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RECORDS OF
THE SURVEY OF INDIA

PART L.—TOPOGRAPHICAL SURVEY.

NORTHERN CIRCLE.

(7Zde Index Maps 1 and 4.)

Four field parties worked in this Circle, and in August 1913, a new Party,
No. 20, was formed from the Cantonment Section of No. 4 Party, and during
the past field season a total area of 27,240 square miles was surveyed consisting

of :—

Sq. Miles.
Survey l-inch . . . . . 8,016
Resurvey and Supplementary Survey 1-inch 5,460
Revision Survey 2-inch, 3-inch and 4-inch . . 253
Revision Survey 1-inch 11,291
Revision Survey }-inch and }-inch . . . . 1,720

The Riverain Detachment carried out a total of 7,238 linear miles of
chaining over a total area of 2,924 square miles, in the Riverain work, the
Khushéab Thal, the Kangra experimental boundary work and Lower Bari Doab
Rectangular. No. 20 Party surveyed an area of 11,539 acres in various
Cantonments during the year.

Major C. H. D. Ryder, D.8.0,, R.E., was in charge of the Circle up to
16th April 1913, and was succeeded by Major C. L. Robertson, C.M.G., R.E,

who held charge up to the end of the Survey year.

No. 1 PARTY (KASHMIR).
By Masor A. A. McHara, B.E.
remained at Srinagar (Kashmir) till the

The head-quarters of the party
: 9th of April 1913 after which date they

PERSONNEL,

Imperial Officers.

Major I'. W. Pirrie, I.A., in charge from the 1sl of
October 1912 to 12th of April 1913.

Major A. A. McHarg, R.E, in charge from Gth of
May to 301 of September 1913,

Lieutenant K. Mnson, R.EK., attached frown the 1<t to
the 13th of October 1012,

Provinetal Officers.

Mr. H, H. . Hanby, in charge from the 13th of
April to the bth of May 1913,

Mr. E. B. West,

Mr. D. K. Rennick.

Mr. R.C. Hanson,

Mro W, I B Midler.

Upper Subordinate Service.

Mr. Sher Jang, K.I.

Mr. Natha Singh, R.S.

Mr. Lal Singh, R.13,, to 30th of June 1918,
Mr, Paras Ram,

Mr. Janna Prosad.

Lower Subordinate Service.

32 Surveyors, cte.

were removed to Mussoorie.

The area under survey lay in the
Kashmir and Jammu State, partly in the
Pinch State and the Mirpur, Riasi, and
Jammu districts and varied from the low-
lying flat country Dbordering on the
Punjab to the high ranges of the Pir
Panjil and partly in the open mountain-
ous tracts of the Kargil and Skardu tahsils
of the Ladakh districts and the Astor
talisil of the Gilgit district.

Operations in the field (with the excep-
tion of a short break lasting roughly one
month in October and November 1912)
and map drawing continued throughout
the year.
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Topography.—The area surveyed on the scale of 1 inch=1 mile was 3,091
squarc miles. One camp with 8 surveyors under the successive charge of
Messrs. Hanson, Miller and Rennick was formed

Sheets 48 oo and 43 - were completed, and sheets
43 , 5= and 43 Xwill be completed by the end of October 1913.

Sheet 43 X has also been partly surveyed, but will not be complete2 until
the next summer season.

In addition areas of 684 square miles in sheets 43 md 5 and 3 on the
halt-inch scale and 1,036 square miles in sheets 43 - 5,55 on the quarter-
inch scale have also been revised.

Triangulation.—Messrs. Rennick and Miller triangulated an area of 1,555
square miles for future detail surveys on the one-inch scale. The total area
triangulated in ndvance is now 1,065 square miles or roughly 16 standard sheets.

Tracersing.— Messrs. Rennick and Jamna Prasad ran 193 linear miles
of height traverse in the flat country of the Jammu distriet in sheets 43 b
wlere no triangulation had been found possible nor any previous traverse work
ever carried out.

Recess duties.—During the year sheets 43 -, -, - and -9 were

submitted for publication.
Sheets 43 - and —?r by Mr. Hanby and
Sheets 43 [- and - by Mr. Hanson.

The following should be completed by the end of October 1913 :—
Sheets 43 - and -2 under Mr. Hanby and

Sheets 43 -.-—3 ___ under Mr. Hanson.

2,6, 10 and 14

Cost Rates.—

1-inch detail survey . . . . Re. 168 per sq. mile.
}-inch revision survey n 33, 4, ”
-mch 1 ) . . ”» 13 ”" ” ”
Tumonlatlon for 1-inch detall survey . . w 1001, »”
Fair mapping w B2, »
Traversing . . . - . « 4 168, linear ,,

The total cost of the party was Rs. 1,29,425.

The health of the party during the winter field season was good, and
during the summer season fair. Surveyor Garjman Ray unfortunately died in
September 1913, and Mr. Natha Singh and surveyor Ram Saran were sent on
leave on account of ill health.

The party was twice inspected by the Superintendent, Northern Circle,
and once by the Surveyor General.

No. 2 PARTY (PUNJAB).

BY Major E. A. TaxDY, R.E.
All work lay in the plains of the Punjab in Ferozepore, Ludhiina, and

PrasovNeL. neighbouring districts with the western

Imperial Officers. alkia
Mejor Ep. Tandy, &t E. o charge ap to 17th part of the Phulkm.n States, except for )
Juge. sheet on the Hoshiarpur border which

Lieutenant A. A. Chase, R.E, in charge from 1Sth . . v eqe
Jone. contained a bit of Siwalik hills.
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Topog1'a1)l:y.—;—Thc following 36 one.

Provincial Officers.
inch sheets were surveyed and fair drawn

Mr, £#. 8. Powell, from 9th Jupa 1913,

J. A, Free to 13th April 1913, . ’
” d Simgl P 0T APE dwing the year:— all sheets in 44 J
,» 1. E, Saulolle, i N . K [ M
, E.C.O’Sullivan, and 4i N ’ 44 9&13° 44 ! and 44 BEIRS
» 4. McCraken. () e 5 .
" H.T. Hughes up to 27th April 1913, giving an area of 9,245 square miles.
» J.A Calvert. Also a 6-inch survey of Maler Kotla
Lower S dinat vice., s

 Tower Subordinate Service and environs, at the cost of the State, arex
66 Surveyors, etc, in ficld. i
Avernge 28 in recess (excluding absentees). near]y 11 square miles.

One surveyor was sent to Dera Ghazi Khan for a month to sketch in the
great alterations due to encroachments of the Indus, for incorporation in the
degree sheet of that area. Two or three surveyors were lent for short periods
to help No. 3 Party with their traversing and plotting in the field.

No traverse or triangulation was done, as old traverse data will be avail-
able for next season’s work.

Survey methods.—Sheet 44 X was revised by one surveyor in five months
using old contoured sheets, as published in black on 4-inch and 2-inch scales.
These revised sheets were photographed down to the 1}-inch scale for fair
drawing by transter.

The south-eastern sheets, falling in the Phulkian States, were based on
new and rather inadequate traverses hurriedly done by No. 3 Party in the
earlier part of the season. The party had to await the completion of the
traverse before entering on this ground. Results contained occasional
inaccuracies up to 10 chains, but these were for the most part well
distributed.

All other sheets were done by revising mounted blue prints of the old
1-inch maps. The distortion due to mounting these blue prints caused the
usual slight inaccuracies of scale everywhere.

No heights or contours were observed in the plains, though the southern
portions, nearer the Bikaner desert, have sensible undulations with sandy
outcrops. Irrigation however extends over most of the area, and where this
is the case contoured canal maps are available. These contours though accu-
rate in a large sense are not always topographically satisfactory in shape, so
their information was only used to the extent of abstracting heights for the
higher and lower parts of undulations, and entering these as clinometer heights
on the fair sheets.

Ferozepore and environs was revised on a 3-inch pantographed reduction
of old large-scale work ; this being pbotographed down to the 1%-inch scale
for fair drawing. Several important towns were also surveyed on the margins
of plane-tables on the 13-inch scale, which enabled them to be drawn in much
greater detail, especially in the case of inferior surveyors.

The Maler Kotla G-inch survey was based on scanty traverse done for the
l-inch work, hut fair accuracy was secured by fixing good plane-table points
over the work Dbefore suvveying. Slight wmodifications of the usual colour
conventions were required in order to meet the necessity of showing boundary
walls and hedges along roads, cte.

No heights or contours were taken.

Personnel.—The staft of the party was temporarily increased during
the field scason by 11 surveyors, of whom 7 were old soldier-surveyors
recalled from their regiments, and not quite up-to-date in their methods .

Threc Rurki-trained soldier-surveyors also joined for instruction.
B2
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The sad death of Mr. H. C. H. Cooper from pneumonia in November was
a great loss to the party. There were a few cases of small-pox, including 2
surveyors, and some bad cases of pneumonia.

Recess duties.—The completion of the large outturn of fair drawing
was only rendered possible by sending an advance section to recess early
in March with the first 22 sheets, when the remainder of the party moved
into the Phulkian States.

Instead of taking 1}-inch blue prints from the 1-inch plane-tables direct
and having to transfer and adjust these ou to the fair sheet, a modification of
the Southern Circle’s method of traces was tried, as follows :—

A complete trace was prepared for each sheet on the 1-inch scale, show-
ing graticules, guide lines for marginal typing, and all detail in
single lines (no railway or boundary symbols or double lines).
These traces were then photographed up to the 1}-inch scale and
printed direct on to the drawing paper. The arrangement proved
very satisfactory.

The bulk of the fair drawing was done by three drawing sections and a
typing section, the former first doing outline and then passing on to the typing
section, after which they completed the ornament of their own sheets. Each
section had to examine and correct each stage of a sheet before passing it on
for the next stage ; and to ensure this being thoroughly done an extra officer
was detailed as examiner, and had to pass each sheet before it was transferred
to the typing section or returned back from it. This ensured every stage
baving two good examinations hefore the sheet was done, which is a great
advantage in dealing with such a large number of sheets, as it reduces
enormously the amount of correction and delay in passing the sheets at the
end of recess.

In addition to these 36 one-inch sheets and the Maler Kotla map (which
was drawn on two 8-inch sheets for reduction to G-inch), three sheets of
Lieutenant Chase’s Nepal boundary work were drawn ; as well as the compila-
tion and fair drawing of village boundaries for a boundary edition of the
1-inch sheets of Amritsar district. A “ gencral” section was detailed for all
this special work, and miscellaneous duties.

Sheet 44 2% was the only part of the work not quite completed by the end
of recess.

No. 3 PARTY (PUNJABR).
Dy Mgz, J. O. GREIrF,

The party was originally intended for work in the United Provinces, in

PBBSONNEL. continuation of the previous year’s pro-

Imperial Officers. gramme. But early in September it was

Captain M. N. MacLeod, R.E., decided to move the party into the Punjab,

in charge up to 11th April 1913. . '
Lieutenant A. A. Chase, gE to undertake the survey of a particular arca
attached up to 31st December 1912. . : i 3

Lieutenant F.B. Seot. LA. 1equv1.red by the In'lgatmn De'partme:nt.'

attached up to 24th May 1913 With the exception of a strip of hills in
Lieutenant R. S. Wahab, I.A., | |

attached up to 11th July 1913. the north, the nature of the country sur-

veyed was flat.
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Provincial Officers. 'The health of the party was good.

Mg ?ﬂﬁézi&m 12th April 1913. Topography.—The country surveyed
Mr. W. J. Newland, comprised parts of the districts of Ambala
Mr ;:p;olls?::eptember o and Karnal, and the eastern portions of
Mr. A C. Bose. the Phalkian Siates of Patiila, Nabha,
Mr. P. A. T. Kenay. and Jind. Practically the whole of this
My. A.J. A Drake. area, except for the foot-hills of the
Mr. F. H. Grant. ! e . A

Mr. F. J. Grice. Punjab Siwaliks in the north, is part of the
Mr. Mogimuddin, Indo-Gangetic alluvium plain. It is in-

from 23rd October 1912.
Upper Subordinate Service,
Mr, Mahomed Lutf Ali.

tersected Dy many hill torrents, the prinei-
pal bLeing the Ghaggar, Markanda, and

Mr, Mahindar Singh. Saraswati. The Sutlej and the Jumna
Lower Subordinate Service. riversalso intersected the north and south-
61 Surveyors, etc. east limits of the work. The greater part

of it is cultivated, and much of it irrigated by the Sirhind and Western-Jumna
Canal systems. Generally speaking it ix wall wooded, dhdk being the chiel
growth. _

The parly was divided into six camps, under Lieutenant Wahab, and
Messrs. Newland, Biggie, Kenny, Drake and Grice. Later in the season two
small sections were formed, and placed under Messrs. Bose and Grant. The
sheets surveyed by each camp were (i) sheets 53 wr; 44 s (i) 53,
B3 o (i) 53 w5 (iv) 5345, half of 531510 and 53 555 (v) 53 oy,
half of 53 ; 10 135 (Vi) 53575 535; and Mr. Bose 53 §; Mr, Grant 53,°.

The work consisted partly of revision survey and partly new survey, on

the scale of one inch to a mile.

In Ambala blue prints of the last published 1-inch sheets were used. In
Karnal the old sheets were found to be of not so good a quaiity, and so redue-
tions of recently prepared settlement 4-inch maps were used, the detail
being transferred on to the plane-tables by making each village fit with its
plotted trijunctions. Except for topographical features, these were found
fairly corrcct.

There is a serious discrepancy between the Ambala and Karnal traverses
along the common boundary, the hest possible adjustment lhas been made-
The error is probably due to the traverses not being sufficiently connected with
triangulation.

In the Phalkian States the work was entirely new, bosed on traverse data.

It was found that the graticules on published 1-inch sheets did not agree
with those plotted from rectangular values, the errovs amounting to as much
as 6 chains. The difference has been eliminated in the fair maps, but the
point is worthy of notice for future guidance.

The outturn of the party for the season is as follows :—

1-inch revision survey . . . 1960 sq. miles,

I-inch new survey . . . . . 2,764,

Toran 1,721

The cost rate per square mile was Rs. 10'6 and Rs. 11'5 respectively.
Traversing.—The area traversed comprised the Native States of Patiala,
Nabha and Jind, in sheets 53 2 6780 44 :

o 5 o nS R R LA G S, 3,4,7,8,10, 11, 12,14, 16, 18
443,56, 0,15, 100 443 » 44+
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Lieutenant Scott was placed in charge of the section, and to it were
attached also Messrs. Grant and Mogimuddin.

As no maps were available to indicate the positions of the village trijunc-
tions, it was decided to cover the whole area with a “gridiron” of traverse
running approximately along 5, minute graticule lines, and to tie it all to-
cether, and to the G. T. stations available, by a network of main traverses, run
with a crinoline tape, along railways, main roads, ete.

The total area traversed was 6,05828 square miles at a cost mfe of
Rs. 4¢16 per square mile.

Recess dulies.—The whole of the area surveyed, comprising thirty 1-inch
sheets, has been mapped during recess, and will be submitted for publication
before the end of November.

The party was divided into seven sections and employed as follows : —

(i) Mr. Newland, fair mapping of sheets 53 63 5.
(ii) Mr. Biggie, sheets 53 ; 1w 93 oo 4445
(iii) Mr. Bose on the revision and completion of the traverse computa-
tions, and preparation of data for the coming field season.
(iv) Mr. Kenny, fair mapping of 53 5151, 6375
(v) Mr. Drake, 535555
(vi) Mr. Grant, in charge of the typing of all the fair sheets.
(vii) Mr. Grice, fair mapping of 533, 53+, 53 1.

An advance section opened at Mussoorie on the 1st April. An attempt
was made to obtain blue print enlargements on the 11-inch scale direct from
the field sheets, but this was found to be impracticable owing to the irregular
distortions in the dimensions of the field sheets. So line traces were made of
the ficld sheets, and fitted on to a Bristol board or sheet of drawing paper within
correctly projected graticule lines and the blue print enlargements made from
these.

A new kind of type ink, Edward Shackell’s No. 1 Black Process Proving
ink, was tried this year with very satisfactory results,

The cost rate of the fair mapping is Rs. 4'3 per square mile.

No. 4+ PARTY (UNITED PROVINCIS).
By CarTaIN L. C. THUILLIER, 1. A.

The ficld head-quarters of the party

I’ERSONNFEL.

e aba , :

TIimperial Officers. op ned at Fyz bad on .21313 Octlober 1912

Captain L. C. Thuillier, 1. A, in charge, and closed on 5th April 1913 ; the recess

Provincial Officers. head-quarters continued at Mussoorie.

N . W. Biggie. i i .

Y G 1S e Topography.—The programme of this

Mr. C. E. . French, . . .

Ar 3 GG Lears. work consisted ;)f survey on l-inch scale

Mr. G. E, R. Cooper. L) 3 o ¥ B i

.d:-. Duni Chapd Puri, of sheets 63 1Z, 16y 63 135, 6,0,7, 8,0, Io, 11, 12, T
Upper Suberdinate Service. and supplementary survey only of shects

H . A B

My, Molinmmad Husain Khav, 63 o 63 6, 0TI, T T TR Sheets 63_:\_ and
Tower Subordinate Service. E

84 Surveyors, etc. 63 T were Subsequently cut out of our

programme.

'The whole area for survey lay in the districts of Hardoi, Bahraich, Gonda,
Lucknow, Bira Banki, Rde Bareli, Fyzabad, Sultanpur, Partibgarh and
Fatehpur,



“Vor. V] B TOPOGRAPUICAL SURVEY. 7

Surveyors were divided into four camps under Messrs. H. W. Biggie,
‘G. J. S. Rae, J. C. Lears and G. E. R. Cooper respectively.

During the field season six soldier-surveyors were attiched to the party
‘to replace surveyors transferred to Nos. 2 and 3 Parties.

These soldier-surveyors had already done a first period of training in the
Survey of India and so were not attached for training but simply to supple-
ment the surveyors of the party who had been reduced by transfers to Nos. 2
and 3 Parties.

Three of these soldier-surveyors were found useful and hardworking field
surveyors and their services have been asked for again. The other three men
were found slow and incompetent.

The average rate of plame-table (excluding the time taken in marching
‘to their work) was 252 square miles per mensem for resurvey and 499 square
‘miles per mensem for supplementary survey.

Traversing.—This only consisted this season of running supplementary
lines of traverse where it was found that surveyors were short of points on
-which to adjust their work.

The country under survey consisted for the most part of similar country
to last season, viz.:—— a flat plain generally well cultivated and interspersed
with an abundance of groves and occasional stretches of  Usar” plains.
Along the Gogra River occurred a tract of country at lowerlevel than the
surrounding plain in which the river swings from bank to bank changing its
course nearly every rains.

The chief rivers in the area under survey were a small portion of the
‘Ganges River in the south-west corner of the work, the Gogra River along
.the centre of the area, and halfway between the Ganges and the Gogra the
‘Gumti River. In the north-west corner of the work the Rapti River ran
through a couple of sheets.

Recess Duties.—All fair maps of sheets surveyed during field season will
‘be completed and sent for publication before the end of October.

The health of the party was good throughout the season. Plague again
appeared throughout the area under survey but no cases occurred among mem-
‘Dbers of the party.

No. 20 PARTY (CANTONMENT).

By Mg. A. Ewina.

During the year this party was formed by order of the Government of

PERSONNEL. India to survey cantonments and towns
Provincial Officers. on large scales. And it was decided that

Mr. A. Ewing, Deputy S intendent in charge, :
From lat March 1013, Lo encenvin hitge, - the Cantonment Section of No. 4 Party

Mr. C. E. C. Freuch, Extra Assistant Superintend-  Was to be the nucleus of the new party
ent, from 1st October 1912 to 7th July 1913. d it . ’
Upper Subordinate Soroice and its strength gradually increased by

Mr. Dharma, recruiting pupil-surveyors, and by trans-

Lower Subordinate Service. ferring soldier-surveyors from other pac-
12 Surveyors, cte. tics

These soldier surveyors arc to be trained for a further period of two years
in this party and are then to be transferred to the Military Works Depart-
ment to revise and keep up to date all cantonment plans that have been com-
pleted by the Survey Department.
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On 1st March 1913, Mr. A. Ewing, Deputy Superintendent, was transferred
from the Southern Circle Drawing Office to the charge of No. 20 Parly with
orders to increase the number of surveyors in the Cantonment Section.

From 1st August 1913, after reappropriation of budget allotments, this
party was transferred from the admiuistrative control of the Superintendent,
Southern Circle, and was placed under that of the Superintendent, Northern
Circle.

After the completion of the survey of Quetta Cantonment, Quetta Civil
Station and Quetta Fort, which were then in hand, orders were received to
survey Saugor and the areas under cuitivation within the cantonment bound-
ary. Early in January 1913, a surveyor was sent from Quetta to Saugor to
triangulate and traverse that cantonment. In February three surveyors left
Quetta to help in the traversing and to do the detail survey after the travers-
ing was completed. The survey of Saugor was completed in June,.and frem
July to September the party was employed at Saugor, the field head-quarters,
on the fair mapping of the Quetta and Saugor plans.

An extension of Delhi New Cantonment Area which was surveyed on the
4-inch scale the year previous was urgently wanted, and Mr. C. E. C. French
with two surveyors were employed on this work in February and March, and
its fair mapping was completed in June.

In and round Saugor eight siations were fixed by triangulation by Gokul
Chand, surveyor, with a 6-inch theodolite and the traversing of that canton-
ment was based on these stations, and angles of elevation and depression were
observed at every traverse station, from which their heights were computed.
Also eight stations were fixed by triangulation for Guna Cantonment with 6-inch
the dolite by Mr. A. Ewing and Gokul Chand. Two trigonometrical stations,
viz., Sangor and Hatni of the Calcutta Longitudinal series and Karachi Longi-
tudinal series, were visited and found in good order.

In February the field head-quarters were moved from Quetta to Saugor
and on the completion of the survey of Saugor three surveyors and one drafts-
man were granted privilege leave. Eighteen sheets of Quetta Cantonment are
nearly completed, and will soon be sent for publication ; two sheets of Quetta
Civil Station, two sheets of Quetta Fort and six sheets of Saugor Cantonment
are in hand. Owing to hoth draftsmen suffering from writer’s cramps, one of
them lad to take leave, and the completion of the fair mapping of last scason’s
work has been delayed. All the fair mapping will be finished by the end of
December when the detail survey of Guna will be completed and its fair map-
ping takeu in hand.

The detail survey was checked by 10-41 linear miles of partal and from 47
fixings by Mr. C. E. C. Trench, and nearly all the detail survey of Saugor was
checked by the Officer in charge.

The areas triangulated, traversed, surveyed and mapped are :—

Acres, ('ost per acre.
Triangulation . . . . R . b2,288 Rs. 0:02
Traversing . . . . . . 1,015 5 089
Detail survey 4-inch scale . . . . . 5,280 p 037
» . 16, . . . . . 6,164 , 146
» n 64, . . . . 95 5 430
Mapping 4 ., ., . . . . . 5,280 , 011

" 16 5 . .« . . .. 1374 , 038
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The cost of the party for 1912-13 is as follows :—
Cost of Cantonment Scetion from 1st October 1912

to July 1813 . . . . . Rs. 18,347

Cost of No. 20 Party from 1st August to Septem-
ber 1913 B . . . . » 3,797
Total cosl of the party . . » 22,144

The programme for the ensuing field season has nof been finally settled.

The Director-General of Military Works has proposed Guna, Kamptee and
Rajkot and other cantonments about which he will inform the Surveyor
General, when he receives reports from his Divisional Officers about their re-
quirements. Sitabaldi Fort, Khandwa, Agar, Deesa, and Deoli have been sug-
gested so that all the more important cantonments in the Mhow Division will
be surveyed before this party is transferred some thousands of miles away.

RIVERAIN DETACHMENT.
By MR. Maxa Das Pony, Rar SsmI1p.
The field-quarters remained at Multin throughout the field season, and
the office returned to Lahore at the eud
PERSONNEL. of July 1913 for recess.

Provincial Officers. The detachment continued the work of
traversing and laying down base lines.
319 linear and 394 square miles of main
traverse, and 3,256 linear and 808 square
miles of minor traverse were run. 13,833

Lower Subordinate Service. theodolite stations were fixed in the area,
5% Surveyors, etc. under water action of the rivers Sutlej,
Ravi, Chenab, and Jhelum in districts
Ferozepore, Lahore, Sialkot, Gujrat, and
Shahipur, 588 corners of 190 squares were
derarcated with permanent mark-stones on hoth banks of the Sutlej (districts
Montgomery and Ferozepore), Chenab (districts Gujrat and Sialkot), and the
Jhelum (districts Shahpur and Jhelum) to serve as bases for the future demar-
cation of bonndaries in the bed of these rivers. 3,495 plotted and 697 boundary
“ Masavis” (Settlement mapping sheets) of 407 villages were completed and
49 four-inch sheets were traced, and supplied in time to the Settlement Officers
of Ferozepore, Lahore, Sialkot, Gujrat, and Shahpur. DBesides these, 363 mis-
cellaneous traces were prepared, and all the traverse stations marked during the
seasonr were plotted on 51 four-inch sheets. Three four-inch riverain boundary
sheets were plotted and compiled, 2 sheets finally completed, and 4 slieets typed.

The 25-acre rectangular sarvey was carried over the remaining tract com-
manded by the Lower Bari Doib canal in couatinuation of the last year’s work,
Fourteen thousand six hundred and twenty-seven 25-acre rectangles were
broken. Neurly 56 per cent. of the work was tested by the tahsildars, nail:
tahsildars, and the survey officers, and 16 per cent. was checked with theodolite
traverse, 1,069 linear miles were traversed, and 3,895 theodolite stations were
fixed. This work is now completely finished. Inall, 78,791 twenty-five acre
rectangles were demarcated in 2,883 square miles during the last three seasons
at a total cost of Rs. 3,18,278 against an estimated expenditure of Rs. 4,63,5683
for cutting 2,600 square miles into 25-acre rectangles,

Mr. Maya Dns Puri, Rai Sahib, in charge.
Mr. Mogimuddin, up to the 22nd October 1912,

Upper Subordinate Service.
Mr. Chuni Lal Knpur.

Settlement Staff.
155 Tuhsildars, etc.
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The Khushab ““ Thal” (sandy area) survey was suddenly taken up during
February 1913 at the special request of the Punjab Government, and was
temporarily stopped during May 1913. Points were thrown about  mile apart,
All existing trijunctions, boundary turnings, and conspicuous marks were picked
up. 1,967 linear and 1,070 square miles were (raversed, and 3,808 theodolite
stations fixed. 258 dressed stones and 84 iron tubes were embedded on seleoted
stations to facilitate future survey and demarcation of fields and boundaries.
591 plotted ¥ asavis on the scale of 12 inches {0 one mile, were supplied to {he
Settlement Officer, Shahpur, early in September 1913. Besides this work 604
Masacis of 36 villages (scale 8 inches=one mile) were reduced to the scale of
4 inches to one mile. The boundaries of these villages were compiled on 29
four-inch sheets with the help of points fixed during the year, showing dis-
crepancies of over two chains and were traced on 63 Masavis*for the Settlement
Officer, Shahpur.

With a view to assist the Scttlement Officer, Dera Hamirpur (district Kangra)
in the most difficult part of his work and to utilize the experience thus gained
for the future cadastral surveys of the remaining tahsils of the Kangra district,
the Kangra work was experimentally started during the middle of April 1913 and
closed on the 20th July 1913. It was based on the triangulation of old No. 18
Party (Himalaya). Yoints were laid out about 5 to 15 chains apart, in suitable
places under cultivation and along tika (sub-village) and village boundaries by
triangulation and traverse using subtense bar where required. The plots were
prepared for each ¢ika (sub-village) separately on the scales of 20, 40, and 80
karms to one inch (the length of a karm =575 inches) according to the nature
of the ground.

637 linear miles of traversing and 81 square miles of triangulation were
carried out, and 1,840 stations were fixed by theodolite.

784 plotted Masavis of 256 tikds (sub-villages) were supplied to the Settle-
ment Officer, Dera Hamirpur, during the summer.

The experiment has proved successful, and work in the other tahsils of the
Kangra district will be commenced durins next cold weather.

The riverain area was broken raviny, sandy, marshy, shrubby, and in parts
oultivated. The Lower Bari Doab tract was flat, heavily wooded, and sparsely
inhabited. The Khushab ““ Thal” (sandy area) consisted of rolling sand hills
covered with scanty scrub, and . few stunted trees and villages, scattered
here and there, chiefly inhabited by graziers and camel-owners, with little or
no water. The Kangra portion was hilly, jungly, and cultivated.

The health of the detachment was on the whole satisfactory. One tindal
died at home while on departmental leave.

The total expenditure of the detachment from the 1st October 1912 to the
30th September 1913 excluding the pay of temporary riverain khalasis, and
including Rs. 6,180 on account of last year’s expenditure for the Lower Bari
Doab work, was Rs. 1,15,632 as detailed helow :—

Res.
1. The Riverain Survey , . . 21,906
2, The Lower Bari Doab 25-acre rectangular survey . . . 70,256
3. The Khushab 7hal traversing . . . . . . 17,335
4 The Kangra experimental work . . . . . 5,712
5. The Nepal Boundary survey . . . . : . 423

Total . 1,15,632
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SOUTHERN CIRCLE.

(¥ide Index Maps 2 and 5.)

The Southern Circle was under the superintendence of Brevet-Colonel
T. F. B. Renny-Tailyour, C.S.I., R.E., up to 15th April 1913 and under Lieu-
tennnt-Colonel F. W. Pirrie, I.A., for the remainder of the year.

The Circle consisted of Nos. 5, 6, 7 and 8 Parties and No, 4 Drawing
Office.

During the year 13,349 square miles were surveyed, 14,394 square miles
were triangulated, and 205 linear miles were traversed by theodolite.

The field surveys consisted of :—

1,086 square miles of }-inch survey.
6,093 5 1, 1-inch survey,
5,155 ,, » 5 l-inch revision survey.
568 ,, s 4 li-inch survey. -
447 |, » 5 2-inch sarvey.
‘The area surveyed is relatively greater than was done during the previous year.
The smallness of outturn is caused by the intricate underfeatures in the Central
Provinces and Hyderabad State and the excessive difficulty of the dense forest
country in the extreme south of the peninsula. It was again found impossible
to shew adequately on the 1-inch scale in the field the mass of detail in the low-
lying ground along the western sea coast in parts of Madras and Travancore
State, so the 1i-inch scale was substituted where necessary and the small
increase in cost was amply justified by results.

The Photo-Zinco Section did a great deal of work during the year to assist
the work of parties chiefly at the close of the field season and towards the end
of recess. _

The accommodation at present is inadequate and the cameras and other
apparatus cannot be properly protected from the weather, and during the rainy
season work was at a stand-still.

The following work was done during the yearin the Photo-Zinco Section : —

. No.5 . No¢  No.7 8. .
Description of work. P:rty. ’ l’aort_(\)-. [ 1{\:11'1‘,){. llj'ﬁts ; Total. REMaARKS.
! i _
A | T
Reproductions  to full, ... | 1 | 1
scale, ! | i !
Enlargements . 43, 5 28 15 121
' ! ‘ : : l
Reductions . . 44 27 122 20 | 213
i i ‘ i
Originals vandyked . 14 : 17 23 13 : 67
NOTES.

L. Except in Madvas where the liats prepared by the Director, Madras Revenue Survey, go through
a very careful system of checking, a great deal ol dificulty was expericneed by parties in obtaining the correct
spelling of village and other names. Lists were sent to Deputy Commissioners for verifieation and correction,
but when these were received back it was often found that the same name was spelt quite differently even in
different parts of the same district and in the same l-inch shect.

These difficollies tend to increase where parts of different distriets or provinces fall in tle same sheet and
in the case of degree sheets contnining parts of Pombny and the Centr.} I'rovinces where the system of spelling

c 8
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cories greatly it will probably be best to have the names written in skeleton copies of the degree sheets in Lheir
proper positions and have them again verified locally through Scttlement Commissioners or other agency.

2. Forest and other maps originally surveyed on seales larger than the 1-inch at various periods vary much
in quality and none of them can be reduced and incorporated in the [air majps without again undergoing
supplementary survey, and the following has been found the most suitable procedure in the Southern Circle,
The large scale maps falling in the area included in the epsuing season’s programme were photographically
reduced to the 13-inch scale in blue colour. These reductions were then inked up in black for further redue-
tion to the 1-inch scale, and carefully fitted on to the 13-inch projected shee!s by means of the graticule lines
and plotted triangulated points. These reductions were then reduced to the 1-inch scale and printed in blue on
Bristol boards or drawing paper mounted on cloth over mill board, The graticule was subsequently diawn in
black and any exterior triangulated points plotted and they were then ready for the field.

3. In handing over the Southern Circle Colonel Renny-Tailyour stated that it is always better when the
local scale of regular surveys is the l-inch or }-inch, larger seale surveys should be carried out at least une
geason ahead 80 that they may be available when the regular surveys are taken up and whenever possible this
procedare will be followed.

4. As mentioned in the Records Volume III, experiments were continued in the Circle in order to prevent
altogether or to reduce to 8 minimum the expansion and contraction of monnted plane-tables in the field. Paper
mounted on clcth pasted on wooden plane-tables expands aud contracts according to the chsnging temperature
and humidity of the atmosphere but chiefly across the grain of the wood of the plane-table and not uniformly
in all dircetions. To remedy this four methods have been under trial for some time, as follows : —

ta) Aluminium plane-tables.

(b) The use of Bristol boards in place of drawing paper.

(¢) The use of drawing paper mounted on cloth over mill board.
(d) The use of special thick drawing paper unmounted.

(@) Aluminium planc-tables were successful in overcoming unequal contraction and exjansion and reduced
the alteration in graticule to a negligible quantity, but the tables as at present constructed do not remain flat in
use but sag at the edges and the Officer in charge No. 6 Party has suggested that the bracing be strengthened
which would probably overcome this evil, but altogether the zreat expense of aluminium plane-tables does not
justify their use.

() Six and four ply Bristol boards were used duving the field season and were specialiy useful in the
comparatively dry climate of the Central Provinces. The change due to varied temperature and humidity was
very small, and nearly proportionate in all directions and their use is completely justified in the case of all
experienced surveyors who are clean workers, and have little erasure to doin the field, The Bristol boarde
should not be fastened down to the plane-table but loosely secured at the corners by suitable clips. In order to
make the use of Bristol boards in place of drawiug paper thoroughly satisfactory height indicators and scales of
feet and chains should be printed on the same quality of Bristol board. The disadvantages of Bristol boards
are that they must be packed flat and not rolled and they cannot be traced through a tracing glass and any
erasures are difficult to carry out.

(¢) In localities where there is excessive humidity and great changes of humidity during the field scason
drawing paper mounted on cloth over mill board is more suitable than Eristol boards for work in the field. The
change in graticule is very small and uniform in all directions, though the precautions as regards mounting and

securing the mill boards advocated hy Colonel Renny-Tailyour in the Records Volume III should be carefully
carried out.

(d) Thick drawing paper (Whatman's, Imperial, 300 1bs.) specially prepared by Messrs. DBalston was tried
with success and was used unmounted and only loosely secured at the corners by clips, but the paper shoull be
barder in texture and harder and smoother in surface and uuntil & further consignment of this paperis
received and further tried under varied conditions it would be premature to give a final opinion as to its utility,

5. The ordinary survey pattern clinumeter as at present made in the Mathematical Instrument Office,
Calcutta, is a very good instrument if intelligently used and kept in proper adjustment and is quite accurate
enough for all ordinary contouring purposes but to get the best work out of these instruments ithey require to
be very carefully adjusted at the time of jesue and carefully handled and readjusted by inspecting officers in the
field and the following method of doing so is suitable : —

The instrument should be taken from its box and the vanes set np and then it should be laid on its side
on a picce of machine ruled section paper and the vanes adjusted so that they are at right angles
to the base plate. The distance between the zero of the tangent ecale to the centre of the axis of
vision of the eyepiece should then be checked. This in most clinometers is 8 inches.

The distances from —40 and +°40 to the centre of the axis of vision should then be verified, those
are usunlly 861G inches but if the horizontal line is not 8 inches these distances will be
different but can easily be calculated. After the above preliminary adjustments have been made
the level can then be adjusted against the natural tangenis obtained from {heodolite vertical
angles. The advantage of using the ordinary clinometer whenever possible is that there is less
strain on the eye if the distant objects are distinct and clearly defined than in using any form of
telescopic clinometer, In particular localities where ill-defined distant objec{s have to Le observed
in taking heights the lelescopic clinometer as invented by Captain Pye is very suitable and was
used with success in the }-inch survey of Hyderabid State by No. 6 Party and the officer in

- charge of that party will use it extensively for the snme purpose during 1913-14 and considers
that it will be of great use also in adjusting ordinary clinometers in the field. The advantage
of these instruments is the increased accuracy and the disadvantage is that index errors are likely
to develop which will entail frequent checking agninst theodolite obseivations. The strain on the
eye in using any form of telescope is also a disndvantage.

6, In traversing forest boundaries with theodolite it is often impossible, owing to local conditions, to
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follew the actual line and the pillars have to be tixed by off-sets. With the concurrence of the Chief Conserva-
tor, Central Provinces, the forest boundaries were fixed by No. 6 Parly by plane-table traverse on the 4-inch scale
and the surrounding detail carefully surveyed at the same time on th:at scale; this arrange nent is not only less
expensive but more accurate and convenient and seems to meet wilh the requirements of the Forest Department:

7. The old Mysore 1-inch sheets were found very accurate but wanting in much detail required fors
modern map, and requirel supple:nentary survey in the field, '

The 1-inch compilations suppliel by the Director, Madras Revenue Survey, from the work of his depart-
ment although not consistently of the sam: quality were in general very accurate and of great assistance to
No. 7 Party.

8. The opinions of officers iu charge of parties regarding the special blue tinted paper sent for trial for the
fair maps are on the whole unfavourabl:. The surface seemed to be greasy and unsuitable fo: either typing or
fine drawing. The only favourable report was received from No, 8 Party where the blue tinted paper was
found suitable for his heavy outline and hill sheets, However, there is no doubt that if the suiface could be
wade smoother and harder the blue piper woull be more restful to the eyes of draftsmen and m1p examiners.

9. A sepinate (ype sheet was used by No. 6 Party, but the system is not advo:ated as it entails great in-
convenience to esamining officers and will cause extra expense in repro luction.

10. The u-e of two ply Bristol boards was made by No. 6 Party fur fair mapping and the procedure is
advocated and the<e thin Bristol boards were found nearly as pliable as drawing paper. The detail could be
drawn finer and the typing was sharper and clearer than on drawing paper.

11. The epecial roller drawing pens made at the suggestion of the Officer in charge of No. 5 Party by the
Mathematical Instrument Office for roads and boundaries were used with success and the pricedore adopted by
No. 8 Party scems the most suitable which i+ to put the symbols on the fair maps in blu: by means of the
roller pens and then ink them over iy black whea any change of emphasis can b: given as required.

12. The most su’table methods of dealing with the field maps on return to recess seemed to be as
follows :—

(a) The field m1ps were enlarged individually to the 1}.inch seale and from these a combined trace was
madle on a projected sheet of tracing paper and the whole was vandyked on to drawing paper or
{wo ply Dristol Loards in blue.

() The largest planc-table section falling in a particular 1-inch sheet was completed up to graticuls
limits by pasting on traces of the otlier plane-tables and then the whole was enlargel to the 13-
inch seale and printed by photo-zincogeaphy in blue.

When there is much distortion or inconsistent change of graticdle and in cousequence adj stmeunts were
necessary, the first rystem was foun1 the best.

Whea nearly the whole shuct was surveyed on one plane-table and the graticule was about right the
secon 1 system was found the best.

No. 5 PARTY (CENTRAL PROVINCES).

By Cartaiy E. C. Bakegr, R.E,

The programme of the party included survey and revision survey on the
PERSONNEL. 1l-inch scale, and triangulation, in parts
Imperial Officers. of degree sheets 55 J, K, and O, ¢ mpris-

Captain E. C, Baker, R E,, in charge, from 25th 3 43 Al . .
October 1912, ¢ 8 n 2th iy portions of Hoshangabid, Narsingh

IC::ptnian. W. Pye, R.E, to2lst May 1013 pur, Chindwara, Betal, Seoni, Nagpur,

n charge from 1st to 24th October 1912. - 1= =1 T owdha 3 1

Licateuaat R. 8. Walib, LA, from 12th July Bhandara, Balaghat and Wardha districts
13. of the Central Provinces, and the

Provincial Officers. Awraoli district in Berar. The field

Mr. F. P, Walsh.

Mr. J. H. S. Wilson.

Mr. 8. 8. McA’Fee Fielding.
Mr. C. Weat.

Mr, F. C. Pilcher.

My, Munshi Lal,

Mr. C. O. l'icard,

Upper Subordinate Servie,

Mr. Eknath Battu.
Mr. Ram Naraynn Hastir,

Lower Subsdinate Service.

33 Survoyors, ete.

season opened at Jubbulpore on October
21st, 1912, and closed at Chhindwara on
April 14th, 1913. From November 8tb,
1912, the head-quarters ol the party was
located at Chhindwara., The health of
the party was fair.

Topography.—To carry out the 1-
inch survey, and the 1-inch revision sur-

vey of reductions from 4 inch forest surveys, four camps were formed and
the following allotment of work was made :—
No. 1 Camp.—Sheets 55 - and part of 654 in Hoshangabad, [Betil

, 4
and Chhiadwara districts.
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No. 2 Camp.—Sheets 56 —2— and part of 55 - in Nagpur, Seoni and
 Bhandara districts.
No. 3 Camp.—Sheets 553, and nearly all of 56 J-in Nagpur, Bhan-
dara, Seoni and Balaghat districts.
No. 4 Camp.—Sheets 55 ;% 555 in the Chhindwara and Nagpur
districts.
The survey of all the above sheets was completed. The outturns were
2,575 square miles of 1-inch survey, and 1,115 square miles of l-inch revi-
sion survey, making a total of 3,690 square miles. Sheets 555, 552

3, 4,10° 2,7, 10,

contained heavily wooded and somewhat hilly country. Sheets 55-E., 55, 2

were flat or undulating, while in the remainder of the sheets the nature of the

country was varied.
Triangulation.—Four officers were employed on triangulation, and com-

plete(l sheets 53 T, .:4. 15, 16 ° 551_.2', sTs.lll(.lo, ;127 55 13, lfe and 55 11,012 . The triangu’
lation of the last named two was computed in the field and the detail survey
of these two sheets was included in the programme of the party. The country
triangulated extended from the steep north-western slopes of the Satpuras
across the rolling platean, and down into the Nagpur plain, and amounted to
4,972 square miles.

Recess duties. —The fair mapping of all the fourteen sheets surveyed was
completed by the end of the recess season. The computation of the triangula-
tion done during the field season was completed during the recess. Degree
charts 61+ A and 55 O with tables of data were prepared.

No. 6 PARTY (BER[\R).
By Ligurenant C. G. LEwis, R.E.

The field head-quarters were again located at Basim. The season opened

PERSONNEL. on the 28th October 1912 and closed on
. Imperial Offc:rs. T the 13th April 1913. The health of the
nml]gi':’ljl. Wond, R.K., in charge up to L By I)‘rll‘ty was very good,

1‘”;}:’;3'5&;‘? .t Lewis, R.F., in charge from 31<6 The party was employed on %-incli, !-inch

B A Meygf""’""”“’“l Ofcers: and 2-inch surveys and trian_gulati.on.in

Mr. F. B. Eitchen. the Yeotmal, Akola and Buldana districts

e ?.'(]:;cqlrl?:l;mrxck. of Berar, in the East Khandesh district

iy v of Rombay and in the Adilabad, Nander
Upper iubo-dinate Service. and Parbhani districts of Hyderabad.

Yr. Lochunn Dajt Jadu, -1 Topography.—The surveyors were

Lower Suhordinate Sereice. divided into three camps. Lieutenant

13 Surveyors, ete. Lewis was in charge of the }-inch survey in

sheet 56,7 and the pupils’ campin sheets 56,7, on the l-inch scale,

Mr. Meyer carried out 1-inch survey in shects 56 maw for the first two months
of the season and then transferred his surveyors to the 2-inch survey of reserved
jorests in Akola and Buldana districts in sheets 55, w0 1iis - Although his
camp remained in the field until the middle of May, it was found impossible to
complete the progzramme of 2.inch work. Mr., Gildea was in charge of 1-inch
survey in shects 56 -\ L— and 2-inch survey in sheets 56 73+ One J-inch sheet
was taken up. The outturn on this scale exceeded expectations, amounting
to over GO square miles per man per month in intricate country.
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The country under survey was of a varied nature, consisting for the most
part of intricate forest-clad hills, and also of large areas of flat cultivated lands
in the Pengangd Valley,

The outturns on various scales were as follows :—
i-inch survey 1,086 square miles.
1-inch survey 1,508 square miles.
2-inch survey 434 square miles.

Triangulation.—Mr. Kitchen was employed on triangulation in sheets
565 mmymn and Mr. Fitzpatrick in sheets 35 ;5% The country under
triangulation was open, and flat or slightly undulating throughout. The area
triangulated was 2,793 square miles.

Traversing.— With the concurrence of the Chief Conservator of Forests,
Central Provinces, no theodolite traversing was carried out but all the
boundaries of reserved forests under survey were traversed by plane-table on
the 4-inch scale, by the surveyors employed on the detail survey, as it was
found that this method ensured better agreement with the topographical details
than theodolite traverses. The amount of traversing thus carried out was 985
linear miles.

Recess Duties.—During the recess the party completed the mapping of
the following sheets on the 13-inch scale :— 56,55, 565555 (Sheets

56,5 . and 56 5 contain only small portions of Berar which have been surveyed

on the 1-inch scale), and on the 2-inch scale, sheet 56 ¢;. Mr. Gildea was in
charge of the mapping section.

The computations of the triangulation done during the field season were
completed. Triangulation charts with tables of data for 55 D and 56 E were
prepared but not fully completed.

Note—S8ix aluminium plane-tables were iried in the ficld, and as regards variation in graticule
measurements, proved entirely satisfactory, but they developed the following serious defect. In every case the
edges sagged leaving a raised portion in the centre above the screw, on which the sight rule pivotted, making

fixings laborious and liable to error. An attempt is being made in the Mathematical Instrument Office to
correet this by strengthening the bracing.
A telescopic clinometer designed hy Captain Pye, R.E., giving direct readings in natural tangents to four

places of decimals was tried and gave most satisfactory results. It is intended to provide camp officers and
surveyors working on the j-inch scale with these instruments,

No. 7 PARTY (MADRAS).
By Carrainy J. D. Cavrpern, R.E.

