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GENERAL REPORT

ON THE

@Gpeyations of the Survey of Indin

1909-1910.

PART L
ADMINISTRATION.

1. This report deals with the operations of the Survey of India for the
year ending 30th Scptember 1910.

2. Orders were received during the ycar sanctioning the scheme for the
re-organisation of the department, and laying down a time scale of pay, com-
bined with charge allowances, for military officers.

The re-organisation provides for (i) three topographical circles, called the
Northern, Southern and Eastern respectively, each under a Superinten(lenb;
(1) twelve topographical parties, four to each cirele;  (4i/) six trigonometrical
parties, under the Superintendent, Trigonometrical Surveys; (iw) one Super-
intendent in charge of the Map Publication Office at Headquarters, with two
officers under him in charge of the Photo.-Litho. and Drawing Offices respec-
tively.

3. In pursuance of this scheme India has heen divided into three circles,
to which areas have been apportioned as found most convenient for topogra-
phical purposes, and parties have heen re-numbered from 1 to 18, of which
Nos. 1 to 12 are topographical, and 13 to 18 trigonometrical and geodetic.
This has involved the amalgamation of old Nos. 2 and 17 parties to form
new No. 6 Party, the absorption of the Quetta Party in No. 9 I’arty which
retains its old number, and the formation of a new party in the trigono-
metrical branch.

Parties will be veterred to by their new numbers throughout this report.

4. In August 1910 a committee was appointed by the Goverument of
India to consider the grievances of officers of the Old IProvincial Service
and to report as to how far such grievances are real and require a remedy.

5. Yowr probationary Sub-Assistant Superintendents and two proba-
tionary Upper Subordinates of the Survey of India, and three probationary
Assistant Superintendents of the Burma Land Records Department, were
put through a course of training at Dehra Dun during the year, while
cleven probationary Upper Subordinates of the Survey of India were
attached to various circle and party offices for training.

6. The cost of the department for the survey year ending 30th
September 1910 was Rs. 33,560,953, while that for the financial year ending
31t March 1910 was Rs. 32,560,405, against an estimated cost for the year
1910-11 of Rs. 34,98,720. The actual expenditure on topographical surveys

for the survey year amounted to Rs. 19,02,964 against Rs. 16,51,677 for the
previous year,

7. The distribution of officers in the various offices and parties
throughout the year is shown in the following list : —
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PART 1L

SURVEY WORK IN THE FIELD.

I.—TOPOGRAPHICAL SURVEYS.

NORTHERN CIRCLE (vide index map p. 11).

No. 1 (late 14 ) Party—No. 1 Party surveyed an area of 5,100 square
miles in the Abbottdbdd district of the North-West Frontier Province, in the
Rawalpindi, Jhelum, Gujrat and Shihpur districts of the Punjab and in the
Punch district of IXashmir. The country surveyed was of a varied nature and
includer the level plains of Gujrat and Shahpur, the broken and intersected
country of Rawalpindi and Jhelum, the Murree hills and the slopes of the
Pir Panjil range of Kashmir.

No. 3 (late 12 ) Party.—No. 3 Party surveyed an area of 3,235 square
miles, in the Jhang, Shahpur, Lyallpur and Miinwdli districts of the Punjab
and ran 337 linear miles of levelling. 'The country surveyed lay mostly in the
Jhelum and Chendb Canal colonies and was flat and open.

No. 4 (late 18 ) Party.—No. 4 Party surveyed an area 3,314 square miles
in the Midnwali, Attock and Shdhpur districts of the Punjab, triangulated
1,250 square miles, chiefly in the Salt Range, and completed 492 linear miles
of traversing in the Shihpur district, while a special detachment traversed an
area of 6,000 square miles in the Lucknow, Unao, Hardoi, Sitipur, Bira Banki
and Rie Bareli districts of the United Provinces to form the basis for topo-
graphical survey which will be carried out by this party during 1910-11.  The
country surveyed was varied, lving partly in flat and cultivated plains, partly in
the broken slopes of the Salt Range and partly in the 7/%al desert.

No. 1 Cantonment Section, which was absorhed by No. 4 Party during
the year, smveyed three cantonments, namely Lucknow, Meerut and Dharm-
sila, and submitted maps of the following eight for publication: (i) the
seven “Galis” (Baragali, Kdldbigh, Ghora Dhaka and Khanaspur, Changlagali,
Khayragali and Bavian) (i) Jalapalir (/) Attock and Thandi Bir (i¢) Jhelum
(r) Fort William (¢/) Dharmsdla (##7) Ichhdapur (¢77¢) Shillong.

The Punjab Riverain Detachmen! which was separated from No. 4
Party on the 1st of July 1910, continued itx work of traversing and laying
down base hnes for the future demareation and survey of riverain boundaries,
and for the general co-ordination of the cadastral surveys of the Punjab
Government. 637 linear miles of main traverse and 1,650 miles of minor
traverse were completed along the hanks of the rivers Sutlej, Beas and Révi
and 247 base lines were laid down with permanent mark stones. 1,587
village plots of 201 villages were completed during the year and supplied
to the Punjah Settlement department, and twenty sheets on the 4-inch scale
were cotmpiled.

SOUTHERN CIRCLE  (wide index map p. 11).

. Noodglate 1) Party—No. 5 Parly surveyed an area of 2,201 square miles
in the Jubbulpore, Damoh and Mandla districts of the Central Provinees and
in Rewah State, and triangulated 2,278 squave miles in the Toshangihad
district and in Bhopial State. The conntry surveyved was for the most part
hilly and wooded. " The recess Teadguarters of the party were transferred
from Poona to Bangalore duving the vear, )
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7 2 VS V O 1
~No. 6 Party.—Old Nos. 2 and 17 Parties were amalgamated to form this
]:m't-_\; on 1st April 1910. The areas surveyed hy the comhined parties amounted
2 et re mileac 31 N . i ' P edd g
}())‘fl,'l_lbh square miles in L\(igpm‘_, Wﬂl(l]}d a.u!(l Chin.la districts of the Central
rovinces, in the Ndnder, Sirpur Tdndir and Aurangdibdd districts of
Hyderdibid, in the Yeotmdl and Bulddna districts of Berar, in the East
K Toe T " L] Y 3 . \ = 20 -
]x}x.uylmh (lhtnct_ !;)f) Bombay and in Indore State. 5,032 square miles were
triangulated and 788 lincar miles of traversing for forest houndaries were
completed in the same localities,

Heavily wooded, rugged hills with little water and few communications
marked the country surveyed along the boundary hetween Indore and East
Khindesh and in a small area of the Central Provinces, bubt otherwise the
1ltau(l, though containing numerous forest reserves, was fairly open and easy
0 survey. )

_ No. 7 (late 3) Party.—Working for the first time in Southern India,
No. 7 Party surveyed an arca of 2,164 square miles and triangulated 1,850
square miles in the South Kunara and Malabar districts of Madras and in
Mysore and Coorg.

The country varvied exccedinzly in character, extenling from the low
Malabar coast land over the Western Ghats and wooded hills of Coorg into
the great plateau of Mysore, and was on the whole difficult to work in.

No. 8 (late 10) Party.—No. 8 Party surveyed an area of 3,095 square miles
and completed 900 square miles of triangalation and 312 linear miles of travers-
ing in Travancore and Cochin States and in the Nilgiri, Coimbatore, Malabar
and Tinnevelly districts of Maldras. The Nilgiris and hilly portions of
Malabar, Coimbatore and Cochin are covered with comparatively open jungle
on the lower ground, giving way to dense, moist, evergreen forest on the
upper slopes, until the high plateaux cousisting of undulating open downs
with clear streams of running water are reached at an elevation of about
6.000 feet. The plains of the west coast consist of paldy fields surrounded
by dense groves of palms which render survey work difficult an:l slow.

EASTERN CIRCLE (wide Index map p. 11).

No. 10 Party.—No. 10 Party surveyed an area 3,516 square miles in the
Northern Shan States of Mongmit and North ITsenwi including 150 miles of
the Burma-Yiinnan frontier, and 592 square miles of country beyond the
frontier were sketched in. 4,415 square miles were triangulated and 263 linear
miles of traverse were completed in the Katha, Bhiamo and Myitkyina districts
of Upper Burma.

The country lay at a high altitude and consisted chiefly of high, sparsely
wooded hills and grassy uplands in which survey was easy.

No. 2 Cantonment Section was absorbed by this party during the year and
completed the survey of the Bhamo, Mandalay, Maymyo and Meiktila
cantonments, while that of Rangoon was commenced, the total area
amounting to 15,545 acres. 81 shects of the maps of the Secunderibid and
Boldrum Bazars surveyed in previous seasons were submitted for publication.

No. 10 Party also maintained a section for the purpose of giving practical
training in ecadastral survey to probationers of the Burma Land Records
department who had already gone through a preliminary course of instruction
at Dehra Diin.  The course lasted twelve months, during which the pupils
carried out traversing, 16-inch cadastral survey, 64-inch town survey and the
computations, mapping and area calculations connected therewith.

No. 17 Party.—No. 11 Party surveyed an area of 3,997 square miles in
the portions of the Shan States of North Hsenwi, South Hsenwsi, Manglon and
Kéng Tung lying in the vicinity of the Salween river and hounded on the cast
by Yiinnan and the Wa States. Triangulation was completed over an area
of 3,050 square miles in Mawkmai and Mingpan States and in Karenni.



IL—TOPOGRAPHICAL SURVEY. 9

The country was similar to that surveyed by No. 10 Party, consisting of
bold, lightly wooded hills.

No. 12 (late 20) Party.—No. 12 Party Surveyed an area of 2,223 square
miles in the Sylhet, Lushai Hills, Cichir and Khist and Jaintia Hills districts
of Eastern Bengal and Assam and in Hill Tippera State, and completed an
area of 2,005 square miles of triangulation and 271 linear miles of traversing
in the same locality. The country varied from the open cultivated plains of
Sylhet to the mountainous country of the Lushai Hills and Hill Tippera,
covered with the densest bamboo and evergreen forests.

The recess headquarters were transferred from Bangalore to Shillong
during the year.
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I.—TOPOGRAPHICAL SURVEYS.

Table shewing progress of Topographical Surveys, 1905 to 1910.

Outturns in square miles.

§ Northern | Southern | Eastern
Survey year. Scale. Circle. Circle. Circle. Total.
1905-06 ... | 1inch and 3,995 1,660 10,322 17,977
2 inch
1906-07 do. 7.277 7,666 8,659 23,602
1907-08 do. 14,530 9,256 12,431 36,217
1908-09 do. 17,957 12,526 11,542 42,025
1909-10 do. 23,633 12,532 9,736 46,101
Areas completed to date ... do. 69,5692 13,610 52,690 165.922
Total areas included in the ‘ 1 inch 620,000 542,800 528,800 | 1,691,600
topographical programme.|| ;0 130,000 | ... | ... 130,000
Approximate areas remain- ( 1 inch 550,408 499,160 | 476,110 | 1,525,678
ing for Survey. | §inch 130,000 | .o | e 130,000




12 PART IL
II.-FOREST SURVEYS.

The forest surveys of the year were carried out, in almost every
the particular topographical parties in whose spheres of operations the forests
lay. The surveys were for the most part on the 2-inch scale, hut some were
on the I-inch scale; forest boundary surveys on the 4-inch scale were carried
over a considerable area. The revision of certain areas previously surveyed
on the 4-inch scale by the old Forest Survey Branch was also effected.

case, by

Northern Cirele.

Punjab.—The forest areas, surveyed hy No. 4 (late 18) Party on the
2-inch scale, fell chiefly in the Salt and Khushdb ranges of the Shihpur
district, with some small arcas in the Miinwili and Atfock districts of the
Shéhpur Forest division; the boundaries of most of those falling in the
Salt range had been previously surveyed by the Forest Survey Branch on the
4-inch scale. The total area of forests thus surveyed in the Shahpur district
amounted to 343 square miles and in the Midnwdli and Attock districts to
about 4 square miles, or a total of about 347 square miles of the Shahpur
Forest division. In addition to these an area of about 34 square miles was
surveyed in the Jhelum Forest division (Attock district) on the 2-inch scale
and a few forests lying in the 7%al desert on the 1-inch scale.

