenish flowers; the seeds yield lamp-oil.—Dang Valleys.

Rhamnee.—Zizyphus rugosa (''uran), a small tree with recurved prickles ; fleshy white fruit with
crustaceous stone, having a mawkish faste, and being much eaten by the inhabitants,—Common even
over 3000 feet (See Hooker's Flora ¢f Indin).

Rhamnous Wightii (Ragatrura), a small shrub with shortly nccuminate fascicled leaves ;
peanicles starting opposite to one of the lowest leaves of a tull ; berries, § size of & pea, superior, 4-seeded,
red-orange ; calyx persistent—evidently rare as I only saw one specimen, and few of the villagers knew
its name.

Leguminose—Erythrion Indica (Pangara), atree armed with black prickles; leaves 3-foliolate;
racemes of bright scarlet flowers in March. Wood used for sword sheaths (Bird-wood).—Dang Valleys.

Erytbrina suberosa (also called Pangara), very eimilar to the above but with cork
like bark.—Dang Valleys.

Butes frondosa (Palas Kankara), known to Europeansns the Dék, a shrub with 8-
foliolate, leaves leaflets large, used as plates or drinking cups; tomentose racemes of large silky orange-
red flowers in February and March ; legumes downy, one seeded.—Everywhere.

Pongamin glubra (Kurunj), a tree with 5—7-foliolate leaves with large glabrous
Jeaflets; axillary racemes of shortly pedicelled pink and white papilionnceous flowers.—Dang Valleys.

Dalbergia latifolia (the Sisu of the Bombay Presidency), the black-wood tree.—

Botany.

1500 feet.

Dalbergia ougeinensis (Tanaj), a large tree with 3-foliolate leaves, leaflets large,
reddish when young; racemes of small pink flowers; wood tough, strong, and heavy.—Up to 1500 feet.

Cassin fistula (Biwa), a small tree with pinnate leaves having 5 pairs of lenflets;
peudulous racemes of bright yellow flowers; pods long, cylindrical, divided by spurious traverse plates
iuto one-seeded cells; seeds hard, shiny, collected by red beetles.—liverywhere.

Tamarindus Indica (Amli or Chinch), near village sites.

Bauhinia Racemosa (Aapta), a emall tree or shrub; leaves used when dry for
making ¢ biria’ or native cigurettes; terminal racemes of small white Aowers.—Common everywhere,

Acacia Catechu (Khair) mentioned last year.~Common everywhere.
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Albizzia Lebbek (Siris), a large tree with black bark, and dark heart-wood some-
what like black-wood ; leaves abruptly bipinnate; pinnz 2—6 pairs; leaflets 10—15 pairs, very oblique ;
raceme axillary, long peduncled with many close 10—15 flowered heads.—Up to 1500 feet.

Cicer Arietinum (Chana), gram cultivated about Songarh,

Phaseolus Mungo (Urid) cultivated in small patches in the Danga.

Combretace.—Anogeissus Latifolius (Ddora), a tree with white bark and wood, and light green
elliptical leaves; it yields a very fine strong white gum.—In valleys and up to 1500 feet.

Terminalia Chebula (Herdi), leaves large, oblong and downy when young ; petioles
short with pair of glands at apex; panicles of purple oval drupes having a bloom ; drupes (myrobolans)
valuable for their tannin.—2500 feet.

Terminalia Arjuna (Mota Sdidra), a large tree with smooth bark and dark heart-
wood.—Up to 1500 feet.

Myrtacee —Sizygium Jambolanum (Jimbul), a tree with light colored bark and opposite, entire
chining leaves ; 3-forked panicles of small white flowers with calyptrate corolla ; good timber and edible
fruit.—Near village sites. :

Sizygium Salicifolium (Jémbul), a shrub with willow-shaped leaves ; lax panicles of
small white flowers.—In beds of rivers.

Careya arborea (Kumbi), a tree with Jarge entire membraneous leaves, much eaten
by a small white caterpillar; leaves after flowers; flowers with 2—3 hundred long white stamens ; style
long, boney at base ; fruit the size of a small apple, edible.—2000 feet.

Cucurbitacee—Cucumis trigonus with oval fruit, yellow striped with green, very bitter;
climbing or creeping about shrubs.—2000 feet.

ZLoranthacee.—Loranthus bicolar (Bhendgol), o very common parasite especially on the Aapta ;
flowers long, slender, scarlet and green ; leaves opposite, entire ; disc accrescent round inferior ovary.—
Everywhere.

Rubiacee.—Nnuclea cordifolia (Hedu), a large trce with roundish downy stipulate leaves, und
round heads of flowers.—Valleys.

Gardenin dumetorum (Gil), o small spinous tree with opposite, simple entire lenves
having interpetiolar stipules; flowers sessile, axillary, solitary, white fading to yellow ; fruit round.—
Everywhere.

Gardenia lucida ? (Tendrum), very similar to the above but with large flowers ; flowers
full of honey ; stigma large, brown and sticky.—Everywhere.

Composite—~Blumen holoserica, a sinall downy herb with decply serrate leaves, and yellow flower-
heads in elongated panicles. So common all over disused clearings, that at first 1 thought it must be
oultivated.

Oleacee,—Jasminum Sambac (Bhat Mogra), a shrub with fragrant, double white flowers,—In Siler
Gardens.

Sapotacec.—Bassia latifolia. (Mahwa), mentioned Inst year. There appear to be 2 varieties, the
one with red and the other with green lenves.—Both in great numbers above the Ghits near Pimpalner,
and also common in the Dangs.

Ebenacee.—Diospyros exseulpta (‘Temburni), a small tree with large leaves downy beneath ; fruit
edible with rather pleasant flavour.—1500 fect.

Apocynacee.—Carissn Carandas, a spinous shrub with shining coriaceous leaves, and fragrant white
flowers ; purple berry with sweet acid pulp; flowers in March.—Common everywhere.

Wrightia tinctoria (Kila Kura), a small tree or shrub with white wood, and lax
ponicles of fragrant white flowers appenring in April; style very short and anthers low down the tube.—
Common everywhere.

Holarrhena antidysenterica (Doli Kurli), a shrub very similar to the abuve, but with
wider leaves, and puberulous flowers having partially coherent anthers which form a pyramid above the
limb of the corolla,—Common everywhere.

Asclepiadacee.—Calotropis Gigantea (Maddr), a shrub abounding in milky juice, opposite leaves
and interpetiolar umbels of purple flowers.—(ommon on all clearings.

Bignoniacee.—Bignonin Quadrilocularis (Waras), a very handsome tree when in full bloom with
its lnrge bunches of crimped white Aowers.—Valleys and up to 1500 feet.

Cordiacew.—Cordia Myxa (Bhokar), a small tree with simple alternato leaves, panicles of whita
flowers, and cdible berries with glutinous pulp.—1500 feet.

Verbenace®.—Tectona Grandis (Sagwan), the teak tree —Valleys and up to 1500 feet,

Gmelina arborea (Sheoni), with opposite entire leaves, velvetty beneath ; inflorescence
a raceme ; drupes yellow, superior, calyx persistent ; [ruit much eaten by wild animals.—1500 feet.

Vitex Nirgundi or Bicolor (Nirgundi), a shrub with opposite 3 or 5-foliolate loave
and panicles of small bluish purple fowers,—Common in yalleys and above the Glats,
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FEuphorbiacece.—Phyllanthus Emblicn (Aonla), n small tree with axillary clusters of flowers ; drupe
fleshy, edible.—Valleys. .

Urticace.—Ficus benghalensis (Waror Bar), the Banyan tree. —Common everywhere.

Ficus religiosn (Pipal), with cordate, narrowly accuminate leaves,.—Everywhere,

Ficus pseudotjioln (Pipri), a tall handsome tree with long petioled, oblong-ovate,
shining leaves,—Common.

Ficus cordifolia (Pfer), a tree with leaves somewhat like those of the Pipal, and
clusters of smnll sessile round fruit.—Common.

Ficus glomerate (Umbar), o crooked tree covered with figs, purple when ripe, and
always full of worms or flies.—Common expecinlly by streams,

A rtocarpacee.—Artocarpus integrifolin (Panas), the Jack tree, with shining dark green coriaceous

leaves and huge fruit with shagreen exterior.—Western borders of Danga.

Orchidacea.—1 saw scveral specimens on trees, but none in flowers.

Amaryllidacee.~~Crinum parvuin (Karwand), stem about 9 inches high, about 3 white flowers in
umbel ; the bulbs were gencrally so fixed in the crevices of rocks that they could not be taken out
whole ; flowers in May.—Common on tops of Dang hills and on the Ghits.

Palmacee.~—Borassus flabelliformis (T4ri), tnpped for its saccharine juice, drunk under the name
of tari or toddy.—Common in the western Dangs and again at the foot of the upper Ghits.

Pheenix Sylvestris (Kajur), the common wild date palm ; fruit yellow when ripg.—
Western Dangs.

Graminew.~—Eleusine coracnna (Nagli ot Nésni), cultivated for food and export, being given to
Banjiras in exchange for salt.

Oryza sativa (Chokha), common rice, oceasionally raised in small quantities for food.

Holcus spicatus (Bijri), cultivated for food.

Bambusa vulgaris (Welu), growing to 60 feet high in thick clumps.—Western Dange.

Bambusa stricta (Bds), & small straight species of Bamboo with long thin branches.—
Western Dangs.

There is of course n great snmeness in the lithology of the district, the greater part of the rocks
varying from black to grey crystalline basalts, diorites, and the like,
On the tops of several of the hills of the ‘lower step’ I met with
rocks full of acicular white crystals. I saw very few large erystal masses, There are no alluvial depo-
sits, and the rocks of the river beds are polished and rounded by the attrition of the gritty particles
carried down by the monsoon torrents.

Geology.
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Extract from the Narrative Report—dated 15th November 1875—of Captain H.R. THUILLIER,

R.E. Oficiating Deputy Superintendent 1st Grade, in charge of the Kumaun and Garhwal and
the Dehra Dun Survey Parties.

In the spring of 1874, the Establishment of the Kumaun and Garhwil Party was broken up

into two detnchments; one was sent under Mr. E. C. Ryall to

resume the Survey of the higher ranges in Kumaun and Garhw4l,

g::;:‘ﬁls‘h%'“b“"g; z;lii.E., At the operations of \\'hich.wi]l be described llerer'tflcr, the other

Supdt, detachment, as per margin, under my own superintendence, wng

employed during the field season 1874-75 in carrying on the Sul'vey
of Dehra Diin which was commenced in the previous year.

PRESONNEL.

Suroveyors and Aest, Sarveyors,
Mr, C. J. Neuville,

T Lom, (2.) The field operations commenced early in October. Lieu.
w L. J. Pooock. tenant Gore, was entrasted with the supervision of the village boundary
:: ,}“ i‘:::" traverses : Messrs, Iiow, T'edd and Kinney, each with two Native
» E. P. Wrixon, Surveyors, were deputed to take up the topography of the Western

Diin commencing at the Jumna. Mr, L. Pocock was directed to
complete the trianguletion of the Eastern Ddn and subsequently to
proceed to Jaunsir Bawar for the same purpose; and Mr. Wrixon to
carry main traverses in the Eastern Din for fixing trijunction pillars for ehecks on the boundary traverses,

Natios Surveyors,
11 Native Surveyors.

(3.) During the season, 225 square miles of country have been topographically surveyed on the
scale of 4 inches to the mile; the triangulation of the Dian has
been completed and the whole of Jaunsir Biwar covered with o
net-work of triangles, comprising a total area of 470 square miles. 70 linear miles of main theodo-
lite traverses, 328 miles of boundary traverses nnd 63 miles of check survey lines were run.

(4.) The whole of the topography has been done most carefully and the mensurements havo
been very searching. G3 linear miles of check survey were executed
across the detail work of the Native Plane Tablers to test its correct-
ness, and the hill eketching was examined iz sizd during the progress of the work. The results of theso
tests were very satisfactory and proved the work to be minutely accurate,

(5.) The area topographically surveyed is smaller than I had expected to have completed, but
several causes tended to this result. 'The Native Surveyors with only two exceptions were raw hands
and had to be taught Plane Tabling, for their work during the previous season (which was their first
season of surveying) had been restricted to traversing. Their progress too when trained proved far
slower than I had anticipated, so that the brunt of the work fell on the Kuropenn Assistants. This in
s great measure however was due to the intricacy of the ground, and the large amount of detnil met
with throughout the ground over which the topography was earried. The tabular statement will shew
this by the amount of chaining and the large proportion of plane table stations which were found
requisite for filling in the interior details. For the first 3 months of the field season also, the luxuriant
vegetation for which the Din is proverbial and the high bhdbur grass which covers a large proportion
of the low-lands, proved a great obstacle to the progress of the Plane Tablers. 'This gruss is generally
burnt in the month of Februnry and uutil that time the surveyor is much delayed by having to cut
lines for hie chain measurements, The ficld senson also was shorter than I might have made it, but
this | was compelled to cut short owing to the large amount of mapping which had to be undertaken
during the recess, this having been greatly nugmented by the large area brought in by the Kumaun
and Garhwil detachment during the same season. Under these cirenmstances and Dearing in mind
that it was our first senson of working on the 4-inch scale, I trust this out-turn will be considered
matisfactory.

(8.) The whole of the traversing required for the completion of the Survey of the Din was finished,
All precautions, as described in my last report, were taken to insure
accuracy of results. The main theudolite traverses were in oll cases
run between trignnometrical atations, but in consequence of the ground being more rugged and broken
than that met with in the previous season, the ratio of error is somewhat larger, though still satisfuctory.

(7.) 'The boundary traverses were all completed aud comprise 121 villages and estates. These
traverses are in all cases well tied in by check points furnished either
trigonometrically or by the main thcodolite traverses. They were
executed by the Native Surveyors with the plane table and circular protractor, and were all reduced in
the field and found to stand the wsunl tests in a satisfactory mamner. The ground was more or less
bad throughout for chaining, especially about the low-lands at the foot of the bills, a large portion of

Out-turn of work.

Topography.

Traverses.

Boundary traverses and their errors,
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a
the work having to be carried over Lroken ground and ravines with steep declivities, {he measurements
of which required very heavy corrections for reduction to the horizontal level. The boundaries also
were very intricate, the average distance between each station in 572G stations being only 458 chains.
Notwithatanding these trials, the ervors are very fairly small.

(8.) The country surveyed during the season comprises ground of every variety, from the
flat cultivated lands in the vicinity of the Asan, o tributary of
the Jumna and the main drainage channcl of the Western Diin,
to the crest of the Mnssoorec range which rises to a height of over 7000 feet above sea level. The
low spurs end broken ground about the foot of the hills gove aninfinity of labour and trouble in
surveying, being for the most part covered with thick Sil forest and eut up by deep precipitous ravines
and ‘raus’ with beds of boulders lower down ; these raus spread out leaving broad undulating plateaux
between them which ure for the most part well cultivated, except in places where shingle crops out.

Remarks on the country.

(10.) Numerous heights, in addition to those obtained trigonometrically, have been fixed by
Aneroid heights. Ancroid barometers throughout the season’s work.

(11.) The amount of trinngulation and traversing in advance of the portion topographically
surveyed, covers in the Didn an aren of 125 square miles, this being
the estent of the Zamindiri lands which remains to be surveyed
by this party. In addition to this, the whole of Jaunsir Béwar,
comprising an aren of about 360 square miles, is ready for the topography to be commenced. ‘The
survey of this portion of the district which is composed entirely of hills and mountains, is to be done
on the scale of 2 incles to the mile and will admit, I am afraid, of little are no traversing.

Triangulation and Traversing in ad-
vance of the detail survey.

(12.) I now procoed to report separstely on each officer’s work, the details of which are
tabulated on page 45—a.

(13.) Lieutenant Gore took the field on the 7th October and was employed until 22nd
November in superintending the village boundary traverses in the
neighborhood of Rijpur and Dehra. On relieving him of this duty I
entrusted him with the topography of sections 13, 14 and 24 bordering the Jumna. IHaving completed
these sections, he took up sections 38, 39 and 49 in the beginning of February. About the middle
of March, I sent Licutenant Gore's party to comnplete all the low village lands lying among the forest of
the Eastorn Ddn, in the vicinity of the Song and Suswa; this being the most favorable time of the
year for surveying this ground, on account of the dhdbur grass being all cleared and its freedom from
the malaria of the neighbouring marshes. Much of this land is covered with rank vegetation nourished
by the amount of wnter furnished by these streams and their numerous tributaries. The greatest
obatacles to the survey being the cane brakes which were inaccessible to man or clephant. Lieutenant
Gore with the help of the Native Surveyors completed the work allotted to him Ly the 20th April.
Lieutenant Gore heving been transferred to the topographical branch of the department, I have much
plensure in recording the valuable aesistance I have invariably received from him since he has been
under my orders, during which time he has conducted his duties with ability and encrgy to my entire
satisfaction, und [ consider him in every way qualified for independent charge of survey operations.

(14.) Mr. Neuville was employed the whole season in mny office in the miscellaneous current

Mr. Neurillo. work of which there was a large amount.

(15.) Mr. Low was employed all the season in Plane Tabling. He commenced on section 7 in
the Khédir lauds of the Jumnnn, where he experienced much delay from the high grass which covers
all that portion. In January he took up the north and enst por-
tions of section 27 which was most intricate and difficult ground,
cut up by deep ravines and low hills covered with forest. He then completed the hilly portion of
soction 37, and leaving his two Native Surveyors to fill in the low ground, he commenced section 46,
which consiets entirely of hills and runs up to the Mussoorce and Landour settlement. By the end
of the senson he completed this section and section 57 which also consists entirely of hills. I was
well satisfied with Mr. Low's diligence and the accuracy of his work.

(16.) Me. Pocock was cmployed from the middle of October till the beginning of April on

Mr. L. Pocock. t:'inngulutio‘n. He .ﬁrst completed the rcmuiningl portion of the
Enstern Dan covering an area of 110 square miles, and on 22nd

January started for Jaunsdr Bawar, the trinngulation of which he successfully completed by the cnd of
March, This portion of his work embraces an arca of 360 squarc miles, which is well covered with
points. 1 have cvery reason to be well satisfied with Mr. Pocock's exertions and the results of his work.

Lieutenant Gore, R.E.

Mr. Low.
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(17.) Mr. Todd was employed on topography throughout the season. He commenced worl
on 19th October with two Native Surveyors and during the season
completed sections 9, 15, 26and half of 56. Of these sections the
ground in 15 and 26 was most intricnte and dificult. The delineations of the features have been
very artistically and faithfully rendered and the varied character of the ground has been shewn with
excellent effect, but the labour involved in surveying such a large amount of detail was great and very
tedious. The work of the Native Surveyors was rigorously examined. Section 56 consists entirely
of hills, the ground being very precipitous and difficult to move about in. This portion of the work
was also done with Mr. Todd’s usual care and accuracy and the quality of his work is highly creditable
to him. Mr. Todd closed work on the 30th April.

(18.) Mr. Kinney commenced field work on 17th October and was engaged in Plane Tabling
during the entire season. He was first entrusted with sections 3
and 8 in the low ground of the valley of the Asan, and was provided
with two Native Surveyors whom he had to train. He completed these sections by the 20th January,
when I transferred his Native Surveyors and sent him to take up the topography of the hills in sections
25,35 & 36. The ground in the two former of these sections is high with bold open features rising
to a height of about 7000 feet and was easy to sketch, but in the central and lower portions of 36, the
hills are much broken up into small confused masses, covered for the most part with forest and inter.
sected by narrow and intricate ravines, resulting in an unusual nmount of detail in the smaller natural
features. A portion of this section which I had hoped to have had completed had to be left for the
next field season. Mr, Kinney has worked hard and well, his sketching and delineation of ground is
remarkably good and characteristic. .

(19.) Mr. Wrixon was employed in minor triengulation in the rough ground between the
Delira and Réjpur road and the Song Nadi. He subsequently took
up the traverse of the rond from Dehra to Hardwér and then
enrried & line up the right banlk of the Ganges from Hardwir to Tapoban. I regret [ am unable to
report favorably of Mr. Wrixon's work or conduct.

Mr. H. Todd.

Mce. Kinnoy.

Mr. Wrixon,

(20.) The topography done by the Native Surveyors, considering that it was their first season
in Plane Tabling, was very fair and found to bo minutely accurate,
but they are very indifferent draftsmen. In this however they
nre improving, and will I have no douht next season turn out more artistic work. I have been well
satisfied with the diligence of all the Native Surveyors with two exceptions, one of whom was discharged
and the pay of the second reduced.

Native Burveyors.

(21) The party was cmployed during the recess on computntions and mapping. All the
computations connected with the previous season’s trinngulation
and traversing were completed. The mopping includes the pre-
paration of 7 Sheets of the Dehra Din Survey on the scale of 4 inches to the mile which have been
completed and sent to the Hend Quarter's Office for publication.

Recess of 1875.

(22) The detail survey of the remaining portion of the Zamindéri lands in the Din will
be resumed and completed. The topography of Jaunsir Biwar,
on the scale of 2 inches to the mile, will also be taken up bya
portion of the party ot the commencement of the field scason, and I trust to be able to completo the
survey of this portion of the district also during the ensuing senson.

Programme for field season 1875-76.
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Tabular statement of out-turn of work.

DEHRA DUN SURVEY,

Details of Triangulation.

Season 1874-75.

: o L G CO
< |2 V25, 18208 |5 Bz lBe s | B B
e |84l 3 B .EF%(e2 |8 (sE8|vaflkig| ¢ [E2g B
5 058 L 18T Tl eny 2s [58H|CERSEE 5 (522 2E
e {22 8 |nESiB=i)sTal BE SmeiizEaTy 3 zeh| B
OBRERTER'S NAME, @ & 2 |E23|3Fg|25&| 2 EBE|gETILE & |2PE| 2«
8 |85 2 (885|252 25 25 |252/855 1250 § (Fa|Ls
ENES| B 22525285 Es oEZTlgDS'E'EE'E R
g lg®| S |82 |SE3|°F (S |P3EifoEsSE 2 Lnl|S™
SlE | s s |58 | s [BEMEERISST) S BT
e e FRPBT 2 g7 |48 |27 [ A |g8
Inch. ”
Mr. L, Pocock, 12 470 76 | 657 | 191 | 441 5 14| 24| 112 11 | 1064 7
» E. Wrixon, 7 *20 23 39 62 . 7 40 ) 103! 15
Totals, 490 98 596 | 191 | 6503 J 5 119 ’ . 1167 | 22
# Approximate.
Details of Topography. Scale 4 inches =1 mile.
No. of Liyesn Mires.
Area in | acres per
Naxes. acres.  (Plane Table . Rex4rzs.
Stution. | Chainmen-|  Check
surementa. lines.
Lieut, 8t, G&. Gore, R.E,, } 36,825 38 6273 177 | Level and broken ground.
and 4 Nativo Surrcyors, . 6,992 10'5 Hills.
Mr. J. Low, e [N 16,404 23 3290 } Comparatively level ground.
193
and 2 Nativoe Surveyors, é 6,630 33 1158 Ravines and low hills covered with
[foreet.
8,178 257 82 Hills.

Mr. H. Todd, 24,379 19 6781 99 | Very intricnto ground consisting of
ravines and low hills mostly covered
with forest.

and 2 Notive Surveyors, . 4,600 194 . Hills,
Mr. T, Kinncy, . 22,620 70 2336 157 | Portly level and partly ravines and
. [low hills,
and 2 Native Surveyors up to 15,760 221 Hills.
20th January,
Mr, E. Wrison, 3,369 112 40'4 Flat and tolerably open ground.
Totals, 1,43,757 e 19324 62'6
or 224-6 eq.
miles,
Details of Traversing.
m .
% ] ® @ Average dis- A
2 % 2 | tancein choins | Avorago error | Avernge angu-
Nause. E E 'g'% between sta- | per 1000 links. lar error. Remaprs.
ac ER tions.
Ao 7z
Mr. E. Wrixon, - 70 271 2067 100 1n”
(Theodolite traverses)
Native Surveyors, azs 6726 458 290
(Plane Table and protractor tra-
(verses)
otals, 398 | 6997
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KUMAUN AND GARHWAL SURVETY,

(23.) My last report treated the operntions of this party up to the beginning of July 1874,
when it returned to recess quarters at Almora, which place was selected on nccount of its being
close to the ground of ficld operations—n matter of much importance on aceount of the limited
period in which survey operations could be carried on in the higher snowy ranges. Experience has
proved that the best time for operations in these high altitudes is immedintely nfter the rainy season,
when the snow line is at its highest and the atmosphere bright and clear.

(24) The party, which consisted of the members as per margin, hed but o short rest ot
Ahnorn and made an early start for the field while the rains were

E. C. Ryall, Esq. Asst. Supdt. still in progress. This involved much discomfort on the march

Assistant  Surveyors. and some risk of malarious fever, but was necessary in order to
Mr. C. H. McAFee. secure every day of the short time available for surveying,
» E.F. Litchfield. (25.) Mr. Ryall has submitted the following report of the
» 1.8 Pocock, operations under his cha:
" J.F. McCarthy. P ; JaTge.
’ ** Active operations were commenced on all sides by the 13th
September.

“Jt was my original intention to conduct o scries of triongles along the Tibetan frontier with
a view of laying down peaks, &c., in the Sutlej Valley. I abandoned this project when I learnt that
the undertaking would press too henvily on your estimate of expenses. I proceeded instend therefore
to inspect the topographical work finished during the previous summer nnd the ground where the
Plane Tabling wos about to be done. After completing my inspection tour, I proceeded to continue
the Milam triangulation. The total length of the Milam triangulation is 48 miles, of which 32 was
finished during previous and 16 during the season under review. The greater portion of this work
was very trying; it required all the skill and nerve I possessed to pierce to stupendous gorge overhung
by the lofty suowy mountains of Chirkhana nnd Hasaling with o series of triangles. The steepness
of the gorge may be conceived when it is understood that the direct horizontal distance from Hasaling
snowy peak to the Gori river is rather less than 1§ miles and that it towers 14,000 feet above it. In
this triangulation Mr. McAFec nssisted me Ly observing at three of the basc stations,

“The estent of triangulation finished by me covers an area of 200 square miles, comprising
five stations visited of an average height of 13,300 feet above sea level.

“ As far o8 regards altitude and physical formation, the two districts of Kumaun and Garhwil
muay be divided iuto five belts or zones. [ shall describe these
in succession beginning with No. 1 from the north.

