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PART I—TOPOGRAPHICAL SURVEY.
NORTHERN CIRCLE.

(Vide Index Maps 1 and 4).

Summary.—TFour field parties worked in this Circle and completed the detail survey of
8168 square miles of country during the field season of the year under report.

This consists of :—

114 square miles of 4-inch survey.

495
391
2320
3997
800

51

2 ”

» »
» ”
” 2
1 2

2 »

» d-inch supplementary survey.
» 2-inch survey.

» l-inch survey.

,» 1-inch revision survey.

» l-inch re-survey.

»» £-inch revision survey.

The work of the Riverain Detachment is given in detail on pages 9-12.

No. 20 Party carried out the survey of 18958 and 343 acres on the scales of 16 inches

and 64 inches=1 mile respectively in 13 cantonments during the year,

This party also ran

881 linear miles of theodolite traversing as a basis for future detail operations.

The Simla Survey Detachment completed the large-seal: survey of Simla during the
year, and 14 out of the 32 fair sheets in which the map will be published had been sent for

publication by 30th September 1916.

Colonel W. J. Bythell, R. E., proceeded on leave on 23rd November 1915 and was
succeeded in charge of the Circle by Lieutenant-Colonel C. L. Robertson, C. M. G., R. E,, till

the end of the year.

No. 1 PARTY.
By B. R. HugHes.
The office of the party, with bulk of the establishment, remained at Mussoorie

PERSONNEL,

Imperial Qfficer.

Major E.A, Tandy, R. E,, in charge up to 9th June
1916, '

Provincial Qfficers.

Mr. B. R. Hughes, attached from 7th to 9th June
1916 and in charge from 10th June 1916,

Mv, G. J, 8. Rue.

P. A, T. Kenny.

R. C. Hunson.

»
»

Upper Subordinate Service,

Khan Bahadur Sher Jang.

Rai 8ohib Natha Singh,

Mr. Nanak Chond Puri, B, A.

Rai Sahib Jamna Prasad, from lst May to 9th

S8eptember 1916.

Mr. Hamid Gul, from 17th April 1916.

Jagdecsh Prasad Vastav (Probationer), from
Ist April 1910.

»

Lewer Subordinate Service,

38 Surveyors, elc.

throughout the year.

The country surveyed in Jammu was moun-
tainous and the valleys well wooded, and that in
Shabkadar open, partly cultivated, plain and bar-
ren hills,

The health of the detachments in the field
was good. During the recess however a computer,
Aftab Bhan, died of cholera.

Topograplky .—A section of the party had
been working in the field since the summer of
1915 in the Kishtwir and Udhampur distriets
of the Jammu Provinece of Kashmir.

The work allotted to it having been complet-
ed the section returned to Mussoorie about the
middle of December 1915.

This section under Mr. R. C. Hanson with
Y sarveyors, completed the survey on the scale
of 1 inch =1 mile in the following sheets :—

s Nos R B o
Sheets Nos. 43 i and 43 7,8, 10,11, 14and 15’

also in parts of sheets Nos. 52

% D
50 2,
27

c
3,4,7and 8 and

The outturn was 588 square miles, and the cost-rate of topography Rs. 174 per square

mile.
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A small area on the scale of 4 miles = 1 inch was revised by this section in parts of the
following sheets :—

Nos. 43 fz—ame and 43

The outturn on this scale was 51 square miles, and the cost-rate of topography
Rs. 13+3 per square mile.

The heavy cost-rate is due to the fact that the country was difficult of access and the
weather inclement, there were difficulties too in obtaining transport.

Another section of the party was sent to the field from Mussoorie about the middle of
November 1915, to undertake a military survey on the scale of 4 inches = 1 mile on the
Mohmand Frontier between Shabkadar and Michni in the Peshawar district. This was under
Mr. P. A. T. Kenny with a staff of 6 surveyors.

Khan Bahadur Sher Jang also assisted in the preliminary arrangements.
This work lay in parts of sheets Nos. 38 Tll:\_dlz .

The outturn was 64'2 square miles, and the cost-rate of topography Rs.135-9 per .
square mile,

During December 1913, Major E. A. Tandy, R. E., proceeded to Bikaner and Palanpur
States and advised the authorities there on the question of town surveys.

At the special request of the Bikaner Durbar, Mr. Nanak Chand Puri was deputed to
supervise the work of the State surveyors and to instruct them in the correct methods of
surveying. In addition to this Mr. Nanak Chand Puri did some detail survey with a view to
bringing the guide map of Bikaner up to date; certain traversing was also necessary and a
traverser was lent to the State for the purpose of executing a frame work of main and sub-
cireuits in the city of Bikaner.

The entire cost of the different classes of work was borne by the State.

Triangnlation.— No triangulation in advance has been done during the year under
report.

A few further points however were fixed by Mr. Kenny in the course of detail survey
in Shabkadar from 4 old stations triangulated by Mr. W, Newland in 1906-07, but as the area
was small, ¢#iz: 16 square miles, and the work took only 3 days, no cost-rates have been taken
out.

Traversiny—To supplement the triangulation in the flat portion of the Shabkadar
area, traverses, of a total of 15 linear miles, were carried out by Mr. P. A. T. Kenny and one
traverser. The cost-rate of this works out to Rs. 151 per linear mile.

Recess duties.—Nine fair sheets have been drawn and sent in for publication on the

gcale of 1 inch =1 mile, viz:—sheets Nos. 43 ,1 iz ,5“(] o 33 ——, 45 1: , 43 ﬁ and
53 —(;——. With the exception of sheet No. 52 —— all of them are of the previous year’s
survey.

The fair drawing of sheet No. 43 ——, which had been partly surveyed and fair
drawn in previous year, and of which the survey had beer completed during the year under
report, was also completed, and the sheet submitted for publication.

Ten fair sheets are in hand, and will be sent in for pub]lcahon shortly, viz :—sheets

o c
Nos. 83 w55y wres and 32 gygs . Of these, sheet No. 43 —— was surveyed prior

to 1915- lh The fair drawing of one sheet, No. 52 -7 , has not yet been commenced.

The outtnrn of mapping on the 13}-inch scale, for publication on that of 1-inch, was
2340 square miles, and the cost-rate Rs. 11+8 per square mile.

The three sheets of the Shabkadar survey have all been sent in for publication on the
scale of + inches =1 mile.

The outturn was ti4 square miles and the cost-rate Rs. 100 per square mile.

Three sheets of the half-inch mapping have been sent in for publication, iz :—sheets
[}}
Nos. 43 (o gy aaw

Four more sheets are nearing completion, viz:—Nos. 38 —
another.

The cost-rate of this mapping is Rs. 5°0 per square mile.

The computations in connection with the Bikaner traverse were all completed during
the course of that work.
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This party aleo helped in the fair drawing, ete., of the Basrah Survey Party at Mussoorie
during August and September by lending the services of 7 surveyors, etc., at a cost of Re. 295.
The expenditure has been borne by No. 1 Party and has gone to swell cost-rates of the party.

Inspections.—The parly was inspected once by the Surveyor General and on several
occasions by the Superintendent, Northern Circle.

The Superintendent, Map Publication also visited the party at Mussoorie in August.

No. 2 PARTY.

By T. W. Babpovav.
The head-quarters of the party remained at Mussoorie throughout the year. The
party was employed in the field in triangulating
PERSONNEL. and traversing, and in executing one-inch survey
Provincial Officers. in the districts of Hissar, Rohtak and Gurgaon
Mz, B. R, Hughes, in charee to 6th June 1916, and in the State§ of Jind, Pataudi, Dujana,
T. W. Babonau, in charge from 7th June 1916, Alwar, Bikaner, Jaipur, Loharu, Bharatpur, Nabha

. F. B. Powell. .

:, Kanak Singh, up to 21st March 1916, and Patiila.

» }‘ g' ;“I“bs"l}]e' The nature of country covered by the one-inch
. . ohngn . . .

" 7. 4. Culvert. survey was undulating with numerous sandhills

and occasional hills; that over which the triangu-

Upper Subordinate Service. i i A o
lation extended was fairly hilly, rising to an

Mr. Chuni Lnl Kupur. LA 95 . .
Ghnnns Haga (Probationer), from lst April average of 2500 feet. Half the area of these
1916, hills was covered by State forests. Traverses
Lower Subordinate Service. were run in flat country where triangulation was
30 Surveyors, etc. impra.cticable.

The field season began on the 9th November 1915, and ended on the 4th April 1916.
The health of the establishment was good throughout the season.
Topoyraphy.—The survey was executed in 11 sheets, viz:—
Sheets Nos. 44 9.1—0,13‘:1—4&3 and 53 WETW
One camp, consisting of Mr. Chuni Lal Kapur and twelve surveyors, under Mr.
Saubolle, carried out the survey of these sheets.
It was based on the plotted village trijunctions, where old data was forthcoming, and on

trigonometrically intersected points elsewhere.

Where a comparison of the co-ordinate values of identical points as derived from
triangulation and from revenue survey operations was possible, a discrepancy of over 200
feet was found.

The outturn of the party was:—
Square miles.

Revision survey on scale of 1 inch = 1 mile 1043
Original survey on scale of 1 inch = 1 mile 1602
Total - 2645

The average cost-rate of the topography was Rs. 8 per square mile.
Triangulation for §-inch detail survey was carried out in sheets Nos. 54

A
T and

. " A [ X I, 12, 15 & 16?

in pmtml}s of sheets Nos. 51 ;5. My, Calvert was employed on this and completed 1260

square miles,

The cost-rate, including that of computation, works out to Rs. 6-6 per square mile.

Traversing, with theodolite and chain was rmn in sheets Nos, 54 P ___ mJq
" e . . ) 3,4,6,7,1M& 12
positions of conspicnous objects were intersected from the traverse stations. 313‘ linear miles
of this traverse were completed.

The cost-rate including computation works out to Rs. 9 per linear mile.

. ]Rec:('sx rlutws.'—(a) The fair drawing was executed on the one and a half inch scale
or reduction to one-inch by one drawing section under Mr. Johnson and one typing section
nder S . - . ; o

under Mr. Saubolle; the average number of surveyors cmployed therein was nine. Mr

Ghulam Ilasan drew outline sheet No. 44 —2-, and helped generally in the work of these
sections.

The drawing of most of the 1-inch sheets was carried out partly by the direct process
All the fair drawing of sheets Nos. 44 IO,M—P&TS and 53 3‘_7nm remained incomplete
at the end of the survey year. This was due largely to the dem’ar‘lds of the Basrah S

Party for skilled draftsmen, T Py
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Cost-rate of this fair drawing works out to Re. 615 per square mile.

(8) The fair drawing of the half-inch section was continued throughout the recess
season under Mr. F. B. Powell, whose mapping section remained in Mussoorie throughout
the whole year under report.

10 half-inch sheets were submitted for publication, and five are under preparation.
Seven of the sheets submitted for publication were completed to margin from old surveys on
the half-inch, the remaining portions being compiled from modern one-inch published sheets.

The cost-rate of half-inch fair drawing works out to Rs. 215 per square mile.

(¢) The computations of the triangulation and traversing and the plotting of the
results were carried out by Messrs. Calvert and Chuni Lal Kapur and a computer and com-
pleted by the middle of September.

The cost-rate of the computations works out to Rs. 24 per square mile.

Miscellancows.—{a) A four-inch survey of the head works of the Lower Bari Doab
Canal and the surrounding country was executed for the Irrigation Branch of the Punjab
Public Works Department. This was fair drawn on the same scale, and supplied to the
Executive Engineer, 1st Division, Lower Bari Doab Canal with an index on the 1-inch scale.

As the fair mapping has not been completed, the cost of the work cannot be submitted.

(#) Mr. Kanak Singh did not take the field, but was employed on the 4-inch
mapping of No. 3 Party to the date of his retirement on 21st March 1916. This work was
then taken over hy Mr. J. H. Johnson who returned from 2 mouths’ privilege leave on 1lst
March.

Inspections—The Superintendent, Northern Circle, inspected the party during recess.

The Survevor General inspected the party in the month of September 1916.

No. 3 PARTY.
By H. H. B. Havsy.

The programme of the party lay in the United Provinces, and embraced parts of the
distriets of Meerut, Bijnor, Moradabad, Garhwal,

PERSOXNRL. Almora, Naini Tal and Rampur State (Rohil-

Frovincial Officers. khand). It surveyed an area of 3088 square miles

on all seales. Triangulation and traversing were

Mr. :'?";if(,?:h" in charge. also carried out in advance for future surveys on
P OALM. Talati. scales of 4 inches, and 1 inch to a mile.

” 3; El; ::_"5:;:;,. The southern half of the area under survey is

w  Mogqimuiden, practically flat except for the presence of a series

Upper Subordinate Service, of low sandy ridges, running generally parallel

. to the Ganges river. The low lying khddar land

Mr. :1‘:;"::::"}' 'ﬁfﬂﬁ,‘,‘,‘_ on bhoth banks of the Ganges is covered with tall

Y A. 8. Matlub Ahmad (Probatioucr), from 1st  grass, Dense forest growth was met with along

April 1916, the foot-hills of southern Garhwal, and in parts

Lower Subordinate Service, of the Kashipnr tehsi/ and Bhabar of distriet

63 Surveyors, ete. Naini Tal.  The northern half consists of densely

: forest-clad and intricate hills, the greater part of

which is reservedl forest. The only rivers of importance flowing through the work are the
Ganges and the Ramgangza.

The field heal-quarters of the party opened at Najibabad on the §th November 1915,

and returned to Mussoorie on the Ist May 1916. Field operations however continued till the
end of June 1916,

The health of the party during the field was, on the whole, fair, but during recess, seven

men were given lrave for various periads on account of ill health and one unclassified draftsman
diel of cholera in Mussoorie.

Topography.—The area surveyed embraced the following sheets, #iz:—the whole of

a N o _.._X 1 . T = K 1 = 0
sheets Nos. 53 0o oo iimmsats 80 paris of sheets Nos. 33 T, and 53 TETOETL

The surveyors were diviled into + camps; Mr. E. J. Biggie was in charge of the survey
of sheets Nos. 53 a.“ﬂ’o,kn—.mi Mr. G. E. R. Cooper of that of the {-inch forest survey that lay
in sheets Nos, 53 ﬁ-ﬂ"m—&” 5 Mr. Mogimuddin of that of sheets Nos. 53 ‘—e‘—ﬁ&—m;and Mr.
Mahomed Lutf Ali of that of sheet No. 53 :%anrl the 28 four-inch sheets of the ‘Rﬁmnag‘ar Forest
Division, rizi— Noa. 18, 17, 18,19, 20, 21,22, 23, 24, 25, 26, 206(a), 27, 28, 29, 30, 31,
31(a), 32, 33, 34, 35, 37, 38, 39, 40. +4 and 45,
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Blue prints of sheets Nos. 53 Z,'s.leTé were obtained from Caleutta on drawing paper
mounted on cloth, these were then mounted on to plane-tables, and revised in the field.

The result of the theodolite traverse over 398 linear miles, executed during season 1914-
15, was plotted on the existing 4-inch maps of the Ramnagar Forest Division, and the
supplementary information for which the forest officials had asked was surveyed on the sheets
concerned.

The 4-inch work in sheets Nos. 53 9 is a special survey of the Kos Forest Range,

and a part of the China Forest Range. The work in sheets Nos. 53 w% falls in part of the
Mukteswar reserved forest and was specially asked for by the Imperial Bacteriologist.

To meet the requirements of the Forest Department the reserved forests within sheets
Nos. 53 ET:(TET; were surveyed on the 2-inch scale. At the commencement of operations each
surveyor was given two boards, the forest areas being surveyed on the 2-inch scale, and the
intervening spaces on the 1-inch, but the constant break of scale proved troublesome, and, as
there was no appreciable saving in time, it was decided later, to survey wholly on the 2-inch
scale all future boards which contained a fair amount of reserved forest areas within their limits.
As the Fovest Department have specially asked for the intervening areas, the survey of these,
on the 2-inch scale, seems justified.

The outturn of the party is as follows :—
(a) Revision survey on scale of 1 inch = 1 mile 2152 square miles.

(b) Original P, 2 inches ,, 391,
( c ) » » " 4 » » 50 »
() Supplementary ,, ,, 1, » 495,

The cost-rate of (a) is Rs. 168 per square mile.
L 1 (b) » ]‘9.5 » ”
7 » (c ) » 154‘.2 » b
” » (d ) »” 8.4“ 9 ”

Triangulation.—The area triangulated embraces parts of the following sheets, viz :—

sheets Nos. 53 455 and 53 :3,7,1—0,101,W1‘5- Mzr. E. J. Biggie worked in sheets Nos. 53 T;’;(Ta,
and Mr. A. M. Talati in sheets Nos. 53 67—1010112—\15 The total area triangulated amounts to

745 square miles; of this, 260 square miles are for future special forest surveys on the 4-inch
scale, and 485 square miles for 1-inch work. Of the latter area, 149 square miles triangulated
by M.r. Biggie, came under survey during the season under report, the computations being
doue in the field.

" . . . .
The cost-rate of the triangulation for 1-inch survey is Rs. 6*4 per square mile.
) » ” d-inch ,, , 2873 "

Traversing.—The area traversed embraces parts of the following sheets, viz:— sheets

. 0 : 1
Nos. 53 ~5-wrgz- The control of the traverse camp remained under the officer in charge
of the party.

The total number of linear miles traversed is 966. Of this 512 linear miles are for
special 4-inch forest survey, and 454 linear miles for 1-inch topographical survey.

The cost-rate of the traversing for 1-inch survey is Rs. 167 per linear mile,
” ” » » 4-inch ” ” R7-1

Recess Duties.— ( a ) During the recess the party undertook the fair drawing of 14 sheets on
varlo:(ls seales. Mr. E. J. Biggie supervised the drawing of the following 8 sheets, viz:— sheet No
63 5, for publication on the }-inch scale, and sheets Nos. 58 E N & S, 53 E N & §

o K - K . . . 5 » 9 '
53 13 N & 8, and 53 17 N, for publication on the 2-inch scale. Mr. Mogimuddin commenced the

fall' dla .nU Of thef mng ‘1‘ h ] ~ —Sheet's Iq()S. “)J TR oo aae ()ll ]llS 3y d o
wing 0“0\\’ 34 sheets, vi H oceedln on
! 4,8, 12 &18 l =]

Privi]egg leave from 31st July, Mr. G. E. R. Cooper took charge of the drawing of these sheets
in addition to that of sheets Nos. 53 ‘;(s’ and 53 g . Sheets Nos. 53 LK are f b
lication on the 1l-inch scale, and 53 - he 4-inc e bmirtol

, and 53 g~ on the 4-inch. None of these sheets were submitted

for publication during the season under report. The following sheets have been completed and

will be submitted for publication during October and November:—sheets Nos. 53 X
UL R, 16 & 16

A 'taecbion is being left at Mussoorie to carry on the fair drawing of the undermentioned
sheets during the winter, viz:—sheets Nos. 53 ;K N&S, 535 E N&S,53 ENgS 53 kN
53 X K . . 0 ’ 13 LA T Y 4

N'.w_'and 53 w g - Sheets Nos. 53 2 will probably be drawn on the 1}-inch scale for
publication on the scale 1 inch = 1 mile during the winter.

» »
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Owing to the lateness of the completion of field work, the 2-inch mapping was not
commenced till the end of July, and this accounts for the backward state of the sheets.
The cost-rate of -inch mapping for }-inch publication is Rs. 2°3 per square mile.
» »w  lé-inch » l-inch » » 83 ”
» »” 2-inch » 2-inch » nw 91 ”

(%) The computations of the following areas were completed : —
(1) 260 square miles of triangulation for 4-inch survey
(2) 336 » »” ”» ” » l-mch ”»
(stations only)
(8) 512 linear ,, of traversing for 4-inch survey
(‘1') 434 » » » » ” 1'_in0h »
No triangulation charts have been drawn.

Miscellaneous.—(a) Survevors, with previous experience of forest work, were selected
to undertake the 4-inch survey of the Naini Tal forests, and it was expected that they would be
able to turn out at least 4 square miles per month, but this hope was not realised, owing to the
Intricate nature of the ground over which the work was carried out. The Government Notification
supplied by the Forest Department, giving a description of the boundaries was found to be very
incorrect, and at the request of the Conservator of IForests (Kumaun Circle) who personally
visited the area under survey, Mr. G. E. R. Cooper carried out the necessary corrections, while
supervising the survey work.

When the survey of the forest areas is asked for by the Forest Department, enquiries
should be made, whether all lines have been cleared, and masonry boundary pillars erected. No
survey work should be undertaken unless answers to these questions are in the afirmative. The
preliminary work in connection with the forest surveys in district Naini Tal was started by
this party, under the belief that these two very important points had received due attention on
the part of the Forest Department, but this did not prove to be the case; and the result has
been that the traversers have had to do their own line clearing in places before they could
proeeed with their observations. There were instances too, where masonry pillars had not been
built. These set-backs materially affected the progress of the work. In addition to the clear-
ing of lines along the external limits of reserved forests, the clearing of lines of all notified
exclusions should also be insisted upon.

(6) One soldier surveyor, one pupil surveyor, four pupil draftsmen and one pupil
traverser received instructions in the field.

Inspections—The arty was inspected during recess by the Superintendent, Northern
Circle, and also by the Surveyor General.

No. 4 PARTY.

By H. W. BiaeIk.
The work of the party included resurvey and revision survey in the United Provinces,
and a small isolated area of survey in Nepal.
The portion in the United Provinces lay in fairly
open plains; while the isolated area lay in the

PERSONNEL,

Provincial Officers,

Mr, H. W. Biguie, in charge. Nepal tarai.
~ H. P D Morton. The two detachments of the party assembled
w J.C.C. Lears.

" Dan: Chand Pari. at F‘_\'zﬁbﬁd on 11th October 1915 for field work,
which was closed on 1st May 1916 the head-quar-

$ ' ¥ : ;
Trper Subordinate Service. ters of the party remained at Mussoorie through-

Mr. Mohammad Ilusain Khan, out the year.
» Daunlat Ham Vohra (Probationer) from last
Apnil 1916, ( oner) from 1o The health of the party was good, only one
Lower Subordinate Service. member having to go on combined leave for six
23 Sarveyors, etc. months owing to ill health.

Topography.—The portion of country dealt with by the party in the United Provinces
consists of flat plains which are well cultivated. Orchards, containing mango trees, are
numerous but there are no forests, though scrub growth occurs in some plices. Village sites
are numerous, and the density of the population is very high. The only river of importance
which flows through the work is the Gogra. The small area in Nepal State lies in the Nepal
tarat, along the border of the Bahmaich glistrict. This area consists of about two-fifths of fairly
open plains, the remainder being low hills very densely clad on their lower slopes with forest
and under growth, the chief timber being sa/ (Shorea robusta). The upper slopes and summits



Vol. X.] TOPOGRAPHICAL SURVEY. 9

of the hills are covered in spear-grass. They are locally known as the Dundwa Range and are
separated here from the main Himalayas by the valley of the Rapti river, which, for a short
distance, lies in the western area of the work.

Mr. Morton, with two surveyors to help him, took a personal share in, and was in
charge of, the work in Nepal State in which sheet No. 63+ was completed to margin. Mr.

Muhammad Husain Khan’s camp dealt with sheets Nos. 63 ﬁ%ﬁ and 63 rﬁ;—ﬁ, in the Uni-
ted Provinces. He had seven surveyors, strengthened in the middle of the field season by one
more from Mussoorie. Towards the end of March Mr. Morton’s camp completed its work,
and he then took over the camp under Mr. Muhammad Husain Khan, who proceeded on
privilege leave.

The following sheets were completed on the 1-inch scale:—survey, the Nepal portion of
sheet No. 63 TEa; re-survey, sheets Nos. 63 -;—’5- and 63 3—?—7—; revision survey, sheets Nos. 63 {'2 and
63 Ti'_s- The areas completed under survey, re-survey and revision survey are 130, 800 and
802 square miles respectively, making a total of 1732 square miles, the cost-rate of detail
survey working out at Rs. 10 0 per square mile.

Triangulation.—The triangulation of the Nepal portion of sheet No. 63 B, amounting
to 107 square miles, was carried out by Mr. E.J. Bizgie. This area was subsequently
surveyed in detail and is dealt with above. It lies at a distance of about 25 miles fromn the
North-East Longitudinal Series of triangulation with which the new work was connected. A
belt of dense s@/ forest lies between the old and the new work, and was the main difficulty in
linking up.

The cost-rate is Rs. 653 per square mile. This high rate is due to the fact that,
though area was taken credit for during the previous survey year, no cost was debited against
it, nor cost-rate taken out.

Traversing.—No traversing was done by the party.

Recess duties.—(a) The supervision of the fair drawing, which continued at Mussoorie
throughout the year, was divided up as follows:—Mr. Morton, current fair drawing of 1-inch

sheets Nos. 63 5 4,1;&3 and the Nepal portion of sheet No. 63 {s’ Mr. Lears, cwurrent fair

drawing of 1-inch sheets Nos. 63 Wi_ﬁ’ 3-inch sheets Nos. 34 —N’iw-' and 34 ﬁ and of 1-inch
sheets Nos. 63 = and 63 m, which had been left over from 1914-15; Mr. Duni Chand
Puri, 3-inch sheets Nos. 31 s.Lw.’ 34 ﬁ, 34 TKE and 38 TOE‘ and 1l-inch sheets 63 14;‘15
and 63 ra,}ls‘&'r‘ , left over from 1914-15.

The number of names in the 1-inch sheets of the parts of the United Provinces which

came under survey during the year is very great, and the typing of these sheets is therefore a
tedious matter.

The following twelve 1-inch sheets left over from 1914-15 with a total area of 3201
square miles were snbmitted for publication to the head-quarters office during the year:—

. F
sheets . B T 3. I B
Nos. 63 f5; 1561 and 63 2,3,4,6,7,8,10, 11 &18°

The fair drawing of the Nepil portion of 1-inch sheet, No. 63 %, and 4-inch sheets Nos.
34 ij, is practically complete.

The cost-rate for 1-inch mapping is Rs. 22°1 per square mile, for 3}-inch mapping
Rs 2+4 per square mile and for compilation of village boundary editions Re. 0-8 per square
mile; the average cost-rate for all being Rs. 3° 6 per square mile.

(#) Other recess duties comprised the working out of all the rectangular co-ordinates
of trijunctions and poinfs ff)r field work in sheets Nos. 63 & and 63 TTI;’H: during season
1916-17, an.d the compilation and preparation by a small staff, of special editions of 1-inch
sheets showing village boundaries. The following fourteen sheets of the village boundary edition

were  subm 4 rear i— o LM sa N oy M g A Q R
e tted during the year:—sheets Nos. 54 4z, 54 3, 62 11, 63 155, 63 505 and

63 S 1;‘1 iseie-  Jight more sheets are practically complete.

Miseellancons.—As an attempt to obviate the necessity for traversing for the purpose of
providing additional points for detail survey, the fullest possible use was made of the old
traverse records of the department; and the co-ordinates of all trijunctions and points
oceurring in those records were extracted. The suceess of the experiment was proved by the
data thus obtained being found ample for the carrying out of detail survey, and no additional
tm\‘/cf'sin;_: was necessary during the field season. The same exhaustive means of providing a
sufficiency of points have been adopted again this year for detail survey during the ensuit;lg
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field season, and the same successful results are anticipated. As a consequence of this, the
gervices of the traversers and computers of the party were made available during the field
geason for work in other parties, where they could be more fully employed.

Inspections.—The Superintendent, Northern Circle inspected the recess work of the
party in October and June. The Surveyor General accompanied by the Superintendent
inspected the recess work of the party in September,

No. 20 PARTY (CANTONMENT).
By A. Ewine.

During the year under report, the party was employed on the survey of Peshawar,
Rawalpindi, Bakloh, Jullundur, Saniwar, Simla

PEKSONNEL. . i N
Prorincial Officers. (Native Infantry Lines), Kalka, Fort Lockhart,
Mr. A. Ewing, in charge. Hangu, Jhelum, Sialkot, Topa and Bannu
0. D. Juckeon, from lst November 1915. -

cantonments on the scale 16 inches = 1 mile; and
on that of the bazars of Peshawar, Rawalpindi,
Bakloh, Jullundur and Bannu on the scale
64 inches=1 mile. The triangulation and tra-
versing of Rawalpindi, Fort Lockhart, Hangu and
Thal were completed during the year; and Jhelum, Sialkot, Upper and Lower Topa, Chaman and
Nimach have been traversed in advance for season 1916-17. Forty-two fair maps have
been sent for publication, sixteen are in hand and fourteen remain to be drawn. These thirty
fair maps will be sent for publication by May 1917, and the fair mapping of season 1916-17
will be commenced in March 1917,

The Held season commenced in Peshawar and Jullundur on 1st Oectober 1915, and
closed in Rawalpindi, Topa, Jhelum and Siilkot on 30th September 1916.

The health of the party was good during the year. Some of the surveyors and mentals
suffered from malarial fever in Rawalpindi during the months of July, Angust and September.

Topograpky.— As Mr. O. D. Jackson, on his transfer to this party, had no previous
experience of cantonment survey, Mr. A. Ewing was in charge of the detail survey during
the vear; but was assisted by Mr. O. D. Jackson and Mr. Dharmu. They are now quite
qualified to be placed in charge of sections, and will be employed on more responsible work
during season 1916-17.

The accuracy of the work in Peshawar, Rawalpindi, Jullundur, Bakloh and Bannu was
tested by Mr. A. Ewing by 30-21 linear miles of test lines. Mr. O. D. Jackson, Mr. Dharmu
tested the detail survey of Rawalpindi and Bakloh, Jullundur, Sanawar, Kalka, Fort Lockhart,
Hangu, Thal and Bannu by 28-87 linear miles of test lines, The outturn of detail survey for
the year under report is the same as that of last year’s; but there is an increase of 5,000 acres
contoured during the present season.

The following table gives the outturn and cost of the survey of thirteen cantonments
surveyed during the year :—

Upper Subordinate Service,
Mr. Dharmu,

Lower Subordinate Service.
23 surveyory, etc.

Scale. Outturn Cost.
Acres, Ra.

16 inches=1 mile 18,958 26,703

6+ ,, =1 , 343 3,238

Triangulation— A suflicient number of stations and intersected points were fixed in
Rawalpindi, Fort Lockhart, Hangu, Thal, Topa and Chaman for the connection of theodolite
traversing. The triangulation of Bakloh had to be revised, as the mark-stones fixed by the
triangulator in season 1894-95 had been removed. Mr. O. D. Jackson, Mr. Dharmu, and
surveyors Gokul Chand and Niaz Ahmad Khan were employed on the triangulation. The
cost of the triangulation done during the year is Rs. 2,071,

Traversing.—During the year the traversing of Rawalpindi, Hangu, Fort Lockhart,
Thal, Simla (Native Infantry Lines), Jhelum, Sialkot, Nimach, Chaman and Topa was
completed. The traversing done by the members of the party is:—

Stations, Linear miles,

Mr. O. D. Jackson e vee 44 698
Mr. Dharmu e 108 775
Survevor Gokul Chand ... 1868 27060
’ Niaz Ahmad Khan 658 68:50

' Arthur Franeis ‘e 502 13-80

3 others surveyors .., . 237 . 1362
Totals 3417 38125

The theodolite traversing done during the year is very good, both in angular observations
and in chaining. The cost of traversing is Rs. 11,729.
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About 100 miles of levelling were done in Jullundur, Bannu, Bakloh and Rawalpindi
at a cost of Rs. 3,227.

Recess duties—Forty-two sheets of fair maps have been sent to Dehra Dun for
publication. The fair drawing of Jullundur, Hangu, Thal, Fort Lockhart, Peshiwar and
Bannu is in hand ; and the fair sheets of Bakloh and Rawalpindi are remaining to be drawn. The
sheets that are in hand will be sent for publication by December, and the fair drawing of
Bakloh and Rawalpindi will be completed by May 1917. The fair drawing was done under
the supervision of Mr. A. Ewing, who examined all the sheets before sending them for
publication. The cost of the fair drawing for the year is Rs. 6,515.

Programme for season 1916-17.—The detail survey of Rawalpindi cantonment is to
be completed and the entire detail survey of those of Jhelum, Sialkot, Topa, Drazinda,
Jandola, Jatta, Zam, Chitral, Upper Drosh and Lower Drosh, is to be carried out. Nasirabad,
Deoli and Jhansi cantonments will be triangulated and traversed in advance for purposes of
detail survey in 1917-18.  As it will he impossible to predict what the political condition will
be on the Krontier when the survey of Chitral, Upper Drosh, Lower Drosl, Drazinda,
Jandola, Jatta and Zam has to be done, there may be changes in the programme.

Inspections.—The party was inspected by the Superintendent Northern Circle in
February 1916 at Rawalpindi and Peshawar.