Southern Cirele.

Central Provinees. (Berdr Cirele)—In the course of the topographical
survey of Berir, No. 6 (late 2) Party surveyed on the 2-inch scale all the
A, B and C class forests falling in the area under survey in the Yeotm:il
district, and their houndaries were rigorously traverscd hy theodolite aud
plotted on the 4-inch scale. The area surveyed on the 2-inch scale amounted
to 78 square miles and the houndary traversing to 229 linear miles. 1In
addition to these, about 191 linear miles of the boundaries of the A and 13
class forests lying in the area proposed for detail survey next working season
were traversed in advance. (' class forests were not specially surveyed
before, and considerable difficultics were experienced in identifying their
boundaries as the field boundary marks were in many places found missing.
In two cases it was absolutely impossible to survey the boundary, as no marks
of any kind existed on the ground. Steps have, however, been taken to inspect
the Doundary marks and renew them if found missing, and it is hoped that
in the ensuing year there will be no further difficulties over this question.

Madras Presidency.—Forest Surveys on the 2-inch scale were carried on
during the ycar hy Nos. 7 and R (late 3 and 19) Parties in the following
Divisions :—

In the Nilgiris 122 reverved forests of a total area of 59 square miles
were surveved. Of these 37 forests were partially doune last year. In
addition to this many corrections to the demarcated boundaries were entered
on last year’s plane-table sections.  The survey of the reserved forests in the
Nilgiris is now complete. In Central Coimbatore there were surveyed the
Attapadi forest reserve which has recently heen transferred to tln§ division
from South Malabar, and the Chenat Nair, Palampara and Varalapadi
forest reserves, comprising an area of 48 square miles. In_.\out:h Coim-
batore the greater part of the Anamalai forest reserve falling in sheet
53 P was resurveyed on the 2-inch scale, as the old 4-inch maps were found
to he extremely inaccurate.  The area thus surveyed amounted to 131 square
miles. In South Kanara, Sampaje, Todikana, Kiribagh, N;l-l!(lLrll and
Devachalla forest veserves, of a total area of 40 square miles, were
surveyed. The only forest reserve which had not been previously traversed
by theodolite (with the exception of the Nilgiris reserves) was the Attapadi
forest, Block No. VI it was intended to traverse this, but the houndary was
not cleared in time for the traverse to be carried out, and it was abandoned.
The total area surveyed in the Madras Presidency amounted to 278 square
miles.
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Bombay Presidency.—The survey of the Satpura reserve on the 2-inch
seale which was commenced in the year 1905-06 was completed this year
by No. 6 Party, and about 121 square miles were surveyed.  In addition to
this about 114 sqnare miles of forests in the Bhusiwal, Jamner and Jalgaon
talukas of the BEast Khiandesh district were surveyeid on the same scale,
Boundary surveys of all these forests, amounting to 316 linear miles, were
meule on the 4-inch scale.

Coorg.—In Coorg, 20 reserved forests, of a total area of 309 square miles,
were surveyed hy No. 7 Party on the 2-inch scale.

FEastern Cirele.

Eastern Bengal and Assam.—'The survey of the Katakhal and Sonai
reserves in the Cidchdar Forest division, which was commenced last year, was
completed on the 2-inch scale by No. 12 (late 20) Party, and the Inner
Line and Barail reserves have heen mapped up to the limits of the topo-
graphical programme of the party. ‘The officer in charge reports that the
large area of (dense hamboo and cane jungle, the impenetrable nature of
the undergrowth and extensive swamps met with in parts, made the survey
of the Cachiar forests one of the most trying and difficult picces of work
that have so far heen experienced by his party, either in Burma or Assam.
The area thus surveyed in the Cdchir division amounted to 293 square miles.
The Langai and Shingla reserves in the Sylhet Forest division, comprising
an area of 94 square miles, came under survey and were completed.
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III—_TRIGONOMETRICAL SURVEYS.
TRIANGULATION (wide index map p. 18).

_ The work of No. 15 Party included principal, secondary and tertiary
triangulation.

(a). Principal Triangulation.

(1).—The North Baluchistdn series emanating from the side Zawa-Zibra
of the Kaldt longitudinal series was extended through the whole length of
Northern Baluchistin and closed on the side Tounsa-Langawala of the
Great Indus series.

The following is an abstract of the work done:—

Number of Principal Stations observed at 17
Number of Principal Stations newly fixed 15
Number of Principal Stations built 5
Length of triangulation completed in miles 261
Area of triangulation in square miles 6,580
Average triangular error of 24 triangles ... 07303
Number of Astronomical Azimuths observed ... 3

(¢¢).—The Kashmir series emanating from the side Nerh-Khagridna of
the North-West Himalaya series was continued to latitude 34°-50" N.

The following is an abstract of the work done:—

Number of Principal Stations observed at
Number of Principal Stations newly fixed .
Number of Principal Stations built 11

Length of triangulation completed in miles 90
Area of triangulation in square miles 1,600
Average triangular error of 7 triangles .. 07591
Astronomical azimuth observed 1

In addition to triangulation work, a series of comparisons was carried
out to test the accuracy of mercurial barometers, aneroid barometers and
hypsometers, as height measuring instruments.

The results proved that the ancroid barometers differed greatly from one
another and from the mercurial barometers.  The latter gave heights in defect,
and the bypsometers gave heights considerably in excess of those obtained by
triangulation. At 16,000 feet the excess was as much as 600 feet.

The constants employed in the formul:e by which elevations are deduced
from barometric and hypsometric observations require moditication.

(iii).—The Upper Irrawaddy series was commenced from the side Tangte-
Lakar Bum of the Great Salween series.

The following is an abstract of the work done:—

Number of Principal Stations observed at
Number of Principal Stations newly fixed

Number of Principal Stationa provirionally fixed

Number of secondary Stations provisionally fixed 3
Length of triangulation completed in miles 112
Arca of triangulation in square miles 2,900
Average triangular error of 8 triangles ... 0”381

Astronomical Azimuth cbserved 1
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(b).—Secondary Triangulation.

Two secondary series, the Mawkmai and Khé4si Hills series, were
commenced in Upper Burma and Assam respectively. The work done is
shewn in the following abstracts.

The Mawkmai Series.—

Stations observed at 31
Stations fixed 36
Stations built 16
Length of triangulation completed in miles 140
Avea of triangulation in square miles ... 1,810
Average triangular error of 25 triangles e 17799
The Kh4si Hills Series.—

Stations observed at R 12
Stations fixed 10
Stations built 24
Length of triangulation completed in miles o 41
Arca of triangulation in square miles 400

3717

Average triangular error of 10 triangles

(c)—Tertiary Triangulation.

Tertiary triangulation for the topographical survey of Kashmir was com-
J

pleted in shects 43 i 7 and 43 4 and commenced in sheets 43 5=+

LEVELLING OPERATIONS.

No. 17 Party.—Tlhree detachments were employed on levelling opera-
tions during the past season,

No. 1 fevelling detachment carried out revision levelling from Rangoon to
Pyinmana and new levelling from Wuntho to Myitkyina, and also connected
the standard bench-marks at Rangoon, Pegu, Toungoo, Mandalay, Shwebo,
Meiktila, Magwe, Wuntho and Myitkyina. The outturn amounted to 465
miles.

No. 2 levelling detachment levelled the Himalayan lines from Hardwir to
Lansdowne, from Bareilly #id Kithgodam to Naini TAl (Brewery), and from
Siliguri to Tindharia, and connected the standard hench-marks at Lucknow,
Patna  (Bankipore), Muzaffarpur, Motihiri, Bhigalpur, Purnea, Dindjpur,
Burdwin, Calcutta, Balasore, Cnttack, Berhampur (Madras), Vizagapatam,
Cocanada, Bezwada, Nellore and Rewah.  The outturn was 310 miles.

No. 3 levelling detachment was employed on levelling from Laluwali
G. T. 3. rid Khianpur to Rohri, from Shikarpur to Jacobdabdd, from Pali h.s.
to Godhra, and from Lahore to Dharmkot in the Himalayas, vid Pathdankot
and Dharmsila; it also connected the standard bench-marks at Sadikgani,
Babiawalpur, Khianpur, Sukkur, Jacobhihid, Hyderdbid (Sind), Kardchi,
Godhra, Barvoda, Raijkot, Surat, DInilia, Mhow and Bhopal (2). The outturn
amounted to 501 miles.

During the past year a scheme for increasing the number of hench-marks
fixed on ground rock was introduced; 150 rock-cut bench-marks were laid
down and connceted by the levelling officers in the course of their operations,
and of these 49 hench-marks were protected by pillars of an approved design.

30 Standard hench-marks were crected and 41 connected during the

year.
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GEODETIC SURVEY.

(1t )—-dstronomical Latitudes.

Vo. 13 Purty.—No. 13 Party was employed on latitude operations in Qudh.
Of the 11 stations visited 5 were situated on that portion of the Karara
Meridional series which lies north of the Ganges and the remainder were on
the North East Longitudinal series. )

The results of the season’s work are given in the following table:—

i ! .
) | Height DeHection
Name of Station. Latitude. | Longitude. ! above mean of the
) = gen lovel, | Plunb-line
| 1 O_C)
JSeet "
Sorl.l . e 26 17 81 12 100 +7°36
Parinon . 25 50 81 22 346 +6-33
Parewa . . 26 38 81 12 380 R S ]
Utinmoo . e ] 81 12 386 +4-54
Tilin . - . 27 81 8 428 —1-07
Masi . R 2 48 81 23 106 —10°38
Dadaura .. Lt 27 43 81 43 420 —14-82
Manichauk . L 27 37 82 5 360 I —19-23
Busadela .. Ll 27 24 82 17 366 ! —12-53
Pathardi 2T 26 1 83 45 320 0 —1866
Ghaus . . I 27 21 i 83 6 | 296 | —16:74
i
i I

An attempt was made during recess to apply to India the method which
Mr. 1. Hayford has used in the United States, to ascertain whether the
condition known as isostasy exists. This involved the computation cf the
deflection of the plumb-line, due to visible masses, up to a distance of 2,534
miles from each station. The deHection was computed for 106 latitude
stations and for 18 longitude stations in the prime vertical.

(1 )—Pendulum Operations,

No. 14 Party—No. 14 Party carried ont pendulum operations in a tract
situnted between Latitudes 21° and 26° N. and Longitudes 79° and 83° E.,
thus extending to the east and north-east the investigations commenced in
the season 1908-09 in Central India.

In the table bhelow are shewn the stations visited and the results
obtained. The usual procedure was followed in carrying out the observations,
four pendulums being swung at each place, and as a rale four complete sets
of night and day observations made, each set heing preceded and followed by
star observations for the determination of clock rate.

TARLE.
B i L I ! i ] !

No l Stations. ‘ Latitude. ‘: i‘;:{g' |I Height. ! g } A l 9’ | Y. ' 9~ | 9. =Y.

; p oo o Seet, om. e, e, . ]\ em. o,
1 Rajpur 201356 [ AL o 906 | 078612 | 078705 ) Q78670 | 979681 | 4 0-020 | —o0-011
2 Amgéon . : 212131 %0 28 1,032 614 710 674 630 | 40021 | — 0015
3 ;Biiﬂs‘pur e oas| ow o 478 -611 763 -733 “733 | 4 0-030 1000
4 | Seoni 128 2| 7T 29 2,032 622 S1 T 735 | 4 0:0i6 | 4 0-009
5 Pendr . ! 224641 A2 0 1,006 -639 24 54 TI8 | 40046 | — 00024
6 * Jubbulpore ... ’ 298 54 7 59 1,467 719 850 -806 803 | 4~ 0:053 | + 0-003
7 Umarin L2331 37| 0 5 1,499 740 -K40 -R10 827 1 40053 | 400003
8 ‘T‘.'lmr)h . l 2319541 79 28 1,213 T -871 829 S48 | 4 0:023 | — 0019
9, Katni . ; 206025 30 24 1,254 AT NTH 80 WIS | 4 0:026 | —0-018
10 Sangor " 1 215147 | 79 4 1,757 T ' N9 M 830 | 4 0:045 | — 0018
11~ Maihar N0 4y 1,161 T sz Rl ST 4oms | —o0028
12 Allahdtad | 2525531 81 43 M4 M3 | 970 a5 | 953 | 4 0-012 | 4-0-002
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MAGNETIC SURVEY.