No. 1 Zone. The average width of this belt is about 15 miles. In length it extends from
the Ména Valley in the west to that of Bydns, bordering on the Nepal frontier, in the east. It
comprises within it, besides the two above mentioned valleys, those of Niti, Milam, Rilam and Dharms.
The average height of the basins of these valleysis about 14,000 feet above sen level, the highest
basin (15,500) being that of Ména and the lowest (12,500) that of Byins. The average sltitude
sbove sen level of the main and minor rauges within this belt is about 20,000 feet. The ground though
lofty, ie for the most port undulating. Access to the tops of most of the spurs or ranges is not
difficult, though very trying in conscquence of the great tenuity of the air. With the exception of the
main mnges which divide the above mentioned six valleys, the whole formation of this zone is of
alate of almost every conceivable color and in various stages of decay.

The ronges that ore cxcepted, are entirely composed of granite, that is so far as I could
judge, for I could not perceive any or the slightest order of stratification amopg them. Fuel can be
seldom bad over 12,500 feet ; grass never over 13,500.

No. 2 Zone. This belt consists of ranges of extremcly precipitous and rugged lofty mountain
barriers running parallel to and south of Zone No. 1. Its average width may be put down at 10 miles,
its maximum is about 17. The whole of tlhiese ranges are stupendously lofty, the mean height of
the peaks on them being about 22,000 feet, and the formation throughout is of granite, except in
some few places where it is of gneiss, The drainage from the compsratively undulating and open
valleys of Ména, Niti, Milam, Rilam, Dharma and Byins lying in Zone No. 1, breaks through these
enormous barries, and the six gorges 8o formed average in mid height about 4 miles in breadth. The
widest, the gorge of the Niti or Dhauli river, towards Joshimath, being about 6 miles. The narrow.
est is that of Milam being about 3 miles, The sides of these gorges are overhung, as a matter
of course, by almost sheer precipices, capped by towering ncedle-like peaks. The casiert of them,
where he triangulation has been carricd through, were couverted into stations, ascent to most of
which was not accomplished without imminent risk of life. The widest portion viz, 17 miles of this

Deacription of country.
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»
belt consists entirely of o wild and uninhabited valley called the Rishiganga, at the head of which
is the Nanda Dovi mountain 25,669 feet high. This valley is extremely precipitous and broken;
the ground beyond the first 7 or 8 miles consisting of bare rochs, snow-beds and glaciers, with no-
signs of vogetation, 'The hills fall abruptly down to the river which dashes like o torrent between
perpendicular walls of rock, which form its banks.

“ No. 3 Zone consists of from 6 to 7 miles of spurs emannting from the foot of the snowy
ranges and running mostly in & southerly direction. The average height of these spurs is about
12,000 feet above sea level ; they are composed partly of stratified gneiss and partly of erystallized
lime-stone, the former occurring about 4 miles towards the north and thelatter about 3 miles towards
the south, In consequence of the stratified nature of their formation, the spurs are, as o rule,
precipitous on one side and sloping on the other. The surveyors working amovg them had no diffeulty
thercfore in getting about.

“ The operations of the snow party under my direction were almost entirely confined to ground
in the above three zones. 1t may be thought perhaps that to treat similarly the remaining portion
of Kumaun and Garhwil previously surveyed, would be irrelevant to this report. In order however
not to leave the sulject in an incomplete form, I shall proceed ima oursory manner with the
description of the remaining zones.

* No. 4 Zone is by far the broadest ; it averages about 50 miles, and the average height of the
ranges in it is about 7,000 feet above sea level. The differences however between the heights of conti-
guous spurs are 8o triflipg, that to one looking at the whole of this Lelt of country {rom a commanding
point, all the ranges would appear to be nearly of one uniform height, no great contrnst is to be
seen anywhere. The width of this zone is greatest in Kumaun and least in Garhwil, From any
point in the middle of this zone and from its southern extremitics, the snowy ranges appear to rige
very abruptly and seem to gird its morthern limits like an imnmense wall, towering abeut 12,000
feet above it. Unlike the mountains found in most parts of the Himalayas, as far as I have
seen of them, the mountains in this 4th zome appear to be much waterworn and so present very
minute snd intricate features. They have given topographical surveyors much hard work, entailing
upon them at the same time the exercise of much judgement ns to what detail should be sup-
pressed, in order to make room for expressing the more important features. With the exception of
some portions lying towards the north which is of gneiss, the principal formations are of lime-stone,
slate, mica-schist and quartzose rocks.

“No. 5 Zone. This might be called the Siwalilk formation of Kumaun and Garhwil,
Kumaun has very little of it, the widest part in it lies to the west of Kailidhingi where it is about
8 miles. To the east of Kilidhdngi this formation loses much of its Siwalik like aspect, and might
be termed simply a sand-stone range, of an average height of about 4,000 feet having an avernge
width of about 5 miles, Garhwil however has the largest share of this sand-stone formation. 'I'he
widest tract of the sand-stone country in this district, consists of the Patli and Kotli Déns, which
average in breadth about 12 miles, inclusive of the outer ranges girding them. The average height
of the ranges in this last or sand-stone zone, with the exception of that noted as lying in Kumeun
to the east of Kilddhingi, is about 2,000 feet above sea level.

1t Mr, McAFee was entrusted with the triangulation of the country about Choudans, which
lies at the foot of the Dharma and Byins Valleys. He succeeded
with praiseworthy application in getting through about 600 square
miles of triangulation by 24th November, when he closed work and retraced his steps to Naini Tal.

“Mr Litchfield was deputed to take up the Plane Tabling of the southern half of the Niti
Valley and of the valley of the Rishiganga river, a description
of which has been already given. On completing these sections
he was directed to resume work in the higher valleys of the Pindar river. He accomplished the work
allotted to him in a very creditable manner but not without undergoing great exposure and privations
especially in the Rishiganga Valley, the survey of which is perhaps the most formidable undertaking
in the whole range of the Himulayns yot accomplished. The amount of his field work consisted in
sketching an aren of 837 square miles. Considering the quantity and quality of his sketching, he
deserves much credit for his successful laboure.

“Mr. 1. Pocock wos entrusted first with the sketching of the upper portion of the Mana
Valley, in sections 21, 22 and 29, which he succesefully completed
by 6th October.

““Mr. Pocock’s survey of this portion of the Mdna Valley, was a most arduous and enterprising
feat for which he deserves much commendation, On the completion of this piece of work Mr. Pocock
wes directed to resume the sketching of tho Jowar Valley, which be bad been obliged to relinquish

Mr. McAFce.

M. Litchfield.

M. 1. Pocock.
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in the beginning of July owing to the inolemency of the weather. After doing this, he completed
section 63 and o portion of 62 lying on the eastern frontier of Kumaun from which he made a
reconnoissance of the Nepal border. He then retraced his steps towards Rudrprayig in Garhwil,
to sketch o small portion belonging to section 8, which had been inadveytently omitted when the
survoy of that part of the country was dono. Advantage was taken of this opportunity to provide
Mr. Pocoolk with aneroid barcmeters, for the determination of heights of places slong his route
from Almorn vid Srinagar through Tihri-Garhwél to Landour.

o Mr. Pocock after an nrduous field senson closed work on 20th March and arrived at Dehra
on 31st Morch,

“ From what I could learn of the ground in the Niti Valley, 1 formed an opinion that the upper
portion was, though very lofty, yet comparatively easy to survey; I
therefore made over this portion to Mr. McCarthy, as he was the
Jenst experienced hand in the party. He accomplished the undertaking with credit, for it was accurate.
His rendering of the ground, s far as giving adequate expression to the features, was however very

00T,
P “T have good reason to anticipate that more than ordinary difficulties will be met with in the

north-eastern frontier of Kumaun in the valleys of Dharmn and Byins, the survey of which remains to.
be done. Their inhabitants are notorious for rascality and drunkenness, in fact they are little better than
mere savnges, and their proximity to the Nepal and Tibetan frontiers, renders them a very difficult peo.
ple to deal with.”

Mr. McCarthy.

(27). The area topographically surveyed on the scale of 1-inch to the mile, comprises 2,176
square miles and the portion of country triangulated covers 800 square
miles. I cannot abstain from drawing porlicular attention to the
survey of the upper part of the Mina Valley, a8 most difficult undertaking successfully performed
by Mr. I, Pocock. In an area of 108 square miles, the average height of the ground surveyed was over
21,000 feet, the average height of the Plane Table stations was 19,500 feet and the mazimum height
visited by Mr. Pocock was 22,040 feet above sea level. This value was obtained differentially by ob-
servations of the boiling point at the place itself and at a trigonometrical station of known height, and
approximates to the greatest height reached on any mountain by man. The Messrs. Schlagentweit in
1855, Vide their Vol, II, India and High Asia, ascended the flanks of this same mountain, Kamet (their
Ibi Gimin), to o height of 22,259 feet, on an undefined spot, the height of which they obtained from
ohservations with A mountain barometer, and Mr. W. H. Johnson in the report of the survey opera-
tions in Kashmir for 1863.64, is said to have visited a point “ upwards of 23,000 feet above the sea .
The whole of the topographical work was in very elevated regions and the ground in which Messrs. Litch-
field and McCarthy were employed, was not very far below that of Mr. Pocock's in point of height. In
these barren and inhospitable regions, besides the natural physical difficulties which were in themselves
very trying, the commissariat arrangements were a source of much anxiety. On considering the trials
of such an enterpriso, the risks that must have been incurred in ascending mountains of such stupen-
dous height and in traversing glaciers, the physical exertions in such rarefied air and the exposure to
extreme cold, I think it will be admitted that these operations were of a most arduous nature and that
Mr. Rysll and the Assistants employed under him are deserving of great praise for their energy and
determination in overcoming such difficulties.

(28.) During the recess this portion of the party was engaged in the computations of the snow
triangulation and in the preparation of the fair maps of the Kumaun:
and Garhwil Survey. The following sheets have been completed and
submitted to the Photozincographic Office for publication.

Skeleton sheets Nos. VI (2nd edition) XI, X1I, XIX, XX, XXI, XX1I, XXIII, XXXI,
XXXVIIL
Shaded sheets Nos, X1I, XXIJ, XXXVIII.

Out-turn of work.

Recen of 1875,
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KUMAUN AND GARHWAL SURVEY,

Tabular statement of out-turn of work. Season 1874-75.
Details of Triangulation.

g |a |2 £ . leds|5%g
3215 |7, |F3|8a7 | qas
58 |2, |49 |29 | 228 |24
S<|. <=5 |53,
OpsrnvER's NAMES. Eg BE %§ g 2-5"%‘ chE BEMiREE,
- -] P ‘s ® = ® O
Sg|b&” | Es |5 |gen | P53
ga|f |9 |He|Z288 |85
5 = 7 é [ B2 | - -32 °
Mr. E. C. Rynll, e | 200 L 15 0 1 18,300 | ¥ Mr. McAFeo assisted Mr. Ryall by taking
observations at 3 of the base stations.
The area about 50 square miles embraced
by these i has been included in
the out-turn shewn against Mr, McAFee,
Mr. C. H. McA'Fee, ... | 600 21 18 68 40 11,600 | ¥ Angles observed at 2 of the forward sta-
tions during previous field eeason contri-
bute towards making up this number,
Totale, ... 800 26 23 66 46 e
Details of Topography. Scale 1inch=1 mile.
q -3 4
A 589 IN FRET ABOVE BEA LEVEL. £
25 | 2424 g2
o8 BT o . 28
NAMES. EE = d | Avernge | Aversge | Maximum| ®o BEMARKS,
23 863 g | height of | height of | height of | % &
2 g ?g - ground |Planc-Table| points P4
< 2@ & | eurveyed. | etations. | visited. | X
<4 <
309 030 20,000 17,500 19,200 65 | Very rugged and precipitons
ground, principally in the
Rishiganga Valley, Includes
60 square miles of reconnois-
sance of the eastern portion
Mr. E. F, Litchfield, of that valley. P
848 040 17,000 16,000 17,000 13 | About the upper sources of
tho Pindar river. Ground
artly very rugged.
180 0'60 12,600 11,000 15,000 ... | About the lower parts of the
Pindar and Rémgangs Vel
leys; ground essy.
109 0580 21,200 19,600 22,040 49 [ Bold high ground in the
upper part of the Ména
Valley, culminating in eome
of the lofticst Hgimnlayan
peaks.

n I.3. Pocock, 614 090 | 12600 | 11,500 | 14500 | 11 |About Jowar and Choudsns;
ground easy. Includes 187
square miles of reconnois-
sance of the Nepal border.

] +4:00 42,800 12,100 8,600 .« | About Rudrprayég on the
Alaknanda river ; ground
ensy, detsils very intricate,

330 094 20,500 18,000 20,500 41 | Bold and commanding ground
sbout the upper parts of the
Niti Valley, partly precipi-
» 3. . McCarthy, tous and pynr',l:y nnydtﬁnting.
805 110 18,000 12,500 16,000 . | Chiefly to the esst and west
of Joshimath; ground partly
rugged and generally other-
wise,

0 e 15,000 " 168 | ® These averages do not in-
2178 068 17,400 clude the quantities marked

thus ¥,
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Extract from the Narrative Report—dated 15th July 1875—of Captain J. R. McCT
R.E., Officiating Assistant Superintendent 1st Grade, in charé)e Leveling Pa:ty. LLAGE.

Dt a e e VT

(2) Onthe 30th November 1874 operntions were commenced at the S. W. end of the
Bangalore Base, and the point of origin to which the heights of
oll the Bench-marks are referred, is the metal plate in the floor of
the observatory at or about ground level, The trigonometrical value of this has been taken at 8117-775
foet.

Movements of the party.

(3.) From this the line of levels was carried »i¢ Tamkr, Sir, Hiviyur Tallak and Rémpur
to Hondr H. 8. and into Bellary, continued vid Aldr, Adoni, Midawéram; and the scason’s work
was closed at Raichore Railway Station on the 3rd April 1875,

(4.) On the 5th the return march, about 257 miles in length, was commenced and the party
reached Bangalore on the 30th April,

(5.) Beforo commencing operations the collimation of the levels waa adjusted ; it was ngain
examined on the lst Tebruary and finally tested on completion
of the work, when one level waz found to be almost in perfect
adjustment and the other only very slightly thrown out.

(6.) The staves were compared with the portable standard bar on the 9th December, on the
18t February nnd finally on the 3rd April, the day on which work was closed.

(7.) Throughout the senson the rules and instructions laid down for the conduct of leveling
operations, were strictly adhered to.

Conduot of the operations,

(8.) From o short distance out of Bangalore, the general appearance of the country passed
through is bare, uninteresting and far from picturesque; although it
is decidedly undulating, and might in some places be called hilly,
until the neighbourhood of Bellary is npproached, but from that on to Raichore there is mot much to
complain of in the way of impediment to leveling.

(9.) For the first 18 sections the sum of the rises and falls, passed over by the staves, gives
on average of 65°7 feet per mile; up to section 42 this was slightly reduced being 60'3 feet. As far as
section 59 it becomes 551 feet; and over the whole line the average rise and fall stands at 47'9 feet
per mile.

(10.) During the operations the roads were kept to as far as possible, but the line was carried
across country for a distance of about 33 miles.

(11.) ‘The Haggri and Tungabhadra rivers were met with, and hnd to be crossed ; the former
three times, first by o bridge at 1liriyur, secondly about five miles from Honiir H. 8. where there was
not much water, but over a mile of deep sand, and thirdly at Moka village, where also there was
little water but egain about a mile and a half of very heavy sand in the river bed.

(12)) The Tungabhadra, at Madawiram village, was a somewhat more formidable obstacle,
being about half a mile across with high steep banle; the waterway was some 25 to 30 chains in
width, but fortunately there were islands (of esnd) which were capable of being made use of by
tuking » zigzag couree.

Nature of the country.

(18.) During the months of December and January, the nights and early mornings were
very raw and cold, and heavy mists hung abont umtil the sun was
well up. From the middle of February it began to get warm,
and before the close of the working sesson it was decidedly hot

Weather end its influonce on the
benlth of the party.

weather.

(20.) The following is the out-turn of work for the senson: 297 miles of double leveling
embracing the determination of the heights of 210 Permanent Bench-
marks, buildings, temples &c., &o; 2 I'rigonometrical stations, Hondr
H.S.and Bandir Z.D. 8. of the Great Arc Series; also the G, T. 8. Bench-mark at the Mainwaring
tank, Bellary, laid down by Lieutenant Harman, R.E,, in the previous senson; the *level of top of
rails ” at Bellary, Adoni nnd Raichore Railway Stations ; 8 Bench-marks of the Public Works Depart-
ment; and 16 Boundary pillars of the levenue Survey.

At Raichore the usual G. T. 8. Bench-mark Los been engraved on the rock in sitd, the position
being indicated by a paka pillar, in n situation, ontside the Railway Station Compound, convenient for
the resumption of the leveling operntions at any future tiwe,

Oat-turn of work.
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(21) The computations are now complete and the following table shows a comparison between the

. determinations of height of a few of the points connected as obtained

Office duties. by G. T. 8. Triangulation, @ T. 8. Spirit Levcling, and the Madras
and G. I. P. Railway Departments.

S1TES Heights. REMARKS
§. W. ond of the Bangalore Dase, 3117776 Origin of the spirit leveling operations seacon 1874-75, to which
the values of ell tho Bench-marks are referred.
. ( 1452 By triangulation.
Buudir 2. D. 8., t 1452076 » 8pirit leveling,
. 1583 trisngulation.
Honéc H. 8., { 1589460 w apirit leveling,
Bollary, (Level of top of rails), ... { ig;;gg :: g?ﬁ:‘l‘:ﬁi‘:‘v‘l‘y - From sea lovel at Madras,
. . 136436 Modras Railway.
Adoni, (Level of top of rails), ... { 1368103 | epirit loveling, |
1311°21 » Madras Railway.
Raichore, (Level of top of rails), { 1314-83 » @. L P. Railvay, From sea level at Bombay.
1315517 w epirit leveling.

Extract from the Narrative Report—dated 4th August 1875—of Captain A. W. BAIRD, R.E,,
Officiating Assistant Superintendent 1st Grade, in charge Tidal and Leveling Party.

(2.) When I visited Hanstal Tidal Station in August 1874, I found that there was a consider-
The i " v ot Hanatal able deposit of fine mud in the small pipe in connection with the
Tidal Station, g porty o8 BAMEL oylinder: this cansed a slight retardation in the flow of the water
from the sea to the cylinder and vice versd. This of course had to be
rectified ns soon as possible ; the cleaning out of the pipe was a difficult job, and Mr. Rendell complet-
ed it in a eatisfactory manner, without losing more than a day or two of the Work of the Self Regis-
teviug Tide Gauge. When every thing was again in thorough working order, Mr. Rendell left with

his detachment for Nawandr Tidal Station to await my arrival.
(3.) Having made all preparations for commencing leveling operations, [ took the field with the
greater part of the Native Establishment on the 16th October and
nng”‘;'l‘_‘o“:s“:]:"c:trchl?“"‘y take tho fleld mayched direct for Jorsa. On my arrival there I at once engaged
native boats to convey us ncross the Gulf to Mundra, We reached

Mundra on the 21st October and camped there.

(4) I visited Nawandr Tidal Station as soon as possible after my arrival at Mundra, and found
Mr. Rendell engaged in the repairs of the platform round the obser-
vatory, which hnd suffered considerably from the heavy seas during
the monsoon, since 1 had inspected the station in July.

(5.) Having examined the foreshore at Nawanir, I saw that nothing could be done as yet to-
wards getting up the small iron pipe and the flexible pipe, as the sand
bank bad rather increased than otherwise, since I had last seen it.
I could also trace a very decided difference in the configuration of the spit at the pnint where the creek
joins the sen; so that I had hopesin 2 or 3 weeks that the bank would be washed down sufficiently
for the pipe to be taken up, and morcover the wind was blowing strongly from the north which would
drive the sand back along the const. I then gave Mr. Rendell instructions for his work during the field
senson—that he should wait at Nawandr for a week or two and try to put the station in order as soon as
possible, then take up the inspection of the observatorics in turn, and generally keep the stations in
warking order, The daily morning reports from the stations came to my office during the whole field
senson, In this way Mr. Rendell was enabled to work advantageously : and at the same time I was kept
informed of what was going on at cach station, while I conducted the leveling operations,

Visit Nawandr Tidal Station.

Programme of work for ficld scason.
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(8.) Tho country betwéen Nawanir Tidal Station and the mainland proper, is more or less o
mud ewamp or Small Runn, and is covered at the high tides of the
2 or 3 duys following every new and full moon. I had therefore to
wait until tho very low kigh tides which would oceur about the 2 days following the *‘Moon's first quar-
ter” in order to drive the levels ncross this trencherous bit of ground satisfactorily.

(10.) While waiting to begin work, I had several ivon pegs with flat plates fized on the top,
constructed to place the legs of the Level Stand upon, when working over shaky ground. I was in
hopes that I should then be able to isolate the instrument to a certain extent, and so lessen the tendency
of the bubble to move when reading the scale after the staff had been observed. To n certain extent
this auswered, but I soon became aware how futile this plan was, for the ground was painfully difficult
to level over. I saw that | must modify the rouline of working in order to obtein thoroughly good
results of the leveling and at the same time get over a respectable distauce per diem.

(11.) I therefore arranged that the second leveler should read the bubble scale, after 1 had
observed the staff, while I actunlly had iny eyo at the instrument (for the elightest movement would have
coused the bubble to move 4 or 5 divisions and perhaps one end to disnppenr altogether). I read thelevels
in the same way for the sccond leveler, while he observed with his level. Even with all this care, on this
ground, nnd when crossing the portions on tho Runn proper, we had often to take severnl sets of obser-
vations before they were perfectly satisfactory.

Levoling operations,

(13.) The leveling operations were to be carried out in two sections, the first from Nawnnar Tidal
Stalion along the Cutch const, across the Runn between Shikarpir
and Millid, then aloug the Kattywar coast to Balumba, thence over
wnother portion of the Runn to Hnstal Tidal Station. The second series to commence nt Hanstal
Tidal Station across the Runn to Jorya and thence along the Kattywar coast of the Gulf and across
the small Runn of Olchd Mandal to Okha Tidal Station opposite the Island of Bet. Branch lines of
course were to be taken to such I'rigonometrical Stations ns were conveniently near the main line of
levels. The Bench-mark stoues properly cut had been laid down the previous year (3 at ench Tidal
Station) and the others nbout 10 miles apart along the route, aud these had also been laid down with
reference to the Trigonometrical Stations to be conuected.

Rango of the loveling operations,

(14) Trom Mundra to Shikarpiir the line to be leveled over was distant from the Gulf from 5

~ miles at Mundra to 15 miles at Anjir; the country was tolerably

..,ﬁﬂ"fﬁﬁ‘i{.fﬁ:','"y on the Cutch side {1, 4iIl within a short distance of Anjir, where we met with some

steep hills and then descended again to about the same relative level

ns near Mundra,  TFrom Anjir the ground continued flat for a few miles and then became undulating

almost right avay to Shikarpar. Yrom Anjir to Shikarpdr the coast line (if I may use that expression

for the demareation between the mainland and the Runn) was from 5 to 7 iniles distant from the line

of leveling. Oune peculiar feature in {he roads in Cutch, nlong which we took our levels, is that they are

ns o tale 2 or 3 feet and in some cases 5 feet below the gencral surface of the country in the immediate

vicinity. 1 was more particularly strack with this when 1 hud to visit Nawandr in the monsoon lnst
year, for the ronds then appeared more lile small canals than anything else.

(15.) "The Trigonometrical Stations in Cutch which I connected were found to be in first-rate

. repair, and a8 they had been constructed more than 20 years previ-

Cﬁf’]‘]‘":ﬂll’{;zﬁ‘;‘(;t’m“”“’l Stations in oug to the time we visited thow, it shows that with ordinary precau-

tions on the part of the Native Authorities, our Survey marks ought

to remain in pecfect preservation.  The stations I visited were cither on the tops of hills or of some

very high towers m the principal towns. | may mention that it took me the whole of o day aud work-
ing as rapidly ns possible to conneet Butchow H.S,, o distance of about } of a mile from our main line.

(16.) Between Shikarpir and the Runn the country is almost entirely uncultivated, and there
is a series of hillocks composed of fine black sand which are covered
with dense vegetation. These hillocks appear to be moveable ; they
are dotted here and therc over the plain, but the hillocks in the
immediate vicinity of the Runn here are tolerably high, and form an almost uninterrupted chain for
a mile or two to the west and running nearly parallel to the general line of the Runn,
On the Kattywar side opposite there are no hillocks but o tract of waste land for one or two miles
which is cut up by a great number of Nullahs, then we find a mile or two of cultivated fields occupied
The Meanas by the ‘¢ Meanas” (who are considered a race of professional thieves).
The villages of these Meanas are seattered all aver the country here, and there aro some 200 of them
near the town of Millis, Each village consists of a few straw buty surrounded by a straw hedge, and

Counltry on ecither side of the Runn
between Shikarpir and Millia,
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the flag of the headman of the village, is conspicuous in each case on a long bamboo stuck into the
ground in front of his hut. These Mennas are considered most troublesome iueople by the Officers
of the Political Agency.

(17.) The Runn itself between Shikarpir on the Cutch side and Millid on the Kattywar side,
is some 8 miles across; but of this only about 6 miles can be
used for the determination of the general level of the Runn, as
the ground close to the mainland on each side is from a foot to

The Runn between Millid and
Slikarpar.

18 inches higher.

There are two Bench-marks enclosed in large blocks of masonry in the Runn itself, and situated
about one mile on cither side of the centre line of the ltunn. These Beunclhi-marks were Jaid down
about 10 months before the leveling operations were commenced, and had plenty of time ‘o settle.
This part of the Runn is perfectly dry from November till the end of March, but about the end of
April or beginning of May, it is covered by the water from the extraordinary high tides, and the water
is alao forced up by very high south-westerly winds which ulways prevail at that time. The Hanstal
creek, being almost like o funnel at the end of the Gulf, is acted on by the full force of this wind, and
the water from the Gulf is thus conveyed far up the Runn.

The ground over which we leveled was almost quite dry and has the usual appearance, blackish
grey colour with here and there patches of glistening white from the salt dvposited after evaporation.

(18.) I deemed it o necessary precaution in leveling over the Runn both here and ofterwards

. that the lines should be driven in o perfectly straight direction from
mlﬁ‘::;.‘%?::e]"::e] tf,‘}"ﬂgﬂﬂ:“g“:t:::ﬁ point to point, and also that at each point where the staff was put up,
point where stafl was put up. Also for I should get an exact value of the ground immediatoly round that
g;i;lcqllé];celli{loo:er:e:lfls::n:im;;it:t:"}: point.  Accordingly starting fron} the.Benclll—mnrk on ‘the Ruon
future. nearer the Cutch const, we leveled in a direct line to e point on the

sand hill close to which there is a Bench-mark on the Cutch coast,
viz., Pathewalln Dhoi. Agnin the next line was taken directly between the two Bench-marks on the
Runn, and a third section from the Bench-mark nearer the Kattywar coast direct to a point on the
Kattywar mainland and closing on Benchi-mark No. 2 Millia.

At each point where a value of the level of the Runn was to be determined, the Muccadum
was ordered to drive the pegs (very large oues) into the ground until the top was just flush with the
surface; this he tested by a mason's level which he carried in his hand, the brad was then putin
and he scraped away the earth all round to a depth of about 1 an inch from the surface to allow
the staff to turn freely: thus the level of every point on the Hunn where the staff was put up will

be evaluated.

(19.) The country from Millii to Balumbn is almost entirely black soil and tolerably flat, and
Mallié to Balumba. one or two pretty large strenms had to be crossed.
(20.) There are no Bench-marks between Balumbn B.M. and Hanstal Tidal Station, The first
4 miles is across cultivated ficlds intersected by Nullahs, in most
cnses filled with fresh water. "Having carried the line into the
Runn, T made similar arrangements for determining the value of
the different points where the staves were erected as before. .
(21.) In the very early morning the obscrvations on the Runn are very satisfactory, every
thing is so very clear, but after 9 o'clock, even in the cold weather,
by’l;ll:‘; ;:‘:I::Sl;'l‘"':“’ Runn ss affected {4 i3 almost impossible to work except at ridiculously short distances,
) unless perhaps ou o very cloudy day; on a clear day about noon
and up to £ .., the atmosphere has the appearance of water boiling hard, and taking observations at
that time is of course out of the question. A heliotrope seen at a short distance looks like an
immense fame of fire. Jiven at o mile distant everything seems doubled above and reflected underneath
ag well. Small serub not more than 6 inches or a foot high look immense bushes, and in one place
between ITaustal and Jorya, there is a patch of this about a mile across, which may be cousidered as
well defined o fenture on the ltunn as a forest on  plain.

The Ruan from Balumba to Haus-
tal Tidal Station,

(22.) The first section of leveling operntions closed on the

Ti;f':‘l“'s'z:l::'n:i“i°“ closing st Ilanstal 3,9 Bench.mark at Hanstal Tidal Station and finally on the planed
surface of the bed plate of the S. 1Ib. T. Gauge.

(23.) MHaving inspected the work at Hanstal T'idal Station, which was found satisfactory, and

The sccond scotion, Manstal Tidal h..'wing seen Mr. Ren.dc':ll at Jorya and made nrmn’gem.ents for g'et-

Siation to Okhé, commenced : and (he  ting up some extra piping from Bombay for Nawanir Tidal Station

i‘:r"" from Uunstal to Joryuleveled  aecording to your wishes in order that 2 months work might be carried

out for that station, from 7th March to Tth May, I again returned to
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Hanstal and commenced the second section, Hanstal to Okhd. The origin wag again the planed surface
of the bed plate of 8. R. T. Gauge. Similar arrangements were made s formerly for the Runn and
we had some 14 miles of it to detcrmine between Hanstal Tidal Station and Somarthal B.M. There are
also 2 Trigonometrical Stations of the net-work series of the Kattywer party on this live. These served
as closing ond re-starting points for each day's work, and their heights were of course determined. From
Somarthal B.M., the ground is slightly undulating, and within 1 mile of Jorya, is cultivated. Jorya T.S.
was connected nnd also n Branch line of (10 miles) was taken to Haditada H.S., a principal station.
(24) The line from Jorya to Okh4 Tidal Station was taken »id Nawdnagar and Khambhdlia to
Ghirgut which is on the Kattywar side of the ltunn of Okhé Mandal.
Joryn to Girgut close to the Runn e country as o rule wos pretty flat with the usual cotton soil u
of Okhi Mandol. T prevty. : ) P
to about 7 miles from Khambhdlin when it began to be hilly and the
ground very hard and rocky. From Khambhilin nlso to Girgut it wns undulating and hilly the
whole way. Oune or two rivers had to be crossed on this line ; they were of course almost dried up ot
the time we were working. i
(26) The line of levels after passing Qtrgut had to be taken across the Runn of Okhi Man-
, dal to Topni Ness B.M. i Okhi Mandal. This Runn which is
The Runn of Okhé Mandal. about 2 mil:es broad, extends from the gulf of Cutch right away the
whole length of Okha Mandal, and is only scparnted from the open sen by a strip of sand hillocks
about 3 of a mile long and from 200 to 300 yards broad. The lunn therefore causes the Okhi Man-
dal to be o small peninsula joined to Kattywar by the strip of sand bank above mentioned, close to the
village of Madi.
(27.) Close Lo the Runn the ground is very steep and rocky. About o mile further on, it
becomes undulating and then tolerably flat right away to Okhd
From Topni Ness to Okhi Tidsl idol Station. A great mumber of coral beds are exposed on the
Station. surface between Armra and Okhéd Tidal Station ; this evidently shows
that at a not very distant period it must have been covered by the sen. OkhS Tidal Station is situated
at the end of the peninsula nnd at the point where the gulf joins the sea. I have described it
in o former report.
(28.) The leveling operations were completed and closed
Closed lescling operations ot Okhé op the 3 Bench-marks at Okbé Tidel Station and the S, R. T.
Tidal Station. .
Gauge bed plate as at Hanstel.

(30.) Having closed leveling operations I marched to Dwérka and made arrangements with
Duika. P . Mr. Rendell for dismantling the stations; and as you had ordered
_March to Dwirka. Proparation for 0 ¢5 45 al] T conld to get complete work from 7th March to 7th
dismantling tho Tidal Obeervatorics. May out of Nawandr Tidal Stntign, and that the instruments at
the other observatories should be kept working simultaneously, I arranged that Okh4d 'Tidal Station
should be the first dismantled and as soon after the 7th May as possible.
(33.) - Previous to dismnntling Okha Tidal Station, 1 sent out the Kalassies who remained and
- . . some coolies to collect stones to build large mounds or platforma
Okhé Tidal Station dismantled. round the Bench-murks and the cylinder whiﬁh you had ordeIr)ed mo to
leave in stalu quo. By the evening of the 15th of May the whole of the instruments and all the piping,
except 50 leet in connectlion with the cylinder, werc put on board the boat which was moved close by
for the purpose. The eylinder hnd been empticd of water and dried out at the bottom (there was no
sediment of any description here) and filled with clean dry sand. A thick wooden board closed the
top (being secured by bults and nuts) and nn immense mound of stones was raised over it. On the
16th Mr. Rtendell sailed for Nawandir to perform the dismantling of Nawanér Tidal Station which was
done in exactly the same way as at Okha.
(35.) On the day after Mr. Rendell sniled, I left Okhi Tidal Station for Dwérkn, All that
. . . remunined visible of the station being 4 immense mounds of stones.
Okhé Tidal Station as it was left. The station was handed over to the charge of the Assistant Resi-
dent at Dwiérka.,
(36.) I now marched rapidly from Dwirka to Rajkot and started the office there, aud a day or
Marched to Rijkot. two ofterwards went out to Hanstal Tidal Station where Mr. Rendell
meanwhile had arrived to dismantle that station. I found he had
completed every thing very satiafactorily.
(37.) The duplicate sheets of the leveling operations have been completed and computed, but
. the abstracts eannot bo made out until the level of origin at Nawa-
Work during the recess up to date. nir Tidal Station above mean level of sea and also thatif the closing
poiats at Hanstal Tidal Station and Okhd Tidal Station have been determined, The Tidnl diagrams
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have all been carefully inked in; the time computations in duplicate have been brought up; and the
correction of the diagrams for zero and for time is now in hand. Experiments for Index errors of
thermometers and anemoineters have also been completed.

(40.) Mr. Rendell has worked through the whole ficld season to my entire satisfaction. I
have already reported that he is most useful to we in every way
connected with the work at the tidal observatorics. He has been
most painstaking in carrying out everything I wished, and it is mainly owing to his care and vigilance
that the work at Nawanir, for the 2 particular months you wished, has been successfully accomplished.

Nursing Dass has worked throughout the season the second level. He is 2 first rate leveler,
a very quick and careful obscrver and does his work generally to my entire satisfaction and fully bears
out the good name he has got from Offcers under whom he has previously served.

Damoder Ramchundra, Dhondu Venayek and Shitaram Yeshwant have all worked well at the
Tidal Obsecrvatories, and give promise of being very useful,

Personncl of the Party.

(11.) The following statement shows the amount of leveling
done by the party.

Out-turn of leveling oporation.

274} miles on Main line by two independent levelers.
29% Branch " " "
38 DBench-marks, built in masonry platforms, connected.
17 Principal stations connected.
3 Minor stations "
45 Paka points duly inscribed and counceted.

(42.) I would egain beg to report that I am much indebted to the Political Agents of Cutch
Assistance rendered by Politicl and Kattywar and to the Assistant Resident at Dwirka for the assis-
Oficers. tance they have uniformly rendered me.

(43.) In conclusion 1 think the Party may fairly be congratulated on the general success
) of the project in having secured both at Okhi and Hanstal Tidal
General success of the operations; . . . . .

completion of one purt of the project,  Stations, complete sets of tidal combined with meteorological oh-

servations which will compare most favourably with what has been

done both in England and America, and in having so far succeeded at Nawanir Tidal Station that the

observations taken will be sufficicnt to evaluate (by differentiating with both Okhid and Hanstal which
were working simultancously) the principal data required.

The leveling operations combined with the tidal observations complete the work necessary for

one part of the project aud fix the level of about 30 miles of the Runn of Cubch for the season 1874-

75, and a repctition of the work some 20 years honce will effectually settle the question of Secular

Depression in this peculiar region.

Extract from the Narrative Report—dated 28th September 1875—of Captain W. M. CAMPBELL,
R.E., Officiating Deputy Superintendent 2nd Grade, @ T. Survey, in charge
Astronomical Party No. 2.

At the date of my last Annual Report, October 1873, I was employed in the reduction of the
Electro-Longitude observations, made by Captain Herschel and myself during the preceding season
1872-73.

These reductions were 8o far complete that I was enabled to give the results of one measurement,
that of tho arc Bangalore-Mangalore, and subsequently, in time to be included in the General Report, an
approximate value of Madras-Bangalore.

(2) The prosecution of the field operations was snspended in consequence of Captain Herschel's
taking furlough in August 1873, and the reductions were also stopped immediately after the submission
of my report, because I was uncxpectedly obliged to apply for six months furlough to Europe, which
was granted.

(3.) I had some months previously been warned that my services would be placed at the dis-
posnl of Colonel Tennant for the observation of the Transit of Venus, from a dute which was then
uncertain.
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While I was in England, I was put on duty to nssist Colonel Strange in the preparation of the
instruments intended for Colomel Tennant's use during the Transit. These formed o very full and
handsome cquipment, consisting of a G-inch equaterinal, o transit instrument, a photoheliograph, an
astronomical clock and quadruple chronograph, all, with the exception of the photoheliograph ord,ered
from Messrs. Cooke & Sons nt s0 late a date that there was great doubt as to their being got ,rcl\dy in
time. I remained on this duty as long as I thought prudent, with a view to joining Colonel Tennant in
time for all necessnry preparations, and when I left England, the transit instrument and a small part of
the equatorial were still in the makers’ hands.

(4) I joined Colonel Tennant at Roorkee on 29th September 1874, some of the instruments
had then arrived and the rest came in gradually, all reaching us before the Transit took place. In addi-
tion to the special equipment above enumerated, Colonel Tennant had the loan of the new 36-inch
theodolite, designed for the Great Trigonometrical Survey by Colonel Strange, which had just arrived
from England, and he put it in my charge for the Transit. Qur time was very fully occupied in pre-
parations up to the day of the Transit.

(5.) My special duty during the event, was to note the times of all the contacts, and also, while
the planet was within the sun's dise, to take chronographic trausits of both limbs of the sun and planet
over the wires of the theodolite, using the horizontul wires during the early part of the 'Pransit, both
sets alternately for u short time about the middle, and the vertical wires afterwards. | found the obser-
vation of contact with such an instrument very difficult, because the limbs approached, especially at
egress, very slowly, and as practice with the model had shown the probability of the contact being sud-
denly completed by the formation of the “black drop”, the momentary expectation of this lasted over
minutes, during the whole of which the motion of the instrument both vertical and horizontal had to be
maintained by the tangent screws.

During the Transit I never left the telescope, and secured a large number of the observations of
sun nnd planet described above, which when reduced will afford so many determinations of the relative
positions of the two.

(6.) With regard to the 36-inch theodolite, I may remark that it is n magnificent instrument,
elaborated in its details to an unusual degree, and as far as | can judge, its performances are excellent.
A theodolite, with its large horizontal circle and comparatively short telescope, cannot be a convenient
instrument for astronomical work, but I envy the surveyor who may have to use this instrument for
triangulation, if his work li.es in a moderately level country, compelling him to resort neither to the tops
of high hills nor towers.

(7)) [Ileft Colonel Tennant in April, and proceeded for a short time to Tlend Quarters, for the
purpose of discussing with the Superintendent the programme of operations during the ensuing field
menson, when it is intended that 1 should go on with the Electro-Longitude observations with Captain
Heaviside, R.E. as my colleague. I then proceeded by Calcuttn and Madras to resume my proper duty
at Bangalore.

(8.) At Caleutta I had several consultations with My, Schwendler, Electrician of the Govern-
ment Telegraph Department, on the subject of the electrical arrangements of our chronographs and the
electrical portion of our work generally, I found him extremely obliging, and ready to nssist me in
undertaking experiments as to the chronographic arrangements under discussion, to which I shall refer
again. I also obtained from him some useful general information, with reference to our operations.

(9.) T was engnged for nearly a fortnight at Madras in forwarding the determination of the
difference of longitude between Roorkee and the Madras Observatory by the electric telegraph, which
was required tv enable Colonel Tennant to reduce his Transit of Venus observativns.

(10.) After arrival at Bangalore it was a matter of some time to pick up the threads of the
work, which had been in abeyance for more than a year and a half, and was of so novel a kind, that
no cut and dried plan of procedure had been adopted. At first I had no assistance beyond that of my
pative writer and but little progress in the reduction was practicable. Since my reinforcement by
Messrs. Keelan and Bond, the reductions have made rapid progress and are now pearly complete.

(11.) My own time hag been very much occupied with the instrumental equipment. I would
refer to my last report, and that of Captain Herschel, on this subject, which contain detailed descriptions
of the equipment and the performances of its various parts. lst, one of the transit telescopea was
condemned, as being to & certain extent untrustworthy, owing to uncertainties in its line of collimation.
2nd, the electric arrangements of the chronograph were bitterly complained of by buth of us, as giving
endless trouble and anxiety to such a degreo that up to the close of the senson’s work we could never
sulely reckon on getting through a night's observations without a hitch,
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(12.) TUfirst turned my nttention to the fanlty Transit, encouraged in the work by the fact that
a similar fuiling in tho Transit circle of the Cambridge Observatory, which was under investigation when
1 wrote my last report (vide para 20), hnd been since traced to bad soldering and corrected (vide
Monthly Notices of Royal Astronomical Society for February 1875, pnge 188).  The idea of such a cause,
when suggested to my mind, commended itselt as that which would best explain the effects we had
observed, indeed it at once made clear what before was obscure. My first step was to carry out the
process described ns eontemplated in my last report and by a little filing the reversal of the object haif
tube (i.c. revolution on its own axis through 180°) at its connection to the axis, was rendered possible.

Half an hout’s observation of collimators then showed that the fault,was in that part, because
the errors previously observed remained identically the same, except that their signs were changed.

(13.) I then took the tube to Madras and showed it to Mr. Doderet, the Mathematical Instru-
ment Maker to Government. When we examined it with a magnifying glass, signs of yielding round
the base of the tube became apparent, and farther search showed that the tube had been spliced, in order
probably to make it correspond to the focal length of the object glass after the latter hud been ground.
The existence of such patching must be considered sufficiently discreditable to makers of the rank
of Messrs. Cooke & Son, and it was also impertectly and clumsily executed. Very little doubt remained
as to our having found the seat of tho mischicf, and Mr, Doderet, at my request, immediately took steps
to strengthen the splicing and make it cffectual.

(1+) When I received the tube from Madras and put the telescope through exactly the same
course of observations ag before, I found that the fault, if not absolutely, was practically eliminuted, as
1 failed to discover any certain indication of what had previously been most gross quantities.

This result must be considered very satisfactory with regard to our future observations, and
moreover, having now a clear knowledge of the nature of the old fuult, it may be possible to amend
the method by which the collimation and level corrections for the instrunent were deduced during
season 1873-73. ’

(15.) I next attacked the arrangements of the chronograph. As already remarked [ hnd some
consultation at Caleutta with Mr. Schwendler on this subject.

My object was, lst, to get rid of the indnction coils, involving the troublesuine Buneen Batteries,
and frictional electricily, and 2nd, to throw aside also if possible all chemically prepared paper. I had
several alternative schemes in view.

1st.—To record by lines traced on prepared paper by means of electric currents.

2nd.—T'o prick holes in the paper by mechanical means put in action by electric currents.

3rd.—"l'o use pens drawing continuous lines, the signals being recorded by sudden jerks to one
side caused by electric currents.

(16.) The argnuments in favor of the first were theorctically greater instantaneity of signal re-
cord, and no change being required in the parts of the chronograph for its adoption. Against it, the
necessity of prepared paper, very simila to what we had already found so objectionable, and the pro-
bable necessity for strong battery power. It was to perfect this method that Mr. Schwendler so kindly
undertook to execute experiments.

The second method [ was familiar with, being the same as that of Colonel Tennant’s chronograph,
and I knew it to be perfectly trustworthy and simple, but on the other hand the alteration of our chro-
nographs to suil it would have been troublesome.

‘I'he last method I was alveady familiar with by description, as it is that generally used in America,
and at Madras 1 had the opportunity of sceing it in practice in n small chronograph of Mr. Pogson’s,
the action of which was so very cerlain and satisfactory that I at once decided on adopting the priuciple
if possible.

(17.) On examinntion of our chronographs I found the changes required would be very simple
and easy, nnd our own apparatus contained the necessary parts of auny importance, viz, the electro-
magnots of the relays, which the ndoption of the new method would throw out of use. I accordingly
drew up a design which Mr. Doderet executed, with in some respects perfect success, and he has now in
his hands an amended design, which I gee no reason to doubt will prove quite satisfactory in every way.

(13.) The first attempt fuiled, becanse I was striving to obtnin the double record of clock and
observer (or two clocks) by menns of only une pen, which would have had the great advantage of doing
away with “style (or pen) equation”.

After o good denl of experiment I was obliged to abandon thig, finding that in order to obtain
n satisfactory record, a somewhat radical change in our present means of producing the signals (break-
ing and meking circuit) would be necessary, which I did not think the object justified me in attempt-
ing with the time and means at my disposal. The present design comprises two pens following each
other on tho paper, just as the styles did Jormerly.
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My confidence in its being found to answer, is I think justified by the single record, alrendy
obtained from a similar pen, Leing as good as one could wish. The only change in the chronograph is,
that the ebonite plate cnrrying the styles has been taken off the oarringe, (see my last report parn. 24)
and o larger plate of wood substituted, on which are fitted two electro-magnets (talen from our old re.
lays) and the pens, which project over the barrel just as the styles did, and trace exactly similar spiral
lines.

(19.) This method does away with all the objectionable features of the old arrangement, and is
28 simple as can be casily imagined. There may be a slight loss of accuracy, but I doubt even this,
and if it does occur’it must be of the irregular kind which can causo no deterioration in the final
results.

It has also the advantage of economy in saving expensive chemicals, as well as by reducing the
amount of apparatus carried about. Lastly, o great deal may be often gnined by the two observers
exchanging telegraphic information, in doing which Captain Herschel and I constantly lost time by our
inability and (common to all beginners in the art of sigualling) to read us fust as we could signal,

With the pen recorder the message may be written on the chronograph and read off at compara.
‘tive Jeisure,

(20.) There is another point in the equipment which has been much improved since our last
field work, viz, the collimators.

Those belonging to the Transits have only recently been received from England and ere in every
way superior to the ones formerly used, and they have an ingenious feature in their coustruction, by
which any movement of the instrument on its pier (which must take place owing to difference of
expansion and contraction under varying temperatures) is confined to the direction of the axis. This
is likely to prove valuable, because with our field observatories the collimators are necessarily
placed on pillars outside, without any adequate protection either from the heat of the sun or the
cold at night.

(2L.) The point is of importance chiefly with reference to the use of the collimators as meridio-
nal marks, which they never strictly are, because the deviation of the Trapsit instrument is determined
independently every night. But if the collimators are appreciably stable, as I expect will prove to be
the case (and as to which their mutual observations afford most senrching evidence) they will provide
the means of combining all the obscrvations for deviation at a station, in order to get the error for each
night. Our former experience shows that this, if obtainable, will prove a great advantage.

Extract from the Narrative Report—dated 23rd November 1875—of W. H. COLE, ESQ., M. A,
Officiating Deputy Superintendent 3rd Grade, G. T. Survey, Officiating in charge
Computing Office. ’

1 havo the honor to lay before you the report on the work performed by the Computing Office
between the 1st Mny 1874—up to which date the lust report details it—and the st October of this
year, that is, for a period 5 months in excess of that usually reported on. This change is due fo your
having recently directed that Esccutive Officers should bring the narratives of their operations up to
the end of the recess season, suceeeding the ficld scason to which they refer, I draw your attention to
it, because were it mot borne in mind, the out-turn of work I an about to detail would appear out of

proportion to that of previous years,

CALCULATING BRANCH.

(3) The nttention of this Branch has, whenever opportunity offered, been steadily directed to

the final reduction of the trinugulntion of India and the publication

Final Reduction of the Triangulation. ¢4y, results, and considerable progress has now been made. Of the

five larmo scctions into which you have divided the triangulation west of the Meridian of 89°

three are now in band, and I will endeavour to give you a gencral idea of the progress that has been
made with each before stating the work of the Office in detail.

North-West Quadrilateral.

(4.) This division of the trinngulation which extends over an area of about 475,000 square miles
was in a very advanced state when reported on lost yoar. Allthe principui triangulation had been reduced
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and the resulte pssed through the press, and one of the Synoptical Volumes—which give only such data
of each series as are required for practical purposes—had been published, viz., Volume I, or the Great
Indus Series. Since that date four more Synoptical Volumes have been completed and published, viz.,

Vol. J1. or the Great Arc Series, Section 24° to 30°,

Vol. 11l.,  Karichi Longitudinal Series.

Vol. 1V. ,, Gurhégarh Meridional Series.

Vol. V. »  Rohdn Meridional Series.
There still remain three sevies to complete this section of the triangulation, the Jogi-Tild Meridioual,
Sutlej Ltiver and North-West Himelaya. The two former are in a very advanced state and will pro-
bably together form Volume VI of the Synoptical Volumes. I hope to send them to the binder in the
course of two or three more weeks. The North-West Himalayn Series is ready for the press, but has to
give place to other subjects more urgently required. It will be some months before it can be pub-
lished ; but nothing now remains to be done in connection with it by this branch of the office further
than to superintend it through the press. 1t will be accompanied by several charts, most of which are
drawn but have not yet been photozincographed,

South-East Quadrilateral.

(5.) This section of the triangulation of India, which is contnined between the Meridiaus of 77°
and 89° and the parallels of 17° and 24°, is that which you directed should be reduced second in order.
Neglecting the two short triangulations of the South Pirasnith and South MalGucha Series, which
were not executed with first class instruments, the Quadrilateral contains six chains of triangles forming
three mutually dependent circuits. At its north-west corner it units with the N, W. Quadrilateral, the
side Kdmkhera to Bhaordsa of the Sironj Base-line figure being common to both. The length and
position of this side having been finally determined in the reduction of that Quadrilaternl were consi-
dered invariable. At each of the other corners are base-lines, viz, those of Culeutts, Vizagapntom and
Bider. 1ts reduction necessitated finding the values of 831 unknown quantities, which should satisty
292 equations of condition. 277 of the equations were however of such a form that an equal number
of unknown quantities were readily eliminated and the undertuking was thus reduced to finding 554 un-
known quantities to salisfy 15 equations, subject to the usual condition that the suin of the squares of
the several quantities multiplied by their respective weights should be & minimam.  Although the method
of reduction was the same as thut adopted for the North-West Quadrilateral, the experience gained from
the latter has suggested many slight modifications in the details of the computations which have led to
a considerable saving of labour. This has been further lightened to a very marked extent Ly the em-
ployment of Arithmometers, and | have now the entistuction of reporting that not only has the prinei-
pal triangulation been finally reduced and prepared for publication, but also that o large amount of
secondary triangulation connected with it is in a fur advanced state; that of the Grent Arc, Section 18°
to 24° the Calcutta Longitudinal Series and the Coast Series is almost finished and only needs to be
arranged for publication; that of the remaining series is in an advanced state, Thuy in o few months
nothing will remain but to pass the dnta through the press.

The following table contains the fucta of computation of the Principal triangulation. Tn column
(1) the 15 equations, which remained after the elimination of the unknown quantities above mentioned,
are numbered in the order in which they were arranged for solution. Of these the first six are side
equations, five of them being between base-lines, the measured lengtha of which, have, for the purposes
of reduction, boen assumed as errorless, The sixth is a circuit equation. The remaining nine are all
circuit equations in Latitude (A) Longitude (L) and Azimuth (A). The circuits are shown by the
letters in column (2) which have reference to the dingram. In column (3) are the nbeolute terms of the
equations, or the errors which had to be dispersed between the base-lines or in the circuits. It should
be stated that the terms in which the linear errors, #iz., those of the first six equations, are here
cxpressed differ from those employed for the N. W. Quadrilateral which will be found tabulated
on page 64—a of your report for 1870-71, the former being differences in the 7th place of logs and
the latter similar differeuces divided by AModulusx sin 1": the change is duc to n simplification in the
manner of expressing the co-efficients of the unknown quantities, The simultaneous solution of the
equations involved finding the values of an equal number of indeterminate factors, and column {4) exhibits
the accuracy with which this solution was performed, the quantities shown in it being obtained by
subatituting the deduced values of these factors in the.normal equations. With the aid of the indeter-
minnte factors, values of the angular errors involved in the equations of condition were found, at first to
5 places of decimals of seconds, and afterwards reduced to 3 places. These values being substituted in the
equations produce the quantities given in columns (5) and (6), and their accordance with the quantities in
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column (3) affords the socond test which was applicd to the nccuracy of the ealenlation. These tests having
been considered satisfactory the angular errors to 3 places were introduced into the computations and the
corresponding corrections made: the last column exhibits the residual discrepancics which then remained.

With regard to the first six equations it should be stated that the calculations of the triangles have
been made with tables of logarithms to 7 places of decimals only, an 8th place being obtained by
interpolation, yet the discrepancies are at most only 4 in the 8th place of logs, and two of them cancel
if the triangulation is considered continuous from the side Kamkhera to Bhaorasa vid Calcutta, to
Vizagapatam. Furthermore, if a completo circuit is made starting from the side Kamklhera to Bhaorasa
and carrying the ealeulation of the triangles round the whole periphery of the Quadrilateral, the value
of tho side of origin is reproduced identically to the cighth place of decimals of logs. The largest
diserepancies in latitude and longitude still remaining are "-005, or about 6 inches.

B, B, B,

Sironj : Calcutta
A E F D
Bider o) c o) Vizagap
Table of the facts of computation.
VALUE OF CIRCUIT EREOR

2

_5 123

B By substitution of &2

= Trisngulation involved By substitn. | deduced angular errors 53 .

s Before tion of **in- ER-28

s reduction | determinato ERS]
= fuctors"” | As computed | On contraction 28

to b decimnls | to 3 decimale =3

) @ ® (4) ) (©) )

1 A @ (| — 1644 | — 16439 | — 16441 | — 16439 00
2 3 C,—(B,+E) 2 @ — 5486 |— 54860 | — 54859 | — 54864 |4+ 02
3la B, +B;+B; 5“6°< + 425 |-+ 42500 |+ 42:500 | + 42501 |— 04
4 a |C+C+Cy | — 2129 | — 21291 | — 21-280 | — 21-292 00
51— a’ — 693 !— 6932 |— 6931 | — 6932 |+ 04
6 (E+Cy)—(By+TF) = || + 31'9 |+ 31900 | 4 31901 | + 31902 |+ 02
TinA | (A+C)—(B,+E) , (| + 0050 |+ 00500 | + 00500 | + 00500 |— “002
8, L Ditto 5 - 0214 |— 02140 [— 02140 | — 02139 |— -005
9, A Ditto 'E + 0212 |+ 02120 |+ 02119 | + 02117 *000
10, A [(E4C)—(B,+F) = — 0216 |— 02160 |— 02160 | — 02160 |— -004
11, L Ditto AL+ 0203 |4+ 02030 |+ 02030 | + 02029 ‘000
12 ,, A Ditto g — 4968 | — 49630 | — 49682 | — 49682 |+ -008
13 ,, A | (F+C,)—(B,;+D) = -~ 0142 |— 01420 | — 01420 | ~ 01419 |~ 005
14 , L Ditto z‘ 4+ 0239 |+ 02390 |+ 02390 | + 02388 000
15, A Ditto | — 8848 |— 38850 |— 38830 | — 38881 |— 005

North-East Quadrilateral.

(6). As the reduction of the principal triangulation of the South.East Quadrilateral approached
completion, I was conabled to make a commencement with the third scction of the triangulation,
P y
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known departmentally as the North-East Quadrilateral. 1t is bounded on the west by the Great Arc
Scries, Section 24° to 30°, on the south by the Calcutia Longitudinal Series and has in its eastern and
nofthern periphery, the Caleutta Meridional and North-East Longitudinal Series. 1t contains twelve
series, forming eleven circuits and its reduction will prove a more serious undertaking than that
of any of the other divisions. At present only the circuit errors are in course of calculation,
but this preliminary computation will shortly be complete and then the reduction itself can be
taien in hand.

(7). In addition to the caleulations T have already described a good deal of assistance has been
given to Captain Heaviside in preparing and passing through the
press the results of the Pendulum Operations. Captain Trotter has
also received much aid; the computation of the entire mass of the obscrvations made by him, while
he was attached to the Yarkand DMMission having been performed by this Office and the results tabu-

lated for publication in his report. A quantity of miscellancous work has also been performed
which is briefly summed up elsewhere.

Other caleulations.

(8). I mnoticed above the great advantage which had acerued from the use of Arithmometers,
instruments which were introduced in to the office by yourself several
months ago. Some of the computations which formerly occupied
o pair of computers a fortnight or three weeks can with their aid be completed in four or five days.
They are almost invaluable and would be quite so if more care was bestowed on their construction.
They are of foreign manufacture and the several parts appear to be made in the gross, and then to
be roughly put together; thus many of them soon get out of ovder and make mislakes. Were
they carefully constructed as they would be by English mechanics, the principle on which they are
designed is such that it seems impossible they should commit errors; as their manufucture is protected
by o patent the desired improvement is not 1 fear likely to be effected.
Another aid to the computers, recently introduced into the office, is Crelle's Rechentaleln,

book of products of all numbers from 1 to 999. In this case foreign labour has the advantage

over English ; for it has produced at a cost of only sixteen shillings 2 most useful book, the labour of
compiling which must have been enormous.

Arithmometers.

(9). The details of the ordinary calculations are as follows :—
Angle Books, indexed 467 vols.
Abstracts of Angles, copied and compured 600 angles.
Zero and general means computed 600 ,,

Computations in Duplicate.

(Weights computad e 333
Spherical Excesses computed 217
Simple Quadrilaterals reduced 32
» Polygons ' 32
Compound Figures ” 11
.. } i Auxiliary reductions made 75
Principal Triangulation % Triangles computed . 537
Lots. Longs. Azimuths computed ... 750
” " . corrected (after 8. E. Quadl.

o 140

grmdmg)}
Heights computed . 170
L examined, corrected and adJusted 630
vaerses computed 18
Ray Traces computed 6
Secondary Triangulation Triangles adjusted and computed ... 2,400
Heights computed . 12
LLntltlld(.‘B, Longitudes and Aznmuths computed 1,100
. Latitudes - 30
Esplorations { Heights by Botluw Point ... 130

(10) The work performed in connection with the Typographic and Photozincographic presacs, is
detailed below,
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For Typograplic Office.
Bynopses of the operations &o. Pages compiled and printed. Compiled, but not yet
put to prees.
Azimuth Table, Jogi-Tilé and Sutlej Series 14

Alphebetical Lists of Gurhdgarh, Rohiin Sutlej and Jog- 'I\ln Series 105
Errata and Contents, Gurhigarh, Kardchi, Rahin, Great Arc (24°-30°) 11
Note to Great Arc Final Chart
Co-ordinates and Descriptions &e., of N. W, Hlmulayn Series, compns-
ing 39 square degrees ..
Numerical and Alphabetical Lists of Pnnclpnl Stntlons, Des- E
30

The whole

criptions of Principal Stations of the Neries com-
prised in the 8. E. Quadrilateral ...

The remainder

About 80 pages
Triangles Principal and Secondary of the Are, Calcutta and Coast Series | 4 which are half
read
For Vol. (8. E. Quedrilateral). ¥
Lists, Descriptions of Stations, Observed Angles, Reduction of Figures and Principal

Triangles

R. Calcutta Longitudinal Series ... .. 42(toendof figs)\ = ,

Great Arc (18°—24°) .., w180, As) JRd

Jabalpir ... o 96C ,  figs)[ &g

Bildspiir . 86( » ) “aé’ z

Coast e vee . 4o lists) ’E S’H

Bider .. 40(to mear end \g 8
S

of <8)

Besndes the above, the auxiliary reductions of the figures of the E. Const Series and of a portion

of the Bildspir Series, including about 20 pages of printed matter, have been compiled but not yet

put to press. Some progress has nlso been madein setting up the azimuthal observations appertaining
to the South-Enst Quedrilateral for the press.

Other compilations for departmental and genera! use. Compiled end printed.
Book of Routes in N.W.P., Himalayas &c., 34 pages
Data for Rangir Series Charts Nos. 1, 2, 3 . 13,
Data for Bildspir Series Chart, (3. Section) (1872- 73) 8
Data for . Frontier Serics ,, (1873-74) 1,
Appendices to Vol, 11 23

For Photozincographic Office.

Final Charts, Compured or examined,
Kardchi Series . 2
Grent Arc Series (24° to 30°) 1
Gurhégarh , 2
Rahdn » 2
N. W. Himalaya Senes 2
Jogi-Til4 Series . 1
Sutlej " 1

Total 11

Preliminary Charts.

Madras Longitudinal and Mangalore Meridional Series (1871 73) 1
Bildsptr Series (S. Section) (1872 73) . 1
Rangir » 3
Assam Valley Survey (1869 74) 1

" »  (1873-74) 1

Bombay Island Survey 1
Total 8

For Offico use. .

Triangulation of the South.East Quadrilateral ...
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(11.) Observations for time were taken on 20 occasions during the year for the purpose of shewing
mean time ond rating chronometers. Meteorological Observations
were made in the Dehra Observatory on every day tliroughout the
year, and the results were reduced and communicated month by month to the Reporter on Meteorology
N. W. Provinces. A table of monthly means is as usual appended to this report. The large self-regis-
tering Anemometer referred to in last year's report was put into working order in Janusry last, and a
record has been since kept of the hourly velocity and direction of the wind. The winds in the Din are
so light that they often fail to turn the fans which move the direction pencil and this part of the record
although it has been always tabulated, has not been made any use of at present. To do so would neces-
gitute & careful weeding out of all hourly velocities below a certain fixed minimum. As yet only mean
hourly velocities, irrespective of direction have been deduced for each mouth, an abstract of which fol-
lows that of the Meteorological Observations. 1tis remarkable how closely the curves formed from these
data resemble one anather,

Instrumontal Work,

(12.) The preservation of the Principal Stations of this Survey has been as usual steadily kept
in view, and much correspondence has in consequence been entailed.
Replies to about 350 letters on this subject were drafted by Mr.C. Wood
under your direction, and about 40 letters addressed to district officers who had failed to submit their
annual reports on the stations placed under their charge. Modern changes in the boundaries of districts
have caused some difficulty in ascertaining what stations fall within each. Since Just reporting 16 more
districts have been finally settled, making in all 307 districts of which the lists are now complete. The
check lists now include 2,700 stations.

Protection of Stations.

(13.) Several duties of a miscellaneous character have also been performed by this branch of
the office which may be briefly summarised as follows:—Reduction
of barometer readings; computation of humidity and observed
refractiona on the Jogi-Tild Serics for Appendix No. 3 to Vol. I1:—Preparation of Appendices Nos. 2, 4
and 5 to Vol. II :—Lxamination and arrangement of four Synoptical Vols. for the binder:—Transla-
tion of two Explorers’ route survey field books:—Alphabetical lists of Indian proper names prepared
for departmental issue :—New tables (Auxiliary) and a new form constructed to facilitate the com-
putation of circumpolar star observations for azimuth:—Data collected for discussion as to the
advisability of giving the observed azimuths in the 8. E. Quadrilateral effect in the final reduction
of the triangulation:—Circuit errors of the Kashmir triangulation and North-West Himalaya
secondary triangulation determined and dispersed :—BEffect of the difference in the values of the
earth’s axes as adopted by Everest and Clarke on differences of latitude, longitude and azimuth computed
for arcs of various magnitude :—Elements of the Bombay Isiand Survey, executed in 1865.66, prepared
for publication :—Differential latitudes and longitudes examined for the new edition of the Turkestan
Map :—Captain McCullagh’s aud Lieutenant Harman's leveling records examined and reported on:—
* Errors of mean square’ of latitude, longitude and azimuth at the terminal stations of the right and left
hand branches of the circuits of the N. W. Quadrilateral, compuied from the origin of each circuit.
Twenty-nine officers have been supplied with data. Forms for departinental use have been issued to
96 oflicers, and 776 parcels containing maps, charts, &c., were booked and despatched. Four candidates
for employment in the Junior Branch were examined and three instructed in departmentnl computations ;
and papers supplied for the examination of six other candidates, besides several other duties which need
not be enumerated here.

Miscellaneous.

TYPOGRAPHIO BRANCH.

(14.) The work performed during the 4 years ending 1st May 1874, and the 17 months, 1st May
1874 to 1st October 1875, is concisely stated thus.

1870-71 1871-72 | 187273 | 1873-T¢ 1874-75 (17 months)

Pages composed, ... 819 1,143 1,420 1,220 1,868= 1,319 per annum,
Do. printed, | 234,828 | 241,348 | 273,157 | 388,420 | 527,916=372,647 "
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[SEASON 1874-75.

Tho total pages oomposed in the 17 months under report may be subdivided thus,

For volumes of the G. T. Survey,
» Route Book, . .
,» Charts, Memos, &e.,
,»»  Annunl Report,

Total

DRAWING BRANCH.

The work executed by the Drawing Office is exhibited in the table which follows "ihis report.

Some very important maps have been prepared there during the pnst year;
interest are the 3rd Edition of the map of Turkestan, compiled under your own superintendence ;
the map to illustrate the roports on 8ir Douglas Forsyth's Mission to Yarkand and other maps relating
to Trans Frontier explorations, the compilation of which is due to Captain Trotter.

PHOTO-ZINCOGRAPHIC BRANCH.
The Wolk from 1st May 1874 to 30th September 1875 is shewn ULelow under the hends of

Maps, Charts, Diagrams and Forms.