RIVERAIN DETACHMENT.
By Rar Sanms Maya Das Pert.
The field operations in connection with riverain and other surveys for the Punjab

Government were commenced on the 18th October 19153, and were finally brought to. a close
on the 7th August 1916. The head-quarters of

the detachment remained at Campbellpore through-
out the year.
Rai Sahib Maya Das Puri, in charge. Mr. Lakshmi Dutt Joshi, Sub-Assistant
Upper Subordinate Service. . ..
Superintendent, joined the detachment on the

Mr. Paras Ram,
Lakshri Datt Joshi, from the 20th October 29th October 1915, and was employved on the

PERSONNEL,

Provincial Qfficer,

1915. Lahore Cantonment boundary survey, Kingra
» Vidya Dhar Chopra. . 1 . : . : : .
, traversing, the Indus riverain main circuits in
Loswer Subordinate Service. e . az1 [ ha A
74 Surveyors, etc. district DEI.l. Ghizi Khan and Bahiwalpur State,
6 Naib Tahsildars and Kanungnes. ete. and computntions. '

Mr. Vidya Dhar Chopra, Sub-Assistant Superintendent, supervised 1 traversers,and
was put on the riverain traverse on the Sutlej, and the Beis (districts Ambila and Kangra), the
Indus main eircuits, computations, and checking stores.

. Muunshi Ganda Singh, Niib Luhsildir, remained in eharge of a field camp in districts
Simla and Kangra; and assisted in computations, plottinz, and vernacular correspondence, ete.

Surveyor Ishwar Singh continued to look after the Kangra field work, and the road
survey ; and trained new hands.

.. The Riverain Surveys.—The following tables (1), (2) and (3) give full detail of the
riverain work completed during the year : —
(1) Ovr-poor wouk.

. Min 'k
3 BMarN-circviT, F(":[B::ATLM;;““‘.S;‘_' Base LiNgs.
E ;
c . .
a % : g ; g .
Nawpsa or Rivens, T €l 1 53 3 58 ] - ‘s K S g
DISTRICTS AND SCALES, c [ s - e = ol oy "o ]
§ £E 3 s 5 5% 8% 58 PR 5¥ =3 ReManks,
- -2 i @ ) = =] =3 =8 < 5 3
= ES | B3 g 2 & E5 g 3 = £ g
Ey 3 1 F¥ S3 34 £ 3 55 5% =3 =2 Q3
g ~s I Z2 %z P z3 Pid A =" 2
& | I | ®
s s ]
Sutlej River,
District Ambiila, )
soate L | Nil v | 450 | 38 | 180 | 71
2280
Beis and Chalki Rivers.
Districts Kinura, ]
][liﬂ]li:‘ll‘p\ll‘ nnd ! ) *
(xun]:wpurl, Nil e 65-0 393 2{‘\.51 48 162 54 100:0| * Tnaddition
Seale 300" : t239 to these 49 tra-
300 J verse stations
were demarcat.
ed with perma.
. pent  mark-
Indua Rivev,
District Dern Ghazi stones.
I\I»ﬂnq;mr(l Bahiswalpur 52 459 155 255 + Thege
md . are
Scale 220 ;‘eet:l inch e ’ lut:el;r:ected
Points,
Total 52 ‘ 459 ] 155 ’ 201 ‘ 100-0 751 ‘ 4170 ’ lie , 162 ’ 64 J 100-0
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(2) OFFICE WORK DONE FOR THE CADASTRAL SURVEYS OF RIVERAIN ESTATES.

Number of |y
Number of | Number of |sheets truced uﬂ:ﬁr’f
plotted compiled |for the use of | .} i0'on
Name of river. Name of district. ‘\c"'l‘_’ of | pasdvisrshow- [masévir show-| Settlement which new
mAasavis.|ing traversed | ing riverain | Oficerson | g 4 oo
points. boundaries, |scule 4 inches plotted
to a mile, ’
Sutlej Ambéla Ll s02 89 5 5
2280
Beas ... | Kiinara 1 550 53 3 3
2300
Total ...} ... 852 142 8 8
Besides these, 108 miscellaneous traces were prepared.
(3) OFFICE WORK DONE FOR THE 4-INCH COMPILATION OF RIVERAIN BOUNDARIES.
| Number of
. . : . :Number of sheets;Number of sheets| sheets finally
Nawes of rivers. Names of series. compiled. typed, examined and
completed
Ravi . Montgomery e 11
Ambala
Jumna L oambaa 5
Saharanpur and
Karnal
Kiangra
Beas Sathalb 5
Hoshiarpur
Total ... 5 16
!

Iu addition to these, 504 masdivis of 106 tikds of districts Kangra and Hoshiarpur were
reduced with a pentagraph to the scale + inches to a mile for the Beas compilation.

The Kingra Special Survey.—This survey was started on 18th October 1915 under the
usual conditions in continuation of the last season’s programme. 2162 linear and 300 square
miles of the district area, were traversed, and triangulated ; and 12067 stations were fixed with
theodolite in 573 trkds (sub villages). 1992 plotted masdvis of 260 tZ4ds on the scale 20 karams
(one karam =375 inches) to an inch, 1520 masiris of 511 tikds on the scale 40 karams to an
inch, 30 mosiris of 21 tikds on the scale 80 karams to an inch, and 17 traces on the scale
4 inches =1 mile were supplied to the Settlement Officer, Kangra.  Besides these, 56
miscellaneous traces were prepared, and all the traverse stations marked during the year were
plotted on 22 four-inch sheets.

The work was based on the triangulation done by the old No. 18 Party (Himilaya),
and this necessitated the admission, in some cases, of heavier linear correction than 1 in 500 in
closing the traverses. This work is practically finished. Only the compntations of 414 points,
the plotting of 230 fikiz, and the completion of the computation records remain to be done.
This, it is hoped, will be finished early during next season. The riverain work doue in the
Kingra district on the Beas is given under head Riverain Surveys.

The Simla Surrey.—This survey was commenced in the Kotgarh tract on the 2nd
October, and was closed on the 30th November 1915. 1066 linear, and 15 square miles were
traversed, and triangnlated ; and 1133 stations were fixed with theodolite. 256 plotted masivis
of 70 villaxes on the scale 40 karams (one karam =51 inches) to an inch and 2 four-inch
sheets were traced, and supplied to the Settlement Officer, Simla. Besides these 4 other
miscellaneous sheets were prepared, and all the traverse stations marked during the year were

plotted on 1 four-inch sheet. The work is finished but the computation records have yet to be
completed.

The Kkaur Special Survey.—At the special request of the Deputy Commissioner, Attock
(Campbellpore), the Khaur special survey was taken up for the Attock Oil Company. Four
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squares, joining one another, of one square mile each were demarcated with theodo]iu.e at cert‘a.in
bearings, and distances supplied by the company with reference to Khaur H.8. 45 linear miles
were traversed and 173 stations laid out with theodolite. The area (4 square miles) was then
plane-tabled on the scale 8 inches to a mile, showing detail. The hills were sketched, and no
regular contours were shown. The map was then traced, fair drawn and supplied to the com-
pany within three months. The cost of this work was Rs. 1365, which was recovered from
the Attock Oil Company.

The Kingra Road Swrvey.—This survey was carried out in continuation of the last
year’s programme, with the object of avoiding boundary diserepancies as compared with the
Settlement maps. 41°6 miles of road, from mile No. 7 to mile No. 48-6, were surveyed.
556 points were fixed with theodolite, and 14 linear miles traversed. 63 sheets of the last
year’s work, and copies of the khasris (records of rights) were completed and supplied to the
Executive Engineer, Provincial Division, Kangra.

The traverse ficld books are the only records of this work which have been retained
departmentally.

The work surveyed this year is being plotted, and the sheets will be supplied to the
Executive Engineer during the coming season.

The Lakore Cantonment Survey.—With a view to test the area of grass land, the
Lahore Cantonment boundary survey was undertaken at the request of the Cantonment
Magistrate, Lahore. The work was based on the old No. 1 Party (Punjab)’s traverse values.
In all, 22 linear miles, containing 70 theodolite stations, were traversed, in 1472 acres; and
the boundaries of 8 plots of 1190 acres surveyed. A trace of the map, on the scale of
12 inches to a mile, showing the boundaries, aveas, etc., was supplied to the Cantonment
Magistrate, Lahore.

The nature of country under survey.—The riverain part was in places sandy, marshy,
broken, raviny, and was covered with shrubs, and high grass in the beds of the rivers.
Portions above the high banks were well cultivated, and wooded. Ou the Indus they were
flat ; and on the Sutlej, and the Beas partly hilly, and partly open plain. The Kangra tract
varied, it included the steep, and wooded hills on the north; and the undulating cultivated
plains, with detached rocky outerop, towards the south.

The Kotgarh (Simla district) area consisted of high densely forest-clad hills, mostly
forest reserves, from 2600 to 8700 feet high above the sea level, the higher hills generally
covered with snow during winter, and cultivated here and there.

The Khaur ground was in parts bare and hilly, and in parts cultivated.

The Lahore Cantonment land was open and flat, and well cultivated.

The health of the detachment was good throughout the year.

The Kangra and the Simla district surveys, and the riverain traversing on the Sutlej
and the Beis, were connected with Dinaladh H.S. XX, Tilhara H. Staff, Bhulana H. Staff,
Darot h.s., Mainpur H. Staff, Thabkaur s., Paderoi h.s., and Tapa H. Staff, and 80 triangu-
lated stations of the old No. 18 Party (Himalaya).

The Indus main cirenits were connected, and based on the values of Dago T.S.
LXXYVI, Shahpur T.8. LXXIII, Lanjiwar T.8. LXXXI, Daowala T.8. LXII, Sarhin T.S.
LXVIIL, Kahirt T.8. LXXI, and Mirapur T.S. LXIX, of the Great Indus Series.

The average errors in the various classes of work were as follows :—

(1) Riverain Surveys:—
(¢) Base lines 1'18 feet per corner when compared with the theoretical values.

Angular
error per' | Linear error in links
station in per teon chains.
seconds,
(%) Main circuits R A Y 0-22
(¢) Sub traverses e | 7078 0:70
(2) Kangra traversing and triangulation 9-81 1:06
(3) Simla traversing and triangulation ...| 1-Gl 040
(+) Khaur Special Survey ... .| 151 0-21
(») Kangra Road Sarvey ... e | 6047 1-42
(6) Tahore Cantonment Survey .. 857 0-90
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The total expenditure of the detachment from the 1st October 1915 to 30th September
1916 was Ba. 76,522 as detailed below :—

Rs.
1. Riverain Surveys including the Kangra rivemin} 28,706
work on the Beis
2. Kangra District -Survey excluding the rivera.in} 43,881
area on the Beas
3. Simla Survey 3,033
4. Kangra Road Survey 250
5. Lahore Cantonment Survey 652

The cost-rates per square mile come to Rs. 146-2, and Rs. 209 2, for the Kangra District,
and the Simla Survey respectwely They are slightly higher than those of previous season.
In the case of the former this is due chiefly to the arrears of plotting and computatlons, and
partly to the more rugged and difficult pature of the ground. In that of the latter, it is due
to 80 stations per square mile having been fixed, as compared with 57 of the last year.

The detachment was inspected by the Superintendent, Northern Circle, on the 25th
and the 26th February 1916.

SIMLA SURVEY DETACHMENT.
By C. E. C. Frexch.
Field work closed in Simla at the end of March 1916, when the detachment proceeded
to Mussoorie to complete the fair drawing.
‘ Field Operations.—The topography of 1050
acres in Simla, on a scale of 125 feet to 1 inch,
was completed at an aggregate cost of Rs. 16,638.

No triangulation or traversing was done
during the year.

Recess Duties.—(a) 14 fair sheets, out of

PRRSONNEL,
Provineial Qfficers.

Mr. C. E. C. French, in charge.
» F.C. Saint, from 27th October 1915 to 30th
April 1916.

Upper Swhordinate Service.

Mr. Imam Din.
w J. P. Vastav (Probationer), from 29th October
1915 to 31st March 1916.
» Ghulam Hasan (Probationer).
October 1915 to 31st March 1916.
» A A 8 Matlub Abmad (Probationer), from
20th October 1915 to 3lst March 1916,
» D. R. Vohra (Probationer), from 29th October
191E to 31st March 1916.

from 29th

Lower Snbordinate Sercice.

9 Surveyors, stc.

a total of 32, have been despatched for publication.
The remainder will be completed by the end of
November 1916. These sheets have been drawn
on a scale of 123 feet = 1 inch for the production
of two separate sets of maps on scales of 150 and
220 feet to 1inch. The former to meet general
requirements in connection with Colonisation and
Improvement projects; the latter to form a com-
bined map for purposes of illustrating Water-works,
and Sewage Systems, in Simla. The aggregate
cost of mapping is Rs. 7456, or Rs. 20 per acre.

(8) A proposed survey of 5°3 square miles (or 3392 acres) of country, illustrating a
dispute between Patiala and Koti States, was abandoned for reasons of expense; and, instead,
a pentagraph enlargement from existing 2-inch surveys was supplied to the Assistant Political

Officer in January 1916.

{¢) The large-scale data of the Simla Survey have been utilised in the preparation of a

Guide map of Simla, to be published on the scale of 8 inches =1 mile.

The ecommencement

of the fair mapping is pending receipt of blue print reductions from Calcutta.
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SOUTHERN CIRCLE.
(Vide Index Maps 2 and 5). _

Summary.—This Circle was under the superintendence of Colonel T.F.B. Renny-Tailyour,
C.S.1., R.E. throughout the year and consisted of Nos. 5, 6, 7 and 8 Parties, No. 4 Drawing
Office and the Training Section.

During the year 17,243 square miles of detail sirvey and 31,680 square miles of
triangulation have been completed.

The detailed survey consists of :—

9,886 square miles of i-inch survey.
6,488 s 3 l-inch survey.
715 »» 3 l-inch supplementary survey.
30 »» » li-inch survey.
124 ,, » 3 2-inch survey.

Owing to the shortage of supervising officers on account of the war, the detail survey
was considerably curtailed. Nos. 6 and 7 Parties took the field with a full strength of
surveyors but the majority, including the head-quarters, of Nos. 5 and 8 Parties remained at
Bangalore throughout the year and were principally employed on the fair drawing of §-inch
sheets compiled from l-inch sheets.

The Training Section carried out detail survey on the 2-inch scale in sheet 571—2-
19 pupil surveyors received instruction in topographical surveying.

Magnifying glasses, attached to stands, were obtained from the Mathematical In-
strument Office and were usefully employed by some of the draftsmen in this Circle when fair
drawing on blue prints, most draftsmen are able to draw under a magnifying glass without any
previous practice. This method is particularly helpful to draftsmen whose sight is failing as
well as in cases when the fair drawing is for the -inch or }-inch scale on blue print reductions

with intricate detail or contours.
The following work was undertaken in the Photo-Zinco Section of No. 4 Drawing

Office :—
Reproductions .o - .o e 47
Enlargements 113
Reductions 123
Sheets vandyked e e e ves 216
Copies printed e 4,850

No. 5 PARTY (BERAR, CENTRAL INDIA AND CENTRAL PROVINCES).
By J. O’ B. Do~NacGuEY.
This party took the field in reduced strength and completed the detail survey on the

PRESONNEL. 2-inch scale of scattered reserved forest areas in
Provincial Officers, sheets 55 8,9, lo,ll(fl‘:, 13,14 7 and also carried out a
Mr. 7. O' B. Donaghey, in charge. 4-inch plane-table skeleton boundary survey of the
. F.C. Pilcher. outer boundaries of the surveyed reserved forests.
Upper Subordinate Serrice, The party also completed the triangulation of

Mr. Damodar Khadilkur, sheets 55 4o rm w53 sawrmn

The areas surveyed consist of wooded hills and
the country triangulated comprises forest-clad hills
19 Surveyors, ete, and undulating cultivated areas.

The field season opened on the 25th October 1915 and closed on the 26th April 1916
The head-quarters of the party remained at Bangalore throughout the year. '
The health of the party was good. One surveyor died of fever during the recess season.
. Topography.—~The areas surveyed comprise five scattered reserved forests consisting of
hills with open forest. 7
Mr. Pilcher, before commencing his triangulation, attended to the preliminary field
arrangements for the 2-inch survey and the 4-inch boundary survey, which were carried out b
two surveyors under direct orders of the party head-quarters. No difficulty was experieneedy
The total area surveyed on the 2-inch scale was 64 square miles, the average monthl :
outturn per man was 66 square miles and the cost-rate per square mile was Rs. 4136' 0. d
' ‘ IH.angnlation.—The nature of the country, which lies along both banks of the Narbada
river, is hilly and undulating; all the hills and portions of the undulating country are forest-
clad interspersed with open undulating areas, U e tores

Lotwer Subordinate Service.
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B
3,4,7,8,11, 12,15, 16?

and Mr. Damodar Kha.dilkur, who was instructed in triangulation by Mr. Pilcher

Mr. Pilcher completed an area of .3,302 square miles in sheets 55

55 g7, 1:0 3]
in the field, completed an area of 551 square miles in sheets 55 5~

and the northern half of sheet 55 5
the triangulation already exisling in these areas will be sufficient for topographical purposes.
The total outturn was 3,853 square miles and the cost-rate per square mile was Rs. 3-2,
Reress Duties.—The majority of the party was employed throughout the year on fair
drawing for 3-inch sheets compiled from 1-inch sheets.
The fair drawing was carried out by a drawing section which was supervised by Mr.
Donaghey during the field season and was subsequently placed under Messrs. Pilcher and
. Damodar Khadilkur. 'The fair sheets are being drawn on %-mch blue punt reductxonS, on
drawing paper, of the component l-inch sheets. Sheets 55 W’ 55 6k m
been completed and submitted for pubhmtlon, sheets 54 w , 5t g l_ , 35 & “ , 64 A F are

Sh 5— F
eet55012580u1516

were reconnoitred by Mr. Pllcher, and it was found that

\v X have

practically completed and sheets 5t 5
The total area fair drawn is
Ra. 1-7.
The computations of the triangulation were not completed owing to the reduction in
‘the number of officers due to the war. In 1916-17 the party will take the field again in
reduced strength, and the party staff left in recess quarters will complete all arrears of com-
putations before the next recess season.
Triangulation charts 54.L and 5

= K
v 55 oo are in-hand.
8,725

5.N are being brought up to date, and 55.G is in
hand.

No. 6 PARTY (BOMBAY AND HYDERABAD).
By P. R. AxDERsON.

This party completed the detail survey on the l-inch scale of sheets 47 —'o—

3478

and on the 3-inch scale of sheets 47 —»
PERSONNEL. F N.E.
: )GVW_b\V_NE s 96 xwswoNE, sz’ etcept

Imperial Officer. that the areas of Bombay in sheets 47 5 Tt 10, 56 3 3

Major L. C. Thuillier, I. A,, in chsrge up Lo 25th

May 1916,
Prorincial Qfficers.

Mr. P. R. Anderson, from 1let to 25th May 1916,
and in charge from 26th May 1916,
» P. Kennegy.
»w E.A. Mever
Khan Bahadur Haji Abdul Rahim.
Mr. F. B. Kitchen,
s Munshi Lal, B. A,
s M. 8. Ganesn Aiyar,
» J.C. 8, C. Pollett,
» K. 8. Gopalachari, B. A,

Upper Subordinate Service,
Mr. Fknath Battu,
o Jam Narayan Hastir,
., Nabidad Khan, from 13th October 1015.
» Masud Khan, promoted from lat July 1916.

Lower Subordinate Service.

41 Survevors, ete.

were surveyed on the l-inch scale and the areas
of reserved forests in sheets 56 o were surveyed

on the 1l-inch scale.
the triangulation

The party also undertook
the 1-inch, 3-inch and
14-inch scales in sheets 56 1. 56 &

1to 10, 12to 16»
H K
56 ~— _K_.
56 i3 8 56 Tio1e

The general nature of the country is varied.
Tt consists of vocky hills, and of well cultivated
plains separated by flat-topped hills dotted over
by scattered patches of jungle or by a series of
disconnected rocky hillocks.

for

The field season opened on the 25th October
1915 and closed on the 22nd April 1916. The
field head-quarters was at Ahmadnagar.

The health of the party was on the whole

good. Two menials died.

Topography.—The country surveyed comprises the basins of the Godavari and Ménjra

r.vers, a portion of the Balighat range of hills and the plateau enclosed by the range and its
two spurs, the one forming the watershed hetween the Sina and Manjra and the other that
between the Manjra and Godavari rivers. The basins of the Godavari and Manjra cover
open, undulating and well cultivated country. The Balighat is an intricate stony range of
hills varying from 3 to 6 miles in width and running due east and west right through
the northern portion of the work. The Balaghat plateau consists of narrow valleys separated
by flat-topped hills, covered here and there by patches of jungle.

The work was divided among fonr camps as follows :—

No. 1 Comp —Under Mr. Meyer assisted by a senior surveyor with Mr. \Tabldnd
Kha.n and 10 junior surveyors carried out detall survey on the l-inch scale in sheets 47 “”,
56 > 3,3 and on the J-inch scale in sheet 56 s_.W,
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No. 2 Camp.—Under Mr. Haji Abdul Rahim with 8 surveyors, assisted towards the

end of the field season by surveyors from the other camps, carried out detail survey on the
£ and on the 1}-inch scale of reserved forest

4-inch scale in sheets 56 5w E tain, 8, W N, E.,5.E.

. P
areas in sheets 56 5

No. 3 Camp.—Under Mr. Kitchen with 8 surveyors carried out detail survey on the
1-inch scale in sheets 47 9—_“1—0 and on the {-inch scale in sheets 47 N'-N—E_, 56 ﬁ,.

No. 4 Camp.—Under Mr. Munshi Lal with 6 surveyors carried out detail survey on
'_the L.inch scale in sheets 56 N.E.I,‘S.E.’ 56 M‘——W—m—r)

Two senior surveyors were also employed entering cultivation limits in sheets
these limits were omitted, according to the rules then in force, when

56 ¥, E..AS. £ 96 5 WosTE
the detail survey on the }-inch scale in these sheets was undertaken.

As it was considered advisable to start all the junior surveyors, who were more
or less still under instruction, on the l-inch rather than on the more difficult {-inch scale,
they were employed, during the greater part of the field season, on the 1-inch scale in No. 1
Camp under Mr. Meyer who was assisted by a senior surveyor as an assistant instructor.
Towards the end of the field season the more promising surveyors were distributed among
the other camps and employed on the i-inch scale. Not only did the country surveyed
prove peculiarly fitted for training but it was found that the individual outturn and technical
progress was very satisfactory, each man getting that help and instruction which it would
have been impossible for him to get had he been attached to an ordinarily constituted camp
and allowed to take his chance with the senior men.

A total area of 11,177 square miles was surveved. The outturn of the J-inch, 1-inch
and 11-inch surveys was 9,886, 1,261 and 30 square miles respectively, the average monthly
outturn per man was 83°3, 236 and 8'5 square miles respectively and the cost-rate per
square mile was Rs. 45, Rs. 10-5 and Rs. 663 respectively. The cost-rate of the 1i-inch
survey being so exceptionally high is due to the fact that the areas of the reserved forests
are small and seattered with intricate boundavies. Arveas of 9,886, 284 and 30 square
miles of {-inch, 1-inch and 1i-inch surveys respectively were in Hyderabad.

Triangulation—The country triangulated consists, for the most part, of populous
valleys separated by flat-topped hills and, except a small area in sheet 56 %, was not densely
wooded.

Mr. Kennegy completed an area of 1,700 square miles in sheets 56 17.;:3—07,
Mbr. Ganesa Aiyar 3,691 square miles in sheets 56 mﬁx 56 r}:_—a, Mr. Pollett 2,458
square miles in sheets 56 1,T3,T,E'.‘cﬁ,‘&-1§’ Mr. Gopalachari 1,196 square miles in sheets

56 m‘iﬁm, Mr. Eknath Battu 2,079 square miles in sheets 56 m and

c
48,9, 10,11, 12, 13, 14, 15, 16 *

The country on the whole was not difficult to triangulate, but considerable diffi-
culty was experienced in selecting stations far enough apart, as the hills were of a uniform
height.

Mr. Ram Narayan Hastir 2,837 square miles in sheets 56

The total outturn was 13,961 square miles and the cost-rate per square mile was
Rs. 3:7.  Areas of 12,707 and 200 square miles for the j-inch and 1§-inch scales respectively
were in Hyderabad. ,

Recess Dufies—The fair drawing was divided among four sections, as follows :—

No. 1 Section.—Under Mr. Meyer, 1-inch sheets 47 4;19 and {-inch sheets 447&, 565711:‘.'

No. 2 Section.—Under Khan Bahadur Haji Abdul Rahim, i-inch sheets 56 SWNF*ESL

No. 3 Seetion.—Under Mr. Kitchen, 1-inch sheets 47 %I, 47 0,116: 56 3}% and }-inch
sheets 56 WW]}S_.\T.' '

No. 4 Section—Under Mr. Munshi Lal, 3-inch sheets 56 N?E_, 56 N—Fw

All the sheets were completed to margin with the exception of the 1-inch sheets 47 ,,.NT)y
56 5'13;. which only contain the areas of Bombay falling in them. No. 4 Drawing Office lent
some draftsmen to assist the work, and the fair drawing should be practically completed
by the end of the recess season.

The total area of fair drawing was 11,317 square miles (10,054 square miles for the
3-inch and 1,265 square miles for the 1l-inch scale) and the cost-rate per square mile was
Rs. 18, An area of 140 square miles was fair drawn for both the F-inch and l-inch scales,
Areas of 9,943 and 257 square miles of fair drawing for the $-inch and 1-inch scales res-
Jpeetively were in Hyderabad.
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Computations sufficient for the work during the next field season were completed,
and the balanes will be completed during the field season.

Triangulation charts 47.M, 55.D, 56.A and 56.E are in hand.

Miscellaneous.—There are very few pukka roads in the Hyderabad State and the cart
tracks are only fair weather roads, as the black cotton soil makes wheel traffic next to
impossible, even after only a few showers. Besides this the cart owner is invariably a
cultivator, who uses his cart merely as & means of gathering in his produce and getting
it to market. He uses his plough or moeat bullocks as draught animals and is naturally
very reluctant to do without them during his busiest time. He will with persuasion carry
things to the next village but no further. Under these circumstances it was found necessary
to supply the camp officers and triangulators, who have long marches to make, with camel
transport. The rate for camels in the Hyderabad State is prohibitive. It was therefore
found expedient to get the party camels from the Central Provinces. Much difficulty is
experienced with jagirs. These are more or less independent of the districts, to which they
are assigned, and, without parwanas from their owners, it is impossible to get local assis-
tance. There are very few British post offices in the State, and special arrangements have to.
be made for the distribution of money. The Nizam’s railways conduct all transactions in
halli sikka coin, and, as the exchange is always varying and the railway rate invariably
differs from the market rate, there is some trouble in adjusting accounts. Game is very
strictly preserved. Shooting in Hyderabad forests is entirely prohibited. Custom dues
are levied by the State, but exemption from these can be obtained by applying for it.

No. 7 PARTY (MADRAS).
By W. M. Gorman.

The party completed the l-inch detail survey of sheets 57 1'2'3,4'5'6'7?3'11,12,15'16,
P c .
PERSONNEL. 57 55,5190 66 55.775» 66 5545 with the excep-

tion of small areas of reserved forests and the

incial Q . . .
Provincial Qfficers district of Madras 1 sheets 57 %1—5 and 66 —g—

Mr. W. M. Gorman, in charge. . . .
' ectively which were sur -
5. F. Normon. Tesp y urveyed on the 2-inch
.. H. B. Simons, from 30th June 1916. scale.
» V.W. Morton. The Eastern Ghats, a confused hill system
» C. West, with abrupt rises and falls and cultivated low
» I H, P. Butterfield. . s . .
N. 5. Hurihara Iyer, expanses succeeding disjointed ranges in rhythmi-

cal order, formed the western limit of the work,
these finally merge and are lost in one extensive
cultivated plain to the sea coast, to start again

Upper Subordinate Sercice.

Ehao 8ahib Abdul Hakk,
Mr, Kodendera Mandaona,

PB v ) further south at St. Thomas’s Mount in detached
» P.8. Vengusvami, , R . , \
., 8hib Lal, small ridged or eonical hills to be again lost in the
,»» H. Narasimbhamurti Rao. low land. The fairly high hills of the Eastern
» Shoikh Muhammad Salik, promoted from Giats known locally in Cuddapah as the Palkondas

1et July 1916. are forest-clad and are mostly reserved forests, the
» E.N. Natesan, BA, L Y . L
. Pulin Belari Roy. Karvetnagar or low hills in Chittoor district are
. Jitendra Mohan Mukerji, more or less bare and rocky.

Lower Subordinate Service, The party took the field on the 1st

40 Burveyors, etc. November 1915, reached camp head-quarters at

Arkonam on the same day, and returned to recess
at Bangalore by the 30th April 1916, with the exception of the triangulators and one surveyor
doing the town of Madras, who reached on the 20th and 23rd June 1916 respectively. The
north-east monsoon, which was generally a failure at its start, broke in earnest about the
beginning of November and lasted practically throughout the month delaying progress of
work considerably.

The health of the party thronghout was very good. Tirst class surveyor
Y. Narayanasvami Nayadu sueccumbed at Bangalore on the 14th March 1916, and surveyor
Shankar Balaji Mandhre went on medical leave during the field season.

Topoyraphy.—The country surveyed stretehes from the fairly high hills of the Eastern
Gbhats on the west (locally known as the Palkondas in Cuddapah and the Tirupati and
Karvetnagar hills in Chittoor district), in a succession of cultivated valleys and disjointed
ranges further east which finally merge into the plains of Madras, to the sea coast. In the
former, mostly covered with reserved forests, hill features are more regulac and less confused
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than in the latter, where continuity is lost in a succession of deta,e'hed hill ranges, mos'tly
devoid of forest growth except for a fringe of thorny growth, with Jow and un.dula.tmg
cultivated expanses in between, studded with numerous tanks and a large nnmbe‘r of wells to
sapplement the former. The most congpicuous .and notaple of these detached hill ranges is
the Nagari hills with high and precipitous cliffs sta.nclnng boldly out ab?ve the plains as a
Jandmark for miles around. On the summit of its highest .pom.t called Nagari Nose, 2,814 feet,
lights were burnt in John Company’s time to guid\? ships into the Ma.dras l.la.rbour. The
country further east and on to the sea coast extends in one.unbroken plain, re.lxeved by s'ma.ll
ridged or conical hills starting at St. Thomas’s Mount running south and formmg a continua-
tion of the Kastern Ghats. The capital of the Madras Presiden?y and many big towns' and
other places of historical interest fall in the area. The country is well populated and lnlg'h]y
cultivated. Palmyra groves and other trees are abundant and help tq shelter many tln-mng
villages. A feature of the sea coast is the heavy growth of casuarina. The Palar, Arm,
Cooum (Kivam), Adyar, Swarnamukhi Ponnaiyar and many other minor rivers augmented by
innumerable tanks help to drain and irrigate the country.
The work was distributed as follows :—

No. 1 Camp.—VUnder Mr. Butterfield with an average of 5 surveyors completed an area
of 790 square miles of 1l-inch sarvey, 652 square miles of 1-inch supplementary survey and

. . . - 0
2 square miles of 2-inch survey of reserved forests in sheets 57 TTise

No. 2 Camp.—Under Mr. Norman assisted by surveyor Y. Narayanasvami Nayadu
as an instructor with 11 surveyors and with the help of 2 surveyors from other camps
surveyed an avea of 1,388 square miles of 1-inch survey, 49 square miles of 1-inch supplementary
surve;' and 10 square miles of 2-inch survey of reserved forests in sheets 57 ﬁ.

No. 8 Camp.—VUnder Mr., West with 9 surveyors surveyed an area of 1,253 square
miles of 1-inch survey, 11 square miles of l-inch supplementary survey and 48 square miles of
c
3,4,7,8
No. 4 Camp.—Under Mr. Abdul Hakk with 11 surveyors completed an area of 1,796

N s 5 e D
M . 24 _r ¢ D
square miles of 1-inch survey in sheets 57 551515, 66 15755

2-inch survey of reserved forests and of the town of Madras in sheets 57 ﬁ, 66

The 2-inch reserved forests surveyed consist of small scattered areas situated in low and
rocky hills with a stunted growth of thorny shrub, grass and low bush. No difficulty was
experienced in the survey and interpolation was possible throughout. The boundaries were
checked with notifications and rough traces and maps supplied by the forest authorities during
the time of survey. For the survey of the town of Madras a 2-inch blue print of the survey
.of the town as done by the Madras Revenue Survey was obtained and inked up in black and
on measurement was found to be less than its denoted scale. Proper measurements were
computed and a blue enlargement to the 2-inch scale on mill board was supplied by the
Photo-Zinco Section, Southern Cirele. On receipt, to enable plotting of traverse data utilised
in the former survey, rectangular coordinates of graticule corners were computed in terms of
the Madras Revenue Survey origin. The above data and a few trigonometrical points,
supplemented by others by means of triangulation, helped the surveyor to begin and close his
plane-table traverses carried throughout the work. The work done by the Madras Revenue
Survey proved generally useful, helpful and aceurate. The avea of the town or district of
Madras is nearly 28 square miles to complete which, survevor C. Venkatasvami took 199
working days in a field season of 8 months and 3,650 traverse fixings.

The 1-inch survey was considerably helped by 1-ineh prints of maps supplied by the
Madras Revenue Survey. When these prints contained very little or no zamindari area in
which detail given was meagre or none at all, dircet bilne prints on mill and Bristol boards were
obtained from the Photo-Zinco Scetion as well as from the Madras Revenue Survey Office,
Madras. DPrints ecmbracing zamindari area were not availed of in the manner above noted but
were transferred in blue by the surveyors as the work progressed but )roved unreliable and of
no value. The work of the Madras Revenne Survey proved again very accurate and helped
considerably the progress of the party, 1In the coast sheets, where trigonometrical points were
few and far between, trijunctions of the Madras Revenue Survey were utilised as starting and
closing points of plane-table traverses. . In the same sheets a difficulty about heightsa was
experienced but was overcome l)‘\'-runmng)a, series of theodolite heights from G. T. Bench-
marks outside the work and carvied on further and throughout the work by a series of
clinometrie heights.

The l-inch supplementary survey was obfained from the existing d-inch published
maps of reserved lorests, previously surveyed, by blue print reductions to the li-inch scale, on
1]
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which all detail was inked up in black and all symbols made to conform to the latest existing
sheet of symbols and hill features indicated thereon. The prints on completion were pasted in
position on a projected and plotted 14-inch sheet by means of trigonometrical points common
to both and the whole was reduced to the 1-inch and printed on Bristol boards, ete. The work
was supplemented where necessary and brought up to the standard of surveys and contoured by
numerous heights and was found very correct. The country presented no difficulty ‘in survey,
Coolie transport, which had to be obtained from villages far distant, retarded work to a certain
extent and might have been worse had the Forest officials not helped to their utmost.

The full programme of the party, amounting to 6,002 square miles, was completed.
The outturn of the 1-inch survey, of the 1-inch supplementary survey and of the 2-ineh survey
was ) ,2.17, 715 and G0 square miles respectively, the average monthly outturn per man was
318, 491 and 49 sqnare miles respectively and the cost-rate per square mile was Rs. 8-5,
Bs. -5 and Rs. 638 respectively.

Triangulation.—The triangulation completed embraces the eastern slopes of the
Nallamalais in the north, the prominent hill ranges known as the Velikondas, mostly reserved
forests with open jungle and extending over morve than three quarter of the area in the west,
together with minor disjointed hill ranges 5 to 6 miles in length, for the most part bare and
rocky, the whole known as the Eastern Ghats. The remaining part of the country to the east
of the main hill ranges consists of flat and undulating ground with isolated rocky hills well
distributed, standing out of the plains. The country is generally open and easy of survey
except near and along the sea coast where the ground is covered with palmyra and easuarina
groves and other trees.  Main roads and village cart tracks throughout the area are numerous.
In the hills villages are few and a scareity of water is felt from April onward to the break of

the south-west monsoon.

M

i 992 square miles i N
Mr. Morton completed an area of 2, quare miles in sheets 57 T e

. M
Mr. Harihara Iyer 1,896 square miles in sheets 37 s——r513755» 97 + 7 , 66 3, Mr. Kodandera
an 0 - N
Mandanna 2,235 square miles in sheets 57 15—, Mr. Shib Lal 2,283 square miles in
- N o B

sheets 37 s s 00 7357 and swveyor Jagan Nath 1,335 square miles in sheets
~ N = - N A ~ B

57 ey 5T —ry, 66 2, 66 -

12,18 137

4 mcln tl averse charts, prepared by the Madras Revenue Survey for sheets 57.M, 57.N,
66.A and 66.B, were completed on receipt, by entry of rays of all geodetic work falling in
themn, as well as the entry by plotting and rays of all topographical forest triangulation affect-
ing them. When complete they were sent to the Photo-Zinco Section and divect blue prints on
Bristol hoards were supplied.  The country triangulated had the principal and secondary series
of the Madras Meridional and Coast Series, running through it, and on this the work was
based. For the triangulation of the 4-inch reserved forests, charts from the }-inch charts al-
ready mentioned, on which the forests had been roughly indicated, were enlarged by photogra-
phy on Bristol boards, every advantage being taken so that existing G. T. Bases, ete., on which
the work was to be based, should appear on them. The work was undertaken late in the field,
after the completion of the original 1-inch programme and was finished on the 20th June 1916.

The total outturn of triangulation was 10,041 square miles, 9,874 square miles, with
a cost-rate of Rs. 32 per square mile, was for ordinary survey and 167 square miles, with a
cost-rate of Rs. 29-8 per square mile, was for special forest survey on the 4-inch scale. The
hich cost-rate of the latter is due to the fact that the areas are scattered and that there was
delay in obtatning sanetion for the commencement of the special forest survey.

Traversing.— As there was no opportunity to start the theodolite traversing of the
boundaries of the reserved forests For survey on the 4-inch scale, owing to the lateness of the
seazon and want of meu, it was held over, to be undertaken the first thing before the whole of
the partv left recess in 1916, when work in this line will be put in hand in order to have data
ready for the special 4-inch survey for season 1916-17.

Recess Duties.—The fair drawing of the survey completed was distributed as follows: —

No. 1 Seetion.—Under Mr. Norman, sheets 57 ;%m.
No. 2 Jection.—Under Mr. West, sheets 57 15 5 06 34_,07,_9

No. 3 Section.—Under Mr. Butterfield and, while he was on leave, under the: officer in
charge assisted by Mr. Shaikh Muhammad Salik, sheets 57

No. 4 Section.—Under Mr. Abdul Hakk, sheets 57

12356'

66 —-2

1, 2,3,4,5"°

71, 13 g
There are 23 sheets (exeluding sheets 66 3_—5 which are being drawn as outriggers to
sheets GU ;7 respectively) for fair drawing, at the end of the year all of them were in hand and
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fairly advanced, two have been completed and finally examined and two more are under final
examination. The drawing is heavy and the typing severe, names in certain sheets average 25
letters, and the average number of names in a sheet is 400. For the advancement shown in
fair drawing, the members of the party deserve every credit and have worked hard. No. 4
Drawing Office lent some draftsmen to assist the fair drawing.

The total outturn of fair drawing is 6002 square miles and the cost-rate is Rs. 39 per
square mile.

Every endeavour is being, made to complete the computations of the season’s triangula-
tion, and a satisfactory advance in this direction has been made, as all data for the 4-inch
reserved forests in sheets 57 L—z,sl,vT,i,_e and the data for the coming field programme in

sheets 57 ;1 12}:3' o158 66 1_.:3" have been completed as well as the setting up and
partial compl'etion of the main triangles in the remainder of the work. Work in the above
line left undone will be put in hand and completed by the party computers during the field
season. Madras Revenue Survey trijunctions fixed by party triangulation in the coming
season’s programme have been computed and compared with values supplied by the Madras
Revenue Survey from reductions of their rectangular coordinates to spherical and disclose an
average difference of about 47 feet in Latitude and 75 feet in Longitude.

During the year the party has received several triangulation charts from the Superin-
tendent of the Trigonometrical Survey, in addition to those in hand from last year. A start
has been made in this line to see as many through but the section is small and as computations
are heavy and pressing, it has only been found possible to complete two viz. 48.L and 57.L.
The above section has been under Mr. Simons who, in addition, has the general supervision of
the computation section assisted by Mr. Harihara Tyer.

A small section has been set apart to help in abstracting, copying and re-checking of
trigonometrical data of forest triangulation previously computed, and triangulation data of the
past season completed and under completion both for the coming triangulation and detail
survey. This section has also completed the projection and plotting, ete. of 1-inch field tra-
verse charts, the tracing of 4-inch reserved forests’ margins previously surveyed and adjoining
the survey of forests to be surveyed on the same scale during the coming field season, and the
plotting and general completion of blue print reproductions of sheets received from the Madras
Revenue Survey, ete.

Miscellaneous.— With the exception of the fairly high hills where communications are
few and villages far distant, the remainder of the country is well supplied with railways, roads
and cart tracks, making access easy and quick. The Buckingham canal, linking up as it does
the back waters of the Pulicat lake and Ennore, insures inland communications throughout a
long stretch of country on the east coast.

The town of Madras and other fairly big towns and many places of historical interest
fall in the area. The country is irrigated by innumerable artificial tanks and wells, and by
many rivers, combining with natural fertility a deserving reward to the toil of the husbandman.

Work was considerably helped by the network of communications existing throughout
tl.1e area and by the facility of procuring double bullock carts, which are plentiful and of good
dimensions, on requisition. Jutkas or one horse country passenger cabs ply for hire on nearly
all main roads and at all railway stations. Coolies are difficult to obtain during the paddy
season at inland villages, owing to the great request they are in by the villagers, to sowand
reap the harvests of which three are gathered in between November and Apiil. Numerous
field distributaries, from all sources of water, help to irrigate the ground. This ground when
under cultivation hampers the work as chaining can only be resorted to and the chain men find
a.di[ﬁcult‘v in progression. The surveyor also has to meander to his forward station doing a
distance out of proportion to what he would do otherwise, were the country dry and passable.

The greatest difficulty was experienced in the survey of the distvict of Madras where
the surveyor had to find his opportunity for work during the hustle and traffic of a big city, in
the lulls that supervened or by starting work in the early morning hours, when the tlaxrm(;il of
tl}e_day had not begun. Many delays were experienced, owing to owners of property not
giving permission, although a credential, introducing the surveyor to private estate o“;ners,
from the Collector was forthcoming. The above however occurred rarely and generally the
credential more than satisfied its object viz, the progress of work. Another letter ftc,)r permission

to enter and survey Fort St. George was procured from the military authorities and was of
great help.
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No. 8 PARTY (MADRAR).
By W. F. E. Apawms.

The majority of the party remained in Bangalore throughout the year and commenced
a programme of fair drawing for 4-inch maps in

PERSONNEL. addition to completing the arrears of fair drawing
Prooincial Officers. for l-inch maps. Triangulation was carried
Mr. W, F.E. Adams, in charge. out In sheets 58 “'lfw’ o> 98 vn 12,1};, 516 »
» M. Mahadeva Mudslier, M. A, 58 mlfm ,. 58 ,'% 58 o

Upper Swbordinate Service. The country triangulated was very flat.
Rai Rahib Anantarao Dhondi.bn Mandhre. The field season opened on the 80th
Mr. K. Narsyanasrami Chetti November 1915 and closed on the 1st June 19186.
Lower Subordinats Service, The head-quarters of the party remained at

27 Burveyors, etc. Bangalore throughout the year.

The health of the party was good.

Topography.—No detail survey was undertaken by the party during the year under
report,

Triangulation.—The country in sheets 58 1ﬁ(,}T,16 was favourable for triangulation
while that in degree sheets 58.K and 58.1 was almost a dead flat with a slight slope of only a
few feet per mile towards the sea. The country inland consists of black cotton soil, immediately
succeeded by deep sand near the coast. Owing to the black cotton soil, the country is almost
impassable in wet weather. It is covered with dense groves of trees especially round villages,
and intersected by a net-work of bunds, dykes, supply channels and tanks. The fields are
filled with erops growing to a height of nearly 10 feet and most of the tank beds are over-
grown with a dense thicket of thorns of a kind of hard and matted badul which is exceedingly
difficult to clear. The coast country is covered with palmyra trees and thorn jungle and in
places with cocoanut groves. '

Mr. Mahadeva Mudaliar triangulated 2,234 square miles in sheets 58 ;- m’
58 mill(’{l’i._ﬁ.ﬁ , 58 %3. Mr. Narayanasvami Chetti, a beginner in this class of work, was
instrueted by Mr. Mahadeva Mudaliar at the commencement of the field season for about a
month, after which he started on his own and completed 1,591 square miles in sheets

5S = 58 & .

11, 13, 1513’)811 121415,10’ 123

The South-East Coast Series from Tuticorin to Ramnad was a great help to the
triangulator. In fact it was the Tower Stations of this series that made minor triangulation
in degree sheet 538.K possible. Wooden scaffolding had to be built round these Tower Stations
for observations, though it was with great difficulty that materials for it were procured from the
neighbouring villages. It was again a laborious task to reclear the lines, now overgrown with
trees, between stations which were mutually rendered visible in 1874-75. Many of the Great
Trigonometrical Stations along the coast had disappeared owing to the sand-waves which travel
from west-south-west to east-north-east, drifting the tops of sand ridges. In degree sheet 58.K
triangulated this year, there were as many as 26 stations (minor) made on tops of houses,
churches, temples and forts. ) .

The total area triangulated was 3,825 square miles and the cost-rate per square mile is
Rs. 4- 4. :
Recess Duties—Mr. Anantarao Dhondiba Mandhre was in charge of the fair drawing
section. During his absence on one month’s privilege leave Mr. Narayanasvami Chetti
eupervised the section.

1-inch sheets 58 - “ it 08 768 , b8 ]‘21 3 arrears from the previous year, were completed
and submitted for publication. 4-inch sheets 49 E, 58 st were completed and submitted

for publication, 58 %,581,.“,' are practically completed and 48\” S 48 s

58 5 .s.nw.. v 08 N.E.l,‘S.E. are in hand.

The total area fair drawn for 4-inch maps was 5,052 square miles and cost-rate per
square mile 1s Rs. 4-1,

Mr. Mahadeva Mudaliar was in charge of the computing section, and the computations
of all the triangulation are expected to be completed by the end of November 1916.

Triangulation charts 58.C and 58.D will be completed on the new system by the end
of December 1916.
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EASTERN CIRCLE.
(Vide Index Maps 3 and 6).

Summary.—The Circle was under the superintendence of Lieutenant-ColoPel R.T.
Crichton, C. L. E., I. A.and comprised Nos. 9, 10, 11 and 12 Parties and No. 5 Drawing Office.

6931 square miles were surveyed during the year consisting of : —

300 square miles of §-inch survey.

50 do. 4-inch reconnaissance survey.
5407 do. 1-inch survey.
66 do. 1-inch revision survey,
981 do. 2-inch survey.
128 do. 4-inch survey.

No detail survey was undertaken by No. 9 Party during the year under report. This
party carried out a total of 682 linear miles of traversing over an area of 1504 square miles.

No. 9 PARTY (BENGAL).

By J. SyirH.
With the exception of the traversing in advance for one-inch detail survey of sheets
A
PERSONNEL 79 555w Do field programme was allotted to
ER ' this party which was consequently employed on
Provineiol Officers. half-inch mapping throughout the year. In January
Mr. J. Smith, in charge. four surveyors, and in April one Provincial Officer,
» Dhani Ram Verma. were transferred temporarily to No. 11 Party till
» B.M. Renny. close of its field season.
,, Amar Krishna Mitra, up to 31st March 1916 ] .
and from 6tb July 1916. Traversing.—The area traversed comprised

portions of the Burdwan, Hooghly, Nadia and

Upper Subordinate Service, R
’ Jessore distriets.

Mr. Dalbir Rai,
. Ram Singh, The section consisting of three surveyors and
w Amulya Charan Ghosh (Probatiover). two pupils under Mr. Ram Singh commenced
» Gopal Lal Mitra (Pmb'ationer)' , field work on the 25th October 1915, and eclosed

Lower Subordinate Service. on the 28th Mareh 1916.

The officer in charge of the party inspecéed
the section on the 20th and 21st December 1915, and again at the end of March to supervise
the closing of the field season. 682 linear miles of traverse were run, fixing 2707 intersected
points such as trees, temples, ete., over an area of 1504 square miles, at a total cost of Rs. 11,610
which works out to Rs. 17 per linear mile. The health of the section was on the whole good.
One of the pupils had a bad attack of malaria which incapacitated him for work for a month,
but besides this, no other protracted cases of illness oceurred. The country surveyed was abso-
lutely flat, low-lying and cut up by numerous bils and rivers.

Ztecess duties—Computations of the traversing done have been completed, the mean

error in the chaining working out to 9 of a link per 1000 links, and in angular observation to
6 seconds per station,

26 Surveyors, etc.

Half-inch mapping.~—15 sheets have been completed and despatched to the Circle
F

.. ! .o . o N .
office for submission for publication during the year, viz. 73 N NENW.SESW
 — N _____ o P

NESENWSW SE W Wos D ww.sw a0d 5 This leaves one sheet of pro-
gramme of 1914-15 viz. 78 1 still in hand which is completed but not yet fully examined.

Of the 9 sheets allotted in programme of 1915-16 viz. 72 ﬁ ; 73 ‘_'N.Bw. ; 78 _—w"s.o -3

D F K . . . . .
83 yw, w mw,sw 8% xw_ s all are nearing completion excepting 83 N.FW_ of which

material has not been received. In addition to these sheets 94 w5 5+ have been put in
hand. T

Mr. Dhani Ram Verma supervised the mapping of sheets 72 S_I;v ;73 ﬁ;

0 P . X F
8 §5,sw o nesesws 8 ymw and 94 EW.

Mr. E. M. Kenny supervised the mapping of sheets 73 WBNT i 78 s Ns - NOW ,

P

BW,sE 83§ W.?ll. £ 5w- and 84 swo

Mr. Amar Krishna Mitra supervised the mapping of sheets 73 ﬁ; 78
S.OE. and T.?W.

N
N.E,S.E,’
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The cost-rate of the half-inch mapping in the report of last year was based on 10 com-
pleted sheets, but for this year only four completed sheets have been taken into ecalculation ;
consequently it is nearly double of what it was last year.

No. 10 PARTY (UPPER BURMA).
By Major E. T. Rich, R. E.
1. The recess office of the party closed in Maymyo on October 23rd 1915 and

PRRSONNEL.
Imperial Officer,
Major E, T. Rich, R. E,, in charge,

Provincial Qfficers,

Mr. W, @. Jarbo.
,» H. B, Bimons till 29th june 1916.

» A. V. Dickson from 22nd Muy 1916.

» A. F. Murphy.

opened in Myitkyina on October 26th 1915,

The office at Myitkyina was closed on May
25th 1916 and the recess office was opened in
Maymyo on May 29th 1916 where it remained
for the rest of the year.

The health of the party was not good
during the winter season, as there were numerous
cases of malaria from which two khalasis died.

2. Topography.—Surveys were complet-
ed over an area of 2857 square miles in Upper and

» D. N. Banerjee, L. C. E,
Lower Burma at a cost of Rs. 1,15,324.

Usper Subordinate Service. This area was surveyed as follows :—

Kiian Sahib Hayat Mubammad, 2220 sq. miles of new 1-inch survey.

Mr. Maung Kyaw Nyein. 222 do. 2-inch do.
D. N. Saha. .
T : 1
Rai Sahib Ram Prasad. 300 do. g-inch do.
65 do. l-inch revision survey.
Lower Subordinate Service, 50 do. 3-inch reconnaissance in

27 Surveyors, et. unadministered territory.

Total 2857 square miles.

The country surveyed in Upper Burma consisted of thickly wooded hills rising over
4000 feet above sea level and cut up by numerous low lying valleys.

In Lower Burma the country surveyed lay between the sea coast and the main range
forming the western watershed of the Tenasserim river, together with a number of islands
Iying off the coast.

It varied from the steep densely wood hills along the Tenasserim watershed which
were over 6000 feet high, practically uninhabited and with no communications, to the flat
alluvial land covered with villages nearer the sea whilst the sea coast was everywhere fringed
with mangrove swamps.

The party was divided into three survey camps under Major E. T. Rich, Messrs.
'W. G. Jarbo and H. B. Simons respectively.

Caup No. [.—In charge of Major E. T. Rich, with one Upper Subordinate, Khan
Sahib Hayat Muhammad and 2 surveyors completed an area of 311 square miles on the

1-inch scale in parts of sheets 92 £, 5:010 and 300 square miles on the }-inch scale with 50

. . . F
square miles of reconnaissance on the same scale in parts of sheets 92 ;7

Camp No. 2—In charge of Mr. W. G. Jarbo assisted by one Provincial Officer,
Mr. A. F. Murphy and one Upper Subordinate, Mr. Maung Kyaw Nyein in sub-charge of
sections with one Provincial Otficer Mr. D. N. Banerjee and 15 surveyors plane-tabling
completed an area of 757 square miles on the l-inch scale, 222 sqnare miles on the 2-inch
scale and 65 square miles of l-inch revision survey, in the Katha, Upper Chindwin and
Myitkyina districts in sheets 92 3_(;3 and parts of sheets 92 3- and 83-2,.

Cunp No. 3.—In charge of Mr. H. B. Simons with one Upper Subordinate, Mr. D. N.

Saha aod 7 surveyors, completed an area of 1152 square miles on the 1-inch scale in the

K T,

o e . = K L 1) LN
Tavoy and Mergui districts in sheets 95 55—y 5 and parts of 95 =5 4.

7
This camp was practically an independent charge as it was situnated over 1000 miles

from the party head-quarters in Myitkyina and Mr. Simons is to be commended for the good
arrangements he made for transport and supples.
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The average cost-rates and outturns were as follows :—

Half-inch survey—
Cost-rate Rs. 8:6 per square mile.
Outturn 58-6 square miles per month.
One-inch survey—
Cost-rate Rs. 41'8 per square mile.
Outturn 199 square miles per month.
One-inch revision survey—
Cost-rate Rs. 7'7 per square mile.
Outtarn 32°9 square miles per month.

Two-inch survey—

Cost-rate Rs. 90°5 per square mile.
Outturn 5-8 square miles per month.

3. Triangulation.—New triangulation was completed over an area of 2000 square
miles at a cost of Rs. 12,358 including the computations.

(a) Rai Sahib Ram Prasad triangulated an area of 1850 square miles in sheets
92 .r,,o,'o,:).T,u of the Putao district.

() Khan Sahib Hayat Muhammad triangulated an area of 150 square miles near
Myitkyina whilst re-observing at four stations in order to refix the stone at a station which
had been removed by some military signallers.

Great credit is due to the arrangements made by Mr. Ram Prasad who was working
most of the winter in high snowy hills under great difficulties over 15 days march from his
base in Myitkyind. He made all his arrangements for transport and rationing his men
bimself and was away for 7 months without being visited by any officer of the party.

The country triangulated by both triangulators consisted of high thickly wooded hills
and deep valleys sparsely inhabited.

The average cost-rate including computing is Rs. 62 per square mile.

4. Recess duties.—(a) The fair drawing was divided into two sections.

No. 1 Section.—In charge of Mr. W, G. Jarbo assisted by Mr. A. V. Dickson complet-
ed and sent for publication the 6 frontier sheets left unfinished last year, besides drawing
sheets 92 3—‘%6 and 92 2. None of these five sheets will be ready for publication befor:
the party takes the field, owing to the time spent in completing the 6 frontier sheets.

No. 2 Section.—In charge of Mr. A. F. Murphy assisted by Messrs. D. N. Banerjee
and D. N. Saha drew sheets 92 — eﬁ, T R
tion before the party takes the field.

The cost-rate of fair drawing comes to Rs. 85 per .sqnare mile,

5o all of which will be sent for publica-

(&) All the computations of the triangulation done during the field season were
completed during tho recess in charge of Khan Sahib Hayat Muhammad assisted by Rai Sahib
Ram Prasad with one computer.

The triangulation charts were also brought up to date.

(¢) Mr. Maung Kyaw Nyein was employed instructing 9 newl i i

ung ) ] y enlisted
Nos. 10 and 11 Parties in field work and fair drawing. ° pupils of

5. Oufturn and Cost-rales.—The cost-rates shew an increase all round except for
triangulation and onc-inch revision survey which shew a decrease.

This increase of cost-rates is however rather misleading, as, taken as a whole, the
total cost of the party for the year shows an increase of only Rs. 17,339 or 121 per ,cent
in excess of ]aslt- year’s cost, against an additional area of 739 square miles of szrvey e uai
to 25 per cent. in excess of last year’s outturn, so that the cost-rates on the whole maq b
considered satisfactory. y be

The (?ost-rate for 1-inch sarvey is increased by Rs. 82 per square mile, beine Rs. 41+8
compared with Rs. 3356 last year, Rs. 22:38 in 1913-14 and 23-21 in 1912-13 T

For 2.-inch survey the cost-rate is increased by Rs. 6°9 per square mile, being Rs. 905
compared with Rs. 8360 last year, Rs. 54°51 in 1913-14 and Rs. 5784 in 1912-f3 .

For triangulation, the cost-rate is very satisfactory being reduced by Re. 0-9 per
square mile, It is Rs. 6°2 compared with Rs. 7:07 last year, Rs. 8-41 i :

Rs. 1352 in 1912-13. yen = n 191314 and
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For 1-inch revision survey the cost-rate is reduced by Re. 0-5 being Rs. 7-7 compared
with Rs, 8:17 last year.

For mapping the cost-rate is increased by Rs. 1:6 per square mile, being Rs. 8-5.
compared with Rs. 6-94 last year, Rs. 7:51 in 1913-14 and Rs. 10°91 in 1912-13.

This increase in cost is due to the time taken over the arrears of heavy hill sheets
along the Burma-China border. ‘

No. 11 PARTY (LOWER BURMA).
By J. O. GreErrv.

The original programme of the party consisted in the execution of the survey, on the
2-inch scale, of 398 square miles of reserved forest

PEROONNKL. areas, in sheets 93 ﬁ’ 93 Es,_m‘?'ls,—w a  special

Provincial Qfficers. survey on the 4-inch scale, of 126 square miles of

Mr. J. O. Greiff, in charge, reserved forests in sheets 93%, 93 —5,% in the dis-

” g (J)‘. };i‘c:f:lrt. tricts of Mandalay and Kyaukse, Upper Burma,

" A. J. Moore, from 11th October 1915 to 18th and in the continuation of the $-inch and }-inch

March 1916, mapping in recess quarters, during the field season,
Upper Subordinate Service. by the Maymyo Drawing Office.

Ri Bahadur Lachman Daii Jadu, For field operations two camps were original-

Mr. P. C. Sen Guptn, B. Sc. (Probaticner). ly formed, comprising two officers and seventeen

surveyors.

Loter Subordinate Service,
The field camps left Maymyo on the lst
November and started work by the 10th November.

Towards the end of December, an urgent request was received from the Burma

28 Surveyors, etc.

Government, for the survey, on the l-inch scale of sheets 95 %, 95 01, 95 m, and
95 % maps of which were urgently needed, in connection with the Wolfram Mining
Industry, in the districts of Tavoy and Mergui. Owing to the very important nature of the
request the party was directed to immediately arrange to undertake the survey of these
sheets. The Superintendent of the Circle personally discussed and arranged, with the
executive ofticer, the principal details.

The new programme of work necessitated curtailing forest surveys round Maymyo,
and re-distributing the personnel of the party. It was decided to survey only the forest areas
required to complete l-inch sheets 93 Tnlz’ 93 5% to margins, and to utilise the surveyors
so set free, with three from the drawing office, and eight others transferred from Nos. 9 and
12 Parties, to form two field camps, under Messrs. Picard and Lachman Daji Jadu, for work
in Mergui and Tavoy. .

The two additional camps arrived in Tavoy and Mergui, by the beginning of February.
After making necessary arrangements for supplies, interpreters, boats ete., each surveyor was
sent out to his particular bit of work. Owing to the lack of communications and long
distances to be travelled in country boats, work was not actually started till about the
15th February.

The country surveyed in Upper Burma varied in elevation from 250 feet to over 4500
feet in the hills and was densely wooded with a heavy undergrowth of grass jungle. The river
Nam Tu which is the boundary between the Baw and Yevaman reserved forests, situated
respectively in the districts of Mandalay and Kyaukse presented a formidable barrier to
through communication, and to the survey of the hills along its flanks. The river in this part
of its course is more of the nature of a mountain torrent, confined between high hills, which
rise almost sheer and precipitous from the river bed. To survey these details frequent
crossings of the river were necessary, a tedious operation on small bamboo rafts.

In Tavoy the hilly seaboard area in the extreme north-west of the district, north of
the Heinze bay, and the upper reaches of the Tavoy river (Kaleinaung Chaung) were
swrveyed. In sheet 95 +, the main watershed, which is the administrative boundary between
Burma and Siam, was found to be very much ont in the old reconnaissance maps.

In Mergui the lower portions of the watershed between the seaboard and the Tenas-
serim valley, and part of the valley itself were surveyed, The country throughout was hilly,
rising to an elevation of 2500 feet, clothed with huge trees, below which was a tangled
undergrowth of bamboo, cane and other creepers. For plane-table fixings almost every hill



Vol. X.] TOPOGRAPHICAL SURVEY. L7

top had to be cleared. The ground in these dense forests is covered with heavy decayed
vegetation, which makes the air within noisome. The country along the sea littoral is cut
up by numerous tidal creeks fringed with dense mangrove swamps.

Owing to the existence of numerous waterways the distriet is practically devoid of
roads and paths. For marches into the interior paths had to be cut and cleared. Except
along the banks of the Tenasserim river the country is very sparsely populated, and east of
the river is uninhabited for miles.

The country has a heavy rain fall, due to its proximity to the sea. From about the
end of April rain was almost continuous. Coustant rain, dense forest, swamp vegetation,
leeches and other insect pests, precarious means of communication and supplies, rendered
progress slow and difficult. All main detail was surveyed by means of plane-table traverses.

The Wolfram Mining Industry is for the present confined chiefly to the hilly area north
of the village of Tenasserim. These are the foot hills of the range, that trends south through
Tavoy and Mergui, and in this locality breaks up into a jumble of low hills, cireled by the
Tenasserim river, which due south assumes a westerly course, and then doubles back upon
itself.

All supplies had to be arranged for from Mergui. Two depots were established from
which the detached camps were supplied.

The question of transport was a matter of great difficulty. Mules were imported from
as far away as Myitkyina. The cost of their freight was a very heavy item of expenditure.

Through the Burma Government a motor launch was placed at the disposal of the
party. The launch before being despatched from Rangoon was not overhauled, the consequence
being that she was practically hors de combat from the day she was landed at Mergui.

The Tenasserim is a dangerous river to navigate owing to its being full of ‘snags’.
In the annual veport for season 1891-92 it is stated, that the river is navigable by steam
launch as far as Tenasserim only, thence country boats up as far as Tarabwin, after which
only canoes can proceed, If this is correet, it is perhaps interesting to note the great change
that has taken place in the deep channel of the river, for motor launches of over two feet
draft, now go up as far as Tagu, three miles below Tarabwin, thence country boats as far as
Pawut, thirty miles up, after which canoes or dugouts are used, owing to numerous rapids
further ahead.

The field season opened on the 1st November 1915, and closed in Mergui on the 24th
June 1916. Seven surveyors were kept out till about the middle of July, to complete sheets
95 L and 95 . The head-quarters of the party remained at Maymyo.

The old 1-inch maps prepared from surveys done between 1889-1893 were found to be
very incorrect.

Topography.—The party was divided into three survey camps as follows :—

No. 1 Camp.— Mr. A J. Moore in charge, and eleven surveyors, completed the survey
of 285 and 128 square miles of reserved forest areas, on the 2-inch and 4-inch scales

. . B g
respectively, in sheets 93 g7 93 ;o om e

Mr. Moore received a commission in the Indian Army Reserve of Officers from the

19th March, when the section was taken over by Mr. A. K. Mitra, transferred temporarily
from No. 9 Party.

No. 2 Camp.—Mr. C. O. Picard in charge, with Mr. Sen Gupta and 12 surveyors,

completed the survey on the 1-inch scale of 1026 square miles in sheets 95 e 95 o
. 14, 16, 167 ¥ 3R %°

To the latter part of the season six additional surveyors were transferred to the section, to
help to complete the survey of the mining areas and sheets 95 1[‘7, and 95 5.
No. 3 Camp.—-Rai Bahadur Lachman Daji Jadu in charge, and six surveyors, completed

the survey of 286 square miles, on the 1-inch scale, in sheets 95 f—;

and 95 ;31
In addition 70 square miles in sheets 93 6'7_—':0—“ were surveyed, on the l-inch scale
for the General Staff, Burma Division, for the preparation of the Artillery Practice Camp Map,

The enlarged map, scale 3 inches = 1 mile, was i
§ = produced  direct f il
and was very satisfactory. ’ ’ eet from the feld origival,

The cost-rate per square mile for each class of work is as follows ;—

l-inch detail survey Rs. 50'7, 2-inch Rs. 78'4, 4-i
. . . , 4-inch Rs. 142'9. The rat i
owing to the heavy cost of transport, and high rates for local labour. Ries are high
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Triangulation.—Sheets 95 o I‘ sand 95 P , in the Mergui district were triangulated by
surveyor Muhammad Yusuf Khan. The trmngulntlon was an extension south from that done
in season 19138-14. The country was similar to that topographically surveyed. The area was
580 square miles, and the cost-rate Rs. 4°5 per square mile.

Recess duties.—The fair drawing for the season was divided between the Maymyo
Drawing Office, and a section under Mr. Lachman Daji Jadu.

Maymyo Drawing Office.—Was under the charge of Mr. Hart throughout the year,

and the outturn of fnir drawing done is very creditable. Seven }-inch sheets 84 g5—y sw S

92 %w.r . s = 93 ve = amounting to 7, 614 square miles, and 3,780 square miles in degree
sheets 84.N, 93.E, 93.I, were completed. The cost-rates for these are respectively Rs. 1-4
and Rs. 11 per square mile. Only the final examination of these sheets remains to be com-
pleted. It is hoped to be able to send these sheets for publication, during the next field season.

The drawing office has also taken up the fair drawing of 1l-inch sheets 93 W’ 9'3 C

95 f“, 95 P , of which 620 square miles have been completed.

The mapping section under Mr. Lachman Daji Jadu completed the fair drawing of 195
square miles, in sheets 95 5 954, 95 =

Owing to the prolonged field season, it has not been possible to complete the fair
drawing of the l-inch sheets during the recess season. The arrears of fair drawing will be
completed by the drawing office, and the sheets sent for publication during the next field season.

During the recess season, four 1-inch plans of the Wolfram mining areas in Mergui,
were prepared for the local authorities. The l-inch plans were enlarged by photography to
the scale 4 inches =1 mile, and blue prints on the enlarged scale supplied to the Deputy
Commissioner. These are to be utilised as the basis of a rigorous 4-inch survey, done on the
ground, of each concessionnaire’s property, and will be the legally recognised plan of each
concession,

The cost-rate per square mile for fair drawing is Rs. 8-6.

Twenty-nine forest boundary plots, on the scale of 4-inch equal to 1 mile, were prepared
during recess for the Forest Department.

No. 12 PARTY (ASSAM).
By LievTeNaNT-CoLONEL A. MEaRS, LA,
The previous season’s operations were continued eastward along both banks of the

Brnhmftputla river and comprised sheets 83

PERSONNEL, 13, “’ 158
83 &+ and 83 W The programme was
Imperial Officer, . .

mamly carried out on the 1-inch scale but included
Lieut.-Colonel A, Mears. LA. . the Nimbar, Diphu, Rengmai, Dayang, Kakadanga,
Provincial Qffcers. Disai Valley, Disai and Holongapar reserved forests

totalling an ar 47 i \
Roi Sahib Pramadaranjan Roj. hing ea of 472 s uare miles surveyed on

Mr. B.C, Newland. the 2-inch scale.
. P.C. Mitra, B.A, With the exception of about 250 square
H. H. Creed.

» ree miles in sheets 83 —, where an elevation of some
Upper Suberdinate Service. 4000 feet is attained, the whole of the country
Mr. G, S. Bagehi (Probationer). under survey is practically flat. From the foot
Lower Subordinate Serrice. of the Naga Hills, except where these adjoin

reserved forests, to the south bank of the Brahma-
putra river the country is almost entirely under
rice and tea cultivation, the area being one of the most important tea growing centres in the

42 Surveyore, efc.

valley of the Brahmaputra.

The field season started about the middle of November and closed at the commencement
of May by which date the weather had become very unsettled for plane-tabling; the traverse
section remained in the field till pearly the end of that month. The health of the party was
remarkably good considering the unhealthy nature of the Nambar and other reserved forests
under survey, this may be chiefly ascribed to the regular issue of qninine and to the khalasis
being supplied with thick linen socks as a protection from leech bites which otherwise are
liable to turn into bad ulecers. One surveyor was invalided during the field season and five
khalasis died.

Topography.—The party was divided into 4 camps for the execution of the detail
survey programme.
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Camp No. 1.—Under Rai Sahib Pramadaranjan Bay, with one Sub-Assistant Superin-
tendent and 9 surveyors completed the survey of one sheet on the 2-inch scale after which he
supervised the training section which surveyed 1 sheet on the 1-inch scale.

Camp No. 2—Under Mr. Newland with a strength of 8 to 10 surveyors surveyed

3} sheets on the 1-inch scale.
Camp No. 3—Under Mr. P.C. Mitra with 9 to 12 surveyors completed two sheets

on the 1-inch and 2-inch scales.

Camp No. 4—Under Mr. H. H. Creed with the assistance of 2 surveyors surveyed
1 sheet.

Of the country under survey close on 750 square miles was covered with the densest
of jungle which owing to the scarcity of villages and local labour necessitated surveyors’
squads being increased to 12 khalasis ; even with this number of men the progress was slow
on aceount of the large areas of cane brake and evergreen jungle met with. Some difficulty
was experienced in rationing surveyors and their squads in parts of the area which would have
been considerably increased had not the Assam-Bengal railway traversed a portion of the
Nambar forest. Except for the railway and one or two roads and paths, surveyors had to
make their own communications and elephant transport was confined to the few existing paths
owing to the heavy clearing needed when these were abandoned.

The plains adjoining the Brahmaputra river call for no particular mention resembling
in most respects the country described in previous reports. An area of some interest is the
Majuli island situated between the Brahmaputra and Luhit rivers containing some of the
most noted Sattras or religious colleges of Assam.

The sites of the ancient Kachari cities Dimapur and Kasomari fall in the area of
operations as also that of Rangpur, the capital of the Ahom kings, the ruins of which lie
about 2 miles south of Sibsiagar. The remains of the Kachari cities are almost entirely buried
in the dense jungle of the Diphu and Dayang reserves; those of Rangpur are in better
preservation and comprise many fine tanks and the ruins of temples and palaces. Descriptions
of these interesting remains are to be found in the reports of the Archzological Survey.

The cost-rate for 1-inch survey for the season is practically identical with that of the
previous year and may be considered favourable. The slight increase in the cost of the 2-inch
survey is attributable to smaller individual outturns owing to the extremely dense nature of the
forest growth and the necessity for the employment of larger squads of Hazaribagh khalasis
due to local labour being unobtainable.

Triangulation.—No triangulation was carried out by the party during the season under
report.

Traversing.—Advance traversing was extended porth and eastward into sheets

83 1 J M N " . .
LT W5 T ¥ s T OVer an area of some 1850 square miles for detai
survey on the

]1-inch scale. Selected stations such as bench-marks, bridges, mile and revenue stones to the
pumber of 394 were permanently marked, in addition 809 zine eylinders were embedded.

The country traversed was flat and of a similar nature to that under detail survey. The
traverse survey cost-rate is slightly less than that for the previous year, this is mainly due to
there having been no Provincial Officer in charge of the work; the rate may be taken as a
favourable one for the nature of the country under traverse.

Recess dutics.—The fair drawing of the season’s outturn, comprising 8 one-inch sheets
bas been earried out by 3 drawing sections under the supervision of 1\Iessrsc: P. Ray (3 sheets)’
B. C. Newland (3 sheets) and P. C. Mitra (2 sheets). It was found possible to adopt dire t:
mapping for 34 sheets there being little or no distortion in the field sections, this hgs consci-

derably expedited the progress of the work. Sheets 83 13-z and 83 115 were submitted for
' 7

publication before the close of the survey year and the remaining sheets 83 will be com
pleted before the party takes the field. e )
s o F .
' In a,ddlt‘loll 'to the E.l.bOVC, sheets 83 s 5zres of the previous season have been sub-
mitted for publication during the year under report making a total of 10 one-inch sheets. Th
- . e

C f b ( orest area surveved on t e 2.1 h S G
1 (4 sections o ¢ re ¢ T Y d N h ~=1Nn 1ave be
1 l t tl 'eSCrY ] f est c Cale 1n Sheet 83 13 l Vi (31]

sent to the Forest Map Oflice for fair mapping, the survey being a purely forest one

; tlThe f:ost-rn.t(.& for fair mapping works out at a somewhat higher average per square
mile than in previous years due to the large amount of 2-inch sur ing )
e fon i e iy survey having curtailed the
Rough trangulation charts for sheets 83, F and 83. J with manusecript lists of dat
have been prepared and submitted to the Superintendent of the Trigonometrical Survey 'l?ha
. e

computations of the traversing, carried out during the fi
¢ field sea:
work has proved of good quali‘lo’y. . "o have been completed, the
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TABLE 1.
OUT-TURNS OF DETAIL SURVEY.
Out-turn, square Aﬂ".’"‘?‘ number of
miles. mg‘u‘;ii.: ."l““e
Scale. Class of Survey Cirole. Party. Locality. pAe',.e:f:
Total, |Per month | In n’l! {by |Plane-table!
W:i ku;ﬂ " resection).| traverse,
days.
t.inch .| Revision
Survey . N No. 1| Kashmir and Jammu 51 204 12
}-inch .| Survey 3 No. 6| Hyderabad .| 9,886 | 83'5 46
E |[No.10| Upper Burma 300 | 586 1:0
l.inch .| Survey . N No. 1| Kashmwir and Jammu 588 | 487 20
N No. 2| Punjab & Rajputana| 1,602 | 47-0 60 5-0
N No. 4| United Provinces
and Nepal 130 ] 194 8'3] 12'8
8 No. 6| Bombay and Hydera-
bad .| 1,261 236 12-5
No. 7| Madras 5227 | 318 95
E No.10 | Upper and Lower
Burma e | 2,220 19-9 60 50
No.11 | Lower Burma 1,382 18:0 60 15-0
E No.12 | Assam 1,805 |21°9(a) 1:0 20°0
l-inch .| Re-survey No. 4| United Provinces
and Nepil 800 | 27-0| 15°0| 130
I-inch .{ Revision
Survey N No. 2| Punjab and Rijpu-
tana o | 1,043 58:0 40 50
N No. 3| United Provinces ... | 2,152 26°5 80
N No. 4| United Provinces ’
and Nepal 802 | 42'7( 11'5 9'6
E No.10 | Upper Burma ... G5 | 329 50
l-inch . Supplementary
Survey 8 No. 7| Madras 715 | 49-1 48
1i-inch .| Survey 8 No. 6| Hyderdabad 30 85| 395
2-inch .[Survey N No. 3: United Provinces ... 3901 | 1007 | 165
S No. 5| Berar and Central
Provinces 64 66| 20:0| 30-0
K] No. 7| Madras 60 49| 887
E No.10 i Upper Burma 222 58, 1000 420
E No. 11 Ditto. 285 49 140 440
B No. 12! Assam 474(b) | 6-6(a) 62°0
4-inch .| Military N No. 1| North-West Fron-
Survey tier Province 64 721 370
4.inch .Survey (speciall N No, 3| United Provinces ... 50 201335
forest)
E No.11 | Upper Burma ... 128 2:91( 220]| 960

(a) Training section excluded from average.
(8) Includes 1'54 square miles of unreserved land,



31

Vol. X.] TOPOGRAPHICAL SURVEY.
TABLE 1.—Concluded.
OUT-TURNS OF DETAIL SURVEY.—Concluded.
v number of
Out-t:lrﬁ;?unre Aﬂlm:l:ﬁfe .ulun'.r?a
Scale, Class of Survey. Cirele, Party. Locality. 3:: l;f: .
o [P 7 P
working
days.
4-inch .|Supplementary] N No. 3| United Provinces . 495 | 350 208
Survey (special
forest)
16-inch.| Survey N | No. 20 |Sanawar, Kalka, Fort
Lockhart, Hangu
and Thal .| 1-82 569
16-inch. | Re-survey N No. 20 | Peshawar, Rawalpin- 0-38
di, Bakloh, Jullun-
dur, Bannu, Jhelum,
Sialkot and Topa 27-77 50-12
64-inch.| Re-survey N | No. 20 | Peshawar, Rawalpin-
di, Bakloh, Jullun-
dur and Banuu
Bazaars 0-54 | 003 3-27
125 feet | Survey N No. 20 | Simla (N.I. Lines) 1 (a)
tolinch.
125 feet Supplementaryl N Simla | Simla vee [1,060-0(a) (630 (2) 4'5
tolinch.| Survey Survey (per
Detach- acre)
ment

(a) Acre or ncres,
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PART II.—GEODETIC AND SCIENTIFIC
OPERATIONS.
TRIGONOMETRICAL SURVEY.

ASTRONOMICAL LATITUDES.

PensonyeL of No. 13 PARTY
Imperial Qfficers.

From 1st October 1915 to 12th September 1916
the Superinlendent of the Trigonometrical
Burvey held charge in addition to his other
duties,

Major G. A. Beazeley R. E,, in charge 13th to 24th
September 19186.

Major H. H. Turner R. E,, in charge 25th to 30th
September 1916.

Lower Subordinate Service,

2 Compulers, etc,

As no officer was available no Latitude Opera-
tions were undertaken and the personncl of the
party was employed at the Head Quarters Offices.
Progress was made with the marking of the Longi-
tude stations by means of suitably inseribed slabs.
Up to the end of September 1916 the following
stations have been marked:—

Agra, Akyab, Amritsar, Bangalore, Bellary,
Deesa, Fyzabad, Jalpaiguri, Jubbulpore, Karachi
and Nagarkoil.

PENDULUM OPERATIONS.

PersONNEL of No. 14 PARTY
Imperial Qfficers,

The Superintendent of the Trigonometrical Survey

beld charge in addition to his other dutics.
Lower Subordinate Service,
2 Computers, etec.

As no officer was available no pendulum work
was undertaken and the personnel of the party was
employed at the Head Quarters Offices.
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TRIANGULATION
By J. pe Graarr HuntEr, M. A,

No new triangulation was undertaken during the
Prrsoxxer of No. 15 PARTY. season 1915-16, but one detachment was employed
in revising the southern triangle* of the Manipur
Meridional Series, which when observed at the
end of scason 1901-02 exhibited a large triangular
error. This detachment consisted of :—
Mr. L. Williame. Myr. L. Williams in charge.

G. A, Norman, B
" - Mr. Jugal Behari Lal.
Upper Subordinate Service.

Imperial Service,
J. de Grasff Hunter, Eeq., M. A,, in charge.

Provincial Service,

NoTE—Mr. G. A, Norman's eervices were lent to the
Mr. Jugal Behari Lal. Superintendent Northern Circle till the 156th September 1916,
on which date he was transferred to No. 17 arty and Mr,
Jugal Bebari Lal was traneferred to No. 19 Party from the
16 Compulers, etc. ot August to 17th September 1916.

Lower Subordinate Service,

PRINCIPAL TRIANGULATION.

No. of stations observed at 4
” ,»  newly built and fixed
Length of triangulation completed in miles ... Not shown as
work was only
’ » remaining to be done ... {\ revisionary.
Area ' in miles
No. of triangles observed 2
No. of Astronomical Azimuths observed 2
» ’ Latitudes observed 2
| Maximum triangular error 07-647
Average " i . - 0”641

Mean closing error in latitude

” ” sy longitude .., Not shown as
) work was only

” » » » height ... ... |[ revisionary.

» " 5 azimuth ..,

oo » » log side unit being the seventh place of

decimals.

T. & S. 12-inch

Theodolite used ... | micrometer No. 11

‘ ’lhe.lewsnon of th‘e observations of the southern triangle of the Manipur Meridional
Scries was important as it formed the connection between this series and the Burma Coast
Series, and it was necessary to ensure an accurate connexion before the final adjustment of
the triangulation could be taken up.

The stations, at which observations were retaken, are situated on the western spurs of
the Arakan Yomas in the Akyab and Kyaukpyu districts of Lower Burma. The country is
of a most difficult nature being cut up by innumerable creeks and great difficulties were
encountered in the matter of transport and supplies.

® }ide Index Mup Mo, 1,
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The two stations of the Burma Coast Series on which the Manipur Meridional Series
had previously been closed were found destroyed. One of these stations Rongdong H.S. was
rebuilt with the aid of the-auxiliary marks but the old position of the second station
Angrantaung (Ingrantaung) H. S. could not be satisfactorily determined and a new station
was built on the site. It was therefore necessary to carry the observations down to a third
station Rankhamao (Retkamauk) H. S. of the Burma Coast Series so as to ensure a thoroughly
satisfactory connection. ’

The triangles were observed with Troughton and Simm’s 12-inch theodolite No. IT
and the average triangular error was 07 64. This is satisfactory considering that the stations
were unfavourably situated, several rays grazing badly over intervening hill ranges with the
result that the helios and lamps were most unsteady and difficult to intersect accurately.

An opportunity was taken during the course of this work to carry out some astronomieal
observations. Two astronomical azimuths and two astronomical latitudes were observed,
the results of which are summarised below, together with those previously obtained at the
adjacent station of Dattaung.

The latitudes were observed on the circum-meridian plan and the results show a very
satisfactory degree of precision, the probable errors being 019 and 013 respectively. The
probable error of a single observation in each case was 2”0,

Astronomical Latitudes and Azimulths,

Deflection of plumb-line,
- Positive values indicate
‘ $ westerly or southerly
Name of station ° o P deflection.
s 2 2
= ‘& " A—Gcota
a s 3 , A-G (in prime
- 3 = (in meridian) vertical)
o , " v About 20 miles
Yeponetaung  ILS.| 20 15 | 95 42 [ 2819 | —4717 | —a4ry | inland from Bur.
[—G' 0] [—16'6] high ranges to
north and soulh.
-Q= On an island prac-}
i - K v b) -— ) — . P
Ret-ka-mauk HS. |19 48|93 281585 } ~§ 9-2 feally on const
(=3 3] [—= 141 | line.
Dattaung HS. {20 13]93 1] .. +2 0 —10-3 Agil:lstid 2 the }
] - B ya ectro-
(+0- 2] | [= 50] telegraphic lon- |
Values in square brackets are gitude results.
in terms of most recent
spheroid. (Helmenrt)

The values of the latitudes, longitudes and azimuths of the stations are in final terms
of the Burma Coast Scrvies computed from the finally adjusted values of the Indian
Trianzalation.  The<e values will be shehtly modified when the Burma triangulation is adjusted
as a whole.

Azimuth Clservations.—\ correction of + 2”2 is necessary to close these results on
the lonzitude ares (vide G.T.8. Volume XVIII Appendix S.) giving corrected results
of =227 and =770 respectively on the Everest Spheroid. Expressed in terms of the latest
spheroul a further quantity 576 has to be added giving the final results —16™6 and —1"4
respectively, It is worthy of note that the station Retkamauk sitnated on an island near the
coast with open sea to the west and mountainous country to the east shows only a wery slight
inlandl (eastward) dellection, whereas the station Yeponetaung which ix 20 miles inland has
a deflection of 1676 eastward.  This is comparable with the eastward deflection found at coast
stations in India r.g7., Madras, Mangalore.
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TIDAL OPERATIONS

By Kuan Bauapur SYEp Aurap HossEln.

Tidal registrations by means of self-register-
ing tide-gauges were continued during the year
PersonNeL of No. 16 PARTY. under report at the following ports* :—

Provincial Officers. Aden, Karachi; Apollo Bandar (Bombay),

Mr. H.@, S8haw, in charge from 1lth Janusry Prince’s Dock ( Bombay ), Madras, Kidderpore,

1916 to 17th February 1916. Rangoon, Moulmein and Port Blair. This work

Khan Bahadur 8yed Aulad Hossein, in charge till  wascarried out under thedirection of thisdepartment,

10th January 1916 snd again from 18th b4 the jmmediate control of all the tidal

February 191€ to end of the year. observatories was entrusted to the local ofticers of

Mr. 8yed Zille Hasnain,
the ports concerned.

Lower Subordinate Service. In addition to the automatic tidal

registrations at the above ports, readings of high

and low water were taken during day-light on

tide-poles at Bhaunagar, Akyab and Chittagong throughout the year for the purpose of

checking the corresponding predictions which were based on observations taken some years ago.

20 Computers &c.

List oF TipAL STATIONS.

The following is a complete list of the ports at which tidal observations have been
carried out from the commencement of the tidal operations in 1874 up to the present time.
The permanent stations are shown in italics; the others are minor stations which were closed
on the completion of the requisite registrations.

Serinl Automaticor Date of Date of Number of
Non Stations, Persounal commencement closing of years of REMARES,
. observations. |of observations. observations, observations,
1 | Suez . . . | Automalic . 1897 1903 7
2 | Perim . . . " . 1898 1902 5
3 | Aden . . . “ . 1879 8till working 37
4 | Maskat . B . " . 1893 1898 5
5 | Bushire . . . » . 1892 1901 8
o 1868 1880 13
6 | Kardchi . . . " . ] } 49 |t Small tide-gauge
1881 Still  working 36 working,
7 | Henstal . . . " . 1874 1875 1 2
o Tide-tables not
8 |Naviner . . " . 1874 1875 1) published,
) 1874 1875 1
9 | Okha Point . . " . Restarted } 2 | Year 1904-05 is
1904 1906 1 excluded.
10 | Porbondar . .| Personal . 1893 1894 2
10A | Porbandar . . | Automatic . 1898 1902 2 Years 1898, 1899
and 1902 are
11 | Port Albert Victor | Personal . 1881 1882 1 excluded.
(Kathiawar),
114 | Port Albert Victor | Automatic . 1900 1903 4
(Kathiawar),
12 | Bhaunagar . . " . 1889 1894 5
13 | Bombay (Apollo " . 1878 il i
Bandar), ] 8till working 38
14 | Bombay (Prince's Dock). Y . 1888 » 28
15 ) Marmagao (Goa) . " . 1884 1889 5
16 | Karwar . . . " . 1878 1883 [
17 | Beypore " . 1878 1884 6
18 | Cochin . . . » . 188G 1892 6

* Vide Index Map No. 14.
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Sarisl | Btations, Aulgg::';‘i:lor mencoment losia Ofot N:;:E l::? ' Remarxs,

No. observations, |of observations. obervations, observations.

19 | Tutioorin . . | Automatic * 1868 1893 5

20 | Minicoy . . . » . 1891 1896 5

21 | @alle e " . 1884 1890 6

22 [Colombo -« . . " . 1884 1890 6

23 | Trincomalee . . " . 1890 1896 6

24 | Pamban Pass . . " . 1878 1882 4

25 | Negapatam . . " . 1881 1888 6 Years 1883 to 1885

) are excluded.

1880 1890 10

26 | Madras . . . " . { Restarted " . Ea[
1895 Still working 21

27 | Cocanada . . . " . 1886 1891 6

28 | Vizagapatam . . " . 1879 1885 6

29 | Falee Point . . . . 1881 1885 4

30 [ Dublat (Sagar Ieland) " . 1881 1886 b

31 | Dieamond Harbour . » . 1881 1886 b

32 | Kidderpore . . » . 1881 Btill working 35

33 | Chittagong . . " . 1886 1891 5

34 | Akyah . . . " . 1887 1892 5

35 | Diamond Island . . . 1895 1899 5

36 | Bessein (Burma) . » . 1902 1903 2
1880 1881

37 | Elephant Point . . " . { Restarted } 5 Year 1880-81 is
1884 1888 excluded.

38 | Rangoon . " 1880 8till working 36

39 | Amherst. . . . ” . 1880 1886 6

. 1880 1886 6

40 | Moulmein . . . " . { Restarted ] ) f 13
1909 Still working ki

41 [ Mergui . . . " . 1889 1894 5

42 | Port Blair . . " . 1880 8till working 36

‘WoORKING OF THE OBSERVATORIES.

All the tidal obscrvatories, except Madras, were inspected by Mr. Syed Zille Hasnain
during the year.

The inspection of the tidal observatory at Madras was carried out by Mr. H.G. Shaw.

In the course of the inspection of each observatory the level of the bed plate of the
tide-gauge with reference to the bench-mark of reference was carefully tested by means of
spirit levelling ; the working zero of the tide-gauge was determined by a series of observations
during rising and falling tides and compared with the true or adopted zero; the zero of the
graduated staff was tested with reference to the zero of the tide-gauge; all the instruments
were thoroughly overhauled, cleaned and put in perfect working order and adjustment; the
observatory well was cleaned and free communication between it and the sea was restored ; the
observatory cabin was examined and arrangements were made for any repairs, if necessary.

The following remarks regarding each observatory may be added : —

Aden.—The driving clock of the tide-gauge stopped several times owing to bad weather,
but on each occasion the interruptions in the tidal registrations were only of a few hours
duration. The Inspecting Officer found that the inlet hole of the observatory well which was
originally one inch in diameter had, by action of the sea, become nearly twice as large, in
consequence of which the water was allowed to pass in and out of the well too freely and the
registrations of the tidal curves on the diagrams were considerably distorted.
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He reported the matter at once to the Chief Engineer of the Port Trust who had the
above defect remedied by having the inlet hole reduced to its original size.

Kardchi—The tidal registrations at this observatory were interrupted more tban once
owing to the communication hole between the sea and the observatory well being accidentally
blocked for short intervals. The tide-gauge has, on the whole, worked satisfactorily.

Bombay (Apollo Bandar).—During the past year there has been only one interruption
of a few hours in the registrations of the tide-gauge owing to the stoppage of the driving
clock. With this exception, the gauge has worked very satisfactorily. At the time of the
inspection the graduations on the lower portion of the graduated staff were found to ha.Ye
become very indistinct. The staff was removed and a new staff properly painted was fixed in
its place.

Bombay (Prince’s Dock).—The tide-gauge at this observatory has behaved slightly better
than last year. The tidal registrations were stopped 8 times during the vear under report, the
disturbing cause being the stoppage of the clock or the breaking of the pencil wire. The
longest interruption was for 16 hours.

Madras.—There have been no breaks in the working of the tide-gauge during the year.
Owing to the force of the waves the araduated staft fixed on the harbour wall close to the
observatory was twice dislocated.  Arrangements have now been made by the harbour
Engineers to have it more permanently fixed.

Kidderpore—The working of the tide-gaugze has been satisfactory. The observatory
cabin has been in constant need of repairs for some vears past and the piles on which it stands
are badly eaten away. Moreover, there has been continual trouble in keeping the bottom of
the observatory well clear owing to shallowing at the present site. These facts were brought by
the Inspecting Officer to the notice of the Deputy Conservator of the Port for the last two or
three years, The Port authorities have consequently decided to build a new tidal observatory
in deeper water close to the iron jetty at the Kidderpore Dock head at a short distance from
the present observatory. The site of the new ohservatory was inspected by the Inspecting
Officer in January last and the plans of the building have since been received and passed by
the Superintendent of the Trigonometrical Survey. The Deputy Conservator of the Port now
reports that the new observatory may be expected to be completed in January 1917,

Rungoon.—The tide-gauge at this observatory has worked very satisfactorily during
the past vear, no interruptions having oceurred in its registrations. As mentioned in last
year’s report, the length of the iron eylinder of the observatory was reduced by four feet to
allow of a greater clearance between the bottom of the well and the river bed. This arrange-
ment has had the desived effect. When the Inspecting Officer visited the obser\'atol"\‘_in
February last he found the bottom of the well perfectly clear of mud and the communication
between the river and the well quite free.

The observatory cabin was found to he in need of some repairs. The matter ias
brought to the notice of the Deputy Conservator of the Port who did the needful,

Moulmein.—Tidal registrations at this observatory have been continuous and satis-
factory. The Inspecting Officer found that some mud had collected on the outside of the
cylinder which, if allowed to acenmulate, might have interfered with the free communication
between the sea and the observatory well.  Ha had it thoroughly cleaved.

The gradnated staff was found to have slightly sunk. It was removed and refixed at
proper level, so that its zero was identical with the zero of the tide-gauge.

Port Blair—The tide-gange at this observatory has, as usunal, worked in a very satis-
factory manner. The observatory was only built last year and every thing connected with it
was found to be in a very neat and tidy condition.

CompuTaTiONs AND REDUCTION oF OBSERVATIONS.

All the computations pertaining to past year's work have been completed and there are
no arrears. The tidal observations at the nine working stations for the year 1915 have been

reduced by harmonic analysis and the values for the tidal constants thus determined are shown
in the attached tables.

' These tables give the amplitudes (R) and the epochs ({) at the various stations; they
nlso. give the valufas of H and K which are connected with R and £ in such a way, through the
various astronomical quantities involved in the positions of the sun and the moon, that if the

tidal observations were consistent from year to year H and K would come out the same from
each year's reductions.
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1915.
E ADEN KARACHI BOMBAY(AWMOBMMM)
B A,=5-951 feet A,=T-318 feet A,=10-247 feet
mw
k]
gﬁ R ¢ it x R ¢ 1 i x R ¢ H p
Short
Period c o ° o o °
S, J0-1097174:62,0-109 1714-62]0-096{185-95|0-096|185-95{0-076|191-87 [0-076|191-37
S, 067712k 1310-677{2Lk-13]0-96: 325'20!0'963 325-20)1-569 5-06(1-569 5-06
S, [0-005:237-88|0-005237-88]0-014] 3-60 0-014| 3-G0 0-022203-23(0-022/203-23

S, |0-005 200-41.0-005:200-41]0-009|320-19 0-009.320-19]0-006|136-47|0-006|136-47

S, [0:002 309-0%:0-0021309-00{0:002| 49-76 0-002| 49-76]0-003}130-10/0-003|130-10

M, O-Ubﬁi 75440043 L0-19]0-051| 81-82 0-039| 47-6110-076| 97-77|0-059| 6375
| |

M, |1 519 2291611563 |226-19]2-504( 20682 2-576(205- 043860 3325913971 33120

N 822

1. [0-019 35:50,0:020,210-60[0-048|139-28 0-030{316-61 0-063;210-47,0-066| 28-39
0:004:301-70,0-004]295-16J0-039 337'71{0-0}1 334-15]0-103 335-51,0-109|330-75

|

0-003 333-44:0°003/323-63]0-042(211-51/0-046206-16]0-014| 75-30(0-015| 71-15

M. [0-001:254-06'0-001(240-95]0-005|238-00;0-005|230-87|0- 00432578 |0-004[320-25

O [0 T61H237-39:0-665] 36-040-780(246-22.0-680) 47-3110-762 247650664 49-16

=

Ky J1- 125 199-75 13057 34-86]1-4H451211 81 1-324) 46-8611-511,211-1511-384) 46-15
K, J0-236. 25-22 0-190:235-92]0-330]105 -84 0265316 42]0-558 141-37 0-448{351-71
PoJo-127 220-59:0- 127 30-0600-£16(232-01 0-416( 42-1310-431 233-41:0-431! 43-55
| | 4
Jy 0182 32120001251 36-0110-127|331-94 0-112) 45-83]0-141-338-12 0-124, 51-78
1

)
Q, [0-201 120-07:0-175] 2-01]0-200({129-9
L, [0-03F 15590 00
!

0

0-175] 54-2710-200.13:4-27:0-174| 59-22
0-090 314-31 0'135;295-43}0'110 31119

‘ .
5+ 8110-6001159-60 0-G17 281-05]0-949 195-87,0-9761317-95
L 0090135923 0-093:231-04]0-125- 24-49,0-128(256-88

SS-07]0-040[268-46.0-052264-89]0-174.318-78:0-1811316-02

23357510110 268-7-

N, (O R20 10665 0132 2
vy (0:035 31ES6 0060, 1
o [0 19E-61 0-05711

: : }
]

T, [0-080 212-21°0-050 2
(QMSY,J0 008 160075 0-017 1S
(IS Jo-021 15k 43 0-022. 1
!

13 0-0%0

110 317-0110-110]318-6210-207) 0-98 0-207| 2-61
<0441323-81:0-045|322-03]0-101| 49-13]0-10F| 47-7
«024122-26{0-024|124-05]0-052 10706 0033|108

oo

i
\
;
1

ANAD0S67325: 207-05]0-071] 11-42:0-073{256-10|0-089| 68-56|0:091|214-06
LN (0015712965 0-016 2455 1f0-035]214-37:0-037 [334-0:3]0-014,226-77,0-015|347 - 44
s7 278-90[0-060!183-80:0-057| 17-03}0-007155-23/0-007 34884

!

ALK 0024 09 0 023

3”:“Hu‘¥013:226-12’0'ﬂlt 250000241261 - 52

0-023] 62:94]0-052|275-770-051| 78-00
|

l
| l
Lone 1 | i
Pertoul i 5 S i 5 ° s .
M [0 000 387-53 0-010 225390023, 31-72 0-026.26S-50 0-013‘332-57i0~0L8 20913
‘ | | | ‘
ME [0-oar 148412 n-n;oi 3-7610-016] 99-05°0-012'315-08]0-050:113-60 . 0-037 35920
| i : | ,
MSE {0007 5665 0-007 59-95[0-034,203-660-035 205- 4 0-026}119-+3i0-027 12081
Sa [0-335 77-15 0-335 357-12 n-11+‘113-u7;0-11;i 33:53410-163| 33-48/0-163 31331
S 0-131:2w1-aa 0-134 131+ 42 0-079|316-n7 0-079i156-71 0-106| 3-65/0-1061203- 36
!

|
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= BOMBAY (Prince’s Dock). MADRAS. KIDDERPORE.
o
g- A,=8-283 feet A,=2-329 feet A,=10-453 feet
@
& R ¢ H .| « R ¢ H x K ¢ H x
Short
Period ° o ° o ° °
S, |0-098(191-41]0-098|191-41]0-030| 86-12(0-030| 86-12]0-086/191-61.0-086]19]-61
S, [1:-619] 5:07/1-619| 5-07]0-4631268-95(0-465|268-95]1-573| 9738 1-573} 9738
S; 0-0221215-9110-02212 5-9110-003[267-9610-003{267-9610-095)117-08{0-095}117-08
S, 10-003(173-89!0-003]|173-89[0-001{122-01{0-001{122-010-002| 16-70;0-002] 16-70
S, [0-001] 16-70;0-001| 16-70]0-002{328-3910-002/328-39]0-002}26:3-99-0-002;263-99
M, [0-075| 96-52|0-058| 62-30[0-028| 38-20(0-021| 4-43]0-067{100-33 0-051| 66-83
M, |3:976(332-54(-4 090|331-15]1-065|239-60|1:096238-7213-756| 54-32|3-864| 53-98
M, [0-067|215-38/0-069] 33-31]0-003|195-95|0-003| 14-G3}0-058]100-39 0-060|279-88
M, |0-106(340-19{0-112(337-42]0-013[195-42|0-013{193-66]0-703| 28-95,0 744| 28-27
M, [0-018|174-54][0°019|170--+0]0-003|101-07|0-006| 98-13]0- 142 305-56:0-151{304-H5
M, |0-005[121:43,0-006115-90]0-002| 77-91({0-002| 74-39]0-052,261-11,0-058[259-77
O, [0-757|246-81]0-6GO| 4+8-32[0°110{164-G0,0-095 (3260610 239221-18'0-208| 2378
K, 11-5251210-88,1-397| 45-88]10-330/140-3710-30:31:335-35]0-455(218-7510-417| 5371
K, 10-537[143-32[0- 1321353860156 53-68[0-126{264-18J0-622:239-61{0:500| 90-06
P[0 4241232-28[0 424 42-43]0-096[165-92(0-0961336-09]0-166:234-9410-166] 4513
J, [0-142(337-17 0-125| 50 84[0:035[238-36[0-033:311-74]0-040{301-16(0-035| 14-22
Q, 10-202(133-77{0-176) 58-73]0-007|170-5410-006G| 96-28]0-030| 98-8610-026| 25-47
L, [0-130(296-61|0-106|312-36[{0-047|211-13(0-0358,257-12[0-190; 14-72]|0-156| 60-9¢
N, [0-963)196-74{0-991{318-80[0- 244\ 112-46]0-251 (2352900727 2826+ 0-745| 46-3
vy [0 143] 26-5310-1E712589280-042(304-0310-043(177-16{0-299]120-0810- 308|354 0L
pp |0-1791314-3210-1901311-55[0-0291159-47|0-031|157-71]0-3021172-50[0-320(171-63
T, |0-220] 0-63{0-220| 2-26]0-053 243-7810-053(245-42]0-146|111-5910- 146|113 26
(M3),10-117] 50-42(0-120| 49-0+4]0-008 233-58i0-008 232-7000-658) 70-7110:677) 70-37
(2SM),{0-0351112-54,0-03911153-020-018{207-14,0-019{208-02]0-079;341- 8910081134223
|
2NL10-077| 68-3210-079313-85[0-053346-7710-05233-31]0-185 105-23°0-1090(352-90
(DIJQL 0-018 257'51:0'020 15-2210-007102-62;0-008224-57 0'279‘262'52;0'295 2585
(MyK )3 [0 004 70'G4w0'00l 204-26]0-016] 78-13.0-016{272-23 0'1)9.200‘07'0‘150 3470
(2MR), 0'053i286'23j0'052 88-47]0-001{166-3710-003]329-63]0-015 172'78.0 014133714
Long l
Period o ‘ o o o o .
Mm 10-039(335-8010-043,212-35{0-043} 67-33]0-048({303-62]0-271|134-82|0-301 10 82
Mt 10-0531141-4610-039{357-0510 060|141 -58]0-0-L4 3566410337 (195680 218] 50-15
MSf |0-025| 94-84|0-026| 96-22]0-0461824-0410-047|324-92)0-873 38:8610-898| 39-20
Sa [0-165] 17-7010-165|297-56{0-398/320-06|0-398|239-80)2 209 233:61({2-2021153°43
Ssa [0-100 355'80i0']00 195-5110-308/289-3210-308(1258-99}0-667|142-4610-667:342-09
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Tide symbol

RANGOON

MOULMEIN

PORT BLAIR

A,=10-410 feet

A =8149 feet

Ay=14-933 feet

¢ H

¢ H

¢ H [

Short
Pertod

1
S,

i V[\:
(L),
(2830),

Iu

(\[ )
(MK,

(2M.K ),

oo

oo o

oo o

1132
204
1103

-007
002
065

o O

oo
W O
e I

o O -

56,128-95
151743
162722

(2 SV B §

-733
796
180’

|

!
053
035
A2

§100-33;0-030

'354-15'1-049
201-040-304
282-750-565

51194160314

[s]

135-80|0
168-06|2-204
266-78(0

20-35|0-007
305-22|0-002
142:69|0-050

-922
-036
+500

o O O

81-91,0-245
§9-9110-084
219-61/0-301

199-21,0-671
309-80 0-640
247-7610-180

332:04:0-049

87:-6610-347

'321%
<468
150

—
tey

[ el o]

Tty -—

oo

35-2510-199;

1912524161 0-159|

342-09i0-1105
|

13580
168-06
266-78

2035
305-22
53

1094

12914
33172
16262

8250
9069
2277

3415
160-21
57+99

3479
2778
13415

1186
78-7:
2531

14850
21286
4136

82:93
159-93
8730

4755

oo

113
546
077

-009
‘003
041

115
039
898

776
236
385

262
*766
‘148

1181
348
200

142-38(0-113| 142
146-59|1:546|146-

225-37/0-077|225

228-16|0-009

119 04 0-031

110- 41 +-233/110-

134-35,0-040 314~

162-81;0-950|163"

175-18.0- 058|176
91-14:0-054| 92

71238°52/0-241| 41-

202-1010-447| 37

287880423138
251 78 0°141| 64-

337-93:0-032| 50
129-18,0-038| 56-

69-03.0-255/115

337-37 0-798/102-
196-9710-242| 71
26423 0408|264+

128-61{0-262/|130"

205-57 0'788 205+

30-80|0-152| 30

169:05{0-186] 58-

29-82{0-368154-

252°83|0-188! &8-

o

38
59
37

22816
228-99'0-003|228-
85-85

99

70
79
40

06
132
78

34
29
99

63
71

56

00
-82
82

30
87
20

02
75

06

0.
-979
-005

036

-004
-001
029

939
1007
006

-006
-003
-169

<445
-311
1127

1055
*018
070

- 387
062
063

113
-006
010

034
010
033

-006

78:50(0-036| 78-
317-03(0-979317-
290-17|0-005 (290

43-92(0-004| 43-
300-26{0-001300-
42-51(0-023| 9

281-59(1-:995|281-

177-5810-008|357 -53

86-12|0-007| 86-

83-54|0-006| 83-4.

28-44|0-004| 28-:
141-37|0-147{304-

132-43)0-407 327 -

101-93|0-250312-
148-33(0-127 318"

242:97(0-049 315
153-380-398

o
3309000642
322-63|0-066|3

301'58‘0']]3 303-
234:69:0-006|234-

118-30:0:011|118"

25-05:0-035(273-
203:2010-010|327-
108-10{0-031|303-

38-37/0-006 (203"

-86
320°240-016|247 ¢
244-25(0-057 290"

.5
226

56

50
03
17

9
26
16

63

H1

20

65
34

31

0l

35

Long

Perod
Mm

Mf

MK

0 .

189!

-230.

)-

369

074
|

232-17 1104

|

-
1459910210
178-070-176

496410380

21-70
31-96

39 bt

151961

| (
146-40‘0-07+{3;5-98

(&

0 .

1163:
120822
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DaTa FORWARDED TO ENGLAND.

The following data were prepared and supplied to the Director, National Physical
Laboratory, Teddington, England during the year under report:—

(a) Values of the tidal constants for 40 ports for the tide-tables for 1919, ready
for use for the tide-predicting machine.

(4) Actual values of high and low water during 1914 at 12 stations. These
include nine stations at which regular tidal observations by self-registering
tide-gauges were carried out and three stations at which high and low
water readings were taken during day-light on tide-poles.

(¢) Comparisons of the above with predicted values for 1914, the errors being
tabulated in such form as to be of use in improving the predictions, if possible.

Ennonrs 1N Prepictions.

The predicted times and heights of high and low water for the year 1915, as given in
the tide-tables, have been compared against the actual values obtained from tidal observations
at the nine stations now working and at three other stations where tidal registrations by
self-registering tide-gauges were stopped but the times and heights of high and low water
were read on the tide-poles.

The errors of the predictions thus determined are tabulated in the five tables herewith
appended.

No. 1.

Percentages and amounts of the errors in the predicted times of high
water at the varisus tidal stations for the year 1915.

Number of
Automatic | comparisons Errors of | Errors over | Errors over | Errors over
) X e
STATIONS, tinlc?-l[-»ole n:as;vle:.::d 5 minutes | 5 minutes | 15 minutes | 20 minntes :E'rroys oot
obeervations.| predicted an d under. | and nuder | and uunder | and under minutes.
values, 16 minutes. { 20 minutes, | 30 minuntes,
Per cent. | Per cent, | Per cent, | rer cent, | Per cent.
Aden Auto, 682 48 46 4 2 0
Karachi " 700 20 40 15 16 9
Bhaunagar ... T, P. 365 69 al 0 0 0
(Apollo Bandaur) Auto, 705 46 39 8 5 2
Bombay g
(Prince's Dock) " 688 44 42 8 5 1
Madras " 704 46 44 5 4 1
Kidderpore ... " 706 29 43 11 11 6
Chittagong ... 1. P, 365 38 44 9 7 2
Akynb " 363 093 5 1 1 0
1
Rangoon Auto, 703 438 37 6 7 2
Moulmein " 701 28 44 13 10 d
Porl Blair . 705 36 45 8 7 4
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No. 2.

Percentages and amounts of the errors in the predicted limes of low
water at the various tidal stations for the year 1915.

[Vol. X.

Number of
Automatic |compnrisons [ po e Errors over | Errors over | Errors over
s or between 5 minutes 5 minutes 16 minutes ! 20 minutes | Brrors over
TATIONS, tide-pole actual and and under. | ondunder | nud under [ and under | 30 minutes,
observations.| predicted | 15 minutes. | 20 minutes. | 30 minutes,
valnes,
Per cent. | Per cent, | Per cent. | Per cent. | Per cent.
Aden Auto 677 17 45 b 2 1
Karachi ... e " 706 29 36 13 14 8
Bhaunnagar... T. P. 365 66 36 0 0 0
(Apollo Bandar) Aunto 703 41 41 7 7 4
Bombay
(Prince’s Dock) " 686 410 42 9 7 2
Mudras " 706 42 46 7 4 1
Kidderpore " 703 26 40 14 11 9
Chittagong .| T.P 365 42 42 6 6 4
Akyab " 364 94 5} 0 0 1
Rangoon Auto 703 33 36 11 12 8
Monlmein ... ee . " 700 22 42 14 13 9
Port Blair ... 706 44 42 b [} 4

Percentages and

No. 3.

water at the various tidal stations for the year 1915.

amounts of the errors in the predicted heights of high

Number of E E
Aut ti ompArisons TTOTS Oover rrorg over
STATIONS " 0:;:11-“ e T}':thl::‘;i]‘]l );i";,:ﬁ:ﬁe E‘"i':;;e‘:f + 1inil?es 8 linch‘nlzs Elr2rors ?ver
’ R tide pole actunl nn ; b, ; and und nnd T inches.
oh:e?vhtions. ;r:v{licte'l iu feet, and under. 8 iucllllle‘se.r lz(in:-‘]l\e:. e
values,
Per cent. | Per cent, | Per cent, | Per cent.
Aden Auto, 632 6-7 92 8 0" 0
Karachi " 700 9-3 65 33 2 0
Plhannagcar... T. P, 365 31-4 63 29 3 0
(Apollo Bandar) Auto 705 13-9 74 22 4 0
Pombay
(Prince's Dock) " 683 13-9 70 24 b 1
Madras e " 704 35 74 23 3 0
Kilderpore ‘es " 706 117 17 25 14 14
Chittagong T. P 360 13-3 49 27 13 11
Akyab ' 363 83 80 17 2 1
Rangoon Axto, 703 16-4 54 31 10 [
Moalmein ... e s 701 12-7 a5 26 19 20
Port Blair " 705 66 80 20 0 0
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No. 4.

Percentages and amounts of the errors in the predicted heights of low
water at the various tidal stations for the year 1915.

i Number of Errors over | Erroras over
A“[(:)Tnhc co,l?el("\.vrcl:g“s Menn range En"or]s of 4 inches '8 inches | Errorsover
STaTIONS. tide-pole getunl and | & spfrmtnzs u:(;nlfn:;csr and under | aud under 12 inchea.
obsersalions.| predicted o feet. : B inclies. 12 inches,
values.
Per cent. | Per cent. | Per cent. | Per cent.
Aden Auto. 677 67 95 [} 0 1]
Karachi ... " 706 93 81 18 1 0
Bhaunagar... T. P, 363 314 63 33 4 0
(Apollo Bandar) Auto, 703 13-9 71 25 4 0
Bombay

(Prince’s Dock) " 686 13-9 63 25 7 0
Madras o e ee|  w 706 35 78 21 1 0
Kidderpore " 703 117 47 29 17 7
Chittagong T. P. 365 13-3 57 15 12 16
Akyab " 364 83 T4 23 2 1
Rangoon ... Auto. 703 16 4 36 23 20 16
Moulmeiun ... “ 700 127 37 25 14 23
Port Blair ... " 706 66 91 9 0 0

No. 5.

Table of arerage errors in the predicted times and heights of high and
low water at the several tidal stations for the year 1915.

Average Errors
Stations. A“(tin(jt:.“pt(‘;fe o A‘a[te":]l-n:'r::fse : of height .
observations. | in feot. in b, in ferms ot o e,
Open Coast. !‘ " H W | L W. | H W. | LW 1.W, [ I, w,
Aden e Auto. 67 | 7 7 | 025 | -025 2 2
Karachi .. " 9-3 15 13 036 -027 4 3
Bhaunagar ... 1. P. 31 4 5 g ‘01l 011 4 4
(Apollo Bandnr) Anto. 13-9 8 10 <018 -0IR 3 3
Bnmbny{ )
(Prince’s Dock) . 13 9 8 a *024 +024 4 4
Madras " 35 8 8 071 071 3 3
Akynb T. P, 83 1 1 030 <030 3 3
Port Bluir ... Aulo. 6 6 10 9 038 1025 3 2
General Mean 8 8 032 <029 3 3
Riverain,

Kidderpore.., Auto, 11-7 12 14 043 043 6 6
Chittngong ... T. P, 13-3 10 9 038 038 6 6
Rangoon ... Auto. 16-4 8 13 -025 036 5 7
Moulmein ... " 12:7 12 15 1052 *002 8 . 8
General Mean 11 13 040 042 6 7
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Summary for 1915.
T'ERCENTAGE OF PREDICTIONS, AT HIGH AND LOW WATER WITHIN
Number of Stations, PNdjeﬁT\‘; tosted 15 minutes of nctuals. 8 inches of actuanls, one-tenth of menn range,

High. Low., High. Low. High, Low,

6 Open coast 8. R. Tide-gauge 82 82 98 98 96 96

2 " Tide-pole 99 100 97 97 99 99

3 Riverain 5. R. Tide-gnuge 76 66 73 67 94 92

1 Tide-role 81 St 76 72 96 92

CoMPARISON OF THE PREDICTIONS FOR THE YEAR
PREVIOUS YEAR.

1915 WwrTH THOSE FOR THE

On comparing the predictions of times and heights of high and low water at all the
working stations for the year 1915 with the corresponding actual-readings it appeared that the
predictions for times at Aden, Madras and Moulmein and those of heights at Kidderpore and
Karichi bad slightly improved sinee the year 1914. The predictions at other stations were
practically of the same standard of aceuracy as those for the year 1914,

The greatest difference between the actual and predicted heights of low water for 1915
at the riverain ports was as follows :—

Kidderpore ... 1 foot 11 inches on 27th and 28th July 1915, actuals being lower.
Rangoon ... 2 feet 5 inches on 27th October 1915, actuals being lower.
Moulmein ... 3 feet 3 inches on 24th July 1915, actuals being lower.

TipE-TABLES.

The tide-tables for the year 1917 have been received from England and distributed
to the various officers concerned. The tide-tables for the vear 1918 are being published in
England and the data for the preparation of the tide-tables for 1919 were despatched to
England in April 1916.

The amount realized on the sale of tide-tables during the year ending September 1916
is Rs. 1,87 t-3-10.

ProcRaMME FOR sEasoN 1916-17.

Tidal observations during the coming year will be continued at the 9 observatories
now working.
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By H. G. Snaw.

The recess office of the party closed at

Personner of No. 17 PARTY Mussoorie on 14th October 1915 and opened at

Dehra Diin on 21st idem. The detachments left

Mr. E. G Sbaw, in charge. Dehra Din for the field on the 4th Novembe:r

D. H. Luza. 1915 and returned to recess quarters at Mussoorie
T. F. Kitchen, between the 19th April and 3rd May 1916.

Jiya Lal Sabgal, up to 31et August 1916.
N. N. Chuckerbutty, L. C. E.

Provincial Qfficers.

Four detachments were emploved in levelling
operations* during the past field season. The out-
turn amounted to 828 miles of “fore and back
double levelling of precision’ in the Punjab, the
United Provinees and in the Delhi Province. The
out-turn includes 24 miles in Bahawalpur State,
3;:2::11:5 24 miles in Dholpur State and 53 miles in Gwalior
2 Clerks. State. Tull details of the out-turn of work are

given in Table I attached.

Upper Subordinate Service.
Mr. Karuna Kumar Das, up to 21st May 1916.
Satish Chandra Mukerji.

Lower Subordinate Service.

The health of the party was on the whole good. There were a few cases of pneumonia
among the Khalasis at the commencement of the field season. Mr. Kitchen was also laid
up with pneumonia towards the end of the field season which necessitated Mr. Luxa taking
charge of his detachment.

Levelling operations.—The work was divided among the four detachments as follows;
each detachment consisted of one levelling officer, 2 recorders and 18 menials :—

Nos. 1 (A) axp 1 (B) DETACHMENTS.

Mr. Chuckerbutty was in charge of No. 1 (A) and Mr. Mukerji of No. 1 (B) detach-
ment. These two detachments worked in opposite directions

(1) Levelled from Delhi zid Karnal to Ambala along the Grand Trunk Road. This is
a new line and completes the circuit Delhi-Meerut-Ambala-Delhi. The closing error being
0-075 of a foot in a distance of 293 miles as shown below :—

Unadjusted

Lines. Distance| dynsmic
in difference | Yenr.
miles. of height
From To in feet.
Standard| Standard 455 | —~ 20-435 |1912.13
B. M. «ot|B. M at
Delhi. Meerut,

Standard| Standard | 125'4 | +164.993 [1912.13
B.M. at|B. M. at
Meerut, AmbalaCan-
tonment.

Standard | Standard| 121'9 | -~144°633 |19)5.16]
B, M. at| B, M. at
Ambala Can-| Delli.

tonment.

Total 202:8 1 ~ 0-075

(2) Revised the following lines :—

(a) From Somna to Aligarh along the Grand Trunk Road and thence along the main
road to Agra.

(h)  From Agra to Gwalior vie Dholpur along the Agra-Bombay Trunk Road. These
lines were originally levelled in 1861-62.

(¢) Trom Lucknow r7a Unao to Cawnpore by road. This line was originally levelled
in 18G8-6G9.

. Th.e diserepancies between the old and new ‘eights of bench-marks on the above lines

are given in table III appended. Tt will be seen that there is a large difference of about
1:8 feet in all the bench-marks from Coloncl Sander’s monument, %’%—,ﬁ, to the standard bench-

S (8 O | e
mark at Gwalior, =5, on the Agra-Gwalior line.

* Tide luoexEl»p”N-o: M:
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The bench-mark at Colonel Sander's monument was the initial poii.t in 1905-06 for
the connection of the Standard bench-mark at Gwalior and the continuation of the line to
Jhansi, and is identical with that connected in 1915-16. The evidence is strong that the
point on which the staff was placed in 1861-62 is not the same as that on which it was placed.
Further evidence will be available when the line from Jhansi to Cawnpore is completed.

Nos. 2 anp 3 DETACHMENTS.

Mr. Kitchen was in charge of No. 2 and Mr. Jiya Lal Sahgal of No. 3 detachment.
Mr. Luxa took charge of No. 2 detachment on 28th March 1916 owing to Mr. Kitchen’s.
serious illness.

The above detachments worked in opposite directions, and levelled from Jhang via
Fizilka, Mandi Dabwali, Sirsa, Hissar and Rohtak to Delhi by road, crossing by direct level-
ling the Sutlej and Ravi rivers en route. This is a new line. It traverses numerous canals
and large irrigated tracts in the Punjab and will furnish additional data for irrigation and
other purposes.

This line closes the circuits (¢) Mandi Dabwali-Ferozepore-Lahore-Sargodha-Jhang-
Mandi Dabwali and (4) Delhi-Ambila-Ferozepore-Mandi Dabwali-Delhi, the closing errors
being 0518 and 0373 of a foot respectively, as shown in the following tables :—

Unadjusted . Unadjusted
Lines. Distance| dynamic Lines. Distance dyn;]zmic
in difference | Yenr, in difference | Year.
miles, | of height miles. | of height
From To in feet. From ‘ To in feot,
l i |
Cireuit A. Circuit B. ’
Embedded | Standard 76-7 | + 5343 [1907-08) Standard Standard | 121'9 | +144:633 (1915-16]
B. M., at|B. M at B. M. at|B.M. ut
Mandi Dab- | Ferozepore. Delhi. Ambila Can.
wali. | tonment.
!
Standard; Standard 494 1 + 59-731 1913-14] Standmid Block-stone| 57-3 | — 58-814 (1913-14]
B M., at!B M, at B. M. at|/B M em-
Ferozepore. | Lahore Can- AmbalaCan-| bedded at
{ tonment. tonment. Dorsha.

{

[
Standard | Embedded! 117-2 ! — 94:287 11911-12] Block-stone; Standerd 86-9 | —194-140 |1860-61

B. M. at|B)Lat Ry. B.M. em-|B. M. at
Lahore Can-{ Rest-house ! bedded at | Ferozepore,
tonment. | Sargodha, Doraha.

|
|
| ! |
Fubedded | Embeddcdl 691 | —108-5: |I911-1‘.‘ Standord Embedded 767 | = 5:343 {1907-08
B M.at Ry.! B.M. at Sea ; \ B. M. at|B. M at
| I
|
\
|
|

(2]
2
x

Rest=house l sions House, | Ferozepore, { Mandi Dab-
) ¥

Sargodhin, | Jhang-Ma- | i wili,
' ghiana, i !

|
Enibedded = Bmbedded 179 +137 223 191514 Embedde(l‘ Standard 202-8 | +113-201 [1915-106

Y

]
|
B.M.ust>es- B, M. m ; . B. M. aut|B M. ut
siong House, Mandi Dab. | : Mandi Dab-| Delli.
Jhang-Ma-  wih i ! wali,
glhidna, i ‘
. I |
; !
I | |
‘ [
Total ! 491-9i CRICE Total | 345°6| — 0-373
j i :

A branch-line from Tazilka to the Standard bench-mark at Sadikganj (Bahawalpur
State) was run in order to strengthen the connection of this Standard bench-mark. It was
originally connected in 1909-10 with only one old bench-mark. This connection was
considered unsatisfactory, and was rejected. The present season’s work reveals an unusual
accumulation of difference between the two levellers in the results of the fore and back
the cause of which is under investigation. The connection of the Standard is
thercfore still unsatisfactory.

levelling

GeNeral Notes,

In 1913-1% the new system of “fore and back double levelling” of precision on the
lines laid down in the resolution passed at the 17th General Conference of the International
Geodetic Association on the 25th September 1912, was first adopted and has since been
employed.
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The following table gives the results of the various lines which have been levelled on
this new system. It will be seen that the results of the probable accidental and systematio
errors are well within the prescribed limits as given in the resolution passed at the above
mentioned Conference for “Levelling of High Precision”.

Table showing (i) the probable accidental error and (ii) the probable systematie
error, caleulated nccording to the following formule taken from Departmental Paper No. 6
of 1914 :—
2 2 <

0 =y (3T~ mop * 5L

. 1 §?

(i) o’=gsp x I
7 is the probable accidental error in the case of a group of lines, whether forming a closed
mesh or not;
o, is the probable systematic error in the case of a group of lines, not forming a network ;
L is the length of an isolated line, or a side of a polygonal mesh in the case of a network ;
3L is the total length of a group of lines or of the network;
A s the discordance of the results of the fore and back levelling found between these two
consecutive bench-marks ;
r is the distance between these two bench-marks;
S s the total systematic discordance found for a complete line or for the side of a mesh,
between the results of the fore and back levelling.

I Probable Probable
accidental error, | systematic error.
Lines. Ll‘ngﬂl. Year.
+ 0'00416 ft. + 000106 ft.
per mile.* per mile *
Miles. | I'oot per mile.| Foot per mile.

Jacobabad to Quetta ... 1 207-231 | + 0-0037 | + 0-0001 | 1913-14
Terozepore to Lahore ... coo | 54991 | £ 0-0029 + 0-0001 | 1913-14
Benares to Barikar with branch-line

to Belsar Lock o] 312-872 | + 00024 + 0-0002 | 1914-15
Meerut rie Moradabad and Bareilly

to Hathras o | 243-737 | + 0-0024 + 0-0002 | 191415
Multan to Bahawalpnr ... v D9-240 ) 4 0-0023 | + 0:0004 | 1914-15
Raichar ria Bagalkot to Bijapur ... | 170-380 | + 0-0028 + 0:000+ | 1914-15
Bellary to Gooty co | 57-0610 | 4+ 0-0023 + 0-0010 | 1914-15
Fazilka to Sadikganj ... co| 30-498 | + 0-0036 + 0-0009 | 1915-16
Mandi Dabwali to Fazilka e | 53-927 | + 00030 + 0:0010 | 1915-16
Maundi Dabwili to Delhi oo | 202-788 | + 0-0030 + 0-0006 | 1915-16
Ambila to Delhi .| 121:863 | + 0:0023 + 0-0002 1915-16
Somna to Agra <o | 70-355 | + 0-0028 + 0-0008 | 1915-16
Agra to Gwalior <o | T7-010 | + 00031 + 0-0007 | 1915-16
Lucknow to Cawnpore .., o 50-765 | + 0-0030 | + 0-0001 | 1915-16
Iazilka to Jhang .| 125-600 | + 0:0029 | + 0-0000 | 1915-16

* Limita which must nol be exceeded in “Levelling of High Precision”
¥ : .
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The probable errors of circuit-closure from the formula E =, /(0004 M + (0-00034)? M?,
deduced from the results of the Indian Geodetic Levelling, given in G. 1. S. Volume XIX.

——
"6‘5 g:o Euuﬂ
all s51 | 3°g1 c
Circuits. o2 wew | 898%5 C-E -
e 3 ';'5: Etbu E
QQ v U~
5 2P AY25
(3] ODoo
Miles. Foot Foot. Foot.

(A) Lahore-Rawalpindi-Shahpur-Sargodha-

Lahore ... . 448-0 | 0-3258 | 0-1743 | +0-1515 | 187
(B) Mandi Dabwali-Ferozepore-Lahore-

Sargodha-Jhang Maghiana-Mandi

Dabwali ... | 491-9 | 0-3494 | 0-1894 | +0:1600 | 184
(C) Delhi-Ambala-Doraha-Ferozepore-

Mandi Dabwali-Delhi 545-6 | 0-2516 | 0-2077 | +0-0439 | 1-21
(D) Delhi-Meerut-Ambala-Delhi 292+8 | 0-0506 | 0-1208 | —0-0702 | 0-42

(E) Delhi-Muttra-Hathras-Bareilly-Meerut-
Delhi o | 409-9 | 0-0580 | 0-1612 | —0-1032 | 0-36
(F) Rangoon-Thazi-Magwe-Taungdwingyi-

Prome-Rangoon ... | 882-1 | 0-1875 | 03226 | —0-1351 | 0'58

The above circuits have been completed since the publication of G.T.S. Volume XIX,
in 1910. None of these circuits are formed by lines levelled wholly on the new system.

With the exception of the following lines all the lines forming the above cirenits have
been levelled since 1910-11:—

Circuit A. Line Lahore-Rawalpindi, levelled in 1905-06.

Circuits B and C. Line Ferozepore-Mandi Dabwali, levelled in 1907-08.

Circuit C. Line Ferozepore-Doraha, levelled in 1860-G1.

Circuit £ Line Muttra-Hathras, levelled in 1905-06.

The actual elosing errors multiplied by 0°6745 are less in three circuits and greater in
three, than the theoretical probable error of closure as deduced from the above formula.

The number of these circuits is so small that hardly any comparison, at present, of the
quality of the new work can be made against that of the old work. The results tend to show
that the quality of the old and new work are about the same.
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&6 RECORDS OF THE SURVEY OF INDIA, 1915-16. [Vel. X
TABLE ITI—CHEck-LEVELLING.
Discrepancies between the old and new heights of bench-marks.
PERCH-MARKS OF THE ORIGINAL LEVELLING OBSERVED HEIGHT ABOVE (+) OR BELOW(—) Differ
THEAT WERE CONNECTED FOR CHECK-LEVELLING, STARTING BENCH-MABEK AS DETERMINED DY (chleﬁceklinocrel
Distan ‘5}‘5‘:&.&?&;&“
'mﬁ? grg?ltee;,s la.l:'dwi_:‘;]se
. - |%ign—
|Number. Eﬁg;? Description. mark. lg‘:ﬁ;ﬂ:{ Date. Ch“lk,“]se_‘ﬁl_l"’g' wliagjl:ﬁdlx:si%:'d:ﬂy
levelled.
Miles, Feet. Feet. Feet,
Check-levelling at Jhang and between Jhang and Thatta Mahla.
52¢ | 44 A | Embedded, Session’s House,| 0°0 0-000 | 1911-12 0-000 0°000
Jhang.
53% | Embedded Jhang Railway | 1-0 | — 1-400 [ 1911-12 —1'401 | —0-001
Station.
54 " Main exit passage 1:2 4+ 8435 | 1911-12 +8:433 | —0-002
55% |, Platform coping 1-2 + 7:824 | 1911-12 +7:833 | +40-009
51* " Culvert 03 + 6-140 | 1911-12 +6°149 +0-009
47* " Coping goods platform 69 +16-788 | 1911-12 | +4+16-848 + 0060+
3% " Main exit passage 71| +15-563 | 1911-12 | +15'618 | +0-055¢
46* | , [ Embedded, Thatta Mahla| 7-3 [ + 7-425 | 1911-12 +7-484 | +0°059¢
Railway Station.
Check-levelling at Mandi Dabugli and between Mandi Dabwaili and Birang Khera.
5 | 44 K |Embedded, Mandi Dabwali| 0-0 0-000 | 1907-08 0-000 0°000
Railway Station.
6| , Masonry pillar 09| + 0-791 | 1907-08 +0°783 | —0-008
9|, Embedded, Birang Khera | 5°2 | — 8°517 | 1907.08 —8-554 | —0°-037
Ry. Station.
41|, Home signal 02 + 4035 | 1907-08 +4:033 | —0-002
3| . Masonry pillar 11 3197 | 1907-08 +3°201 | 40004
210, Railway bridge 2:7 +10 358 | 1907-08 | +10-366 | +0°008
Check-Levelling at Delhi.
83 | 53 H | Standard bench-mark, 0-0 0-000 | 1906.07 0000 0000
Delhi.
84| ,, Pirghaib Tower btntlon 09 +29-992 | 1906-07 +30:005 +0:013
85|, Asoka s pillar 1'2 | +4+833:437 | 1906.07 | +33-444 | +0-007
86| ,, Steps 14 +34-941 | 1906-07 + 34944 +0-003
87| . Steps 13 +34-222 | 1906-07 + 34223 +0°001
3t . Bed rock 16 —27-271 | 191213 —27-266 +0°005
‘;’1 " Overbridge 2-1 —28°860 | 1912.13 —28-854 +0 006
6_661 " Platform, Kashmir Gate | 1'7 ; —67-807 | 1912.13 | —67:834 | —0-027
80| ,, Memorial step, St. James' | 1'8 | —57:176 | 1906-07 | —57°186 | —0-010
Church.
81|, Flooring, St. James' Church} 1-9 | —58-:262 { 1906.07 | —58-271 —0°'009
791 ., Stone base, Mutiny Memo- | 2:2 | —60-839 | 1906.07 | —60-844 [ —0-005
rial.
Check-Levelling at Guwalior.
23 | 54 J | Ratlway culvert No. 356 00 0-000 | 1905-07 0000 0-000
204 , Railway culvert No. 352 1:2 | 432:733 | 1905-07 +32:724 | —=0'009
a0 | ,, Railway culvert 19 +38:709 | 1905-07 | +38-703 —0-006
32 ,, Railway bridge No. 346 3:21 +49:679 | 1905-07 +49°653 —0-026
33|, Railway bridge 4:2 | 440652 | 1905-07 | +40:630 | —0-022
34|, Sithauli, Embedded 47| 435438 | 1905.07 +35-407 —0°-031

* Temporary line form numbers, ot published, of Line 55 A (Rargoda-Mualtin),
+ These differences are probably due to the large sectional difference obtained between the levellers on
this section.
3 Tempeorary line form numbers of Lines 62 B (Delhi-Muttra) and 62 A (Meernt-Delhi), not published,



TABLE II (continued.)—CHECK-LEVELLING AT AMBALA,
Discrepancies between the old and new heights of bench-marks.

Distance

OBSERVED HEIGHTS IN FEET ABOVE (+) OB BELOW (—) STARTING BENCH-MARE AS DETERMINED BY

DIFFERENCE (CHECE—ORIGINAL)

D v Samaecent for cneck eveling, stirting | onn Checklevelin. T e Teveting Yoas wbom omgiadily Tovetoa.””
bench-mark. levelling. Date.
191011, 1912-13. 1913.14, | 1915-16. 1910-11, 191213, 1913-14, | 1915.16.
i . Miles Feet Foet Feet Feet Feet Feet Feet Feet Feet Feet

016\ at St. Paul's Chureh, Ambila 00 0-000 | 1860.61 0°000 0°000 0°000 0-000 0-000 0:000| ©0°000 |  0-000

t at ditto ditto 01| 4+ 0-503 1906-07 | + 0-515 | + 0°512 | 4+ 0-5183| + 0-521 | + 0°012 | 4+ 0-009} 4 0°010 | + 0-018
Standard Bench-mark, Ambila 0’1+ 1-829 ! 190607 | + 1827 | + 1-820 | + 1-825 | + 1825 | — 0°002 | — 0°009 | — 0°004 | — 0-004
G.’gS. at Block No. 6, Station Hospital, Ambila 04| 4+ 0-029 1906-07 [not connected.| + 0°077 | 4+ 0:083 | + 0°101 |mot counected.. + 0°048 | + 07054 | + 0072

B.M.

Glc‘)b at Wesleyan Church, Ambila . 10| 4+ 3704 1906-07 | + 3-740 | + 3:737 | + 8757 | + 3-777 | + 0°036 | + 0°033 | + 0°053 | + 0-073

BM.

GJ(SS. zt ]g_l?ck No. 3 of No. 2, Section Hospital, 12| + 4-969 1906-07 | + 5009 | + 5:002 | + 5019 | + 5-033 | + 0°040 | + 0°033 | + 0°050 | + 0°-064
mbala.

BM.

G'chS'Xt E_’fek No.2 of No. 2, Section Hospital,| 1°2| + 4-103 | 1906-07 | + 4139 | + 4133 | 4+ 4149 | + 4°170 | + 0°036 | + 0°030 | + 0°046 | + 0-067
moala,

B
GTS.at Block No.42 R H. A Lines, Ambila 1°9 | +10-090 | 190607 | +10°123 | +10-114 | 4+10-135 | +10°165 | + 0°033 | + 0:024 | + 0°045 | + 0°075
BM.

GTS. at Block No. 43 R.H. 4. Lines, Ambila 2:0 | +11°484 | 1906-07 | +11-498 | +11°479 | +11-500 | +11-523 | + 07002 | + 0-021 | + 0°016 | + 0-039

BM.

t at R.C. Church, Ambila ‘0] — 3°044 1906-07 'not connected.| — 3046 | — 3°030 | — 3°022 |notconmected.| — 0-002 | + 0-014 | + 0°022
’Gg_‘)S at R. C. Church, Ambala 1] — 3-618 1906-07 !not connected.| — 3:GLl | ~ 3:595 | — 3-587 [not connected.l + 0:007 | + 0°023 | + 0-031
B.M.

G'gs' at N.W. end of “B" platform, Ambila 17| — 2-667 | 1906-07 | — 2-620 | — 2°636 | — 2°622 | — 2°612 | + 0-047 | + 0°031 | + 0045 | + 0-035
~T Cantonment Kailway Station.
G.gs' ab l\{W name p]a’te on “A"” p]atform of 171 — 3-078 190G-07 jnot connected. ' not connected.] — 3-106 | — 3°139 |not ted. | not ted., — 0°028 | — 0061

pr, Ambala Railway Station *

G%S‘ at S.B. name plate on “A” platform of| 1°8 | — 3:532 | 1906.07 | — 3498 | — 3513 | — 3501 | — 3490 | + 0034 | + 0°019 | + 0°03L | + 0042
B Ambala Railway Station.

. T ] L
Thisis 2 doubtfal bench-mark, it was missing in 1912-13 and was fonnd replaced a little away from its original site in 1913-14,

From this table it is noticed that there is evidence of progressive change of level in the Ambala area.

[‘’X 'I°A
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RECORDS OF THE SURVEY OF INDIA, 1915-16.

TABLE I1I—ReEevisioNn LEVELLING. o
Discrepancies between the old and new keights of bench-marks.

[Vol. X.

BBNCH-NMARES OF THR ORIGINAL LAYELLING THAT WERE DIPFERENCE OF ORTHOMETRIC BE1GHYS, ABOVR (+) m?.'ﬂifﬁ'f&,;,
CGORRECTAD DURING THE RFVISIONARY OpnmATIONS. (Distance] on BELOW (—) THR STARTING BENCH-MARK, giunl) The sign+
from denotes that the
"beach: o of | From revieion. | tar and fharres
Number, [:E:::-’ Description, mnrk Prog:ei]s)::’:lhod ‘:3;';;;‘;‘ (POIﬂle.rEe.vlré-;on, ;hl::' 'ivl;n L:‘ .grln 0
evelling. unadjusted). ginally levellod,
Miles. Feet. Feet. Feet.
Revision of line Aligark-Agra. Part of line No. 62 (Meerut-Agra).
1| 541 [ Block-stone embedded, 00 0-000 | 1861-62 0:000 0°000
Aligarh,
3+ Well,sillignrh. 00| + 4-628| 190506 | + 4:621| —0-007
4| , |Railway distant signal, 0'5) + 7-260]1905.06 | + 7:264| +0:004
Aligarh.
71 , |Standard bench-mark, 1'0{ + 7-018 1905-06 | + 7:022( +0-004
Aligarh.
6 | ,, | Flooring, Poust office, 1'5] + 1160 1905-06 | + 1:159| —0-001
Aligarh.
91 ,, | Block-stone embedded, 7'4| — 3-289| 186162 | — 3°290| —0-001
near mile-stone 5.
13 " Block-stone embedded, 22-3| — 19'862 | 1861-62 | — 19-824| +0-:038
Hathras.
20 » | Platform, Hathras 22-3| — 17-474 | 1905-06 | — 17-431| +0°'043
Inspection
Bungalow. )
21 w { Verandah, Hathras City 23-4| — 17:917) 1905-06 | — 17'874| +0-043
Ity: Station.
22 | ,, | Embedded, Hathras City | 23-5| — 20°849| 1905-06 | — 20°804| +0°045
Ry: Station.
14| ,, | Block.stone embedded, 29°6| — 30-714 | 1861.62 | — 30681 | +0-033
Kewnlgarhi,
16 | ,, | Block-stone embedded, 36°5| — 39-988 | 1861-62 | — 39-887| +0-101
Jownhirgarh.
18 » | Block-stone embedded, 436 — 50-998 | 1861.62 | — 50°993| +0-005
Khandauli.
19 .» | Block-stone embedded, 50-2) — 61-888| 1861-62 [ — 61°948| —0°'060
Nandlalpur.
37 | 548 | Platform, Jumna Bridge | 52°9| — 89-814| 1905-06 | — 89°906| —0°092
goods shed, Agra.
36 " Railway culvert, Agra. 53:2] — 89:401 | 1905-06 | — &9°505| —0-104
35 w | Jumna Ry: bridge, 14th | 534 — 91-633 | 1905-06 | — 91732 | —0-099
per, Agra,
34 » | Jumna Railway: bridge 7thi 53:6| — 91-515| 1905.06 | — 91°G02 | —0°-087
pier, Aurn.
33 » | Verandah, Agra  Fort| 84:1| — 76-940 | 1905-06 | — 77:047| —0-107
Railway Station.
32 » | Standardbench-mark Agra | 54-2| — 79-844 ] 1005.06 | — 79-985| —0-141
23 ¢, Dram, Agra 55-2] — 60243 | 1905-06 | — 60-316| —0-103
27 i ,, | Flooring. Post Master's| 55°3| — 5:3:629| 1905.06 | — 53947 | —0-118
? Bungalow, Agra.
HE} | 541 | Block-stone cmbedded, | 56-2| — 54°871 | 1861.62 | — 54999 | —0-128
i | Agrs.
These results point to a change of level having occurred between Kewalgarhi and Agra during
the period 1861 to 1916.
ERevision of line Agra-Gualior. Part of line No. 63 (dgra-Sirony).
33 i 54 1 | Block.stone embedded,| 00 0-000| 1861-62 0-000 0-000
i Agra,
29 i5l E ! Monument, Agra 08| — 3-693| 1905.06 | — 3:692! 40001
30 \ n | Metcalfe Testimonial, Agra’ 1:1, — 2-413) 1905.06 | — 2424 | —0-011
33 | o» Block-stone  embedded, | 7-6) — 4°306| 1861.62 | — 4-374| —0°-008
| near 8} miles from Agra.
1 54F | Block-atone  embedded, | 14:6| — 1-337| 1861.62 | — 1-411| —0°074
| Birai. !
4! , |Dholpur B8 30-9| +388-038 | 1861.62 | +387-963| —0-075
8! ,, | Block-stone embedded, | 48-6| + 22-418| 186162 | + 22-1881 —0-230
{ Jora
6 . 1Col: Sandera’ monument: 523} + 30-267 | 1861-62 | + 28°495| —1-772¢
2 54J | Koad culvert | 5740 4+ 200734 1905.07 | + 18970 —1-764
3, | Roadbridge P 57°9| + 19°983 | 1005.07 | + 18222 —1-761
41 . I Wel 53-2] + 33-034] 1905.07 | + 31-265] —1-769
¢ . , | Platform, Banmor Railway | 62:1| + 65°416! 1905-07 | 4+ 63:621| —1-795
; Station.

* Originally connected in 1861.G2,

¢ Bee remarks in Report.
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LEVELLING.

TABLE ITI—(contd.)—REvisioN LEVELLING.

Discrepancies between the old and new heights of bench-marks.

59

Differ
BENCH-MARES OF THE ORIGINAL LEVELLING THAT WERE DIFFERENCE OF ORTHOMETRIC HEIGHTS, ABOVE(+) (Rev‘iai?a:i?);rl-
COMNECTED DURING THE REVISIONARY OPERATIONS. Distance| OR DELOW (—) THE STARTING BENCH-MARK. [ginal). Thesign+
from denotes that the
starting 1;2:!‘:1 td'tlilsem-i.:;
beuch- . Date of From revision, | ‘6,0 P
e X mark, | From published i 16 » | —lesB in 191516
Number. jhcee” Description. boghte. | (00 | cunadjustea) | fhun when orl
Miles, Feet. Feet, Feet,
Revision of line Agra-Gwalior. Part of line No. 63 (Agra-Siron;) contd.
7 |54 1. | Rock in sitid 63:9| + 60°583| 1905-07 | + 58-815| —1-770
8| . | Hinda monument 66-0| + 63°148| 1905.07 | + 61383 | —1°765
9 | Culvert 68°5] + 901990 190507 | + 88-378| —1-821
10 » | Bedrock at Ranichri I1. 8. | 70°3| +263-197 [ 1905-07 | +261°330 | —1-867
11 ., |Stone embedded, Banmor | 62-2| + 60-127| 1905.07 | + 58-306 | —1-821
Railway Station.
12 » | Platform, Banmor Railway| 62-2| + 65-422| 1905-07 | + 63-641| —1'781
Station,
13| , | Railway bridge 62-9| + 71-909| 1905.07 | 4+ 70-122( —1-787
14| , | Railway culvert 64'4| + 82°051 | 1905.07 | 4+ BO-250 | —1-801
15 » | Railway 65-5| + 86-881| 1905.07 [ + 85055 | —1-826
16| , | Railway 67:1) + 92°710) 1905.07 | 4+ 91-652| —1-058*
17 [ | Reilway 68-0| + 94:901| 190507 | + 93-629 | —1-272%
18 . Rai]wny . 69:2 +10135‘]: 1905-07 + 99'511 —1-840
19 » | Railway bridge G9-9| +114-093| 1905.07 | +112°266| —1-827
20 w | Railway culvert 71:6| +120:808( 1905-07 | +119:025[ —~1:7x3
21 o | Railway 72-1| +121:833( 1905.07 | +120:034| —1-799
22 w | Platform, Mordr Railway | 72°5| +123-555 | 1905-07 | +121-739 | —1'816
Station.
23 " Hai]wa.y culvert 72°5 4121252 1905 07 +119°579 —1-673*
24| ,, | Railway 73:1| +130-771| 1905.07 | +128-951 | —1-820
27 |, | Platform, Gwalior Railway| 74-1 | +147-688 | 1905.07 | +145°860 | —1-828
Station
28 | ,, | Railway culvert... 74-8 | +153-563 | 1005-07 | 4151728 | —1-835
31 Standard hench-mark, T7°0 | +184°601 | 190507 | 4182778 —1-823
Gwalior
Revision of Iine No. 65 (Lucknow-Cawnpore).
96 | 63B | Standard bench-mark 00 0-000 | 1909-10 0°000 0-000
Lucknow
97 w | Rnilway bridge, Lucknow | 01 +6-847 | 1909.10 +6:857( +0:01n
98 » | Road culvert, Lucknow 05 —24-931 ] 1909-10 —24-932| —0-001
7 » | 8ill,ChristChureh,Lucknow| 1-3 | —30-079 | 1868-69 —30°091| —~0-012
99 » | Mile-stone, Lucknow 15 —27-310 | 1909-10 —927°334 ) —0°02%
6 w | Platform Lucknowmuseum| 27 —28°691 | 1867-69 —28-715| —0-024
8 »w | Block-stone embedded, 01 —9-870 | 1868-69 —9'868| +0-002
Lucknow
o ,, |Platform, Tucknow Rail. | 1'8 +5-744 | 1868.69 +5695| —0-049%
wny Stalion
10 » | Paved Seat, Lucknow 36 +10-130 1869-09 +10°122] —~0-008
28 » Bl?ck-slone embedded, (492 +13:651 | 1868-69 +13:764( 4+0°113
Cawnpore
70 . Blnck-_stf\_ne embedded, [61°3 +6-307 | 1864.65 +6-485| +0°178
Maharjpur
61 n | Block-stone embedded, [59-4 | +30:016 | 1864-65 +30°229| 40213
Bara Sirohi

* Reconstructed.
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TABLE IV.

RECORDS OF THE SURVEY OF INDIA, 1915-16.

[Vol. X.

List of G.T.S. Triangulation Stations eounected by spirit-levelling, season 1915-16,

HF1GET ABOYE MEAN-SEA-LEVEL,

Difference

Name of station, Old—New. Bemangs,
New old .
o ] Triongu-
t- t. N
le'\.":llilix)g. le\.v(l;llll;lug. lation,
Feet. Foet, Feet. Feet,
Burila T. 8. of the Jogi-Tila
Moeoridional Series 588-175 5958800 +10°625 | © on ground floor mark-
stone connected.

PindiT. 8. . " " 597 (86 602330 +5 244 Ditto.
Dipulans T. 8. of the Sutlej Series... | 602-727 602200 -0'527 Ditto,
Banoanwala T, 8. " " 623903 623 800 -0-103 Ditto.
Pipli T.8 of the Gurhagarh

Meridional Bories .., . 671-012 . 670600 -0-412 Ditto.
Gukhawali T, 8. " " 670-414 666700 -3 714 Ditto.
Sisabs T. 8. of the Rahun Meridional

Bories | 78-162 706000 -~2'162 Ditto.
Dholpur H. 8, of the Great Arc

Meoridional Neries ... e f 937°944 ( 938:011 +0°067 | © on upper mark-stone

ot bose of protecting
pillar,
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MAGNETIC SURVEY

By E.C.J. Bonp.

The l)resent l-eport, on the \VOl'k of the ma.gnetic party in 1915-16 comprises:—

I.—An account of the work in the field and

Personnet of No. 18 PARTY. in recess quarters. .
Provincial Officers. I1.—A note on each of the observatories™.
Mr, E.C.J. Bond, in charge. I11I.—Tables of the mean values of th‘e
» R.P. oy, BA. magnetic elements, dates of magnetic
» N. R Mazumdar. disturbances, and hourly means and
v M::Thm'r' g;;:;)rdinate Service diurnal inequality of the magnetic ele-
Mr. B.B. Sho"}ze . ments at observatories in 1915.

Lower Subordinate Service.
3 Mugnetic Observers,
14 Computers, etc.

I.—Work 1y Tug FiELD AxD 1N RECEss.

1. Work during the field season.—The first general magnetic survey was practically
completed after the 73 permanently marked repeat stations were observed at in the previous
season, and as these repeat stations will be visited for magnetic observations at intervals of 5
vears, for the determination of sceular change, no field observations were taken during the
.\'ear 1915-16. Tt was necessary, however, for a detachment to proceed to Delhi to select a
suitable site for a new repeat station as the “Béla” land, on which the old station was
situated, was being dug up under a scheme for grading the bank of the Jumna river. Compa-
rative observations were taken by two observers at both the old and uew sites, before the
former was destroyed, to ensure a continuity of record for the determination of reliable secular
change values for the locality.

The observatories at Dehra Dan, Kodaikanal and Toungoo were inspected by the
officer in charge during two months of the field season and a complete set of observations at
each was taken by him for the yearly comparison of instruments. The Alibag observatory
which is independent of the magnetic survey of India was also visited for comparative obser-
vations.

The staff of the party was chiefly employed during the field season in the final reduction
of the Declination and Horizontal Force at all field stations in India, Burma and Ceylon to
the selected epoch, 1st January 1909.

At the request of the Port Commissioners of Rangoon for a survey officer to put the
transit instrument at the Rangoon observatory into proper adjustment, the officer in charge of

the magnetic party was dirceted to visit Rangoon for the purpose where he broke journey on
his way to Toungoo to render the necessary assistance.

2. Work during recess.—The computation of the comparative observations taken
during the field season and the computation and tabulation of the Declination, Dip, Horizontal
Force and Vertical Force for the 3 observatories (Dehra Dan, Kodaikanal and Toungoo) for
1915 have been completed. The mean values of these elements for the year 1915 derived

from measurements of traces of all available days, excluding those of great disturbances, are
given in table A at the end of the report.

The values of m were formerly computed with the moment of inertia determined at the
commencement of the survey, but as the moment of inertia of all magnets has been steadily
decreasing and the necessary corrections for the change were thus becoming large by using
the old value, the latest value has been adopted from the 1st January 1915.

Since it was decided that the q term in the distribution coefficient (1+ rlg+% &e. ) !

is not negligible with the Indian Survey magnets and is to be taken into account in the final
reduction of the Horizontal Force, the values of p and q as determined by the formula which

* Tide Index Map No. 16,
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is given in page 5 of the Narrative Report for 1908-09 are now used for the distribution
coefficient instead of the approximate expression 1— L formerly used in the computation
of <

The values of the moment of inertia and the distribution coefficient, corrected as above,
have been used to determine the values of the Horizontal Force given in table A at the end of
this repoxt consequently the values in this table cannot be compaled with the values pubhshed
in previous years.

The final reduction of the observations in Houzontal Force at all repeat and field
stations to the selected epoch is making good progress.

The revised base line values of the Horizontal Force magnetographs of the Dehra Dan,
Barrackpore, Kodaikanal and Toungoo observatories have been computed from the Horizontal
Force as determined from the finally adjusted constants of the magnets of these observatories.

The corrected monthly mean values of Horizontal Force at the above observatories have
been plotted on a chart from which the lines of uniform secular variation have been derived.

The recomputation of the values of the Horizontal Force at the repeat and field stations,
necessitated by the revised values of magnetic moment and distribution coeflicient of the field
magnets, are nearing completion.

The reduction of the Declination observations at all the repeat and field stations to the
sclected epoch will very shortly be completed. Each field station with its survey number,
Latitude and Longitude and value of Declination will be tabulated in the serial order in which
they oceur in each successive Degree Sheet, from the left hand top corner to the right hand
bottom corner.

It is proposed to issue with these Declination values, tables of secular change, deserip-
tions of all repeat and field stations and an isogonic chart. With the aid of the secular
change tables and the chart the Declination at any place, at any year other than the selected
epoch, may be obtained. It will be necessary, however, to revise and extend these tables
from time to time, as additional data derived from future observations at repeat stations
become available, as it is not possible to predict to what extent the secular change might vary
a fow vears hence. It would appear, since the secular change has not altered more than a
minute in the last 10 vears, that no very large change is likely to ocenr in the next few years
and the tables can be used for all practical purposes until they are revised in 1919-20 when
observations will be taken again at repeat stations.

3. Programme for 1916-17.—During the ensuing field season work will be limited to
comparisons of instruments at the observatories by the officer in charge of the party.

All the members of the party will be employed throughout the year on the reduction of
the survey to the selceted epoch.

JI.—Tue OBSERVATORIES IN 1915-16.
A,—Dehra Dun Observatory.

1. The observatory was in charge of the magnetic observer Babu Shri Dhar up to the
22nd December 1915, when he was relieved by Babu Abdul Majid who was placed temporarily
in charge until the return of Babu Shri Dhar from medical leave on the 22nd September
1916,

The Horizontal Force and Declination magnetographs have worked satisfactorily
during the year. The Vertical Force instrument has behaved as well as could be expected of
these instruments and it was not necessary therefore to replace it by another spare instrument
as was intended last year. The burner of the lamp of this instrument was altered by the
Mathematical Instrument Office, Calcutta, and the lamp now burns satisfactorily.

After repairs to the underground observatory, carried out in 1912, to prevent the
repetition of inundations during the rainy season, the walls of the observatory withstood the
test of the monsoons up to last year; but unfortunately during the heavy rain in Angust this
year the observatory began to leak and in the course of a few days the water rose almost three
feet in the passage round the room and flowed over the 14-foot wall across the doorway. As
it was feared that the instruments might be swamped and to avoid any risk of injury to them,
the wall at the doorway was raised to a height of about 4 feet.

The boulder trench round the observatory is connected by a drain pipe to carry off the
accumulation of any subsoil water in it, to a large open pit which had been designed for the
purpose outside the observatory, and the passage round the room of the observatory is simi-
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larly connected to carry off any water collected in it to a masonry well; but the undersoil
water had percolated into the pit and well at the same time that it entered the observatory and
the water in each was at the same level.

Coolies were employed, night and day for about a fortnight, in bailing water out of the
passage, drawing it up by a charsa (large leather bowl-shaped bucket) from the well and
pumping it up from the pit at the rate of 250, 1200 and 500 gallons per hour respectively ;
but in spite of this the water continued to remain at the same level for three days, after which
it gradually decreased and the passage pit and well were finally drained.

The settling down of the water was due more likely to a natural subsidence of the
subsoil water on the cessation of rain in the hills than to the effect of bailing and pumping.

The outer walls of the underground observatory have suffered much from the frequent
pressure of the subsoil water whkich percolates through the walls and plaster. After the
subsidence of the water it was noticed that the plastering in the passage on the north side of
the room had bulged out and cracked for more than half the length of the wall and a leak
was also discovered under the door sill at the entrance to the underground room.

Although precautions might be taken by freshly plastering the walls of the observatory
there is still a fear of further inundations as the walls are already weakened by the constant
penetration of water during the rains. The safety of the observatory and instruments during
the rainy season is therefore a problem which will require careful attention at an early date.

2. Mean values of the Declination and H. F. constants.—The table below gives the
mean monthly values of magnetic collimation, the distribution constants P,., and P,., as
obtained directly from the deflection observations and the accepted values of p and q used in
determining the values of the revised distribution factor. The values of m are also given,
corrected for revised distribution and change in the moment of inertia. These revised values of
m are used in the computations for 1915 and are derived from the vibration observations as
determined with the chronograph.

Mean values of the Constants of Magnet No. 17 wn 1915.

|
Lpenmatiox H. F. CONSTANTS.
MoxTHS. DisTRIDUTION FacTORS MEAN FVALTE OF m REMaRss,
M:Eﬁ.m’i?(ﬁl;m Accepted values
Pig | Doy || Toaly | rere
p | q _
. o l
January -6 11 6°06 G-93 ’
February -6 8 605 G 94 '\809'73 809 71 [ To April 20th.
March - -6 4 508 6904
April el =69 | 5or | 704
May ] =6 5 | 60+ | 699 1J
June -6 5 6-03 6-97
July -6 6 & 99 673 =4 2
August -6 3 6ol 674 ~ T pROVTHO) K040 Frgleac;\u;zll-‘i(ljlf{rtd 'to
September -6 3 604 689
October -6 1 G-01 6-87
November -6 10 591 6 78
December -6 11 J To December 8th,
—6 BR 586 662 808 63 | 808:63 From December 9th
3. Mean base line values,— The table below gives the mean monthly observed and

accepted values of the declination and horizontal force base lines: the accepted values have
been used to compute the values of these elements for 1915. The H. F. base lines have been
derived from H as determined with the present revised values of the moment of inertia and
distribution coefficient.
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Base line values of Magnetographs in 1915.

DECLINATION, HoR1zONTAL FORCE.
MonTHS. .
. M lue of Baee i M lueof| Base line
m: ?il:‘ee: ° ncc.:pt,e:;.s g::;ev ;;h:nee.o accepted. Remares.
°© ! ° ’ C, G. S, C.G. 5.
Januoary 1 311 ~32709 32799
February 1 314 32799 32799
March 1 313 32798 -32798
April 1 31-2 32795 +32795
May 1 314 “327R9 +32789
June | B | ] 1 31-2 -32787 £ 32797
H M.
\ 1 311 +32798 32798 To 10 & on 7th
July 2
- 32809 +32809 From 10 29 on 7th
August 1 312 32805 +32805
+ 32805 32805 To September 14th
September 1 312 +32802 For y 15th
-32798 +32798 From ,, 16th
October 1 312 [J +32793 32793
November ... 1 308 1 308 +32790 +32790
December 1 307 1 307 +32790 32790
Y. The mean scale values and temperature range— The mean scale values for 1913
for an ordinate of 1/25 inch are:— Horizontal Force 443 gammas.
Declination 1-03 minutes.
Vertical Force 4+81 to 6-29 gammas.

The mean temperature throughout the year was 27°-0 C. The temperature of reduc-
tion 1s 27°-0 C.

5. Mean monthly vulues and  secular change.— The following table shows the
monthly mean values of the magnetic elements for 1914-15 and the secular changes for that
period : these secular changes are deduced from the values of H as corrected for the changes in
the moment. of inertia and the revised distribution coeflicient.

* Secular changes at Dekra Din in 1914-15.

| Teoe o D N6 4 N
Moxtus. ! I } ; |
1914 = 1915, ! fﬁg}:;‘: 1914, ‘I 1015. ‘ flf'f:é“; ‘l 191, | 1015, ! :ﬁ‘;ﬁ}‘"&" 1014. | 1015, fﬁ;‘;};‘:
! ! ; :

| l v v ’ ’ ’ l‘ ’ ’ ’ v v v
January ...! 147 ll 105 —42 12003 1171 | =32 194 [26.8| +7-4| 373 | 471 +98
Fehrnary IR EE '| 193 45 [ 202 [ 16-9 3-3 19-9 276 7°7 | 384 494 100
March L W ot 44| 19°9 | 167 32 ‘ 204 29 2 78| 390 493 103
April | 139 ( a7 427196 | 164 32 217 | 258 o100 409 | 50N 92
Ma¥ ] M6 w3 5311901 158 32]220|293 i3 421! s07 86
Jane L Mo ; 0 ; 65 188 1507 31| 2261304 781 432 &lb &3
July ] 140 ; PO 54| 186 | 15-3 3:3 | 23.2 (309 7-7| 438 | 531 93
August - : 130 ! %0 a0 | 188 ] 150 36| 24:11 316 75| 445 | 538 93
Reptember .. | 126 T2 LR RIRE A PO 3820|921 71| 488 | 540 A2
Octobher R 63 1 88 1 17°9 | 145 342521331 79| 467 | 6549 92
November .1 112 52 : 60 | 17-6 | 13-9 37| 257|344 871 458 | h63 105
becember | 12| 6 917 ‘| 13 5 36|20 0] 344 s-4 ! 463 | B74 1
Menns 13 3 -51 | 188 |155| -3-3 : 229|306 +7 7| 27| 522 +95
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B.—Barrackpore Observatory.

1. The observatory was closed on the 25th April 1915, but as the magnetic results a:t
the observatory were given only up to the end of the year 1914 in last season’s Records, it
remains now to give them up to the time the observatory was closed.

9. Mean vaives of the declination and H. F. constants—The following table gives
the monthly mean values of the magnetic collimation, and the revised distribution constants and
moment m, as explained in para 2 of the note on the Dehra Dun Observatory. These revised
values of m were used in the computations for 1915.

Mean values of the constants of magnet No. 20 in 1915.

vy H. F. CONSTANTS.
DISTRIBUTION FACTORS. MEAN VALUE OF .
DMoNTHS, Mean
magnetic N ted values
i i ccepted values,
collimation. P P i Monthly | Accepted
1-2 2-3 q means, m.
r
January ... -7 23 663 7-36 b}
—_
February ... -7 29 671 7-32 % 2
_ o : Loss 65 | 935-66
1
March -7 26 6-7C 740 ‘
April -7 28 6 70 747 )

3. Mean values of hase lines—The table below gives the mean monthly observed and
accepted base line values of the Declination and H. F. instruments: the accepted values have
been used to compute the values of these elements for 1915. The H. I. base lines are derived
from H as determined with the present revised values of the moment of inertia and distribu-
tion coeflicients.

Buase line ralues of Magnelograohs in 1915,

DEeCLINATION, HorizoNtal Force.
MonTns. .\lem(: value Tinse line ]\Ini:x‘fvulue Base line REMARES.
bLase line. necepted. base line, secepted.
> C.G.5. C.G.5.
Janunry -0 44 ) +37097 *37096
February -0 45 | 37097 37096
+=0" 45
March -0 4'6 I 37099 37098
April -0 46 |) + 37105 (37100 From 1st to 6th,
|
37105 » Tth to 18th,
37107 » 19th to 26th.

4. Mean scal- values and temperature range.—The mean scale values for the year for
an ordinate of 1/25 inch are:— Horizontal Force 486 gammas.
Declination 1-03 minutes.
Vertical Force 443 gammas.

The mean temperature for the 4 months, Januvary to April, was 31°-7 C., with maxi-

mum and minimum values of 33°-1 C. to 31°:1 C. The temperature of reduction is 31°-0 C.

5. Mean monthly values and secular changes—The following table gives the monthly

mean values of the magnetic elements for 1911 and 1915 and the secular changes for that period:
these sccular change values are deduced from the values of H as corrected for the changes in the
moment of inertia and the revised distribution coefficients.
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Secular changes at Barrackpore in 1914-15.

Moo 6.8, 0 DR N30+ Voo e
MoNTHS.
e, | 1915, | Seeuler | i, | 1018, Seouier | 1914, | 1916, | SeCMeT | 1ons, | 1915, fg?‘:'s":

v ¥ v ’ ’ ’ ’ ’ v ¥ »
Jannary 393 398 +5 | 346|290 -56|568]613 +4'5 421 489 + 68
February 398 396 —-2134'1]|286 55572617 45 430 496 66
March 396 498 +21338}283 55574620 46 431 501 70
April 393 401 +8 (334|277 575801622 4-2 438 506 68
May N . v Lazeg | oo | B8 1] . 449
June e | 415 324 58-7 462
July | 403 ] . . |320 591 | ... 461
Augaost | 399 315 59 6 466
September ... | 397 -1 60-2 473
October Lo | 399 307 603 476
November L 401 30-2 61-0| .. 488 r
December .| 406 L. 29°6 | .. 60°8 488 | ...

l

Means .- 401 32-2 58 9 - 457

C.—Toungoo Observatory.

1. Mr. B. B. Shome held charge of the observatory up to the 26th January 1916
when he was relieved by Mr. K. N. Mukerji, formerly magnetic observer at the Barrackpore
observatory, Mr. Shome was transferred to the head quarters office of the party at Dehra Dun.

The declination, H. F. and V. F. magnetographs have worked well throughout the year.

2. Mean values of declination and H. F. constants.—The table below gives the mean
monthly values of magnetic collimation, and the revised distribution constants and moment m,
as explained in para 2 of the note on the Dehra Dun observatory. These revised values of m
were used 1n the computations for 1915.

The fall of the moment of the magnet continued to be 1-0 C.G.S. as in the previous
year which is higher than the average normal fall of the other observatory magnets during a

year.
Mean values of the Constants of Magnet No. 194 in 1915.

DEcLizaTioN H. F. CONSTANTS.
I/ISTRIDUTION FACTORS, MEAN VALUES OF m,
MoxTtas. Mean REMARES,
c;?ﬁgl::ilg“' 'l) I) Accepted vulues. Monthly | Accepted
1.2 2.3 means. m.
l p q
Junuary L] =10 §| 82| 902 877-31 | 877-31
February -9 b2 8-27 9-13 87731 | 877 31
877-31 | 877-31 | To Murch 13th.

March - 9 56 8-28 8-85 876°91 | 876 91 | From 16th March.
April - 9 58 8-35 9 02 R76-87 | 876°87
May | -9 51 s2r| 93| o o | 87671 | 87671
June | -9 54| 829 882 ; .‘,Is 87669 | 876°69
July -9 51 8-29 9 08 87660 | 876 60
August - 9 57 8-35 9-10 87G-48 | 876 48
September e -10 4 8:35 9 09 876-49 | 876 49
QOctober - 9 66 837 9-03 876-36 | 876-36
November - 9 54 8-35 8 97 876-31 | 876-31

December -9 59 8 33 8-93 876-16 | 876 16 | To December 9th,

876-00 | 876-00 |[From December 11th




Vol. X.] , ‘ MAGNETIC SURVEY. 87

3. Mean base line values.—The follawing table gives the mean monthly observed and
accepted base line values of the Declination and H F. magnetographs : the amep@ values

have been used to compute the values of these elements for 1915. )
' The H. F. bastI:]ines are derived from H as determined with the present revised values
inertia and distribution coefficients of magnet No. 19A and are not

of the. moment of ] ‘
agnet No. 19 which was in use in the earlier years of the

reduced as formerly to the value of m

observatory. - )
Base line values of Magnetographs tn 1915.
DECLINATION. HORIZONTAL FORCE, DECLINATION, HORIZONTAL FORCE.
MonTHS.
MonTHS. Mean value Base line Mean ‘value Base line Moauofvulua Base line Meundvalue Bene line
Base line, | 2¢cepted: Base line, | fccepted. Base line. | 2°°Pted | pogo'jine, | Mocepted:
e ’ C.G.S|CG.S ° ’ ? ’ c.a.8.|CGS8S
January .| O 51.2 3 +38633 38633 | July . .| 0 b23 0 52-3 - 38627 -38627
February .| 0 51°1 +38633 38633 | August . 0528 0 528 -3862¢ 138624
38637
Murch .] 0511 [+051-1 +38630 | September . 0529 0 529 38627 38627
i 38623
April .l 0511 [J 38626 -38626 ] October . 0 53 2 0 53 2 +38623 138623
May .| 05817 0517 -38631 +38631 [ November . 0 53-2 0 532 +38622 ‘38622
June . .| 051-9 051'9 38631 +38531 | December . 0 532 0 53 2 - 38616 +38616

4. Mean scale values and temperature range—The mean scale values for 1913

for an ordinate of 1/25 inch are:— Horizontal Foree 5°39 gammas.
Declination 1-0-4 minutes.

Vertical Force 502 to (:23 gammas.

The mean temperature for the year was §9°2 Fahr. with maximun and minimum
mounthly values of 89°-7 Fahr. to 88%9 Fahr. The temperature of reduction is 89°0 Fahr.

5. Mean monthly values and secular change.—The table below gives the wmean
monthly values of the magnetic elements for 1914 and 1915 and the secular change for that
period : these secular change values ave deduced from the values of H as corrected for changes
in the moment of inertia and the revised distribution coefficients. The values of H in this
table are all in terms of magnet No. 19 A,

Secular changes at Toungoo in 1914-15.

Homono . 8o DG N8 . s et e
MoNTHS.
s, | e, | Speutor | 20t | 2005 | seener | gy | gors, | Seeer | g, e, | Sgenhr
¥ | v ¥ ’ ’ ’ ’ ’ ) ¥ ' ¥
Janunry < 883 | 1000 | +15 50| 05| ~6'6| 57| 67| +1'0) 624 CiLlt | +20
February .| 979 | 1003 24 | 44| 10 54| 68| 68 10| 623, 647 24
March . .| 951 1004 23 | 41] 13 64| 51| 69 18! 615 | 648 33
Apil . .| 979 | 1002 23 | 36} 16 52| 60| 70 101 626 Gd48 22
May - | 986 | 1000 23 | a2 21 53| 59| 6.8 09| 628] 649 21
June . .| 985 | 1003 18 29| 2.4 63| 67| 77 20| 624 659 335
Juls . .| 986 1005 19 | 25/ 80 55| 5.8 72 1-4| 626 653 27
Augnst . | 980 | 1005 2 | 20 39| 69| 61| 72| 11| 628! c63 2
September . | 982 | 1010 28 | 16| 46 6o, 61| 71 10| 620 654 25
October. .| 989 | 1006 17 1 11| 61 62| 67| 16 09| 610 639 19
November . | 991 | 999 8 | 07| 54 61| 70| 81 1'1 | 644 | 663 19
Decomber .| 997 | 1010 13 01 60 61| 67| 77 10| 643 | 662 !
Means . . \ 986 L 1005 i +20 | 2.6 ’ 1) 570 6.1} 772} +1°1| 629 €53 | +24
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D.—Kodaikanal Observatory.

1. Magnetic observer Ramasvami Ayyangar held charge of the observatory during
the year.

Thanks are due to the Director of the Solar Physica Observatory for the cordial
assistance in all matters connected with the magnetic work.

The magnetographs worked satisfactorily throughout the year. The chuck of the
magoet used with the observatory magnetometer had become worn and lost its grip : the spare
chuck of another magnet was substituted on 25th January until the original chuck was
repaired and used a month later. The temporary chuck was heavier and it was necessary
to take a moment of inertia experiment with it as well as with the original chuck after
repair, <o as to preserve a continuity of record. No change in the moment of inertia was
appreciable in the magnet when the repaired chuck was used.

During the inspection of the observatory the torsion head of the Declination magueto-
graph was turned on account of the gradual shift of the trace due to secular change.

2. Mean vatues of Declinution and H. F. constants.—The table below gives the mean
monthly values of the magnetic collimation, and the revised distribution eonstants and moment
m, as explained in para. 2 of the note on the Dehra Dan Observatory. These revised values
of m were used in the computations for 1915 and are derived from the vibration observations as
determined with the chronograph.

Mean values of the constants of magnet No. 16 in 1915,

DECLL- | , DEcCLI-
ey : H. F. cONSTANTS, ol H. F. CONSTANTS,
TANTS. | TANTS.
g ! ! ‘i 2
MoxTHs, -:' § ! bistribution Factors. ‘ )lcnn(" \;l.ues MoxTus. E g Distribution Factors. Men;:‘ \:ﬂues
S.= | g
g; | | Acc?l‘(el i 3 g“-‘i Accepted 3
=5 | i values. - i El values. 3
g2 PPy denthiy 2 D22 [Py Ppg— —{Monthiy| E 4
H S ‘ i P \ q ’ 8. 5 l Q‘-'; 3 r q menus. :5
o = i | < = -
P i i o
January . | -3 ‘.'»'Sb S'S-l' 1882 30 July - -928 :’5'86!8'72 88249
February i—330 5968 68 882 41 Auguet . |—3 26 ‘|5'79‘8'79 882-47
i :
1 h
March 1= 328 :h 00:8-55 2 § 88247 ,': September |—3 26 ii' 80(8'53 2 5 88251 }:
' i h = 3] _ | — — N
Apnl . =320 5-934-65 ~ | 1882-42 F October . |—-327 ':)'TSIS'SO - | 882-60 &
May . -328 5008 50 48220 November |3 20 ’5~818-GS 88278
|
June L =325 5894 81 882 53 December |—3 2) i5'69'8’86 88278
i i i

3

3. Mran buse line values,—The following table gives the mean monthly observed
and aceepted base line values of the H. F. and Declination magnetographs: the accepted
values have been used to compute the values of these elements for 1913. The H. F. base
line values have been derived from H as determined with the present revised values of the
monient of inertia and distribution coelficients.

Buze line values of Magnetagraphs in 1915.

DECLINATION, " 1orizoNTAL FoRrcE, i DECLINATION, HorizoxraL Forcr.
MoxrmES. : : MoONTHS, ' |
'“e""”"“‘"" Base line i"le“"“r"“]""! Rase line f‘IE""“ml“ef Buse line Mennorvnlue Nase lino
Vace liwe, . BeCEPTed | Buse line. accepted. i Bage line. | Mecepted | p o line, | tecepted.
- i |
)
= .68, CB.S ° ! C.G S | Cas.
| i .
January - 1 57 7 | o o-87A71 0 -37371 |July - - |1 BT'3 -37370 | -37370
Februnry = 1 57 6 - L -37368 1 -37368 | Augnst <11 575 - -37371 +37371
March 1 AT 4 ;L: i 37369 i -37369 | September - | 1 577 F +37370 37370
Apnil 13T T ] - b-37372 +37372 | October |1 574 - 37370 37370
| ;
Muy - c 1 878 : | +37373 | 37373 | November - |1 577 #7367 37367
! I ‘
June * -1 ATs i 37373 i 37373 | December - | 1 A7 4 37363 +37363
I |
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4 Mean scale values and lemperature range.—The mean scale values for 1915 for an

ordinate of 1/25 inch are :— Horizontal Force 590 gammas.
Declination 1:03 minutes.
Vertical Force  5°18 to 5:58 gammas.

The mean temperature for the year was 18°5 C with maximum and minimum monthly
values of 19%°0 C to 17°5 C. The temperature of reduction is 19°+0 C.

5. Mean monthly ralues and secular change.— The table below gives the mean
monthly values of the magnetic elements for 1914 and 1915 and the secular changes for that
period : the secular change values are deduced from the values of H as corrected for the
changes in the moment of inertia and the revised distribution coefficients.

Secular changes at Kodaikanal in 1914-15.

U0 6 6. S e N+ a8
Montus.

wid, | 106, | Seeler | agns, | 1o1s. | SEONRT | 1014, | 0. Secolar | 1o1s, | 1915, | ey

v | Y N ’ N ’ y | v 7
Junuary .. | 999 608 + 9]|14.5(198| + 53| 82137 + 56 719 | 781 | + 62
February ...| 606 | 606 0149|203 54| 8565|150 65 723 794 71
Maroh ...| 605 | 611 ‘ 6162|206 541 911158 6-7 730 804 74
April ...| 604 | 617 13 |15°7 | 210 53 98 (159 61 737 805 68
May ...| 608 | 618 10163 | 21'6 53| 10°5 | 16°7 G-2 T45 814 69
June ...| 602 | 610 81167222 55 | 11-7 4172 55 758 818 60
July ...| 602 610 81171 22:6 5'56(12:0 | 179 59 761 827 66
August ...| 600 | 619 N9 [ 17'5 | 23°0 556|126 17-2 4-7 767 820 63
September ...| 607 | 623 16 | 18°3 | 23°4 5-1|12:5 | 179 54| 767 827 60
October ..| 605 620 16 | 19-3 % 23-8 4 127 | 181 54 769 829 6G
Novembher . 602 609 T 1198 | 24-2 4-4 ‘ 13:7 | 19-2 65 780 841 61
December ...| 610 | 620 10 | 202 | 25:0 4'8|13'5|19'1 66| 118 841 63
Means Gu4 | 614 | + 10 17-1 {223 | + 62 (|11.2|17°0 | + 5-8 763 817 | + 64

6. Transfer of the Kodarkinal Observatory.—It has been deemed advisable to place
the Kodaikanal Observatory under the control of the Meteorological Department, for a better
supervision of the work of the observatory than is possible at so great a distance from the
Survey Head Quarters at Dehra Dun, With the approval of the Director General of
Observatories and the sanction of the Government of India, the magnetic observatory and the
observatory staff were transferred to the Meteorological Department on the 1st August 1916.

It has been arranged that the Director of the Kodaikanal Observatory will continue
to send the periodical returns of the magnetic observations as usual, in original and duplicate,
to the Officer in charge of No. 18 Party for the computation of the observations and for
record.

ITI.—Tasres or REesuwrs.

A—Mean values of the magnetic elements at observatories in 1975.

Observatory. Latitude and Longilude. Dip. Declination, H.F. V. F.

o ’ i V”V o o C. G. 8. C. G. 8.

Dehra Din ... 30 19 19N N.4430-6 [E. 215-5| -33083 +32522
78 3 19E

Toungoo 18 55 45N N.23 7-2 [W.0 3-1] -39005 16653
96 27 3 E

Kodaikanal ... 10 13 50N N. 4170 |W. 122-3| -37614 02817
77 27 16 E
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Trace lost

- = Trace lost.

V. G.=Very Great.

M = Moderate. G =Great.

S= Sl]ght.

C=Calm.



Declination=E. 2° + tabular quaniety.

C.—Hourly Means of the Declination at Dehra Dun in 1915, determined from all available days.
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Hourly Means of Vertical Force in C.G.S. units (corrected for temperature) at Barrachpore in 1915, from all available days. Pertical Force= 22000 C.G.S.+ tabular quantity.

Hours Mid. 1 2 3 4 5 6 7 8 9 10 11 | Noon 13 14 15 16 l 17 18 19 20 21 22 23 Mid, |Means

Y b ¥ b4 ¥ Y Y ¥ b4 Y Y b4 Y |y ¥ b4 Y Y Y ¥ b4 Y v b4 ¥
{Jan. 401 401 491 492 492 493 494 404 494 | 489 183 480 482 4R2 484 | 487 489 490 401 491 491 191 491 492 401 489
Feb. 97 498 498 198 198 449 499 > 499 405 492 490 489|490 430 | 492 493 194 4496 1496 497 497 407 | 498 108 1 496
Mar, 503 504 504 505 05 505 505 207 505 500 496 491 4891 400 495 498 408 199 500 501 502 503 504 | 504 505 501

Oct.
Nov.

 Dec.

Winter

Means

{ April 509 510 510 510 510 511 513 213 510 503 490 190 493 498 503 505 505 | 505 5006 506 07 3le] s09 509 5090 500
May
June

July ‘
Aug, . .

( Sep. i

Means X ’

Sumnier.

Diurnal Inequality oy the Vertical Force at Barrackpore in 1915, dednced from the alove Table,
r Y Y | Y 4 Y Y Y k4 Y Y Y Y v Y 4 b R4 Y Y Y Y Y
{Jan, : 5 E .

+ -9l =- 74 - 7{- 5 2 +
. | Feb. + 1 — 71 - 6| = 6] —= 4y -~ 31| —
Mur, + 2 6 3

-10( -1 -1 - - 3| -
ER
L Oct,

Nov,
[_Dec.

+ +
<
~

5
4
]

+ + +
[
+

NN
+ + +
W
+ + +
e W
+ + +
w

+ + +
«w

+ + +
+ + +
e QO Tt
|

——
|

Tt
t

[N
+ + +
— b
[ X
+ + +
R
+ + +
w N W
++ +
NN

Winter

Means

(ﬁpril+3+4+4+4+4+5'-7+7+4—3—10-16—13—h—3—1-—1—1 0 o + 1|+ 3]+ 3+ 3({+ 3
. | May

June

July
Aug.

 Sep. L ‘ L ) , ‘ |

1

Menns : ‘

Summenr,
A

NoTe.—When the sign is + the V.F. is greater, und when — it is less than the mean,

- X 1eA
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M

-
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t Toungoo in 1915, determined from all available days. Declination=1V. 0° + tabular quantity.
g Yy q Y

E.—Hourly Means of the Declination a
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Hourly Means of Vertical Force in C.G.S. units (corrected for temperature) at Toungoo in 1915, from all available days. Vertical Force= 16000 C.G.S.+ tabular quantity.

Hours Mid. 1 2 3 4 5 G 7 ’ 8 9 10 11 | Noon 13 14 15 16 17 18. 19 20 21 22 ‘23 Mid, {Means

Y Y Y Y Y k] k4 b4 Y ¥ ¥y ¥ ¥ T | ¥ ¥ ¥ Y Y Y v Y Y Y Y

(Jan, 647 647 | 647 6471 647 | 647 | 64T} 616 647 | A4l 631 628 €32} 6338 642 | 615 646 | 645 645 | Gi7 6147 | 647 | 643 | 648| 648 ] 644

. | Feb. 630 | 651 650 | 651 651 G50 | 630 ] 63v 616 | 639 63t | G33| 636 642| 647 | 649 | 643 | 646 | 6147 649 649 649 | 630 651 6511 647
§ Mar, 633 633 633 (633 652 652 653 633 652 645 633 635 633 636 643 648 650 648 648 650 651 651 652 653 653 648
& | Oct. 66b | 664 664 664 6L 664 | 666 ] 666| 661 632 Gi5| G42| 645 652 | 6359 | 662] 660 658 | 639 661 661 662 | 663 | 664 | 665] 659
Nov. 66 ¥V 667 | 606 666 | 665 667 667| o667 | 663 657 632! 652| 6355 | 639 639 | 661 661 | 660 | 663 664 665 | 666 | 667 667 | 667 | 663

(_Dee. 666 666 o6 | ‘665 60505 667 667 667 667 661 653 647 649 653 659 662 664 ‘ 662 663 665 665 663 665 666 666 662

['X ‘oA

Means 658 658! 658 G533 653 638 653 658 656 G19 642 G40 | 642 647 652 G54 655' 653 654 656 656 657 658 658 658 654

(April | 654 €33

i
651 6354 G54 654 657 656 | 649 G4l 632 628 629 638 647 652 653 651 619 649 650 651 652 653 653 648
652 652 652 653 656 654 . 619 641 636 636 638 644 G438 652 654 652 649 649 649 651 651 652 662 649

‘XAAYNS OILANDVIN

. | May 652 | 652
g | June 663 663 l 663 663 663 GG+ 666 654 . 638 650 646 645 647 653 657 660 663 662 G661 660 661 662 663 663 663 669
4 :
g July 656 657 ;5] 656 657 657 662 659 1 652 644 640 639 642 646 651 653 657 657 655 653 Go4 656 656 657 6567 653
@ Aug, 657 658 658 658 653 €59 664 660 651 64l 638 63 G338 G613 648 652 656 657 655 664 665 656 637 658 658 653
[ Sep. 65 660 G£O 660 660 660 665 Gu2 651 633 632 631 634 ($3% % 654 659 659 656 664 656 657 658 659 660 660 654
Means 657 658 ! 657 657 657 658 662 659 652 613 637 636 633 645 631 633 657 636 664 654 654 666 656 657 657 653
Diurnal Inequality oy the Vertical Force at Toungoo in 1915,deduced from the above Table.
Y Y Y Y Y Y Y k4 Y Y k4 Y Y Y Y Y Y Y k7 ¥ Y Y Y Y Y
(Jan, + 3]+ 3+ 3|+ 3]+ 3|+ 3|+ 3]+ 2|+3|-3]-13|-16]-12]-06'=2{+ 1]+ 2|+ 1]+ 2]+ 3|+ 3|+ 3]+ 4|+ 4|+ 4
.| Feb. + 3]+ £+ 3|+ )+ 4|+ 3|+ 3]+ 3 —1|-8]-13|~1+|—=11]-5 Ol + 11+ 1| -1 ol + 2|+ 2| + 2|+ 3| + 4|+ 4
S | Mar. + 61+ 08|+ 3+ 3)+ 4|+ 4+ 5|+ 5|+ 4, —3)-10/-13]-150-12|-15 o} + 0 o]+ 2|+ 3|+ 3|+ 4|+ 6|+ 8
g
3" Oct, + 6|+ B8]+ 5|+ 5]+ 5|+ 5|+ T+ T+ 2| =714 =17 -14)-17 O+ 31+ 1| -1 o]+ 2|+ 2|+ 3|+ 4|+ 5|+ 6
Nov. | + 3+ 4|+ 3|+ 3]+ 3]+ 4!+ £} + 4 of—- 6] —11]| - - 8- 4l - 4| -2|-2|~-3 O+ 1|+ 2} + 8]+ 4|+ 4|+ 4
{_Dec. + 4+ [+ L)+ 4]+ b+ 5]+ 5]+ 5+ -1)]=- 9] -157=-13y~- 9 ’ - 3 oy + 2 Ol + 1]+ 3;+ 3|+ 3|+ 3|+ 4|+ 4
Means + 4]+ 4+ 4]+ 4|+ 4+ |+ L)+ 2]+ 2= 5]-12] =11 -12]-7 ‘ - 2 o+ 1| -1 o+ 2|+ 2|+ 3|+ 4|+ 4| + 4
fApril | + 6]+ 7+ 6+ 6]+ 6|+ 6|9+ 8|+ 1| —17]-16|-2|=-19]-10[- 1|+ 4]+5[+3+1]+1|+2|+3]+ 4l+5]|+68
| May + 3]+ 3|+ 3|+ 3+ 3|+ 4|4+ T7]+ 5 O - 8| -13] -13}-11| -5 —-1]+ 3]+ 5|+ 3 0 0 O+ 3|+ 2|+ 3|+ 3
g{June + 41+ 4|+ 4+ 4V b+ BT =1 =913 =14 =12]=6]=-2|4+ 1]+ 4|+ 3[4+ 2]+ 1]+ 2]+ 3]+ 4!+ 4]+ 4
é July 1+ 31+ 4, « 3} + 3]+ 4| + + 9+ 6] - 1| —-—9]-13]~14| =11} - 7|~ 2 Ol + 4 + 4| + 2 O+ 1|+ 3]+ 3| +.4]+ 4
«@ Aug, + 41+ 5|+ 5 F 3L+ S+ 6 +1LL+ T - 2 =120 =<15{=-16|=15]~-10) — 5| - 10+ 38|+ 4|+ 2]+ 1]+ 2{+ 30+ 4|+ B| + 5
Bep. | + 5+ 6+ 6!+ 6]+ 6|+ 06 +11]+ 8l - 3| —16f]-22]|-23|-20]-=10 ol + 5|+ 5|+ 2 ol + 2|+ 3|+ 4l+ 5]+ 6|+ 6
Means + 4|+ 5|+ 41+ 4+ 1)+ 5|+ O] r 6] =-1|-10]~-16|=-17—-15]=8)— 2|+ 28+ 4|+ 3+ 1|+ 1|+ 1|+ 3]+ 3|+ 4|+ 4

NotE.—When the sign is + the V.F. is greater, and when — it is less than the mean,
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N. 23°+ talular quantity.
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Hourly Means of the Dip at Toungoo in 1915, determined from all available days. D

Note.—When the sign is + the Dip is greater, and when - it is less than the mean,



F.—Hourly Means of the Declination at Kodaikanal in 1915, determined from all available days. Declination=W. 1°+ tabular quantily.

(X A

‘ATAMNS OILANODVIN

! ; | |
Hours Mid. 1, 2! 3 4 I 5 ; 6 7 ‘ 8 % 9 10 | 11 “ Noon | 13 14 15 16 17 ] 18 19 20 21 22 23 | Mid.
1 ! !
I

(lan. |0 [ w7 [ 107 L ae’s | 2070 | 2072 | 2070 | 2007 2072 ! 19% | 197 ] 201] 2071 | 19% | 1973 | 19°2] 1973 | 195 | 19”7 ]| 1975 | 19°6 | 196 | 19-6 | 197 | 197

| Febe 2y-2 | 2002 | 2oz } 20 2] 20-3 1 2004 | 203 20°3| 203§ 20°6] 21-1| 21-G| 21-4 | 20-8| 2000 19°6] 19-4| 197 | 20-0] 20-0| 201} 20.2} 20-2 | 20-2 | 203
§< Mar, | 205 205 205 | 206 2007 | 20°5 | 20-8 | 20°5 | 20-2 i 20-1] 203 | 208 214 21-8| 21-5| 20-8] 202 | 20-2| 20-4] 20-6| 207 | 206 20-6 205 205
= !

Z 1 Oct. 238 ) 237, 23°8 1 23 %) 239 240 23 331 23.2 | 235, 240 248 24-8] 244 | 238 23-3] 28-1| 234 | 23.6 ) 23°7| 239 239 240 23-9| 238
Nov, 200 ] 2k 1 0 ozd 1 24 L) 24630 245 ] 244 ) 244 243 244 ] 24:9 | 25-2) 249 ) 241 | 23-7 | 234 23-5| 23-8| 23'8] 23-8| 240 | 24-1| 243 | 24-2 | 24-3
Dec. 250 250, 2501 ( 251 ) 25-2 ] 253 | 25-3] 253 25-1 ’ 24-8 ] 25-0 | 255 255 25-1| 249 | 247 245 246 | 247 | 24°6| 247 | 24'8) 24°9| 25°0| 250
Meuns 22,2 222 222 223 224 225 22-5| 22-4 22°2 ’ 222 | 22-5 | 23°0| 230 2276 | 22-.2| 21-8) 21-7| 21-9 | 22:0] 22-0| 22-2| 222 223 22-3| 22:2

I |

(Aprit | 208 20-7 | 20-6 | 20-7] 20-8 ‘ 208! 20.4 | 19°9] 19-9| 201 20-7 | 21-7 | 22.7 [*22-9| 223 | 21-4| 207 | 206 ‘ 20-8) 21-2 | 21-3 | 21-2] 21-1| 209 | 208
o[y feba )i o2l 2ia ] 2030 202 ) w5 [ 2000 20.3 | 2001 | 222 230 ) 23-3) 23°2| 226 ) 21-9] 21-3 | 212 214 21-9 | 220 22:°0] 21-8| 216 | 214
£lJdune [ 2z f 2200 2109 | 2108 | 2009 ) 208 | 210l | 2003 2003 | 2101) 2221 231 | 238 23-9l 234 | 22:9] 223 22-0\ 22-0| 22-3] 22-5| 22.4| 224 | 22°3| 22-1
i
E lJuly 22 6] 225 1‘ 22-4 1 224 | 2230 22:2] 2150 203" 206! 2151 225 23-7| 2450 246! 2011 23-4 ) 228 | 2231 22:3| 22.6| 22:9| 220 22-8 22-8; 22:6
Zlaug | w32 | 23| 2209 220 2270 225 218 2008 2100 | 22-1 | 233 | 24-3 ) 24-9) 24°8 ] 24°2 | 235 | 228 22:6 | 226 23-0| 23:2 | 23-3| 23-3| 23-3| 232

>ep. 4| 234 | 2330 23-3] 23-2) 231 22.1 | 21-2) 215 | 227 238 248 | 235 25°4) 246 | 23-4] 22°9| 228 23-0] 23-4| 23:5| 23:5| 235 ¢35 234

Means 22-3 ] w22 ] 22-1 | a1 | 220 2109 | 21-2 20-.',| 206 | 21-4] 225 | 23-4| 241 | 241 ' 23-5 | 22-8| 22:1| 21-9 l 2201 22:4| 22:6| 22.6| 225 224 | 223

Diurnal Inequality of the Declination at Kodaikanal in 1915, deduced from the above Table.
’ 7 ‘ 7’ 1 ’ 7 ’ ’ ’ v ’ ’ ’ , ’ ’ ’ ] ’ ’ ’ ’ 7

(oo, [+0%z 40/t [+0't] o | =o'z | =04 | =06 =0 | 0’4 +03] 401 | =03 | =03 | +0'2| +0%5 | +0'6 | +0'5 | +0°3 | +01 +03+0'2 | +0'2 | +0'2 lie0’1 | 400
I Febe F+ul 40l o0l | +0-1 0 —-0-1 0 0 0 | -0.31-08|-13|~-1'1]-05|4+03|+07]+0.9|4+06[+03]+0-3|+0-2|+0-1]+0-1]+0"1I 0
Z | Mar. #0140l is0 1| 0 —01|=-02|-02]+01|+041+05]|+03|-02|-08l-12|-09]|-02]+04+|+04+|+02}) O —-0-1| o 0 +0 +0°1
R | ‘
= | Oct, 0 +0.1 0 0 —0'1,-02| 0 +0'5|+06:+03|-02l-10|-10]|-06]| o0 +05)+07|{+04|+0-2}+01|=01|—0-1p-0.2|=-01]| O

' Nov., J+0 20400 (+0 ! +01f=-01{=03]-02]=02]-01'=02]-07|=10]-07]+0°1| +05 +083+07|+0°4|+04|+04|+0-2]+0-1]-0"1 0 +0-1

(Dec. 0 0 ~Ull-01}-u2|=-03|-03]-03[=01 +02} 0 .—0-5 [=051-0°11+0°1|+0:3|+05]+04|+03]+04|+0-3 +0.2]+01| O 0

Means [+01 |+01|+01[ o |-01 {—02 —oz|=01|+01v01|-02]-07 ~07]|-03|+01]+05)+0.6]+0a|+03]|+03{+01]|s01] 0 o |[+01

)

(April [ +0°2 ] +0°3 | +0-4 | +0 3] +0°2] 402 j +06|+1-1|+1-1|+09]+03  —07|-17]-19|-13]|-04]+03|+04|+02]-02|-03[-02]-0:1]|+0"1]|+0-2
oM May J+02fv0 5 +03 40 3)+03|+04 +11|+15+13|+405[-06|~-1"4|-17]-16|-10[-03]+0-3|+04[+02]-03|-04¢|-04]-02]| 0 +0-2
gl Jume [ #0402 +0:3]+0 4] +03]+04 +1:1]|+1:9|+19[+11] © -09{-1.6]—17|-12|-07]-01]|4+0-2|+02]-0'1]{~03|-02]-0-2]~01]+0"1
E July 0 +0°1 (4024020403 [ 404 [ +1°1+2°1]42:0+1°1 1401 |~11|-1-9]-20|-1'5-08]-02}+03]|+03] 0 -03|-03]-02{-0-2( 0

Aug. [=02] 0 +011+01)+03 +05 +12]+22,+20]+09]-03'-13]-19)-1'8(-1-2|-0-53]+02|+04;+04] O -0:2|-03]-03|-03|-02
 Sep. 0 0 +0 1 {+0-1{+02 (403 | +13]+22{+19|+07]-04|=-1'4|-21)-20|~12] O +0°5 | +06[~+04] O —-01|-01}-0"1|-0.1] ©
Meuns 0 +0-1 | +0-2 }+0-2 +0°3 | +04 ,' FL1 418417 [ 4+09)-02 | -11 | 16| ~1'8~1-2|~05|+0-2| +0°4 ]| +03{~0'1(-03]-03 -0-2|-01] o0

NOTE.—\Yhen the sign is + the maguet poiuls to the East, and when — to the West of the mean position,
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Hourly Means of the Dip at Kodaikanal in 1915, determined from all available days. Dip = N. 4° + tabular quantity,
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No. 19 PARTY (BASE LINE).
By E. C.J. Bonb.

PERSONNEL .
Provincial Qfficers.

Khon Bahadur Syed Aulad Hossein from 1st
October 1915 to 30th November 1915.

Mr. E. C.J. Bond, in charge from lst December
1916.
Mr. O. N. Pushong, arttached from 1st December
1915.
ZLower Subordinate Service.

2 Computers, ete.

Owing to the deficiency of officers in the
department, caused by the war, no Base Line
work was practicable during the year.

A traverse survey of the Imperial Delhi Area.
boundary, on the west side of the Jumna river,
was undertaken by the party. A report on this.
work is given in Part IIL.—Special Report,
at the end of this volume.

Programme for 1916-17.—During the ensuing
field season triangulation will be carried out in
Delhi for providing points to No. 2 party, Northern
Cirele, for the revision of the 4-inch maps of “Delhi

and vieinity ”, and also for the control of the traverse of the Imperial Delhi Area boundary,
on the east side of the Jumna river, to be executed by No. 2 Party.

THE COMPUTING OFFICE.

By J. pE Graarr Huxter, M. A.

PERSONNEL.
Imperial Officer.
J. de Granff Hunter, Esq., M. A, in charge.

Provincial Qfficer.
Mr Wanumnan Prasad, Extra Asstt. Supdt

Computing Qffice.

Lai Sahib Jehan Chandra Deva, B, A. and Il
Compulers, 4 Compulers attached (8 Computers
from the field parties worked for a portion of
the vear in Computing Office) 10 book-binders.

Printing Office.

Mr. Sarat Kumar Mukerji, Sub-Asstt. Supdt.
17 Compositors, 3 Printers,
Workshops.

The office was visited by H. H. Sir James
Meston, K.C.S.I., LL.D.,, V.D. Lieutenant-
Governor on 14th July 1916.

CoyruriNg SECTION.

The excellent services of Mr. Ishan Chandra
Deva in the Computing Office from 1885 and as
Head Computer from 1908 have been recognised,
and the title of Rai Sahib has been conferred on
The Gazette of 3rd June 1916
the following announcement:—

“His Excellency the Viceroy and Governor General
has been pleased to confer the title of Rai Sahib
as a personal distinetion upon

Mr. Ishan Chandra Deb, B.A., Head Computer,
Trigonometrical Survey Office, Dehra Dun".

him. contained

On 2nd September 1916 Colonel G. P. Lenox
Conyngham, R.E., Superintendent of the Tri-

gonometrical Survey held a public durbar and handed the sarzad of Rai Sahib to Mr. Ishan
Chandra Deva.

1 Hend Artificer, 8 fitters and carpenters.

A “Millionaire ', an arithmometer of greatly improved pattern, a Comptometer (adding

. . . . s

machine) and 7 slide rules have been veceived in the Computing Office during the year. The
addition of these instruments has greatly facilitated the work of computations. )

Triangulation Pamphlets. Good progress has been made with the compilation of
“G. T.data” (ie. all data available in the Head Quarters oftice, Dehra) for trianoulation
pamphlets. The C.omputing Office in conjunction with 15 Party have compiled data ;01' 205
degree sheets during the 12 months under review. Certain minor alterations have been
intl"()(]ll(*('(], but in the main the procedure explained in last year's report has been found
satisfactory in practice.

Adjustment of triangulation. The revisionary triangulation at the junction of the
Burma Coast Series and the Manipur Meridional Serics was completed in Fébmary by 15
Party and the observations were shortly afterwards reduced. It was not possible to tai(e u')
the adjnstment of the Burma triangulation at once, but a start has now been made and t;hl
solution of the necessary equations for the adjustiment is nearly completed. It is hoped tlni
the adjustment will be completed in 1916 but it has only been possible up to the pl%esent ;so

apply two computers to the work. When this has been completed it will b i
Lk . . e possibl
with Burma triangulation pamphlets. : poseible fo proceed
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All geodetic triangulation throughout India other than what depends on the Burma tri-
angulation has now been adjusted, the following series having been dealt with during the year :—
Sambalpur Meridional (No. 85), Ranchi (No. 83), Ashta (No. 88), Naldrug (No. 90) and
Middle Godaveri (No. 92) Series.

Levelling. The dynamic and orthometric values of the following lines of levelling
were computed during the yvear:—

(1) Indian lines. Dacea to Mymensingh; Tindharia to Darjeeling; Raichur to
Bagalkot ; Bareilly to Hathras; Bareilly to Meerut (revised); Ambila to Meerut (revised);
Sargodha to Multan and Mahiwala ; Solon to Simla ; Ferozepore to Lahore (revised) ; Multan to
Bahawalpur ; Jacobabad to Quetta; Bellary to Gooty (revised).

(2) Burma lines. Thazi to Mandalay (revised); Mandalay to Myitkyina (revised);
Amberst to Pegu; Henzada to Bassein ; Thazi to Taunggyi; Minbu to Paugma and Paugma
to Salin.

The revision of the levelling line 61 Letween Meerut and Ambala having thrown doubt
on the reliability of the bench-mark at Ambala Chureh (B'-sgr'ﬁz»») (ride page 77, Records of
the Survey of India, Volume VII) its value was computed from Meerut by two different
routes, namely efe Saharanpur and rie Delli and Karnal. The former gave its value as
900-503 (dynamie), the latter, as 900-581.  The mean of these two (riz. 900:542) has been
adopted as the final value of the bench-mark in supersession of the value published on page
257 of G T, 8. Volume XIX B, and all heights dependent on this have been corrected.

The adjustment of the Assam-Bengal ecirenit from Parbatipur vin Gauhiti, Karimganj,
Akhaura, Dacea and Pachuria to Poradaha has Leen completed and the results published in
addenda to levelling pamphlets 78 and 79.

As mentioned in last vear’s report, Elephant Point which had hitherto been the datum
of level for Burma was considered ill suited to the purpose, seeing that the tidal observatory
is 2 milex up the Rangoon river. Mean sea-level as determined by the Amherst Tide-gauge
is more reliable and has been adopted as the new datum, and all heights dependent on
Elephant TPoint have been converted to the new terms. The entire Burma levelling previously
pnblished with preliminary values has been recomputed. The final dynamic and orthometrie
values of the unpublished lines have also been worked out. These values will not be modified
for many vears to come, until probably such time as a junction with the Indian levelling is
effected.

A second edition of the Burma pamphlets with orthometric values, is now being printed..
This will =upersede the old provisional issue of 1911-13. Good progress has already been

made in that direction, and pamphlet 1, the first number of the second series, is well advanced
through the press.

Press work. During the vear press copies for 205 triangulation pamphlets were
prepaved ; this number is exclusive of 20 prepared and printed last year. Proofs of 180
pamphlets were read in the Computing Office and passed.

Addenda to levelling pamphlets 39, 17, 78 and 79, together with the press copy of
Jevelling pamphlet 3+ were prepared and proofs passed.

Part I of the 5th Edition of the Auxiliary Tables, comprising 37 Tables of Graticules
in 2+ pages, was prepared for press and proofs were read and passed.

Proofs of pages 69 to 104 of Professional paper No. 16, at present in the press,
were read, examined and passed.

Recorde. A\ card index of all the records has been begun and is nearly complete and
all the records are now satisfactorily stored in suitable racks.

Research. X\ complete mechanical analogy to any net-work of serles of triangulation
has been found, such that the strains in the mechanism correspond to the most probable
adjustments in the net-work. The corresponding underlying principles are, in the one the
prineipleof least work,andinthe other the prineiple of minimumsquares. This analogy has assisted
the consideration of most probable adjustments, and convenient formulz for the probable closing
errors of eivenits formed by series of triangulation have been found, which agree satisfactorily
with actual results. The probable elosing errors in side or azimuth vary as ,/SM2S where
M is the juantity explained in last year's report* and S is the length of the corresponding series
in the circuit. The probable closing error in northing or easting depends on the point of closurey
and varies as \/jr;\“l"l'l—’a’a where R is measured from the closing point. For a line of given
form this varies as the three halves power of the linear dimensions.

* Records of the Survey of India, Vol. 1X, page 137,
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The question of probable errors of positions fixed by triangulation after all adjustments
have been performed has proved more troublesome, but now appears to have been satisfactorily
golved. It is of importance to know how closely a fixing may be relied on, either when
comparing with astronomical fixings, or in such cases as when revisionary triangulation is
performed to test whether an earthquake has caused appreciable horizontal movement of the
ground. The Shillong earthquake of 1897 has been considered from this point of view, and
it appears there is not real justification for assuming any wholesale horizontal movement of the
ground. To establish such movements more accurate observations would be necessary. The
questions briefly alluded to above are being discussed in detail in Professional Paper No. 16
now in the press.

Book hinding. During the vear a wire stitching machine was received from England
and was made use of in stitching the triangulation pamphlets and other small publications, by
wire ; the machine has been found very useful. The work of binding small pamphlets has
thereby been mueh accelerated.

A good deal of attention has been given to the binding and general appearance of
publications, and it has been found possible to make considerable improvements without adding
appreciably to the cost of the work.

The following publications and manuseript books were bound :—

Degree triangulation pamphlets

6330 Copies.

Professional Paper No. 15 with gold lettering on back ... .. 1300,
Addenda to Levelling pamphlets 43, 47, 78 and 79 .. .. 800
Five Figure Logarithmic Tables ... 100 |
Auxiliary Tables, 5th Edition, Part I 200
Blank angle books for Parties oo 2000,
Form 17 Topo. (Clinometric Hetghts) in small books, for Parties ... 1050 ,,
Old manuseript records of triangulation ... ... 430 Books.

Registers for office use 50 Copies.

About 100 books of daily use were also repaired.

Prixriva Secrrow.

During the year this office has been rearranged and an additional room has been taken
over into which the three hand presses have been moved. The main room is now occupied
only by compositors and distributers: and all the case-frames have been arranged so as to be
more cconomical of space. Some new case-frames have Leen received from England and more
have now been indented for; so that next vear all the old furniture, which is very old and
unsatisfactory, will be replaced. A second machine press is expeeted very shortly and arrange-
ments for its accommodation are being made. These changes have been mace necessary by
the great inerease in printing work which has vecently ocenrred. A larger stock of t\'pe; has
also been received so as to make it possible to give complete proofs of a publication before any
part is distributed. This has added to the efficieney of the work. )

During the year triangulation pamphlets for 150 degree sheets (G. T. data only) have
been printed, totalling 1616 pages.  All the graticule tables used in the department (3.7) have
been printed, forming Part 1 of the 5th edition of the Auxiliary Tables. Professional Paper
No. 16 has been printed from pages 69-101,

Wonrksnors.

The Workshops have greatly benefitted from the installation of an electric motor in
1914-15. A sensitive drilling machine has been received during the vear 1915-16, The
outer lean-to shed has been extended to the full length of the Workshop builling and a
conerete Hoor laid down. As the season has Dbeen a partieularly wet one this lmshproved
invalnable.

A lot of work has been done in the construction of large racks and tables for the
various seetions and trigonometrical parties.  Painting of all the woodwork of the othces has
been done by the carpenters.  Various minor additions to the office buildings have been made

. . = .
The need for these was absolutely imperative. Three out of four new masts very similar to
that illustrated in Records of the Survey of India, Volume V, page 117 have been made.

m o . . .o . : .
] I'he (le.x'l$n has been appreciably mproved and the mast is now verv strong, durable
. . e N . m . N !
and compa(jt. lhe. wooll used is Nana.  These masts are for some of the Madura Series
(triangulation) station about {o be observed at by No. 15 Party,
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Repairs to many instruments and apparatus of the Trigonometrical Parties (notably No,
15 Party) have been carried out. The integrator reported as under construction last year
has been satisfactorily finished. It is illustrated in this volume.

Mechanical Integrator for culculating effect of irregularities of form and of density
in the earth’s crust on the deflection of the plumb-line.—The attraction at O along OP of an
elementary cylinder of density p of height £ and standing on a base of elementary area rd 6 dr

A phd rdf

referred to O as origin is p rdﬁdrm o T
The components of this in two directions at right angles are
_ phdrdd __ phardf

8X——mcoso SY——\/F-i_lﬂsnG Y

Integrating over a finite area, P
dr . . dr )
X =p}lfm sin 0 1 = —p/l \7”’2-_+—/" Ccos 9 /
(0] X

These are the integrals then which are sought: except for the case where curvature of the
earth has to be taken into account. TIn this case the expressions may be written

y
—

X =pﬁj}(r) \77"'”& sin@ Y= —pif[(r)

cos 8

dr

\/7.2 + A
and £ () is a function of  only which is not very different from unity. The form of f (r)
will not be considered here as it does not affect the mechanism to any marked extent and the
integrator may be arranged to deal with any type of function, The integrator is constructed
on the principle of the Kelvin disc-cylinder-sphere integrator, but is arranged to be automatic
except so far as it is necessary to follow a pointer round contours of height on a map. If then
a platean of height # and of area defined by any bounding curve on the sea level surface is
required, it is necessary to perform the integrations

sin 8 dr 1 / cos 8 dr

Ny R Very
round the bounding curve: and when the attracting mass is at a sufficient distance to make
curvature of the earth have appreciable effect, both of these integrals have to be modified by
multiplication (under the integral sign) by a function of » which differs little from unity.
The integrator performs these integrations as will now be explained.

A is a horizontal disc of 6” diameter supported at its centre on a point and also on
three wheels. 1hese permit A to rotate about a vertical axis through its centre.

B is a wheel which rubs on the dise. It is free to slide with the shaft CC (the shaft
itself does not rotate), but is constrained to rotate on this shaft with the wheel D, to which
are attached two rods parallel to the shaft and passing through two holes in B. These can be
seen in the photo close to the wheel D,

The shaft C fits in a bearing at E which permits of a slight tilting of the shaft in a
vertical plane.  Behind F s a second bearing carried by an arm pivoted at (+ on a horizontal
axis parallel to the shaft. The reason for this mounting is to enable the wheel B to rise
and fall slightly and so to keep a uniform pressure on A in spite of slicht lack of truth of
A, B, C. The shaft is continued outwards to the right by a rack HH the teeth of which are
clear in the photo. The junction of the rack and shaft is made free by pivoting in two direc-
tions at right angles to avoid jamming when the shaft rises and falls. The rack passes
through a guide below the gear wheel I, and engages another gear wheel clamped on the same
shaft with T and below I. Rotation of the wheel I accordingly moves the shaft C and with
it the wheel B in direction of the shaft C.

A wire passes from O and is wrapped once round the wheel K and thence goes to the
counterweight W,. A second wire from O passes round the wheel D and thence to the
counterweight W,

Tracing these wires in the opposite direction they are led from O over little wheels
into a vertical direction:and thence over two more wheels outwards along the long arm LL.
This arm is pivoted on a vertical axis through O and is also provided with a sliding part MN.
The wire which goes to the wheel D is made fast to MN at a height which makes it horizontal
along the arm LL: the second wire is attached at a height above the first wire which
represents £, 1f then the arm LL is swung round the axis through O and the portion MN
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slid along it so as to follow any boundary line on a chart, it will be seen that the wire to D
changes so as to represent dr while the other wire represents +/r2 4 42 This second wire 18
made of suitable length so that when /77y z2=0, the wheel B (which is moved along CcC

proportionally to the movement of the wire and the wheel K) is exactly over the centre of the dise
. d . . .
AA. In this way an angular movement proportional to ﬁ; is communicated to the dise
) : .
AA: for the wheel B turns by an amount dr and drives on the disc AA at a distance from its
centre proportional to +/724+ /2. The motion of the disc AA is communicated to two counting
friction dises P Q (similar to those found in ordinary planimeters) and inclined to the radius
of the disc at angles of 6 and 90°+ 8 respectively. These discs aceordingly take up the motions
ar dr
M cos M sin 8
Wy 8 and Jare on

respectively. To arrange for their taking up the correct angular positions they are mounted
on vertical spindles each bearing a wheel whose periphery is screw cut. A wheel R of the
same size and design is mounted on the vertical axis of rotation of the arm LL, and an endless
wire passes round these three wheels (with a complete turn round each to avoid slipping) and
so ensures all three wheels having the same angular motion which is also that of the arm LL:
and the direction of a counting dise is accordingly @+ a constant, § being the polar angular
coordinate of the arm T.L. The constant is easily adjusted to the zero for one dise and 90° for
the other. The advantage of having the 3 wheels screw cut on their peripheries is that complete
turns of the connecting wire may be applied without causing the turns of the wire to foul.

The counting discs are also pivoted on a horizontal axis so as to ride by their own
weight only on the disc AA.

To enable the pointer of the portion MN to be caused to follow any given contour on
a map without effort, a wheel S and shaft T are fitted. The shaft is screw cut and a wire
extending the whole length of the arm LL (only a small portion of which is visible in the
photo) 1s wrapped several times round the shaft. The turning of this wheel S traverses the
part MN along the shaft LL. A counter weight to make movement in either direction
approximately equally easy is attached by means of a wire passing round the wheels U V to
the part M N. This weight is not visible in the photo : but the wire may be seen on the left.
It is not taut as the weight was removed when the photo was taken to enable the whole
instrument to be tilted over and so allow a better photograph to be taken.

When curvature of the earth is to be taken account of, this is done by so arranging
that the wire dealing with the corresponding factor is pulled more or less up the vertical
portion of MN by passing it round a pulley below and attaching its extremity to another
pulley on a guide of suitable shape. This guide appropriately shaped for dealing with a map
on the scale 32 miles = 1 inch is visible on the right of the photo.

The calibration of the integrator is easily performed by running the pointer round a
contour of geometrical form, which enables the attractions to be caleulated precisely.

THE SEsmocnari.
The Omori Seismograph has been working throughout the year. The local earthquake

of 20th August 1916 dislocated it, so that no proper record was obtained. The earthquakes
recorded are tabulated below :—
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List of earthquakes 1915-16.
5 Distance of
2 Time of beginning Epicentre g Romarks. Identifi.
E Date. (corrected). in miles. '.g Intensity. dogl:ilt(:]lyv:l:cl:la:t:{ned
21 ) ) = earthquake, i
El Delira, Simla*, | Delirn. | Bimlo*,
1 | 4thQOet., 1915 12 52 | 12 42 | 9,800} 9,000| 1 25 | Great.
2 | 2nd Nov, 13 3313 4| 3,570| 5,000| 2 15 | Moderate.
3 [27th ,, 1 37 1 37 420 200 4 | Slight.
4 ! 3rd Deec. 8 11 8 13 840 | 1,000 37 Great.
5 118th ,, 12 38 (12 38 840 | 1,000 28 | Moderate.
6 |21st 14 14 Local | ... Slight
7 130th ,, 8 73 7 700| 600 7 | Shght.
8 2nd Jan., 1916| 19 4+ 119 3 | 2,310| 5,000| 2 30 Great.
0 l L4th 12 311 59 | 3,920¢ 4,000 46 Do.
10 [ 1Hth 14 2|14 1738500 4,000 1 32 | Severe.
111 25th 12 33112 32 2,240| 2,500 1 14 | Great.
12 1 2nd Feb. 13 16 [ 13 14 | 3,010| 4,000 55 Do.
3 Tth » 3 33 3 31]5,040) 6,000| 1 15 { Moderate.
10 25th 2 1240 2 12 2 Great.
15 . 8th April 15 7115 71 3,850] 4,000] 1 10 | Moderate. | Japan.
| .
16 }1litl1 " 18 9% 18 10 | 2.800| 3,500 44 i Great.
17 " Isth 9 441 9 44 | 4,680 6,000 26 | Moderate. | N.W. Pacific.
1S 22nd 17 9% 17 11 6,500 54 | Severe.
19 220d ., 10 25,19 28| 640 15 | Slight.
20 25th 13 544 13 54 152 Great.
21 23rd June 1 278 420 28 | Slight.
22 3nd Aue, 7 104 7 11 41,9701 5,000] 1 30 | Moderate.
23 20th 12 10112 10 Severe. | Instrument dis-
‘ located.
21 12th Sept. 12 10 ;12 10| 3,570 3,000 30 | Moderate.
4 i
* Lhe resulta of the 8imla observations as published in the Daily Weather Report are also given for the

gake of comparizon.

The Dehra estimates were made quite independently.

Sorar PHoroararhy.

Negatives taken during 1915-16.

! {
No. I, . | No. of | No. of No. .| No.of { No. of

Month. of |l a8 Ne- (127 Ne- Moath, of s‘.".‘b'l“' 8" Ne- (12" Ne-

days. [V'917'€ gatives.gatives days, [T gatives.(gatives.
Qctober 81 0 56 3 | April 30 0 52 3
November 30| O 55 | 2 | May 30| 1 6> | 2
December 29 2 a2 2 | June 24 6 36 0
January 30 1 54, 1 July . i 28 3 38 0
February 28 1 1 | 510 3 | August |24 7 | 40| 0
March 301 1 55| 1 | September 23| 5 42| 0

! Totals 339 | 27586 17

Owing to cloudy state of weather no 12”7 Negatives were taken from June to September 191G,
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PART III—SPECIAL REPORT.

TRAVERSE SURVEY OF THE BOUNDARY OF THE IMPERIAL DELHI AREA.
By E. C.J. Boxm.

An accurate survey of the boundary of the Imperial Delhi Area, on the west side of
the Jumna river, was asked for by the Chief Engineer, Public Works Department, Delhi, for
preparing a skeleton plan to be filed with the Record of Rights. Mnr. Bond, Officer in charge
No. 18 Party, was placed in charge of the Base Line Party in addition to his other duties and
directed to carry out the work. A detachment was formed, under Mr. O. N. Pushong, who
was transferred to the party from No. 2 Drawing Office, to execute a traverse to determine
acenrately the bearings and distances between the 775 pillars of the boundary, which is about
30 miles in length, and also between the 200 pillars demarcating the boundaries of 13 small
areas of unacquired land, within the Imperial Delhi Area, termed “Islands.”

The necessary equipment was collected at the head quarters office at Dehra Din and
the officer in charge proceeded to Dellii with the detachment on the 6th December 1915. On
arrival at Delhi a reconnaissance was begun for a triangulation which was required to afford
suitable points for the control of the traverse.

The reconnaissance was completed on the 15th December and a small experimental line
of traverse was then run for a few dayvs under the supervision of the officer in charge to train
the detachment in the mode of procedure. During this test the Superintemlerntr of the
Trigonometrical Survey inspected the detachment.

After starting the triangulation the officer in charge returned to Dehra Din on the
20th December 1915.

He inspected the detachment again in the field on the 19th January and also a few
days prior to the completion of the work on the 20th March when the detachment. returned to
Dehra Dan.

The triangulation falls within the limits of the boundary and embraces an area of 221
square miles. It is based on the side Pir Ghaib T. 8.—Tal Katora h. s. of the Great Ar(‘:
Meridional Series.

The sides of the triangles are from 1 to 5 iiles in length. 14 stations and 1 inter-
sected point were fixed. Three of the stations are boundary pillars, viz :—Nos. 369, 186 and
768, and four others to which the boundary was connected are close to the boundary, riz.,
Jumna Bridge s., Paharganj s., Bhairon-ka-Mandar s. and Basti Baoni s,

The rough sketch in this report illustrates the triangulation and the boundary.

The main triangle Pir Ghaib T.S.—Tal Katora h.s.—Indarpat s. was observed on
three zeros with a change of face on each zero and the remaining triangles on twe zeros. A
6-inch transit theodolite by Troughton and Simms, reading to 10 seconds, was used.

Almost all the observations were taken to heliotropes and in only a few instances were
opaque signals used, which were better for intersection at short distances than the dazzline
flash of the helio. 2

A square tower on an eminence in the centre of the Imperial . Delhi Area, named
“Tower station A" by the Engincering Department, was well fixed by the trianoulation. It
1s used by that department as the initial point from which all other points are ]aiﬂ out for the

construetion of the Government House buildings and for the alignment of roads to the north
south, east and west. 4 ’

On the completion of the observations of the triangulation the traverse of the boundary
was begun on the 23rd December. It was started from pillar No. 2 near the Jumna Bridee
triangulation station, and carried along the boundary, counter-clockwise, up to pillar No. 7;6
near the right bank of the Jumna River opposite to Humayan’s tomb. The last two pillars
of the boundary, Nos. 777 and 778, were washed away by the erosion of the river bank.

The point of origin used for the traverse is Pir Ghaib T.S., of the Great Arc Meridio-
nal Series, situated on the “Ridge” at Delhi.
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The traverse was divided into 5 circuits, each from 4 to 6 miles in length, and a small
circuit about a mile long. Each circuit was connected at its initial and terminal points to a
station of the triangulation: by this means the accumulation of error in the traverse is.
reduced and a satisfactory adjustment effected. The positions of the six eircuits are shown
in the rough diagram accompanying this report.

Circuit No. 1, which includes pillars 2 to 191, started from Jumna Bridge s. (No. 1
pillar was washed away by the river) and was run alongside the eastern and outer walls of the
Delhi fort and round by the southern walls up to near the Ajmer Gate whence it branched
off to the east of Paharganj and skirting round the southern limits of this part of the town
closed on Pahdrganj s.

Circuit No. 2, which includes pillars 192 to 369, commenced from Paharganj s., ran up
in a northerly direction to the south-western limits of the Sadar Bazar quarter of the town
and thence in a south-easterly direction and elosed on pillar No. 369 of the boundary—one of
the stations of the triangulation, situated a mile to the north of Tal Katora h.s.

Circuit No. 3, which includes pillars 370 to 486, began from pillar No. 369 and
proceeded for about 2 miles west by south, then turned southwards to a point a mile south of
Todapur village and branched off from there to pillar No. 486, which is'’common with the New
Cantonment boundary pillar No. 43, where the circuit closed.

Circuit No. 4, which includes pillars 487 to 637, began from pillar No. 486 (one of the
triangulation stations) and followed the rocky ridge on which it is situated in a southerly
direction for a mile whence it left the ridge and ran for 3 miles south by east, then turned to.
the north-east for 2 mile and closed on Basti Baori s.

Circuit No. 5, which includes pillars 638 to 768, commenced from Basti Baori s. and
proceeded three quarters of a mile south by west, then turned in an easterly direction to the
G. L. P. Railway line and followed it for half a mile north-west of Kilokri Railway Station;
branching oft from this point to the north-east for half a mile it again turned north-west to
within half a mile of Humaiayin’s tomb where it turned off to the north-east and closed on
pillar No. 768 (a station of the triangulation) situated on the “Béla” land east of Humayin’s
tomb.

Circnit No. 6, which includes pillars 769 to 776, began at pillar No. 768 and took a
course due east to pillar No. 776 on the right bank of the Jumna river where the boundary
ended; it then turned back and closed oun the pillar from which it started.

Along eireuit No. 1 it was not possible to observe at more than three out of the 168
pillars, as those along the east and south of the fort were close up to its walls and others
round Paharganj were also against walls of buildings and in the most filthy and inaccessible
parts of the outskirts of this suburb. The traverse lines by the east walls of the fort had to
be cleared through bulrushes which were most diflicult to cut away and hampered the progress
of the traverse to a considerable extent. The proximity of the boundary pillars to the walls
of the fort and buildings necessitated many offsets and intersections being taken to them. For
the lirst half of circuit No. 2 the pillars were mostly against buildings and for the remainder
of the distance were over very rocky ground which made chaining difficult. 1In cireuit No. 3
chaining was agzamn diffieult owing to rocks and boulders and the country being cut up with
ravines, Measuring in cireuit No. 4 was also laborious until the rocky ridges were passed and
the traverse entered Hlat country, but here again other obstructions were met with in portions
of zround covered with stunted shrubs of Indian erab-apple whieh had to be ent and cleared
away for the chaining. In circuit No. 5, though the ground was very undulating, progress
was easier, but again in cireuit No. 6 slow headway was made owing to the thick growth of
bulrushes which had to be cut away along the whole of this circuit.

Instruments used for the traverse and the methods employed.— A 6-inch transit theodo-
lite by Troughton and Simms, reading to 10 seconds, was used. Particular care was taken to
centre the theodolite accurately over each traverse station. Two measures of each angle were
taken as in ordinary traversing. The boundary pillars were intersected by the theodolite in
many instances where it was not possible or convenient to take offsets to them. Vertical
angles were observed from one traverse station to another in order to reduce all measured dis-
tances to the horizontal; they were also taken for the same reason to houndary pillars, where
found necessary.

The Abney level was used for any intermediate variations of slope.

Tracerse signals.—The signals used consisted of a tripod and staff, illustrated and des-
cribed in the Records, Volume IX. They were designed by Mr. J. de Graaft Hunter for
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the traverse of the Bombay City Survey. The traverse staff can be easily and quickly adjust-
ed and is of great advantage in correctly intersecting a point over which it is centred, when
the point itself is not visible, as the staff is perfectly vertical when carefully adjusted. The
good results obtained in the angular measurements are largely due to the employment of these
staves which have proved so useful in this traverse survey.

100-foot steel tape.—This is a flat tape about 1/5 of an inch wide, graduated to feet
along its whole length. It is wound on a small metal drum about 6 inches in diameter.

In measuring the distances between the traverse stations the tape was laid along the
ground and carefully aligned. The near end of the tape is adjusted by bringing the zero
exactly over the mark on the traverse station and is held down firmly. A spring balance is
then attached to the forward end of the tape and a tension of 12 pounds applied and the com-
plete tape length marked on a peg driven into the ground. The measurements were carried on
in this manner from one peg to another until the tape approached the next traverse station
where the measurement usually closed with a fractional part of the tape length which was read
up to the last complete foot and any part in excess of the foot was measured by a metal scale
and recorded to the 1/10 of an inch.

The tape was compared at intervals during the survey with the Invar standard tape and
there was found to be a constant difference of 0°35 of an inch in excess of the standard.

Offsets were measured by an ordinary steel tape which agreed remarkably well with the
standard.

Work during the recess,—The detachment was employed during the recess season on the
computation of the triangulation and traverse of the Imperial Delhi Area boundary.

In the computation of the triangles which are based on the side Pir Ghaib T.S.—Tal
Katora h.s., 8 common sides were obtained and the average linear error from these is 0-1 foot
per mile.

A great deal of work was involved in the computation of the direct distance and
bearing from pillar to pillar owing to the many offsets and intersections taken to the boundary
pillars.

The whole of the computations, including a list for publication, of the bearings and
distances from pillar to pillar and the coordinates of each pillar, will be completed by the
middle of December.

The average angular error of the traverse is 6 seconds and the linear error 1 in 9064.

TABLE II.—Derarus or TriancuLATION AND TravEesiNg BY No. 19 Party ar DELHL

{ Instrument used, Diameter in inches . 6
Area in square miles . 2245
Square miles to each point ﬁ\ed 1-5
Square miles to each height 15
TRIANGULATION. < Stations fixed 14
Triangular error in seconds 11
Linear error per mile in feet ... e 0-1
Intersected points: No. of points fixed .., 1
Intersected points: Linear error per mile in feet 06
Linear miles chaining e %98
No. of stations at which theodohte was set un s 437
TrAVERSING.
Angular error per station in seconds “ 6
Linear error per 1,000 . 0-11
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A—HISTORY AND GENERAL REPORTS.

(Obtainable from the Superintendent Map Publication, 13, Wood Street, Calcutta).

MEMOIRS.
1. A Memoir on the Indian Surveys. By C.R. Markham . India Office, London, 1871.
Price Rs. 5 or 664
2. Ditto (second edition). By C.R. Markkam,
C.B., F.R.S., India Office, London, 1878. Price Rs. 5-8 or 7s/44,
3. Abstractof the Reports of the Surveys and of other
Geographical Operations in India, 1869-78.By C. R.
Markham and C. E. D. Black, India Office, London.
Published annually between 1871 and 1879. (Out
of print).

4., A Memoir on the Indian Surveys, 1875—1890. By C.E.D.
Black, India Office, London 1891. Price Rs. 6-8 or 74[4.

ANNUAL_ REPORTS.

Reports of the Rovenue Branch . 1851 to 1877.—(1851-67 and 1869-70, out of print).
Price Rs. 3 or 4%,
Ditto Topographical Branch . 1860 to 1877.—(Out of print).
Ditto Trigonometrical Branch . 1861 to 1878.—(1861-71, out of print).
Price Rs. 2 or 2¢/84,
In 1878 the three branches were amalgamated, and from that date onwards annual reports
in single volumes for the whole department, are available as follows : —
from 1877—1900 (1877-79, 1687-88, 1895.96 and 1897.98, out of print).
General Reports at Rs. 3 or 4* per volume.

{ from 1900—1916 (1902.04 and 1906.08, out of print) at Rs 2or 2:/8¢
per volume.

From 1900 onwards the Report has been issued annually in the form of a condensed
statement known as the “General Report” supplemented by fuller reports, which were
called “Extracts from Narrative Reports” up to 1909, and since then have been styled
¢ Records of the Survey of India.” 'These fuller reports are available as follows:—

(a) ‘“Extracts’” Volumes at Rs. 1.8 or 2 per volume.

1900-01—Recent Improvements in Photo-Zincography. G. T. Triangulation in Upper
Burma. Latitude Operations. Experimental Base Measurement with Jiderin Apparatus.
Magnetic Survey. Tidal and Levelling. Topography in TUpper Burma, Calcutta, 1903,
(Out of print).

1901-02—G. T. Triangulation in Upper Burma. Latitude Operations. Magnetic Survey.
Tidal and Levelling. Topography in Upper Burma. Topography in Sind. Topography in the
Punjab. Calcutta, 1904. (Out of print.)

1902-03—Principal Triangulation in Upper Burma. Topography in Upper Burma.
Topography in Shan States. Survey of Sambbar Lake. Latitude Operations. Tidal and Levelling.
Magnetic Survey. Introduction of the Contract System of Payment in Traverse Surveys.
Traversing with the Subtense Bar. