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Summary of Operations during 1875-76.

Principal Triangulation has been executed by three field parties, »iz.
Nos. I, IV and V of this report: No. I operated
Probable | Geometricnt | #long the southern limit of the Coromandel Coast,
Errorsof Ob-| Frrorsof | District Madura, and on the Ceylon Connecting
. [porved Angles) Triangles. | gauies:; No, IV in Burmah, Province Martaban;
and No.V in Rajputana, Baliawalpur and Sind.
The angles as usual were measured with great
theodolites whose azimuthal circles are 24 inches
40 | x0m191 12 | oest] 1in diameter and are read by 6 Micrometer-micro-

I { scopes. The average {heoretical probable error of
an angle and the average geometrical error of a

Number
Amount
Amount

24 '20( 10 | 2 -21Y

v |54 26| 18 3l triangle (7.e. the difference between the sum of the

v 27 5| o 85| three observed anglesof a triangle and 180° 4 the
_ — spherical excess) ave shown in the marginal table
Averages...| .. |£0721| .. | ose] Dere given. Thetotal final out-turn is represented

by 48 triangles, which if united would exhibit a
chain 217 miles in length and 4182 square miles in
area. Similarly the total preparafory out-turn executed in advance for 1876-77
is represented by 59 stations and a chain of triangles 270 miles in length. A
complete set of astronomical observations was taken for verification of azimuth,
In all 71 pillars, platforms, scaffolds and towers, at stations of observation, were
constructed ; 45 stations were closed and protected ; and 54 transferred to the care
of District Officers.

Secondary Triangulation has been performed as usual by the field
parties Nos. I, 1V and V above named, and in particular by No. V which com-
pleted a very considerable chain in Rajputana designated the Balmer Series. In
addition, Nos. IT and III have been employed, exclusively, as during the preced-
ing year, in conducting special series, for the determination of prominent points,
respectively in the Assam valley and in Burmaly, where known points, on which to
basce other surveys, are much needed : these special series, it must be understood,
are classed as secondary, in the sense that their angles are measured with
smaller and more portable instruments, read by verniers, in place of great
theodolites ; otherwise these chains of triangulation are carried on with every due
care and precision. Besides the above mentioned field establishments, the
topographical survey parties in Guzerat, Kattywar and Dechra Din have con-
tinued their operations, in closely covering the country about to be delineated
with the points of secondary triangulation essential for topographical purposes.
The total out-turn of all the field parties is represented by 363 triangles in which
the three angles were measured; of these triangles 103 were disposed in series,
which if united would exhibit a chain 439 miles in length; besides, over 3000
triangles were established for fixing points. The total area covered by all the pre-
ceding triangulation amounts to some 9000 square miles, of which 3500 were closely
dotted with points for the topographical surveyor; further, the area included by
other triangles to distant hill peaks amounts to nearly 7000 square miles. Of
heights, 633 have been determined trigonometrically, and 246 differentially by
means of the Aneroid barometer. And as regards pillars, and other forms of
construction for stations of observation, 220 such structures have been built.

Topographical Operations liave heen conducted by field parties Nos. IX,
X and XI, respectively, in Dehra Din including the Siwalik hills and Jaunsér
Bawar, Kattywar and Guzerat. The area delineated on scale 4 inches = 1 mile
amounts to 1047 square miles, and on scale 2 inches=1 mile to 3629 square miles:
in course of these operations about 2900 miles of boundaries and check lines bave

+ Stationa situated on low ground along the sca const.

® Obtained from the Ceylan Connecting Series, the stations of which were unavoidably placed on emnll ialanda but
Jittle raised above sea level and much expused Lo inclement weather : the observations were thus taken undor considerablo
disadrintinges,

I Ihe sintims af this section with vne cxeeption are oll situaled oo hills,

§ Ou sund hills.
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been traversed with the chain, and some 1800 points fixed by the same means,
subject to trigonometrical checks, in localities unsuited for triangulation. As
1'egi].rds the province of Guzerat, it having been decxdefl by the Gove_rnmcnt of
India, that in future the scale of survey should be restricted to the 2-inch scale,
further delineations on scale 4 inches = 1 mile will be discontinued.

Surveys Completed. The operationsunder review are so far distinctivein
fegture, that by their means no less than three separate surveys have been con-
ducted to final and satisfactory completion : viz., the Jodbpur Meridional Series
of principal triangles on the meridian of 724°, running through the Jodhpur,
Jesalmer and Bikaner States of Rajputana and Bahdwalpur; the topographical
survey of the well known and beautiful valley of Delira Diin, including its outlying
subdivision of Jaunsir Biwar and the Siwalik hills; and the Ceylon Connecting
Series. By means of the latter, complete unity can now be intro_duced betwee_m
the surveys of Ceylon and India, and the required electro-telegraphic measures, in
uniting India and Greenwich longitudinally, will now also establish a similar
connection for Ceylon.

Spirit Levelling Operations, chiefly in Cutch and Kattywar, Bombay
Presidency, have been carried over 421 linear miles, passing through the towns of
Rdjkot, Muli, Wadhwin, Viramedm, Paitri and Ahmedabad ; 166 Bench-Ma.rks
were establishied along the course followed. The results obtained, from the line
of levels executed in 1874-75, connecting the three tidal stations of Okh4, Nawa-
nir and Hanstal on the Gulf of Cutch, appear to indicate, that the mean sea level
stands progressively higher, as the tidal station is further removed from the open
sea up the Gulf.

Calculations and Publications. The subsidary computations of the Sec-
tional Figure South-East Quadrilateral have been completed; also materials for
the 6 Synoptical Volumes of this figure have been well advanced : considerable
progress Lias been made in printing all the preceding results, so that a large
portion of the pages for 2 Principal and 6 Synoptical Volumes stand passed
through the press. The Synoptical Volume which treats of the Novth-West
Himalaya Serics has been published, and Principal Volumes III and IV have been
bound. A large portion of the North-Bast Quadrilateral has been reduced by the
method of least squaves.  As regards Cartograplical publications, 7 Numecrical
Charts of Triangulation and 8 of Spirit Levelled Heights, 43 Maps Topographical
and 3 of Explorations, besides minor subjects, have been printed and issued : in
all 2,475 Charts, 7,931 Maps and 18,000 Professional forms have been supplied.

Miscellaneous. In all 2,725 principal stations situated in 8313 districts have
been protected and placed under the care of District officers during the past 11
years. Meteorological observations have been taken twice a day throughout the
year and the results communicated to the Reporter to Government North-West
Provinces. The Records and Library have been maintained in good condition.
&e., &e.

Retirements. The department has suffered serious loss by the retirement
of its Senior Deputy Superintendent, Colonel T. G. Montgomerie, R.E., F.R.S.,
and of Mr. W. C. Rosseurode, Deputy Superintendent 3rd Grade ; the latter event
stands alluded to in art. (19) ; the omission of the former would leave this report
incomplete, notwithstanding that the present opportunity admits only of very
Lrief notice. Licutenant Montgomerie entered the department in October 1852
soon after ie was present at the Base-lines of Chach and Kardehi, in both of
which measurements be took a leading share; besides other work, in 1855 he
commenced the Topographical survey of the dominions of His Highness the
Maharaja of Kashwmir, which he finished within the next 9 years. The scale
adopted was suitably varied from 2 to 8 miles per inch; the area included some
20 square degrees, or about 77,000 square miles, on which stand the stupendous
mountain ranges of Kdrikuram, Chingehenmo, Birilicha, Mustigh, &c.; the
chicf towns fixed were Jummoo, Srinagar, Leh, Skardo, Hanle, Muzaffrabad,
Nishtwir, Bhadrwir, Birimula, Dris, Bij Behidra, Naushalira, Rajauri, Kargil,
&e. 5 the principal vivers traced were the Indus, Jhelum, Chienab, Zanskar, Sln-bk,
Kishanganga, Astor, Kirdkdsh, &c.; and of snowy peaks (vising from 16,000 to
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the culminating height 28,250 feet of peak at N.E. head of Béltoro Glacier) may
be mentioned, N'mcra-Parb'Lt Hardmulkh, Haramosh, Rékipashi, Ser Mer, Kira-
kuram, B.ua.lacha “&c.: the area of Glaciers extendul over more than 1,400
square miles; and the heights ascended, surpassed those recorded as reached by
man unaided by balloons. * Licutenant W[ontvom(,ue s name will long continue
to be most honorably associated with these opemtlons, which for magnitude, merit
and importance are at least unsurpassed.

Returning in 1866 from an absence on furlough for two years, Captain Mont-
gomerie duected the survey of Kumaun and Garhwél with much success. As
respects local surveys, those of Mussooree, Kosi Valley and Rénikhet were con-
ducted by him : the last presents an instance of uncommon despatch ; it was begun
in Jannary 1870 and its 11 maps stood published in the following November.
Lastly, lie superintended the Trans-Himalayan Explorations, which have contri-
buted so largely to our knowledge of countries that before were almost unknown.
It is exceedingly difficult to give an idea of the provinces thus pierced or circum-
scribed ; a brief attempt is however made in the following descriptions of the
routes traversed. From Kumaun, northwards to the sources of the Sutlej and
Indus, and along a great length of thie Brahmaputra eastward through Great T'ibet
to Lhasa. Trom Darjeeling, westward to Katmandu, thence over the Dingri
Maidan to Shigatze in Great Tibet, onwards in a mnorth-easterly direction
ronnd the Tengri Nur Lake, and then southwards to Lhasa. IFrom Kabul zid
Bimiin and Balkh to Taizabad and Kila Panjah, thence onwards through the
Pamirs to Yarkand and Kashghar in Eastern Turkestan, and so back to the Kara-
kuram pass. Trom Balkh near the Oxus to Karshi and Bokhara. From
Peshiawar to Dir, Chitrdl and Zebak in Badakshdn. &e., &c. These routes repre-
sent a total length of fully 4,500 miles, along which, at least, our geographical
knowledge has heen substantially established.

Lastly, Colonel Montgomerie officiated as Superintendent of Topographical
Survey for a while, and as Superintendent of the Great Trigonometrical Survey for
2 years: in addition, his services have repeatedly been honorably mentioned by the
Secretary of State and by the Government of India: nor are distinctions at Lome
wanting, for he is a Gold Mecdallist of the Royal Geographical Society as well as
a Fellow of the Royual Society. His distinguished services in this Department
will long he remembered in connection with his works, and many kind wishes,
from those with whom he was lere associated, will continue to follow bim in his
retirement,

Superintendence. The work above summarized and hereafter reported on,
was exccuted under the directions of the Superintendent, Colonel J. T. Walker,
R.E., F.I.8., who, proceeding on furlough in April 1876, was succceded by Captain
1L. R. Thuillier, R.E, to act in his place. Subscquently on my return from
furlough, I was appointed by the Government to relieve Captain Thuillier as
Officiating Superintendent : Y accordingly received charge on 1st November 1876
and the duty of preparing this report devolved on me.

Explanatory. It only remains to add the following explanatory rcmark.
In compliance with orders received, the Narrative Reports of the Kattywar and
Guzerat Survey parties were submitted to Government in origival about the first
weck in last November; this review was commenced soon after, and in due course
completed, so far as was practicable in the absence of the Narratives ; these were
received back on 20th ultimo, Meanwhile, Colonel Walker having resumed
charge of the department, my ability to finish this rcport is due entirely to his
courtesy.

J. B. N. TENNESSEY.
Deputy Superintendent 1st Grade.
Denra Duwn: late Officiating Superintendent.
Dated 18t IHarch 1877, E

® As o matter of fact, one of Lieutenant Montgomerice's nssistanta (Mr. W. 1. Johnson) set up his theodalite on the
summit of a peak on the Cluingehenwo rauge sud weusured the reguired angles ; Lhis puiul 18 20,666 fect above sen level.
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NO. IL.—TRIGONOMETRICAL.

THE MADRAS COAST SERIES AND CEYLON CONNECTING TRIANGULATION.

(1) The Rimn4d Longitudinal Series, as explained in previous reports,
PERSONNEL. is based on a si(}le 01; the t?reat. Alll-c1 S%r{l)e:; ; from
: whence it proceeds along the parallel of 91° in an
mnc'rl:ﬂoe:.cn ind G, T Su::r' easterly direlétion, and termjﬁat%s at thelpoiygon g(fl Ut-
Mr.G. Belc‘hum, Surv_eyoruhG e. tarakosllaman ei’ or, more rie Y, at the Ramn po_
Lt Garadon e Asistont Surseyor lygon, since onge of the stations belonging to this hexa-
gl B W. Laseron, Asst. Surveyor  gop s fixed on a bastion in the fort of Rdmndd town.
Mr. A. Bryson, Aest. Surveyor 3rd  Again, from a southerly side of this figure, the Cey-
Grade. lon Cunnecting Series with suitable shortencd sulqs
continues in an easterly course up to the land’s end, the intention being that this
chain of triangles should be extended across the Palk Strait, so as to establish on
the island of Neduvan suitable stations for the Surveyor General of Ceylon to
connect the triangulation of that island with, TUp to this stage, the operations
were duly reported on in 1873-74.

(2.) During the year 1874-75 Major Branfill proceeded to complete the
Ceylon Connecting Series. Also, adopting the northern side of the Rimnad poly-
gon as a base, he finished the first portion of the Madras Coast Series, which, it is
intended, shall proceed from Rdimndd along the eastern coast and join on to a
side of the principal triangulation in the vicinity of Madras. Taking the field
early in October, the camp in due course reached Salem : here cholera of a viru-
lent type broke out amongst the men; three deaths occurred, and the District
Cotlector put the establishment in quarantine. On this a panic ensued and a break-
ing up of the party from desertions became imminent: in brief, Major Branfill
had considerable difficulty in reorganizing his camp. Iventually he arrived in safe-
ty at Madura, where, dividing his establishment into five working parties, he in
the first instance vigorously prosecuted the approximate operations on the Madras
Coast Series. Here the country at first was barely passable, being still flooded
by the late autumnal rains; however by dint of incessant hard work the requir-
ed preliminaries for two hexagons were completed in course of two months.
Having now arrived at the end of January, Major Branfill commenced the measure-
ment of the principal angles, by himself taking the usual set of circumpolar star
observations at the central station of his northern polygon. After this he en-
trusted the principal observations to Mr. Belcham, who under Major Branfill’s
care and instruction has proved himself a competent observer with the large
theodolite; and deputing two of his assistants to continue the approximate work
for next year along the coast, he proceeded to lay out the extension of the Ceylon
Series, and finished this work by the end of March. Mr. Belcham followed with
the great theodolite and under Major Branfill’s supervision completed the required
measurement of the principal angles.

(3.) The work thus performed consists of two hexagons on the Madras
Coast Series and of a hexagon and a quadrilateral on the Ceylon Connecting Series,
forming in all a chain of triangles 80 miles in length and including observations
at 21 principal stations. One of the latter gave much anxiety from a singular
cause: it was on Rémesweram Island and had bLeen fixed there in 1873-74; the old
station however had disappeared, so a new one was established; this had to be
watched and protected against the strong wind, which literally blew away some
4 or b5 inches of the surface daily. As regards ray cutting, no less than 348
miles of these lines were cleared, a duty which would have involved far greater
time and expense, but for the economical and effective contrivances introduced
by Major Branfill for raising the signals as well as the large theodolite to the
greatest reliable heights, so as to overlook the lower portion of the foliage with
which the country is densely covered. And to provide a sufficient start in the
succeeding year, an approximate series of 10 stations was laid out for 36 miles in
advance. As alrcady stated, a verificatory azimuth was obscrved.

LrraTa on this page. For 1873-74 read 1871-75 and Jor 1874-75 read 1876-76.‘
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(4) Major Branfill's duties were carriecd on under unusunal difficulties.
The stations of the Ceylon Series were necessarily all on islands, and visits to
these, involving as they did voyages by sea, were not unattended with danger,
since this department could not afford to employ better means of transport than
those offered by the common open country boats. The series has been laid out
with considerable eare and skill and the completion of this connecting link between
the triangulations of Ceylon and India is a matter for congratulation, not only
on the score of its having been well achieved, but in that it mects a long existing
desideratum : complete unity can now be introduced between the triangulations of
Ceylon and India, and the required electro-telegraphic measures, believed to be not
far distant, in connecting India with Greenwich, as respects longitude, will now also
establish a similar connection for Ceylon: the ultimate stations fixed by Major
Branfill on the island of Neduvan, are those of Amanakkamunai and Urimunai,
which afford the required means of junction to the Surveyor General of Ceylon.
As respects the operations on the Madras Coast Series, the figures ars symmetrical
and the work well executed. In concluding this notice it is only just to Major
Branfill to add, that his success bas been achieved under the unavoidable difficulties
presented by the country and climate, and those attending his own failing health.

(6.) Major Branfill baving obtained furlough, made over charge of his
party on 9th May to Captain W. M. Campbell, R.E, who directed the computa-
tions during the recess in addition to his other duties.

NO. II.—_TRIGONOMETRICAL.

THE OPERATIONS IN THE ASSAM VALLEY.

(6.) As.was stated in the Report for 1874-75, Licutenant IMarman’s
services were required with the Daphla Field Force

PrnsoNxsL. for a longer period than he had anticipated when

Licut. H. J. Hurmon, RE, Ofg.  prranging for the prosecution of the Assam Valley

Agsist. Superintendent 2nd Grade. . . . . .
Mr. W. O'Sullivan, Surveyor 4th  triangulation during his.absenee. Thus on resuming

(‘f]"‘l‘l‘_ﬂm P. Wricon. Assist. Survevor trigonometrical operations in March 18756, he found
2nd Grade. ’ U jt impracticable to complete the final observations at
M:‘é-rﬂ[-lf- McCarthy, Asaiat. Surveyor  g]] the stations selected, before the setting in of the

rains and the consequent termination of the field
scason. On visiting the remaining stations after the recess, the shoots from
tree stumps, hbamboos &ec. had sprurng up to an ‘“ astonishing height”” on the rays
which had been cleared only a few months before, and it became necessary in
the first instance to re-open no less than 37 miles of such rays. Proceeding
vigorously with the operations, Lieutenant Harman and his assistants succeeded
by the end of the scason, in advancing the scries finally from near Sibsigar
to a little beyond Dibrugarh, or a divect distance of 41 miles. Rays were also
cut to the treasury building at Jorhit, so that its position and height were fixed.
And as regards Dibrugarh, the church tower at this place was adopted as one of
the principal stations of the series. Further, five Revenue Survey pillars were
incorporated with the triangnlation, And lastly, all the hill peaks north of the
Brahmaputra valley, visible from Dibrugarh church tower were fixed.

(7.) From Dibrugarh, the approximate triangulation was continued in
two branches. Of these, one proceeds in a south-easterly direction and connect-
ing with Jeypur terminates at the side Deohal Revenue Survey pillar to Hilika
1Lll station, which is also a station of the Topographical Survey and stands on a
spur of the Nigd Hills; the series consists of a ehain of 8 triangles. The other
and principal branch of the triangulation proceeds north-casterly, spanning the
Brahmaputra river up to Sadiya, where it terminates at the side Sadiya Quarter
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Guard station to Dikrang Martello Tower station; this series'consists of .141 tri-
angles, besides a succession of 3 triangles which are built up like a fan with the
Nari Hill as a pivot. This hill being some 600 feet in height, its adoption as a
station would carry the series over the dificult waste lands of Paropora both
economically and expeditiously. Both these series seem to be well laid ?ut and
promise a speedy termination to the operations under Lientenant Harman’s guid-
ance, provided the few long rays do not lead to delay in the final observations.

(8.) The object of adopting the hill Nari as a station is apparent from
what has preceded ; besides, there is a bLill ealled Pogrosoi, some 15 miles 8.W. of
the former, which is also highly desirable as a station of observation; beca.use
these two hills conjointly present an excellent base for survey purposes if required
hereafter, as well as suitable eminences from whence a considerable area of un-
known country could be sketched now. Unfortunately both the hills are within
Abar territory and therefore may not be visited without the consent of their owners.
Being however impressed with the necessity for obtaining access to these hills, Lieu-
tenant Harman, in consultation with the Deputy Commissioner, communicated
with the chiefs in question, so that they assembled to meet him with the avowed
intention of granting the required permission. The resulting palaver however
ended iu disappointment, for ¢ each Abar chief” writes Licutenant Harman “stood
forward in turn and forbade the journey: they did not much object to my going
alone provided I made no map for the Queen to see,” and so on. Subsequent cor-
respondence through Government leaves it probable that the Abar chiefs in ques-
tion may yet be induced to permit a visit by Lieutenant Harman to the Nari
and Pogrosoi hills.

(9.) TInall,the angles of thirteen triangles have been finally measured ; 35
stations have been selected; 12 post and pillar stations were constructed ; and besides
other work, 194 miles of rays were clearcd under circumstances which make pro-
gress in such an operation slow and laborious. Lieutenant Harman’s out-turn of
work is not only large, but so far as I have the means of judging, it has been well
exccuted. The progress made is very creditable to Lieutenant Harman, who was
well supported by two of his assistants, viz. Mr. O’Sullivan and Mr. McCarthy.

No. IIL.—TRIGONOMETRICAL.

THE SECONDARY TRIANGULATION IN BURMAH.

(10.) This sccondary triangulation,it willle remembered, was designed with

TERSONNEL, tl]n;) vitm_v Olf ﬁxi;lg all prominent buildings and other
obhjecets in large towns and clsewhere for t 'pose
W. G Beverley, Baq., Ofg. Assislant f]t . (l [ 1 . he I)ul POSLS
Buperintendent. d¢t. hrnde. of topograplhical and geological surveys, while light-
M. I Low, Surseyor 2ud Grode. — houses &e. along the coast were also to be determined
w4 W, Mitehell, Burveyor 4th ¢ X . . s .
Grade. in position for the Marine Survey. The required

q er. D.J. Colling, Aest. Survesor 4t operations were again conducted by Mr. W.G. Beverley
cado. ! . g

X . aided by the assistants who were under his directions
during the previous year and, in addition, by Mv. J. Low, whose scrvices were
transferred to the party in order to ensure greater progress and thus to meet the ur-
gent demand which exists for trigonometrical datain Burmah. M. Beverley was
thus cnabled to set three detachments at work in the field, whereby he not only
resumed the triangulation begun the scason before but extended his operations in
other directions as well. '

(11.) The Series commenced last year was projected to pass southwards
through Pegu and Rangoon, but notwithstanding several attempts made, it was
found impossible to connect the work with the principal stations of the Eastern
Trontier Scrics, owing to the unfavourable state of the atmosphere whick prevailed.
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In fact, a sensible portion of the country appears to be under water at the com-
mencement of the field season, and mist and haze greatly delay observations towards
the termination of the operations ; under these circumstances the surveyor needs
to make the most of the interval, and even this is beset with unusual difficulties,
as may be gleaned from Mr. Beverley’s narrative. Notwithstanding, the required
junction above alluded to was effected ; further, this series after fixing Pegu and
Rangoon was extended to China Bakir: here the old light-house had given place
to a new one constructed some 5 miles out at sea; so that it became necessary to
open new rays to the new structure, and to this end it was essential to take angles
at the old light-house before its demolition. Mr. Beverley performed this duty in
person after “wading throngh a mile of mud and water under a burning sun,” and
therchby incurred an attack of malarious fever., Approximate operations on the
series were subsequently continued along the coast towards Krishna Shoal light,
which under favorable circumstances may be reached during next year. The
position of China Bakir light-house was supplied, so soon asknown, to the Master
Attendant.

(12.) Of new series, one was based on the side Myd-ydbengkya H. 8. to
Theyekhir H. 8. of the Eastern Frontier principal triangulation, and the selection
of stations and other preliminary work carried on up to Tounghoo Pagoda;
but this work being commenced late in the season, the haze and rainy weather
soon after set in and final observations could not be completed at more than one
slation. It is intended that the chain of triangles should turn westward on reach-
ing the Boundary north of Tounghoo and, following this limit, should hereafter
be connected with another series, also projected in 1875-76, which spans the
Irrawaddy river north of Thaycetmyo.

(13.) The series last mentioned commences a little north of Thayetmyo ;
it proceeds along the Irrawaddy and fixing Prome passcs on southwards: in a
direct distance sixty miles were completed last year of this triangulation, by
which moreover numerous points were determined in the civil stations of Thayet-
myo and Prome, a large number of heights were obtained and an area of some
3600 square miles covered with trigonometrical points for after purposes of inter-
nal surveys : means have also been afforded of making a connection with theline
of railway, for the purpose of providing the latter with a reference to sea level.
The country passed over is described as densely wooded and well populated.

(14.) The last series projected in 1875-76 remaining to be noticed, is one
which Mr. Beverley executed in person, in addition to a general supervision of all
the other operations : it commencces on the Irrawaddy a few miles north-west of
Myanong and proceeding generally in a southerly direction is intended to fix
Basscin and to be continued to Cape Negrais. The main ridge of hills in the
Henzada district could not be utilized, while the spurs from this ridge were too
denscly wooded and too short to admit of their being turned to account: even.
tually Mr. Beverley contrived to find his way between the river and the hills,
chiefly by adopting the contrivance of basing his triangles alternately on flank rays
all on one flank and cross rays, so that visibility along the other flank, which
was impossible, was dispensed with. In a direct distance 81 miles were complet-
ed of this triangulation, thus bringing it down to within 32 miles of Bassein.

(156.) Mr. Beverley and his assistants have executcd a very salisfactory
amount of work and their success is all the more creditable that they Lave been
beset with more than ordinary difficulties.
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NO. IV.—TRIGONOMETRICAL.

THE EASTERN FRONTIER SERIES, BURMAH.

(16.) The principal observations on this series were resumed at the carliest
possible date in order that the work should be complet-

W, 0. Rossanrode, Teq., Depat ed, at least where the lopg rays occur, before the inevit-
Superintendent drd a9 able hazy weather set in. Accordingly Mr. Rossqn-

Br. H. Besorley, Surv. Ist Grde. — pode with the great theodolite took the field on 26th
ard e, Qe Assstat Sureyor gy tober ; the country however was still under water,

Mr. J. O. Hughes, Assistant Sur- g0 that it was impossible to proceed along the land by
veyor 3rd Grado. marching in the usual manner : hence the entire party,
with instruments, baggage, and provisions, embarked in boats, and were thus trans-
ported from the vicinity of one station to that of another until 8 stations had been
completed. Arriving now at Amherst Mr. Rossenrode was able to resume his ordi-
nary mode of locomotion on land, subject however to the usual difficulties which
Burmah as yet presents to travellers. He was so far fortunate on this occasion,
that the trunk road to Yeh and Tavoy fell within his operations, for though
only partially finished it afforded to his party the unusual luxury of travelling
along a comparatively made highway. Ordinarily Mr., Rossenrode’s marches were
made along foot pathis cut originally by one of his own detachments in proceeding
from a known station towards one as yet unknown; and not only had they no
alternative in adopting these forest tracks as roadways, but in the absence of all
other lines of communication they had occasionally to march back no inconsider-
able distances along gaps of this kind, in order to fall into some other opening
which would again conduet them in a forward direction. As to crossing the rivers
where they occurred in the interior of the country, the only mode of transport
offered was in the form of canoes, which however well suited to the wants of
natives of the country (whose wardrobe as described by Mr. Rossenrode consists
of a suit or two of palm leaf apparel) “sway, roll, and capsize” but too readily
if occupied by men like ours unaccustomed to such boats. Pushing on liowever
with his usual perseverance Mr. Rossenrode eventually found himself at the last
station of the season, but only in time to be enveloped by the haze; wherenpon
he resolutely sat down to wait for rain, which rewarded him with heavy falls, so
that the atmosphere having cleared hé finished his observations and marched into
recess quarters at Moulmein.

(17.) Mecanwhile the approximate and secondary operations were vigor-
ously prosecuted by Mr. H. Beverley, assisted by Messrs. Clancey and Hughes,
As the pioneer of the whole establishment and enveloped in dense jungle Mr.
Beverley frequently cut his way from station to station, compass in hand, followed
by his camp equipage. Crecks and tidal streams added as usual to his difficulties,
and when at last mounted on the required hill top, he had arrived only at the begin-
ning of a laborious task whicl involved clearing the site of heavy trees so as to
obtain a view around. Procceding in this manner, he found himself in the viei-
nity of Yeh, where the strip of British territory is only some 25 miles from sea to
Boundary, and the hill of Yetagundine obstructs the view across; under these
circumstances he formed a tetragon round the hill, and being thus enabled to
continue his progre®s, he selected an additional double polygon to complete the
scason’s work.

(18.) In respect to general progress made :—principal observations were
commenced at the Kathhatong hexagon, about 48 miles north of Moulmein, and
were carried down to within some 2.4 miles north of Yel, covering a direct distance
of 116 miles. The chain thus completed comprises a hexagon, a pentagon, and
a heptagon with an internal transverse ray, besides rather more than half of the
succeeding figure around Yebudong hill station. In at least two instances Me.
Rossenrode overcame no ordinary difficultics in carrying the great theodolite to
the required summit. At Wabiantong the road occupicd a detachment a whole

PERIONNRL.
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month to fit it for a passage for the instrument ; notwithstanding, the ascent proved
a perilous undertaking, and when achieved it was found impossible to pitch the
observatory tent. A hut supported by poles jammed into fissures between rocks
was accordingly adopted as shelter for the theodolite, but the structure was so
manifestly insecure that observations were taken only during the day and the
instrument packed up every evening. In fact, as Mr. Rossenrode briefly remarks,
one face of the hill was so perpendicular that its base could be seen from its
summit. It was however at Kamdkabo that he overcame almost insuperable
difficulties in transporting his great theodolite to the hill summit. The bill was
very precipitous with sharp projecting rocks which jutted out in every direction ;
it was as impossible, with his very limited means, to remove these rocks, as it
was to make a road in and out around them : as a last resort, ladders from 16 to 40
feet in length were stretched from rock to rock, and along these ladders he
effccted a most perilous ascent and descent with no little cournge. His great
theodolite though one of the lightest of its class weighs 618 tbs, and its smallest
case is 300 tbs in weight. “It was a day of rejoicing” says Mr. Rossenrode
“when the instrument was bhronght down in safety’”’. Of further progress; the
approximate work of the season supplied a portion of the preceding figures:
beginning with Konlah on the island of Belogydn, the seleetion includes the
pentagon and succeeding ficure already mentioned, a tetragon, and a double
polygon, comprising in all a dircet distance of 100 miles : 12 stations in advance
remain as a commencement for next season’s principal observations. Lastly, hy
means of secondary triangles, Martaban, Moulmein, Amlerst, Double Island light-
house, &c. have been amply determined, besides that the prominent peaks along
the series have also been fixed. .

(19.) Under favorable conditions Mr. Rossenrode’s out-turn of work
would be considered as a creditable performance; but circumstanced as he was
under many disadvantages, he has earned my best commendations.  This is Mr.
Rossenrode’s last contribution to the operations of the Great Trigonometrical
Survey of India, for worn out with a long scries of arduous and successful
achicvements lie has recently retired from duty, recommended for a special
pension in consideration of his good services. Mr. W. C. Rossenrode entered
this department in 1839, when it was under the direction of Colonel G. Everest
R.A,, (afterwards Sir G. Everest, C.B.); subsequently he served under Colonel
A, 8. Waungh, R.E,, (now General 8ir Andrew Waugh); and since 1861, under the
present Superintendent, Colonel J. T. Walker, R.E: he invariably conducted
himself so as to win their confidence and good opinion. He also served with
credit on the Budhon, Rangir, Pilibit, and Maluncha series. In 1848 Mr.
Rossenrode was selected to lay out the approximate triangulation of the Great
Longitudinal, stretching across the desert from Sironj in Central India to Kard-
chi in Sind; and it was here, under the orders of the late Colonel A. Strange,
F.R.8,, that he first earncd the title he has since so well maintained to rank as
onc of our most valued pioncers ; he lead the way for Colonel Strange’s operations
in a manner which elicited that officer’s highest commendations. Later on, he
selected the Kardehi base-line of verification, and continuing to rise in the
department le first succeeded to the charge of a field party in 1859. Mr.
Rossenrode has since acted as the leader of one of our field establishments for
nearly 17 years : during that period he has covered many a district with triangu-
lIation and in doing 8o has travelled many a thousand miles. The greater portion
of his services have moreover been rendered in difficult ground, often through
dense and uninhabited forests, subject to many dangers, including injury from
wild beasts, attacks by predatory tribes, and hut too frequently to the deadly and
lasting influence of malaria. "Through all these, Mr. Rossenrode has worked
carnestly and well, and now that the time has arrived when he ean toil no more,
he leaves the department accompanied by many good wislies that he may long
enjoy the reward of his labors in a repose so honorably won.
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NO. V.—TRIGONOMETRICAL.

THE JODHPUR MERIDIONAL SERIES AND THE EASTERN SIND SERIES.

(20.) The duties devolving on Captain Rogers were peculiar in the cir-
cumstanee, that he was required successively to pro-

PEBIONNEL. ! A L

Captain M. W. Rogers, R.E, Offg.  Secute operations which were scparated by 23 o
Deputy Buperintondent 3nd Grade.  — Jongitude: in_the first instance he was desired to
g W G Lriee, Surseyor b o mplete the Jodhpur Meridional Series on the me-

Mr. C. P. Torrens, Assistant Sur-  yilian of 724°, and then to begin a new chain of plzin-
b s L;Fl_."(}’e::unl.y sesiotant Sur- cipal triangles, on the meridian of 70°% terminating
veyor 4t Grade. to the norfh at the Great Indus Series and to the
south at the Kardchi Longitudinal Scries. The new triangulation was named the
Eastern Sind Series.

(21.) The late and very heavy rains delayed the arrival of stores and men
essential for Captain Rogers’ ficld operations; he therefore applied all Lis available
means in starting his assistants, while he proceeded to Decsa, where, at @he
request of the Government of Bommbay and in compliance with the suggcstlo_n
of the Meteorologist to the Government of India, be inspeeted the Meteorologi-
cal Obscrvatory, reported on the same, and laid out a short triangulation in
order to conneet the observatory and telegraph office with the Kardchi Longi-
tudinal Series. Marching next to the northiern terminus of the Jodlipur Meridi-
onal Series, he completed the remaining approximate work of the terminal double
polygon, and then procecding with the measurement of the principal angles he
finished these operations by the 3rd January.

(22.) Subsequenily Captain Rogers marched across to the proposed north-
ern terminus of the Eastern Sind Series with the view of commencing the re-
quired triangulation at that end, while Mr. Price was deputed to operate similarly
at the southern terminus.  Unfortunately the river Indus had washed away several
of the old stations about the most convenient locality, so that Captain Rogers
was obliged to adopt an initial side west of the given meridian : gradually worl-
ing on to the required meridian and then turning southwards, he at first had to
operate on a country quite flat and covered with dense tree and grass jungle;
but pushing onwards through these difficulties, he arrived in a region of sand
hills which promises suitably elevated sites and corresponding facilities for the
operations next season : his approximate work was closed at the commencement
of this hilly region. At the southern terminus Mr. Price was at first unfortu-
nate in being prostrated, with all his men, by fever, so that they resorted to Deesa
for medical aid: on recovery from this attack, he made effective progress in ad-
vancing the approximate operations northwards. Meanwhile a third detachment
under Mr. Torrens began and completed an extensive series of secondary tri-
angles, named the Baliner Minor Sevies.

(23.) On the Jodhpur Meridional Series, the final angles were measured
at 9 principal stations, of which 7 had first to be sclected and otherwise prepared
for observation: this work completed the terminal double polygon, 21 miles in
divect length, which remained to bring the chain of triangles to a conclusion,
The series thus begun and finished by Captain Rogers originates at z side of the
Kardchi Longitudinal Scrics, from whence, stretching across the intervening
distance of 311 miles, it joins on to the Sutlej Series in the same longitude as it
was begun, d.e. 724°: the country included is plentifully dotted with sand hills lying
on a waste of sand, but though on the one hand these hills facilitated the opera-
tions by presenting elevated sites for stations, on the other, occwrring as they do
in countries thinly populated and but very scantily supplied with water, Captain
Rogers’ task on the whole was so arduous that he deserves cvery commendation
for having completed it with success: in the most arid portion of the tract sur-
veyed but three wells of drinkable water were found in a distance of 70 miles.

(24.) On the Eastern Sind Serics, the operations were intentionally re-

Notg.—The errors of the Jodhpur Sovis at its junction with lh‘e Sutlej Series arc as follows ; in Latitude= —0""17 ;
Longitude = =011 ; Azimuthe= ~8""23 ; Hcight = 11 feot ; side = — 18 inches per mile. ’ 1
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stricted to approximate work : this has been prosecuted vigorously both from nerth
and south ; in the former case for 24 miles, comprising 8 stations; in the latter
for 110 miles including 24 stations. Although from the primary mature of the
work it cannot be exhibited on the chart of final operations which precedes this
report, yet it is not to be reckoned the less to the credit of Captain Rogers, who
with this excellent start will probably make a very considerable impression next
scason on the entire series. T'he secondary triangulation exccuted on the Balmer
Scries is 152 miles in length ; it fixes 93 points both in geographical position and
height, including three important Revenue Survey stations and other prominent
and desirable objects.

NO. VIL—SPIRIT LEVELLING.

OPERATIONS IN CUTCH, KATTYWAR, &c.

(25.) During the portion of the recess which remained when submitting his
PERSONNEL. report on the operations of 1874-75, Captain Baird
Captain A. Baird, R.E., Offg. Assis- continued to occupy himself with the final rednction
tant Superintendent 1st Grade. of the registrations at each tidal station, and hefore the
veror 181 Grade, oty Acsistent S resumption of field duties obtained the results which
Nursing Duss and otber Bub-Sur- are given in paras. 2 and 3 of his narrative report.
veyors. He also veduced his spirit levelling operations carried
along both sides of the Gulf of Cutch, whereby, it will be remembered, the three
tidal stations.of Okha, Hanstal, and Nawawmir were connected with one another.
He was thus in a position to compare the three mean sea levels determined af
the tidal stations by mcans of the differences of height between these stations
obtained by spirit levelling; and proceeding in this manner, it will be seen, that
reckoning the Beneh Mark A at Hanstal as detum, the following values of mean
sea level may be exhibited :—
Values of mean sea level below the B. M. A at Hanstal tidal station

Seet.
as observed by tidal observations at Hanstal 9702
as deduced from tidal observations at Nawandr by means of the
spirit levelled ditference of height 9:895
as deduced from tidal observations at Okha by means of the
spirit levelled difference of height 10-273

from which it appears that, provided the spirit levelling is taken as errorless,
the mean sea level at ITanstal 1s higher than that at Nawanar by 01193 feet, and
the mean sea level at Nawandr higher than that at Okhaby 0378 feet. Of these
stations it will be remembered that Okha stands furthest out to seaward on the
southern margin of the Gulf of Cutch; that Nawandr is about half up the gulf
and on the opposite coast; and that Hanstal is at the head of the gnlf. It thus
scems that the mean sea level stands progressively higher as the station of ob-
servation is removed np the gulf. Apart from these facts, the table of tidal
results given by Captain Baird shows a close accordance between certain values of
mean sca level at the same station; viz., the value obtained from 123 lunations
in comparison with that derived from the 2 lunations whiclh occur from March
to May ; an agreement which Colonel Walker predicted as very probable.

(26.) On taking the field Captain Baird divided his establishment into two
portions, each including two levellers; onc of these parties was placed under Mr.
Rendell, the othier Captain Baird retained under his own charge : both parties were
to commence work at bench-marks established the previous ‘season on the line
of levels connecting the three tidal stations. Captain Baird commenced with
the main line at Jorya, and proceeding south-casterly continued generally in this
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course to R4jkot; from herc turning north-easterly he passed through Chotila,
Muli, &e., and arrived at Wadhwén : from the latter place the line was run along
the Bombay Baroda and Central India Railway to Viramgém, and from thence
vid Ahmedabad to Mehmadabad; branch lines being projected as usual where
required. Mr. Rendell began work with the loop line at Shikdrpur and proceeded
on to Adisar; beyond this he had to cross that part of the Runn which here
divides Cutch from the Palanpur State and this he was surprised to find under
water to a depth varying from 1 to 2 feet: to overcome this difficulty he estab-
lished suitable stations right across the Runn on pegs driven through the water
into the ground; and planting lLis staves and instruments on these pegs lie con-
trived to get across satisfactorily : he reports the bottom of thie Runn here to he
concave in the scction e made, with a depression of some 2 feet at the centre.
Mr. Rendell continued the north-easterly course in which he started to Gokatar,
and from thence turning to the south.east he proceeded onwards to Pétri, and
eventually closed on the bench-mark at Viramgdm established by Captain Baird.

(27.) Captain Baird levelled over 249 miles, and Mr. Rendell over 171 miles,
making in all the excellent out-turn of 420 miles, executed in each case by two ob-
servers and subject to the rigorous conditions of exactness which in lines of such
considerable length are essential: 24 survey stations and 106 pake points were
connected ; besides which 36 bench-marks, embedded in the usual manner, were
established. The main line thus executed by Captain Baird and the loop line le-
velled by Mr. Rendell, when combined with the line between their starting points
(Jorya to Shikdrpur) established a complete circuit: the difference in height, on
comparison at the point common to the two parties at Viramgdm, amounted to
0536 feet, and even assuming that the whole of this error is due to the loop line,
which was executed with comparatively inferior instruments, the percentage of
error per mile amounts to ‘004 feet,

(28.) Unfortunately Captain Baird in course of his duties suffered from
fever, so that he obtained 3 months' leave and proceeded to England for a change.
Meanwhile however, it had become evident, that the large mass of his tidal ob-
servations could not be reduced in this country except at the considerable cost of
restricting Captain Baird to the duty of computations solely : as a more expeditious
and far more economical measure, Colonel Walker recommended that advantage
should be taken of Captain Baird’s presence in England, where, in concert with Mr.
Roberts of the Nautical Almanac Office, he should be authorized to reduce his
observations, This suggestion having met with approval, Captain Baird and Mr.
Roberts are now engaged on the work in England.

(29.) Captain Baird made over charge of his party on 12th June to Major
C. T. Haig, R.E., who conducted the computations during the recess in addition
to his other duties.

NOs. VII aNo VIII.—GEODETIC.

ELECTRO-TELUGRAPHIC DETERMINATIONS OF DIFFERENCE
OF LONGITUDE.

(30.) These operations it will be remembered were begun in 1872-73 and
were then conducted by Captain J. Herschel, R.E., F.R.S., assisted by Captain
W. M. Campbell, R.E., who finished the two ares Madras-Bangalore and Bangalore-
Mangalore. Complete discussions by these officers of the instriments employed,
the procedure followed and the work executed will be found in the appendix to
the report for the year above named, the introduction to these papers by Colonel
J. T. Walker, R.E,, F.R.8., being placed as usual in the body of the report in
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question. In course of the preceding operations it was scen that No. 1 of the
pair of transit instruments and B of the two similar chronographs exhibited such
serious faults in performance that it became a matter of much importance to detect
and eliminate their causes. Meanwhile however Captains Herschel and Camp-
bell proceeded successively on furlough, and on the return of the latter he was
deputed to aid Colonel J. F. Tennant, R.E, F.R.8,, in observing the Transit of
Venus. Thus the longitude observations fell into abeyance for a time, nor were
Captain Campbell’s services again available for the purpose until the end of April
1875, when it was too late to begin ficld operations. He therefore turned his
attention to the instrumental defccts above mentioned, and to such excellent pur.
pose, that he appreciably cured the faults in the transit instrument, and devised
remedies for the chronograph which he entrusted to Mur. Doderet, the Mathema-
tical Instrument Maker to Government at Madras, to execute: the details of these
matters ave given by Captain Campbell in the Appendix to the report for 1874-75,

(31.) During the year under rcview, Captain Canpbell, with the aid of
Captain W. J. Heaviside, R.E., undertook the more comprehensive programme of
operations hereafter mentioned. He began by applying to the defeclive chrono-
graph the improvements which had been devised by himself and exccuted by Mr.
Doderet. during the recess and found these entirely successful. On this he took
the ficld and proceeded to Hyderabad where he was joined by Captain Heaviside.

(32.) The proposed programme for the season’s operations involved the

PERSORNEL. measurements of the following ares

Captain W. M. Campbell, R.E , Offg. 1. Hyderabad-Bombuy
Deputy Superintendent 2nd (;rade 2. Bella,l'y-Bombay

Mr. J. Bound, Assistant Surveyor
1ot Grode. 3. Bellary-Hyderabad

W T Bomide. RE. D 4. Madras-Hyderabad

Crptain W. J. Heaviside, R.E,, De- 1 N
puty Superintendent 3rd Grade. 5. Madras-Bellaly

Mr. H. E. T. Keelan, Surveyor 3rd 6. Bnngalore-Bellary
Grade. 7. Bellary-Mangalore.

Of these, 1 to 6 were successfully completed: the arc lnst named could not be
undertaken from want of timme. Arrived at Hyderabad, Captain Campbell sclected
a suitable station at Bolarum in preference to locating himself near the neigh-
bouring telegraph stations at Hyderabad and Secunderabad. Here in due course
Captain Heaviside under Captain Campbell’s instructions acquired the instru-
mental and other special knowledge necessary in these operations; after which
the observers proceeded to determine values of the personal equation between them,
using both transit-instraments for this purpose. Subsequently Captain Heaviside
dismantled and removed his instruments to Bombay, Captain Campbell standing
fast at Bolarum, and thus the arc Bolarum-Bombay was begun and completed.
Next Captain Campbell moved to Bellary, and in conjunction with Captain
Hecaviside at Bombay measured the arc Bellary-Bombay. After this Captain
Campbell proceeded to Bombay, where values of personal equation were determined
with Captain Heaviside’s transit. Then, the latter officer moving to Bolarum and
the former returning to his camp at Bellary, they measured the are between these
stations, thus completing a circuit. The next are, Madras-Bolarum, was measured
with Captain Heaviside at the latter and Captain Campbell at the former sta-
tion. Subscquently, while his instruments were being shifted to Bellary, Captain
Heaviside visited Captain Campbell at Madras, where values of personal equation
were determined, this time with Captain Campbell’s telescope : after this Captain
Heaviside procecded to Bellary and the observers finished the are Madras-Bellary,
thus completing the second circuit of the season. Finally, while his collcague
stood fast at Bellary, Captain Campbell moved to Bangalore and the arc between
them was duly measured. The season’s operations were closed at Bangalore by
determinations of values of personal equations with both the transits.

(33.) Besides the improvements already mentioned, Captain Campbell’s
experience and skill have enabled him to make other amendments; these will be
found described in bis narrative, given in the appendix to this report, to which I
invite attention. The nicety of appreciation, so cssential in these delicate opera-






gq__‘q__‘""__m__ 72
20 T

BOMBAY ¢
~
// |
‘ ~ i
| ’ |
| / ® i
, 'ﬁﬁ |16
] b
| |
Chart o illustrate N "
'THE ELECTRO-TELEGRAPHIC DETERMINATIONS &~ \w 1
of e ]
DIFFERENCE OF LONGITUDE 2 Y
; i
| - MADRAS
i Lines of Electro-Telegraph, thus........... .1
f Mangulorepe——————"— 77 !
: Ares of Longitude, » N e | '
: \ A 1 m
17| Scale 1 Tuch = 96 Miles. \ | 1 - Y
) 772 L. ‘ C. G. OLLENDACH, ZIFCO.
C. DYSON, THOTO.

Photosincogravhed al the Office of the Supers

deat, Great Trig etrical Survey, Dohra Din, December 1876.






15

tions, is apparent in his instrumental arrangements, while his own and Captain
Heaviside’s skill as observers, combined with their foresight, unremitting care and
assiduity, bave enabled them to complete an amount of work which is excellent in
quality and ample in quantity. The extent of their success is also partly due to
the accommodations they enjoyed in respect to the telegraph wires, through the
courtesy of Colonel D. G. Robinson, R.E., Director General of Telegraphs, and
his officers, whereby, during the measurements of all the arcs, save the first, the
observers obtained the use of the line wire uninterruptedly during their program-
me for each night. In addition, Captain Campbell received every assistance and
kindness from Mr. Pogson, Government Astronomer at Madras, while Captain
Heaviside enjoyed similar hearty co-operation at the hands of Mr. C. Chambers,
F.R.S., Superintendent of the Obscrvatory at Bombay.

(34.) Captain Campbell having completed the necessary calculations
during the past recess, has forwarded the following abstract of results, just in
time to enable me to include it in this report.

ABSTRACT OF RESBULTS.

Circuit I, 1875-76.

AL Bolarum-Bombay, .. 22™ 481°866 4 ‘0084
» Bellary-Bombay, ... 16 26 °941 &+ ‘0130
deduced, ... .. 6 21925k ‘0155

»  Bolarum-Bellary, { observed, ... ... 6 218754+ ‘o126
Difference, 0 ‘050 = "0200

Circuit II, 1875-76.

AL Madras-Bolarum, . 6 54701k ‘or23

» Madras-Bellary, .. 13 16591 £ ‘o124
i deduced, ... 6 21890k ‘o1

» Bolarum-Bellary, { observed, ... e 6 21 '8?5 + 'ong

Difference, o o15 * 0216

Circuits I and II combined, 1875-76.

AL Bolarum-Bombay, ... ... 22 48866 + ‘0084
" Madras-Bolarum, ... e 6 54701 & ‘0123
» (1) Madras-Bombay, ... v 29 43 '567 & ‘o149
" Bellary-Bombay, ... ... 16 26941 % ‘o130
" Madras-Bellary, ... . I3 167591 % '0124
w (2) Madras-Bombay, ... ... 20 43 °532 £ ‘0180

Difference between (1) & (2) 0 ‘035 + "0234
Mean of (1) & (2), ..,’ 29 43 "550 & ‘o117
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Circuit III, 1872-73 and 1875-76.
AL Madras-Bellery,

13™ 16501 & ‘o124

» Bangalore-Bellary, 2 37 346 £ "0145
y» Madras-Bangalore deduced, 10 39 ‘245 + ‘0191
o. measured in 1873, 10 39’079 £ ‘oI02
Difference, %0 " 166 & "oz21y

A discussion of the error arising from the method of deducing the collimation and level corree-
tions of the faulty telescope (No. 2) in Season 1872-73 (which will be found with the results of that
season) satisfactorily accounts by actunl figures for 0*°10 of the large discrepancy *(0°°166) found
above, while it indicates the probability of a considerably larger quantity. W. M. C.

It will be seen that circuits I and II re-enter very satisfactorily, and that in the
alternative circuit formed by combining these two, a partial cancelment of their
individual errors occurs. In circuit III, the arc Madras-Bangalore was mea-
sured in 1873 before the defects of transit No. 2 had been eliminated ; bence the
unsatisfactory re-entering discrepancy of 0166 ; this, as Captain Campbell shows,
reduces by calculation to 0066, with an indicated probability that a further
correction is due.

NO. IX.—TOPOGRAPHICAL.

THE SURVEYS IN THE DEHRA DUN DISTRICT AND
IN THE SIWALIK HILLS.

(85.) These surveys, as heretofore, have been carried on conjointly by

PERSONKNEL.
Captain H. R. Thuillier, R E., Offg.
Deputy Juperintendent 1at Grade.
E. C. Rynll, Esquire, Ollg. Assistant
Buperintendent 2nd Arade.
Mr. C.J. Neuville, Surv. 2nd Grade.

, W. Todd, » 2nd

o H.Todd, Asst.,, lst

n L Kinuey, . lot

» E. F. Litchfleld, Asst. Surveyor
2nd Grade.

Mr. I. 8. Pocock, Asst. Surveyor 3rd
Grade.

Mr. R. F. Warwick, Aest. Surveyor
4th Gende.

Captain H. R. Thuillier, R.E,, in charge of the Ku-
maun and Garhwdl Party, and by Captain F. Bailey,
R.E., Saperintendent of Forest Surveys. The latter,
working for the requirements of forestry, undertook
the internal details of those portions of the country
included within the boundaries of the Government
forests, leaving the remainder of the ground to be
mapped by Captain Thuillier: thus the operations of
these officers when combined produce a complete map
of the Dehra Din district, including Jaunsar Bawar,
and of the southern portions of the Siwalik Hills so

7 Nutive Surveyors. far as the Government forests extend. The allotment

of conntry to each officer will be readily seen by a glance at the index map, in
which the portions assigned to Captain Bailey are not colored. Captain Thuillier
continuned to divect the operations intrusted to him until the end of February,
when in compliance with orders he made over cliarge of his party to Mr. E. C.
Ryall and proceeded to join the Superintendent: thus the field duties were con-
ducted successively by Captain Thuillier and Mr. Ryall, and accordingly their
separate narrative reports on the subject are given in the Appendix.

(36.) At the close of season 1874-75, the operations remaining in the
Dehra valley were restricted to the Eastern Dun, and of this tract the whole had
been triangulated while about one half had been traversed. In Jaunsir Biwar
the entire country had been triangulated and was so far prepared for plane to-
bling, subject to such further additions as the suhsequent operations might require.
Commencing at this stage, Captain Thuillier devided his establishment into two
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portions; one of these he placed under M. Ryall and sent into Jaunsir Béwar
to survey that subdivision, while he retained the other u’ndcr his immediate
directions to operate on the eastern portion of the Dehra Din. A?_ regards the
parts of Kumaun and Garhwal which could not be finished m_18741-15, it may he
here stated, that these tracts werc not visited: they comprise only some 1,200
square wmiles, but lying as they do on the north-eastern confines of the district
and at considerable altitudes and thus being difficult of access, it was decmed
undesirable to incar the neeessary heavy outlay which the work would involve,
especially in view of finishing the survey in the Delira Din district.

(37.) Taking the field about 20th October Captain Thuillier commf‘ncod
his operations in the Eastern Din: like the rest of the valley, the country is cut
up by numerous watercourses; clsewhere itis generally covered by dense forests,
so that the area under cultivation is very small: in addition, the spurs running
down from the Himalayas here terminate in abrupt preeipices, each succeeded by
a forest-covered plateau which is so flat that the water lodges thereon and pre-
sents a huge swamp: these swamps range from 1 to 24 thousand feet above sea
level, while the hills north of them rise to over 7,000 feet. Under such circum-
stances the work was not only difficult but excredingly tedious and trying to
health. TFifty-four miles of eheck traverses were run to test the worlk, and Captain
Tliuillier examined the hill sketching in person, both in the Debra Din aund also
in the Amlawa valley of Jaunsdr Bawar,

(38.) Mr. Ryall commenced field work in Jaunsdr Biawar on 22nd October,
He rightly adopted various watersheds as boundaries for the different plane-tables
in place of the co-ordinates which are more convenient on table land, and he
establislied additional trigonometrical points to facilitate the topographical work in
the valleys and on the remote patches of country about Sansog and Banpur. The
country under survey may be regarded gencrally as made up of three belts or strips
running east and west. The southern belt or up to the parallel of 30° 44 lics
chiefly in Jaunsdr; it rises to an average height of some 6,000 feet alove sea level,
aud the Government forests thereon are restricted only to a few detached patehes.
The middle belt is about 5 miles in width and is covered with rich forests all included
in the Government reserves; it lies chicfly in Kdndal and comprises several lofty
hills as Deoban and Kalamu, rising to an average height ahove sea level of some
9,300 feet.  The northern and remaining belt much vesembles the southern strip,
both in average height and general features, excepting that the former is much more
plentifully covered by Government forests; it lies chicfly in Biwar, The neeessity
for fixing numerous points on the forest houndaries, imposed on the snrveyors consi-
derably greater labour than was anticipated, and this was enhanced by similar
requirements in connection with the khats, which are internal sub-divisions consist-
ing of 6 to 15 small villages or land-loldings. Along the valleys of the Jumna, the
Tons, and the Pidbar rivers, the mountains are extremely precipitous.

(39.) In the Dehra Dim, hesides the remaining preliminary traverses, 124,
square miles were surveyed on the scale of 4 inches to a mile; after whicly, in
order to utilize the services of a few native surveyors who were not sufficiently
trained for work on higher ground, the survey of Dehra, including 8 square
miles, was completed on the scale of 12 inclies to the mile. DBesides the fore-
going, 38 heights were determined trigonometrieally and many others by means
of the aneroid barometer. In Jaunsir Biwar, 52 points including 9 heights
were fixed trigonometrically, and 430 square miles surveyed topographically
on the scale of 2 inches to the mile: further, no less than 1,350 boundary pil-
lars were laid down, and both the cart road and the bridle-road to Chakrita for
a distance of 72 miles in all, lying within Jaunsdr, were traversed: every endeavour
was made to lay down the boundaries of the cantonment of Chakrdta, and the
required limits were defined so far as the necessary information on the sulject
could be obtained.  With regard to office work, 6 maps have been finally drawn
and completed for publication. The work hercin veported on completes the
survey of the Delira Din district, including JTaunsr Biwar, so far as the portions
undertaken by this department are concerned ; and, as will be seen hereafter, of the
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parts assigned to Captain Bailey only 20 square miles in the Dehra valley remain to
finish the entire work. As regards the operations under Captain Thuillier and My,
Ryall now under review, I have carefully inspected the original plane table shects
and can vouch for the general eare and accuracy with which they are delincated :
thiey represent an amount of toil and perseverance which canbe best appreciated
only in presence of the difficult ground operated on, and in view of these conditions,
the out-turn of work achieved is satisfactory both as respects magnitude and merit,

(40.) In submitting to Government Captain Bailey’s report on his pro.
gress during 1876-76, the Officiating Superintendent, Captain Thuiltier, makes
the following remarks.—“The portions of country surveyed prescented very intri-
¢ cate and difficult features thronghout, the hills being mostly covered with forest
“and jungle, which render a faithful survey more tedious and difficult.” Again,
“ the topography is good, and considering the intricate and rugged nature of the
“ground operated on, the out-turn is satisfactory.” Further, * Captain Bailey
“reports very favorably of the progress made by his Native surveyors and this i3
“proved by the average monthly out-turn of topographical area by a party con-
“sisting of 1 Europcan and 6 Natives having increased from 7% square miles
“during field scason of 1874-756 to 12§ square miles during the scason under
“review.” Also, “the forest tracts in Jaunsdr have been entirely completed,
“and with the exception of a small portion of abont 20 square miles those in the
¢ Dehra Din also.”” Lastly he adds, “having been working conjointly with
¢« Captain Bailey in the general surveys of the Dehira Din and Jaunsar during the
“ past three years, I am glad to have this opportunity of testifying to the able and
*“zcalous manner in which he conducts the operations wunder his eharge.”

(41.) The successful completion of this survey, undertaken three years
ago, reflects much credit on Captain Thuillier, Captain Bailey, Mr. Ryall and
the assistants who aided them: by its means we obtain accurate maps with well
delineated terrestrial features of a tract of country whieh is rising daily in import.
ance and value, and which is already rich in extensive tea and other plantations,
Morcover the Dehra valley presents considerable areas of land, well watered, in
a favorable climate, and otherwise suited for settlements of various kinds; and
besides, the eountry abounds in extensive Government forests the products of
which are rapidly increasing in value; but in the absence of the excellent maps
now secured, and amid the dense underwood and forest which alternate with open
glades and tortuous ravines, it has hitherto been impossible to define a site, in
connection with grants of land or for other purposes, even if the site in question
could be discovered. These drawbacks now stand removed : the maps are already
in local demand and, it may be predicted, will continue to rise in importance.

NO. X.—TOPOGRAPHICAL.

THE SURVEY OF KATTYWAR.

(42.) The topographical survey of this province was conducted as before

PERSONNEL.

Major A. Pullen, 8 C., Offg. Deputy
Buperintendent 3rd Grade,
J. Mec@ill, lisq., OIlg. Assistant
Bupdt, 1st Grade.
Mr. J. Peyton, Surveyor 1st Grade.
yy N.C.Gwsnne, ,, 4lh
»w W. A Fielding, Asst. Surveyor
2nd Grade.
Mr. W. Oldham, Aset. Surveyor 3rd
Grade.
Mr. G. T. Hall, Asst. Surveyor 3rd
Grude.
Mr. H. Corkery, Aest. Surveyor 4th
Grade.
Visaji Ragonath Gadboli and 9 other
Natire Surveyors aud Appreutices.

by Major A. Pullan during the year under review,
excepting the period of two months beginning 8th
April when he availed himself of privilege leave and
Mr. J. McGill officiated in his place: otherwise, the
establishment was maintained at its former strength,
for while on the one hand Mr. F. Bell obtained fur-
lough for twelve months, on the other, Mr. J. Peyton
was appointed instead to do duty with the party.
The narrative of the field operationsis without event;
and notwithstanding that fever and cholera prevailed
in Kattywar to some extent, the establishment was
fortunate, under judicious management, in suffering
only slightly from these causcs.
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(48.) The counfry visited lies chiefly in the south-west portion of the
province, where two of the southern shects touch the sea c.oast'; _the grouqd
topographically surveyed on the scale of 2 inches to the mile is included in
sheets 36, 87, 88, each sheet embracing 3° of longitude and 3° of latitude;
and trigonometrical operations were conducted in advance so as to complete
sheets 46, 47, and 48 and portions of 40 and 50 : besides the foregoing, sheet 10,,
which borders on the Runn of Cutch, was also completed topographically. Thus,
the operations under review included the principal towns of Gondal, Jetpur,
Jundgarh and Jhinjhuwdra, of which, Jundgarh is reckoned third in importance
throughout the province of Kattywar: the country was fertile and well populated,
fairly wooded with several kinds of trees, and watered by the rivers Ujat, Uben
and Bhadar; the last of these being the largest stream in the province. Nor were
prominent terrestrial features wanting, for Girndr mountain lies immediately east
of the town of Jundgarl, so that the latter stands at the foot of one of the western
spurs. This remarkable granite mountain rises to a height of 3,666 feet above
mean sea level and is terminated by three sharply defined peaks which are
dedicated to deities Hindoo and Mahomedan. The mountain and surrounding
country arve described by Major Pullan in an interesting account, given in
Appendix X,

(44.) Fully availing himself of the favorable conditions prevailing, Major
Pullan and his party succeeded in completing an excellent out-turn of work,
which, it will be seen below, contrasts very favorably with the amount for the pre-
ceding year and is at least equal to the large out-turn for 1873-74. The area
topographically surveyed in 1875-76 includes parts of Prdnts Hallar, Kattywar,
Sorath and Jhalawad :—

1873-74. 1874-75. 1875-76.

Topographical 2201 1749 22563 square miles.
Trigonometrical v 2174 2200 1850 ’ »
Traverse v 1236 1117 1600 linear ,,

Numerical eontrasts of such work, as is well known, are in themselves quite
insufficient to point to conclusions, failing as they do to impart any idea of the
all important local conditions whicl govern progress in survey operations; but
after due consideration of all the existing circumstances and inspection of the
original fair drawings, I am of opinion that Major Pullan and his party are due
much credit for the success attending their labors during the scason 1875-76.
In presence of the annual progress hitherto made, it will be seen from the Index
chart given in the Appendix, that the survey of Kattywar now begins to approach
completion, so that the expectation of finishing the province ‘ within the next
five years,” expressed by Colonel Walker in his report to Government for 1873-74,
is likely to be fully realized.

(46.) As respects fair drawing for publication by photozincography, sheets
31, 42, 43 and 44 have been completed, as usual, on the scale of 2 inches to the
mile. Farther, suitable delincations have been prepared for the Surveyor General’s
(I)Lﬁce, in order to expedite the engraving and publication of the Atlas sheets for

ndia.
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NO. XI.--TOPOGRAPHICAL.

THE SURVEY OF GUZERAT.

(46.) The utilization of the previously executed Revenue Survey maps

PERSONNEL.

Major C. T. Haig, R.E., Offg. Depy.
Buperintendent 1st Grade.
Tieutonant J. E, Qibbs, .E,, Offg.
Assist. Superintendent 2nd Grado.
Mr. A. 1)'Souzn, Surr. 1st Grade.
» A, D. L. Christie, Surceyor $th
Grade.
My, C.H. McA'Fec, Surv. 4th Grode.
» 4. HMickie, Asst. Sury.2nd ,,
o G. D Cusson, ,, " o»
» 8. F. Norman, ,, 4th
,» C. Norman, " woom
Messrs. H. G. Feyns, Gopal Viehnu,
and 14 other Native Surveyors and
Apprentices.
REVENUE SURTVEY.
H. D. E, Forbes, Esq., Asst. Supdt.
3 Nalive Surveyors.

of certain villages in Guzerat, by combining them
with the Topographical Survey of the provinee now
in progress, has presented subjects for considerable
deliberation and discussion extending over the years
1872 to 1876. The arguments advaneed by the Su-
perintendent, Colonel J. T. Walker, R.E., in support
of the vicws entertained by hLimself and shared by
this department, the procedure of survey adopted and
the modifications introduced from time to time as cx-
perience showed to be desirable, and the consequent
cvents developed, have all been given year by year in
the Administrative reports preceding the one now in
hand. The decision which bhas finally been arrived

at, is set forth in the following extracts from letter
No. 653 dated 5th Angust 1876 from the Government of India, in reply to Colo-

nel Walker’s letter No. 5o dated 29th March 1876.

2. In reply I am to state that the Governor General in Council agrees to
the proposals contained in paragraphs 24—=26 in respect to the future conduct of
the work in Guzerat viz, :—

1sf that the plan of giving every detail which the 2-inch scale sanctioned is capable
of showing, with a vicw to the publication of the maps on the same scale, should
be adopted for British Districts in Guzerat of which village maps have alrcady
bLeen made,

2nd that the plan of giving no more details than can he clearly shown on half that scale,
of drawing them boldly, and of exaggerating all the names of towns and villages &ec.,
50 as to permit of the maps being readily reduced by photography to the I-inch
scale, and published on that instead of the 2-inch scale should be applied to all
other parts of Guzerat,

3rd that two sets of maps of the British Districts should be published ; one on the 2-inch
scale, including as much as may be required of the contignous Native States to
square the 2-inch maps off conveniently ; the other on tlie 1-inch scale, to juxtapose
with thie reduced maps of the Native States,

4th that village maps should be utilized in distinguishing between cultivated and
barren or forest tracts, in defining village boundaries, and in giving all interior
topographical details which stand the test of examination by the topographical
surveyors,

5th that the stations of the triangulation and traversing should be placed as frequently
aa posssible at the junction point of three fields, and that the correspouding field
numbers should be marked ou the maps. The field junction points on the external
boundary lines and the internal divisions between cultivated and harren tracts
should be taken from the village maps aud inserted on the topographical maps, the
numbers for every 2nd or 3rd point been given on the map to facilitate identification.

(47.) These orders, restricting the scale of survey to 2 inches per mile,
werce reccived too late to be carried out in the field operations under notice; but
the resulting maps for publication, and all othiers hercalter prepared, will be drawn
on the prescribed reduced scale of 2 incles to the mile, as directed.

(48.) The operations of the Guzerat Survey were conducted as heretofore
by Major C. T. Haig, R.E., during the twelve months under review, excepting the
perviod of about threc months from 13th February 18768, when Le availed himself
of privileze leave and Lieutenant J. Gibbs, R.E., officiated in charge of the
party. TFinal work was carried on over two separate areas, which may be distin-
guisbed as the northern and southern portions of the season’s out-turn; and
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between these plots, and movre particularly north of the latter, a considerable
area was prepared by traversing and triangulation for topography in the year
following.

(49.) The northern portion topographically surveyed comprises shects 78
and 79, besides a small area in sheet 10,, and includes all the Khalsa lands which
were visited this year and completed, before Government orders could be made
effective, on the usual 4-inch scale. The country was singularly devoid of all
through drainage, nor could a single watercourse be found, of sufficient volume
to reach the Runn of Cutch on the west or the Sdbarmati river on the east:
tanks abounded and appeared to offer sufficient receptacles for the total rainfall;
besides, there was a large lake called Wanod-na-Saran which presented a surface
of some 6% miles of water when quite full. The principal towns were Viramgédm,
Mindal, Detroj, Kari, Bechoraji Matha and Katosan. The Bombay Baroda and
Central India Railway traverses the tract in an east and west direction. The
country here surveyed includes a large part of Viramgdm taluka and a small
part of the Sénand taluka of the Almedabad collectorate, a portion of Kari
Mahal, six villages of Patan Mahal of the Gaekwar’s territory, and a small part of
Mahi Kénta.

(60.) The southern portion topographically surveyed comprises sheet 31
and the north-west quarter of 32, and includes the city of Broach, besides the towns
of Ankleswar, Sinnar, Tankdna, Sukaltirth, Diva, Chandod and Rund Bhdlod,
and in addition 24 other towns and villages with populations ranging between one
and two thousand souls. The river Nerbudda waters the country, across which
the Bombay Baroda and Central India Railway runs for alength of some 26 miles.
The tract here surveyed includes parts of Broach, Amod and Ankleswar talukas
of the Broach collectorate; also parts of Sinnar, Mahal (Gaekwar’s territory),
R4jpipla and S8dnkhera Mewas under the Rewdkédnta Political agency.

(51.) The area traversed and triangulated and thus prepared for the topo-
graphical operations of the following year need not be further indicated at present,
than by the statement, that it comprises sheets 28, 29 and 30 and lies between the
parallels 22° 0" and 22° 45’ and the meridians 73° 0’ and 73° 30'.

(62.) In all, the area surveyed comprises; of final topography, 924 square
miles on the 4-inch and 948 square miles on the 2-inch scale: and of ground
traversed and triangulated in advance, 1650 square miles. This represents an
excellent out-turn of work, for which Major Haig and his assistants deserve much
credit.

(63.) In respect to mapping, the work appears to have been spread un-
avoidably over a considerable number of sheets, of which several could not be
completed though they were well advanced. Seven sections in hand, of degree
sheet I1, ave of this class; but the other half of this sheet was begun and finislied,
as also was a half section of sheet 80: the printing of names in about 14 sections
was completed. Lastly, the compilation of a map of the city of Broach was
undertaken, a work which required considerable care and skill, involving as it did
transfers from no less than 71 other maps by the Revenue Survey.

(64.) Major Haig describes a method introduced by himself of mounting
plane table sections, by which the drawing is readily removed when required and
the surface of the paper is not liable to injury.
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NO. XII.—THE COMPUTING OFFICE.

CALCULATING AND PRINTING BRANCHES,

(565.) The Computing Office consists in the main of a stafl of Native

Maior 7. Horachel. RE. F.RS, D Computers, with whorp are associated two selected
s‘,pll;P_ nd Grode (in c,'m;.‘ge'f,.;,,,',’m{; Surveyors from the J unior branch of the department;
March 1876). these form the Calculating branch, whose varied and

W. H. Cole, Esq. M.4., Offz. Dy. . h ;
Supdt. 3rd Qrade (in chargo to 2% compreliensive duties will be found reported on at

Murch 1876). length in Appendix XIIL. It is therefore sufficient
Computing Branch. to mention in this place, generally, that the computing

Mr. 0. Wood, Surveyor 3rd Grade,  office js reqnired to examine, reduce finally and pub-
Gl-n'éo.H' W. Fegehors, Sursegor b 1ih the results of this Survey, as well as to meet thie
Baboo gl“\g';IPE"‘l]mg-)gm“P“‘»er- current professional demands which emanate day hy
" Knlly Coomer Chatterjee, ~ Gay from various sources. ‘Lhese duties obviously
und 11 other Computers. involve other professional skill in addition to that of
Printing Branch. computers; accordingly three smoll anxiliary branch

Mr. M. J. O’Connor, Printer.

es for Printing, Drawing and Photozincograph-
16 Composilors and 3 Pressmen. offices o? ‘ =) g ph

ing, work in concert with the Calculating branch, and
the four branches form what, thus constituted, is called the Computing Office,
I'his office has for years past been supervised by fwo of the survey officers, directed
by the Superintendent: the senior of these two (myself) being absent on furlough,
the duty of supervision devolved on the remaining officer Mr. W. H. Cole M.A.
The latter in turn proceeded on furlough, 21st March 1876, and the Superintend-
ent, Colonel J. T. Walker R.E., also shortly after availed himself of leave to
England : under these circumstances, the principal offices, i.¢., the Calculating and
Printing branches, were placed under the directions of Major J. Herschel R.E.,
while the Drawing and Photozineographing branches were worked under ovders
from Captain H. R. Thuillier R.E., who also officiated for the Superintendent.
The subdivisions thus temporarily formed, are reported on separately in Appen-
dices XII and XIII. The review here in hand has now reference exclusively to
the former Appendix on the Caleulating and Printing branches.

(66.) Major Herschel's report hias reference to the thirteen months which
ended on 31st October 1876 : it primarily exhibits a “Tabular Statement of cost
in Rupeces of different kinds of Work done” and subsequently adopts for review
the classification introduced into this table. The classes thus noticed are treated
with so much originality and comprehensiveness as to impart additional interest
to his remarks, which will be found at length in Appendix XII. It is therefore
sufficient to restrict the review in hand to a general summary of the progress
made, and to such bricf notices, of a few leading points, as may be entered on
without ncedless reiteration of what is given in detail hereafter. As regards the
cost-table above mentioned, it deals with the classification adopted in an effective
manuper, and in stating the absolute expenditure on eaeh subject, it indicates the
directions into which the available working power happens to Lhave been diverted,
relatively.

(57.) Roverting for a moment to the Superintendent’s administrative
report for 1874-75, it was there mentioned tlat the triangulation of the Sectional
Figure known as the South-East Quadrilateral (or S. E. Q.)* had been made
consistent by the methiod of minimum squares, under Mr. Cole’s supervision, “in
a most satisfactory manner.” Subsequently, the remaining computations of Prin-
cipal work were finished and the printing of these results proceeded with, so that
the pages of Volumes VI and VII arc approaching completion. And as regards
the G Synoptical Volumes, i.c., one for cach series, of the 8. L. Q., considerable

* Nm‘zv—'l‘_his figure ia bounded on the north by tie enstern half of the line from Caleutta to Karichi; on the
east. by the Const line from Caleutta (o Vizagapatam ; on fho south, by tho castern half of the line from Vizagnpatam to

Bnmlv)-y; aud ou the west, by the Indisn middle meridian of 78° (soe Index Chart of ‘Triangulation given with this
report).
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progress has been made, with the records of the Secondary triangulation involved,
in correcting, revising and where necessary renewing them, and a sensible impres-
sion has been effected on the printing of the results: these volumes it will he
remembered, give the facts of the Principal volumes, entitled ““ Account of‘ the
operations &c.,” in a condensed form ; besides the results of Secondary operations;
so as to provide for various local wants, including those of the Geographer and the
Surveyor. It may also be suitably mentioned here that Principal Volumes ITI
and IV of the North-West Quadrilateral (or N. W. Q.) have been received back
from the Book-binder’s hands, and that Synoptical Volume VI, which treats of the
triangulation of the Jogi-Tila and the Sutlej Seriesin the Punjab, has been bound
and published. This latter issue completes the Synoptical publications for the
N.W. Q., excepting the volume coraprising the ehain of triangles which stretches
from Dehra Dan to Attock : the series last named, known as the North-West
Himalaya Series, includes a great number of Secondary series which are of
considerable extent and establish numerous mountain points; thus the work
involved, in computing, compiling and printing, as also in drawing and reproduc-
ing the several eharts reqnired, has been unusually arduous ; and hence the time
required for publication of this volume is necessarily far greater than for other
volumes of its elass. Lastly with regard to the volume on the Pendulum opera-
tions, a good deal of work was done during the early portion of the year in pre-
paring its pages for the press.

(58.) Among the principal subjeets which have ocenpied the office during
the year under review, is that presented by the required reduction of the North
East Quadrilateral (or N. E. Q.); this section as originally indicated was hounded
as follows : on the south by the eastern half of the line from Calcutta to Kardchi;
on the west, by the Indian mmiddle meridian of 78°; on the north, by the British
frontier generally ; and on the east, by the meridian of Calcutta up northwards
to the foot of the Himalayast : subsequently the section was extended to the east,
so as to include four series, viz., the East Calcutta, the Brahmaputra, the Eastern
Frontier and the Assam ; furthier, the Budhon Series way excluded in the simul-
taneous reduction, for in fact the circuit it included was disentangled from the
others. The modified section thus undertaken for reduction, by the method of
minimum squares, presented several features which differed from those occurring
in the Sections N. W. Q. and S. E. Q. already made consistent. In the N.E.Q,,
the limiting series to the west and nearly the whole of the southern chain had
already been determined and fixed by the previous reductions; the circuits were
shorter and the triangulation, excepting the eastern extension above mentioned,
comparatively infevior in quality ; on the other hand, the section in hand present-
ed no less than 49 conditions to be satisfied simultaneously.

(69.) Major Herschel's ¢ Gridiron Function Table”, exhibits in a neat
and convenient form, the leading facts which convey an idea of the labor and to
some extent of the amount of entanglement prevailing in the N. W. Q., the
8. E. Q. and the N.E. Q. The labor involved in what is generally the most tedious
part of the reduction, is well expressed by “Number of Products forming the
same” (i.e. Normal Equation Coefficients) ; the entanglement and other sources of
intricacy are not susceptible of accurate numerical expression in a combined form,
but a very uscful indication in this direction is represented by ** Average terms
per normal equation” ; in all, the table is a valuable contribution to the computer.
Quoting Major Herschel’s numbers for the three Sectional Figures, in the order
N.W.Q, 8.E.Q.and N. E. Q,, it appears; that the *“ Number of Circuit triangles”
are as BL9: 277:573; “Number of Lquations of Coundition”, as 23:15: 49;
“ Number of Normal Equation Cocefficients”, as 329: 165: 551; “ Number of Pro-
ducts forming the same”, as 40°0: 16°7 : 51°0; and the *“ Average terms per Nor-
mal Equation”, as 14: 11: 11: to these may be added, average number of triangles
per circuit, as 162: 123 : 77. Major Herschel has made good progress in the

t Sce Indux Chart of Triangulation given with this report.
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reduction of the N. E. Q. and the results already obtained promise a very suc.
cessful conclusion to his labors. ] o

(60.) The measures necessary for the protection of our Principal stations
have been continued as heretofore, so that the work has now been nearly brought
up to date. The transfer of these stations to the care of District Officers was
begun in 1865, when, having obtained sanction for the necessary funds, Colonel
Walker entered on the difficult and tedious duty in question. In brief, the work
involves a certain amount of correspondence with at least one official in every
district all over India where a station happens to be fixed: approximately there
were 350 districts to be dealt with, and 3,000 stations to be parceled out amongst
the officers for care and protection of the survey marks imbedded within the
structures. These marks present known points on the earth’s surface, their lati-
tudes, longitudes and heights being determined, so that in fact, the points stand
endowed with properties of considerable value, which however can benefit our-
selves or posterity, obviously, only so long as the marks are preserved. Now
althongh, from what has been stated, there are on an average only some 9 points
in adistrict, yet the difficulties of identifying them, necessarily by means of corres-
pondence, are not a few: the stations are fixed from 10 to 60 miles apart, very
frequently in desolate or wild regions or on sites not easy of access; in some in-
stances, considerable periods since construction had elapsed, so that local recollec-
tions of the events had died out; in others, changes in fiscal boundaries and
necessarily in officials added to the difficulties of identification. Thus, descrip-
tive district lists of stations frequently involve tedious correspondence before all
the structures can be found by district officers; when this has once been effected,
the district is included amongst those designated as ‘settled”. -Altogether, 313
districts have been settled, including 2,725 principal stations, leaving some 37
districts and 275 stations to be disposed of. In the work thus completed by the
Superintendent, valuable aid has been rendered by Mr. C. Wood who continues
to maintain his reputation as an excellent assistant.

(61.) The small auxiliary printing office, which forms part of the pro-
fessional establishment essential for reduction and publication of the results of this
department, has continued to work with efficiency and despatch.

(62.) The out-turn of work, performed successively under Mr. Cole's and
Major Herschel’s directions, presents ample and satisfactory evidence of success-
ful supervision,

NO. XIII—-COMPUTING OFFICE.

DRAWING ano PHOTOZINCOGRAPHING BRANCHES.

(63.) The duty of supervising the Drawing and Photozincographing
branches having devolved on Captain H. R. Thuillier, R. E.,as explained in para.
(565), his report on the work performed by these offices during the twelve
months ended 30th September 1876, will be found in Appendix XIII.

DRAWING BRANCH.

(64.) This small auxiliary office has continued to discharge its duties
with efficiency, notwithstanding the severe loss it sus-

PERAONNEL. . . .
. tained in the early part of 1875, when the two senior

Mr. G. W.E. Atkinson, Surveyor 3rd . o . m . N
Grade. and most experienced draftsmen died. The duties in

3 Draftamen, 3 Asristant Draftemen, 1 1o

and 16 Amrentiemn e Hom, Cotori: question are hr_u.ﬂy as foll'ows. All maps and chglrts
drawn by the Field Establishments undergo examina-
tion and, when necessary, correction under the Superintendent’s direction ; after
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which they are passed to be photozincographed : other mapsand charts whicl tle
Field Parties may be unable to prepare are here drawn fair.  Besides, various origin-
al compilations are undertakeun ; as, maps of the Northern countries (Turkestan
&c.), Exploration routes, charts of spirit levels, &c., &c.: also, the original drawings
to illustrate the volumes of the final results are made here, and the press proofs of
these and of all maps, charts, &ec., are examined and passed : every print requiripg
coloring is tinted by the apprentices and colorists, and no less than 8502 copics
were thus finished in the year under review. In addition, the office now posscsses
a very useful cartographical collection that needs suitable care in storing; and
finally, various miscellaneous dvawings are undertaken from time to time, to meet
local requirements. .

(65.) Of the original publications prepared during the twelve months, the
maps of spirit levelled heights occupy the most prominent place in respect to
number aud labor. These maps are deserving of some special notice. In the
original programme, the spirit levelling operations of this Survey were naturally
designed for the use of the department alone; it was however soon perceived by
the Superintendent, Colonel J. 'I'. Walker, R.E., that the lines of levels might be
made subservient to far wider purposes of utility. Now these main lines were
necessarily executed with extreme, if not unprecedented, care, precaution and
skill, for, owing to the enormous distances which exist between sea boards where
alone completely satisfactory checks can be obtained, levelling with the rigour
ordinarily sufficient would lead to results of insufficient value. Having establish-
ed Bench-Marks along various routes, including remote inland tracts wherc re-
ference to the mean sca level was hitherto unattainable, the resulting facts were
printed from year to year for the information of all who were likely to benefit by
them and in view of inviting junctions with the B. Ms. in question. Thus in
course of time, the Public Works Department and Railway Officers connected
their lines with the main lines of the Survey, and it became ponssible when such
junctions had been effected to incorporate all the facts of levelling into a series
of suitable maps, provided only that Exccutive Officers of other departments
would countribute tracings of their lines. This condition is however by no means
an easy one always to sccure ; for notwithstanding that the labonr of compilation
and publication is all undertaken lere, and that unless thus preserved, valuable
information may certainly be wasted after it has been made to serve its immedi-
ate end, yet, the difficulty in obtaining traces, was in a few instances overcome,
only by sending a draftsinan from this office to do the needful at more or less
distant stations. In very many instances however, co-operation was cordially
rendered, or the undertaking must have heen abandoned. The result is, that
up to the present date 26 sheets of spirit levelled heights have been published,
and the value of the compilations stands atlested by the demand that exists for
them.

(66.) I am glad to add that Mr. G. W. E. Atkinson, the chief draftsman,
has continued to discharge his duties with zeal and efliciency.

PHOTO-ZINCOGRAPHING BRANCH.

(67.) This small establishment has continued to prove useful and efficient
as heretofore. By its mecans the maps and charts
Mr. C. 6. Ollentch, Zincogeaphor. of the Survey are ail published under competent
s C. Dyson, Photographer. direction and within a few months, or even weeks,
Progbprentices, 1 Mapkecper and 3 of completion ; the volumes of final results are ilins.
trated with the necessary diagrams, and a large
number of professional forms, representing tabulation of mathematical formnle,
are produced with the accuracy so essential in these very necessary aids to
calculation. :

PERBBONNEL.
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(68.) The out-turn of work for the twelve months under review may be
briefly stated thus.—

Trigonometrical Charts, ... 7 sheets published.

Topographical Maps of Kumaun nnd Garhwﬁl
Guzerat, Kattywar and Delhra Din Surveys, ...

Spirit Level Charts,

Exploration Maps,

Indexes to Surveys,

Gazetteer Maps,

Miscellaneous,

Reprints of Maps already pubhshed

Total,

O N ™
DN ®
M

besides numerous diagrams and forms.

(69.) Contrasting the number of copies printed during the twelve months,
under the usual four beads, we obtain the following out-turn of werk begioning
with 1870-71.

Yeor Maps Charts Dingrams Forms
1870.-71 6,165 839 13,205 10,482
71-72 10,131 1,375 4,937 13,655

72-73 6,910 2,206 12,056 12,549

73-74 9,207 2,027 3,657 28,125
74-75 7,010 3,016 1,795 24,219
75-76 14,025 1,678 9,722 18,314

Or abstracting from the preceding table, there results as follows,

Sveszcr. 1870-71 1871-72 1872-73 1873-74 1874-76 1875-76

Maps, Charts and Diagrams, | 20,509 | 16,443 | 21,171 | 14,791 | 11,850 | 25,425
Forms, ... . ... | 10,482 | 13,655 | 12,649 | 28,125 | 24,219 | 18,314

Turther; 7931 Maps and 24756 Charts were issued during the twelve months:
the forms printed were all expended, and the diagrams were practically all absorb-
ed ip the volumes of final results. These facts speak for themselves and there-
fore need no commendation. It may be added, that new work keeps pouring in
at least as fast as the old work is disposed of, so that a formidable list of subjects
to be undertaken, now presents itself for despatch during the ¢nsuing year.
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THE LIBRARY.

(70.) In compliance with the orders of Government, No. 3155 of 30th
September 1876, that “ The state of the Library is to he mention_ed in f(lle annual
report,” I proceed to supply the required information; but as this subject is now
noticed for the first time in an Administrative report on this department, it ap-
pears desirable to introduce the following Lrief preliminary statement.

(71.) The total number of printed volumes in the Field office of the Sur-
veyor General and Superintendent Great Trigonometrical Survey amounted in
the year 1860 to about 100: this collection was maintained almost exclusively for
purposes of computation, so that it consisted chiefly of Numerical Tables; as
Logarithms or other auxiliaries to calculation ; besides some Mathematical, Astro-
nomical and Geodesical works, and a Star Catalogue; together with occasional
copies of travels and other kindred publications. In fact the requirements of the
department, with respect to works of reference, were then of a very limited na-
ture: our calculations were restricted to provisional completion of each chain or
series of triangles regarded as a separate and detached work: these provisional re-
sults were transcribed in triplicate, of which, up to 1857, one copy was forwarded
to the Honourable the Court of Directors, another was deposited at Calcutta and the
third retained in the Ficld office. When however numerous chains of triangles
had been provisionally completed, and the necessity became urgent, for combin-
ing these into consistent masses by the most suitable and rigorous processes due
to the excellence of the triangulation, for printing our professional volumes and
distributing them so as to secure eligible custodians for the results of this great
Survey all over the world, and for illustrating our publications with suitable Maps,
Charts and Diagrams, then the demand for works of reference, showing what had
been done on other State Surveys, treating of mathematical analysis, or imparting
general information, became equally urgent.

(72.) The present small Library, attached to the Computing Office, has
thus been gradually formed, chiefly during the last 14 years, to meet this demand.
The books are placed in a quadrangular framework* which admits of inspection
both from within and without, so that the attacks by White-ants are detected at
the outset, and damage from this source is unknown. At the present time, there
are in all 2121 volumes in the quadrangular shelf, where they are arranged under

Philosophical, L. Manuals, 19 hLeads or ClﬂSSeS, so that a

A. Mathemntics, F. .
B. Aetronomy, G. Travels, N. Photography, class consists of only some 110
{ Meteorology ( Geographical P. Pamphleto, N
C. { Mot okt 1, { feoar ’ A S volumes on _the average. These
agn 1
D. Geodesy, I Historical, U. Almanaes, books constitute what is known
Gvology, Botany J. Public Records, V. Chntalogues, Y . : . 3

E {Zoology, ! K. Eucyclopedis, Z. Miscellancous, as the Standard lerary ’ their

titles are entered, class by class
in a Catalogue, where the date of admission is also registered ; and each volume
is marked on arrival with the Survey Library stamp, in which the current year is
included. Books may not be taken out of the Library room, without first signing
a receipt, in which the condition of the volumes taken on loan is stated and a
promise made to supply new copies in case of injury to those received. The
Standard Library contains only one copy of each work.

(73.)  All duplicate copies are collected together by themselves and classi-
fied as above; they constitute what is known as the Duplicate Library and
represent to a large extent works kept in stock, for supply to field establishments
of this Survey and others, or for consultation and use in the Computing Office ;
as Numerical Tables, Pamphlets on various subjeets, &c. &e..

(74%.) il the foregoing are kept in one room, which is 18 feet square.
The books are in good order and they are well looked after, but, as is obvious from
the dimensions of the roow, enlarged accommodation is much needed.

® This quadrangle is rieceasarily of wood ; otherwise it genernlly resemblos the one of iron for Maps in the Ord-
nance Burvey Ollice, Nouthampton.



28

(75.) T cannot conclude this report without suitable allusion to Mr. H.
R. Duhan, the Personal Assistant to the Superintendent. Writing as I do of a
period when I was absent on furlough, and in this instance of duties, which from
their nature ave rendered as frequently orally as otherwise, I amn constrained to
revert to the Superintendent’s last report, where acknowledgment is made of Mr.
Duhan’s “ valuable services,” and to my personal knowledge of the estimation in
which Captain Thuillier (my predecessor as Officiating Superintendent) held the
aid rendered to him by the Personal Assistant. Apart from this general testi-
mony and the discharge of his ordinary duties, Mr. Duhan has taken a leadin
share in preparing the ten years statement of expenses called for by the Secretary
of State, a duty which he discharged to the satisfaction of the Surveyor General
of India. During my term of office as Officiating Superintendent, I have heen
much indebted to Mr., Duhan for the prompt and efficient manner in which he
afforded me every required assistance. Mr. L. H. Clarke continues to discharge
his duties in the corresponding oftice, and as general store keeper, with care,
punctuality and despatch.

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

J. B. N. HENNESSEY,
Deputy Superintendent, 1st Grade,

late Officiating Superintendent.
Denra Dry; }

Dated 1st March 1877.
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Abstract of the out-turn of work executed by the Great Trigonometrical
Survey Parties, during the Survey year 1875-76.
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Principel Triangulation.
Number of Stations, newly fixed, ... 171 .. 14 71 .. 1
Do. Triangles, completed, 21| .. 18 9 .. 48
Average Trinngular error, in seconds, { gg?* " 034 | 048 | ...
Do. Probublo errors of angles, in seconds,+ { g;gf 026 | 015 | ...
Astronomical Azimuths of verification, observed, 1 1
Length of Serics, in miles, a0 | .. 116 21 ", v 217
Aven of llmnguluhon in square mllcs, 648 | ... o | 3323 311 .. . | 4182
Number of Stalions selected in ndrance, 10 17 32 (3]
Lenglh of Approximate Series, in miles, ... 36 100 | 134 . 270
Number of Towers constructed, ... o . 2 e 2
Do. Seaflolds erected, 19| .. e - . 19
Do. Pillnrs and Platforms constructcd 21| .. 21 8| .. 60
Do. Stations whose elements have been, )
eomputed, ’ 17 : 14 7 s o 38
Astronomical Azimuths of verification, computed, 2 2
Number of Stations finally placed under offi-
cial protection, 17| .. 18 19 . 6L
Do.  of Stations protected and closed, ... 25| .. 18 2 45
Preliminary Charts of Triangulution, 1 1 1 2 . . . 6

Secondary Triangulation and Topographical
Work.

Number of Triangles of which all 3 angles have - .

been observed, 8 } 13 41 2 47 165 95 | 363
Number of Trlunnlcs of which only 2 angles

havo been observed, } 220 ) 142 | 10| ... 104 | 1118 | 324 | 2048
Number of Stations whose posmons unly have

been fixed, } 2 .. 43 . 4579

Numbe;o:)("lsl‘:::(tl‘its fixed by mtersectmn, but} 8l .. 109 58 50| ... 27 | 656 191 | 1108

Number of Revenue Survoy Stations and
Boundary junction pillars, fixed by l‘rl-}
angulation,

Number of Stations and Points whose heights )
have boen detormined, . j

6 .. 108 6 92 .. 47 | 295 B0 | 633

Length of Sccondnry Serics, in miles, - 41| 246 | .., 152 | .. 439
ﬁlea of t‘lmn;.; ll_]|"lulm in s;lume nuicul i 188 (3083 | .., 2642 .. 16850 | 1650 | 9413
rea embraced by Trinngulation to hill pen s,
o mquare mitea 5 P } v (4607|2280 [ .o | oo | | .. | .. |e887
Lengih of r\ppmnnmlc Series, in nnlcs, . 8| .. . o N 88
Nuwmber of Pillars, Platforme or Posta cm\slruot
e or ropmired. } 27| 23| 1y 10 .. | .. | 19| ... | 200
umber of Stations and Toints whose clements

N lll\\'(‘ beon Cﬂll]])“[(‘d } B 15 197 72 e 174 * o 466?
umber of Points fixed by traverse and their

Le elements, computvd) } ¢ - : 1 : 1792 ¢ ¢ 1793¢
ngth of Boundary lines and Check Lines tra-

versed, in linear miles, } . e 126 | 1600 | 1169 | 2885
Ancroid thvrmmnhnns of ]mlg]lt . i 245 o 246
Aren topographically surveyed on scale of 2

inches= 1 mle, in square miles, } v o 430 | 2251 | 948 | 3629

Area topographically surveyed on scale of 4]

inches = 1 mile, in squuru miles, .y " "
Number of Maps, " 1 6 12 11 20
Levelling Operations.
Number of miles levolled over, . o . 421 . 421
Do, of Permanent Uencli-Marks fixed, . 166 | ... - - 166
Miscellaneous,
Kumber of miles of rays clenred, " 274 | 250 48 20 1041 ., . . 678
Do. do.  path-way mnrlo, 628 28 . . 556
Do. 1Lill Lops clenred of forest and _]llng]c, 95 19 2| . vee - 66

® Sco appondix, + Ceylon Serics, 1 Besides 7 sections in hund and the printing of 14 maps completed,
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L Extract from the Narrative Report—dated 3rd October 1876—of Major B. R. BRANFILL,
Deputy Superintendent 2nd Grade, in charge of the Madras Party.

(2.) The main body of the party to the number of 70, under the Tindal and Dafladar, left
The Party leaves Bangaloro for the Fecess quarters at Bangalore and marched by tht.3 usual route for
Ficld, but is stopped by cholers and Madura on the 13th October 1875, but on entering Salem on tho
brought back. 22nd were put in quarantine by the District Collector in consequence
of cholera of & virulent type having broken out amongst them, three cases proving fatal. On hearing
this | proceeded to join the party at onece hy train with medical aid, and found them in a state of paniec
ond deserting rapidly. All the newly engaged men refused to go ob, demanding their discharge or to
be taken back to their homes and famnilies at Bangalore at once. Cholera being very prevalent in the
Dindigal and Madura districts ahead, and worse in rear on the route by which they Lad come, 1 felt
obliged, ns they positively refused to remain where they were, to take them by railway to Mysore
Territory; and no fresh cases of cholera occurring, they obtained a clean bill of health and were marched
into Bangalore under Mr. Bryson on the 2nd November.

(3.) After recruiling the party in numbers and morale, the entire party ngain left Bangalore
for the field, proceeding by rail as far as Madura on the 15th Novem-
ber, and commenced the approximate series operations for the season
at Rimndd on the 1st December, having left the 24-inch Theodolite in deposit at Bladura, there to
remain till actually required for the final observations.

(4.) I made the following arrangements and disposition of the party for the prosecution of
the work. The country to be traversed being low, flat, and much
wooded, like that reported on last season (para. 24 of my last annual
report for 1874.75), and very few stations and no rays being ready
for observations, I threw our whole strength upon the approximate series, and divided the entire party
into five pretty equal working parties, one each for my four assistante and myself. Mr. Belcham was to
keep to the east flank stutions and rays, M. Potter to those of the west flank, while Messrs, Laseron
and Bryson (the latter in company with myself, being new to this kind of work,) were to prepare the
centre of the series. ’

(5.) From the unusually heavy rains of the autumn, the country was at first barely passable,
which hindered us much. On the east flank aud centre we got on
as well as we could expect, but on the west Messrs. Potter and
Laseron wera greatly delayed on their first rays, although they were between stations which they had
themselves sclected and built at the close of the last season. I need not however here particularize
the share of the work talten by ench of us, as it is all shown in detail in the tabular statement attached
s usual to this report ; sullice it to say that by the end of January, after two months incessant hard
work, we had only compleied two hexagons; and a8 it was high time to begin the final observations I
sent for the vegular carriers to bring the lnrge theodolite, and began the final observations on the
9th February, taking Mr. Bryson with me to record.

(6.) I nest proceeded to the centre stalivn Manegandi, and obsorved the usual azimuth of
verification, in which I may remark that I found no inconvenience,
want of stabilily nor any unusual tendency to dislevelment, in the
theodolite, from the use of my high (174 feet iripcd) stand.

(7.) I now called in Mnr. Belchian to take up 1ho final observing with the 24-inch theodolite,
leaving Meossrs. Potter and Laseron to continue the approximate
geries in advance for next season, whilst I proceeded to complete the
Rimesweram Island Series for the Ceylon Connection; which I found
no great difficulty in doing during the month of March.

(8.) Meanwhile Mr. Belcham had olserved the final angles at seven of the ten remnining

Final Obsorvations continucd by Me stations of the mnin series—a good month's work I consider—and

Belcham. Y EE how proceeded to observe at the nine stations of the island series,

all which he successfully completed on the 25th April, although he

was considerably delayed by contrary winds and foul weather: at one ststion he obtained the first

night's observations but could get no more for svme days until he had raised the instrument on piles

sbout 8 feet higher, owing to the setting in of an unusually high southerly wind which raised the
waves of {he intervening aea.

(9.) The station on the aand hill near RfAmesweram observed to last season could not be
found, having been buried deep in the shifting sand, and it was
necessary to estallish o mew one. 'This station caused me much

Finally takes the Field.

Plan of Operations, Approximate
Series.

Actual Progress.

The final Obsorving begun.

Island Series for Ceylon Connection
prepaved.

The Réwesweram Sand Till Station.
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anxiety. and I spent much time in watching it during the observations, lest it should be blown away
or buried again. It consisted merely of a long 10 feet pile of hard wood driven into the sand at the
top of the highest hillock, where there remained just below the surface some of the moisture of last
autumn’s rains ; but ns fast ns the sun evaporated the moisture, the wind which was uncommonly
high for the season, bLlew away the surface sand daily to the depth of 4 or 5 inches or more; and it
was only by continually replacing the sand, and by freely watering and beating it to a smooth und
compnct mass, that the pile and mark were preserved.

(10.) After seeing the completion of the island series, having obtained furlough to England,
Completion of the Ficld Scason’s I left Mr. Belcham to observe the remaining angles of the main series
ork. ot the three lnst stetions, which he finished by the 4th May, whilst

1 proceeded to Bangnlore to make over charge of the party to Captain W.M. Campbell, R.E.

(11) Briefly stated the sensow’s outturn of work consists of 17 new principal stations,
fixed by 21 triangles forming three hesagons and a quadrilateral,
extending the series 80 miles (half to the north, and half to the
enstward,) besides an nstronomical azimuth of verification. Owing to the flat and wooded state of the
country the aren of the trinngulation is exceedingly small : but few secondnry points or land marks could
be fixed, and but two figures in advance have been prepared for next season, and I much doubt if
any greater rate of progress can be expected until the country becomes more favorable for trigonome-
trical operations,

Outturn of Work necessarily small,

The Surveyor, Mr. Belcham, and tbree Assistant Surveyors

Assi
Tho Aeistants. attnohed to the party have all worked hard and well.

Appendix to Major BRANFILL'S Narrative Report by Captain W. M. CAMPBELL, R.E., Officiating
Deputy Superintendent 2nd Grade, officiating in charze of the Madras Party,
dated 3rd October 1876.

(2.) Major Branfill recommended my taking steps during the recess for raising the stations
Tncrensed Height of Stationsadvissble, in order to obtain clearer rays, and gave it as his opinion that the
Height of Theodolite. best way of doing so would be by increasing the height of the, 17}
fect braced tripod stand for the 24-inch theodolite. This stand was used throughout last season on
wmasonry pillars about 8 feet high, built to support the feet : thus the height of the telescope of the
theodolite became 8 4+ 174 + 5 (about) = 304 feet above the ground.
(3.) The usual height of the signal platform was about 40 feet, and this Major Branfill seemed
Height of Signal. to thin.k c'ould not.easily b.e inc.rensed.. For my own part |.felt
more inclined to raise the signal if possible, than to alter the tripod
stand, considering the slight trouble and expense involved in raising the masonry pillars carrying the
latter, if incrensed height of the observing station should still be necessary. I nccordingly had a
trial signal platform erccted and obtained a height of 58 feet without serious trouble. Mr. Belcham
watched the behaviour of this platform by observing the lamp on the top through a theodolite at a
convenient distance, and he found that under o strong breeze blowing in gusts the extreme deflection
was not above an inch, the platform recovering itself when the wind dropped. This is, T think, highly
sntisfactory and shosws that such a platform may be well trusted for rays averaging 10 miles in length,
on which one inch subtends an angle of about 0'33 second.

(%) Major Branfill aleo drew my attention to the difficulty of plumbing the lamp at such o
height as 40 feet from the ground, except in the calmest weather,
without some shelter for the plumb-line. To obviate this I have had
oloth funnels constructed to protect the line from top to bottom.

(3.) As regards the work of the recess—it bns been carried on very satisfactorily under the

Recess Work. immediate charge of Mr. Belcham, and was completed by the 21st
September, on which date the original records and chart were for-

Difficulty of plumbing.

warded to Head Quarters,
(6.) There is one point in the reductions which calls for notice, viz:—the remarkable and
Apparent Eeror in trigonometrical rapidly increasing difference between the sea level and thn.t deduced
Heighta. from the irigonometrical heights of the triangulation running slong
the coast, wilh one flank on islands, and latterly cntirely on istands,
for the purpose of the Ceylon Connection. By spirit levelling connecting the tide-gauge at Tuticorin
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with the Cape Comorin Base the error of the trigonometrical heights there was — 7 feet. In the
season 1874-75 when the series first struck the coast, 110 miles from the Base-line, the error was found
to be — 10-7 feot, increasing to — 12-4 feet in a farther distance of 30 miles. Last season starting
with this error of — 124 feet we close with — 147 feet, after two figures extending 40 miles over sen
and islands. The progression is by no meaus regular, as we have cascs of — 187 feet and — 17°2 feet
between the initial and closing errors of — 124 and — 14'7 feet respectively.

(7.) These facts tend to show that the refraction affecting grazing rays over the sea is so
irregular ns to make vertical angles untrustworthy, but I can cce
no renson why the result should be cumulative, as it certainly
appears to be, although I have examined the chart and attempted to find some connection between
the growth of the error and the relative positions of the stations as regards their heights, distances
apart, and whether the ray passes chiefly over land or sen. The signals obtained were, as might be
expected under the circumstances, very bad and wild, baving the appearance as Mr. Belcham says
of “npillars of fire”.

(8.) 'The references to sen level are of course only approximate, but they were made with
gome care and cnnnot bo maore thanm a few inches in error. They
were obtained by observing the height of the tides on n stake driven
into the bed of a sheltered pool, or pit on the beach, just under the station, and measuring the actual
height of the station above the mean sea level so arrived at.

(9.) 1 have to thank Messrs, Belcham, Potter, and Bryson, for their steady application in offico.

Causes surmisod.

Rough Tidal Observations.

IL. Extract from the Narrative Report—dated 7th August 1876—of Lieutenant H. J. HARMAN,
B.E., Assistant Superintendent 2nd Grade, in charge of the Assam Valley Triangulation.

(1.) The preliminary work of the principal series, executed in advance at the close of the
field season 1874-75, consisted of 5 rays, 4 post stations, and 2 lines in progress; forming 2 triangles
which had not been observed on account of the senson being so far advanced, the Dimid station
practioaily inaccessible, and the difficulty of getting at and removing some obstacles from the line
Bor Ghop to Melankdr: two rays had been cut from a side of the principal series to fix the treusury
building in the civil station of Jorhdt. Two rays cut to the Revenue Survey pillar on the south bank
of the Dikhu river, near its mouth, were also reported open.

(2.) With a party of men I left Gauhiti, by steamer, and arrived at the ghdt for Jorhét on
the 3rd November 1875, starting field work the following day. In re-opening the rays forming the
Jorhdt triangle one line gave trouble. 2 miles of forest falling in this ray, I found that one edge of the
ray required much brushing. I observed the angles of this trinngle and then re-opened the triangle to
the Revenue Survey pillar of para. 1, and observed the angles: this done I re-opened 4 rays f the past
season’s work, cut some 5 miles of pathway, repaired three stations, erected three signal platforms, ob-
served angles at one station, and collected stores of rice and dhdén. Thus was I occupied till the 26(h
November 1875, when I was joined by Messrs. W. J. O'Sullivan, E. P. Wrixon, and J. F. McCarthy,
who arrived from Gauhdti, by march, in charge of the main camp.

(3.) Mr. O'Sullivan unfortunately got an attack of fever &c., but was sufliciently recovered and
able to start work at the Dimd station by the 14th December. Mr. E. P. Wrixon commenced work at
the Dimi station on the 18t December. From that date until the 8th January 1876 he was employed
in re-opening 4 miles of the ray Dimi to Tengapania (cut as a final line the previous senson) and carry-
ing it on for another two miles towards the Intter station, which also he built. On December 12th I
assisted him in completing the remaining 1} miles to the Tengapania station. Mr. McCarthy joined
the party at Gauhiti on November 4th, marched with the main camp to the field, and began his ficld
work on the 10th of December 1875. Between November 2(th and December 10th I re-opened 2
more old rays, repaired one station, observed angles at 2 stations,and cut a trial ray (half of which had
been cut the previousseason) and gave to Messrs. O’Sullivan and MecCarthy the data for cutting the
final ray, which they finished by the 23rd Decomber. I have now shown how Messrs. O'Sullivan and
McCarthy were employed up to the 23rd December, Mr. WriXon to the 8th January, and myself to the



s_a [SEasor 1876-76.
13th December. So far nothing worthy of remark occurred, unless it be the heavy cutting on the ray
Dimi to Tengapania which hnd absorbed the Inbor of a strong party for 23 months.

(+) In re-opening old rays I used to visit the line at points about half a mile apart, nscend a
portable Indder, and so direot the cutting of only that growth which showed above the line of grass: it
was astonishing the height to which some of the shoots from the tree stumps, bamboos &e., had sprung
up in the few months that had elapsed since the lines had been cut through. In most instances 1
placed the signals on a frame, fastened to the wooden top fitted into an iron telegraph standard and
socket. the post being isolated and fixed in position by wire stays. The signals were steady in n fresh
breeze, nnd the height of 30 to 83 feet thus obtained for the signal proved sufficient on all the lines
except one, where it was found that the distant heliotrope was obstructed by grass on a high bank, some-
where about the centre of the ray, from the instrument placed at 21 feet above ground. On this line
T observed angles to grazing heliotropes and in consequence the triangle produced a large triangle error.
The delay thus occasioned would not have occurred, had I provided myself with a 7 or 8 feet port-
able stand for the theodolite, for it is evident that with an obstruction on the ray nearer the instru-
ment than the distant signal, an increase of 3 or 4 feet given to the height of the instrument stand is
much more eflective than the same increase of height given to the signal, but I did not think such a
stand would be found necessary, as all the grass on the rays of the previous senson had then been cut
to the ground.

(5.) On the 24th Decomber Mr. O'Sullivan began the ray Tengapania to Dihing, completing
it and the Luilding of the Dihing station on the 30th December 187G. He then tock up the ray
Paonriputra to Buri, finishing it and the building of the Paonriputra station by the 25th February.
The tops of the posts of this station were 25 feet above ground, aud it was a particularly well built and
gool station. He was then employed on the preliminary work of the branch series from Dibrugarh
to Jaipur. On the 20th April I found it necessary that he should take up the line Rajabeta to
Dibrugarh which had been over 2 months in Mr. Wrixon’s hands. Mr. O’'Sullivan cut an entirely
new and successful line in 6 days between the 28th February and May 10th. He had cut on the
branch reries to Juipur, one final ray, 8 straight narrow gaps fixing the sites of 6 stations, and had
built one post station : he also erested a scaffold 80 feet high so as to obtain the line from the Timoli-
khat station to the Hilika hill station of the Revenue and Topographical Surveys, in the Naga hilly,
but bnd weather prevented any observations to it. Mr. O'Sullivan closed work on the 10th of May and
left for Gauhiti with his party by steamer on the 13th May. Iie was gmployed at Gauhiti on various
work until June 1st when Le proceeded on three months privilege leave. 1 have much pleasure in
stating that I am well satisfied with the care and labour he bestowed on his work, its style, and the
lInrge amount of out-turn.

(6.) On the 8th January Mr. Wrixon took up the ray Tengapania to Sisa completing it on the
29th January: on the 5th February I assisted him in starting work on the line Rajabetn station to
Dibrugarh church.  The building of the Rajabetn station and the cutting of the two rays from it to the
Khalkata and Buri stations, as far as the left bank of the Brahmaputra, were also entrusted to him, On
the 20th April Mr. O'Sullivan took over charge of tho work on the Rajabeta-Dibrugarh line, ond
Mr. Wrixon shifted across the river, built the Khalkate station and cleared the few trees standing on
the line from it to Dibrugarh church: he then ran the nextnorth flank ray and Dbuilt the slation of
Saenga Jan; removed the trces on the lines from it to the Mekln station and Dibrugarh church: he
then took up the next flank ray ; and on May 12th, finding the live in diflicult swamp and cane forest,
1 closed the work of his detachment for the senson. On the 27th May Mr. Wrixon left by steamer for
Gaubiti, and reached Shillong on the 3rd June,

(7.) On the 23rd December Mr. McCarthy took up the widening of one of my narrow gaps
nnd finished it by December 26th: on the 29th December I assisted him in starting work on the
Sisn-Ilealmnra line, which wns out of hand on the 14th Jannary. He then built the station at
Henlmara, ran the next flank ray and built the Buri station, cut two final rays, (data for which 1 had
provided by two trial lines,) ran one wore final ray, and cut the line Buri-Rajabeta as far as the right
bank of the Brahmaputra: all the above work reported out of hand on the 25th Februnry 1876. Mr.
MecCarthy completed the line Pnonviputra to Khalkata on the 11th March, and then crossed over {o
Dibrugorh, and opened out as fioal rays 6 lines forming the right flank of the series, from Dibrugarh
up to Pubha Revenue Survey masonry pillar; built one post station, and also all but completed the
three rays from the station of Silani, (selected by him on the N. bank of the river,) to three of his
stations on the 8. bank. DBad wenther and the rise of the river compelling him to return to Mekln he
finished the bLuilding of that station on the 2nd May 1876, remaining there until tho 13th of May ob-
serving to bill penks. He then at Dibrugarh observed to the hill peaks until 24th May 1876, and on
the 27th he left by steamer for Gauhati and arrived nt recess quarters in Shillong on the 3rd June.
Mr. McCarthy displayed considerable and unremitting energy in his work. This was his first
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season’s employment on triangulation, and the sucecessful way ho managed it and his Jarge out-turn
reflect great credit on him, and 1 have every reason to be well plensed with his reason’s worle.

(3.) At the close of para. 3 the nccount of my work is brought up to the 13th December 1875,
Tilt January 1st I was engnged in observing from three stations, on the repair of last year’s station
of Sisn, and the clearing away of all the treces up to the river bank on 4 lines that converge upon
this station. I also ran one trial gap and afterwards widened it into a final ray.  During Jauuary | cut
four trial and 3 final rays, built one post station, and was for 10 days occupied in various work ;
such ns searching for the Khallata Revenue Survey masonry pillar; traversing to obtain data for the
line Lorua to Sisa; raising a mound of enrth at the Rajaletla station, and erecting there a ladder 70
feet high; laying out a ray trace ns a guide for Mr. Wrixon in determining the line Rajabetu to
Dibrugarh church.  On 2nd February 1left my head quarters at Dihingmuk to help Mr. Wrixon
to start work at Rajabeta, Thenee ! marched to Jaipur, at the foot of the Nagn hiils, and settled the
situntion of the stations on the N. flank of the branch series Dibrugarh to Jaipur. This is intended
to connect the principal trinngulation with the Revenue Survey hill stations, Deohal, near Jaipur, and
Hilika, about 7 miles S. of Jaipur, close above the Disang river, on the outer range of Naga hills.
This latler station is also common to the Topographical Survey of the Naga hills. 1 cleared the
Deohal hill of jungle and found the marks, both on it and the Hilika hill, intnct. Trom Jaipur I marched
neross to Sadiya and met the Deputy Commissioner of Dibrugarh, to whom I explained the advantage
which the survey would gain, if a certain hill penk on the outer range of the Abar hills, north of the
valley, could be occupied as a station. From Sadiya I passed down the river to Dibrugarh and selected
the sites of all the stations, except 3, which would form the principal series extending from Dibrugarh
to Sadiya.

(9.) On the 25th February I left my head quarter camp for a Miri village at the foot of the
Abar hills on the right bank of the Dirjimmu river. The Deputy Commiseioner had interested himself
in my project for visiting the above mentioned hill peak and I had received good information that
weveral Abar chiefs (who had lLeen informed) were assembled at the above Miri village and had expressed
their willingness to conduct me and my men to the hill I had pointed out. But my interview with
the Abar assemblage was unsatisfactory, and I had to break up the meeting, as each man in turn stood
forward and forbade the journey: they said *‘the entrance of strangers into their hills was unprece-
dented”—* tliey did not much ohject to iny going alone, provided I made no map for the Queen to see,
who would in consequence promptly claim them as subjects’—* they could not allow my men togoand
cut down their trees on the hill tops and make marks &c.” I had no time to spare for a pleasure trip, and
1 did not go. Work to luminous.signals could not well be undertaken if a strong probability existed
of the signal parties being molested, hindered, or communication with them in any way obstructed :
besides in the densely forest-clad country of the hills and valley north of the river, for speedy work,
guides nre very necessary. The above circumstances I reported to the Deputy Commissioner and to
Héad Qnarters.

(10.) On March 3rd I went in pursuit of a runaway elephant, a fine tusker attached to Mr.
Wrixon's detuchment: aftec 3 days’ tracking I came up with him, but could not get him to stand: on
the fourth day I left a femnle clephant and a party of mahouts &e. in the forest, and marched for Dihing
station to go on with the observations. During March I closed 5 stations, and was detained in all 7
days in removing from lines obstacles which wholly or partly obscured the distant heliotropes. On
April 3rd I heard that the runaway elephant had been enticed into more open ground and that the
efforts of the three kunki (trained) clephants obtained for the purpose of his capture had proved in-
effectual ; so I agnin left my work, chased him about for four days and prevented his getting sleep at
night, and on the morning of 8th April, he was secured : he was in capital coudition and had been loosa
in the forests just five weeks.

(lL.) After inspecting the work on the Rajabeta-Dibrugarh line, I completed observations at 2
stations by the 13th April. On arrival at my next station Buri I was distressed to find the line
Buri to Rajabeta quite wrong, and I had to cut an entirely new line from end to end; this caused
me greal deloy and proved a difficult task. ] had only 8 men with me for work; the river had risen
high and filled all the side chanuels of the river, which were dry but a few days previously; ndded to
this, henvy rain sct in on the 21st April, mists rose on the river at night, and my cbservations practically
ceased for 7 days: it was the 9th of May when I finally closed tho stutions of Buri, Rnjabela, and
Paonriputra. Between May 10th aud 18th I observed angles nt 4 new siations of the series, visited the
three detachments of the party, and then went down the river to revise the angles at Sisa and Kher-
kutia stations of the trinngle mentioned in paragraph 4 as having a large triangular error. I got clear
signals, and the new nngles differed from the former values by amounts having the same sign (the new angles
_were both greater,) proving that the former angles were vitiatud by the graze; and the difference being
almost equul in amount showed that the obstruction would probably have been found near the middle
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of the ray, as I thought it appeared. Having visited Lasun station to obrerve to hill peaks, without
succoss, on May 18th [ canght a downward steamer and reached Gauhditi on the 21st May. After
arcanging tho affairs of the party and secing the building of Lhe elephant shed &o. nearly completed,
I left for Shillong on May 24th and arrived there on the 25th.

(12) The collection and distribution of provisions gave much trouble and Iabor: nearly all the
rice and dhdn was obtninved by private purchase from the villages wbout Jorhit and Sibs:{gur, on
account of the very high prices ruling in the Dibrugarh dazar and district. Excepting o few Miri vil.
lages, there are no inhabitants in the vicinity of the greater part of series: no local Inbor was availnble
or procured. In getting parties of mgnallers &e. passed across the river and side channels of the river
many vesations delays occurred, the men often having to go long distances out of their way to get
put across the water. The weather for work on the preliminary series was all that oould be desired
until April 21st, when very bad weather set in. The general henlth of the party was excellent.

(13.) Many difficulties were met with in taking the observations: most of the rays were nearly
grazing rays; the greater number passed more or less over the river, and the signals at 9 4.2t and 3
a.M. were as a rule very wild. For 3 days in March and 2 in April eo thick was the haze and smoke
over head that the heliotropes barely showed at all ; and on 2 days I got little work on accountof n gule
from the north west, which blew such dense clouds of sand down the river as to cause the heliotropes to
be visible for only short intervals. I had very bad luck with the work to hill peaks, and did not obtain
20 angles before April 20th; afterwards I was more fortunate.

(14.) All the post stations on the south bank of the Brahmaputra except one stood on firm soil,
aud when the posts of the station and the instrument were properly protected from the wind by screens
of grass &e., no difficulty on the score of instability arose; but not so with those stations built on the
north side of the Brahmaputra, which were built on sand : the usual grass screcus for the wind caused
the platforn to vibrate, and the tremor was communicated to the instrument. I found it best to be
content with only & bit of cloth as shelter for the portable instrument stand. At Paonriputra (o re-
markably strong and well built 25 feet post station) it happened that one of the buts for the men was
placed about 120 feet distant from the station, and if by chance a man threw down a bundle of firewood
at the door of his hut, or chopped n bit of wood, the jog given to the instrument would quite throw off
the intersection of the distant signal: one day I measured a distance of 172 feet from the station pillar
to where a man was seated fashioning a tent peg on a block of wood, the blows of his dao spoiling my
angles. At every station on the north bank of the river, if & man came at all quickly up the ladder to
the platform a strong tremor was visible in the telescope. To build a station different to the ordinary
pattern, on sites of hard sand with a water-logged stratum only a few feet below the surface, did not
sugrest itselt to me as necessary till after the stations had been huilt and observing had commenced :
obviously, better isolation for the posts of the instrument, and comfortable work would have been
obtained, if the uprights of the observer’s platform had been spread nut so that their feet were distant
from the three posts, the uprights being supplied with pleatiful bracing well nailed, the feet of fhe
uprights not being sunk in the ground but resting on planks, and so forth: this senson the only re-
sult has been that the observatious required painful care. The average triangular error of the principsl
trinngulation is 1'15 seconds.

(15.) The analysis of the heights observed is as follows:—(1.) On 22 rays passing over land
and Water, comprising 303 observations, the factor of refraction is on every ray negative, the menn
value being—-066. (2.) On 2 rays passing almost entirely over the river, and respectively 104 and
7 milesin length, comprising 36 observations, the factor on each ray is positive, the mean value being
+068. (3.) On 6 rays converging on the lofty stations of (3norisagar temple (90 feet) and Dibru-
gorh church tower (50 feet), comprising 84 observations, the factor on each ray is positive, the menn
vnlue bheing +"033.

(16.) The hill peaks observed to extend up to a line bearing from Dibrugarh church 20° east of
north.

III. Extract from the Narrative Report—dated 19th July 1876—of W. G. BEVERLEY, Esq..
Officiating Assistant Superintendent 2nd Grade, in charge of the Burmah Party.

(2.) It will have heen observed from last year's Report, that the triangulation carried on in
1874-75 had not been finally connected with the Eastern Froutier Series. This work was therefore first
taken in hund, so as to furuish at an early date the accurate positions of points along the const for the
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Marine Survey. A new light-house about five miles out at sea was also in course of construction, and
it wag necessary to get some observations from the top of the old light-house before it way dismantled,
in order to obtain data for opening a ray to the new light from one of our stations on the coast. The
programme of work for the season of 1873-76 was, in addition to the above, the extension of the triangu-
lution along the coast towards the Krishna Shoal light-house, three chains of secondary triangles to start
from principal sides of the liustern krontier Scries, one vid Tonghoo to the Boundary to the north, a
gecond vid Prome and Thiyetmyo to the Boundary, and the third vid Bassein to Cape Negrais to the
south.

(3.) [ left recess quarters at the end of September to be in time to visit the old light before
removal. 1 visited the place on the 10th of October and obtained the requisite observatiouns, having
had to wade through about & mile of mud and water under a burning sun. A touch of malarious fever
compelled me to abandon the work at that time; in fact it was impossible to effect any ray clearing with
the country entirely under water.

(4) In order to complete the connection of last year's work with the Eastern Frontier Series,
I reconnoitred the country and selected a site for a station which was to be employed in addition to those
already selected. 1 also took observations at three other stations, and obtained data for opening the ray
Chanakpho to Chagliba. I decided upon using the principal stations of Chaiteo, Chaideo, and Thild, of
the Eastorn Fronticr Neries, as the stations of origin.

(5.) After various delays [ was enabled to leave Rangoon by the steamer of the 27th of Novem-
ber to take up the triangulation down to Cape Negrais. Before commencing, I went up to Prome to see
how Mr. Low had laid out his work. I visited my first station on the 10th of December and closed work
on the 15th of April.

(6.) The country traversed by me in the Henzada district was a difficult one for triangulation :
it was imposaible to get on to the main ridge runniug parallel to the Irrawaddy, while the spurs from
it were not only very densely wooded but were not long enough to admit of both flank stations being
solected on them. The country between the river and the foot of the hills is very well populated, but
no villages exist up the lateral ravines, and the villagers decline to go beyond a certain distance from
their houses from a dread of wild animals and malaria. In most large ravines timber is felled to a con-
siderable extent nnd there are several cart roads made for conveying the same to points whence they can
be flonted down: it was not therefore difficult to procure carringe nor except occasionally was any diffi-
eulty experienced in obtaining covlies to visit the hills not remote from the villages.

(7) The country between the river and the foot of the hills is oceasionally undulating and covered
with patches of dense forest: this added to the difficulties of selecting stations. I succeeded however,
by using some stations in the plains on one flank and avoiding intermediate rays, in carrying the trian.
gulution down to within 32 miles of Bassein—a direct distance of 81 miles. The hills lere are very
low (the forward station being probably below 200 feet) and are n serics of plateaus densely wooded.
The clearing of such hills in one of the hottest months of the year was likely to occupy three weeks and
more, and [ considered it advisable to close before the heavy rains came down and rendered the return
of elephants to Rangoon a dangerous business. The haze prevented Henzada being fised this year, the
station being over 30 miles in a direct distance from the nearest trigonometrical stations on the hills; but
this will be readily done at the commencement of the next ficld season.

(8). Mr. Low was transferred from Head Quarters aud joined the party on the 22nd of October.
He was deputed to take up the trinngulation from near Prome vid 'I'hdyetimyo to the British Boundary
on the north. Owing to the high road to Prome being taken up for the railway, Mr. Low was compel-
led to have his haggage and establishment brought back from the 40Lh mile, and to .eave Rangoon by
steamer for Prome: he commenced work about the end of November.

(9). Tho principal station of Yongdong near Prome, one of the stations of origin for Mr. Low's
triangulation, was found to have the markstones dug out, and a great oblong hole existed instead of the
pillar. He was therefore directed to fall back on Kidong station and to use Yongdong, where he putin
a mark as an entirely new station,

(10). The country trinngulated by Mr. Low lies on both sides of the Irrawaddy river and is
densely wooded. Although well populated, it was difficult to get carringe, and it was rendered more
difficult by the inadequate assistance afforded him. Mr. Low's reports are a record of delays and diff-
culties which would have damped the ardour of a less zealous surveyor.

(11). Though new to the country and the language Mr. Low has completed n very satisfac-
tory season’s work. He has carried his triangulation up to the Boundary, o direct distance of G0 miles ;
fired numerous points in the civil and military stations of Prome and Thiyetinyo; and covered with
trigonometrical points an arca of about 3640 square miles. Mr Low has nlso furnished a very large
number of heights, and given the means of making a connection between the railway and trigonometrical
levelling for comparisun or otherwise. ‘The party has been very much strengthened by the additon
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of an officer of Mr. Low’s ability and zeal. He returned to recess quarters at Moulmein on 3rd
of June.

(12.) The trinngulation for connecting the work of the previous season with the Enstern Fron-
tier Series was made over to Messrs. Mitchell and Collins, to work simultaneously if possible, one in
the Tenasserim district, and the other in the Rangoon division. In order to ubtain correct values at
an early date, Mr. Mitchell was directed to visit the station of Kalamatong of the Eastern Frontier
Sories, close to Moulmein, and from it to observe Rangoon and Siriam pagodas, nnd (heveby furnish divect
values of these two points to be tested by the values obtained from n series of trinngles.

(13) Mr. Mitchell went up to Knlamatong on the 28th of October and obtained his observa-
tions to Rangoon and Sirinm aflter some delay, owing to the station being occupied by Mr. Rossenrode’s
signaimen, and from the mists rising up from the Gulf of Martaban, over which tle rays passed. Mr.
Mitchell subsequently visited three other principal stations of the lnstern Frontier Series, and completed
his observations on the Tenasserim side by the 17th of December, having been delayed very much by bad
pignals and unfavorable weather, The distances from these three stations to Mdko on the Rangoon side
are between 41 and 56 miles, and from Chaiteo to Chaglibd 55-7 miles, and these long sides considerably
retarded the work of both Messrs. Mitchell and Collins; the signals shewn being nt times very faint, and
at other times too unsteady to intersect, due probably to the vapour ascending from the vast expanse of
the Gulf of Martaban.

(14.) Mr. Mitchell also visited the four stations of Chaglibi, Chanankpho, Méko, and Dalabin, on
the Rangoon side, in order to complete the observations which Mr. Collins was unable from various causes
to vbtain: he nlso opened the ray between the first two stations, These four stations were intended for
a quadrilateral, but on nccount of large triangular errors, two triangles were rejected. These errors
appear to be due to the rays passing over marshy ground, and over rice fields. ‘These observations were
completed by the 7th of February, and Mr. Mitchell proceeded to take up the triangulation »id Tonghoo.
The dnta obtained from these observations enabled me, early in March, to furnish the Master Attendant
with the approximate position of the new China Bakir light-house : this position is very near the accu-
rate one since supplied him.

(15) The haze which had set in when Mr. Mitchell took up the Tonghoo triangulation, pre-
vented his taking any final observations from the starting side which is about 33 miles in length. Having
visited one of the terminal stations viz. Myayabengkyo, he reconnoitred the ground selected and cleared
five hills and Inid out the triangulation up to Tonghoeo, and returned to take up the observations. He
was unnble to tale final observations from more than one station, iz. Toungi; and a few from Thiyekha
the olher station of the starting side. T'hc rains had now set in, and he was directed to close and return
to recess quarters if he considered there was too much risk in keeping out an establishment exposed to
continued rain. The observations should be carried up to Tonghoo by an early date next senson,
and 1 have every hope that the triangulation between Tonghoo aud Thiyetmyo along the Boundary will
be out of hand next senson. Mr. Mitchell arrived in recess quarters on the 8th of June having suffered
a good deal in health during the field senson.

(16.) Mr. Colline took the field on the 28th of October and went to Shénteji station to tuke
an anglo there, which could not be vbtained Inst year. The country being here still under water, he
proceeded and built Miko station on the top of a high pagoda. He visited Mako, Chnglibd, and Dala-
bén, in cunnection with Mr. Mitchell's work mentioned nbove, and having taken ns many angles as he
could obtain he returned to talie up the triangulution nlong the const.  As it was necessary fo obtain
data for opening o ray from Mengilon to the new light-honse, he mearured a base carefully on the sea
coast, as the only means whereby an accurate angle for giving the ray conld be obtnined. The ground
between Mengdlon station and the sea const is low and awampy, and he hnd great difficulty in opening
this ray. Later on he visited the new light out at sen and took observations off the staging between
Mengilon station and Elephant Point Column.  Mr. Collins reports that the sen was very rough (being
the north-enst monsoon) and there wns a great denl of vibralion from the force of the waves striking
agninst the staging.  The horizoutal angles were very accordant, ‘The side Mengilon to Klephant Point
obtnined fromn the base mensured on the const, agrees remarknably well with that deduced from computa-
tions brought down by trisngulation, and was used in the approximate computation of the latitude
and longitude of the new light-house.

(17.) On completion of this work Me. Collins took up the continuation of the trinngulation
along the coasl from the side Danot to Motyis. He carried three trial lines between Taolin and
Mengalon, a distance of 11 miles, over ntract of country where there was extreme difficulty in procuring
potable water which wns only obtained in very small quantities and at villages remote from the ray. Ho
took finn! observations nnd completed one quudrilateral, opening the intervening rays; and selected the
sites of G stationw for future work. 'he sites selected appear to be jndicious, and under favorable ir-
sumstances the triangulation will probably reach Krishna Shoal next year.
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(18.) The country nlong the const is low and swampy, intersected with numerous tidal creels,
with very few villages and these far apart. It iy under waler to about the middle of,January,and ‘there
are no means of moving ubout except by boats : after ench flood tide the ground is submerged to a good
distance on each side of the creek, and Mr. Collins had to do most of his marches on foot, wading
through slime and wet. The country was the moest difficult and trying in Burmah, and Mr. Collins
deserves credit for sticking to his work in spite of frequent nttacks of illness, although his out-turn of
work is small. The experience however that he has gained will be of considerable advantage to him
next season. Mr. Collins returned to recess quarters on the 20th of May.

(19.) The men of the Native Establishment have not worked so satisfactorily the lnst season,
the signallers having in repeated instances given a great deal of inconvenience and caused loss of time.

(20.) Tabular statements showing the work done by each officer, accompany this report, and I
trust that considering the unfavorable circumstances under which work is obtained at all times in
Burmah, the out-turn of work for the past season may be considered satisfactory.

(22.) The Master Attendant at Rangoon, Captain Arnot gave every assistance required to Mr.
Collins while employed in fixing the light-house. The work of the Survey always progresses satisfuc-
torily when the District Officers assist the Surveyors. The Deputy ‘Commissioners of Rangoon,
Henzada, and Thdyetmyo, furnished parwanas immediately on application, which were very serviceable,
because the Burmans pay every respect to o document bearing the official stamp of the court. The
Deoputy Commissioner of Prome however refused to give Mr. Low o perwane and his refusal was con-
firmed Ly the Commissioner of the Rangoon Division. The consequence was serious delay and
unnecessary expense entailed on the Government.

IV. Extract from the Narrative Report—dated 18th September 1876—of W. C. ROSSENRODE, Esq.,
Deputy Superintendent 3rd Grade, in charge of the Eastern Frontier Series.

AP —

(2) The duration of fine observing weather being so short in Burma and the sides of some of
the triangles being unavoidably long, owing to the inaccessible mural limestone ranges falling within the
triangulation, and it being utterly impossible to make use of any point in them, I had no alternative
but to resume field operations earlier this senson than I usually did, to endeavour to complete tho long
sides before the setting in of bad weather.

(3.) Mr. J. O. Hughes was posted to this party by Department Order dated 1st September 1875,
and finding that he had had some experience in Assam I determined upon detaching all my three assistanty
and retaining my Burman writer to record for me in the observatory as he did during the previous field
season. Mr. Hughes joined on the 23rd October in a bad state of health coused by an injury he had
sustained at Agra, and finding him completely prostrated, I had to alter all my arrangements.

(4.) Mr. Clancey having rejoined from privilege leave on the 23rd October was directed to nssist
Mr. Beverley in the office.

(5.) I took the field on the 26th October and began final observations at Toungzin H.S. near
Moulmein, clouds and rain interrupted my progress. 1 however completed my observations on the
5th November and returned to Moulmein to rearrange my plans. Mr. Beverley was requested to take
up the approximate triangulation on completion of the office worlt and Mr. Clancey was instructed to
fix a principal station on the eastern fAank, which was required to complete the figure previously formed.
After selecting, building, and preparing the above station, Mr. Clancey was to visit each principal sta-
tion, and to observe nll the high peaks to the east, in the interior, connecting them with oume of the
principal stations of the series. On completing his obscrvations at each station on the eastern flank,
he was to construct o rectangular pillar on it, and mako it over for safe custody to the local officials
before quitling it: in this way he wag to visit seriatim each principal station of the previous season.

(G.) The country being still under water it was utterly impracticable, nay impossible, to march ;
I therefore engnged bonts for the whole party, baggnge, instruments, and provisions, and proceeded to
Wabiantong H.8., which is 2 miles distant from the Salween river.  After the observations were completed
the whole party got into the boats and dropped down the river, and encamped at the foot of Mizantong
ILS. the snme evening.  This hill is composed entively of limestone and the road to it was originally
prepared by Mr. Beverley when ho seleoted the station. The tindal was sent to re-cut and improve
this rond, as the hill was said to be most difficult of nccess. He and his party were employed a whole
month in altering, improving, and making it practicable for conveying the 24-inch Theodolite. With
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all his ingenuity and labor the instrument was taken up with difficulty after much toil. I personally
superintended its transport, and had the whole establishment to nssist: 4 strong new ropes were
nttached to the box and 6 men holding each rope commenced nscending the hill, dragging up the
instrument carriers, thus assisting and supporting them to climb the steep, rugged, and narrow path,
stop by step. To prevent accidents from brenkage of ropes, I followed with a number of men who
supported the carriers in the rear, and raised the box when necessary over the obstruching rocks in
the passage. The instrumeunt renched the summit in safety, and as the observatory tent could not be
pitched, owing to one face of the hill being a perpendicular precipice, the buse being seen from the sum-
mit, I improvised o temporary one with wood, bamboos, and grass. The station being very much
exposed, no reliance could be placed on the supports of the hut which, owing to rocks, could not be driven
into them, but rested in fissures, clelts, and indentations found in the rocky surface; I therefore
observed duringday light only, taking the precaution of being present all the time the instrument was
in position. After sunset the theodolite was boxed, and I retived from the observatory.

(7.) Kamdkabo, the most difficult station of the season was next visited: it is the centre of
a pentagon and is surrounded by an extensive marsh, The bhill is very precipitous, of limestone forma-
tion, with its sharp projecting rocks jutting out in every direction. Ladders were used in nscending
this station, varying in length from 16 to 40 feet, and by no other mewns could nccess be obtained from
one rock to the succeeding one above it. I was detained 6 dnys in nltering, strengthening, and con-
structing these ladders and ramps, which hnd been previously mnade by men detached for the purpose,
After testing and proving their stability, the 24-inch theodolite was carried up; and it was a day of
rejoicing in eamp, when the instrument was brought down iu safety after the completion of the obser-
vations. Many men were wounded by the sharp rocks, notwithstanding all the precautions taken to
prevent injury to their feet by pavements of wood over the portions where ladders and ramps were not
required.

(8.) Tabutho, Shoisandau, and Konlah, were successively visited, by water. From the latter
station I proceeded to Amherst, where the elephants of the party awaited my arrival. The bonts were
abandoned nnd 1 marched to Sindong H.S., and from thence to Knikamaa H.8. The stages to them were
made on the Government trunk rond which has been constructed from Moulmein to Amherst through
a dense forest. Three staging bungalows, 2 rooms in each, have been erected on this road for the con-
venience of travellers.

(9.) Yrom the 38th mile post nnother Government truuk rond has been surveyed and marked
off as fur as Yel,, and is oventually to be extended to Tavoy. A portion of this line has been cleared
of jungle, and the preliminary worle of removing roots, cutting drains on either side, and raising it
by throwing up earth, has been done for some miles. It requires bridging and metalling to complete
it. In its present state it can be used only during the dry months. Ior 6 months last season gangs
of coolies were engnged and employed under overseers and sub-overseers, but the progress was unsatis-
factory : the men from sickness or from other causes either deserted or struck work, and I noticed on
my return, after closing operations, that much progress had not been made. From the superabundant
population of the Madras Presidency thousands of men who cannot obtain a living there emigrate
nnoually for this Province, where work is plentiful and remunerative. They are very poor and readily
take employment at first; but when they have accumulated some money, they bargain for higher wages,
and eventually lake up contract work, which seems to suit them best, for they can then work or idle
a8 they please.

(10.) 'This high road partly metalled and partly raised and cleared, and the remainder only
clenred of forest, was the only one met with during the senson; and with all its imperfections, was of
much use to us not only for marching, but for drawing our supplies from Moulmein, which were
brought in carts as far as it was melalled and bridged, and from thence by the elephants. The dik-men
also used it throughout the season.

(11.) After completing observations at Kaikamau H.8., T proceeded to Thdmindo ¥.S., which
was reached in 6 tedious and trying stages: owing to the low mnrshy state of the country, detours
of 2 aund 3 miles had to be oconsionally made to get over half or one mile of direct distance to avoid
gwamps, bogs, or other unsafe ground for men and cattle. Two tidal streams had to be croseed.
Crossing rivers and streams in the interior of Burmah is something formidable for surveying parties
equipped with large and valuable theodolites, tents, and other heavy bnggage, which require large and
safe boats {o ferry them over. At ench ferry a small canoe or two are kopt for the convenience of
travellers, who are mostly pedestrinns and gencrally carry a small box containing a suit or two of
clothing made of palm leaves ; the indispensable dah, n knife with a Llade 2 feet long and 2 to 3 inches
wide; the umbrella: and a large bag, n receptacle for odds and ends, betelnut box, tobacco, cigars, and
cooked rice for use when overtaken by hunger. With the box fastened to his back, his knife in its
scabbard hanging from his shoulder Ly a loop of rape, the bag suspended by tapo from the other
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shoulder, and with the umbrella in hand, the traveller steps into the canoe and ferries himself over leav-
ing the boat securely fastened on the other side. In the interior of Burmah ferry-men are never found
at their posts owing to the uncertainty and small number of travellers; when required they are to be
found in the nearest village. At civil and military stations and other important places, where the influx
of travellers and trade is great, good Loats, and an abundant supply of them are readily obtained, and no
delay or inconvenience occurs, the men being always on the spot to collect the toll and demand their fare.
In the interior however the difliculty of crossing rivers is great, as canoes are only procurable capable of
carrying from 4 to 8 men. A single canoe is at all times unsafe; it sways, rolls, and capsizes if the men
do not sit still in it. Tor crossing over the 24.inch theodolite and the heavy baggage a large number of
cnnoes are required. To collect and lash two and thrce together to form rafts takes time, and I have
been deloyed two and even three days in crossing rivers from station to station. In the tidul streams
care must be taken to cross them only during Ligh waler owing to the quagmire on either bank.
Elephants aud cattlo cannot e landed safely at other times without danger of losing them.

(12.) Trom Thimindo ILS. I proceeded to Toungboung H.S, from the latter I had to return by
the same route to Selidong IL.S. passing near Knikamau H.S. These circuitous routes cannot be avoided
in this province, which is devoid of roads; and to go and relurn by those prepared for the party
becomes necessary, to save time, owing to the great delay and expense of cutting mew ones. They
have been cut and prepared season after season, and the men have been engaged for a month and more
in preparing each road.

(13.) I reached Selidong H.S. on the 10th day after leaving l'oungboung H.S.: the haze was
getting in and I was detained there a few duys; on completing the observations 1 proceeded to Thebeye
H.8, which after some days delay from bad weather, was completed, nnd 1 hurried on to Yelridong H.8,,
which I reached on the 4th March: here I remained until the rains set in and cleared the atmosphere
and ensbled me to complete my observations on the 22nd April. Owing to the thickness of the
atmospliere and the daily fires on the Keoktaga and Tounghoung rays, these hill stalions were completely
obscured most of the time 1 occupied the station of Yebudong.

(14.) The rains having set in 1 closed work and returned to Moulmein on the 1st May ; Messrs.
Beverley and Hughes came in a week later, and Mr. Clancey arrived a fortnight after me.

(15.) The approximate operations started with the sclection of Konlah H.S., south east of
Moulmein, ou the island of Belogyin, close on the sea-coast. Seliidong H.8. was next fixed, 50 miles from
Moulmein by the road which skirts along the western bone (sic) of the range stretching from Moulmein to
the Siamese boundary. At first the stations were fixed on both sides of this range, keeping the centre
and one of the two terminal stations of the figure on it: where the range formed. the boundary between
Siam and Tenasserin the most ecasterly stations were placed on it. ‘The approsimate triangulation
has been extended from Konlah IS, to Toungshtn H.S., near Nabiley village 20 miles north of Tavoy,
by two compound hexagons, a tetragon, and.a double polygon. Much diffieulty was experienced in the
above work, especinlly near the town of Yeh and to the south of it. On referving to the chart accom-
panying this report it will be noticed that a tetrngon has been introduced on the side Phalein (on the
coast) nnd Sedong (mear the Siamese frontier) where the strip of British territory between the const and
frontier is very narrow—25 to 30 miles only. Here the skill and experience of the surveyor was put to
tho test: wedged in as he was between the sea and frontier, and failing in a quadrilateral owing to the
Yetagtindine hill obstructing the diagonal rays, Mr. Beverley who was in charge of the approximate
series, extricated himself in a masterly manner by adopting the only feasible figure, n tetragon; thua
achieving success and continuing the triangulation. To add to the dificultics of ground, the country
between the sides Phalcin-Sedong, and Painpingin.Nakiadong was almost uninbabited, and in the
central and enstern portions cntirely so.

(16.) Mr. Beverley was engaged in advancing the approximate triangulation, which he conducted
with his usual energy and skill notwithstanding the very difficult nature of the country, which was so
densely clothed with jungle that he was obliged to clear his own palhs guiding the cutters to the proposed
station, his camp following him as he advanced. Crecks and tidal streams enhanced the difficulty of
marching and caused considerable delay. Much time was taken up in clearing the densely wooded hill
tops for want of coolies, who were collected and brought from long distances. At one station, Deobyf,
which is situated § stages from {he nearest village, it occupied him n considerable time clearing a path
to the hill and providing coolies and supplies for clearing, building, and preparing the station. The
native official at tho largo village of Hangan promptly rendered assistance.

(18.) Mr. Beverley has pioneered this party during the whole time I have held charge of it, and
to his ability and skill I am greatly indebted for the success attending the operations in this, as well ug
on the Bider and Bildrpur Series.

(19.) Mr. J.C. Clancey, Assistant Surveyor 3rd Grade, left Moulmein on tho 4th December 1875,
and completed the selection and preparetion of Toungboung H.S. for fina] obseryations on the 8th January,
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The delay was unavoidnble owing to desertions of coolies who were brought from grent distances, and
worked most reluctantly, taking advantage of every opportunity of slipping awny. He was for days left
with 4 to 6 mon to clear tough forest trees of great girth. By my deputing Mr. Claucey to select thig
station on the eastern flank Mr. Beverley was saved o long march of a fortnight's duration in returning
from the station after its completion to begin his worl on the western flank.

(20.) After completing Toungboung H.S. Mr. Clancey took up bis legitimate duties, visiting all
the stations finally completed last senson. He observed hill peaks at Thimindo, Shoisandan, Tabutho,
and returned the 7-inch theodolite to the depot at Moulmein from Kamikabo H.S.; being unable from bad
health to use it. He constructed all the rectangular pillars and made them over for safe custody to the
loeal officinls. He was unable to superintend personally the construction of all the rectangular pillars
owing to palpitation of the heart. When climbing hills and marching became painful he proceeded to
Shony-Gheen the nearest station and placed himself under tle civil-surgeon until he was able to resume
work.,

(21.) Me. J. O. Hughes joined this party sick on the 23rd October last and being incapecitated
for work obtnined lenve on medical certificate. On the expiry of his leave on the lst February, he was
directed to assist Mr. Beverley on the approximate triangulation and personally selected three stations
and visited the 4th which was fixed by Mr. Beverley. The experience he has gnined under Mr. Bever-
ley will be of great use to him in this party, and I have hopes of his being usefully employed the next
senson on independent work.

(22.) Moung Moung, a Burman lad educated in the Mission and Government Schoolsat Moulmein,
has been now two yenars with the party as n Burimese and Linglish writer, interpreter, and recorder in
the observatory: in the latter capacity he lias been of much use for the last two seasons and has done
good service.

(23.) Tho native establishment behaved very well during the field season, but on returning to
recess quarters many of the Hindostani carriers took their discharge finding that they could rendily ob-
tain service elsewhere. The instrument bearers have also left, but all vacancies have been filled up
and the establishment continues efficient. Men of the Moadrns Presidency are gradually taking
the places of the Hindostanis and the establishment will eventually be compused of Madras men.

(24.) The country finally trinngulated last season is hilly throughout : long ranges of hills run.
ning north and south, with shorter ranges between thein, or low spurs jutting out here and there forming
conecting links in the chain, extend throughout the trinngulated portion in the ceutre of the Series. To-
wards the const the hills are low and isolated and as you retreat further from it, they become more
elevated. There are more sirips of level ground townrds the coast than in the interior. The valley of
the Atteran is rather estensive. Aw the series advances from Moulmein towards T'avoy the population
perceptibly diminishes ; villages further and further removed from one another are noticed, and townrds
Selidong and 'Thebeye single familics having a hut or two occupy the small level spots which they culti-
vate for a living.

(23.) A large trade in boais is carricd on by the people inhabiting the forest. At the base of the
hills trees of immense girth wre to he found : the tree is selected, felled, and shaped : the digging and scoop-
ing process is then performed, leaving the outer surface about three inches thick. The canoes thus
roughly made are 20, 40 and 60 fect in length, and from ¢ to 6 feet in width in the centre. They are
then dragged by two or more clephants over short picees of timber 3 to 6 inches in diameter placed on
the path ; these acling as rollers overcome the resistance offered by the uneven ground and the men pro-
ceed merrily on, driving the elephants. These sagacious animals are trained to their work and exert
themselves to the utinost in dragging the boat to its destination near a navigable stream. The boat is
then finished off and sold. The purchaser adis planks to the sides, widening and raising it to the required
height, Trom this capacious dug-out canoc a large boat is formed capable of being taken by sea to
Moulmein and Rangoon for sale in the calm winter months.  All the village people assist in making the
path for dragging the canoe, and cach one uses it when his own boat is rendy for removal to the stream.

(26.)) From information obtained from Mr. Beverluy and after consulting the maps of the country
in ndvance, L am of opinion that the series should be continued in a 8.8.15. direction from the side Nakintong
to Toungshin, curving it slightly so as to have all the stations on the main land till the terminetion of the
British territory at St. Mathews Island, when ag o mntter of course some of the numerous islands must
be ured. For visiting these islands good large sen-going boate will be required for the main and detach-
ed parties and wust be permanently engaged for the entire field scason.

(27.) 1 believe o base of verification will be required in Tenasserim. If not tied down to a parti-
cular locality for the base, I would recommend its being selected at any spot between Mergui and St.
Mathews Island wherever suitable ground can be found.

(28) To Colonel Brown, the late Commissioner of the Tenasserim Division, I am in a great
measure indebted for the success which has atiended my operations during the entire field senson : ho
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provided me with o parwdna for myself and for each of my Assistants, bearing his seal and signature,
and the document was promptly attended to by all the native local officials throughout his division,
e was much interested in the extension of the Survey operations, and impressed on his subordinntes
that his wishes were to be attended to and his orders carried out, so that the public service might not suffer
delny or inconvenience for want of co-operation on their part: the police were also directed to aid and
assist whenever their services.were needed.

V. Extract from the Narrative Report—dated 21st September 1876—of Captain M. W, ROGERS,
R.E., Officiating Deputy Superintendent 3rd Grade, in charge of the Jodhpur Series.

AP

(2) Owing to the very heavy rains of 1875, the men of the party who were on leave were
much delayed in joining, and the medical and other stores of the party for the field season were
stopped at Ahmedabad. Iowever, means were found to enable Messrs. Price and Torrens to take the
field on the 1st October, and I proceeded to Deesa, whero I inspected the Meteorological Observatory,
and 1aid out a small triangulation for connecting it and the Telegraph Office with the Karichi Lon-
gitudinal Series. 1 then returned to Abd, and having at length received the necessary men and stores,
left for the field on the 23rd October. I marched viéd Jodhpur and Bikaner to the Bahiwalpur
territory, and commenced observations at Mansa ILS. on the 4th Decembor. The double figure
remaining to complete the series was finished on the 3rd January 1876, at Kaimsir T. 8. of the Sutlej
Series. Mr. Prunty was then sent to close the stations of the season’s work and to finish the con-
nection of some Revenue Survey points, whilst the main camp marched, »i¢ Bahiwalpur, to the
meridian of 70°% on which a nes series, called the “ Eastern Sind,” was to be commenced. This was
reached towards the end of the month, and I at once began inspecting the old stations of the Great
Indus Series, with a view to fixing on an initial side: unfortunately revernl of these stations had
been completely destroyed by the river, and the serics will start from a side considerably west of the
meridian.

(3) The country immediately south of the Indus is quite flat and covered with dense tree
and grass jungle, and is inundated for four or five months each year; it therefore became necessary
to resort to ray tracing and tower building in the 20 miles which intervene between the river and the
sand hills. This style of work was new to all the members of the party, and the progress was in
consequence slow. Eight stations were selected, advancing the series 24 miles and reaching the sand
hills, on which progress will be more rapid and less expensive. Two towers were built and the mate-
rials for two more collected, and 104 miles of rays cleared ; leaving but 2 small distance to be done.

(4.) The party returned to Abd, vid Jesalmer, traversing the desert north of that town, which
has hardly ever been visited previously. It differs in no respects from the portions of Bilaner,
Jesalmer, and Marwar, visited during the progress of the Jodhpur Series, save in there being fewer
villages, owing probably to the compnrative absence of the vegetation which supports so many flocks
and herds in those states. The country around the city of Jesalmer itself is very rocky, and there
are no roads for wheeled vehicles, which are unknown in the city. Tho party reached Mount Abii on
the 26th April, after a long and fatiguing march through the desert.

(5.) This season’s work finishes the Jodhpur Series, the longer of the two desert series
which remain to complete this part of the principdl triangulation of Indin; and it will not be out of
place to give a short resumé of the work, It is 311 miles in length and was completed in 3 fisld
seasons and one month, from {tho first reconnoissance for stations to the last final observed angle: it
covers an area of 8,041 mquare miles, besides 4,318 sq. miles of secondary triangulation and, with the
exception of a small portion south of the river Luni, passes over a sandy country of nearly utter
desolution. The country is covered with sand hills of every form, in all directions, dotted here nnd
there with tufts of conrse grass and stunted shrubs. The villages, few and far Detween, are collec-
tions of squalid wigwams, situated near spots where wells, rometimes 200 feet in depth, have heen
excavated with great lnbor, to bo rewarded often with only brackish water. In the whole distance
from the Tuni to the Sutlej Series, 250 milos, the serics met with only one place—Phalaudi—which
could be dignified by the name of n town,and four which ranked as decent villages. All is barren and
desolate, but perhaps the southern portion of Bahdwalpur carrios off tho palm in this respect.
There the serics passed aver a distance of 7o ril.~ in which there were only threo wells of drinkable
water, and these were collected within o space of 12 miles,
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(6.) In no native state in which I have worked, has such hearty and effective assistonce been
rendered to me, as by the Political Superintendent of this country, Whilst alluding to this, I also
thankfully acknowledge the nssistomce and kindness which we experienced from the Rulers and
Political Agents of Marwar, Bikaner, and Jesalner.

(7.) The total out-turn of work of the season is as follows. Principel observations were
taken ot 9 principal stations forming a double polygon, fixing i new principal stations, embracing an
aren of 311 square miles and extending the series 21 miles along the meridian to its completion and
junction with the Sutlej Series. A sccondary series, double throughout, was selected and observed
on the meridian of 71° 15, extending 142 miles from the Jesalmer Minor Series to the Karichi
Longitudinal Series, and covering an nren of 2,526 square miles, fixing 16 new secondary and a large
number of intersected points. The observatory and telegraph office at Deesa were connected with the
triangulation by a short series. All this secondary work was done with a 10-inch theodolite. The
approximate work of the Bastern Sind Series was commenced and extended for 134 miles. 32 stations
were selected and 10 built.

(8.) This season, seeing as it did the completion of one series and the commencement of
another, cannot be judged by the amount of principal triangulation turned out; but the work done
this year will, T trust, make itself felt in the out-turn of next yeor.

(13) Mr. Price onleaving Abt was employed on the Deesa connection, and unfortunately took
his party up Jeraj H. 8., the result being that both he and all his men were attacked by fever and
with difliculty reached Deesa, where they had to remain for & month under medical treatment. He
then marched to the southern portion of the Eastern Sind Series, and took up the approximate work.
This he pushed on with his usual vigour and success, and selected 24 stations and built 8, extending
the series 110 miles. This amount, considering the time lost by sickness, was very creditable
to him.

(14.) Mr. Torrens was first employed on the Deesn connection which he completed, except the
observations on Jeraj, which I directed should be postponed until the end of the season. He then
took up the Balmer Minor Series on the meridian of 71° 15’ and selected, built, and obrerved
along it. As it is 142 miles long and double throughout, I consider that Mr. Torrens has done a
most creditable season’s work.

(15.) Mr. Prunty accompanied me as observatory recorder, and on the completion of the
series closed 13 stations and observed at several of the auxiliary stations necessary for fixing the Ba-
héwalpur Revenue Survey stations. He then joined me and aided in the ray clearing &c., on the
Eastern Sind Series. During the recess he observed some triangles on Mount Abd, required to fix
the position and height of the barometer which hes been lately placed here by Mr. Chambers, the
Moteorological Reporter of Bombay. Thisis the first season he has tried any triengulation, and I
am much pleased with the results,

VI Extract from the Narrative Report—dated 31st October 1876—of Captain A. BAIRD,R.E,
Assistant Superintendent 1st Grade, in charge of the Tidal and Levelling Party.

(2.) The curves of the tidal dingrams were carefully compared with the different records and in
one or two cases of small interruptions in the work the curves were
interpolated by a reference to the daily reports of the sub-surveyors
and the inspection books. The computations at first made were those for correcting the tide-gauge clocks
to true mean local time nt each station for each day during the period of performances of the clocks.
The determinations of the zero (and this in some cnses for several diagrams of the selfregistering tide-
ghuge) were calcnlated, several other minor computations were made, and ihen the position of the penoil
for each hour, on every sheet, was corrected to true menn time throughout the entire period required;
and finally the measureinents of every point from the datum were most carcfully made (thisin duplicate).
Some idea of the magnitude of thia work may be formed when I state that over 30,000 points were
correcied for time and nearly 30,000 final mensurements were made in duplicate. Ench finnl measure-
ment was taken to the nearest hundredth of a foot, and as this gave an avernge of 4 figures for each
distance the summations for the final results were heavy indeed.

You are awaore that the observations at Nawandr tidal station were incomplete ; however I have
Leen enabled to eliminate almost perfect values for 1 complete lunations to the nenrest hour in 1874

Work performed during recess.
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iz, 9h. 1st May 1874 to 14th June 1874 (astronomical time) both hours inclusive; also 2 complete
lunations to the ncargst hour in 1875 viz., 13 h. 7th March 1875 to 8h. 5th May 1475, both hours inclu-
give. I have also tabulated the values for Okha tidal station and Hanstal tidal station for tho same
period nnd have computed the value of mean level of the sea in each case. The following table shows
the results of the difierent computations.
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You will observe that the mean level of the sea for Okhi tidal station as determined by 14 luna-
tions in 1874 is 0-25 foot higher than the real value, and for Haustal similarly it is 0-18 feet higher. Also
for 2 complete lunations in 1875 the mean level of the seais only 010 feet higher than the proper value for
Okhi tidal station while at Hanstal it absolutely agrees. All this bears out what you state in your
No. —74'1— dated 20th January 1875 viz. *“you will see that it is very probable that a serics of tidal obser-
vations embracing a period of 2 months from about the 7th March to 7th of May will give a result very
closely coinciding with the mean of the year,” and on this account every effort was made to get the
observations for that period, and with success. You will also observe that the difference of mean level
of sea at Okhi by 1} lunations is 015 feet higher than by 2 lunations: for Hanstal it is 0-18 feet higher,
and for Nawandr 0-20 higher—results which alone show the grenter accuracy of the observations.

(3.) 1 determine the M. L. of the sea to be

Jeet
for Nawanir = 1536 above datum = 9-476 below B.M.A,
» Okhd = 95 nbove datum = 10424 below B.M.A,

» Hanstal = 1633 above datum = 9702 below B.JM.A,
The leveling operations show the following results:

B M A, Hanstal, is 041 feet above B.M. A, Nawanir;

B M A, Okh4, is 01151 feet higher than B.M.A, Hanstal ;

Okhi B.MA = 10424 above mean level of sea;

Hanstal BM.A = 0151 below Okh4 B.M.A, by leveling ;

therofore Hanstal BM.A = 10
but Hanstal BM.A = 9

273 above mean level of sea by leveling;
702 above mean level of sea by tidal observations ;

Discrepancy = 0571
that is menn level of the sea as determined for ITanstal tidal station is 0-571 feet higher than that de-
termined by leveling from the mean level of sea at Olha.
B.M.A, Nawanir = 9476 above menn level of sen;
Hanstal B.M.A = (419 above B.M.A, Nawanir by leveling;

Il

therefore Hanstal B.M. A
but Haustal B.M.A

9:895 above mean level by leveling ;
9 702 above mean level of sea by tidal observation ;

therefore discrepancy = 0'193
that is mean level of sea for Hanstal station as determined by tidul observations is 0°193 higher than
that determined by leveling from Nawanir.
(#.) Inpara. 4 of your No. i:.!'::i dnted 30th November 1875, being areply to my letter above qnaoted
The mean level of scn at Okhé Tidal YOu state “one or other of your tidal stations must be selected as
Btation token as datum of all loveling the datum of your leveling operations, and Okha from its situation
oporutions. nearest the sen is evident!y the one to be selecied for this purpose.”
The datum for the leveling operations having thus been sottled I was cnabled to finish the whole of the
abstracts of the leveling vperations of the preceding field season.
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(5.) Ina previous communication I have stated *you will observe how well the trigonometrical
heights agree with the real values, but in Cutch they seem to be all
Iess while in Kanttywar they are greater than the values determined
by spirit leveling. One very interesting result of the leveling is that the mean value of the Runn be-
tween Mallia and Shikirpur is 6-781 above mean level of the sea while between Hanstal and Balumba
and Jorya the level of the Runn is 9'525. Now the tide at Hanstal frequently in the cold weather riges
to 8 feet above menn level and yet the Runn between Mallia and Shikirpur is perfectly dry from
November till March. This shews that there must be a rise in the Runn between the line Mallin-Shi-
karpur and the head of the Hanstal creek.”

(6.) While these computations were being completed Mr. Rendell, who had been on one month’s
privilege leave, joined me at Jorya on the 22ud November. After I
had given him a practical insight into the method of leveling as car-
ried out in this department, and had satisfied myself that he was
au fait at the work, and that Damoder Ramchandra the second leveler who wus to accompany him
was also fit to take up the work, I started them off with their party of men to commence from Shikar-
pur bench-mark, in Cutch—one of the main points connected in the former season’s work.

(7.) The whole of the leveling staves were compared with the standard bar, and observations

were made for determining the index error of the prismatic compass
in each level.
(9.) The lines of levelsto be executed were as follows. The mainline was to be taken right across
Kattywar from Jorya bench-mark to Wadhwin, the terminus of the
B. B..and C.I. Railway, and thence along the railway line to
Viramgam, Ahmedabad, and as far beyond as possible. This work I laid down for myself and o second
Jeveler : of course branch lines were {o be driven right and left of the main line to connect the trigo-
nomelrical stations. A loop line was to be carried by Mr. Rendell from Shikfrpur bench-mark to
Addysir both in Cutch ; then, crossing the small portion of the Runn to the Chorar and thence into
Guzernt, to be taken along the borders of the Runn to Pitri terminus, and foally to join up with the
main line at Virmmgam bench-mark : the small branch line to Khirdghora salt works was nlso to be
Jeveled over. As I was doubtful of the amount of work which Mr. Rendell and Damoder could per-
form, this being their first season on leveling, and also as I could not calculate how much even 2 ex.
perienced levelers could do with the small new instruments which had Iately been supplied, I left the
matter of the further work of the second party in abeyance for the time being.

(10) I worked the rectangular level throughout. The cylindrical level worked by Nursing
Dassisalso a first-rate instrument.  The two small levels lately sent,
nnd to be worked by Mr. Rendell and Damoder, were of a new pat-
tern, by Cooke and Sons of York. Mv. Rondell says of them “at times during the cold weather they
gnve a little trouble on account of the inactivity of the bubble.” The limiting distance for the small
levels I fised at 6 chains, and Mr. Rendell reports “at this distance in the cold weather ‘001 of a loot was
easily renduble, but in the hotter months it was almost impossible to work st even a distance of 4
chains alter 8 o'clock in the morning.

(11.) The main line emanated from Jorya bench-mark, on the main line of the series Hans-
tal tidal station to Okha {idal station; thence it was carried to
Dhrol ; the Jine was then taken along the made-road to Linla; thence
to Pardhari and Rijkot: at Rijkot the following paka poiuts were connected—English Church, High
School, Rijkumir Colleze. I'rom Rajkot the line was continued nlong the main road townrds Wadhwin
as far as Kuarwa, and from this a branch line was taken to Khakhana H.S. ; leaving Kuarwa the line was
carried still along the main road, vié Bamanbor to Chotila, and here another branch line was driven to
Tarkia 2 S.  The line then continued to Dheduki, and from thence vid Dulia to Muli, whence it was carried
along the main road to Wadhwin Railway Station.  Leaving Wadhwain the line was taken along the permna-
nent way of the B. B. and C. L Nailway to Viramgdm, a branoh line being taken from Lilipur bench-mark
to conneet three minor trinngulation stations of the Kattywar and Guzerat Surveys, and on to the head
of the Nalriver. From Viramgim the main line continued to A hmedabad and thence to Mchmadnbad.

(12.) As o rule the bench-marks were embedded at 10 miles apart. There were few paka

. points between Jorya and Rijlkot but Letween Rijkot and Wadhwin

Bench-marks and paks points on 4y parapets of tho bridges on the main rond were used.  Along the
the main live. =

rilway ns o rule I connocted one of the bridges every day. The

bench-marks ombedded along the line of rnilway were invariably built close to the railway station

except at Viramgém, where tho sub-surveyor made a mictake and built close 1o the wall of the town.

The level of the rail opposile the cenlre of the booking office at every railway station was also deter-

mined to test the accuracy of the railway levels,

Peculinvity of levels of the Runn.

Mr. Rendell and Damoder Ramchon-
dra instructed in leveling.

Comparison of staves &o.

Range of the leveling operations.

The instruments employed.

The main line of levola.
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(13) At Ahmedabad the Sibarmati wag crossed just above the site of the old reilway bridge
(the new one was under construction). The level of the bed of the
river was determined ; ‘also & paka point at the Shihibig was con-
nected, end a bench-mork laid down between the two minarets nt the railway stations. The flood line
of last year as shewn me was over 40 feet above the bed of the river close to the Shihibdg.

(14) The line passed over in Kattywar was very undulating but with a gradual rise from Jorya
to Rajkot, which is a little over 400 feet above the mean level of the
sea. There are few streams of any consequence, except the Aji river
at Pardhari, on this part of the line. From Kijkot the road conti-
nued to rise steadily for about 35 miles until the maximum height along the main road was attained at
Molri-nana which 18 713 fect above menn level of the sea. The country just before this, i.e. from the Bedti
river to Bamanbor, was very hilly and rugged and entailed a great deal of extro labour, in that so many
more slations per mile were required. Near Bamanbor the country isnct much cultivated and I believe
that 20 years ago this part of the country was covered with dense forest, and that lions were found
there. There i no trace of the forest now except a stunted tree here and there, but a great deal of grass
is cut and stored here and sent to Mijkot. From Molri-nana to Chotila the deseent begins and
continues rapidly to Dulia, and from Dulia to Wadhwan the country is tolerably flat and cotton is greatly
cultivated. 'The sudden change in the appearance of the country along our line, from Kattywar where
there are few trees of any kind and hardly any large ones, to the heavily wooded country near
Virnmgam and alt along to Ahmedabad and Mehmuadabad, is most marked. ‘Then again the ground
geemed much more highly cultivated as the line pnssed through the Ahmedabad collectorate, and the
demareating hedges of the fields often grow to great heights, the general effect of which contrasts strongly
with the open country between Wadhwin and Viramgdm,

The minor triangulation stutions con- (15.) Some of the minor triangulation stations connected were
nected. almost entirely demolished.

(16.) Mr. Rendell reports “ the country between Shikirpur and Addysir is very low and flat

The loop line Shikérpur to Viram- eXcept near Khanmir where it is crossed by a small range of hills
gfim. running in o north-west and south-easterly direction. The soil is
sandy and very barren-looking : cotton is grown here and there in small quantities, but by far the greater
portion of the land is allowed to remain waste, the soil being so poor that it is not worth cultivating.
Phere are no wells in this part of the country and the drinking water is collected in tanks during the
rainy season.” When Mr. Rendell arvived at Addysir he says “ I was surprised to learn that the portion
of the Runn which divides Cuteh from the Pilanpur State and which 1 had to level over was covered
with from one to two feet of water, and as it was necessary that the level of the surface of the Hunn
should be obtained, T had to devise means to secure this result,”

(17.) Mr. Rendell reports “aceordingly I had several long pegs made up for the staves to rest

) upon : these pegs were driven into the ground up to a certain mark, and

l"‘tl'";ﬁ!‘ﬁ?;"ﬂ:l’“;'fo' gotting valuo of 1y gistance from the mark to the top of the peg Leing known it was

cnsy to get the level of the ground below. To isolate the instrument

wooden pegs albout 5§ feet long were uscd ; these were driven into the ground, their tops being flush with

the surface of the water; on these the level stand rested, and I arvanged that after I had read the staff the

second leveler should read the bubble: in this way Iam glad to say I managed to get over this difficult

Lit of ground and with very good results. 'I'here are no bench-marks in the Runn, but one has been laid

down on the border at the east end and another at the west end of the line. The lino of levels was

taken as steaight as possible in ovder that it may be leveled over at any future time. This portion of the
Runn is not flat but concave having a depression of about 2 feet nt the centre”.

(18)) Mr. Rendell continues * having leveled across the Chorar where 2 hench-marks were lnid

Across the Chorar to Pitri and Vi.  down and connected, viz : at Piprala and Siuntalpur, I closed my level-
ramgfm. ing in an easterly dircetion on Gokatar bench-mark : from this point
the line of levels was taken direet to Ditri. A good portion of the ground passed over between Gokatar and
PAtri consists of salt wnste, the line being near the borders of the Runn.  The portions under cultivation
were of a loose sandy nature. From Pitri to Viramgdm the leveling was carried nlong the railway line.
The top flanges of the iron girders of all the bridges were fixed as well as the height of the rails at nearly
all the level crossings.”

(19.) On the completion of the loop line I ins'ructed Mr. Rendell to run a branch line from

Branch line from Sehij S. and Rard Bahij 8. and Rari Y. to Mehmndabad bgnch-nmll‘](, Wh,ifh, T hoped to

8. to Mchmadabod bench-mark, rench before he compleled the branch line, Kaira 8., Kaira Church,

and the mile pillars along the main road from Kaira to Mchmad-

abad were connected. The Sabarmati and Witrak rivers were erossed on tho branch line: there was
very listle wuler in eilher at the time, and the levels of the beds of the rivers wore determined.

Lovels at Ahmedabad.

The general appenranco of the coun-
try along the mauin line.
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(20) On Mr. Rondell's joining me at Mehmadabed the party with the camp equipage proceeded
by rail to Surnt.

(21.) On the whole the health of the party was good during the last field senson ; in fact I may

ealth of the party. say I wns the only one in the party who suffered from ill health,
Laving had a succession of persistent attacks of fever during the whole of it.

(23.) The loop line emanating from Shikirpur, and closing at Viramgém, formed with the main
line a circuit of about 400 miles, and the closing difference at Viram.
gim was 0-536 feet. On account of the greater power and smaller
correction for dislevelment of the larger instruments I have considered the values of the main line
to e absolutely perfeet, and the difference 0536 feet to be generated in the loop line, giving an error
0004 per mile nearly which, considering the instruments they were using and that they had to cross
the Runn when covered with water and that this was their first season's work, I consider very creditable
to Mr. Rendell and his co-leveler Damoder Ramchandra. As an instance of the accuracy of the work
which is done by the larger instruments worked in the rigid manner adopted by this department I may
mention the following circumstance. In doing the back section Viramgim bench-mark to mile post
353 a discrepancy of one foot was discovered between the values of the white and black faces as obtained
by the eylindrical level. I sent off Nursing Dass to commence from the far end, and I siarted from
Viramgim bench-mark. On joining up and reducing we cbtained a result which differed from the
previous values by only 0-003 [eet, or about 0-0005 feet per mile.

(24) Mr. Reundell has worked well throughout the entire field season. e reports very favor-
ably on Damoder Ramchandra : of Venayek Narayen, Mr. Rendell re-
ports that he worked hard and that he ixa quick and accurate recorder
aud computer ; and of Dhondu Venayek he says that he gives promise of becoming with a little practice
& useful and efficient hand. Nursing Dass has as usual worked well throughout the field season, and
Bulwant Appaji has also performed his duties in a very satisfactory manner. Sitaram Yeshwant has
worked hard but hie is by no means a careful recorder nor a correct computer.

(25.) I stopped field work in April, took ihe office to Surat, and commenced the reduction of the
meteorological observatious taken at the tidal observatories. The graphical measurements from the
anemometer sheets were all completed.

P.8.—(By Major Haig). By comparison of the principal and minor stations connected, it is

Somo of the results obtained by last found that the values of the principal stations as determined trigo.
scnson’s leveling. nometrically ere from 25 feet in defect to 9-2 feet in excess of the
values by spirit leveling, and the secondary stations from 2 feet to 27 feet in excess. The average error
of the trigonometrically determined height of oll the siations connected during this field veason is 68
feet too great. The leights of the rails opposite the booking offices at 15 railway stations have been
determined this senson, and the values as given by the railway authorities are from 48 feet to 88 feet
tuo great, or an average of + 69 feat—errors which are not high considering the method of procedure by
which they have becn obtained as compared with the rigidly nccurate system of this Survey.

Aceuracy of tho work.

Personnel of the pmrty.

VII. Extract from the Narrative Report—dated 6th October 1876—of Captain W. M. CAMPBELL,
R.E., Officiating Deputy Superintendent 2nd Grade. in charge of the Astronomical Party No. 2.

(1) My last report, sc far ns it referred to the electro-longitude operations, was chiefly n de-
scriplion of the alterations then being carried out in the equipment, which at the date of the report
were not quite complete. I shall commence this narrative by remarks on the completion and results of
these changes.

(2) The experience of the past season’s operations proves, {hat the old failings of traneit tele-
scope No. 2 have been entircly removed by the repairs which were
executed by Mr. Doderet, Maihemntical Instrument Maker to the
DMadras Government, and itsline of collimation is now quite as trustw orthy ns that of the rister instrument.
1t is still inferior to the latter as regards the Bohuenberger eye picee, which is of too low a power.

(3) The alterations of the chronographs were just completed in time for the opening of the ficld
season nnd have, T am glad to say, proved entircly successful. The
saving of time, trouble, and worry by the new ns compared with the
original arrangements can only be appreciated by one who, like myself, has gone through n large amount
of work with both. The loss of a signal now, owing to any defect in the local arrangements, is & thing
almost unknown, and to effect this a minimum of attention is required. Under the origival arrangement,

Transit Telescopo No. 2.

Chronographs : new arrangements,
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I think I am within the mark in saying that, with constant trouble, it was very difficult to obtain a
gatisluctory record of nine-tenths of the work done.

(4) While on this subject 1 may mention that the early experience of the field season led to a
modification and simplifiention of the arrangement with which we be-
gon,  Under my first arrangement each pen magnet was worked,
under all circumstances, by a relay of the kind used in the Telegraph Department, four of which I had
been able to procure on loan through the kindness of the Director Geeneral of Telegraphs. The object
of this was 1o obtain as much uniformity as possible, and to subject all signals, local and line, to asncarly
as possible the same conditions as regarded retardation; but on the other hand there was some loss in
simplicity. The relays also, being intended for recording signals received through a long wire, wore ill
adapted for local work with small battery power, and we found that when called on to perform both
duties alternately, they required a good deal of attention—the only poiut on which the electric parts
of the chronograph gave any trouble,

(5.) The modification referred to above was carried out after the completion of the first measure-
ment, and consisted of discarding the relays for all local work, nnd using themn only for transmilting
and receiving line signals. The pen magnets are now placed locally in simple circuits passing through
clock or observer's key at pleasure, and worked by weak batteries. The line signals arc received through
a relay, which works either pen by its local battery. The signals tranemitted through the line are sent
by “translation,” . e a locul civcuit passes through the “translating” relay which works the line eir-
cuit. The object of this was to keep local and line circuits quite distinet, in the case of the clock or
observer recording through both on the local and the distant chronographs respectively ; because when
there is any communication between these circuits great trouble is sure to be caused in order to maintain
the proper balance of currents. Another advantage is that when the line signal is sent by translation the
conditions at the distant station have no effect on the local work, so that the observer at the former may
receive the signals sent, or not—put the line wire to earth, or not—&c., ns convenient to himself, without
in any way affecting ihe other station.

(6.) 'The result of the new arrangement is that when a signal is rocorded on both chronographs
the record on the distant onc is affected by the refardation of the
line and of two relays, ns compared with the local record ; whereas
when the relays were nlways used in the pen circuits, this diiference beltween the two signals was due to
the line retardation nlone ; and on this account the change may be lookedl upon as objectionable.

(7.) The best way of comparing the accuracy of the work under the different conditions is,
I think, by taking an avernge probable error of the clock compari-
sons oblained with the several arrangements. I have carried this
out with regard to (1) the original arrangements which existed during the season 1872-73: (2) and (3)
my first arrangement, with which we measured one arc last gcason, nsing—(2) simple clock comparisons,
—(3) compavrison by longitude signals (see para 17): (4) the modification introduced after that are and
used for the rest of the season. The following are the results, each p. e. being obtained from 20 indi-
vidual values of the clock difference, by simple comparizon, or by longitude signals:

Modificotion of new arrangement.

Retardation affecting signals.

Accuracy of results compured.

Mean of 10 values of p. e. of clock comparison under system (1) =+200164

» 6, " ” " (2) =+ 00318
s 10 » of comp. by longitude signals ,, (3) == 00395
w 40 »w  of clock comparison » (4) ==+ 00163

From this it would appear that the accurney of our lntest method is precisely the same as of the origi-
pal arvangements used in season 1872-73, which is almost beyond my expectation, (vide parn. 19 of last
report), while that obtained by the arrangement with which we began work last season is decidedly
inferior,  This last result T attribute partly to our comparative inexperience generally, and to the fact
that we were trying {o uso our relays with too small batteries, whence uncertainty of aclion resulted,
These fizures indicate 2lso an equality of precision between the methods of direct clock comparisons and
of lungitude signals. The melhod of *“longitude signals™ here referred to is fully described in para. 17.

(8.) I referred to the collimators in my last report as an improvement on those which were
used in owr work of season 1872-73, nud they certainly proved very
complete nnd perfect instruments. It is diflicult to judge of the
degree of cfficicney of the arrangement for ensuring stability of the axiul direction, to which I alluded,
withont placing the new collimators alongside of the old ones and actually comparing their behaviour
under similar circumstancey, but the new jnstruments were certainly very siable.  We have not had
occasion to rely on this stability in order to combine the observations for devialion on different nights,
as I thought might e done, because we hit on a method of effecting this much more certainly by meaus
of star observations, s I shall explain in the proper place,

Collimntors.
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(9) The details of our collimation observations nre somewhat novel, and as we found the
method most convenient and trustworthy I shall explain it. Qne
collimator, nlways placed {0 the north of the transit telescope and
enlled “ N, is provided with na fised cross wire, thus x. 'The other, to the south and ealled “s"
possesses o similar fised x and nlso a movenble micrometer vertical wire. The x of N wag always
placed as nearly as possible in the meridian, and that of 8 a little to one

side, so that the appearance in the field of 8 was as shown in dingram, AB

being the micrometer wire, With AB, readings were taken of Nand S, and N
the difference ¢ converted into terms of the trausit telescope micrometer. \/ /

Then with the transit telescope each of the crosses N S were observed and ya /\

the difference e applied to the reading of 8 as n correction. The advan-

tage of the method is that all the observations are exactly similar, viz: the B
interscction of a cross by o vertical wire. ‘The disndvantages are, the neces.

sity for knowing accurately the relation between the micrometer screws of the transit telescope and of
8 collimator, and the small computation involved in the process; neither of which we found cnused npy
inconvenience.

(10.) I shall now proceed to the narrative of last senson’s operations, in which Captain Henviside

Narrative of field season. was associated with me. The propored programme included the
measurement of the following ares, named in the order which we had decided on as the best as regnrded
the prospects of clear weather and tho convenience of my meeting
with Captain Henviside, who had to join me from Dehra Din,
viz: Hyderabad-Bombny; Bellary-Borbay; Hyderabad-Bellary ; Madras-Hyderabad ; Madras-Bellary ;
Bangalore-Bellary ; Bellary-Mangalore, or Madras-Bangalore, Of these the first six were success{ully
completed, but time did not suffice for the Inst.

(11.) Captain Heaviside expected to be able to rench Hyderabad about the beginning of Decem-
ber, and I timed my departure from Bangalore accordingly. On 19th November Mr. Keelan started
with all the equipment and estnblishment by rond to Gooty (165 miles) whence he proceeded by rail
to Uyderabad, arriving there on December 5th. Mr. Bond took the
field earlier—on 26th October—for the purpose of finishing some
triangulation which he had been unable to complete during the preceding ficld season, with orders to
proceed afterwards to Bellary to select and prepare the longitude station at that place, as also to con-
nect it with the principal triangulation. On 23rd November 1 left Bangnlore and proceeded to
Madras, where I had some arrangements to make with Mr. Pogson, after which I went on to Hyderabad,
arriving there on 29th November.

(12.) Hyderabad bad always been spoken of generally as the station to be observed at, but no-
thing could be definitely settled until I reached the place, and
had an opportunity of deciding which of the three telegraph offices
available in the immediate neighborhood, #iz: Hyderabnd, Sceunder-
abad, and Bolarum, would prove the most convenient for our purpnse. A very slight reconnaisance
sufliced to decide me in favor of the last named station, which stands on high open ground, with
ndroirable sites for an observatory within o few yards, capable of connection with the principal triangu-
lation by a single trinngle, using two stations of the Hyderabnd Minor Series which was executed by
Lieuteunnt (now Captain) Rogers with a 24-inch theodolile as an offshoot from tho Great Arc. The
best site for the station was within the compound of the D. P. W. Office whero the Officiating Superin-
tending Engineor, Mnjor Swetenham, R E., kindly allowed me to build the necessary pillars and gave
me the use of out-houses close by, which were very conveniently placed for the accommodation of the
clock and chronograph. He was also most obliging in obtaining masons and essisting me in various
ways.

Method of using the Collimators.

A

Proposed Programme.

Start from Bangaloroe.

Bolarum : choice and preparation of
slotion.

(13.) Captain Heaviside arrived on 7th December on which date, although the pillars were not
quite complete, there was abundance of employment for him in tnking
over charge of his party. On the 9th the pillars being ready we De-
gan seiting up the insiruments, and from that day to 28th inclusive we were busily employed in practice
obeervations and in settling the details for actual work, four nights’ observations for personal equation
being included.

(1+) On 29th December Captain Heaviside dismantled, and on 31st proceeded to Bombay,
where he wns ready to begin the mensurement on 10th January.
Our first night’s attempt proved a failure, in consequence of a fault
on the line ; but on the 11th we were successful, and we continued
the observations with very little interruption from any cause, [rom
that day to the 21st inclusive, which comploted the measurement.

Coptain Heaviside's arrival,

He proceeds to Bombay.

Meaeurement Bolarum-Bombny.
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(16.) The programme followed was of two kinds : we begnn on the old method of season 1872.73
. having the line only for certain short periods and using it exclusively
Programme f°"°".“%: use of line g comparing clocks, while during the intervals each took transits
obtained for long perioc. with his own clock. I also applied for and on scveral nights obtained
tho use of the line for a period of 3 to 4 hours embracing the whole of our programme, on which
oceasions one clock was used for transits at both stations, changing the clocks in the middle of each
night; comparison of clocks being also made at certain intervals. Wlen working on this system a
comparison of clocks is not necessary, but it was always taken for two reasoms: (1) to obtain a
measure of their relative rate, which is useful in determining the absolute rate of each ; nod (2) because
n comparison being obtained it becomes possible to combine transits by each observer with his own clock,
in the event of any hitch in the transmission of clock signals for transits, (a case which occurred on at
least one occasion) so that such failure does not involve the loss of the night's work.
(16.) In making my preparations for the operations of the field season, when I was only able
. to reckon on having the use of the wires at certain short periods, 1
CIS“:‘-‘E’-" in method of comparing ;1 qduced n change in the method of clock-comparison which had
been followed by Captain Herschel and myself in 1872-78, viz: record-
ing the two clocks alongside of each other for about a minute at a time, which I now calla “simple
comparison”. My objection to this method was, that unless there is a very great difference between the
clock rates (which is inconvenient for other reasons) the record of such a comparison shows no appre-
ciable change, and consequently in transcribing it one reads the same fraction of a second over and over
again, which is not conducive to accuracy. I had also in view the prospect of working through cables
at some future time, for which purpose clock signals at one second apart would not be suitable, being
too rapid, and I wished to introduce and test a system adapted for cable work. Lastly I was influenced
by the desire to avoid passing strong currents through the clocks, fearing consequent injury to their
break-circuit arrangements, which would be troublesome to repair. On this head I believe my fears
were exaggerated, and moreover the use of a translating relay which we udopted soon afterwards, as
already noticed, obviates the necessity of passing any but very weak currents through the clocks.

(17.) The method adopted I call “comparison by longitude signals”,* and it is carried out
as follows. The original equipment included observer's keys, capable
of making and breaking two separate circuits : these I applied so as
to afford two simultaneous signals, one for record on the local chronograph alongside the local clock,
and the other for transmission along the line and record on the distant chronograph beside the distant
clocle, It is obvious that each pair of signals so recorded affords a value of the clock difference, from
which the retardation was eliminated by tho exchange of signals in alternate directions; and any want
of synchronism between the two signals generated by a key was guarded against by reversing its
conncetion with the two circuits. This system answered perfectly in practice, but it entailed more
troublesome cowmmutator arrangements, and the record takes much
more time to transeribe than that of a simple clock comparison. My
object in adopting it was to a great extent satisfied by its successful working, as wo have now a proved
system of clock comparison to fall back upon in case of finding clock signals unsuitable for transmission
to the distant station. When the line was obtained for long periods, the old method of simple clock
comparisons was resumed, and I do not think it advisable to depart from it again when working with
land lines.

(18.) At the beginning of the season we started with somewlat complicated commutators, to
allow of all the different combinations : these were very greatly
gimplified by the abandonment of the relays for local work, and the
double keys for longitude signals, with great advantage in reducing the chances of mistakes in mani-
pulation.

(19.) On completion of the Bolarum-Bombny measurement, I proceeded at once to Bellary and
we began the measurement Bellary-Bombay on 28th January conti-
nuing wilhout a checlt on the three following nights, after which I
proceeded to Bombay and we took another set of observations for
personal equation with Captain Hoaviside's telescope. On my ro-
turn from Bombay we completed the measurement by observations on 9th and 10th, losing the 8th owing
to a fault on the line.

Comparison by Longitude Sigonls.

Disadvantages.

Commutators simplificd,

Mensurement Bellary-Bombay.

Personal equation at Bombay.

® This term is very apt : it clearly takes its name from the fact that if the two clocks were recording true local
aidereal times o singlo such doubly-recorded signal wonld give the difference of longitude—eubject of course to corrections
for relay and line rotardation—although they aro not sent for that purpose. J. H.
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Captain Heaviside now went to Bolarum, and the measurement Bolarum-Bellary occupied six
Bolarum-Bellary : Madras Bellary : mghts,. 19th to.24th F(%b.rum'y m.cluslvc. I then proceeded to Mad-
Personnl cquation at Madvas. Bangn.  T0S while Captain Heaviside remained at Bolarum, and we completed
lore-Bollary.  Personal cquation at  the arc Madras-Bolarum on March 12th, being delayed for some days
Bangaloro and close of scason, ] . .
by cloudy weather. Captain Heaviside then moved to Bellary,
taking advantage of the opportunity for visiting Mudras in order to obtain another value of personal
equalion, Tinishing the arc Madras-Bellary on 2ud April I proceeded to Bangalore and we completed
the mensurement Bangalore-Bellary on April 18th.  The observations on the two last arcs were much
obstructed by clouds. The season being too far advanced to permit of our attempting the are Bellnry-
Mangalore, Captain Heaviside joined me at Bangalore, and we took a final determination of personal
equation with both telescopes before closing the season’s observations on April 23rd.
(20.) Throughout the measurement of the last five arcs we obtained the use of the line wire
i . during the whole of our programme each night, an arrangement
obgzﬁ::{_ lino for long periods always  yy4()y superior to the use of short concessions, in many ways :—
(1) the dealings with the telegraph oflicers are simpler, our connection
being made once for all : (2) we were able to worlt by n sidereal time programme, so that exactly the same
stary were used night ofter night—a very great object both as regards trouble at the time and in reduc-
tions afterwards : (3) the general reductions of the work will not be nearly so heavy ; and, lastly, we
have cvery reason to expecet that the results will be superior.
(21.) We followed the same programme throughout viz: comparison of clocks ; transits for
Ni forty minutes at each station using the same stars, (to allow of which
ightly programme. X A i
the transit observation at west station began and ended later than
those at east station by a time equal to the difference of longitude) ; a second clock comparison ; transits
again for forty minutes; and lastly o third set of clock comparisons. Each observer took level and colli-
mation observations at convenient opportunities, at least two of the former and one of the latter being,
obtained each night. We used only 15 out of the 25 wires for transits. For the first set of tramsits
E. clack, and during the second W. clock, was used at both stations. In the middle of each group of
transits, and also in each set of clock comparisons, the duties of the chronograph pens were exchanged,
thus reversing the sign of the pen equation, and eliminating residual error after the application of its
accepted value as a correction to the record. The transit telescopes were used equally in the positions
LP.15, LP.W. at each station, the reversal being effected with great ease, often with hardly appreciable
disturbance, by means of a small wooden frame on which the telescope was bodily lifted by four men.
Each observer retained the same equipment throughout the season.
(22.) As regards azimuth observations, wo made a point of obtaining if possible a pair of close
Observations for nzimuth. p(.ﬂm' stars, one above c}nd one bel.ow the pole, every nisht ; and the
nights on which we failed in doing so were comparatively few. I
have now to notice the method of supplementing these observations, to which I referred when speaking
of the collimators; a method which so far as 1 am aware i3 novel, and according to our experience very
valuable.
(23) Itis often difficult to obtain a pair of well fixed circumpolar stars which occur at times
Circumpolar stars. convenient for obsorvation, and moreover in these low latitudes there
is always o great chance of losing the lower transit, particularly when
the star used is a small one. Tor the first part of the season § Urse Minoris and 51 Cephei nnswered
our purpose admirably, but their transits became too carly for convenience in Tebruary. Then there
was o short interval during which there were no good stars conveniently available, after which we adopt-
ed Polaris sub polo, and one of Mr. Pogson's regular azimuthal stars (the data for which he supplied
me with), for the rest of the season. This latter star is No. 99 of the Radeliffe Polar List and 4339 B.A.C.
(24.) Thesupplementary stars which I call “ comparative azimuth stars,” are of about 10° N.P.D,,
v N chosen simply for convenience of time of transit, and observed every
se of comparative azimuth stara. .
night. The exact places of these stars were not wanted, but only an
opproximation close enough to permit of their change in R.A. from day to day being computed, for which
purpose the places of the B.A. Catalogue (from which they were chosen) are amply sufficient. Now it is,
evident that if such a star is observed evory night (the observations being corrected for change in R.A.)
and an absolute determiuntion of deviation is obtained on any one night by well fixed stars, the deviation
can be deduced therefrom for ench night. This is an extreme case which never occurred, but we have
a few instances of nights on which no absolute determination of deviation was obtained, when it is dedneed
by means of these comparative stars. After their introduction (February 9 and 10) we made a habit
of observing at least two of theso stars every might at nearly equal intervals of time from each other and
from the circumpolar stars, and these observations have been given their own weight in deducing the mean
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deviation for each night. Thus it appears that our deviation eorrection for each night obtained by the
above method, depends generally on three or more observations of polar stars taken throughout the
night.

(25.) Our determination of personal equation should be as reliable as such an observation is
capable of being. As already noted it depends on the observations
of nine nights—two with each instrument before the commencement
of the operations; one night with one telescope, and two with the other, during the season; and a night
with each at the close of the worlt. On every occasion the method of sharing transits at the same
instrument was followed ; that is to say, onc observer rccorded the transit of o star over the first (generally
ten) wires and the other taking his place observed the last ten or twelve wires. Tho observer who finish-
ed one transit always began the next. T'wenty such transits were observed on each night, giving a value
of the equation with a probable error of about & 0+01; the equation itself being about + 0710, to be
applied to Captain Heaviside’s observations to reduce to mine,

(26.) In the process of transcribing the chronograph record there is probably just as marked o
personal equation between individuals ns obtains in the observations
themselves. This has never been determined, but its effect has been
eliminated by taking care that the work of both stations for any one
night has always Leen transcribed by the same person—Captain Heaviside or myself. The same precau-
tion was adopted with regard to the clock compurisona.

(27.) The recess work, including the transceription of the chronograph records and the reductions,

R . is very heavy, so much so that it will be some time yet before we
©€Ccess WOrkK. . . .

arrive at any final results. The work is however in a very forward

state, the whole being brought up nearly equally; and so far as I can form an opinion, the results promise

Personal equation.

Personal equation in transcribing
chronographic record.

to be satisfactory.
(28.) I have already remarked, that Mr, Bond began the field season by finishing some tri-

Mr. Bond’s work during season. angulation on which he had been employed under Major Branfill's
) orders during season 1874-T5. The necessity for completion was
urgent, in order that the whole might be made available for use by Captain Strahan, R.E., in the
topographical survey operations which he was then about to commence. I am glad to say that Mr.
Bond succeeded in the face of a good many difficultics, arising from weather, an inferior staff of signal-
lers, and the prevalence of cholera in the neighborhood, and handed over all his records to Captnin
Strahan, by whom I am informed that the quality of the work is excelleni. Mr. Bond’s work at
Bellary proved somewhat difficult, owing to the unfavorable position of the telegraph office, which,
combined with the want of good signallers, made the fixing of the longitude station troublesome. He
had not quite completed it when I was obliged to send him to Bombay on 13th January to assist
Coptain Heaviside, in place of Mr. Keelan who was sick. Mr. Bond accompanied Captain Heaviside
to Bolarum, and tool the nccessary observations for fising the station there, nnd afterwards com-
pleted the work at Bellary. I was disappointed in the progress of his work at Bellary, and making all
allowance for difficulties 1 cannot but thinl that Mr. Bond's operations tliere were wanting in judgment
. and energy. I had a most efficient recorder throughout the season in
Babu Harsahol. my native writer Babu Harsahai.

(29.) In conclusion of this report, I have great pleasure in recording my gratitude to the
Porsonal acknowledgements officials of the Telegraph Department for the invariable courtesy
’ with which our wishes were met and acceded to whenever possible.
I never applied for assistance of any kind wichout meeting with a rendy and chearful response, though
I fear that our operations must have caused considerable trouble in the different telegraph offices

through which we worked, in many cases entailing extra work on telegraph masters and signallers.

To Mr. Pogson, Government Astronomer at Madras, I had frequent ocension to apply for assist-
ance, and I am deeply sensible of tho kindress with which he always met my wishes. I fear our work
at the Madras Observatory cannot have failed to prove an annoyance to him at times, involving as it
did the encampment of my small netive establishment in his compound. Finally 1 would thenk my col-
league Captain Heaviside, R.E., for hearty and zealous co-operation throughout the season.
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VIII. Extract from the Narrative Report—dated 5th October 1876—of Captain W. J. HEAVI-
SIDE, R.E., Deputy Superintendent 3rd Grads, in charge of the Astronomical Party No. 1.

(1.) Having received ovders to take charge of No. 1 Extra Party and commence electro-tele-
graphio longitude operations in association with Captain Campbell, R.E, I left Head Quarters at Dehra
Diin on the 17th November and proceeded to Bombay, which is one of the places it was intended to
councct.

The Coliba Observatory being a fixed trigonometrical station, and connected by wire with
Bombay, from which it is about 3 miles distaut, its grounds were fixed upon as a suitable place for
our vbservations : it had moreover the advantage of being the place where the pendulum experimenté
were carried out in 1873 and I had then found Mer. C. Chambers, the Supcrintendent of the Observatory,
80 rendy to give me every assistance that I felt confident of the cordial co-operation he rendered me in
this case and for which my best thanks are due to him.