1402
35
306
125

—_—

1868

those of most general

Maps,

S o -

SvpJsEcT. When published. zﬂ E, N°l;;’i; f:g"‘"
Prints of maps published in former yoars 40 1,341
Guzerat, sheet No. 8 . May 1874 1 113
Ditto ~ No.9 » » 1 105
Index to Dehra Din Survey ... September » 1 481
Kattywar Survey, degree sheet No. VI ., October " 1 107
Ditto No. VII " ” 1 150
Index to Kattywar Survey . ” " 1 468
Route map for the W. Hlmnlnyus &e., » " 1 473
Chamba Map November » 4 22
Index to Kumaun and Garhwal Survey " " 1 460
,»  Guzerat Survey " » 1 426
Kumaun and Garhwal, sheet ‘10 20, skeleton ” " 1 105
Dehra Din Tea Company's Plantation, sheet No, 1 ” » 1 75
Ditto No. 2 " " 1 76
Guzerat Survey, sheet 80, section 3 December " 1 135
Jaunsir Map . » " 1 22
Eastern Turkestan "y " 2 478
Plan of Landour Bazar January 1875 1 53
Map illustrating ’l‘runs-Hlmnlnyan Fxplorutlons dunng 1872 " " 1 466
Index to Mussooree and Landour Survey February " 1 28
Town and Cantonment of Rijkot ” " 2 83
Map illustrating Trans-Himalayan Explorntmns dulmg 1873 " " 1 491
Kattywar Survey, sheet No. 35 . . March " 1 133
Guzerat » " 80, section 2 ... " " 1 110
” " " » » 11 .. Apl'll ” 1 110
] ” » ”» ” 9 ” " 1 135
" " » w7 " " 1 105
”" » " " » 1 ” » 1 127
Kattywar Survey, sheet No. 33 " " 1 147
32 .| Moy ; 1 133
Mussooree and Landour Survey, sheet No. 13, skeleton " " 1 44
T'urkesian Map, sheet No. 1 (3rd edition) . . " 1 263
” ” 2 ” June ” 1 227
” » 3 ”» " m 1 284
4, . , 1 273
Kq(tywnr Survey, ‘sheet No. 34 .. July . 1 154
Kumaun and Garhwal, sheet No. 33, skeleton August ” i 177
» ” » " e n ”» 156
» ” " 9 n o ”» » 1 156
» » " 22 noee September ” 1 61
» ”» " 38 no » " 1 167
N 31 .. y ” 1 150
Guzerat Survoy, sheet 80, scotion 13 " " 1 107
» ” 8 ” " 1 106
” » 5 " ” 1 105
Dehra Din and Siwalik No. X » " 1 132
" " ” XIX} For Forest Department ,, " 1 137
» ”» ”» XX " ” 1 108
Total 92 9,974
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Charts.

Besides the foregoing 28 Blue prints wers issued and seversl Silver prints were prepared on the
scale of the Indian Atlas for the use of the Engravers.

sunszer. When published. ; E “"l; of copies
Madras Longitudinal and Mangalore Meridional Series

(1871.73) Numerical } July 1874 1 2 67
Assam anley Triangulation (1872 73) Numerical August " 2 67
Karichi Longltudmnl Serics, Chart No. 1 F . " " 1 973

inal 1 a7l
e ” ”

Rangir Mendlonal Scrles Chart No. 3 Numencn.l " " 1 65
1 ... | September » 1 65
Bildspir Series, season 1872-73 (S. section) " ” » 1 65
Brahmaputra Series, season 1873-74 " » » 1 65
Great Arc Series, (Sec: 24°-30°)Final " » 1 84
Gurbégarh Meridional Series, Chart No. 1 Final ... | October " 1 367
Eastern Frontier Series, season 1873-74 Numerical ... | November » 1 65
Rangir Meridional Series, sheet No. 2 " " " 1 65
Gurhfgarh Meridional Series, Chart No. 2 Final ... | December " 1 375
Malabar Minor Series, season 1873-74 Numerical . | Jonuary 1875 1 65
Assam Vallcy Survey, season (1869-74) " » 1 67
o n  (187374) . w1 65

Bangalore Meridional Series (Great Arc), season 1873-74 )

Ni merical ( ) } February " 1 70
Bombay Island Survey Numerical » " 1 65
Rahtin Meridional Series, Chart No. 1 Final ... | March » 1 961
N. W. Himalaya Series "No. 1 Final " " 1 370

” ] 2 ” o ” » 1 372
Rahtin Meridional Series, Chart No. 2 Final . | April " 1 372
Jodhpir Series, season 1873- 74, Numerical " " 1 70
Total 25 4,271
Diagrams.
sUBJIEOT. When published. No. of ¢ ;‘"
printe
(| July 1874 50
August " 382
October . 46
November " 1156
December » 680
Plates to illustrate Volumes II, 11, 1V, V, VI, of the G. T. || February 1875 4
Survey, and other dmamms April » 390
May " 370
June . 190
July " 736
August ' 402
\! September » 837
Total, ... 5,243
Professional and Office Forms. ... | 187475 (17 months) | 34,310
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7,536 Maps and 4,446 Charts were issued during the year. The forms are always expended as fast as
printed. Contrasting the work performed since 1870-71 we have, -

Year Maps Charts Diagrams Forms
1870-71 6,465 839 13,205 10,482
1871-72 10,131 1,375 4,937 13,655
1872-73 6,910 2,206 12,055 12,549
1873.74 9,207 2,027 8,557 28,125
1874-75 (17 Months) 9,974 4,271 25,43 34,310

An abstract of the work executed during the past five yenrs stands ae follows.

Number of Prints.

BUBJECT,

187071 | 187172 | 187273 | 187874 (l‘%‘f’f&o
Maps, Charts and Diagrams, ...| 20,509 | 16,443 | 21,171 | 14,791 19,488
Forms, ... ...| 10,482 | 13,655 | 12,549 | 28,125 84,310

In conclusion I must express my thanks to the several members of the office for their cordial co-
operation in, and conscientious discharge of its duties. Where all have worked so well it seems almost
invidious to single out any for especial commendation. I cannot however refrain from doing so in one
instance at least. Mr, Wood has been associated with me in the same office for nearly mine years;
but 1 have never hitherto had an opportunity, similar to the present, for placing on record my high opi-
nion of his services and it is with pleasure that [ now avail myself of it to state that I consider them
very valuable. His duties are of a nature constantly requiring the exercise of no small patience and
perseverance but his energies never seem to flag and his knowledge and experience are often of tho
greatest service.

Mr. T'odd has done excellent worlt while attached to this office, and while congratulating him on
his restored health, I cannot but regret that it necessitates his return to field duties and thus deprives
the office of his services.

Mr. Peychers has proved himself exceedingly useful and deserves every commendation. DBesides
taking his regulur share of the work, & good deal of the final supervision of press proofs has to be
entrusted to him and in this he has been of much assistance to me.

Mr. Keating has become fairly woll acquainted with the processes of computation and works
industriously.

Baboo Gunga Pershad has discharged his duties in the sume exemplary manner he always has
done and deserves that [ should add my testimony to that so frequently expressed by Mr. Hennessey as
to his efficiency. Baboo Cally Mohun has also gained my approbation by the intelligent interest he takes
in his work. On more than one occasion he has made suggestions with reference to the calculations
which have led to a diminution of labour. Baboos Kanlly Coomar, Gopal Chunder and Tarapodo have
worked with their accustomed diligence, and the other computers have given me every reason to be satis-
fied with them.

In the Drawing Office Mr. Atkinson has continued to conduct his duties a8 successfully as here-
tofore, and although the loss of his two best men, Sheik Saidudeen and Goormukh Sing, bas for a time
gonsiderably diminished the power of his office, he is doing his best to train up others te supply their
places.

In the Photo-zincographic OfEce Mr. Ollenbach is as hard working as ever. I am glad to observe
that he now throws more of the manual labour on his subordinates, devoting his o¥n attention to
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supervision of their work, and the out-turn is very satisfactory. Mr. Dyson deserves great credit for
the excellence of his negatives. I could wish that his assistants Dempster and Lloyd made more rapid
progress under his instruction, but the art of Photography is not learnt in a day, and with more prac-
tice no doubt they will become more proficient.

Mr. O'Connor in the Printing Office has worked very industriously and the out-turn of work
hns been fully as great as the office was capable of. He was at one time somewhat lax in the discipline
he maintained among his subordinates, I am glad that he has done his best to correct this fault.

Moean Velocity in miles of the winds which blew at Dehra during 8 months
of 1875 for each hour of the day.

Civil Hours. February. | March. April. May. June. July. August, September.
0 to 1 227 313 375 314 267 1°41 059 o°90
1., 2 219 268 3’00 2°71 1°97 1°52 066 0'74
2, 3 2°39 2723 2°54 2°36 2'03 148 0°66 110
3, 4 231 203 232 1-86 1477 148 o038 o83
4 ,, b 196 1°97 2711 171 1:63 1°00 0'14 087
6 , 6 258 2°10 1-86 2707 170 1°07 028 o'50
6 , 7 2°08 187 175 1'79 1°33 062 0’14 0'43
7 , 8 1°B1 1°68 1:61 196 110 107 034 o 40
8 , 9 196 1°67 1-86 2°68 100 1'00 069 o°y0
9 , 10 2°19 1°90 278 2'78 1°43 138 ©'79 120
10 ,, 11 2746 2°72 396 3 2°17 1'52 12t 1°53
1T, 12 2731 2°03 411 396 1°07 152 166 1°53
12, 13 311 3'8s 4°86 3'79 2°33 1'83 1°33 2'03
13 ,, 14 307 388 493 418 307 2-07 1°90 2'40
1, 15 322 4'23 528 489 300 159 1°57 2°33
15 ,, 16 308 383 4°86 4'43 2°g9o0 159 137 147
16, 17 2'50 3'32 4759 3'89 2°20 1°34 1°20 097
17 , 18 1°50 1'98 334 368 1°30 o' 90 1°0% °'37
18 ,, 19 11z 1'19 1°72 3°25 o 70 028 066 047
19 , 20 146 2°32 2°31 318 1°57 041 o062 o'6o
20 , 21 254 2°94 314 375 2°47 045 076 ©°90
21 ,, 22 2708 300 372 3736 2729 0°6g 0°'55 077
22 ,, 23 2°42 3°10 372 3°57 2°47 1y o'90 o'87
23 ,, 24 252 323 3714 3'50 227 1'03 o'B6 1°07

Sums, 55713 6378 7726 7560 47 42 18:42 20°33 2488

Avcrages, 2" 30 2-66 322 31§ 198 118 o'8s 104
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Annual Return of work executed in the Drawing Branch of the Computing
Office from' 1st May 1874 to 1st October 1875.

DEescnipTion or WORK.

Compilalion,

Sheets Nos, 1, 2, 83and 4 Turkestan Map, (3rd edition) mth‘(
bl shading. )

Map of Kumuun and Gurhwil 1o illustrate Mr. . T. Atkin-
son's Gazctteer of Kumoun and Garhwil, mthg
hill shading. R

Map to illuetrate the report on ‘the Trans- I{lmu]nyn“ Explo:
rations in Great Libet made during 1872, mth}
hill shading. .

Map to illustrate the report on tho Eq)lon ations Trans-Him-
alaynn end in Nepal made during 1873, wmh;
hill shading.

Preliminary Map of Enstern Turkestan to illustrate the ro-
ports ou 8ir Douglus Forayth's Mission to Ikush-}
ghav during 1873-74, with hill shading.

Map to illustrate the report on the Pandit's route through
Great Tibet from Laddkh to Assm vid the Ten-
gri Nur lnke and Lhdsa in 1874, Sheets 1 and
2, with hill shading.

Tndex Chart to the Degree Sheets of tho N. W. }Ilu\nlnyn
Series triangulution, with hill shading.

Mnap of Alghanistin (by Captain Trotter).

Sheet No. 6 of Levelled Heights.

Do. ,, 25 do.
Revised and corrected Mup of Rontes in Northern Tndia.
Bketch Map of Lihri Garhwil with adjoining states.

Preliminary Numerical Charts.

Rnng\r Sen ies Sheet No. 1.
s No.2 e
])o w No. 3.
Assam Valley triangulation, Seasons 1868-69 to 1872.73.
Bonbay Island triungulation,

Final Charts.

Great Ave Sevies.
Kurdclii Sevies. ...
Gurhigarh Series.
Ralidn Serics.
Jogi-Tili Serics.

Sutlej Series. .

N. W. Ilimalaya Series.
Degree Charts of Lhe North-West Hnnnlnyn tnm\gulutlon.

Miscellaneous.

Garhwil, Kattywar, Quzerat end Dehra Diin
and Siwnlika Surveys.

Esamined 148 proofs of Maps and Chauts.

Colored 7,503 Maps.

Prepured 24 professional and Offico forms on drnwmg and
transfor paper.

Prepared plans of cities of Khotan, Yir| kand and T'nshghnr

Do, mup to show the connection of trinngulation of

India and Ceylon.

Examined and reported on 19 fair Mups of Kumaun nn('l}

Corrected Sheot. No. 14 of Mussooree and Landont Surroy §

and inserted numbers of boundary pillars on
the soveral sheets of this sursey. .

Number of
shects or
diagrams. | Scale

1 inch
o -} =
@ =} -
5|3
g =
) =
Miles.
4 32
1 4
1 16
1 16
1 32
2 16
1 24
1 16
1 2
1 2
4 16
1 8
1 4
1 4
1 4
1 8
1 H
2 4
2 4
2 4
2 4
1 4
1 4
2 4
11| 14 4

REMARKS.

For Photo-zincography.

ditto. Reduction to $ scale.
ditto.
ditto.
ditto. Reduction to : scale.

ditto,

ditto. Reduction to 3 scale.

ditte.
ditto,
ditto.
ditto. Reduction to 4 s-ale.

ditto.
ditto.
ditto.
ditto.
ditlo.

ditto. Reduction Lo } scale.

ditto. ditlo.
dilto, ditto.
ditto, ditto.
ditto. ditto.
dilto. ditto.
ditto. ditto.
ditto.

graphy.

For Pholo-zincography and Zinco-
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