The programme of the party included survey and revision survey in the

PERSONNEL. Malabar, South Kanara, Salem, Coimba-
Imperial Officers. tore and North Arcot Districts of Madras
Captain J. D. Camphell, R.E., in charge. -
aptnin ampbetl, in charge and the Bangalore, Kolar, and Mysore
Provineial Officers. listrict £ M , 1 tri lati .
Mr. 1. OB, Donaghey, districts of Mysore, and triangulation in
Mr. P. It. Anderson. S 1 h S
e B e, . the Salem, Chittoor, and North and South

)Irl.qtlluzlji Ahdul Ralim, K.B, from 1 Octaber  Arcot distriots of Madras.

Mr. H. H. P. Butterfield. The head-quarters of th : e~

Mr. J.C. St C. Pollett. . quart - the party e
i . ' mained at Bangalore and the party took
Upper Subordinate Sercice. N

V. Kodandera Mandanma, the ficld on various dates between 1st Sep-
Lower Subordinate Service tember and the 10th November 1912, and

20 Surveyo
Surveyors, ete. returned to recess quarters about the 20th

April 1913.
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The field work carried out was as follows : —
Survey on the 2-inch scale of 13 square miles of reserved forest in
sheets 5755w
Survey on the 1}-inch scale of 312 square miles in sheets 48 o

Survey on the 1l-inch scale of 652 square miles in sheets 57

H L
57 1, 12, 13,15, 16 » 57'1,—5-

Revision survey on the 1-inch scale of 4,040 square miles in sheets 57 i

H
3, 47,8102

b7 3,4, 5, 7,81, u;,{n, 12,139, 16,16 3 571_,1‘5—'

Triangulation of sheets 67507, 57 mrimem and 575 os T

The country surveyed is extremely varied in character. It includes the
flat intricate coast, the undulating jungle-clad foot hills of the Western Ghats,
the densely wooded hilly country on both banks of the Cauvery River and the
open, undulating Mysore plateau.

Topograpky.—The 2-inch forest survey presented no difficulties. The
work in sheets 48 7, was done on the 13-inch scale owing to the extremely
intricate nature of the country and the large amount of detail. The 1-inch
survey was assisted by the maps supplied on the 1-inch scale by the Madras
Revenue Survey which were of great assistance especially as regards names.
The detail was found to vary in accuracy and for this reason the maps have to
be used with considerable caution. It is hoped that, in future, more inform-
ation will be available beforehand as to their probable accuracy in dilferent
localities.

The 1-inch revision survey came under two heads :—

(@) Revision of the old 1-inch Mysore sheets which were found very
accurate. They had, however, to te very considerably supple-
mented as they contain but little of the detail which is shown
on a modern map.

(8) Revision of the 4-inch forest maps which were found quite accurate
and were only checked, slightly supplemented and recontoured.
The 4-inch forest maps were reduced to the 11-inch scale in
blue, and after compilation on projected sheets on that scale
were inked up in black and further reduced and printed in
bluc on the 1-inch scale. A greatsaving of time and increase
of accuracy were obtained by working on these l-inch reduc-
tions in the field.

Triangulation.—The triangulation presented no difficulties. A chart on
the l-inch scale, supplied by the Madras Revenue Survey, enabled the triangu-
lators to pick up a large number of revenue traverse stations. The values ob-
tained were found to agree with the revenue values and in flat country where
fixings arc unobtainable the village trijunctions, which are all revenue traverse
stations, can be confidently used by the plane-tablers as closing points for

traverses.

Recess duties.—The 18 completely surveyed shects will be submitted for
publication by the end of recess. Index degree maps have been prepared of
57 1, 0, P,and 66 D. The computations of the season’s triangulation have
been completed.

Triangulation charts arc somewbat in arrears as; owing to the heavy pro-
gramme of computations and mapping, no assistant has been available for the
work.
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No. 8 PARTY (MADRAS),

By Caprary C. M. Browng, D.5.0., R.E.

The work carried out by the party was of the same nature and in continua-
tion of that of the previous year and

PERSONNEL. i
Imperial Officers. covered parts of Malabar and Madura dis-
Coptain C, M. Browne, D.5.0., R.E,, in charge. tricts of Madras and the State of Travan-

aptain R. Foster, LA. ] |

crptnie TR core. It comprised surveys on the 1l-inch
Provincial Officers. - ¢ lati i

Mr. W, F. K. Adams, and 11-inch scales, and triangulation an
Mo 3. B Witiams, traversing in advance for futurc surveys

Mr. M. Mahadeva Mudaliar. . C b
i\l: Balaji Dhondiba Mandhre, up to 1st November on these scales. Sheets 28 8, 10, 11 a'nd 58 1

3 [
\1119‘5125 Ganesa Aiyer. were entirely surveyed, sheets 68-; and

Upper Subordinate Sevvice. 58-S~ were completed and sheets 58—
:‘l‘\/}:‘ ﬁl.m%t:::;ngitl;?;?ub%::ﬁ?nhpllPo'moted from lst were commenced.

Avgust 1913. The party left Bangalore on the even-
ing of the 15th November and arrived next
day at Ernakulam. Beyond that place
in order to reach the head-quirters of detail camps at Kumili, Kottayam,
Changanacheri and Kanjirapalli, the journeys had to be made by boat and
marching.

The head-quarters of the party was located at Pirmed.

It was with great difficulty, although ample notice was given to the local
authorities, that sufficient carts were obtained at particular places for the con-
veyance of the head-quarters and detail camps to their destinations. Next year
these difficulties may with care be avoided and the various detachments will be
able to reach their ground by rail and boat.

The work closed in the field on various dates in May 1913 and opencd in
recess at Bangalore in June,

The health of the party was on the whole good considering the climate en-
countered, until towards the closc of the ficld season when all suffered more or
less from fever and boils and bowel complaints.

Topography.—The topographical work was distributed as follows :—

Camp No. 1.-—Worked in sheets 581,12 under Mr. Norman chiefly in Tra-

vancore State and partly in Madura district on the 1l-inch scale. The area
dealt with excluded a portion of sheet 58 ¢ which fell in the Periyar-Pambiyar
catchment arvea which had previously been surveyed on the 2-inch scale in
1910-11.  The portion of Travancore in sheet 58-% was too small to justify its

being published as a separatc shect so it was included as an outrigger to sheet
58 4.

Lower Subordinate Service.
36 Surveyors, etc.

Camp No. 2.—Under the supervision of Mr. Adams worked in sheet 58
and part of shect 58— chicfly in Travancorc State with small portions of the
Malabar district. The former shect was surveyed on the 14-inch scale and the
latter on the 1-inch scale.

Camp No. 3.—Worked in sheet 58—~ and remaining portion of sheet
58 & on the 1-inch scale under the supervision of Mr. Williams.

Camp No. 4—Worked in sheets 58 ;5= on the l-inch scale under
Mr. Anantarao Dhondiba Mandhre, R. 8.

Ag it was found impossible for any but the best draftsman to show, ade-
quately in the field, the intricate coast country in the Malahar_district and in

D
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the Travancore State on the l-inch scale, the 1}-inch was substituted ang the
area done on this scale was 256 square miles. The country was covered with
palm groves and huts, some of which weve of a permanent character but the
majority temporary structures, and in order to make the resulting map clearer
and more easy to read the latter were not surveyed and a footnote will be added
to the published sheet to show that the whole country, where not under
cultivation, consists of a dense palm grove dotted about with numerous scattered
huts.

The total area of 1-inch survey was 1,358 square miles. The character of
the country was very varied. Sheets 585, were densely populated and the
detail especially in the valleys was very intricate and the numerous low hills all
of about the same height made the contouring laborious. Sheet 58— included
the western slopes of the hills and the country in the higher ground was more
open but the valleys were for the greater part covered with forest or rubber
estates and gardens. Sheets 58+ include the Cardamom Hills, a large portion
of which are covered with dense forest except towards the east where they are
grassy and open. The grass is often very high and as difficult to survey as
forest except for a short time after being burnt in the spring. Part of sheet
5S->was surveyed previously in 1910-11 as part of the Periyar and Pambiyar
catchment area and the work was incorporated by reduction.

From the above remarks regarding the nature of the country and from last
year’s report, it is clear that no large outturn can be expected from No. 8 Party
in the field till more open country is met with.

Triangulation.—The country triangulated was very varied in character
and extended from the coast of Travancore over the Ghats into the plains of
Tinnevelly and Madura. Mr. Ganesa Aiyar was under instruction in trian.
gulation with Mr. Mahadeva Mudaliar for part of the field season and after-
wards carried out the triangulation of 2,035 squarc miles in sheets 58 D, G,
and H.

Traversing.—Theodolite traverses were carricd out by Traverser Keshava
Vaijnath Joshi and unclassed surveyor D. R. Joseph and pupil-surveyor N.
Gopal Nayar in sheets 585757 7and 58 5. amounting to 205 linear miles, and
it is hoped that in 1914-15 hardly any traversing will be necessary.

Wellington Cantonment.—At the beginning of May K. V. Joshi traversed
the boundary of Wellington Cantonment and a revised list of distances and
bearings were subsequently supplied to the Military Works Services.

Captain Foster was detailed at the beginning of May 1913 to test the ac-
curacy of the Wellington Cantonment map, and to report what is neccssary
to he done in order to bring it up to date. A revision of the contouring details
and houndaries seems from Captain Foster’s report very desirable hut should
only be undertaken after the military authorities have definitely decided or
carried out alterations which are, at present, only proposed.

In last year’s report reasons were given for selecting on the ground build-
ings of sufficient importance to be shown on the -inch degree sheets and this
work was done at the close of the regular field work, and the only area stil re-

maining to be dealt with falls in sheets 58 P and it is proposed to detail a

surveyor to complete the work in 1913-14.

Recess duties.—The amount of drawing in the party’s sheets is very great
and it is improbable that the mapping of the field work can be completed before
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the party again leaves for the field. The area drawn, 1,663 square miles, is 216
square miles in excess of last year which is very satisfactory. In all probability
the drawing of four sheets will be unfinished when the party again leaves:
Bangalore, and the drawing of these will be completed by No. 4 Drawing Office,
and the sheets will be finally examined by the Officer in charge No. 8 Party
when he returns to recess quarters in 1914. In recess the computations of
all traversing were completed but those of the triangulation were not quite
finished as it was impossible to spare enough men from the fair drawing, but
none of the data uncomputed, will be needed for the coming field season.

Nore.—An improvement on form P. 21 (Computation of Clinometric Heights) was devised in this party
during recess 1912 and was used throughout the party during the ficld season. It was found to be very much
easier and quioker to use and to check than the old form P. 21 and it is understood that a form designed on
similar lines renumbered P. 17 and bouud in books has been approved by the Surveyor General and will be
introduced throughout the Department. Metal corner clips were used to fasten mill boards to the plane-table
and were found to be on the whole satisfactory and they will be given a further trial in the coming field season.
An aluminjum plane-table was tried but was found to have certain; defects. If an improved pattern can be
supplied a further trial will be given to it.
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EASTERN CIRCLE.

(7ide Index Maps 3 and 6,)
The circle was under the superintendence of Brevet-Colonel G. B. Hodgson,
I.A., up to 27th April, from which date it was under Lieut.-Col. C, H. D. Ryder,

D.S.0., R.E.
11,836 square miles were surveyed during the year, consisting of—

5,059 square miles of 1-ioch survey.

4,589 ditto l-inch supplementary survey.
592 ditto l-inch revision survey.

1,189 ditto {-inch revieion survey.
407 ditto 2-inch survey.

No. 9 PARTY (BIHAR AND ORISSA).
By CaptaiN R. . PHiLriyvorg, R.E.
The party continued work in Singhbhitm and Ranchi districts, working
along the northern border of the Orissa

Feudatory States, and completed the sur-
vey of sheets Nos. 73

PERSONNEL.
Imperial Officer.

B
and
Captain R. H. Phillimore, R.E., in charge. 9.10,11, 12,13, 14, 15, 18

Bigsrorem - Such portions of the

Provincial Officers. Orissa Feudatory States as fell into this
Mr. Dhani #am Vermn. area were surveved on the 1-1
Mr. E. Claudius (from June Il September o yed on the y-inch scale.
21st). T'he reserved forests of Singhbhim dis-
Mr. B, C. Newland. . . .
Mr. A, K. Mitra. triet which bad been previously surveyed
M F. Byrne (Il dugnat 5th). on the 4.inch scale were now revised on
Mr. D. N. Banerjee. the 1-inch scale, and a few scattered hlocks
Upper Subordinate Service. of protected forest were surveyed on the

Mr. Dalbir Rai.

D1
My, . R. Mazamdar (i1l May 21st). 2-inch scale.

The remaining area had all heen survey-
cd cadastrally within the last ten ycars.

The party assembled in Chakradharpur
on November 11th ; some men had to be kept in the field till the end of May
to complete the programme, though a start was made with fair mapping from
May 5th.

April and May were very hot months and there was a good deal of shirk-
ing amongst the surveyors, several of whom were discharged at the close of the
field season.

Topography.—The country under survey lies along the borderland of Chota
Nagpur and the Orissa Teudatory States. The shects to the north lay on the
Rianchi plateau; the country here was well populated and cultivated, healthy
and very easy to travel about in; the ground was undulating, with a general
level of from 1,600 to 2,000 fecet, with protuberances of bare rocky hills of
gneiss. Detail could not well e sketched, but fixings were readily made and
work could proceed rapidly.

Towards the south, the plateau drops steeply, and the ground becomes
broken, intricate and wooded. The western corner of Singhbhumn district is
oovered with dense sil forest, and is a mass of hills which rise in some places to
peaks nearly 3,000 feet above sea level. Villages and cultivation are bere
more scarce, and survoyors suffered a certain amount from malaria.

Lower Subordinate Service.

38 Surveyors, ete.
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1.inch survey in Gangpur State could not proceed very rapidly as the hill
features did not stand out with prominence. In the low wooded hills survey.
ors found it difficult to get fixings, and in many places filled in detail by pacing
from one point to another.

The party was divided into four camps, the head-quarters being located at
Panposh in Gangpur State.

Camp No. I.—Under Mr. B. C. Newland numbered ten plane-tablers to
start with, and surveyed the north-eastern sheets of 73B on the Ranchi plateau,

Camp No. II. was under Mr. W. P. Hales, who had charge of the }-inch
work in Gangpur and Bonai States in south-eastern sheets of 73B. Mr.
Hales surveyed 170 square miles himself besides supervising three to five sur-
veyors.

Camp No. ITI.—Under the charge of Mr. Dhani Ram Verma, numbered
11 plane-tablers working in the four north-west sheets of 73F.

Mr. Dalbir Rai was attached to this camp and supervised the work of
half a dozen surveyors, besides surveying a small area himself.

Camp No. IV. was under Mr. A. K. Mitra, who had seven men with
him. Work lay in the south-western sheets of 73F and covered the thickest
of the Singhbhum forests.

Reductions of the cadastral maps had been compiled into 1-inch sheets by
the Bengal Drawing Office; and grey prints on drawing paper were supplied
for the topographical supplementary survey. The country was foo hilly and
undulating for the surveyors to get much advantage from the detail on these
cadastral reductions. Boundaries, main roads, large rivers and village sites
were of undoubted value, but as the ground had all to be gone over for the
survey of contours, the rate of survey was not largely increased.

In absolutely flat country these cadastral reductions will he of far greater
help ; they will show more detail and the trijunction pillars will become im.
portant poinis for the plane-tabler, who also will have no nceessity to cover the
whole ground for the sake of the contouring.

The average monthly outturn for supplementary work comes to about 21
square miles a month, possibly & per cent. greater than it would have been with-
out the cadastral sheets. In the most favourable ground, on the open Ranchi
plateau the best surveyors occasionally touched 40 square miles in a month.

Triangulation.—Surveyor Ram Singh triangulated 800 square miles in
sheets Nos. 64 N and O, and also 600 square miles in sheet No. 721, whilst
Mr. I'. Byrne, completed the area still remaining in sheet No. 72L.

It is to be noted that in this sheet and its neighbourhood the atmosphere
is very hazy throughout the cold weather, a circumstance mainly due to the
nwmcrous collieries.  For all rays over 10 miles long the use of heliotropes is
imperative. '

An arvea of 3,180 squave miles was completed at a cost rate of Rs. 3°1.
The quantity of the work was not good.

The houndaries of a large number of scattered blocks of protected forests
in Singhbham district werc traversed by theodolite. The outturn amounted to
253 linear miles with a cost rate of Rs. 6°6.

L2ecess dutics.—During recess the fair mapping was completed under the
supervision of the following officers :—

Mr. Dhani Ram Verma ; sheets 73 —*

2,60
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Mr. B. C. Newland ; sheets 73 ;-&—; with the incomplete 1-inch sheets

9,10, 19, 13
73 Do and also the }-inch sheet 73 -

Mr. A. K. Mitra ; sheets Nos, 78 ; , yaz-  Such field sections as had been
specially mounted on the plane-tables were brought in without any distortion,
and several sheets were fair mapped direct on enlargements of the field sections,
4,188 square miles were fair mapped at a cost rate of Rs. 5'3. The computa-
tions of triangulation have not been entirely completed, and some of the forest

boundary traverses still remain.

No. 10 PARTY (UPPER BURMA).
By MaJor E. T. Rich, R.E.
The field season opened on November the Sth, 1912, and closed on May

18th, 1913, when the party returned to

PERSONNEL. Maymyo. The field head-quarters were at

Imperial Officers.

itkyina.
Major E. T. Rich, R.I., in charge. Myitkying .
Coptain E. R. Cordew, R.E. (from 10tk May to The programme of both detail survey
26th August 1913), . .
Lieuteoant W, E. Perry, R.E. and triangulation was not completed.
Provincial Officers. Mr. Hayat Mubammad, K.8., and two sur-
Mer. J. Sinith (from 26th May 1913). .
Mr. P. Willimns (till 22nd October 1912). veyors were deputed to the North Burma
Mr. W. G. Jarbo. f 1 g , :
Mr. H. B. Simons (from 14th December 1912). EXP].OI&th]l Detachment, two other
Mr. V. W. Morton. 3 e o N
A R e o, K., surveyors were transferred, fmd one
Mr. C. B. Sexton. surveyor died. The work of six of the

Mr. A. F. Murphy (from 15th October 1912). Dest plane tablers was thus lost

The triangulation in the Laukhaung
hill tracts was hindered considerably by
mist and snow which stopped the work at
times for stretches of over ten days.

Mr. Simons who was intended to triangulate a large area in the east of
92C, did not join the party till two months later than was anticipated and
then was sick for nearly a month after he joined, so that he really did only half
a season’s work,

The programme of the party was as follows:—
(@) One-inch detail survey insheets 92 ;s T3 ir7E T T E T 25
(0) 2-inch detail survey of two reserved forests falling in the above

sheets with a theodolite traverse of the boundaries.

. . « J K C
(¢) Triangulation of portions of sheets 92575 r12r Toscos 781512 i6 16

and revision of 800 square miles in sheeis 927+

This programme was completed with the exception of the 1-inch detail
survey in sheets 922+, .5 and triangulation in portions of sheets 92 ;74 1,
555 and 77

The actual arcas of detail survey were 2,347 square miles of 1-inch survey,
126 square miles of 2-inch forest survey and 24 square miles of l-inch recon-
naissance in unadministered territory beyond the China frontier; 2,700 square
miles of triangulation and traversing were completed which with previous
work makes a total of 5,260 square miles triangulated and traversed in advance.
The forest boundary surveys amounted to 207 linear miles of traversing.

Topography.—The party was divided into three detail camps under Lieu-
tenant W. E. Perry, R.E, Mr. W. G. Jarbo and Mr. Asmat-Ullah Khan,
K.8., respectively, whilst Messrs. Simons, Morton and Sexton were independ-
ently employed on triangulation.

Upper Subordinate Seroice.
Mr. Hayat Muhsmmad, K.S. (from 10th May 1913).

Lower Subordinate Ssrvice.
34 Surreyors, etc.
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Camp No. 1.—Consisted at the commencement of the season of Lieu-
tenant W. E. Perry, R.E., in charge with two officers, Messrs. Sexton and
Murphy, and three traversers doing traversing and one surveyor doing plane-
tabling. Later on this camp was broken up. One of the officers, Mr. Sexton,
left the camp to do triangulation, the other one, Mr. Murphy, left ‘to do
plane-tabling in Camp No, 2, one of the traversers, Khurshed Beg, dicd, and one
surveyor was transferred to Camp No. 3, and Lieutenant Perry himself
was transferred to Camp No. 2 for instruction in plane-tabling, leaving only
two traversers who were then placed directly under Major Rich.

This camp surveyed 145 square miles on the 1-inch scale, traversed 44
linear miles and completed 207 linear miles of theodolite boundary sarvey.

Camp No. 2.—Consisted of Mr. W. G. Jarbo in charge with eight sur-
veyors and apprentices and surveyed 1,474 square miles on the 1-inch scale.

Camp No. 3.—Consisted of Mr. Asmat-Ullah Khan, K.8., in charge
with ten surveyors and apprentices and surveyed 752 square miles on the 1-
inch scale and 125 square miles on the 2-inch scale.

The average outturn per man per mensem of 26 working days was as

follows :—
New 1-inch detail survey 30'2 square miles per mensem.
2-inch » 101 ,, » .

These averages are slightly less than last ycar.

Triangulation.—Mr. H. B. Simons triangulated an area of 800 square
miles in shects 92 7 -

Mr. V. W. Morton triangulated an area of 1,000 square miles in shcets
92 1,13 With reconnaissance in sheets 92" ¢

Mr. C. B. Scxton triangulated an area of 900 square miles in sheets
D

92 155.

The same kind of country was triangulated by all three triangulators
consisting of thickly wooded hills and deep valleys sparsely inhabited.

To clear hill tops, for making stations, cost in some cases several hundred
rupees as the jungle was so thick.

The total outturn of 2,700 square miles was much smaller than calculated
owing to Mr. Simons being only able to work for half the season and to the
curious climatic conditions in the area worked over by Mr. Morton.

Mr. Morton commenced his reconnaissance in the beginning of November
and completed it soon after X'mas. Before he had time to commence observ-
ing, the winter rains set in and the higher hills were blocked by snow. It
rained practically cvery day from the beginning of January till the end of
March. As soon as the rains had stopped, heat haze set in completely
blocking out all the view. The rvesult was that Mr. Morton’s area was
only about half what it would otherwise have heen.

This year triangulation is being commenced in this tract early in October
and it is hoped to completc it early in January before tlie snow and rains set in,

In cach casc the instruments used were two vernier 6-inch transit theodo-
lites.

Traversing.—Two officers, and three traversers under the direction of Lieu-
tenant W. E. Perry, R.E,, in charge of Camp No. 1 were employed during part
of the scason in surveying 4-inch boundary traverses round the Maigna, Kawan
and Namkwin reserve forests and part of the Zigyun and Talawgyi reserve
forests totalling 207 linear miles. In addition 44 linear miles of ordinary
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traverse were run inside these reserves to help the plane-tablers. The gareq
covered by these latter traverses is included in the area of triangulation as it is
only supplementary work. The instruments used were two vernier 5-inch
Everest theodolites,

The country under survey consisted for the most part of mountain ranges
from 3,000 to 12,000 feet high, intersected with deep valleys, all covered with
dense jungle. .

The higher ranges were covered with snow from January to April and
when the snow cleared away, heat mists obscured the view, so the work in these
higher ranges was carried out under considerable difficulties.

In sheets 92 7 bordering on the Irrawaddy the country was o lying
and consisted of flat plains and low undulating hills covered with dense jungle
which necessitated working almost entirely by plane-table traversing,

The local civil, forest and military police oflicials rendered us every
possible assistance.

The health of the party remained good throughout the season except for,
a few cases of malaria which accounted for the death of one traverser, I¥ hurshed
Beg, and two khalasis. Mr. V. W. Morton’s camp was struck by lightning
on a hill top at the end of March, killing one khalasi and severely injuring
two or three others who ultimately recovered. :

Recess duties.—The mapping of all the sheets surveyed during the season
is well in hand and will all be completed before the party takes the field.

The mapping has been divided into two sections under Lieutenant W. E.
Perry, R.E., and Mr. V. W. Morton.

The computations of the triangulation done during the field season have all
been completed and rough triangulation charts of sheets 92 D and 92 H with
data have been sent to the Superintendent, Eastern Circle.

The traverse computations of all traverses and 4-inch forest boundary
surveys have been completed.

The new Maymyo drawing office under Captain E. B. Cardew, R.E., and
Mr. J. Smith with five draftsmen commenced work in May and has completed
the maps for the preliminary issue of the North Burma Exploration Survey as
well as the fair drawing of the detail in degree shects 92 E, ¥, I, J, of which

he hill drawing will be completed during the winter.

No. 11 PARTY (LOWIR BURMA).

By Carrary L. G. Crostowarlr, LA,

With field head-quarters in Tavoy the party started detail survey at the

PersoNNEL.

Imperial Officers.

Coptain L. G. Crosthwait, I.A., in charze.
Lieutenant H. I, Roome, R.E., from 18th May
1913.
Proviacial Officers.

Mr. J. Smith, from 7th December 1912 to 26th
May 1913.

Mr., C, Litchfeld, up to 16th May 1913,

Mr. C. 8. Littlewood, from 10th August 1913 to
27tl: September 1413,

Mr. A. M. Tulati.

Mr, T. P. Dewar.

Mr, H. St, J. Kenny, up to the 31at May 1913,

Mr. A, J. Booth.

Mr, R, M, Wyatt,

heginning of November 1912 in the north
of the Tavoy district of the Tenasserim
division of Lower Burma and returncd fo
recess quarters at Maymyo towards the
end of May 1913. Triangulation was also
carried out in the south of the samnc
district and extended into the Mergui
district.

The country under survey lay between

the sen coast and the Siam frontier,



25
Vor. V.] TOPOGRAPHICAL SURVEY.

Upper Subordinate Service. practically the whole of it being densely
Mr, Raghubar Datt Thaplyal. wooded with hills rising to 6,800 feet. A
Lower Subordinate Service. survey was also made of the North and

31 Surveyors, etc.

Middle Moscos Islands which lie from 156
to 20 miles off the coast. The district is one of the most thinly populated of
Burma and nearly the whole of the population is gathered along the Tavoy
River, for which reason, together with the competition set up by the newly
started wolfram and tin mining industry, labour is difficult to obtain. The
district is badly provided with communications and there being no pack trans-
port obtainable, Chinese mules were brought down from the Yiin-nan frontier
of the Northern Shan States. Rice is scarce and large quantities had to be
sent out from Tavoy.

The programme of detail survey could not be completed before the rain
began, parts of three sheets being left unsurveyed. This was due to the great
scarcity of local labour, sickness and to the deputation of two first class survey-
ors to the missions after the submission of the programme,

The climate with an average rainfall of 230 inches is hot and damp and
the party suffered considerably from rheumatism, malarial fever and general
ill health Lrought on by the bites of lecches and other insects which abound in
the evergreen jungle.

2 —_— N 2R & YO -1 Q1 a = F = J
Topography.—The area surveyed comprising sheets 95 - 95 5554
J

and parts of sheets 95 1, was 1,745 square miles on l-inch scale, and 215

square miles of reserved forests on 2-inch scale, the party being divided up into
three camps under Messrs. C. Litchfield, T. P. Dewar and H. St. J. Kenny.
For reasons already stated progress was slow.

Trigngulation.—Messrs. A. M. Talati and R. M. Wyatt and surveyor
Muhammad Yusuf Xhan were employed on triangulation and completed sheets
95 K and O, an area of 3,929 square miles. The triangulation was based on
the Eastern Frontier scries principal triangulation and the secondary triangu-
lation to Bangkok of 1877.

The pillars and mark stones of some of the stations had entirely disappeared,
hollows being found in their place. In such cases the triangulator placed
fresh mark stones in the centre of the hollow. The country was mostly unin-
habited and diflicult to get about in.

Traversing.-—A Dboundary traverse with the theodolite was made of the
Pandct-in and part of the Kalcinaung and Heinzé reserved forests, The tra-
verse of the latter two reserves was computed in the field.

Recess duties.—The fair mapping was divided into two sections, one under
Mr. T. P. Dewar which drew sheets 95 . o', and the other under Mr. A. J

Booth which drew shects 4—7““[;,

The scason’s triangulation was computed during the recess and fair plots
madc of the forest boundary traverses.

Cost rates.—The cost ratcs which are given in Table IIT are slightly higher
than last year for 1-inch survey, while they are slightly less for triangulation
and fair mapping.

The high rates for traversing and 2-inch survey are due to the density of
the jungle in the reserved forests and a large number of surveyors havine to
be employed for so small an outturn.

Owing to the great demand for labour in the Tavoy district the civil
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authorities are reluctant to enforce the Government rates and the rising of the
already exorbitant wages will make future work expeusive.

If the outturn and cost of last ycar’s ¢-inch survey be deducted in comput-
ing the inclusive cost rate, that for this year shows a small increase only.

Six Superintendents of the Burma Land Records Department were at-
tached to the party for training in plane-tabling in two batches for two months
each.

Applicants for mining concessions are required to submit surveys of the
areas they require on scales from four to eight inches to a mile, which are re-
duced to 1-inch scale and fitted on to our maps. As these are frequently theo-
dolite traverse surveys made by well trained European and Indian surveyors, a
comparison between the large and small scale surveys puts the 1.inch maps of
the party o a severe test for country of this nature. So far they have, on the
whole, stood the comparison very well.

A party of Siamese surveyors was carrying out triangulation on the other
side of the frontier and some of its stations were on the same hill tops as those
of the party.

No. 12 PARTY (ASSAM).

By Mayor A. MEams, 1A,
The operations of the previous season were continued eastward, being
limited to the north by the Bhutan State
and on the south by the Khasi foot hills

] N
comprising standard sheets 78571 15347,

PERSONNEL.
Imperial Officers.
Major A. Mears, LA, in charge from 24th

B .
October 1912. and 83 555567s The survey was carried
Captain G. F. T. Oakes, R.E, in charge . 2 R
from 1st to 23rd October 1912, € out mainly on the l-inch scale and con

sisted partly of original and partly of
supplementary survey. The Darranga,
Mr. W. Skilling. . . A . . .
Mr. Pramadaranjan Ray, Rai Sahib. Khalmgduar, Ha]O’ Sildar Hlu and Singri
Mr. E. M. Kenny. reserved forests, comprising an area

Mr. Amjad Ali. of 37 squarc miles and situated in the
Mr. L. Williamna.
Mr. P. C. Mitra. . . . .
Mr. 1. H. Creed. 2.inch scale. In addition the Sonaikuchi

and Kolahat reserved forests, surveyed on

Provincial Officers.

area under survey, were mapped on the

Upper Subordinate Service.

Mr. Nanak Chand Purl. .
M. Sajoni Kumar Ghosal, were revised ; the large seale survey

proved very good except for the hill fea-
tures which had to Dbe recontoured. A
special survey of the Upper Dihing and
Jaipur reserved forcsts, district Lakhimpur, was also commenced, the work
being much hindered by bad weather.

The country under survey much resembled that of the previous season, the
hills densely wooded and the alluvial plains of Brahmaputra, where not under
zultivation, covered with impenetrable “khagra’ grass, some 15 to 20 feet
high, with scattered trees and clumps of jungle. TField work commenced about
the middle of November and closed at the beginning of May when the weather
hecame very unsettled. The health of the party was good on the whole, a
slight outbreak of cholera occurred during the last month of the season from
which three khalasis died. Four of the party’s surveyors were lent to the
Forest Officer, Port Blair, for a special forest survey in the Andaman Islands.

the 4-inch scale during season 1904-00

Lower Subordinate Service.

41 Surveyors, elc.
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Topography.—The detail survey programme was carried out by three camps:
under the charge of Messrs. Pramadaranjan Ray, Rai Sahib, Amjad Ali, and L.
Williams. To Mr. Pramadaranjan Ray, with a strength of nine surveyors,
was allotted the survey of 41 sheets, Mr. Amjad Ali, with eight surveyors, carried
out the survey of 53 sheets, and Mr. L. Williams, with seven surveyors, surveyed
4 sheets in all. With the exception of the area surveyed by Mr. Ray’s camp
and a narrow strip along the Bhutan boundary, the country was flat. Portions
of the Kamriap and Darrang districts are well populated and extensively culti-
vated ; along the foot hills of Bhutan and the Khasi Hills there are a consider-
able number of tea cardens. Where not under cultivation, the plains area is
covered with high grass jungle and difficult of survey till dry enough to burn.
The hills are densely wooded and contain a certain area of sdl forest. With
the exception of the Gauhati-Shillong road, an cxcellent metalled road, indif-
ferent footpaths are the only means of communication in the hills; fair cold
weather cart roads exist throughout the whole of the plains. ‘I'he work was
somcwhat hindered at the start by an outhreak of cholera in the Rangia Thana
which necessitated a redistribution of plane-tables and the throwing of several
surveyors into the same sheet until the epidemic had died out.

Less difficulty was experienced on the whole than in previous years, in
obtaining supplies and labour; it was, however, still found necessary to attach a
Revenue peon to every threc or four surveyors to render assistance in this
respect.

A trial was given to Bristol boards and plane-tables mounted with these in
place of drawing paper were issued to several surveyors. The idea that projec-
tions on boards would be less affected by distortion was not realized, probably
owing to the humidity of the atmosphere in Assam ; as these hoards arc dis-
tinetly awkward to handle and the surface will stand very little erasing no
advantage is obtained from their use.

The detail outturn of the party for the season comprised 3,337 square miles
on the 1-inch scale and 43 square miles (includes 6 square miles special
forest survey) of reserved forvests surveyed on the 2-inch scale. This for the
nature of the country may be considered quite a satisfactory outturn. Al-
though a large proportion of the arca was nominally a supplementary survey,
its resurveying practically amounted to original work ; drainage and village
site detail had completely changed owing to the many years that lLad elapsed
since the Revenue survey. Rivers were found to have shifted their courses in
some cases scveral miles and in others to have altogether disappeared. The
main channel of the Brahmaputra River, except where it is confined by hills or
rocky formations, has moved considerably southwards, in places as much as
4 to 5 miles.

The survey cost rates for the year may be considered most satisfactory
being the lowest so far on record in the party. The slightly higher rate for
revision survey is accounted for by the smallness of the arca and the fact that
this survey was done carly in the season when the jungle was cxceptionally
dense and the outturns consequently small.

The special 2-inch forest survey cost vate is abnormal ; the work was only
started during the last month of the field scason and was interrupted by daily rain.

Triangnlation.—The triangulation was carried out by three Provineial
Ofticers, Messrs. W. Skilling, E. M. Kenny and P. C. Mitra, and was bascd
on the Assam Longitudinal Scries. Connections were made to two bench-

E2
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marks of the Gauhati-Dibrugarh line of levels from which all the heights of
the season’s triangulation have been deduced. The area triangulated totalle
2.600 square miles falling in standard sheets 83 ,, s 10 83 ST T and
comprised the foot hills of the Khasi and Jaintia Hills and a block knc.w-vn as
the Mikir Hills. The latter were triangulated in seasons 1871-72; several of
the old stations were found and utilized ; the resulting values accorded well,
The entire area triangulated was thickly wooded and necessitated very heavy
clearing for stations, particularly in sheets 83-7;, which mainly consist of re-
served forest. Communications are indifferent in the Mikir Hills where cooljes
are the only possible form of transport. The triangulation cost rate.is some-
what above that of previous years due to three Provincial Officers being employ-
ed on both field and recess work, one of whom was highly paid; the dense
nature of the jungle and the employment of cooly transport also affect the rate.

Traversing.—Supplementary traversing, for the purpose of obtaining
beights for the topographical survey of the country, was run in the cadastrally
surveyed areas of the Nowgong and Darrang distriets. Traversing had also to
be resorted to in the plains where impossible to fix sufficient points by triangu-
lation for its detail survey. An attempt was made to traverse the undemar-
cated boundary between the Darrang districts and the Dafla Hills, but had to
be abandoned on account of the denseness of the jungle and lack of communi-
cations and villages along the border. This survey will necessitate very com-
plete arrangements for labour and supplies being made beforehand and has
therefore been postponed till the coming field season. In all 598°5 linear miles
of traversing were run which exclude 433 linear miles of forest houndary
traverse, 327 selected stations are permanently marked, 566 zine cylinders were
also embedded. The country under traverse differed in no respect from that
surveyed in detail.

The cost rate for ordinary and houndary traversing is high and is due to a
Provincial and an Upper Subordinate officer having been employed on this
work, the boundary traversing having been entirely performed by these
officers.

Recess duties.—The fair mapping of the season’s survey was distributed
between three Drawing Sections under the charge of Messrs. P. Ray, Amjad Ali
and L. Williams ; sheets surveyed by these assistants being as far as possible
allotted them to fair map, the two first named having 5 sheets each to draw
and Mr. Williams 4 shects. The progress of the fair mapping has been very

satisfactory. Sheets 78 i, and 83 ;7; of the currert work have been sub-

mitted for publication before the close of the survey year and the remaining
sheets 78 .\, and 83 255, Will be completed before the party takes the field.
In addition sheets 78 -, and 78 - surveyed in season 1911-12 have
been completed and submitted for publication during the year under report ;
this makes a total of 20 standard sheets for the year.

The cost rate for the fair mapping amounts to Rs. 6'7 per square mile
which is lower than that for the previous year.

The triangulation and traverse computations of the season have been com-

pleted, the work proving satisfactory.
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TABLE 1.
OUTTURNS OF DETAIL SURVEY.
» ! AYBNAGE NUMBRB OP
OuTTUBRN, i PININGS PER 8QUABS
[ _Muem
Average
geale. | Class of Burvey. | Circle. Parly. Locality. Total rerman | In aita Plane-
Square | pcr month.! by re- {able tma-
iles, Bquare | mection), VOrse.
miles.
3-inch . | Revision N No. 1 | Kashmir 1,036 (4010 032 .
Survey.
4-inch . Sm-veyy 8 No. 6 | Hydoriabad 1,086 | 57'9 84 vee
-inch , | Revieion N No. 1 | Kashmir 643 13008 014
Survey. ' \‘
E Ne. 9 | Bibar and Orissa 1,189 | 479 50
.-inch .| Survey N No. 1 | Kashmir 3.091 1 377 56 "
N No. 2 | Punjab 2,661 | 331 151
N No. 3 Pun_jub and United Pro-| 2,564 | 270 110 60
vinces.
S No. 5 | Centinl Provinces 2,575 | 260 (b) 140 v
S No. 6 | Berar and Hyderabad 1,508 | 175 230
S No. 7 | Madras 652 ; 321 97
S No. 8 | Madras and Travancore 1,358 | 99 66 267
E No. 9 | Bihar and Orissa 32, 320 30
E No. 10 | Upper Burmna 2,347 ;302 100
E No. 11 | Lower Barma 1,746 | 252 44 52
E No. 12 | Assam 035 | 24:7 110
i
1-inch .| Resurvey N No. 4 | United Provinces 3,993 , 262 {260 (a) .
1-inch .| Revision N |No. 2| Punjib 6,331 ' 384 12+
Survey. |
N No. 3 | Punjab and United Pro-| 4,960 | 33-:0 110 50
vinces.
] Na. 5 | Central Provinces L1155 | 26:0¢0) | 90 e
] No. Madras and Mysore 4,040 | 486 61
E No. 9| Bihar and Orissa 476 | 337 40 i
E No. 12 [ Assam 116 | 236 80 .
I-inch . | Supple- N No. 4 | United Provinces 1,467 | 499 153 (a)
mentary
Survey. E No. 9 | Bihar and Orissa 2,303 | 208 120
E No. 12 | Assam 2,286 | 283 12:0 -t
1j-inch | Survey 8 No. 7 | Madrae 312 | 13'8 266 (a)
] No. 8 | Malins and Travanocore 256, 79 33 365
2-inch . | Survey N No. 6 | Berar 434 83 550(a) e
) No. 7 | Madras 13| 70 390 .
’ E No. 9 | Bihar and Orissa 30| 46 790
E No. 10 | Upper Burma i26 | 101i 440
E No. 11 { Lower Burma o 216 | 86 2:9 56'9
E No. 12 | Assam 37 87 460
2-inch Revision N No. 2 | Punjab 263 | 411 73 o
and Survey.
4-inch .
6-inch . SurveY. ' N No. 2 | Maler Kotla State (Pum. 10°50
. {Speoial.) jab). acres "
4-inch . | Survey N | No. 20 | Delhi . 5,280
16-inch |Survey .| N  |No. 20 | Quettn Civil Station 1.248
16".‘“‘" Resurvey N No. 20 | Sangor Cantonment 4,916 -
64-inch | Resurvey N No. 20 | Saugor Contonment 95

{a} Including plane-table traverse fixinge. ]

(8) Includes 1-inch survey nnd revision.
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PART IL.—GEODETIC AND SCIENTIFIC OPERATIONS.

ASTRONOMICAL LATITUDES.
No. 13 PARTY.
(¥ide Index Map No. 10.)

PRRSONNEL.
Imperial Officer.
Major H. L. Crosthwait, R.E,, in charge up to

28th Febroary 1913. .
Captaiu V. R. Cotter, I.A, in clarge from As no officer was available, no Astro-

March 1913. . . .
1st Masch 191 nomical Latitudes were observed during

T . o fr fa Ty 3
Upper Sulordinale Service the field season 1912-183.

Mr. Bidhu Bhusan Shome up to 30th June
1913.

Lower Subordinate Service.
1 Compauter.

PENDULUM OPERATIONS.

No. 14 PARTY.
(7ide Index Map No. 10.)
By Carraix H. J. Coucrman, R.E.

During the scason 1912-13, pendulum observations were made at 14
stations situated near the meridian of 78°

PERsONNEL. and stretching from Bhopal to near Bu-

Imperial Officer, landshahr. These observations fill in the

Captain H. J. Couchman, R.L. gap between those of 1906-07 which ended

Provineial Officers. at Gesupur (latitude 28° 33') and those

Mr. Hanaman Presad, up Lo April 30th. of 1908-09 in the northern portion of the
Mr. O. N. Pushong, fiom May 15th. Central Provinces

Lower Sulordinate Service. T he list of stations will be found in

4 Computers. Table IV. With the exception of Kalian-

pur all are situated on flat or undulating
country. Near Bhopal and Guna are scattered hills running up to 300 and 400
feet above the station. Nalianpur is on the western cdge of the high ground
which runs up through Sipri almost to Gwalior. This is the station of origin
of the Indian triangulation, and the pendulums were swung in the room,

originally built as an office by Sir G. Everest, where Captain Bascvi swung his
pendulums in 1867,

Thanks to the kindness of the local officials good observing rooms were
available at all the stations, and the control of temperature was casily arranged.
The only exception was Bina, where the roof was of loose stone slabs, indiffor-
ently weather-proof. Table I. shows the mean temperatures at each station

and the hourly changes, and it will be noticed that the mean hourly changes
were remarkably constant.
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TABLLE 1.

NigHT. Dav. MEeaN,
STATION. oo Average

g | oy | ol | fempa: | Homl
B 0 . l o
DehraDan . . . .| 1881 | +010| 1857 | +008 | 1869 | +009
Bhopal . . . . .l 1993 | 4001 18'83i +021 | 1938 ! +ol1
Kaliznpur .« . .| 2247 | 4008 21-99; +002 | 2223 | +005
Bina . . . . .| 1658 | —u002 15-26% +026 | 1590 [ +012
Gua . . . . .| 1879| 4010 18'16i! +007 | 1848 +008
Lalitpur .o 1707 | 4007 16-79% +012 | 1693 | +0-10
Sipri . . . . .| 2145 | +000 21-19% +010 | 2182 | +008

!
Jhansi . . . . . o2185 ] 4015 | 2187 | +005 | 2186 | +010
G walior ... 1980 4004 1~.,-59§ +009 | 1970 | +011
i

Dhiolpur o l 2163 | +0:17 | 2183 i +012 | 2173 | 40415
Agra .. . 1966 | +0°11 19-z7€ +010 | 1947 | +010
Muttra il 20072 1 4014 2080 | 4012 2076 | +0-13
Hathras e 01 20'36“’ +018 | 2048 | +013
Aligarh . . . 20096 1 4012 -zn-7o; +0-08 20:83 | +0°10
Khurja . . . 2196 | 4007 | 24771 +012 | 2486 | +009
Dehra Dan . . . 2415 | 4008 1 2421 ’ +0°13 2418 ‘ 4+ 011
—_ !

Observations for flevure were as usual made at the beginning and end of
work at each station, two scts heing taken on each occasion. The greatest
difference between the mean hetore and after work was 1:3 x 107 seconds and
the station means varied from 10 to 58. The actual values are not shown as
they call for no comment.

The clock rate was determined by Mr. llanuman Prasad. The mean
p. ¢ ol a clock rate determined (rom obscvvations on two successive nights
was$0'016 scconds and the mean p. c. of the vate derived from observations
to onc star on two successive nights was 40'083 scconds, These probable
errors are very slightly higher than usunal, but the crror in time of vibration
due to clock rate is under 1 x 107 sceonds.

Table I1. shows the times of vibration of the four pendulums at Dehra Din
in November 1912 and April 1913. The mean time of vibration, 0-560725616
has heen adopted for reducing the scason’s observations., This value agrees
exactly with that used for the season 1911-12.
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TABLE II

Times of Fibration of the four pendulums at Dekra Dun.

Date. 137 138 1 139 140 Mean,
1012,
Nav, 1112 05072575 | 06074984 | 05071602 | 0:5070867 | 05072507
|
12—18 2605 4985 1621 0864 2519
13—14 2636 1976 . 1606 0864 2508
!
14—15 2590 4993 1616 0883 2529
|
|
Mean  .: 0-5072589 | 0°3074985 - 0'6071611 | 0'5070369 | 0-5072514
.'
1918, |
Apl. 9—10 05072586 | 0-6074975 | 05071585 | 05070863 | 0'5072504
10—11 | 2586 5020 | 1619 0867 2523
}
15—16 ; 2593 4902 . 1618 0872 2519
16—17 1 2693 5001 | 1631 0892 2529
|
T |
Mean . 0:5072589 | 05074998 o-5o71&13! 05070876 | 0:5072519
o | | |
General mean . 05072580+ 0-5074992 | 0-5071612 | 05070872 | 0'6072516
1‘ i
|
Difference, April—Nov. . +0 +18 +2 +6 +5

Tt should he noted that these ohservations were made in the new pendu-
lum room at Dehra Din.  This room is about 300 feet due south of, and 12 feet
below the old pendulnm room in the large photo-heliograph building. Obser-
vations made in hoth rooms in April 1912 showed that there was no appreciable
difference hetween them.

In Table III is given the mean time of vibration at each field station, with
the valuc of g deduced therefrom. The value of g at Dehra Dian has, as usual,
heen taken as 979:063 dynes.
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TABLE III.
TS f Difference £ Ob: d
Station. Vibration. | Dehra Dim | velue of g.
Sec. Sec, Dynes.
x 10-7
Dehra Din 05072516 | ... 979:063
Bhopil . . . 3127 +911 978:711
Kalianpur . . . 3258 + 742 978717
Bina 8209 +693 978:796
Gubna 3179 + 663 978:807
Lalitpur . . . . ) 3160 + 844 976814
Sipri . 3001 + 485 978876
Jhansi . . . . 2913 + 397 978:910
G ~alior 2788 +272 978-968
Dholpur , . ) 2681 +165 978:999
Agra 2534 +18 979-056
Muttra 2499 —24 079:072
Hathras . ) . 2484 —32 979075
|

Aligarh .l 2456 —30 979:075
Khurja ., .. 26072468 —48 979082
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The final results of the season’s work arc shown in Table IV. 'This table
has been prepared on different lines this year and requires ¢xplanation. The
first change to be noted is in the formula for computing y,, the normal value
.of gravity at sea-level. Previously we have used Helmert’s old formula
deduced in 1884, viz. : —

y,=9780(14+0'005310 sin’p), where ¢ is the latitude of the station.

When one formula has been in use for a number of ycars it is always a
.dificult matter to change, as there must be a hreak of continuity in the publish-
_ed results. However at the present time a new Professional Paper is about to
be published, containing an account of the pendulum observations since 1907,
the date of the last Professional Paper. In this new paper Helmert’s later
formula, deduced in 1901, is being uscd for all stations and it will, therefore,
be used in this, and all our future records until and unless a better formula is
introduced. Helmert’s 1901 formula is:—

¥, = 978:030(1 40006302 sin’¢$ —0'000007 sin°2 ¢).
The effect of the change of formula is to increase v, at all stations by amounts
varying, in India, from <029 to -021.

'The next change of procedure is the inethod by which the anomalies g—y
are obtained. Formerly the practice has been to correct g, the observed value
of gravity at the station, for height and mass and to compare this corrected
value, usually called g.”, with y.. This practice is certainly rather confusing,
as it is difficult to say what g,” really represents. In the new Professional
Paper, therefore, the theoretical corrections for height and mass arc applied to
the theoretical value of gravity at sea level to obtain the theovctical value at
the station, which is then compared with the observed value. The values of
g—y are, of course, the same whicliever procedure is adopted.

Considering next the actual corrections used, tnat for height is obtained

from the formula j%ih where R =radius of carth=20,900,000 fect.

The formula for the (Bouguer) mass correction has been slightly changed

in this report and in the new Professional Paper. The actual formula is
+%'£ X Z—there d=mean surface density of the earth
A =mean density of the earth as a whole.

Up to the present we have taken 8=2'8, A =56 whence % =% and the for-

mula becomes 3{% Better values of 6 and A are, however, 2:67 and 5576

whence —Z = 2.019—a,nd these values are now being used, «o that the formula
rection is4- oBL
for the (Bouguer) mass correction is+ ;.

The (Hayford) mass corrcetion was explained in last year’s records and is
being dealt with at length in the new Professional Paper. It is based on the
assumption that all masses above sea level arc of density 2 67 and are compen-
sated by deficiencics of density below sea level, compensation being complete at
a depth of 70 miles below that surface. Similarly ocean areas are compansated
by excesses of density and the amount of matter in any column standing on a base
of unit area and extending from the actual surface of the earth orsea down to a
depth of 70 miles below sea level is always the same. Furthermore the whole
surface of the earth is taken into account, curvaturc being amply allowed for.

We now come to the columns in Table IV y,, y, and y,, these suffixes
being new. It was neccssary to introduce new symbols to replace the £, and
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g, previously used and also to represent the Hayford, or compensation, method
of correcting for mass. The new symbols are self-explanatory.

v, stands for y, corrected on the free Air hypothesis, i.e., for height only.

v, stands for y, corrected on the Bouguer hypothesis, i.e.,, for height and
mass (Bouguer).

y¢ stands for y, corrected on the Compensation hypothesis, i.e., for height
and mass (Hayford).

It is advisable to explain thatalthough the Bououer correction allows for
the effect of surface masses and the Hayford correction for surface masses and
their compensation, yet the difference between the two corrections does not
represent the effect of compensation. The reason for this is that the Bouguer
correction takes no account of the curvature of the earth and consequently
the effect of surface masses beyond a certain distance from the station, usually
35 miles, but greater for stations in and near mountainous country, is (rightly
on this hypothesis) assumed to be nil. The Hayford correction, on the other
hand, makes full allowance for curvature and takes into account the surface
masses and compensation of the whole earth, and it can be shown that, although
the net effect of the topography and compensation in very distant zones is
small, this is merely due to the fact that the two effects are almost equal in
magnitude but of opposite sign; the effect of the topography alone or of the
compensation alone is large.

For example the Hayford correction for all zones extendmg from about
1,800 miles from the station to the antipodes varies in India from 0:0013 to
00022 but the correction for topography alone in these zones varies from 0-094
to 0:117 at the four stations for which the correction has been computed.

'The difference between the two mass corrections is, therefore, due to the
effect of the compensation of the topography of the whole earth together
with the effect of the topography bheyond the * certain distance from the
station ”’ given above.

The rest of Table IV requires no explanation except that the column
headed g gives the observed value of gravity at the station, assuming that at
Dehra Dan the value is 979063 dyues.

Dealing now with the residuals in the last three columns of the table, we
note first that the Bouguer residuals g—y, are negative throughout. This is
no way unusual for, as will be seen in the new Professional Paper, these
residuals are negative at practically every station at which observations have
so far been made. The reason of this preponderance of negative values is
probably this. The values of g—y on the Bouguer hypothesis have a well-
known tendency to be positive at stations near the coast and negative in and
near high ground. The fundamental formula for y,, which has been deduced
from a consideration of the Bouguer residuals, has, it is beiieved, heen derived
mainly from observations at stations on or near the coast and distant from
high ground. Consequently at other stations, such as are dealt with this
season, the residuals have a natural tendency to be negative. It is probable
that if a new formula for y, were to be derived from Bouguer residuals at all
Indian stations the value of the equatorial constant would he about 97798
instead of 978°03.

However we are really concerned with the relative and not the absolute
values of g—y,. The mean residual for the season is 0:031 and if we consider

tbis value indicating normal gravity we see that there are threc areas where
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gravity is relatively in excess. The first of these comprises the statiorfs
Bhopal to Guna, with a maximum at Kalianpur, and the results sh?w that this
area probably forms part of the belt of high density or “ hidden cham.'_’

In 1908-09 observations were made at five stations south of Bhopal on the
meridian of 78° and the residuals at these, varying from —0-013 to —0'026,
show that gravity was relatively in excess atall. The belt of high density,
therefore, probably extends from south of Amraoti, the most southerly of the
five stations referred to above, to Guua and possibly on to Sipri and Jhansi.

The residual at Lalitpur, however, shows a local defect in gravity, and
as the plumb line deflections have confirmed the evidence of the pendulums
by indicating this defect and also the relative excess at Jhansi and Sipri, and
have also suggested a defect between the latter and Guna, it seems probable
that if pendulum observations could have been made between Sipri and Guna
a relative defect would have been found. The main area of exces-sive gravity,
therefore, probably ends just north of the line froin Guna to Bina, and seeing
that it extends at least as far south as Amraoti we have, after allowing for the
topography, an excess of matter to the south of Kalianpur which lends strong
support to the assumption that the deflection at this, the station of origin of the
Indian triangulation, is southerly.

It is also to be noted that in the first seven stations of the Table, omitting
Bhopal, we have three pairs, each station in a pair being nearly on the same
latitude as the other. Considering the residuals we see that in each case
gravity at the western station is relatively greater than at the eastern. Thus
Kalianpur is greater than Bina by 0011, Guuoa than Lalitpur by 0-018, and
Sipri than Jhansi by 07008. This if not a coincidence, seems to show that
there is a relative deficiency of mass east of Kalidnpur and that the prime
vertical deflection there is probably westerly or positive. We cannot, however,
be certain of this until observations have been made to the west of Kalidnpur.

The third area where gravity is relatively in excess is that included by the
stations Agra to Hathras and here again the pendulum agrees with the plumb-
line. North of Hathras there is a rapid drop to Khurja, with an equally rapid
rise to Gesupur (latitude 28° 33', observed at in 1907), where the value of g—y,
is —0°043. Once again we have other cvidence of this trough of low density
in the deflections at four stations on the Great are. These stations are :—

STATION. Latitude. Longitude. Deflection.

. U
Noh . . . . . . . 27 51 77 41 0-1 south.
‘Chandans . . . . . 28 5 77 54 0'9 north.
Bostan s R Y- TS HE N T TS 0
Dataivi Y T Y 7oAl | s,

Bostan is close to Gesupur and Chandaos about 9 miles south of Khurja.
Betwcen the two stations there is a change in deflection of 41 seconds, the
plumblines being deflected away from each other, showine that there is probably
either an excess of mass north of Bostan or south of Chandaos or a defeet of
mass betwcen them. If there were an excess of mass we should expect to find
either a smaller northerly deflection north of Bostin or a greater northerly
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deflection south of Chandaos but as we find neither of these the assumption.
of a defect between the two stations is the only one that suits the deflections,
It may also be noted that the southerly deflection at Noh, some 12 miles north
of Muttra, indicates the probability of an excess of mass to the south and this
the pendulums have now shown.

We see therefore that the main features of the season’s results are in
agreement with the evidence of the plumb line, and the chart facing this page
will make this clear.

Turning now to the values of g-—y, i.e., the amounts by which gravity is
in excess or defect on the assumption that all surface masses are compensated
below sea level, we note first that the positive sign predominates. This is
generally the case with these residuals and may merely mean that our formula
for y, may have to be slightly altered. The differences from station to station
are, however, much the same as those of the Bouguer residuals, though it is, as
usual, noticcable that at stations in and near high gr'ound the change in residual
is greater.  Thus at the first six stations, all of which are over 1,100 feet, the
inerease varies from 0°043 to 0°048 ; at the next four from 0:084 to 0'036, and
at the remaining stations there is a progressive increase from 0'038 to 0°046,
this being due to the greater proximity of the Himalaya.

‘T he total range of the residuals is nearly the same in both cases, viz., 0046
for the Bouguaer and 0:048 for the Hayford.

In the observations of this season, therefore, no improvement has been
effected by the assumption of complete compensation. As has often been
pointed out large changes in the residuals are only to be expected near large
excesses or defeets ol mass, 7. , near mountains or seas and at such stations the
change in the residnals is always in the right direction, since near mountains
Bouguer residuals are negative and near scas positive.

In last ycar’s report several instances were given of this improvement, but
as the values of y, and of the height and mass corrections at all stations have
been recomputed this year it is well to show the results again and to ineclude
the new stations at which the corrections have heen computed.

Dealing  first with stations in the Himalaya or other mountains we
have :—

[
Station Heiglt. 1| =Yz g—v, Change.

L I
Sandakpha . . . . . . 11,766 } -0155 +-018 + 203
Mussoorie . . . . . . 6,921 ! —0123 + 053 +°176
Quetta . . . . . . 5,H20 i —0153 +-007 + 160
Ootaramunil . . ) 7,395 . —0010 +°019 +063
Yereand . . . . . 4,493 [ —0°057 — 033 4024

The ehanges ave very great at all the stations except Yercaud and this
can hardly be called a monntain station sinee the hill on which it stands is not
of any great extent.  The residuals have, however, been improved in every
case and the positive sign of the llayford residuals shows that probably com-
pensation is not quite complete, more especially under the Himilaya.
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We next come to stations near the foot of the Himalaya and other moun.

tains.
Distance from
Station. cdgeot bills | g—y | gy, Change.

Rajpur . . . . . . 0 —0'143 + 0026 +0°]ﬁ69
Dehra Dian . . . . . . 7 —0°145 +0:006 +0:151
Kaliana . . . . . . 6 —0-081 —0-007 +0974
Siligur1 . . . . . . 8 —0160 —0-039 +0121
Jalpaigurt . . . . . . 28 —0°121 —0°020 +0°101
Sibi . . . . . . . 12 —0-139 —0°060 +0°079
Jacobabad . . . . . . 40 +0°008 +0:038 +0'030
Pathankot . . . . . . 12 —0199 —0-077 +0'122

It will be noticed that the change increases as the hills are approached and
that the residuals are reduced in every case except Jacobabad.

The majority of the residuals are negative, although at hill stations they
are usually positive. This seems to show that the compensation or partial com-
pensation of the mountains extends beyond them into the plains and we have
in these results evidence of the rift, or belt of deficient density, along the foot
of the mountains.

It was stated above that at stations near mountains and seas the change
in residual due to the assumption of compensation was always in the right
direction and we have seen that for mountain stations this is so. With regard
to coast stations we have at present only computed the Hayford residuals at
two, Madras and Cuttack. Madras, however, seems to be abnormal in that
the Bouguer residual there is negative and the assumption of comyensation has
increased the residual. The figures are :—

Station. g Y5 g‘—-yc Change.
Madras . . . . . . —-0014 —0°053 —0-039
Cuttack . . . . . . +0-003 +0'006 +0:003

We see that the residuals arc either decreased or increased very slightly
and as, at the few other coast stations at which observations have been made, the
Bouguer residuals arc positive they will be improved by the new method of
reduction. .

During the next ficld scason it is proposed to observe at several stations on
the Bombay coast and the results to be obtained should throw some light on the
question of occan compensation.

An interesting scries of obscrvations was made in Dehra Dian in August
1913. Commander Alessio and Signor Abetti, two members of Dr. de Filippi’s
cxpedition to the Karakoram, swung their eight pendulums alongside ours,
the obscrvations being extended over a period of four days. No night swings

G
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were taken, but it is satisfactory to note that the mean time of vibration of
our four pendulums agreed with the mean of the day swings in April 1913
and November 1912, showing that the periodic variation in the clock rate was
the same on all three occasions. The results from the Italian pendulums wil
not be available for more than a year, until the expedition has returned to
Genoa, but they will give an independent value of gravity at Dehra Dian de-
pending, through Genoa, on Potsdam. It is not likely that our present value,
979-063 dynes, is much in error and additional proof of this has lately become
available in the publication of the observations made in 1906 by Commander
Alessio in Colaba, using the same room as that occupied by Major Lenox-
Conyngham in 1904, The difference in the value of g obtained by the two
observers is only 0004, both values being based on Potsdam, ours through
Dehra Dan and Kew and theirs through Genoa. This fresh determination of
the actual value at Dehra Dian should, however, be most valuable,
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TRIANGULATION.

No. 15 PARTY.

{(Véde Index Maps 9 and 10.)
By Major H. M. Cowrr, R.E.

During the cold weather of 1912-13, four detachments of this party were
employed, one on principal triangulation,
two on secondary triangulation, and one

mg‘;*,-jﬁhgég‘- Cowie, R.E, Deputy Superintend- o trisonometrical operations for the large

Lieutenant K. Mason, IL.E,, Ascistant Superin-  scale survey of Bombay City and Island.
tendeut, from J6th February 1913.

PERSONNEL.

During the summer months, one

Provineial Service. detachment, under, first, Lieutenant H. G.
Ar. €. e Bell, R.E, and later Mr. V. D. B.
» (‘f f\’- ;\}'“‘“"‘ﬁ"t- Collins, was engaged in continuing the
» G. A. Norman. . R : .
» B.T. Wyatt. series of triangulation in the Hunza Valley
» C.S. Mclnnes. - N o R
» Abdul Karim, and the Taghdumbash Pamir, connecting
,» N.S. Harihara Iyer. . i . X
the Indian and Russian systems of triangu-
Upper Subordinate Service. lation. A report of this detachment’s
Mr. Jugal Behari Lall. work during 1912 was included in the

Annual Report of the party for 1911-12.
The report now submitted for 1912-13
continues the account of the Pamir opera-
tions up to the date of the completion of the Indo-Russian connection in
August 1913.

The principal detachment under Mr. C. A. Tresham continued the Sambal-
pur Meridional Series. This Series, commenced in 1911-12, springs from the
side Bhursu (XLIX)—Hariharpur (L) of the Calcutta Longitudinal Series in a
mean Longitude of 85°, near Ranchi, and extends first south-west till it lies
astride the meridian of 84° and then south-wards with a view to eventually
joining the South-East Coast Serics near Parlakimedi. During 1911-12, the
serics was carried as far as Latitude 22°, from which parallel the operations of
1912-13 have extended the triangulation to a mean latitude of 19°-40’, leaving
only three figures still to be observed before the connection with the East Coast
Series is effected.

Of the sccondary detachments, onc under Mr. G. A, Norman first complet-
cd the junction of the Garo Hills Series, extending eastwards in Latitude 26°
approximately from the Brahumaputra Serics, with the Khasi Hills Series
which stretches westwards at nearly the same latitude from the Eastern Fron-
tier Series. After finishing observations here, the detachment made a com-
mencement on the Manipur Scries which is to connect the Assam Valley Series
in the neighbourhood of Golighdt with the northern end of the Manipur
Meridional Serics, a little to the east of Manipur.

The other sccondary detachment under Mr. V. D. B. Collins carried the
Khandwi Series in Latitude 22°, from the Great Arc to the Khanpisura
Scries, and after completing this work, commenced selecting and building sta-
tions for the Akola Serics, which, running along the meridian of 76°-30, is
to conncet the Khandwi and Bhir Series.

The 4th detachment furnished by the party completed the triangulation
extending over the Island of the Bombay and commenced work on the traverse

Lower Subordinate Service,

21 Computers, cte.
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network, which in combination with the triangulation, will provide accurately
£ixed points on which to base the large scale survey about to be undertaken.
By the end of the ficld season the positions of 94 points had been determined
in the southern and central positions of the island, leaving 24 in the northern
part to be fixed during the coming season.

In all districts where detachments of the party worked, the operations were
much facilitated by the ready and effective assistance given them by local
officials.

The health of the personnel of the party as a whole was good. In the
Sambalpur and Manipur detachments there were, from time to time, several
cases of fever, but no outbreaks of sickness or disease occurred to impede the
progress of the operations.

PriNcIPAL TRIANGULATION.

The Sambalpur Series.—At the end of October, Mr. Tresham resumed
work on this series at about Latitude 22°, where observations had been disconti-
nued the previous year, and carried the triangulation southwards through
Sambalpur, the Orissa Feudatory States, the Khondmals and into Ganjam.
Between 31st October and 9th March, observations were completed at seven-
teen stations, astronomical azimuths being determined at two points, Andhari
H. 8. and Sendur H. §. After the beginning of March, the atmospheric
conditions became very unfavourable for the making of precise observations.
A thick haze set in, which in combination with the smoke of forest fires,
cffectually put a stop to the operations after March 25th.

The selection of sites and the building of stations was entrusted to
Mr. B.T. Wyatt, Extra Assistant Superintendent, who succeeded in laying
out all the stations south of Chirguni Hill Station and Singhijuba Hill Station
and in effecting a connection with the East Coast Series.

The country passed through by the series was inhospitable and ill-adapted
for triangulation. Rounded hills covered with thick forest, and the absence of
communications, made the friangulator’s work of no small difficulty, and it is
most satisfactory that so much progress was achieved during the season. The
quality of the observations themselves proved, as will he seen in the following
statement, to be high.

Number of principal stations at which observations were completed 17
Number of secondary stations fized . . . . . 4
Number of principal stations built and repaired . . . 17
Number of secondary stations built . . . . . 1
Progress of series in miles . . . . . 167
Area covered by figures in square miles . . . . 5,014
Numler of angles observed . . . . . . . 62
Average number of measures of each angle . . . . 58
Average triangular ertor of 22 triangles . . . . 07185
Maximum triangular error . . . . . 07564
Average difference from 360° of angles at 3 central stations . 07133
Average errors of observation . . . : . . 0737
’ n s graduation : . . 17:63

Value of (Astronomical Azimuth—Geodetic Azimuth)

at Andhari H. S,, Lat. 217-5%', Lona. 84°-15’ . . . 6”07

at Senduar H. 8., Lat. 20°-16", Long. 83°-40’ . . . 8§18
Theodolite used . . . . B . . . T.and 8. 12-inch

Mierometer

No. 5.
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This series effcoted during the season a connection with the Sambalpur
Secondary Series which emanates from the East Coast Series in latitude 21°-15’
and extends westwards. The closing differences at the common stations

were :-—
at Chandli h. s. in latitude . . . . . . 40701
I7} » » »n longitude . \ . . . __0//.04
) ”» »n n height . . . . . . —11 feet.
,, Raun ,, ,, latitude . . . . . . +0702
» 7] »w o o» longitude . . . . . . _00,02
- » »  height . . . . . . =10 feet.

SECONDARY TRIANGULATION.

The Manipur Series and the Garo-Khasi Hills Series.—During the field
season of 1897-98, a portion of the Eastern Frontier Principal Series was
revised for the purpose of ascertaining whether trigonometrical stations in
the Garo and Khasi Hills had been displaced either vertically or hori-
zontally by the earthquake of June 1897. As there was no certainty that
any appreciable changes had taken place, the operations were mainly of the
nature of a reconnaissance made with a view to ascertaining the desirability
of undertaking, later on, accurate observations which would provide data for
the actual measurement of the movements of the carth’ crust due to the
earthquake.

This revisionary triangulation was based on a side of the principal series
about 25 miles south of Shillong. The position of 22 and the heights of 25 old
stations were determined, embracing an area of 1,020 square miles, The results
of the operations gave indications of only relative changes, for all the stations
introduced into the scheme were found to lie within the disturbed region. The
reconnaissance triangulation showed that large relative displacements had taken
place and established the desirability of undertaking a rigorous revisiou of the
principal triangulation. Nc¢ opportunity however presented itself for the
carrying out of the necessary observations with a large instrument; so that
when the nced arose for triangulation for topographical purposcs in the region
concerncd, it wrs decided to run a good secondary scries from the Brabmaputra
principal series, assuming this latter to have been unalfected, through the Garo
and Khasi Hills, to close on the disturbed points of the Eastern Frontier Series.
Besides providing topographical data, the Géaro-Khasi Hills Secondary Series
would give further information as to the displacements.

The sccondary observations were commenced and completed except at fonr
points during the ficld season of 1910-11.  During the ycar under report these
four points were visited by Mr. Norman and the necessary observations
completed.  The secondary scrics now emanates from the stations of Rangir
H. 8. of the Brahmaputra Mcridional Scries and Samding H. 8. of the Assam
Longitudinal Series and closcs on Landau Modo H. S. and Mautherrichan H. S,
of the Eastern Fronticr Serics. The results of the sccondary work show a
displacement of Landau Modo H. 8. by 7 feet to the south and 7 fect to the
cast combined with an elevation of the station by 8 fcet. Mautherrichan II, 8.
appears to have been moved 13 fect to the south, 7 feet to the east and {o have
been raised 21 feet.

After completion of observations on the Garo-Kblasi Hills Series,
Mr. Norman transferred his detachment to Golaghat to commence work on a
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secondary series to connect the Assam Valley Principgl with the Manipur
Meridional Series.

With the exception of one station, the whole of this connecting triangula-
tion was reconnoitred and laid out, but owing to the thick haze which formegd
over the hills early in April, the observations could not be completed.

On the Garo-Khasi Hills triangulation an 8-inch micrometer theodolite
was used and on the Manipur work 12-inch micrometer theodolite No. IV,

The Khandwa 'Scries.—Early in November 1912, a detachment wag
formed under Mr. V. D. B. Collins, Extra Assistant Superintendent, to execute a
seoondary series along the parallel of 20° between the Khanpisura Series on the
west and the Great Arc on the east. The series, one of twenty-four single
triangles, was completed on March 3rd, 1913. After this, Mr. Colling
commenced building stations for the Akola Secondary Series which is to
run along the meridian of 76°-30°E., between the Khandwi and Bhir Second-
ary Series.

The following summary gives the main feature of the Khandwi secondary
operations: —

Number of principal stations visited and repaived . . 4
" new secondary stations fixed . . . . 20
" triangles . . . . . . . 24
Length of series. . . . . . . . 141 miles.
Area covered by series . . . . . . . 1,750 sq. miles.
Average triangular error . . . . . 17441
Maximum ,, ” . . . . . . 3”78
Closing errors in lati(ude . . . . . . 0745
' » in longitude . . . . . . 0”94
” ,, 1n azimuth . . . . . . 2742
Closing errors in height . . . . . . 19 feet.
Theodolite used . . . . . . . . S-inch micromeler.

BouBay Crry TRIANGULATION AND TRAVERSE ORERATIONS.

During the year under report a detachment under Mr. Wainright
continued the work of establishing over the island of Bombay a framecwork to
serve as a basis for a large scale survey. The main figure of this framework,
a pentagon covering the whole of the island and harbour, is based on the side
Karanja H. 8.—Colaba of the Bombay Secondary Triangulation, an extension
from the Bombay Longitudinal Series. From this pentagon emanate minor
triangles fixing 60 points and between these latter about 36 miles of precise
traverse were run, determining the positions of 26 permanent ana 18 semi-
permanent marks. For both the triangulation and the traverse opcratious
8-inch micrometer theodolites were used, readings being taken on five zevos.
As 1be opaque signals used in the previous season had not proved very
satisfactory, heliotropes, suitably stopped down, were made usc of in the
triangulation.

In addition to the nctwork exceuted for the large scale survey, two figures
were extended southwards from the pentagon to fix the position of the transit
pillar in the Alihag Observatory.

In the traverse operations, the degree of precision that was aimed at and
certain local conditions required the devising of special apparatus and the
employment of more rigorous methods than arc normal in traverse work.

The permancnt marks were placed on brass plugs built into masonry ouc
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toot below the level of the ground. On account of the small dimensions of
the little pit in which the mark was thus situated, it was impossible to adjust
a theodolite or a signal over it by means of a plummet, as the point of the latter,
when hanging in the pit, was obscured by the shoulders. Recourse was there-
fore made to a special device for the centring of instruments and signals which
had heen designed previously by Mr. J. de Graaff Hunter, M.A.

This apparatus consisted essentially of a steel rod, pointed at one end and
carrying, at the other, a mark or a sightvane, both point and mark or sightvane
being placed in the axis of the rod, to which a spirit level was attached. The
point of the rod was so fashioned as to centre itself automatically in the © st ”
of the mark when the rod was raised into a vertical position. The mounting
of the rod was such as to permit of the latter being securely clamped wheun the
spirit level indicated that it had heen broughkt into the true vertical. At the
observing stations a rod with a mark was used, the theodolite being centred
over the latter, and at the forward and hack stations, rods provided with
sightvanes were adjusted. The steel rods were provided also with a small device
which indicated the points to which the tape measurements should be referred.

As has been said, the angular measures were made with an 8-inch micro-
meter theodolite, readings being taken on five zeros.

The linear measurements were made with a 100 feet steel tape. Every
day this tape was compared with a standard of length laid down between
tvo brass plates let into the floor of one of the verandalis of the Secretariat
building.

During the season, an invar tape of certified length being available, the
length of the standard was carefully determined.

The difference between the highest and lowest values of the length of the
steel tape during the 24 months of its use was 0:007 foot.

During the linear measurcments, the temperature of the tape, as indicated
by a thermometer placed in contact therewith and shielded from the sun, was
recorded at intervals, and afterwards corrections for temperature were apnlied
when computing the linear adistances measured.

The highest and lowest temperatures recorded were 101" and 69° F.
When in use, the tapes were always strained by weights suspended over pulleys
so arranged that, while under strain, the tape could be easily brought into the
correct alignment. The ends of the successive tape lengths were marked by
reference marks which were aligned truly by theodolite.

All the apparatus was found to work satisfactorily, and experience showed
that alteration was desirable in one or two respects only, making for lightness
and greater portability.

The adjustment of the traverse net has shown that precision of the work
varied a good deal. Where the measurements could proceed expeditiously and
uninterruptedly, the accidental errors appear to have been small, while in the
case of lines which traversed difficult or traffic congested roads, they are
considerably larger. The precision of the lines of the net adjusted to triangulated
points varies from 05 10 g0 » While .t may be taken as generally represent-
ing the accidental error generated in lines.

INDO-RUSSIAN TRIANGULATION CONNECTION,

During 1912, the whole course to be followed by the series connecting the
Indian and Russian systems of triangulation, by way of the Hunza Valley and
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the Taghdumbash Pamir, had been reconnoitred, and, except for a distance
of some 30 miles, the stations had all been selected and built. Observa.
tions, however, had been completed at only a few stations at each end of the
series.

During last summer, the operations were continued and brought to a
satisfactory conclusion. The completed connection is some 180 miles in lengtl
from principal stations just south of Gilgit to the Russian points on the north-
ern edge of the Taghdumbash Pamir, It consists of thirty-three essential
and three extra stations embracing twenty-one figures. The maximum alti-
tude at which stations are situated is about 19,000 feet.

The observations were taken with 6-inch micrometer theodolites, the
signals being lwminous except in only a few instances when circumstances
necessitated the use of an opaque one. Each horizontal angle was measured on
six zeros. Owing to the circumstances under which the observations had to be
made, no uniformity was possible as regards the time of determining vertical
ancles. Readings had perforce to be taken when the observers had succeeded in
attaining the summit on which the station to be occupied was located and
whenever the signals to be observed were visible.

In point of nature of country to be traversed, the series may be divided
into two sections, the one comprising the figures extending along the Hunza
Valley from Gilgit towards the Kilik Pass, the second those carrying the tri-
angulation across the Taghdumbash Pamir to the Russian points near the Beyik
Pass. In the former, the work was extremely arduous, especially in the 30-
miles south of the Kilik Pass, the altitude, coupled with precipitous slopes, snow
and inclement weather putting a very severe strain on the powers of endurance
of all employed on the work. In the Pamir Section the difficulties were to
some extent reduced by the more easiiy negotiated hills, though here also the
weather proved very trying. When, in addition to adverse conditions of this
nature, the ever present anxiety as to the sufficiency of food supplies and the
sense of always working against time be remembered, it will be recognised that
the extension of reliable triangulation through the mountain mass between
Kashmir and the Pamir is no insignificant achievement.

The operations during 1913 were entrusted to Licutenant K. Mason, R.E,
in charge of the detachment, and Messrs. V. D. B. Collins and C. S. McInnes,
Extra Assistant Superintendents. Arriving on 27th May at Bandipura, the
detachment proceeded in two sections to Gilgit »id the Raj Didngan and Burzil
Passes. A depot was formed at Gilgit and there the detachment was divided
into three squads. One of them under Lieutenant Mason marched up the
Hunza Valley and over the Mintaka Pass to the Russian stations over the
northern edze of the Taghdumbash Pamir. Commencing the work of observa-
tion at these points, the section gradvally retraced its steps to the Kilik Pass to
connect with the figures laid out from the neighbourhood of Misgar to the
Kilik Pass by the second squad under Mr. McInnes.

In the meantime the third squad under Mr. Collins had taken up the
extension of the observations from near Hunza, where they had been disconti-
nued in the previous year to Misgar.

By the 25th August, all the observations were completed and a connection
cffected, through the Hunza Valley Series and the Kashmir Principal Series,

between the points of the Russian Survey on the Pamir and the triangulation
of the G. T. Survey.
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This year Captain H. G, W. Hingston, I.M.S., was attached to the detach-
ment. This officer made, in addition to hsematological investigations, what
should prove valuable collections of the fauna and flora of the region besides
compiling notes on the geology and obtaining rock specimens. The detach-
ment also took observations to indicate what movement had taken place in the
snouts of the Minapin and Hasanabad glaciers, the position of which in 1906
lhad been marked by Mr. H. H