(2.) Captain Campbell had communicated to mo the requirements necessary in the way of space
and shelter for the instruments: these are simply an open space for the transit tent, in a position
which could be connected by triangulation with trigonowmetrical points, with an uuninterrupted view of
the henvens to within 8° or 10° of the horizon north and south, and a room about 10 feet square for
the clock and chronograph, conveniently near the transit tent. There were several small buildings on
the observatory premises that Mr. Chambers was willing to place at my disposal, and the site eventually
selected was 76°6 feet north-east of the trigonometrical station of the Bombay Island Survey. While
in Bombay I also visited the telegraph officials and arranged with them about the supply. of batteries
and the use of the line &c.

(3.) Ileft Bombay for Secunderabad on the 4th of December arriving there on the evening of
the Gth, and on the Tth I moved up to Bolarum wherc Captain Campbell had selected the station. A
day or two luter the two transit tclescopes were set up close to each other, and the two chronographs
with the electrical arrangements were placed in two stalls of a stable which had been prepared to receive
them, about ten yards from the transit tent. Between this date and the 28th, I took over charge of
the parly from Captain Campbell, and we practised work, interchamging signals, taking transits for
personal equation, determining values of the micrometer screws, &c,, and in general practice in the
manipulation of the instruments which were new to me. I am much indebted to Captain Campbell for
the instruction he gave me regarding the various instruments and their working.

(%) Mr. Keelan left Bolarum on the 20th December to build pillars and to prepare the station
ab Coliba, and as the Christinas holidays were impending I gave him a letter to Major Mercwether, R.E,
Executive Engineer Bombny Defences, who kindly sent a contractor to undertake the work and subse-
quently checked the contractor's bill for me. The instruments and camp equipage were sent off to
Bombay on the 30th of December and I followed the next day.

(3.) The equipment did not reach Bombay until the 4th of January but the interval of three
days was fully oceupied in making final arrangements regarding the use of the line, and batteries, and
seeing to the various connections. There are two telegraph lines between Coliba and Bombay : one from
the observatory is connected with the clock and time-ball in the Fort, the clock thero being regulated
by the observatory clock; the other wire leads from the Coliba Lighthouse to the Head Telegraph
Office in Bombay, and is used to signal the arrival of steamers and other matters connected with the
shipping. It is the latter wire that was employed for our worl, a switch being placed in the clock room
through which the signals from the lighthouses to the telegraph office passed, with a key which enabled
me to throw the lighthouse out of civeuit and bring our local wire into circuit, At the head office
the wire from Coléba was connected direct with the wire to Bolarum and the line Rolarum-Bombay was
then worked by a battery at each end controlled by Captain Campbell and myself. The battery I had
nt Colaba consisted of 43 Menotti cells, n strength recommended by the telegraph officials, but after our
first night's experience we found 20 cells amply sufficient for our purpose. The earth wire at Coléba
led to a good copper plate which was sunk near a well close by and kept constantly moist. In carry-
ing out these arrangements we are much indebted to Me. C. . Pitman, Assistant Superintendent of
Telegraphs, in charge of the Bombay office, whose courtcons assistance, rendered often at considernble
personal inconvenience, tended in nosmall degree to the emoothness with which our work was carried on.

(6) Regular work was commenced on the night of the 10th January, and it was rather disquiet-
ing after all our practice to fuil ns we did. This failuro was due partly to our working with a line bat-
tery too strong for the relays which were adjusted for the local batteries, and partly to a fault in tho
line; but after this first night we were singularly frec from even small irregularities of action. The
distance Bolarum-Bombay is almost exactly 500 miles and the line was worked from Coldba with 15
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cells, During the progress of the work on this are we obtained the use of the wire on two or three
nights for three consceutive hours instead of for periode of a quarter of an hour at intervals of one
and a half hours, and this of course considerably facilitated the operations.

(7.) Mr. Keelan, who had been suffering for some time from inflammation of the eyes, was obliged
to take sick leave at Coldba from the 13th to the 31st January, and it seemed probable that the work
would have to be stopped for two or three days until Mr. Bond's arrivul from Bellary, but Mr.
Chambers kindly lent me the services of his head-writer, by name Huri, who was accustomed to transit
work and whom I found an excellent recorder.

(8.) The arc Bolarum-Bombay was finished on the 21st of January, and while Captain Campbell
wns moving to Bellary [ employed mysclf in re-determining the wive intervals of the transit instrument
by transit of circumpolar stars, the last determination having been made in 1872, aud in checking the
connection of the longitude station with the trigonometrical point.

(9) The arc Bellary-Bombay 526 miles in length was worked from Coliba with 20 cells and
waa completed on the 10th of February. I then moved to Bolarum commencing work there on the
19th of TFebruary. The are Bolarum-Bellary was finished on the 24th of February and the arc
Madras-Bolarum on the 12th of March. Wlhile the equipment was being moved to Bellary I went
down to Madras to take some observations for personal equation with Captain Campbell, and I returned
to Bellary on the 20th.  Lhe arc Madras-Bellary was compleled on the 2nd of April; and Bangalore-
Bellary on the 18th.

On the 20th I left for Bangalore, where Captnin Campbell and I took further observations with
both transit telescopes for personal equation, and this completed our field season.

(10.) The early part of the ycar was very favorable for star observations, the nights being
singularly free from clouds up to the middle of March. Subsequent to that date we were a good deal
troubled by cloudy nights, and the weather at Bellary in April had muck the character of an incipient
monsoon.

(11.) Captnin Campbell in his report has entered fully into the system he adopted to carry out
the work and the arrangements of the commutator and batieries connected therewith, so that there is
but littlo left for me to relate on this subject. 1 think howevar he has hardly done himself full justice
in detailing the improvements he has eflected, in various ways, but more especially in the chronograph
records. By removing the styles which weve formerly employed to record the signals Ly the action of
currents of statical clectricity on chemically prepared paper, and using in their places pens which draw
continuous iuk Jines on ordinary paper, while the batteries (Menotti's) are in circuit, and which are jerk-
ed outwards whenever the circuit is broken, he has not only got rid of the necessity for preparing the
paper chemically and for kecping it of a cerlain degree of dampness—which, it appears, proved such a
fertile source of annoyance in the season of 1872.73—but has also cffected a great improvement in the
distinctness of the recorded signals aud inthe ease with which they can in consequence be read off. It is
very evident too that by getling rid of the Bunsen battery, which is spoken of by Captain Herschel in his
report of 1872.73 as “ perhaps the most troublesome and provoking source of failure ”’, and by changing
the relays formerly in use for others of an improved pattern, Captain Campbell has very much increased
the certainty of record of all signuls, without, #t would appear, any detraction on the seore of accuracy.
In fact where there are so many sources from which hitches may arise, it more than surprised me to
find things work so smoothly that thronghout the season it has been quite the exception to lose a signal
of any kind ; and where loswses have occurred, these have almost invariably been due, with me, to the en-
tire stopping or to the very irvegnlar rate of the chronograph, the performances of whicl, though good
on the whale, are occasionally very puzzling.

(12.) In observing transits and determining collimation T have of course ndopted the same sys-
tems as Captain Campbell deseribes in paras. 21 and 9 of his report ; and in all other respects his systems
of procedure have been followed by me. The dislovelment of the transit instrument has becn invariably
read by the micrometer head from the reflection of the wires in a trough of mercury.

(13.) During the field season Mr. Keelan was chiefly employed in the observatory; keeping a
record of tae collimation and level observations, noting the stars observed and the number of wires they
were observed over, and warning me of the setting and times of teansit of the stars. He prepared the
station at Colabn for the observations and connected it with the trigonometrical station. He has work-
ed both in the field and during the recess with the care and industey that T have invariably found him
bestow on his work, nud his knowledge of delicate instruments has on several occasions proved of assiat-
ance to mc.
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IX. Extract from the Narrative Report—dated 23rd November 1876—of Captain H. R.
THUILLIER, R.E. Officiating Deputy Superintendent 1st Grade, late in charge of
the Kumaun and Garhwal Party.

o e e e e e el

The establishment of the Kumaun and Garhwdl Survey Party, up to the time of my last report,
had been broken up into two detachments, one operating in the higher snowy ranges of Kumaun
and Garhwil and the other in the Dchra Din. The area that remained to be surveyed in the former
districts was about 1,200 equare miles only, but under the directions of the Superintendent, the comple-
tion of these operations which are necessarily of a costly nature, was suspended. The porty therefore
has been concentrated in the surveys of the Dehra Din and Jaunsdr Biwar.

(2.) The strength of the party, which consisted in 187:-75 of three Deputy and Assistant Super-
intendents with ten Surveyors and Assistant Surveyors, was reduced for the season under review to two
Deputy and Assistant Superintendents, and scven Surveyors and Assistant Surveyors ; one of the latter
of whom was on leave from 15th October 1875 to 15th April 1876,

(3.) The aren remaining to be surveyed in the Din being small, the party was divided into two

Distribution of Party. ) detnchments_, Ol]t.% consi.sting of Messrs. W. Todd, H. Todd and

I Pocock with six Native Surveyors to complete the work in the

Diin, nud tho other consisting of Messrs. Ryall, Litchfield and Warwick with one Native Surveyor to

commence the detail survey of Jnunsir Bdwar, on the secale of 2 inches to a mile, the triangulation

of which had been done during season 1874-75. The field oporations of both detachments were com-

menced about 20th October. ' v

(4.) During the season nn area of 562 square miles was topographically surveyed: of this 430

o square miles was on the scale of 2 inches to a wmile, 124 square miles

ut-turn of work, ) X A .

on the 4-inch scale, and 8 square miles on the 12-inch scale. This

nrea comprises the completion of the non-forest tract of the Dehra Din district, and also of that portion

of Jaunsir Bawar which T was directed to survey. The index maps attached to this report, on compa-

rizon with the maps attached to my preceding report, show clearly the extent of work compleled by this

party; the uncolored portions representing the forest tracts which have been surveyed by the Forest
Survey Depariment under Captain Bailey, R.1;, pari passu with our operations.

(5.) At ihe end of February, when in Jaunsir, I way directed by the Superintendent to return
to Hend Quarters at Delra for the purpose of relieving Mr. Cole (who was proceeding on furlough) of
the charge of the Drawing and Photozincographic Branches of the Head Quarters’ Office, and also in
order to take charge of the Superintendent’s office when Colonel Walker went on furlough. I there-
fore at that time directed Mr. Ryall to assume the full charge of the detachment working in Jaunsir
Bawar.  On Colonel Walker’s departure, I was appointed to officinte as Superintendent and vacated the
charge of the Kumaun and Garhwil Party on the 4th April.

(6.) As Mr., Ryall wne engaged on the Jaunsir survey from its commencement, and took charge
of the party during the field season, he thus had the opportunity of carefully inspecting and examining
the wholo of the work there: I leave to him therefore, the duty of reporting on this portion of the
survey, nnd on the amount and quality of the work performed by each of the assistants. I muset however

state that I carefully examined Mr. Ryall's work in the Amliwa valley and found it very accurate
and good.

(7.) The whole of the topography has been done with the greatest care, Where the ground

Topography in the Dén. admitted of it, check traverse lines were run by the Europem.] Assis-

. tants, to test the accuracy of the work executed by the Native Sur-

veyors : 54 linear wiles were traversed for this object. The hill sketching by the nssistants was examined
by mysell and the work was found to be accurately delinented.

(8.) Of tho nesistants employed in the Diin survey, Mr. Pocock completed the worlk allotted to
bim on 23rd February and Mr. IL Todd on 23rd Mareh, when they were directed to join Me. Ryallin
Janusir. Mr. Pocock not having liad much experience in hill sketching, and the scale he was employed
on being new to him, his progress was slow, but his work accurate, The native surveyors finished their
work on the 4-inch scale, by the beginning of March, and as they were not sufficiently trained for hill
surveying without a chain, they were utilized in completing the survey of the station and environs of
Dehra, on the scale of 12 inclies to a mile, a work which had been previously commenced for the object
of teaching them plane-tabling.

(9.) Numerous heights have been fixed by aneroid barometers throughout the senson’s work,

Heighta. and in addition it was found necessary to determine 38 more heights
trigouometrically, chicfly from previously fixed siations.
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(10.) The work wag principally earrvied on in tho Eastern Din, where the charactor of the
country as regards varied descriptions of ground was similar to that
met with and reported on in the previous year, and was equally
tedious ond difficult to survey, The Enstern Ddn is less cut up by deep ravines than the Western,
In the latter, the slopes of the northern spurs extending towards its main drainage channel are much
greater, and consequently more water worn; wherens the mountain ranges overhanging the Eastern
Din-to the north end more abruptly, leaving extensive flat plateaus, chicfly covered with dense forest.
The waters consequently do not run off so rapidly, and hence the existence of large swamps which
cauge the notorious unhealthiness of the Eastern Ddn for six months during the year. Under such
circumstances it is not surprising that a very small portion is under cultivation. The flats may
be said to range from 1,000 feet to 2,600 feet above sen-level, and the hills to the north to over
7,000 feet.

(11.) The ficld operations of the Dehra Diin and Jaunsir Bawar survey have been brought to n
final close, A large amount of mapping has thus been thrown on the hands of the party; on which

subject Mr. Ryall will report.

Remarlks on the country.

Extract from the Narrative Report—dated 23rd November 1876—of E.C. RYALL, Esqr., Officiat-
ing Assistant Superintendent 2nd Grade, in charge of the Kumaun and Garhwal Party.

(1.) The survey of this sub-division of the Dehra Din District was commenced on the 22nd
Introductory and general remnrks of October; Captain Thuillier directing me to supcrintend the work
on the Survey of Jaunsir Bawar, of the assistants.

(2) At the commencement of the season, Messrs. Litchfield and Warwicl were deputed to
assist.  The latter however, having been lately nppointed to the Department, had had ne training in
surveying; 1 therefore kept him with me fur some little time to learn his work. Later on Messrs.
I. Pocock, II. Todd, and I. Kinney, were despatched to assist me. The first-named on the 23rd of
February, the second on the 23rd of March, and the last on the 15th of April, the date on which his
furlough for six months expired.

(3.) "The area surveyed in Jaunsir Biwar amounts to about 430 square miles; this ineludes
about 20 square miles of overlaps.  In addition to this, 72 square miles were surveyed by the Forest
Survey Department, making the whole arca of the sub-division to be 482 square miles. This quantity
exceeds by 139 square miles that given in Mr. G. R. C. Williams' ** llistorical aud Statistical Memoir of
Delra Dén, 1874 page 51, para. 109, TFurther on, in page 58 of the same book, the area is also given
23 219,520 acres or 343 square milcs.

(4) Gencrally speaking, the rule on apportioning topographical work to the assistants is to
confine them to certain parallels of either spherical or rectangular co-ordinates as the cnse may be.  This
plan is very conveniont in all respects in topographical surveys in the plains, where hills have not those
lofty characteristics which exist cverywhere in the Himalnyas. This method of apportioning work in
the survey of the 1limalnyans has been found very inconvenient; it entails much labour and consequent
loss of time. I thought it better therefore to depart from this rule by distributing the work so thab
each surveyor would have watershed lines as limits to his piece of work. Yor this reason the index
map of Jaunsdr Biwar hos not becn marked off into rectangular blocks, usually called plane-table
8ectiona,

(5.) After going over the ground, I thought it advisable to lay down some additional points tri-
gonometrically, which 1 felt sure would very materially facilitate the topographical work in the lower
valleys, These points were lnid down chicfly from stations fised by Mr. L. Tocock in his triangulation
of Jaunsér Biwar last season. In addition to this, I delermined the posilions of 14 points up he Pibar
river : this was indispensable for the survey of those remote and defached patches of country about
Sansog and Banpur, on the right bank of the Pabar. In all 52 points have been added by me to those
determined last season.

(6.) The amount of labour involved in surveying Jaunsir Biwar was much greater than T at firat
expected. This was due {o the various kkafs (proprictary boundaries) and boundaries of forest lands
baving to be surveyed, which involved the fising of the very numerous pillars demarcating them.

(7)) Inthe details of topography, I may here remavk that upwards of 1,350 bourdary pillars
were laid down in Jaunsér Diwar by ihe party, aud the accuracy of their positions is quite in keeping



BO_G [Yea00N 187678,

with the requirements of the scnlo. The boundary pillars were seldom found in conspicuous places ; on
the contrary, they were either in thick forest or in hidden novks and corners ; it was therefore no cnsy
matter to lay them down without erecting flags at or a few feel from them.

(8) Inorder to lay down the limits of the cantonment of Chakrita, I enquired first of the
Executive Engineer on special military works, for information regarding its boundaries, but there was no
one in the office who was acquainted with them, and all the informationI could obtain from there wus
a map of the cantonments showing its boundaries. But (his map I unfortunately found of little
or no use: it was not true to scale in the first place; and in the second, while it professed to give the
boundary towards the east of the Chalirita ridge by a contour line marked out by pillars at intervals,
1 found the pillars as pointed out to me very far from occurring in the same level.  On the west, o line
had been at one time cut, as I saw slight traces of it here and there for a few hundreil feet at a time, but
there were no pillars to indicate the general line of boundary on that side. 'Towards the south however,
the boundary was sufficiently defined, and so also towards the north-east portion. My next efforts were
directed to the Cantonment Magistrate’s office, and there I was more unsuccessful still. I was therefore
obliged to confine myself to fixing such pillars as existed at the time of the survey. I am by ne
means sure that the pillars laid down are in their correct positions as originally marked out, for there
wag no one with me to represent cantonment interests, and my information as to the pillars was simply
obtained through the zemindars whose possessions adjoin those of the cantonment.

(10.) The avernge height of the peaks in Jaunsdr is about 6,000 feet above sea-level; that of
Kandel, a strip of comparatively very lofty ranges of limestone, lying between the parallels of Iatitude
80° 44 and 30° 49’ or thereabout and extending from the Jumnu on the one side to the Tons on the
other, is about 8,300 feet above sen-level. Many of the peaks howeverin this strip are close upon 10,000
feet high. In Biwar, the average height of the ranges is about 6,000 feet above sea-level. The grent
peculiarity of Jaunsdr is the general absence of forests in it. Kandah is rich with folinge of many kiunds,
principally the oak, rhododendron, spruce fir, deodar, &c. Bdwar isalso very richly covered with forest,
but not quite to the same extent as Kindah.

(11.) All along the banks of the Tons, the Pibar, and the Jumna rivers, the mountains are ex-
tremely precipitous ; so are also the mountains of the Kiudah belt. In other respects, as to minute-
ness of detail, the three belts of country are not inuch unlike one another.

(12.) I now proceed to report separately on each Officer’s work.

(13.) I marched from Mussooree on the 21st of October, and after having a general look at the
country in Jaunsir Bawar, T commenced operntions in the Binolgadh valley where I continued plane-
tabling till the 2nd of Decomber. T then murched up to Sansog in the Pabar valley for the purpose
of executing some trinngululion, where I arrived on the Gth. Unfortnnately when returning to camp
during the evening of the same day I met with an accident and sprained my ankle, which disabled me in
consequence from resuming work till the 9th, but on the 121h [ succeeded in sending Mr. Litchfield the
data for 14 points newly lixed, to enable him to complete the sketching of those small patches of country
lying on the right bank of the Pibar. Shortly after I marched into Deoban, where I arrived on the 14th,
Captain Thuillier baving summoned me in order to conler about the work. I resumed the topo-
graphical sketching of the Binolgadh valley on the 16th Deccmber and finished it ou the 24th. T next took
up the sketching of the vailey of the Amliwa river down to latitude 30° 35’, as well ne a strip of country
about 34 miles broad lying to the east of the ridge which runs down from Deobau to Chakritaand thence
to Pokri and Baret.

(14.) On the 26th February, Captain Thuillier arrived at Saiyn, where he requested me to meet
him in order to make over to me the entire charge of the operations in Jaunsir Bawar. So that in uddi-
tion to my other duties, that of examining the work of each of the asssistants devolved on me. I finish-
ed work on the 30th of April and marched back to recess quarters, where I arrived on the 3rd of May.

(16.) Mr. Neuville was employed the whole season in the office of the party carrying on the

Mr. C. 7. Neurille. miscellaneous current work, gf .Which there wasa larg? amount.
 He also assisted Captaiu Thuillier in the Din by taking a few
vertical observations with a theodolite.

(18) Mr. W. Todd begau work on the 13th October on P. T, Section No. 47, of the Dehra Din

Mr. W. Todd. Survey, c?nﬁllillg hi.mself to those. parts of the hills in it which w.era
left unfinished during the previous season. The flat and raviny

portions in this section were taken up by two Native Surveyors placed under Mr. Todd.  Mr. Todd next
took up P. T. Sections Nos. 66, 67, and 68. The two former were entirely mountainous, and the Intter
partly so. With the exception of a small portion done by Mr. I. Pocock in Section 66, Mr. Todd
sketched these three sections. The mountains in these sections range from 4,000 to 6,500 feet above sea
level, and there is & geographical peculiarity in them which moy be noticed here. Tho slopes are very abrupt
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for a short distance from the main ridge towards the south, and then the spurs run at a comparatively
gentle incline, and after that they terminate in a steep fall to the Din. The middle slopes are culti-
vated for the most part and have the villnges on them; the terminal cnds of the hilly spurs and their
flat plateau-like continuations are principally covered with sil.  Mr. Todd after completing the sketch-
ing of the 4 sections above-mentioned took up the sketching of P. T. Section No. 70. The work of the
Native Suvveyors attached to him was earefully examined by partsl lines and found very accurate. Mr.
Todd has turned out a fair amount of work, and for accuracy of sketching le has maintained the
reputation which he has so deservedly won in the Department. He closed work on 22nd May and I
regret to ndd that on the same day, he was prostrated from exposure to the sun and did not recover his
health for some time.

(17) Mr. H. Todd commenced work on the 14th Ostober in P. T. Section No. 56, Dehra Din
Survey, part of which had boen surveyed last season. ITe theu took

: up what remained of Scction No. 36, a very difficult hilly piece
covered with forest. His next picce of work was in Section No. 59, in which he was agsisted Dy a
Native Surveyor for the lower Rat portions. This last section was also covered for the most part with
forest. He also sketched into Section No. 58 up to the watershed of the Song. The mountains in
Section No. 56 rise up to about 7,000 feet above sea level, and in Scetions 58 and 59 he bad the Kalimatii
peak for his highest point which is 4400 feet above sea level. There was a good deal of detail in the
last mentioned sections. A fter sketching a portion of the forest-clad hill of Nualipini, Mr. Told was
orderell to join e in Jaunsir, for which place he started on the 23rd March. On his arrival there he
took up the sketching of the middle portions of the Khutni river valley, enst of Chakrita, the ground
in which ranges from 3,500 to 8,500 feet above sea level. This he began on the 28t¢h March, and finished
by the 28th of the following month. Mr. Todd worked very hard throughout the season, turning out
o large quantity of work accurately done and drawn in a true and artistic style.

(18.) Mr. Kinney reported his return from G months’ leave of absence on the 15th of April.
As there was some doubt ns to the possibility of completing the Jaun-
sdr Survey before the setting in of the rains, I thought it advisable to
have his help for the short remnant of the ficld season, and therefore dirvected him to proceed to Jaunsir
to take up the survey of the ground about Shenj, Una, and Bahina villages on both banks of the Tons
river. Mr. Kinney began work on the 22nd April and finished by the end of the same month, after
which he returned to quarters. He worked with his usual carc and artistic skill.

(19.) Mr. Litchfield marched from Head Quarters on the 16th October, and took up his first piece
of work whicli chiefly lies in Sheet No 1 of the Jaunsir Survey, about
the valleys of the Tons, the Piabar and Dhirigadhrivers.,  In this picee
he had numerous patches of Government forests, the boundaries between which and the village lands were
demareated by a very large number of pillars. Notwithstanding their numbers, and the intricate nature
of the monntains which were for the most part thickly covered with forest, Mr. Litchfield managed to
get through this his first piece very creditably. Iis nest work was chiefly on the east of the Tons
river up to about longitude 77° 52Y, below lalitude 30° 42}, and down to the confluence of the Tons
with the Jumnn river. Mr. Litchfield brought in a very large quantity of work, carefully and well
execcuted. Ie closed work by the end of April, and marched back to quarters, where he arrived on the
3rd May.

(20)) Mr. Pocock took the field on the 16th October and began work in the Dén in P. T, Section
Nos. 48, 58 and a small portion of No. 66. Ife was assisted in the
flat and raviny portions of thexe two scetions by 3 Native Surveyors,
who also assisted him in traversing the main watercourses. He completed his work in the Diin on the
23rd Febroary, and marched to Jannsir where T gave him a small portion of ground Iying to the west of
the Chakrita and Mussoorce road, between latitude 30° 30” and 30° 35° and enst of longitude 77° 55’
His next piece of work was between lalitude 30° 421 and 3)° 43 east of the Tons river and up to about
longitude 77° 54’. Mr. Pocock after finishing (he work allotted to him in Jaunsir on the 18(h May, re-
turned to quarters, where he arrived on the 25th of the same mouth. BMr. Pocock worked well and
indefatigably.

(21.) Mr. Warwick remnined with me about 5 weeks learning his worl, after which I sent him

Mr. R. Warwick. to survey a picce of ground about 3} miles in breadth along the west-

ern bank of the Jumna rviver, between the point of junction of the

Rulina river with the Jumna and the snspension bridge on the DMussooree-Chakrita road. The vext

portion he undertook was to the eash of the ‘Tons river and about the village of Kandui. Mr. Warwick

worked well and hard.  He has the making in him of a first-rate topographical surveyor, and 1 feel no
doubt that he will in the course of a fow scasons more, juslify my anticipations on this head.

Mr. H. Todd.

Mr. T. Kinney.

Mr. E. F. Litchfield.

Mr. I. Pocock.
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(22.) Six mops in all have been completed during the recess. These are as follows : —
2 Skeleton Sheets Nos. VIL and XXIV, seale 1inch = 1 mile, of the
Kumaun aud Garhwal Survey ; 1 Shaded Sheet No. X XTon the same
seale of the same survey, and 3 Sheets of the Dehrn Dan Survey iz, Nos. VIII, X VI and XX11, seals
4 inches = L mile. The mapping has been very much retarded in consequence of Mr. Kinney sustuin.
ing an injury by the fracture of his right wrist. His services ns a draftsman were lost to me thereby
for nearly {wo months,

Mapping.

KUMAON AND GARHWAL PARTY.
SURVEY OF JAUNSAR BAWAR, DEHRA DUN DISTRICT.
Tabular Statement of out-turn of work. Season 1875-76.

Details of Triangulation.

2 Angles Obecrved

OnseRVER’S Namm. REMARES,

Instrument used.
Aren triangulated in
square niiles.

No. of Intersected
points.
No. of Triongles.
Error per mile.
No. of Heiglts.

Inches
11 9 $ Subtense instrument, one vor-
nier only used.

+ Over previously (riangulnted
ground, including 25 stations -
visited.

o
3]
-
2

E. C. Ryall, Esquire, ... | 6-inch® 1

Details of Topography. Scale 2 inches = 1 mile.

Area surveyed Trig.leorStI:\]l.i‘:rl:s
Naues, mmsitl]eusnre per square REvanms.
' wmile.
E. 0. Ryall, Eequire, 102 10-0 Intricate and about hnlf covered with forest.
Mr. H. Todd, a8 67 » » »
» T. Kinney, 9 60 " but compnratively open ground.
» E.F. Litchfield, ... 168 8-5 " ond about # covered with forest.
» L 8. Pocock, 46 75 » n 3 ”
» R.F. Warwick, ... 67 77 . but comparatirely open ground.
Total, 430 Includes 20 equare miles of overlape.
Details of Traversing.
Instru- | Linecar miles No. of Average error
Nass. ment. | of Lraversing. [ Stations. per 1000 links. ReusnEs.
One Native Bwrveyor, .., bd 71-96 1792 23 #Card board eircular protractor 12
inch in diametor and Necdle.
Traverse carricd along hill roads.
Total, 71-96 1792
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a
SURVEY OI' DEIRA DUN AND SIWALIK HILLS.
Delails of Topography. Scale 4 inches = 1 mile.
Aren aurvey- J‘ No. of Plane
NaMES. ol i 7" Table Stations REMARES,
¢ neres. per acre.
Mr. W. Tudd, 18,564 64 Mountainous and for the most part zovered with forest.
» H. Todd, 19,492 64 Mountainous and intricate and for the most part cover-
ed with fovest.
» I 8. Pocock, 7,534 56 Mounlainous and for the most part covered wilh forest.
6 Native Surveyora under the super- Tlat and raviny ground and in some parts iniricate and
vision of the above mentioned g 33,691 30 corered wilh forest.
oflicers.
Total nrco 79,281 or 124 square miles.

X. Extract from the Narrative Report—dated 13th September 1876—of Major A. PULLAN, S.C.
Officiating Deputy Superintendent 3rd Grade, in charge of the Kattywar Survey Party.

A A A

During the recess season of 1875 fair maps of Sheets 31—42, 43 and 44 of Kattywar were pre-

pared on asenle of 2 inchesto a
PEUSONNEL. Assistant .S""”y""' mile for publication on the 1-inch
Mr. Y‘g Si lllT""d“‘g' scale; and the data connected

» . Oldhum. .
Major A. Pulian, 8. C., Deputy » @.T. Hull. with Degree Shefet VI of Katty-
Bupdt. » H. Corkery. war were partially prepared.
J. McGill, Esq., Aset. Supdt, Senior Sub-Surveyor. Mr. ¥. Bell, Surveyor 3rd Grade,
Mr. V. R. Gadboli. worked during the recess season
Surreyors, Sub-Surveyors. but did not take the field owing
Mr. J. Peyton. Govindji Mahalay. toill health; Mr. Bell procecded

) > ]

» N.C. Gwynne. :nl:{“;'i!;l:'t":(";ém on cne year's furlough to Aus-
tralia on the 1st November 1875.

The out-turn of work for the season of 1875-76 was considerable. An aren of 2253 square miles was
topographically surveyed and consisted of parts of Prints 1lillir, Kattywar, Sorath, and Jhalawad :
1850 rquare miles were trigonometricnlly surveyed in ndvance, preparatory to vext year's topographical
operations; and 1600 linear miles of traverse were carried over the different sheets demarcating tle
taluka and state boundnries and ehecking the details of the plane table survey.

The party started for the feld on the 20th October. The heavy baggage and horses with 1le
subordinate Native establishment procceded as in foriner seasons
by *patimar” bonts to Gogo which port they reached on the
2ud November, Messrs. Hall, Corkery and V. R. Gadboli were sent in advance of the main party to
Gogo, and this arrangement saved several days' delay at that port, as ihey prepared plane tables, pro-
Jeeted paints &e, so that ench surveyor on arvival found his board ready for him und was enabled to
proceed without delay to his espeeial work.

I started from Gogo in company wilth Mr. McGill on {he 15th November and we marched
by regular marches to Manckwira.  IHere Mr. McGill turned north-
ward and proceeded to tauke up the triangulation of Sheet 4G, I
marched west to Junagarh and on arrival there I proceeded to make
o cnreful reconnaissance of the Girnir monntain, that iselated pile of granite being a very remarknble
goographieal feature.  Subsequently I proceeded northwards to Gondaul and cormmenced my examination of
the p'anie tablea in Sheet 36.  With the exception of a fortnight spent in correcting on the spot the hill
shading of a very rugged and difficult portion of country in Sheet 43, my time throughout the field season

Departure for the Field.

Capt. Pullan, Deply. Suporintendent,
in charge.
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was spent in the examination and checking of plane talle work. On the 3rd of April I left Gogo on
duty to Poonn, and after examining the preparation of the fair traverse sheets which were jn course
of execution, I availed myself on the 8th of April of 2 months’ privilege leave aud proceeded to
Mahableshwar, having made over charge of the party to Mr. MeGill, Assistant Superintendent.

Mr. McGill executed the triangulation of Sheets 46, 47 and 48 in his usual adwmirable man-
ner, completing in all 1650 square miles and joined me on my wany to
Gogo at the end of March. Mr. MeGill then remained at Gowo
bringing up Angle books and preparing triangle sheets for computation until the whole of the Plu:‘le
Table Surveyors had completed their work. °

Mr. Peyton was entrusted by me with the independent charge of Sheet 10a, the northern.
most portion of Kattywar abutting on part of Guzerat to the east
and having the Runn to west and north, Nilkant Vital sub.surveyor
accompnnied Mr, Peyton. Mr. Peyton completed the topagraphieal survey of the sheet and proceeded
to Poona to get on with the preparation of the fair sheets. Mr. Peyton himself completed 206 square
miles of topography—an out-turn of field work in every way satisfactory.

Mr. Gwynne worked in his usual energetic way throughout the field season. His out-turn
of work was 201 square miles comprising the whole of the Girnar
range, very difficult ground, sketched in a most artistic and cor-

J. McGill, Eeq.

Mr. J. Peyton.

Mr. N. C. Gwynne.

rect manner.

Mr. TFielding executed 238 square miles of topography in very good style. Mr. Fielding

is always most accurate and reliable and shows great tact and judg-
ment in dealing with Native officials.
Mr. Oldham executed 139 square miles of topographical survey in a creditable manner, a
portion of the ground which foll to his share, bordering as it did
on the Qir Forests, was full of low spurs thickly clad with trees
and small intricate ravines. Mr. Oldham aleo completed 200 square miles of triangulation (portions
of Sheets 40 and 50).

Mr. W. A. Fielding.

Mr. W. Oldham.

Mr. Hall’'s out-turn of work was 204 square miles of topogra-
phy carefully executed.
Mr. Corkery's out-turn of 206 square miles was highly creditable to him. He hns much
improved in his mode of delineating ground. The hills being shown
in a really artistic and grapbic manner.

Mr. Visaji Gndholi worked steadily throughout in the projection of plane tables and compu-

Mr. Vissji R. Gadboli Mend Sub- tations of the latitude and longitude of subsidiary points for Plane

Surveyor and other Native Surveyors.  Tqohlers. The amount of fair mapping to be done in the recess
being unusunally heavy, Mr. Gadboli was sent by me to Poona in the end of February and was employed
in compuling traverses and preparing fair traverse sheets. Govindji Mahalay executed 201 rquare
miles of topography in his usual neat and graphic style. His work was as good this season as in former
years. Narsu Dinkar completed 232 linear miles of traverse, the ground being in many places compli-
cated in detail and difficult to chain. Krishnn Govind completed 86 square miles of topography. He is
a new hand at plane tabliifg and was very slow, but I found his work carefully done and very correct.
Bholoji Bhoseknrdid a good season’s work ns a Traverse Surveyor, his out-turn being 289 lincar miles
enrricd over o difficult country. Nilkant Vital executed 236 square miles of topography, a Inrge and
highly ereditable out-turn. Keshu Yital turned out 143 square miles of topography creditably. His
work of this season shows a decided improvement on that of former years, Tukaram Chowdry did a
good searon’s work of 211 linear miles of traverse. Ganesh Remchandra completed 214 square miles
of topography in a neat and workman-like manner. Vishnu Balwant executed 179 square miles of
topegraphy very well for a beginner. And Lozerus D'Souza acted as recorder to Mr. McGill. He
writes a neat hand.

Throughout the field eeason, sickness prevailed in Kattywar, fover was rife, and cholera of
a 8paradic character broke out fitfully here and there. The party
was exceptionally fortunate for only three deaths occurred through-
out the different survey camps, although men were dying daily in the villages around. :

The most vemarkable goographical featuro in the country surveyed during the season under
review is the Girnir mountain and ite spurs. This very remurkable
granite mass, rising a8 it does abruptly from the plain, can be seen
on a clear day at a distance of 50 miles looming in haze on the verge of the horizon. The mountain
liee duc east of the town of Junigarh which is at the foot of one of the western apurs.

The highest peak of Girndr, known by the pundits ns Ujyant, rises to an elevation of 3,666
feot above sea level ; the upper part of the mountain towers almost perpendicularly above the surrounding

Mr. Geo. ITall.

Mr. O. Corkery.

General health of the district.

The Girndr Rango.
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spurs some 500 feet, a huge mars of granite intersected dingonally by thin laminm of quartz; this pile
is broken at the sumnmit into three sharply defined peaks, the westernmost and lowest being dedicated
to Amba Devi, the middle and highest point to Goraknath, and the easternmost to Datatri Swami;
round this grent central mass the lower spurs wind and spread inclosing the holy mountain in a circle
of hills. ‘Thenext highest peak on the range is called Datar, and nestling below the granite precipices
which crown the mountain is the shrine of Jamil Shah, a celebrated Pir to whose sacred tomb leprous
and blind both Mahomedan and Hindu even now journey to be made whole ngain. One more peak Ka-
lika Tonk may be mentioned, which though lower than Girndr or Datar, still rires to a height of 2,527
feet above sea level and attracts the eye by the grandeur and abruptness of its granite pinnacle. Girndr
is held in the greatest veneration both by Brahmin, Jain, and Mahomedan. The most remarkable tem-
ples on the hill are Jain nnd are at the bnse of Amba Devi pealt ; they bear date * Sumwut” 1215 or A,
D. 1159. As the traveller approaches from {he west the sacred ** Ujyant” towers above the picturesque
town of Juundgarh, a blue cone; on nearer appronch, the mountain takes shape, and spurs and precipices
appear, and enclose a good flayged road the wia sacra of Surashtra, which leads from Jundgarh through
a lovely wooded valley by the green waters and temples of Damodar Kund, a haunt of fakirs and mon-
keys, for some 3} miles until the foot of the mountain is reached ; still there is no break in the road, the
broad flagged path winds its way through brushwood and crag wnd along the face of granite precipices,
past the Jain temples of Amba Devi, until it terminates on the topmost point of Goraknath below the
hoary time-stained walls of the little temple. Only the most encrgetic of the pilgrims force their
way beyond this point, but a determined few may be seen struggling, with painful steps and slow, over
the rugged granite to the lovely little temple of Datatri.

One striking feature on the mountain is an immense perpendlcular rock called Bhern Jap,
from the summit of which in the days before Britich rule was established, hundreds of mad devotees
threw themselves into the abyss below as o religious act of suicide.

The scenery of this remarkable range is unique. ‘I'he enormous crags and perpendieular preci-
pices of biack granite are tinged here and there with hoary stains of time and exposure. The temples
ancient and weather-worn, and the long arms of lower ranges that stretch round and wrap in crag and
forest the skirts of the great central pile of Girndr, form a scene of picturesque beauty and grandeur not
to be surpassed. The view from the sunmit of the mountain is wonderful, all Kattywar seems spread out
like a map under ; and at sunset when the sun's declining rays tinge temple and rock with glowing tints,
and the Gulf of Cutch gleams in the horizon like a golden zone, the traveller gazes on a scene perfectly
unique and singularly beautiful. The heavy forest and thick underwood which covers the Girnir range
is the haunt of numerous Sambar, but they are shy and difficult to come across, Jeopards nlso hang
about the ravines running into the plains in considerable numbers.

The Principal towns in the portion of country surveyed this
season are :—

1st, Gondal—the principal town of the Gondal state; the chief is n Jhareja Rajput. The town
is on the banks of a small stream a tributary of the Bhidhar, and is clean and well kept: the high road
from Rajkot to Jundgarh runs through Gondal, and a neat bridge spans the river. The Political
Agent's bungalow, Public offices, Post office and Hospital, all well built ediﬁces,}é‘nhine to give Gondal
a remarkably thriving look, and the town is also connected by an electric telegraph line with Réjkot
and Bombay.

2nd, Jetpur—this town is the seat of a petty “ Katty” chief of the Wala race. Tt isa walled
town very picturesquely situated on the banks of the Bhidhar river over which a handsome stone bridge
has just been erected by the Iixecutive Tingincer for Kattywar. Behind the town looms in the far
distance the Girnir range, and the rapids of the Bhidhar in the foreground, combine to form a very
pleasing picture. There in a good travellers’ bungalow at Jetpur, and the high road between Rajkot
and Junigarh pnsses close by the town.

3rd, Dhordji—this i one of the chief towns of the Gondal taluka ; it is situated on the south
bank of the Bhidhar river and is a large and thriving place : there is a very good school here, and the
town is connected vid Jetpur, Gondal, Rijlkot, and Ahmedabad with Bombay by a line of telegraph.

41h, Jundgarh—this town the seat of a Mahomedan Nawib, is situated among groves of mango
and other trees, a strang wall formerly surrounded the town, but it is now falling into decay, a large fort
called Uparkot looks down wupon the town, but although formidable in nappearance it is now
uncared for and deserted. Junigarh with a population of 18,311 souls is inferior only in importance
to Jimnagar and Bhaunagar, and ranks as the third town of the province. The town is surrounded
ou the sonth and west by heavy jungle stretching for miles, and on the cast it is shut in by the lower
spurs of the Girndr, the north approach is open and n good metalled road runs between Maijkot nnd
Jundgarh, The water supply of Lhe city is bad and scanty. Jundgarh is conuected by clectric tele-

Principsl Towns,
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graph with Gondal and Rijkot.

5th, Jhinjhuwdra—this is o town of some size whose crumbling walls and massive old gateways
indicate former prosperity. Not far from the town and on the edpe of the Runn is the island of Jalay.
dar on which are some curious springs of brackish water which bubble up from the ground even in the
soverest drought. Jhinjhuwédra is the residence of a Rujput Thikur, but v Kamdar, deputed by the
British Government, administers justice and collects the revenue.

The principal rivers which flow through the country under review are the Bhidhar, the Ujat, and
the Uben. The Bhadhar the most considerable river in Kattywar
rises in the low hills north of Jasdin and taking a south-westerg
course falls into the Gulf of Cutch at Nawi Bandar. To the rainy season the Bladhar is sid
to be navigable for small craft as far inland as Dhordji near Junagarh. The Ujat rises in two forks in
the platenu nenr Minekwarn and flowing north joins the Bhiadhar about 4 miles from Nawi Bandar,
The Uben rises among the northern spurs of the Girnir range and fulls into the Ujat at Wauthali,

The villnges in the portion of Kattywar surveyed during season 1875-76, are decidedly

Appearanco and character of the Populous, the country being ferlile and, for Knttywar, well wooded,
country. mango, lamarind, bar and pipal trees are here scattered over
the plain and afford a grateful shnde near viilages and wella, Fine crops of bujree and cotton are
grown throughout these districts, and the sugnreane is also largely cultivated.

About one third of the people of the Junigarh state are Mahomedans, the remaining two-thirds
are Hindus of various castes. In the Gondal state about three-fourths
of the people are Hindus, the remninder Mahomednans. Guzerati is
the langnage of the masses, but Hindustani is well understood in all the large towns, more especiully
Junigarh,

Rivers.

Population.
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XI. Extract from the Narrative Report—dated 30th October 1876—of Major C. T. HAIG, R.E
Officiating Deputy Superintendent 1st Grade, in charge of the Guaerat Survey Party. !

(3.) The out-turn of field work consists of 924 square miles of topography on the 4-inch scale
tnd 948 square miles on the 2-inch

PERSONNEL. !
scale, the former beiug chiefly
Major C. T. Haig, R.E. Mukand Dinkar British Khilsn land nand th
Licutenant J. E. Gibbs, R.E. Bhao Govind lat liefl . N e
Mr. A. I)Souca Ganesh Bapuji 2nd atter chiefly Foreign territory ;
» A. DL Christie Monaji Abu and 1650 xquare miles were pre-
» C. H. McAFeo Govind Gopil d for final .
» J. Hickie Balwant Rajaram pored for hnal survey c}“eﬂy by
» G. D. Cusson J. V. I’Souza traversing but with a little tpi.
» % I‘l:"oz:’;‘l"‘““ Saysna Seibu angulation where it was neces-
sary.
Revenue Survey
Sub-Surveyors, (6.) The area finally sur.
Mr. H. @. Forns H. D. E. Forbes, Esqr. veyed comprises sheet 31 and a
Qopal Vishnu 9. .
Bilkrishun Bibdjee Sub-Surveyor. quarter of 3:" nls_o 78and 79 ‘.\llh
Lakshumdn Gharpuri a small portion (56 square tniles)
Ganesh Niviyen Kubar Parbhuddss f T
Gunesh Bipuji 1st Jugal Ménsukhrim of sheet lofl of Kuttywnr' [his
Ruoji Nurngen Parbhu Kisor small portion was surveyed by
Bulwunt Qovind us on the 4-inch scale as it was

British Khalsa land which I thought desirable to have mapped on the same scale as the rest of the
territory to which it pertained and adjoined. -

(7.) The orders of Government restricting the scale to 2 inches to o mile were received too
late to ndmit of any alteration in the field arrangements, but although the British Khélsa land was
surveyed on the 4-inch senle it will all be mapped on the 2-inch scale; so that the cost will not be
appreciably more than if it had been surveyed on the 2-inch scale. The field sections have been re.
duced to half scale in the Government Photozincographic Office here and from the reduced copies fuir
maps are traced.

(3.) The area topographed is, as will be seen on referring to the accompanying Index map, in
two parts, which I may call the northern and southern. The northern portion includes a large part of
the Viramgam taluka and & small part of the Sinand teluka of the Ahmedabad collectornte, n part of
the Kari Mahal, and six villages of the Patan Mahal of the Gnekwar'a territory, and a small part of the
Mahikante. The Viramgim taluka bas now been compleiely surveyed with the exception of 4
detached villuges situated in sheets 72and 77, and the Sinand taluka is nlgo complete with the exception
of 8 villnges in sheet 7. In this northern area pre the following principal towns : —

Viramgdm —a {aluka town ; population about 20,000, with its municipality, a Mamlatdar’s court,
and a Railwny station where the line from Khiraghora (distance 14 miles), the great Government Salt
station, joins the Wadhwin and Ahmedabad line.

Mdndal—an important Khélea town, with a population of about 7,000, and having a municipality
and a Post office.

Detrgj—n Khilsa town, with a population of about 3,000, and a branch Post office.

Ruri—the chief town of the Kari Mahal, Gaekwnar's territory, which has a somewhat interesting
history attaching to it. It has a population of about 17,000, and o finc palace, and is fortified by a good
wall from which it is atyled Aile Kari. It is the reaidence of a Wahiwatdar (Maoager), a Munlatdar,
nnd a Fonjdur, and has & Post office.  In 1802 it stood a siege and was taken by Sir William Clarke on
the 30th April of that year from Malharao Gaekwar, who, n Jaghirdar of Kari, was nominally a dependant
of the Gaekwar of Barodn to whom an annual tribute of Rupees 120,000 was payable, and who though
within the Gackwnr’a territories was aes independent of him as the latier was of the Peishwn.  Mallarao
rebelled ngninst him, and perhaps but for the British troops might have mainmiained his independence,
but on the eapture of Kari he was taken prisoner, and Kari and its district were made over to the
Baroda (Gaekwar, who in consideration of the British services ceded the Chikhli pargana, now a
taluka of the Surat collectorate, to the British Government. Maiharao's father was the first Prince of
Kuri; he wns established there by Ais father Pilaji Gaekwar in 1731.  The palace and town wulls were
therefore probnbly built soon after that date.

Bechrdji Mitha—a village in the Pitnn Mahal, Gaekwar's territory, of only 123 inhabitonts,
situnted near the villago of Bechar of 620 inhabitants, fumous for ita templo and its melns (fairs) A
meln is held there every month, but once n year in the end of September there is a fumous and very
largely attended mela visited by Hindus of all castes from all purls of Guzerat.
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Katosan—a Thikur's town under the Mahilkénta Political agency. It hns a population of over
2000, and has n number of dependent villnges. There are other villages of over 1000 inhabitanis but
of no particular importance.

(9.) The whole of the northern area is without nny through drainage. There is an abundance
of tanks which appear to nccommodate the whole of the rainfall. There is not a single watercourse
which tlows either into the Runn of Cutch on the west, or into the Sibarmati river on the east. A few
watercourses, withoul even sufficient importance to carry a name, drain info tanks or lose themselves in
the flat country. There is a large lake on the north-west margin called Wanod-na-Saran (from Wanod,
o neighbouring taluka town uuder the Kattywar Political agency) which covers when it is full about 6}
square miles, Half of this falls within our margin, the other half has been surveyed by the Kattywar
Party.

(10.) The country on the east of the northern area is finely wooded with Mango, Kirni, Tamnarind,
Banian, Pipal, Nim, Wood Apple and other trees, and undulating to an extent embarrassing to the plane
tabler, as the undulations conform to no marked system of drainage, but are very irregular; so that had
the country been accurately contoured, the contours would meander o as to defy eye sketching, that is to
say, no two surveyors would huve represented the snme ground in the same way without spending avery
long time over it. The west of this area is very flat and open, the trees being almost confined to the
immediate vicinity of the villnges. The soil ulso is very different on the east and west. On the west
it ia clay with scarcely any admixture of sand, while on the east the sand predominates, so that within a
distance of 30 miles the general aspect and character of the country undergoes a very marked change

(11.) The Bombay Baroda and Central India Railway traverses the northern area from west
to east not far from its southern margin, and the Ahmedabad and Viramgim road enters the southern
margin at 6§ miles from the south-east corner of sheet 79, but this rond is of no importance now as an
engineering work ; part of it, between Sdnand and Viranmgdm, has been taken up for the permanent
way of the Ruilway, and the rest is sadly out of repair; east of Sinand in sheets 80 and 8 the road
is in good order. I'he Government telegraph wire just crosses the north-east corner of this aren, and
about 6 miles of its length lie within the margin. There are no other enginecring works in the
northeru area.

(12.) In thie part of the country crime abounds to an alarming extent. Frecbooters take
advantage of the many politicnl divisions of the country and evade the Police of one state by retrenting
into nnother. When 1 was at Kari a troop of the Guekwar's cavalry halted there for a few days
in the course of their search nfter some of these robbers. Fortunately the robbers think it politic
not to molest servants of the British Government, and 8o none of our Surveyors were interfered with.

(13.) The southern area comprising sheet 31 and the north-west quarter of sheet 32, includes part
of the Broach, Amod and Ankleswar talukas of the Broach collectorate (which is now with the exception
of o small portion of the Ankleswar taluka and a very small portion of the Amod taluka complelely
surveyed), part of the Sinor Mahal of the Gaekwar’s territory, also part of the Rajpipln territory and of
the Sinkhera Mewas under the Rewikdnta I’olitical agency.

(14.) In (he southern area are the following principal towns :—

Broach City and Civil station—with o populution of about 37,000. This is apparently a city of
great antiguily and said to have Leen known to the ancient Chinese under the name of Polee-kie-tel’c-po’,
the capital of a kingdom on the Nai-mo-tho or Nerbudde.* Arrian the Greek, and Ptolemy the Egyptian
historian of the Augustan period, speak of it as Bariguza situated on the Narmndas; and the unknown
suthor of the Periplus of the Trythrean Sea, geographically identifies it with Barigaza by the statemeut
of its being " 30 miles on the Narmadas” and by his accurate description of the “bore” or tidal wave
of the Gulf of Cambay. Its name has at various times been much {ransformed from the original Brigu-
kacha, literally the delta of Brigu the tutelary saint of the river whose shrine is still to be seen in old
Hroach. *Tothe Arabian travellers of the tenth and twelfth centuries it wus known at diflerent times
‘““as Baroh, Baros, and Bahruj; the latter phounetically the same as it is now in Guzerati. It has had
‘“at least a dozen forms in English in three generations : but Broitsh, Borich and Broach seem to be the
“last,” The administration of Broach and its dependent territory changed hands several times in the 18th
century. It wastaken in 1772 by the British who entrusted it to n Native Chief and council till 1783,
when it was conlerred on Mdhddij) Scindia on necount of his valunble aid and services in 1779 ; but in
1803 Scindia took up arms ngninst the British, and in that year Broach was taken by storm and subse-
quently ceded by treaty to the British in whose hands it has remained ever since.  Bronch is now famous
as a great cotton centre, and bonsts of soveral spinning and ginning mills and presses, The towe is on
the Nerbuddn nud covers an aren of about 2 miles by nearly 4 a mile. The Civil station is nt the west

® Trom parn. 10 of Mr. Beyt's Report of the Rovenuo Settlement of the Broach Taluku, No. 1026, dated 20th October
1871.  Published by Governmeut of Bombny.
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a
end of the town, the Railway station at the enst end. It has a municipality and the uswal offices to
be found at every administrative centre of a district. .

Anklesicar—the chief town of the taluka of that name, has a population of nearly 9,500, 8 Mamlat-
dar’s court, a municipality, a Post office, and & Railway station which is nearly due south of Bronch
station at o distance of 6 miles. It is on the south side of the Nerbudda and about 3 miles from its
present bank, but on the edge of what is the traditionnl old bank. The river must have chnnged its
course very mnuiy years ago ns thero are several very populous towns on the lower ground between the
ancient and modern banks. Ankleswar was ceded to the British by the treaty of Bassein n 1502,

Sinor—the chief town of the Gnekwari pargnna of that name, has a population of nearly 6,000,
Like every such town it has its Wahiwatdar, Mamlatdar, and Foujdar. It is situated on the right bank
of the Nerbudda. The bank is here very precipitons and varying from 90 to 120 feet ; the communication
therefore between the town aud the water is effected by wide ghaty of masonry steps. It has also some
fine entrance gateways. ’

Tankdri—a large town of some 3,200 inhabitants; on the main track of communication between
Broach and Baroda, has its traveller’s bungalow, and is about 13 miles from Broach.

Sukal-tirth—population 2,900; Janor—population 2,600 ; and Nikora —population 2400; are three
towns in the Broach taluka on the right banl of the Nerbudda, the first two are about 67 miles apart and
the last intermediate between them. Sukal-tirth is about 15 niles from Broach, and is famous in having
its name always comnected with a notable Baunian tree under which it is said Alexander the Great
encamped with his army*: Pliny mentions this tree ns capable of affording shelter to an army of 30,000
men.  On an island in the Nerbudda nearly opposite Sukal-tirth is new @ dense wood in the place
where this famous tree once stood it is said alone, and from its isolation was supposed by the nafives
to have sprung from the tooth-pick of Kabir, o Guru who gralted the tenets of several modern creeds
upon a Hindu stlock so craftily as to render the question of his diseiples being Hindu or otherwise still
open to debate. The island is called Kabiwar from its having a temple sacred to Kabir on it in the thick
of the wood but no portion of it pertains to Sukal-tirth. It is divided between Nikora and Janor and
two other intermediate villages Mangnleshwar and Augareshwar, and the wood is on the part which
pertains to Mangaleshwar, but nevertheless this wood which from a little distance has so regular an
outliue ns to appear like n single hoge tree is always colled the Sukal-tirth Banian tree.

Diva—vpopulation 2,000, and Bhar Bhdla Bet—populalion 2,000 ; these are two of the populous
towns situnted on the low ground between the ancient and modern banks of the Nerbudda mentioned
in connection with the town of Ankleswar; they pertain to the Broach taluka.

Chandod—population about 3,000; on the right bank of the Nerbudda. It is a town under
Miandwa in the Sdnkhera Mewas under the Rewaikénta Political ngency. This town is on the emstern
margin of sheet 31 and therefore serves well to define the extent to which the Nerbnddn has been
survéyed, it being mapped {rom Chandod to the gulf of Camlay.

Rund Bhdlod—population 2,200 ; in the Wijpipla territory on the right bank of the Nerbudda.
Rund is the old and Bhalod the new town, but both adjoin and make one large town the chief centre
of a pargana and the residence of a Thanadar.

There are in this southern area 24 other towns and villages with populations ranging between
1,000 and 2,000. Among the still smaller villages is one Ratanpur remarkable for its cornelinn. It
is on the south of the Nerbudda in the Rajpipla tervitory. The cornelian is dug out of a hill near the
village, and taken to Cambay where it is cut and polished chiefly by a namber of blind folk, and sold to
the public under the well known name of Cambay stones. Mr. Christie reported on these cornelian
mines of Katanpnr in 1873 vide p. 34—a of Annual Report for 1872-73. There is also near Rutanpur,
and within the precincts of a temple, a famous tree of ordeal, of which the trunk is cleft through and by
it & man suspected of crime is made to nssay to pnss. His guilt or innocence is proved by the tree
either contracting the opening and di taining the culprit, or by allowing him to pass through without
bindrance ; such is the popular superstition.

(15.) The southern area is traversed by the Nerbudda rirer which is tidal as far as the
Gaekwari village of Ranipur about 24 miles in a direct line from Broach, but 36 miles by the river.
Large native craft come up as far as the Railway brilge at Bronch, but above that, craft up to 30 tons
ply as far as ‘I'nlakwara about 40 miles direct from Broach and 65 miles by the river. The Nerbudda
has several small tribularies which fow into it from the Sitpura mountains: the western extremity of
which enters the south of sheet 31; and the whole of the country between the Nerbudda and the
Satpuras is very much cut up with mvines and watercourses, making about 200 square miles of
country extremely difficult to survey, particulerly to hands who have been accustomed to the fat
plaine of British Guzerat. This part of the country is mostly very wild, thickly wooded in parts

® Vide pars. 12 of Mr. Beyt's Report, No. 1025 of 20th October 1871.
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with bastard feak and in parts with palm trees, and the soil is very stony. With the exception of the
neighbourhood of the river, where there are many towns and villages, the interior of this part of the
country is inhabited by Bhils, and the hiils are the abode of tigers, panthers and other wild animala
which frequently allure the Bronch sporlsmen to pny them r visit. On one occasion Mr. Cusson was
surveying & Nala when o tiger sprung out of a bush within 30 yards of bim, on the other side of the
Nala, and made off into the jungle.

(16.) "With the exception of a small area of land in the vicinity of the Nerbudda called Bhila
and Gorat (both of these having a large admixture of sand in the composition of the soil) the remain-
der of the southern area is a great plain of black soil, which in the cold wenther under the luxuriantly
verdant crops presents the appearance of a sea of almost homogeneous brilliant green, beautiful to the
eye of the Revenue Officer, but too monotonous to please an arlist as it is not even broken hy a hedge ;
the villages are scattercd over it like islands from 8 to € miles apart, and a few babul trees stand out
like beacons here and there. ]

(17) The southern area includes 25 miles of the Bombay Bareda and Central India Railway,
and the stations of Ankleswar, Broach, Chamargim and Pilej. "There are no metalled roads in this nrea
(excepting those within Broach municipal limits) but there are several cleared ronds which have the
advantage of heing straight, but can scarcely be cnlled engineering worls.

(18.) The Head Qunrters of the party left Poona on the 8th November, and Office was opened
at Broach on the 14th; but previous to leaving Poonn each of the Surveyors was given his portion of
work 8o that ench went nt once to his proper post. I distributed the party as follows. Triangulation
and traversing in sheets 28, 29, 30, Lieutenant (ibhs and Mr. I‘orbes with three Native Surveyors of
the RRevenue Survey establishment. Topography of British Khilsa land in the northern area (sheets 78,
79) on the scale ot 4 inches to a mile, Mr, 1"Souza with 8 Native Surveyors including two new hands
who had to be instructed in plane tabling. British ‘Talukdari and Foreign territory in the same sheets
on the scale of 2 inches to m mile, Messra. Hickie, 8. Norman and C. Norman. Topography of the
southernaren (sheet 81 and part of 32), Messrs. Cliristie and Cusson and Native Surveyors Gopal Yishuu
and Bhao Govind. Drawing Office, Mr. McA’Fee, Mr. Ferns and 4 Native printers and draftsmen.

(19.) On account of the rapidity with which the plane tables on the 4-inch scale were completed
in the previous season and the consequent difficulty in having boards always ready mounted and
projected to take the place of boards completed, | before leaving Poona devised n means of mounting
plane table sections on to the boards dry, which turned out successful in every way and enabled me to
senid new sections projected with graticule and data points to the surveyors by post or to give out two or
three at a time to o surveyor who could tale his completed section off his board and replace it with a
new section in n few minutes ; and so each surveyor had bul one bonrd which he never chauged through

the season.
(20) The means T adopted were as follows; I fitted ench plane table with n strip of deal on each

of its four sides. Three screws clamped each sirip to the board. The screws had flat broad heads but
not broader than the thickness of the table, so that they never interfered with the play of the sight rule,
and corresponding brass femnle screws were let flush into the sides of the table. I also adopted what
is as far ns | know n new method of mounling the paper on cloth. I Iay the paper face down on an
ordinary table, then wet nnd paste the cloth on the back ; the overlaps of the cloth adhering to the table
keep the paper and cloth perfectly tight during the process of drying. When dry the mounted sheet
comes easily away from the table, and the sheot never having had its surfuce scrubbed with a sponge as
in the ordinary process, presenis a beautiful even appearance and is perfectly flat; such a shect can
readily be strefched on a plane table and secured with the deal strips and brass screws if holes are cut in
it to admit 1he screws and made suflicii ntly Inrge to admit of a little play up and down. If once made
tight in the cool of an early morning it never requires farther stretching.

(21) After remaining 3 days at Broach, 1 begnn moving about sheet 31 umong the plane {ablers,
and remained there till the 23rd of December when I went to the northern arenand moved nbout nmong
the plane tablers there until the 22ud of February: I then returned to Broach and in a few days called in
Lieutenant Gibbs to relieve me of the charge of the Party to ennble me to avail mysclf of three months’
privilege leave which I took from the 13th of that month. 1 also called in Mr. Forbes and his Nutive
Surveyors who lind by that {ime completed a sufficiency of traversing in sheets 28 and 29 for our next
season’s requirements, and wilh the nssistance of Me. Forbes and one Native Surveyor I cominenced the
compilation of n map of Broach an the scale of 16 inches to a mile from the sheets of the city survey
drawn on the seale of 66 feet to an inch by the Revenue Survey. This wns a work requiring careful
management ay 71 separale maps had 1o be fitted together and correctly placed as to the graticule. Mr.
Torbes's other two surveyors commenced the transference of fiscal details from the Nevenue Survey
village maps to (he plane table section that had alrendy been completed.
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(22.) On my return from privilege leave on the 7th June, Lieutenant Gibbs handed me a
most satisfactory memorandum giving full particulars of his management of the Party during my
absence. Lenving®he drawing office under Mr. McA'Fee in Broach where nlso he left Mr. Forbes
and his Native Surveyors, he spent the remainder of the season in the southern aren inspecting the
different surveyor's work ; and he also supplied & few points by triangulation where there was o defi.
ciency. As the delineation of the hills in sheet 31 was something quite new to the surveyors working
in that sheet, and ns Lieutenant Gibbs could not possibly have found time to initiate thém himself in
the art of hili sketching, he wisely sent for Mr. 1’Souza from sheet 79 for this purpose, and directed Mr
Hickie and Mr. C. Normnn to supervise the Native Surveyors who had been working under Mr. D'SoUz“:
On the 3rd May he rejoined the drawing office which had opened work in Poona on the 1st.

(23.) I now stale seriatim the work performed by each of my assistunts. To Lieutenant Gibbs
was entrusted the preparation by trinngulation and traversing of the
foreign territory in sheets 28,29, 30 for final survey. Where he
found it practicable—that is where the country was fairly open—he spread a net-work of {riangles, but
through the woody parts he ran a system of traverses at regular distances apart based upon the triangu-
letion. The stations on the west flank of the Singi Meridional Series, the east flank of the Mubi Series
and the net-work of sheet 831 ufforded the requisite points of departure and closing for both
his triangulation and traversing. He wns assicted in the traversing by Gopal Vishnu, Ganesh Bipuji
1st and Ganesh Bépuji 2nd, but each of these was employed on work elsewhere during part of the season.

(24.) Mr. Iorbes assisted by his three. Native Surveyors of the Revenue Survey Department lind
the preparation by traversing of the British territory in shects 29
and 29. The river Mahi may be said to be the boundary of the Bri-
tish territory thongh there are smnll divergences therefrom. The traversing of the British territory
cannot be Inid out in any regular line but has to strike upon all the tri-junctions of village boundaries as
well as on each village site, for reasons which have been expliined in former reports.

(25.) Mr. D'Souzn had the supervision of the plane table surveying on the 4-inch scale of the
British territory in the northern area. I placed under him Lakshu—
mdn Gharpuri, Mukand Dinkar, Ganesh Bipuji 1st, Raoji Narnyen,
Govind Gopal and Balwant Rajaram ; and his duty was to keep moving about among these six men in-
specting their work and seeing that they made proper use of the Revenue Survey village maps. He also
had under him twe new hands who had to be taught, Sayana Saibu and another who turned out a failure
and had to be discharged.  Subsequently I had to withdraw for the drawing office Lakshuman Gharpuri
and Mukand Dinkar—$Sayana Saibu having meantime been taught—and later on Ganesh Bipuji 1st to
help Lieutenant Gibbs with the traversing. Mr. 1)'Souzn had to be continually on the move, and although
it was not necessary for him to take up a plane table himself his work was hard enough. Towards the
close of the senson ns stated iu para. 22 he had to proceed to the southeru area us an instructor in
hill drawing.

(26.) Mr. Christic was employed plane tabling in sheet 31, both DBritish territory on the 4-inch

Mr. Christie. scale and foreign on the 2-inch scale, until the middle of March when
he relieved Lieutenant Gibbs in charge of the work of triangulating
and traversing the foreign territory in sheets 29 and 30. His out-turn must be considered very good.
27.) Mr. McA'Fee was employed the whole season in the drawing office ; his duties Were multi-
Mr. MeA'Feo. farious, generally supervisi%\g the drawing work and projecting the
data on the plane table sections.

(28.) Mr. Hickie turned out 240 square miles (including overlaps) of plane tabling in the most

Mr. Hickio. (.iiﬁicult part of the northern area. Being wholly foreign territory

it was all on the 2.inch scale; it is superficially the largest ares sur-

veyed by one person in the season, and keepiug in view the nature of the ground, must be considered
very good.

(29) Mr. Cusson was employed at first on British territory on the 4-inch seale in shect 81 and

Mr. Cusson. then on the foreizn territory on the 2-inch scale in the same sheet.
Subsequently I transferred him to other ground and then directed
him to take up British territory on the 4-inch scale in sheet 32.

(30.) Mr. 8. Nurman was at first employed in the northern area where he completed 82 square
Mr. S. Norman. milea of plane tabling on the 2-inch scale ; this he had just complet-
ed when I was compelled to transfer Mr. Cusson from Barods to
British territory, and I therefore directed Mr. 8. Norman to take up the work in Baroda territory in
the wouthern aren that Mr. Cusson hnd to abandon, and during the remainder of the scason he worked
in the southern aren.  From the instruction he received from Mr. D'Souza and subsequent practice in

the Rajpipla bills he became a very fuir hill sketcher. His out-turn must be considered very good.

Licutenant Gibbs.

Mr. Forbes.

Mr. T¥3ouza.
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(31.) Mzr. C. Norman was employed exclusively in the northern arca plane tabling on the 2-inch

Mr. ©. Nornun. scale. Ileis an accurate and careful surveyor, but his out.turn is

s not so large as his brother's on account of his falling sick and being

incapacitated for work in the open from the lst of April, and also from his having to survey the city

of Kari the traversing of the main thoroughfiurcs of which detained him a week. During the latier
part of the season, Licutenant Gibbs employed lim in the drawing office at Brouch.

(32)) Of the Native Surveyors, Gopal Vishnu and Ganesh Bipuji Lelé proved themselves useful
hunds both with the plane table and at traversing, but the latter iy
not so active as the former. Raoji Narayen and Bhao Govind have the
best out-turns of plane tabling : the latter was sick for a month and had a very intricate piece of ground
in one plane table, s0 that his out-turn is less than that of the former.

(33.) During the field season the castern half of degree sheet II was commenced and complet-

. ed, and as it contains 4 sheets of the most thickly populated part of
Tho Drawing Office. Gruzerat 08 well as the most thickly wooded, the drawing and print-
ing of this map was no light task. Mr. Ferns drew and printed the whole of it. Mr. Ferns had aleo
to re-draw half n section of sheet 80 on the d-inch scale which had been injured. The printing of 103
sections on the 4-inch seale was commenced aud completed, and that of 7 sections had been commenced
in the previous recess but was completed in the fiell—altogether equivalent to about 14 sections. The
drawing office was weakened by my employing two hands, Lakshumdin Gbarpuri and Mukand Dinkar in
plane tabling, while two new hands were being instructed in that branch so as to utilize the services of
the khalassies who would otherwise have beenidle; and owing to the inability of these new hands tolearn
plane tabling quickly, the two Native Surveyors were absent from their posts in the drawing office till
the latter end of January. Frowm this cause and from the occupation of Mr. Ferns on degree sheet 11,
geven sections on the 4-inch scale remained incomplete when the office returned to Poona.

(34.) The orders of Government restricting the scale of British territory to 2 inches to the mile
in place of 4 inches to the mile has somewlat burdened us with another innovation inasmuch as it en-
toils a new style of draftsmanship, and so the preparation of these maps for reproduction on that scale
has somewhat thrown our mapping into arrears, but I have made the drawing office stronger than last
field season and I hope to finish off all the mapping before the Party returns again to recess quarters.

(85.) The maps published ou the 2-inch scale will contain all the detail of the 4-inch scale with
the exception of the felds and their numbers which were derived from the ltevenue Survey maps; and
that kind of detail will by no means be entirely dispensed with, as the trijunotions of fields, along the
village boundaries, along the boundaries of waste laud and wherever {he plane table stations ocour,
have still to be inserted with a sufficiency of their numbers printed to enable identification of the field
corners. DBut the drawing of these 2-inch seale maps is very much finer than that of those on the
4-inch scale and this increase in fineness of execution means increase in time of execution, so that the
time we save in detail we nearly lose in superior workmanship. The maps now in oourse of preparation
are—as works of art—superior to anything we have hitherto succeoded in producing, and I doubt not
will be greatly admired by all who have to use them.

(36.) The computations of the triangulation and traversing of the past season are all approach-
ing completion, and will be completed before we again take the field,

Native Surveyors.
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XII. Extract from the Narrative Report—dated 12th December 1876—of Major J. HERSCHEL, R.E.,
F.R.S., Deputy Superintendent 2nd Grade, in charge of Calculating and Printing Branches
of the Computing Office.

(1.) I received charge of the office on the 21st March last from Mr. W. H. Cole, M.A., whose
report, printed in the Appendix to the Superintendent’s Annual Report for 1874-75, reviewed the opera-
tions of this Office, ns well as those of the Drawing, Photozincographic, aud Printing Offices, for the previ-
ous 17 months, from May 1874 to September 1875 inclusive.

(2.) With regard to the work done during the interval prior to Mr. Cole’s departure on furlough,
I have to rely on the monthly reports : including that the present account covers the 13 months from
October 1875 to October 1876.

(3.) Mr. Cole’s departure was somewhat sudden, and as it was followed a fortnight later by that
of Colonel Walker, the charge would have proved n very onerous one had the superintendence of all the
above branches devolved upon me without preparation. Colonel Walker was therefore pleased to sepa-
rate the Drawing and Photozincographic Offices and to place these under Captain Thuillier, B.E., who
was to officiate for him as Superintendent ; leaving the Computing and Printing Offices to my care.

(1) Within a few days of my accession to office the prepuration of the usual monthly report
directed my attention to a system of diary keeping which had been commenced under orders from the Super-
intendent about 15 months before, the object of which, as I understood it, was to obtain the actual
cost of any individual picce of work, as in & factory. I could not learn that this result had ever been
obtained, although the time of each workman was duly uccounted for. In endeavouring to carry out
what appeared to be the intention, it became evident that in the absence of any indication what special
work was to be the subject of particular estimate, a very elaborate specification of details wns necessary.
This presented a serious difficulty, to provide for which would require a closer supervision than I could
give. The only practical escape seemed to be to obtain—at any rate at first—the relative cost of classes
of work. I accordingly classified as soon as I could do 80, and very soon obtained what seemed & satis-
factory result, which I introduce here as a guide to the order which will be observed in this report. It
is necessary however to remark that, as there is an annual periodicity about some kinds of work, is
would be premature to draw very close inferences from so partial a piece of statistics, which is in fact
on trinl. On the other hand there is reason to hope that, as each individual concerned can see in the
monthly statements (of which the table shows only sum totals) the actual cost in rupees of his share of
the several kinds of work on which he has been occupied, there may grow into existence, with praper
help, a sort of restraining judgment as to the worth of it.

Tubular Statement of Cost in Rupees of different Classes of Work done in the Computing Qffice.

Crassga July. August. |September.| October. |November.{ December. l::e;:g:-

1 MNecords 10 5 6 17 12 23 1
2 Computations 662 301 506 463 439 514 22
3 Accounts 47 45 33 ar 43 87 2
4 Returns 62 298 74 118 69 78 [
5 Supply 46 88 131 104 107 68 4
6 DPress copy 626 657 786 633 434 323 25
7 Press proofs 77 220 225 804 348 263 13
8 Charts 184 122 31 21 159 129 ]
9  Meteorology 34 35 46 52 74 14 p]
10 Library 18 9 8 8 7 1 3
11 Correspondence 94 56 54 60 39 Y4 8
12 Stations - 33 a7 65 37 178 &8 8
13 T.eave b8 162 181 210 70 74 6
14 IToliday 71 58 88 76 484 6
0 Miscellaneous 116 171 164 95 72 44 3
Totala ... 2367 2367 2367 2247 2127 2127 100

It will rendily be understood that the designations of olosses here given are often mere catchwords

©® The figures for November and December bave been added from later reports by desire of the Buperintendent,
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donoting a varioty of itema, :
I now proceed to take the above classes in order and will use the opportunity to indicnte in some
detail what thoy represent.

(8.) IRecords. In no depnrtment of the public service probably are records more valuable
than in that of Survey. They represent money sunk or funded as the case may be, and the strictest
precautions have always been taken to guard ngainst loss or destruction. The bost safeguard no doubt
is prompt publication, but this is not always possible. Our progress in this direction is howevep
undoubtedly making a large mass of MS records rank chiefly as memontos of those who wrought
thom. Our museum of these is maintained and must continue to be maintained so long as field
records continue to be mmnually or from time to time received. Part of the work under this head
relates to the examination, indexing, paging, cataloguing, &e., of these later additions. The gradual
accretion of MSS since the present nccommodation was allotted has become a source of some
difficulty and anxioty; and the Rocord Room and Library alike demand study to prevent their be-
coming crowded.

(6) Computations. 1t appears desirable to restrict this class as much as possible, and further
to subdivide it, with a view to facilitate the desired appraisement of different kinds of work. Having
regard to the natural current of operations it is not difficult to see what the various subclasses
should be. The following have been laid down as guides for the computers in proparing their several
monthly accounts of work., Subclass (n) claims all computations directly connected with named series :
subclass (b) comprises levelling and tidal reduction: swbclass (c) astronomical and pendulum work :
subclass (d) is devoted to tho reductions of associated series, and referring to the timehonoured plan
of this Survey, mny fitly be known as the gridiron subelass. I must pass over (a) for the moment,
In (b) I am not aware of anything requiring specific mention having been done during the twelve-
month. In (¢) & good deal of work was donein the early purt of the year in the course of preparing
the pendulum operations for press, but I am not in & position to describe it precisely. In specifying
the work under (d) it will be necessary for me to go more into detail.

(7.) Three large arens of trinngulation, which have been frequently mentioned in these reports
under the names of North-West Quadrilatoral or N.W.Q., South-East Quadrilateral or S.E.Q., and
North-East Quadrilateral or N.E.Q., have to bo considered. Of these the first deals with 8 series,
the second with 6, and the third with 15. Thus the three Quadrilaterals incorporate 29 distinct
series of triangles, ench of which owns a name and o set of records and of computations. They
form as it were threo quarterings of the grent Indian Survey shield, The fourth quarter—the South-
‘West Quadrilateral or 8.W.Q.—need only be mentioned: we Lave not anything to do with it here.
It will eventually consolidate 5 or G other series with those already mentioned.

(8.) There is little to be snid here about the N.W.Q., which has already been frequently
described, further than that the reduction of it embodied most of the experience which has guided
us in subsequent operations of that nature. Nor is it necessary in the present connection to say
much of the S.E.Q, the reduction of which was reported last year as nearly complete. The work
which followed theroupon will find its place in another page. Of the N.E.Q. reduction also it would
be easier to say little than much; but as this is o report I must briefly describe its features.

(9.) It was originally intended to restrict this job to those old series running north and south,
between the meridians of Delhi and Calcuttn, which together with a chain of triangles shirting the
Himalayns and another along the parallel of Calcutta (or nearly so) gave, no doubt, the first quaint
suggestion of a gridiron. Those series have always had rather a bad reputation as compared with
the nobler ones of moro recent days, and in designing the programme of successive reductions they
were assigned o third place so that they might rest upon, instead of offering a weak support to, their
strongor neighbours. This was well; but to the eastward of these again lay 4 connected series which,
being of the higher order of merit, Would in this way run a chanco of being unfairly dealt with. These
were ther eforeincluded in tho N.E.Q, scheme; which, in its extended character, presents 49 equations
of condition.

(10.) There is one poculiarity about this third gridiron reduction which requires special notice.
The first and second are independent bodies of triangulation, having nothing in common excopt at the corner
where they meet : butasat this corner they have one side of one trianglo in common, npon which each may be
oonsidered as based, the two rigid wholes become in effect one rigid wholo. In the vacant arens forming
the other two quarters the trisngulation occupying them has to be adjusted. Thus the N.E.Q. may be
considered asn pieoce of triangulation which has to conform to a much larger number of fixed points. The
same will be the case in the fourth quarter. This in no way adds to the difficulty ; on the contrary the
immedinte effect is to remove two equations, one of which would link together many of the others in
such a way as to increaso the trouble of solution of the ultimate normal equations. This last cperation
forms however 8o small a portion of the total labour th: " it would be o mistake to lay much stress upon
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it. The great mass of the work is to be found in the formation of the coeflicients, and every coeflicient
saved represents there an oconomy which far outweighs what would result from its mere absence in tho
final equations. If I am not mistalen 90 coeflicients out of 641 are thus saved, as a direct consequence
of the N.E.Q. being based upon the already completed N.W.Q. and S.E.Q.

(11.) In the annexed table [ have endeavoured to present some statistica of the three quadrila-
teral reductions. T'he last two lines require a word of explanation. The more entangled a set of given
conditions are infer se the more do they react the one upon the other. Every such renction gives rise
to a term (With its coefficient) in the uliim:te equations between the indeterminate factors—also call-
ed above, and in the table, normal equations. The avernge number of terms in these equations is there-
fore, roughly, n measure of the entanglement, or ns we may say, of the interdependence of parts.
Again, as the purts so dependent on each other consist in every cuse of a number of triangles, and
therefore of angles, the average proporiion of the latter is some measure—probably a very rude one,—of
the wenlness, as the other is of the strengih, of the framework considered as & whole. The inference is
not entitled to much weight, but it has some small interest.

GRIDIRON FUNCTION TABLE.

N.W.Q SEQ. NE.Q.

Number of Associnted Series 8 6 15
" Circuits 5 3 12

” Cirenit triangles 649 277 573

. Nou-circuit triangles 268 169 120

. Equations of Condition 23 15 49

»  ® Normal Eqnation Coelficients 329 165 551

» Products forming the same 40,050 16,664 50,962

» " " neglecting sub-diagonals ... 23,204 9,784 29,132
Average terms per normal equafion ... 14 11 11
’ angles concerned per term 183 151 139

(12) A large part of the preliminary calculations for the N.E.Q. had been prepared prior to
Mr. Cole’s departure. The enslern series werce the least advanced, as their inclusion had not been decid-
ed upon. I was enabled however to push on with the calculation of coellicients, and afterwards with
the solution of the equations, of tlie ten western circuits. The elimination has been carried as far as
the 38th equation, where it has been stopped for the present. Every equation ns formed, and every eli-
mination ns completed, has been subjecied to some lest. For one or two of these I am indebted to Baboo
Cally Mohun, who is very espert in devising these checks. That I may not be understood to imply that
the introduction of checks wus nt all o novelty 1 should explain that the great increase in the number of
equations rendered it impossille to alopt the arrangements of the N.W.Q. and S.E Q ; and that in devis-
ing others more suitable to the altered circumstances, different facilities presented themselves for secur-
ing checks. These were of course tuken advantage of.

(13.) Having been instructed to curtail caleulation as much as possible—in view of tle inferior
character of the trinngulation—1 have given my closest attention to this point. It is often a matter
of extreme difficulty to judge rightly what measure of accuracy is sufficient at each stuge of a series of
numerical operations, in order to secure a satisfactory conclusion. On the onc hand, too much caution
may entail fruitless labour; on the other, too much hardihood maylend to failure. Perhaps I have erred
on the latter side. Should the cvent prove this, | shall bo the less exousable through having had two
previous sets of computation by which to be guided. Al the same time there is an unavoidably greater
risk of sensible error in what matheinaticians call a first approzimation, where the quantities ta be found
are (a8 in the N.I8.Q.) comparatively largo.

(14.) We may now return to subclass (n) of art. 6, which includes all computations directly con-
nected with nnmed sevies. The extension of the N.E.Q. to include the Assam, the East Calcutta, the
Brahmaputra, and the Enstern Frontier necessitated the revision of the original computations of these
scries, portions of which, though the observativns were (nken with good instruments by good observers,
had become in some sort obsolete {hrough the introduction of better clements of origin and more refined
mothods of preliminary treatment. They were in part recomputed, and the results were adopted in
obtaining the errors to be dispersed by the N.E.Q. leduction.

(15.) A large amount of secondary triangulation Dbelonging to the several series forming the
8.E.Q. has heen correeted, revised, or where necessary recalculated, upon the basis of the finally correct-
ed principul elements of that section.
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(16.? T'h.e I.'mig!\t “deductions along several of the meridionnl series of the N.E.Q. have been
gone over, m.nnhclpntlon of their actunl requirement for publication along with the other results on
those series, in order to supply the best availuble materials in Qudh, Rohilkhand, and N.W, Provinces
for the level sheets in course of compilation. ’

(17.) For the preparation of level charts the Drawing Office has aecquired from various
sources data some portion of which is scarcely inferior to that supplied by the G.T.8. levelling, and
is connected with it and with occasional tower stntions of the series which traverse the N.W.
Provinces, Oudh, and Bengal. The trigonometrical (or signal as distinguished from staf’) levelling,
obtained by vertical angles measured with the theodolite, though far less trustworthy than spirit
(or stni.f) levelling is still good enough to be valuable when connected with the more reliable dafa,
Accordingly it falls to this office to harmonize the two. The adjustment which is requisite in
any .such case may be effected either by a direct nppeal to the method of least squares or by the
anllcn.tion of o discretionary method of allotment. I was not aware that the former had ever been
given a conclusive trial and therefore applied it in one or two of the cases which arose as above. I have
since understood that the method has been tried, and discarded as being too refined for its purpose.
Under these circumstances there is no occasion to say more about it than that if there should here-
after be any desire to repeat the experiment the form into which the work was thrown may perhaps
be found of use. It is one which I think applicable to nlmost any simple problem of dispersion of
error by lenst squares, however numerous either the equations or the unknown quantities might be.

(18.) Tt has been usunl to reckon Astronomical Azimuths as among the operations of 2
series. They are so,no doubt, if we regard only the fact that they are almost invariably observed by
trigonometrical parties conducting the usual field operations. But considered as computations, the
pecessary connection disappears. In classing these it seems best to nssign them o place along with
other geodetic measures. There are 42 astronomical azimuths at stations of the S.E.Q.: some
of these have been computed now for the first time; others have been examined and where
necessary corrected ; and abstracts for press have been completed, or drafted. Of the above
number 15 were observed subsequent to 1863, when & different method of registering level readings
was introduced. The reduction of these lnst has received very careful attention, in the hope of as-
certaining the requisite facial corrections ns well as those due on account of error of verticality of
of the azimuthal rotation axis. Owing however to the necessary ignorance of the state of the pivots
at different periods there appears to be very little prospect of determining the former, and in that
case it will be necessary to combine observations taken “face right” with corresponding ones taken
“faco left”, the mean of which will be cleared of the facial errors. This amounts to much the same
as measuring on 5 zeros with 10 microscopes, instead of on 10 with 5.

(19.) In connection with the subject of observed azimuths 1 may mention that en endeavour
has been made to nscertain the general effect of the finel reductions of the N.'W.Q. and N.E.Q. trian-
gulations upon the disagreement of gevdetic and astronomic nzimuths in those quarters. For this purpose
Baboo Gunga Pershad has prepared, with great care, an abstract of all astronomical azimuths, showing in
the case of those which admit of it, the final, and in all others the preliminary, disagreement. This is
pot the first time that n collection has been made, but as it has never-before been possible to approach
so closely to the facts, the abstract repays study. Of the 179 observed azimuths, the final reductions
enable us so far to compare provisional discordances with final discordances in 85 cases. Of these 85,
the azimuthal correction has in 62 cnses the sign proper to reduce, and in 23 to increase the discord-
ance. Of the 63 cases in which the eignis proper, the numerical magnitude is often too great, and
sometimes (in 12 instances) sufficient to produce an increased discordance with changed sign. Thus, if
we consider magnitude only, thero are 50 decreases against 35 increases. That this is obviously the re-
sult which was intended when, by Colonel Walker’s direction, the fundamental aziinuth of origin of the
Survey was changed—afier an investigation very similar in some respects to this—by 1”1, scarcely
needs more than recognition: a general diminution of provisional discordances was a necessary conse-
quence. The interest does not lie here, but in the further question, Apart from this constant correction,
is there evidence of a diminution which may be fairly adduced ns confirming the discipline to which the
triangulation has been subjected P The unswer is I think nffirmative, but hardly positive. In some cases
there is a marked appearance of correction; but, remembering that however perfect the triangulation
might be, there would always remain the uncertain discordances coused by local attraction, this is inlc\-m‘
clusive. Lastly there is some indication, in the outstanding preponderance of negative over positive
discordances, that the change of fundamental azimuth was rather too rmall than too great.

(20.) The result on the whole is this, The absolute attraction at Kalianpur is alrn.ost conclu-
sively proved to cause an azimuthal deviation of somewhat more than + 1”1, nn@ this quantity has been
allowed for in determining the influence of local attraction at all the other stations yet reached by_the
§ual reductious. When the N.W.Q. and S.E.Q. are published, thero will be availuble 85 determinations
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of deviation, which have perhaps a better claim to rank as adsolufe than nny yet given to the world.
There remain 94 others to which the continued building up of the framework will extend a like charac-
ter. Those in the extreme south, where the effect of lateral attraction on azimuthal azimuth ceases,
must be looked for, in this connection, with exceptional interest. We may now return to the more pro-
saic subjects of this report.

(21.) Accounts. There is but liltle to be said about these. As a class it includes all time de-
voted to monthly pay bills and to the keeping of pay, contingent, and map accounts. "These have been
conducted by Mr. Wood, whose management of them has been satisfactory.

(22) Returns. This class includes indents, estimates, monthly progress reports, stock nnd ex-
penditure, and work of that character. It is of more importance and requires more experience, and when
88 in August the indents on England are under consideration the cost is exceptional. Some of the
principal items are prepared by Mr. Wood. 1 annex alist.

Annual Report, materials for:
Estimate of Stores for Indent :
»  Indent on England :
List of Books and Periodicals required for the year :
Statement of Receipts and Issues of Stores for 5 years, and of Balances :
Review of Expenditure of Stores:
Monthly Progress Reports, in detail :
" Statement of Cost of the Department :
Stationery and occasional Indents :
Stock and Expenditure Lists of printed Forms.

(23.) Supply. Under the head of supply I reckon the preparation of tranacripts or abstracts
from the professional records to meet the wants of field parties and other applicants ; as also all work
in connection with applications for information of whatwoever kind, by other offices. This is often a
source of trouble, if not of actual waste of time, owing to the vagueness of the demand ; but the steady
increase of our publications enables us to mcet a continually larger proportion year by year by the
despatch of o Preliminary Chart, a Level Sheet, or a Synoptical Volume. Such supplies being matter of
business only make but little show in the scale of cost, compared with their utility. During the past
year, in addition to MS dafa supplied to about 20 officers, some 750 despntches of maps, charts, books,
and forms hiave been made. Under this head should also be noticed—as directly connected with the
extension of the supply of materials—the compilation of & revised list of mups and charts publidhed at
Head Quarlers. This wohope to be able to priut. Meanwhile acopy in MS has been supplied to the
Surveyor General.

(24.) Press Copy. If we may judge from the monthly cost of this class, it stands first in im-
portance. And when it is considered how very long and sometimes devious a chain of procedure is
traceable from the early measurements of angle, through the preliminary calculations—revised perhaps
as knowledge incrensced—up to the final stages by which the independent work of numberless hands
has Leen welded into one consistent whole ; it is not surprizing that it rarely happens that any single
page of the original records can be put into the printer's hand. Not only this: the compilation of what
is suitable for publication is something very different from selection and transcription. To the calcula-
tor it is very much what composition is to the writer, only that it must hang together by much more
inelastic links. There may be no wenkness, on his part—no mistakes, no oversights. Thus it is really
the case that the preparation of press copy occupies a very large proportion of the computers’ time.
‘Where possible—and it very often is possible—the later stages of calculation are so conducted as to form
this material. But & considerable part of what is to be printed must be compiled. Of this kind are
alphabetical and other synopses of results, especially of secondary triangulation. Alphabetical arrange-
ments are generally troublesome in proportion to their utility, and first drafts have commonly to be
revised and rearranged before they are fit for the compositor, And then they must be compared with the
original materials. Mere transcripts do not require this, but compilations take so much more time to
check that it is unadvisable to rescrve the comparison until the matter is in type. A great part of the
expenditure under this head is to be accounted for by the necessity of revising part of the copy for the
N.W. Himalayan Secondary Triangulation. It must have Deen a ferribly {ough job to prepare it at
all—and I believe Mr. W. Todd is eniitled to much of the credit of it—Dbut when it came to be printed
it hung on the compositor's hands too heavily and [ dirccted what remained—some 200 pages of printed
matter eventually—to be transcribed. ‘There was also some revision of the orthography of mative
names at the same time. This was in Mr. Wood's hands at first but afterwards in Mr. Peychers’.

(25.) The synopses of sccondary triangulation of the 6 series of the S.E.Q. (which likewise form
press copy) have beeu continued and are now complete. Recomparison is required in one ease. Press
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copy is otherwise ready for the wholo of the Synoptical Volumes of this Section, and these are in course
of printing.

(26.) One other kind of press copy may be noticed here. A good deal of letter Press now accom-
panios numerical charts, both those called “ preliminary” and those devoted to levels. The printed
matter is either put upon the chart before it is photographed, or accompanies it s a pamphlet. In
either case the Computing Office is answerable for its being properly printed, and to o certain extent for
what is printed. In the case of charts such as the level sheets, which are compiled in the Drawing
Office, my responsibility wns limited. The letter press accompanying 8 of these, prepared by Mr.
Atkinson, has boen printed in pamphlet form. Those which had been printed in earlier yenrs, ot inter-
vals, were of different patterns, and 1 wns a good denl perplexed which to adopt. Foresecing a run of
the same kind it seemed worth while to form a good pattern, as these typographienl details are otherwise
worrying. There i now a certnin uniformity about these which I hope will prove satisfactory. The
mauner of printing upon preliminary charts has nlso vavied n govd denl, according to circumstances,
from time to time; and I have endeavoured to incorporate the best parts in those which have passed
through my hands; but there is still voom for improvement, ns my rcluctance to wmake any changes has
only been overcome with much hesitation. I beg to bring to mnotice the preliminary charis of the
Rimpdd and Eastern Frontier Sevies, 1874-75, the typography of which was arranged under my
instructions by Mr. Wood.

(27.) Press Proofs. Itwill be hard to find anything interesting to say on this very dull subject.
And yet so much harm, as well as aunoyance, directly results from misprints—to say nothing of the
merely msthetic satisfaction in good printing—that it has a certain claim of its own, The subject stands
third in order of cost; but ns a great part of the reading, comparing, and correcling of proofs is done
by the less hizhly paid members, it does in faot occupy a larger share of the time and labour of the office
than can be done justice to here. I therefore tnke oceasion to express my full recognition of the results
of careful traiving which has made it possible for printing of a really creditnble order to be turned out
almost wholly by Natives of this country. And in saying this I by no means underrate the critical su-
pervision exercised by Mr. Peychers, on whose vigilunce I have been able to rely more than I could
have expected. Press proofs upon and accompanying preliminary charts have been dealt with almost
entirely by Mr. Wood, who in this as in every part of his multifarious occupntions, has shown both
the desire and the capacity to give effect to my instructions.

(28.) Charts. The separation of the Drawing and Photozincographic branches, from the
Calculating and Type-printing branches, already mentioned as having taken place early in the year,
drew something of .a line defining the obligations of the Iatter in respeet of charts. The only ones
with which we were concerned were those for which there was corresponding type-printing. I anvex
a list of these:—

N. W. Himalaya Degree Sheets, Index Map

Do. do. Noe. 1 to 21 incl.
Eastern Frontier Series Preliminary Chart 1874-75
Rimndd Longitudinal Series  do. do.
Jodhpur Meridionnl Series do. do.
N E. Quadrilateral Extension, Skoleton Map
8.E. Quadrilateral, 6 Series, 14 Plates.

Reference has already been made in speaking of press capy, to the numerical data accompanying what
are known as preliminary charts. These are drawn by the survoy parties and contain, partly upon the
face and partly in attached DS, the numerical resulis of the provious fiold-senson. 1f possible the
MS portion is set up in type and an impression placed upon the chart before it is photographed. If
the available space is insuflicient the matter in type is separately printed and attached in pamphlet
form. It will readily be understood that the Computing Office is in this way to a certain extent
responsible both for what appears upon and with the chart—not in respect of its numerical
accuracy, which is provieional, but in regard to its general harmony. This gives rise to an’ indispen-
sable scrutiny by which errors of minor consequence are sometimes detected. This is particularly
the case with the orthography, descriptions, and nomenclature of stations which appear both upen
the chart, and in the added matter—points in which we cannot expect perfect manuscript. 1t is
not easy to define very clearly what share of the work thus indicated,—especially what share of the
press work—is to be reckoned under the head of Charts. It would seem to claim everything which
goes to the making of them, but obviously other classes have some claime on the process too.

(29.) There is one pointin connection with this subject which ought to be noticed in & report.
There is n steady demand—and I am bound to admit a quite legitimate ono—on the part of the Draw-
ing Office, for type-printed titles, foot-notes, &c., required for mups which are to be photographed.
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These used to be attached in the Photo-Priuting Office, but as they took the place of printing which
would otherwise fall to the draughtsman, Isuggested that it would be preferable that this should all
be done in the Drawing Office, not only because it was proper that o map should be handed to the
photographer complete, but because it seemed likely that by the exercive of o little foresight the
petty demands on the printer would become condensed into larger and less frequent ones. This has
I believe been found to be the case, and it is clear gain; becnuse printed slips though a boon to the
draughtsman are a drain on the printing power. They have long since been felt to be so much more
wasteful than if the Drawing Office had its own printing appliances, that as long ago ns August of
last year—15 months ago—an emergent indent for I think £50 worth of plant was despatched through
the Government of India to the Secretary of State. It was sanctioned; but to this day the type &e.
have not been received, any more than have our own regular indents of a somewhat earlier date been
met as yet. A part are I believe on their way—wvid the Cape.

(30.) Meteorology. The usual observations have been recorded without interruption, and
reduced : monthly abstracts have been communicated to the Meteorological Reporter to the Govern-
ment, N'W.P. The usual table of monthly means and a table of wind velocities as furnished by a
self-registering anemometer on the Basevi Memorial Clock-Tower are appended. The wind directions
indicated by the same are also self-registered and the sheets are available forinvestigations of the
influence of barometric tides on the lower air currents ; but the office is too full of work to allow of
such being undertaken except by special desire of the Meteorological Office. Observations for time
have been frequently taken, by Mr. Peychers, for regulating gunfire at Mussooree and the Basevi Clock
at Dehra, as well as for chronometer rating.

(3L.) Library. A library is nothing without a eatalogue, and a catalogue is next to nothing
which does not serve its purpose well. The only catalogue we possess is one which having outgrown
the frameworlk constructed by me in 1863 for n comparatively modest stock of books, calls urgently
for reconstruction. The subject has been present to my mind for months; but though [ have
a well defined idea of what has to be done the large amount of writing which it will entail has pre-
vented much progress. As o special memorandum on the libraries in public offices was circulated by
the Government of Indin not long since, no apology iy necessary for noting briefly here what occurs
to me on the subject. The foundation of the (atalogue of the British Museum Library, ns well as of
that invaluable annual publication the “ English Catalogue "',—copy of which from 1831 to the present
time 1 happen to possess—is an alphabetical arrangement by (1) author's name (2) leading word,
where the work is anonymous or only edited. Cross referencesare most useful, but they must be quite
subordinate, and must not interfere with the plan, which consists in having one full and complete
entry for each work, in its alphabetical place. There must be amnple room for fresh entries, but it is
not desirable that these should be currently made, unless the custodian has some literary qualifica-
tion. A day-book for current nequisitions provides sufliciently for the catalogue being properly filled
up from time to time.

(32.) Having perceived that such n eatalogune must be prepared if possible I stopped further
entries in the existing classified catulogue, and instituled o day-book. This is a current account of books
Jent as well as received, and has been kept up since. It supplements, on the Cr. side—if it does not
render unnecessary—the file of receipt notes; and on the Dr. side it shows or should try to show the
title and description, in full, of new acquisitions, for uee in bringing np the entalogue. I may add that
this latter may possibly be created, if I am allowed time, without the resources of the office being
drawn upon otherwise than for printed forms.

(33.) 1 have already remarked upon the crowded state which the Library and Record Rooms
have renched. This purtly arises from the constant influx of printed shects of the Volumes of the
Operations. The annual out-turn of the printing office is partly represented by 35 to 40 reams of double
royal, of professional matler alone, all of which has, for a time at least, to be stored in one or other of the
rooms of the office. 'I'his mass of paper occupies much accommodation, and tends to oust both records
ond books. 1f funds were available I should propose the substitutivn of iron racks of greater capacity
for the present somewhat incommodious wooden stages, especially in the library, where I think space
would be gained—and that without risk from white ants—by following the outline of the room instead
of occupying its central aren. The racks which have been erected in the observatory are excellent
models—though of conrse they would require to be differently designed for a library.

(34.) Correspondence. This speaks for itself; but it does not include correspondence in conneo-
tion with the preservation of stations, next to be described.

(35.) Stations. 'The business and correspondence connected with the protection of survey sta-
tions has for several years been conducted by Mr. Wood, under the direct control of the superintendent.
‘Without at nll desiring to interfere with an arrangement which, if it absorbs to an uncertnin extent the
attention of his principal assistant, yet ut the same time relieves the officer in charge of much responsi-
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bility, it neverthelexs appenred precarious to leave the entire knowledge of the details nt the mercy of
events. Mr. Woor accordingly, by my direction, drew up an account of the routine, from which the
following is condensed. There are three forms in regular use viz :—A, Custody Recoipts; B, Annual and
Distriot Lists ; C, Final District Lists. Custody lteceipts are taken by executive officers from village
officinls at the time of handing over stations into their charge, and are transmitted to Head Quarters,
where they ore filed as vouchers. 1 do not gather that they serve any other purpose, in themselves,
as they are annually incorporated in the lists B. These are prepared by the executive officers,
in the first instance, irrespective of districts, as Annual Lists; and from them are compiled here, on
the same forms, the District Lists, which are sent out to the civil officers, who revise and return them
with their report ou the condition of the stations which they aro thus officially made cognizant of as
existing within their jurisdictions. From one cause and another these district lists are at first in-
complete and erroneous when seut, but when thus revised they ultimately supply all the requisite
means for preparing the final lists C. These are then transmitted, along with blank forms, and the
distriet officers, taking the finnl lists as guides, report annually on the spare forms, stating in an ap-
propriate column the actunl condition of each station, and if necessary the estimate of its repair.

(36.) The object of this procedure is clearly to secure a comploto transfer of all stations to
the care of the civil administration of the districts in which they aresituated, and to provide for their
continued preservation. The Intter purpose is effected by an allotment from Imperial funds. An
annual expenditure was some years ago sanctioned which at that time everaged 4 Rs. per station.
The incrense in the number of stations so transferred, without a corresponding increase in the allot-
ment, has lowered this avernge; but it has been found possible, so far, to defray the requisite expen-
diture.

(37.) There are now 313 of these Final District Lists, disposing of some 2725 principal sta-
tions, leaving perhaps 30 districts in which it has not yet been possible to get beyond the preliminary
stage. To keep the system up, and to arrange for the proper expenditure, entnils of course much
correspondence, and requires on Mr. Wood's part a very extensive knowledge of his subject.

(88.) Although the preparation of the Final District Lists managed in this way provides for
the gradual rectification of local information regarding the positions of the several stations, it is I
think a pity that it has not been made a means of obtaining the vernacular names of localities specified
in the descriptions. This department is fully alive to the importance of setting n good example in
the matter of orthography in its publications, and it might get much help in the annual reports from
districts, were the spelling in these more attended to on the spot.

(39.) In close connection with the proservation of known stations, is the recovery and iden-
tification of old ones which have been lost sight of. Formerly—I am referring to the early days of
the Survey—it seomed the natural fate of a station to die out and leave no sign. I remember one
which had been thus allowed to pass out of existence for half a century, and its site only was recover-
ed by digging about in o likely part of a ploughed field. Some disappear unaccountably, while some-
times later operations re-establish n station sensibly but mot identically the same ns an older one.
All such incidents have—since Colonel Walker placed the preservation of Trigonometrical Survey
stations on ite present footing—been carefully noted in a book dovoted to the purpose.

(40.) Pawvmrve OfFicE. The tabular anslysis of monthly cost which has now be?n gone
through does not include expenditure on printer’s staff. That part of it which l.ms.beeu nsmg'ued to
press proofs should be added to the cost of the printing establishment proper, if lt.were desm?d fo
estimate the cost of the printod matter published here. It would no doubt be possible to obtain in
thie way a proportionsl estimate of the cost of composing and correcting o page of type. But to
extend this estimate to printed pages would involve a consideration of the number t?f pages, nnfl would
yield & result of doubtful accuracy. Moreover it would leave out of considerutlofl everythmg.con-
Dected with material and plant. I shall not thercfore venture upon this, but will merely giv.a
continuation of the usual statement of out-turn.

Year. Pages composed Pages printed
(foolscap sizc). (ol sizes).
18G5-66 377 53 thoueand

67 756 93 »
68 641 127 "
69 697 166 "
70 693 106 "
71 819 235 "
72 1143 241 "
73 1420 273 "
74 1220 888 "
75 1319* 373
76 1179 349%

e Aven‘es for & twelvemonth.
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The falling off in the last year is due to several causes—among which must be included my inexperience
as a printer. In the early months the out-turn was very small, being chiefly professional matter of
unusual kinds, and letterpress containing o good sprinkling of mathematical demonstration. Later
on there was dificulty in composing well (rom the draft of the N. W. Himalaya Degree Sheets,
as has been alrendy explained. But it is necdless to trace these fluctuations minutely, since out-turn
must frequently depend upon causes beyond control. I should however mention that the severe illness
of our printer Mr. O'Connor, which deprived the office of his services for 6 weeks, and tle failing health
and ultimate dealh of our best pressman—events which threw a severe increase of respousibility on
Baboo Gungn Pershad who was superintending at Delira during the time—cannot, 1 think, thnnks tu
his exertions, be held to explain the decrease.

(41.) Mr. O'Connor has since taken sick leave and the charge of the printing establishment has
devolved upon his chief compositor Nufbeer Singh, who carries on the work surprizingly well. Ihave
also been fortunate in replacing the pressman satisfactorily.

(12.) T cannot close this report without an expression of regret that the close of this year will
bring round for the second time the half yearly period when clnins to increase of salary are considered,
withoul my being able to submit any recommendations: not because none ure worthy, but because
retrenchment is ordered. I have no aliernative but to ciaim for 1hose under mo the recognition which
I myself tender them—of thanks for services faithfully performed.

Mean Velocity in miles of the winds which blew at Dehra during 12 months
of 1875-76 for each hour of the day.

] A
§ | 2 ] Bl F | 4 £ 3
Cisil Hours. | £ E | § g £ g R - B -

131 B g o = -« k] s L b 3,

=] = 2 ) = k
oto 1 1°35 2°88 2°58 1°50 2°21 2°74 | 3747 2'43 2°0§ 1°43 1°32 1°83
1, 2 1°32 | 1'8% z1o| 1732 | 2704 | 1°97 ] 2787 270§ 1°62 | 1-07 1°55 1°33
2., 3 1°06 169 177 1°46 | 2700 | 2°32| 280 | 2'10| 1°9§ 1°39 1°35 1743
3 4 o8y 1°3§ 1'8t 136 203 2'10 1°67 1°57 1757 079 1°29 143
40 5 o'45 | 065 1°58 1725 | 2'07 | 203) 1°57| 119 1'19 | 1746 116 | 137
51 6 0'52 054 1°48 1°32 1°97 206 1°53 o-f1 110 1°29 1'06 1°13
6, 7 0'58 | o°42 1°45 1°29 138 138 1‘20| o0°'86 1024 12§ 097 0" 90
7 8 0'03 035 1)) 1°04 1-28 129 1'10 0°95 1°43 1"18 106 o' 40
8, 9 o'10| o'50| 0'94 | o0-93 1734 1°26 1y 1°81 3-os5 1743 142 1oy
9, I0 023 065 1°4§ 1’00 | 1'93| 2700| 1'90] 2'33( 355 1746 | 1°61 127
10, 11 0°42 1°19 1°84 1°28 2721 2°08 2723 343 320 1°57 2°23 1°63
oy, 12 110 | 1°46 | 2723 1°48 | 23t | 329 3°33| 4°602| 385 204 1°71 190
12 , 13 1926 | 1752 | 2777 193 3'10| 3'87| 3'Bo| 4'59| 4714 | 2°4§ 1'90 | 2°00
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22 ,, 23 142 3'19 28y 196 238 261 3'53 314 1°65 1'59 1°19 1°80
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XIII. Extract from the Narrative Report—dated 22nd December 1876—of Captain H. R.
THUILLIER, R.E., Officiating Deputy Superintendent 1st Grade, in charge of Drawing
and Photozmcographlng Branches of the Computing Office.
In consequence of Mr. Cole proceeding on furlough, I was directed to take charge of the
Drawing and Photozincographic Branches of the Computing Oflice and assumed their direction on

the 21st March.

It is necessary to state that the return of work executed in these two branches is for a
period of twelve months, and therefore it is not comparable with that submlttcd in the preceding

report, which embraced a period of 17 months for reasons therein stated.

DRAWING BRANCH.

Annual Return of work executed in the Drawing Office, during the year
ended 30th September 1876.

Number of
sheets or
dingrains. Scale
DEscripTioN oF Wonxk. = [ = |Linch REMARES,
Z| 8
g o =
& | A&
Compilation. Miles
Map to illustrate the report on the Pandit’s route through
?reilb Tibet in 1874. Sheets 1 and 2, with hill 2 16 | For Photozincography.
shading. ..
Index Chart to the Degree Sheets of the N.W. Himalaya Sevics .
tnungullﬁlon with hill shading. .. 7 1 1 24 Do.  Reduction to ¢ sealo.
Map of anddtz‘, nlfgiﬂ}\[;;lluhs routes Lhrough Al'g].mmstun‘( 1 16 Do.
B e
Sheet No. 6 of Spirit Le\'clled I{cxghts ) I 2 Do.
0. o . 1 2 Do.
Do. 19 DO 1 2 Do.
Do. , 21 Do. . . 1 2 Do.
Do. , 23 Do, 1 2 Do.
Do. , 25 Do. . 1 2 Do.
Do. ,, 26 Do . 1 2 Da.
Do. , 27 Do. . 1| ... 2 Do.
Do. ,, 28 Do. . . 1) .. 2 Do.
Do. , 40 Do . B 1 2 Do*
Do. , 41 Do R 1 2 Do.
Do. ,, 42 Do , . 1| .. 2 Do.
Do. , 45 Do. . 1 .. 2 Do.
Do. , 63 Do e 1 2 Do.
Do. , 69 Do. 1 2 Do.
Do. , 66 Do. 1| .. 2 Do.
Do. , 1 Dchra Du and Siwdliks with hill slm(lmg, 1 .. 1 Do.
Do. , 2 Do. Do. 1 1 Do.
Do. , 24 Do. Do. Survey 1 £ Do.
Final Charts.
Great Aro Scries, Section ; 18° Lo 24°. . 2| .. 4 Do. Reduclion to } scale.
Culcutta Longitudinnl Series. . 3| . 4 Do. Do.
East Const Series. - . 2 . 4 Do. Do.
Bildspur Meridional Series. .., e e 2 4 Do. Do.
Jabalpur Meridional Serics. .., . . 2 4 Do. Do.
Bider Longitudinal Serice. R 2 4 Do. Do.
Degree Chaorts of the North- West Hlmnln)n Trmngulahon 14 4 Do. Do.
Miscellaneous.
Examined and reported on 41 fair originnl Maps of Kumnnnl
and Garhwil, Kattywar, Guzorat and Dehra Din
and Siwiliks Sur voys. L. ...
Examined 113 proofs of Maps and Charts, e .
Colored 8,602 Maps. -
Propared 7 professionnl and offico forms on drnwmg and trans- } For Photozincography and Zincos
fer paper. ... grophy.
Propared a trace on linen of the Aasmu Valley 'l‘rmnguluhou 1
1876-76. ... BSRS
Prepared a traco on linen of country ‘round the Char Penk. - o
Prepured an Index Chart of Triangulation of N.E. Quadrila- 1 For Photosincography.
teral enstern exlension. Ly
Prepared 68 Figurces of the sevornl ecries contmncd in tho 8., )]
P a9 gun(lrlll\lorul to illustrale G.I.Y. Volumes. o "
Teparo ingrams and Descriptions of Bench-Marks for ; ine
Shests Nor. 6, 21, 55, o7, Do, 40, 41, 42, 45, and . T{;ﬁ;‘:ﬁ?:‘oﬁ:&of otorincogras
66 of Bpirit Levellod lle!ghls '
Prepared tracings for wee of vurious Officers uml for rccord 1
and performed other misccllaneous duties. b
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This Office has been principally engaged in the preparation of charts of triangulation, of which 27
have been completed, and of the series of Level charts, in which considembtie prog;‘oss has been
made. Twelve of theso sheets have been completed and four are very nearly ready for the prless
The accompanying Index map shows the sheets that have been published, The map of Nul‘tilerll
Afghanistan showing the results of the explorations of the Havildar and the Mullah, and that of the
Pandit's surveys through Groat Tibet, both compiled under Captain Trotter's supervision, were
completed early in the yoar, but circumstances of which you arc awaro, have prevented the p,ublica-
tion of theso very intercsting maps.

A large amount of miscellaneous work has been done in addition, and I am glad to be in a
position to say that Mr. Atkinson, the Chief Draftsman, conducts this small branch with much
efficiency and energy.

PHOTOZINCOGRAPHIC BRANCH,

The amount of work exccuted by this Office for the year ended 30 September 1876 is shown
hereaftor under the heads of Charts, Diagrams, Forms, and Maps. This work moy be briefly
summarized as follows:—

109 transfors have been made to zine, 25,425 complete prints of maps and other subjects and
18,314 copies of Forms have been struck off, besides tho preparation of 126 silver prints.

The out-turn bears favorable comparison with that of former years, which can be seen by
reference to the abstract given in the last report by Mr. Cole, and taking into consideration the
reductions which have been carried out both in this and in the Drawing Branch during the yezr under
review, I trust the returns of these small Offices will be considered satisfactory both in quantity and

uality. .
1 yIn the Photozincographic Office Mr. Ollenbach continues to merit the good opinion previously
expressed of his industry and supervision, while the subordinates in both branches have as a body
worked satigfactorily.

Charts.
S = .
S8uBJsEcT. When published. S & |No. of copics
2 A printed.
Jogi-Tils Meridional Serics Chart, Final ... | October 1875 1 369
Sutlej Series Chart, Final ... | November - 1 366
North-Wost Himalaya Serics, Degree Sheet 1—2, Final .., ... | February 1876 1 370
”» ” ” ” » -4 » " » 1 367
Jodhpur Series, season 1874-75, Numerical . ... | March » 1 68
Rimpéd Longitudinal Series, Scoson 1874-75, Numerical .., ... | April » 1 68
Eostorn Frontier Serics, scuson 1874-75, Numcrical ... | August ) 1 o
Total 7 1678
Diagrams.
: No. of copies
SveiecT. ‘When published. printed.
{'| October 1875 151
November » 890
Decembor s 502
Jonuory 1976 1537
February » 82
Plates to illusirato Volumos of the G.T. Survey, and other Diagrams 4| April » 1262
Moy » 1026
Juno » 1918
July » 743
August ” 1253
|} September » 350
Total 9712
Professioual and Office Forme 1875-76 18,314
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a
Maps.
T % | No. of eopi
. z 0. of copies
SunJEcr. When published. ; 5| printed.
Prints of maps published in former years . 22 1852
Kumoun and Garhwil, sheet No. 13, Lontoured ... | October 1875 1 119
22, ” » » 1 109
Guzemt Surrey, shcct No. BO eection 4 » » 1 107
» " " " ” 6 e ”» 1 107
» . » " . 10 ... | November " 1 105
" " n woow " " 1 108
Index to Guzerat Survey » " 1 41§
” Kattywar ,, .o » » 1 444
“ Dehra Dén nnd Siwalik vary " » T 454
Dehra Din and Siwalik Survey, sheet No, VI e " " 1 143
» » " vi " " 1 137
" » » XV " " 1 147
Kumuun and Garhwil, sheet No, 21, skeleton “ " » 1 104
. » " 6, contoured ... | December » 1 103
- M ” a8, » » » 1 105
unmun a 1 1451
Gurhwill ), P 1 For N.W. Provinces’ Gazetteor :: ;: I l:SI
Dehira Dén and Sm ulik Survey, sheet No. 1 . " ” 1 148
” » » » IIT " » 1 152
" " » » v For Forest Department . " 1 132
» " » » XI » » 1 136
» » » " Xi11 » " 1 136
» " " " X111 " » t 139
" R <04 " M 14
XXI For Foreat Depm-tmcnt ”» » 1 135
Map lllualrnhnﬂ tllo Pundlt's roufu m 1874 ... " » 2 454
Index to Kunmun and Garhwil Survey - " » 1 444
Dehrn Diin and Siwalik Survey, shect No. 11 . . ... | January 1876 1 140
Kumaun and Aurhwil, sheet No. 23, ekeleton ... " » 1 159
Kattywar Survey, slmeb No. 42 » » 1 127
" » n 43 » » 1 143
. oo | February » 1 132
Kumaun and Gurlm’ﬂl "sheet No. 26 skeloton . " " 1 159
6 2nd edition » ” 1 157
Map iuste ating the Havildar's routes 1873 74 . " » 1 481
Kattywar Sursey, sheet No. 44 ., v ... | March » 1 137
Mup of Khotn Blbur » ” 1 34
Kamaun and Garliwdl, part of gheet No. 17 contoured ... » » 1 34
Delira Dan and Siwalik Survey, shect A;IO v } For Forest Depnrtment ”» » : :iz
» »
Guzerat Survey, sheet No. 80 scction 12 ”» » 1 127
" » " " i » " 1 To4
» » " » 15 e v | April » 1 106
» » s, 3 " » ' 107
Indox to North-West Himalaya Series Degreo Sheets o | May " 1 399
Triangulution, N. E. Qundriluteral Eastern Extension vr | June 1 1 10
Spmb Lovelling operations, No. 66 . » » 1 120
» » 23 o | July » 1 119
27 e » » 1 133
Guzernb Survoy, shcct No. 81, section 2 ”» » 1 109
» » " w 4 . | August " 1 13
10 - » » I rio
Eumaun and Gnrllwnl sheet No. 1 skelcton, 2nd odition, » » 1 162
Mussooree and Landour Survey, cheet No, 14, skeloton, 2nd edition ., » » ! 35
Bpirit Levelling operations, No. 28 . » » 1 na
» " »w 40 “ " » 1 110
” » , 45 " » 2 1y
Quzerat Survey, sheet No. 81, scction § v ... | Soptember » 1 109
L ” ”» » 12 o e . » » 1 95
Bpirit Levelling operations, No. 6 » » 1 s
” »” » 21 » » 1 122
Debra Din and Siwalik Survey, sheot No, VIII » » t 9
” » » » XLII " s » » I 142
Total .| 86 14,025

Besides the foregoing, 12 Blue prints were issued, and 126 sets of Silver prints (50 subjects)
were prepared on the scale of the Indian Atlas for the use of tho Engravers and for Executive Officers.
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