No. 18 Party.—Four detachments cach under a Provincial officer were
employed. Two of these re-observed at old field stations in the area lying
between Latitude 16° to 19° and Longitude 73° to 78°, where the secular
change in II. F. appeared to he abnormal. 'These detachments also surveyed
a few small areas in detail. The third was employed on detail survey in Central
India and the fourth took observations along the outer Himalaya from Naini
Tal to Dharmsala.

The Imperial officers ohserved at all repeat stations with the exception of
Port Blair and also at a number of old field stations. The four observatories
were inspected and comparative observations taken at each, and also at
Alibdg.

In all 69 new stations of the preliminary survey and 71 of the detail
survey were occupied, while 100 old field and 22 repeat stations were visited.

Work during recess.—The computation of the previous season’s field
work and the reduction and tabulation of the base station results for 1909
have been completed.

The mean values of the magnetic elements at the observatories in 1909
were as follows :—

| . ‘ . .. | Horizontal Vortical .
‘ Lut. N. | Long. E. | Declination. Force. Force. Dip.
Obhservatory. et R o

! o O ’lC.G.S. C. G 8. °o

I . i
Debra Dim bosoo1e Wooa | B2aes | 33216 31900 | 43 480
Barrackpore ; 22 46 8K 22 “ E.l1 07 | 37300 22099 30 387
Toungoo 18 &6 0 w6 2% ' E.0 300 38766 16475 23 1
Kodnikanal oo 0 5 oo [ W.0 5011 37450 02391 3 3941

TIDAL OPERATIONS.

. No. 16 Party.—Observations were taken by means of self-registering
tide-gauges during the year at the stations enumerated in the following list :—

i .
. Date of Date | ];hvu.uhmf
Stotions. commencement | of closing of | © ﬂ"“:f“ REMARKS,
of obscrvntions. | observations. | O rorv®
| tions.
\ |
1 Aden 1850 .. Still working ‘ 30
9 Karachi St 1868 * 1880 113y 4, |t Small tide-gange work-
Curachi BRI 1 Still working |+ 29} 42 ing.
3 Bombay (Apollo Bandar) ... 187N el " 32 )
4 Bombny (Prinee’s Dock) .| IN8S P " Lo Property of Port Trust.
| 1880 e :
a Madras .. i, Restarted / Ly 188010 ! 25
1895 ) Still working. 15 <
& Kidderpore . TISKY " “ i
7 Rangoon 1880 . " " '
&  Port Bluir 1 1880 T "
1880 .
9 Monhnein <P Restarted o 6 1
1009 ) Sil) working |

In addition to the above, readings to tide poles were taken at Bhavnagar,
Chittagong and Akyah.

The nine tidal observatories at work were inspected during the year, and
the registrations have been found satisfactory.

In the following tables are given the annual and decadal percentages of

errors in the predicted times and heights of high and low waters at open
coast and riverain stations.
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Percentage of errors in Predicted Times and Heights at open coast
stations from Automatic Registrations.

IN TIME. IN HEIGIT.
Numb01"w. hi . s . s
Year. of | ithin 15 minutes! Within 8 inches [Within s of mean
Stations. of actuals. of uctuals. range at springs.
H W { LW |HW|LW[EW|LW
- ' -
1900 11 66 60 93 | 83 ‘ 93 | 89
1901 1 | 60 9 1 91 ! 93 1 91
1902 9 | 76 67 M, 9% ! 96 , 96
1903 8 | 80 i 92 a3 | a4 | o4
1904 6 i x| T 99 98 | 96 - 96
1905 70 82 79 96 95 ' 96 97
1906 6 i 8 al 96 } a7 | 9 95
1907 o 6 84 83 os | o8 | 98 : 99
1908 | 6, 84 ! 84 98 97 - 99 99
1909 6 . 8 | s6 o7 . 9T | 97 98
! \ ; ‘
| 5 |
Average of 10 years 80 75 | 96 95 ! 96 i 25
Percentage of errvors in Predicted Times and Heights at riverain
stations from Automatic Registrations.
IN TiME. In HEIGHT.
Number Within 15 mi ithim S i [ -
Yeor of ithin 15 minutes| Wit iin S inches [Within ; of mean
' Stations of nctuals. of nctuals, iTange at springs.
H W. | L. W. | . ‘ H W |L w
! ‘ ! i ;
1900 2 59 62 h | 57 ! 8y 87
1901 2§ 63 65 | 00 59 | %0 | 92
1902 2 1 63 4, 6| A3, 96 1 90
1903 20 5 61 0 i 60 88 87
1904 2 45 61 72 63| 94 93
1905 2 52 62 72 57 | 94 92
1906 2 39 53 74 i 92 95
1907 2 38 17 7 60 | 96 90
1908 200 58 32 7 6 | 97 92
1909 3 | el 59 69 1‘ 65 | 93 92
! i )
| . |
Averngoe of 10 years ' 57 58 ! 3 CLU 93 91
i | 1
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PART IIL

OFFICE WORK.

IL—HEADQUARTER OFFICES.

MAP PUBLICATION (vide index maps p. 27).

The maps, the publication of which forms the main task of the oftice, may
be divided into four classes.

(«)—Small scale geographical maps.

(#)—Geographical maps on the one-millionth scale.

(e)—Degree sheets, i.e.. topographical maps on the scale of one inch
to four miles, each sheet covering an area of one degrec of
latitude by one of longitude.

(d)y—Standard sheets, 7., topographical maps on the scale of one
inch to one mile, each sheet covering an area of 15 minutes
hy 15 minutes.

(@)—8mall scale geoyraphical maps —During the year under report the
new engraved map of India on the 32-mile scale has made fair progress. It
has heen decided to include Tibet in this map and to complete the north
eastern shect to its margins; this step will enhance the value of the map but
will retard its completion.

A new series of engraved index maps on the 32-mile scale was com-
menced, each index embracing an arca corresponding to that of one sheet on
the one-millionth scale and giving full information with regard to the survey
and publication of sheets of the “degree” and “standard sheet” series that
fall within it.

(b)—Geagraphical inaps on the one-millionth scale.—The compilation of
these maps from such information as is available has gone on continuously in
the Drawing Office. Two new sheets were published and many were carvied
to an advanced stage; it is hoped that of the fifty sheets covering India
and Burma the grealer part will shortly be printed. During the year nine
sheets of this series were reprinted, and at its close eleven sheets were under
publication.

(eY—Drgree shevts.—The publication of this series of maps in colours in
the same style as the one inch standard series has commenced. No degree
sheet of India proper based on modern surveys was published during the
year; nevertheless good progress has heen made.

The question of hill shading for reproduction by the half-tone process has
received much attention, and the experiments made have thrown light on the
nature of the difficulties to he contended with and on the means of over-
coming them.

Materials for the drawing of ecighteen of the degree sheets of India
proper and Burma, produced by the reduction of larger scale surveys, have
been supplied to the circle drawing offices during the year.

().—One-inch standard sheets.—On 30th September 1909, 268 sheets of
this serics had been published and 84 were iu course of publication. On 30th
September 1910, 476 sheets had heen published and 33 were under publication.
During the year therefore 208 sheets were printed, as compared with 174
during 1908-09.

The figure 476 includes 127 sheets of which the drawing is based either
on cadastral survey or on topographical survey executed prior to the 1st
October 1905. Of these some have been printed in colours and some in black
only ; they have been published as preliminary editions and are not coloured
on the index maps of this report.
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__ 'The following table shows the progress made in the publication of one-
inch standard sheets from new topographical surveys only, during the past
5 years; see index maps at the end of this report. '

Yeur, ! STANDARD SHEETS PRINTED.
T e S | o
1905-06 . [ Q i [} ’ 0 0
1906-07 ‘ 4 [ 0 5
1907-08 . ] 16 11 E 22 49
1908-09 ’ 34 26 ! 60 120
1909-10 | 72 a3 ! 60 175
i |
Totalprinted . 126 | &1 | w2 | g
Total in programme S 1‘_7‘.;,@_! 2,067 : 2,101 6,328
Number remaining for publication P 72.0.';; i_-—i_lﬁTﬂf? ‘___1_;—70_ 5.9—7;_
} ! |

The office is in a position to deal with a considerably larger number of
sheets and will be able to undertake all the work required when parties and
circle drawing offices send in their full estimated outturn.

Special maps.—In addition to the above series of maps the office has
dealt with a large number of special maps, of which the most important are
the following:—

New railway map on the 64-mile scale (under preparation).

New railway, road, and canal map on the 32-mile scale (under
preparation).

Map of the N. E. frontier of India on the 32-mile scale (nearing
completion).

Postal map of Sind on the 8-mile scale (under preparation).

0ld style maps.—Of old maps which are not likely to be superseded
in the near future, 229 were prepared for reprinting by the addition of such
information as was available, and of these 164 were printed.

DRAWING AND ENGRAVING OFFICES.

Provistonal deqree sheets.—Many years must elapse before the new degree
sheets on the }-inch scale extend over India, and much inconvenience arises
from the fact that the old series of maps on this scale, namely the Atlas
sheets, do not conform to the new series in shape, in graticule or in area,
with the result that the publication of a sheet of the new series will not
wholly supersede any one Atlas sheet.

It has been decided thercfore to prepare provisional degree sheets by
cutting and joining the old l-inch maps in the same form as the new series.
In this way, sheets of the old style will be cuperseded with moderate rapidity,
and every new sheet prepared from modern surveys will displace completely
one of the provisional maps; overlapping and confusion will thus be avoided.
Experiments are being made in order to arrive at the hest and most
economical method of effecting this conversion, which is a matter of consider-
able technical dithiculty.

Stamps for symbols.— Stamps for the printing of the various conventional
symbols have for come time heen wanted, and many experiments have heen
made in the search for a suitable method of making them. A satisfactory
plan has been discovered and it is intended to provide full equipn?ents_of
symbols to all parties and circle drawing offices, and so to attain to uniformity
in the conventional representation of natural and artificial features.
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Hill shading.—A variety of experiments in methods of hill shading have
been carried out. An endeavour has been made to substitute the stump
for the brush as it expedites the work, but it is in many respects inferior and
the success of the experiment is still doubtful. The air brush, a mechanical
device for spraying ink, has also been tried for certain purposes and it is
hoped that it will be found of use.

The following table shows the volume of work in the office during the

year. )
I—Maps of the modern series.
Class of Map. Number of sheets in ]mnd.} Nmti;ﬁ;ﬂgzg? ond
;
!
Geographical maps m and smaller scales 99 39
1 inch = ¢ miles ( Degree sheets, &c.) ... . 64 30
1 inch =1 mile ( Standard shects) . 242 208
Totals 405 277

11.—O0ld style maps, reprints and other plans and charts.

i
Standard maps 212 I 164
|
Miscellaneous maps and charts 157 i 131
|
Mayps for other depurtments e 133 ‘| 81
Totals 502 ! 376

!
|

PHOTO.-LITHO. OFFICE.

Three-colowr photography.—Perhaps the most interesting results obtained
during the year are those of Mr. Taylor, Manager of the Photo. Branch,
in his experiments with three-colour photography.

The rapid deterioration of colour-sensitive plates in the Indian climate
has made this process both uncertain and expensive. and it has heen Mr.
Taylor’s aim to produce a bromide of silver emulsion in collodion for coating
plates, which would render them suitable to take the place of imported dry
plates in this process. In this he has attained to a remarkable degree of
success, and it 1s hoped that hefore long the oftice will be able to take up
reproduction in colours as a regular hranch of its husiness. At present this
will not perhaps he much used by the Survey of India itself, but it should he
of value to several other departments of Government.

The output of the printing section of the oftice during the last three years
is shewn in the following tahle.

[N Number of maps printed.
| Number of ; psp

Year. iilnprr\sﬂinlw - TR T T T
P ; st - !
) pulled, . Depaurt depart- 1 Total.
H wentul. |
o | mental.
|
1907-08 . 1,563,453 s91 1,175 | 2,066
] : ‘
190809 . . 1306607 2007 ! 726 | 2,775
|
| i
1909-10 . - Cor LATLLIS0 2,697 | 1,053 | 3,750

The cost of the oftice during the vear wax Rs. 1,54,494, and the value of
the outturn Rs. 2,138,804 including Rs. 51,686 recovered in cash or by hook
debit transactions. These figures compare favourably with those of the
preceding year, which were: cost Rs. 1,538,643, value of outturn Rs. 1,72,234.

G
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MAP RECORD AND ISSUE OFFICE.

The gross face value of the maps received from the printing offices during
the year amounted to Rs. 3,40,000. This sum includes Rs. 15,361 and Rs.
25,014, the values of maps printed in the Engraving Office and at Dehra Din

respectively.
The following table shows the maps printed and received and their face
value.
H : Number of different maps
Class of maps. Sealo. ‘ of each class received. Yalue.
e e [ R
;’ Rs.
1 Geographical mups Sl ! b 3 14,850
2 TIndie and Adjncent Countries -1'0—0(],‘70*0 ‘ 2 9 4,504
3 Degree sheets . . linn= 4+m. | 10 2 5,650
4 Standerd sheets (new style) ... [ lin.= 1 m. } 205 3 1,04,305
d Provincial maps { } ):n. = 1112) :: ‘ t 2 | 11 14.675
G District maps Jlin= 4m. | i 13 2,755
7 Atlas sheets . o i = 4m. " L 119 13,776
X Standard sheets (old style) ... [ lin.= 1 m. : 76 12) 89,321
9  Admninistration Report maps| 1in.= 8m. ... 37 1,632
10 Plans of Cities and Canton-
ments . . Various ! 25 24 21,285
11 Triangulation and traverse
charts . e Various . s 1,625
12 Index maps . Variots 4 30 17,778
13 Miscellaneous maps Various ‘ EL] 38 17,884
Totals [ ‘ o 483 412 3,40,000

The total number of printed maps issued during the year was 1,42,421,
of an aggregate value of Rs. 1,24,858. The details of the sales were as

follows.
| .
Sales to i Number of maps. Value.
- - e e — ——— e ,;,.7, e — i
j Rs.
!
Government Officinls 74,469 45,029
India Office . R \ 5,139 7,008
Departmental issues o 40,803 51,763
Private individuals i 19,230 17,617
Agents el 1,080 2,041
i
Totals N 1,42,421 1,24,858

A new catalogue of maps corrected up to February 1st

lished during the year.

1910 was pub-



I.—HEADQUARTER OFFICES. 23
MATHEMATICAL TINSTRUMENT OFFICE.

There has been a large falling oft in the demand for new instruments and
also for the manufacture and repair of instruments required to be done in the
workshops.  In the former case the dimination amounted to 32 per cent. and
in the latter to 24 per cent. on the average values of the two previous years.

This heavy decrease in demand and the consequent increase in the value
of the stock in hand, on which 3% per cent. interest charges are levied, have
combined to show deficit= in the profit and loss accounts of the instrument
store and workshops, amounting in the former case to Rs. 20,176 and in the
latter to Rs. 15,270.

Good progress has been made in the manufacture of more delicate instru-
ments, such as theodolites, levels, clinometers and all descriptions of scales and
offsets; the dividing and engraving of the latter have been greatly facilitated
by two new machines, an automatic dividing machine and an engraving
machine, which were installed during the year.

A noteworthy piece of work was the design and manufacture of the
largest adjustable plan board that has ever been made or used in India.
This plan board measures 11 feet 9 inches by 10 feet 3 inches, and the whole
weight is taken by a ball-thrust which makes its adjustment particularly easy.
It is now in use in the studio of the Photo.-Litho. Office, in connection with
the photographic reduction of combined standard sheets for the preparation
of degree sheets on the l-inch scale.
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IL.—_DEHRA DUN OFFICES.
A. SPECIAL OPERATIONS.

The erection of the base line observatory was commenced in May 1909.
In accordance with instructions received from the Secretary of State, the
plans were sent home for Sir David Gill's inspection. Building operations

had to be temporarily suspended but were resumed on receipt of the plans
from Sir David.

Approximate sites for the measurement of base lines in Burma and
Baluchistin have been selected, and a complete apparatus of wires has been
purchased to replace the old compensation bars.

Photographs of the sun were taken on 337 days in the year. It is hoped
that on the 28 days when the sun was completely obscured, photographs of it
were secured either at Greenwich or Mauritius.

B. COMPUTING SECTION
The chief points of interest in the work of this section are as follows: —
Geodetir work.

During the summer of 1910 the simultaneous reduction of the levelling
was completed. All closing errors of circuits were eliminated, the level net
was tied to sea level at nine different ports, orthometric corrections were
applied, and adjusted values for the heights of all hench-marks fixed hetween
1858 and 1909 were obtained. A complete account of the levelling operation=
of the Survey,—of the methods of observation, of the instruments and hench-
marks, of the connections with sea level, of the accuracy of results,—has now
heen published in Volume XIX of the Acconnt of the Operations of the Great
Trigonometvical Survey of India.

The publication of this velume marks the close of the first half-century
of levelling work in India, and provides a scientific and consistent basis for
the levelling operations of the future.

Geographical vark.

Barometric ohservations for height in Central Asia by Doctor Stein and
clinometric ohservations for lLeights of certain Himalayan pealks by Doctor
Longstatt were reduced, and the results supplied to the Drawing Office for
incorporation in maps.

Computations of Captain Robinson’s triangulation in Kohistin and Sind
Sigar Doab during 1851—59 were partly undertaken, for incorporation in the
trans-frontier degree triangulation charts,

The co-ordinates and heights of a few more peaks from Captain Wood's
triangulation in Western Tibet were computed and adjusted, for incorpora-
tion in the map of Tibet.

Certain tables of the 4th cdition of the Auxiliary Tables were extended
to 45° N. latitude, for inclusion in a smaller edition for the use of explorers.

Synoptical Volume No. XXXV of the North East Longitudinal Seriex
prassed throngh the press and was issaed. This vohane furnishes data of points
in the Himalayas from Dehira Dun to Assam, and some of the highest peaks in
the world fall withinitsarca. The new system of numbering Himalayan peals
mentioned on page 15 of the General Report for 1907-08 has heen adopted
init. Mount Everest will in future be known as '35 in addition to its
old name.
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II.—DEHRA DUN OTFFICES.
Preservation of trigonometrical stations.
695 Principal stations of the 3,598 in existence were repaired by district
officers at a cost of Rs. 4,057; 15 old stations were reported as destroyed,

and 25 new stations were added.  Qut of 333 districts from which reports are
due annually, 18 failed to make returns.

C. DRAWING SECTION.

The following table shows the volume of work undertaken.

Number of shectx Numbher of sheets

Class of mup. in hand. drxntvn an(-l sent
I 0 press.
e
Geodetic and scientiic dingrams nnd charts st 218 116
! |
Geographbical maps, n-l[ and smudler senles i 11 ! 1
|
: !
Miscellancous indexes and plans . 8 ! 7
Specinl maps for Doctor Stein . N ‘ 94
. {
—_— I ey O D I
Totals . i 331 ’ 221

D. PHOTO.-ZINCO. SECTION.

1,750 maps and diagrams were photographed against 1,478 in 1908-09.
The number of impressions pulled was 3,02,909 against 2,67,732 in the
previous year. The machine lithograhic press was employed throughout the
year printing the maps of Doctor Stein’s exploration, cantonment and forest
maps and triangulation and levelling charts.

E. FOREST MAP OFFICEL.

The number of maps issued to Forest and other officials during the year
was 9,662 against 7,680 issued in 1908-09, and the amount realised by sales
amounted to Rs. 1,555 against Rs. 3,312 in the previous year.

The following table shows in abstract from the work dealt with by the
office.

NUMBELR OF SHEETS.

Cluss of map. ' ! Drawn o 8
Tn hand. Dmt“n 'fnd_ vent Published.
\ o press,

[ ! - Sl -
Standwrd maps of Forest Surveys 229 69 46
Special maps of India 8 8 6
Provincial, Divisional und District Forest maps . 9 4 ]
Working plans and miscellancous maps 15 7 8

Totals 261 88 65

The space for the storage of maps in the present building is insufficient
to meet the demands which will eventually be made on it, and proposals have
heen submitted for its extension by the erection of a new building.
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III.—CIRCLE AND LOCAL DRAWING OFFICES.

A. NORTHERN CIRCLE DRAWING OFFICE.

The normal main work of the office was the examination of standard
sheets drawn by the varions parties, the drawing and examination of sheets
which the parties (either from nsuflicient establishment or owing to a short
recess xeason) had been unable to undertake, the preparation of special
editions of standard sheets, and the drawing of degree shects.

The office also undertook the drawing of certain sheets of the 5 series
and the examination of standard shects prepared in the [Tnited Provinces
Drawing office mentioned helow.

The following is a smmmary of the special work in hand and sent to press.

NTAULER 0F SUBETS,

|
|
1

Class of may. Senle. N
! In hand. ' Drawn and sent
to press.
- i T
Map of Turkistan L tine=382m. ! 1 I
i i
1 ! 1
India and Adjacent Countries . ‘ Tlﬂ]r.ﬁli : 3 ‘: 1
Degree sheets ‘ Tin. =4 m. ‘ 18 | q
‘ | I
S e e
! i
Totals O ' 24 : 3
) i

B. SOUTHERN CIRCLE DRAWING OFFICE.

The tinal examination of eight standard sheets was completed and assist-
ance was given to the Eastern Cirele Drawing Office in the completion of
their arrears of mapping. and to the varions parties in the Southern Circle
in their current mapping.

The P’hoto.-zinco detachment ot the office was taken over from the Eastern
Circle and was fully oceupied with photographic and vandyke work.

C. EASTERN CIRCLE DRAWING OFFICE.

The following tahle shows the number of maps and charts in hand and
sent to press during the year.

NUMBER OF SITEETS.

Clags of map. Neale. "o hand for drawing, |
‘ vompletion. or ; Sent to press.
Vv".‘.‘llll!llr:lrf‘ll)[l.. o
Stundard sheets lin. =1 m. M 1 59
Forest cditions ol abiove . e 2o =1 m. 9 ! 4]
Villnge boundary editions of standard sheets .7 Tino =1 m. ) | >
Trinngulation charts . Tin. =1 m. 12 9
Degres sheetr lin. =4 m. 7 ; 3
Miscelluneous maps . Lin.=+1m 2 : 2
Standard sheets (old forin) TLin.=1m. 4 i 4

i
Totnls PR ! 98 91
i B




I1I.—CIRCLE AND LOCAL DRAWING OFFICES. 27

. BENGAL DRAWING OFFICE.
( Imperial Section ).

The standard mapping scction of this office continued its work of com-
pilation of standard sheets from modern cadastral surveys for publication
as preliminary editions in black only.

71 standard sheets covering an area of 9,748 square miles were dealt
with; of these 14 have been submitted for publication and 6 are nearly
complete. One traverse chart was completed.

E. UNITED PROVINCES DRAWING OFFICE.

This office was again employed under the Superintendent, Northern
Circle, on the compilation of standard sheets in the United Provinces in
both new and old styles from old cadastral surveys.

The new style sheets will be published as preliminary editions in colours,
the old style sheets in black.

Twenty one sheets in the new and two in the old style were drawn and
submitted for publication, and forty seven traverse charts were completed.
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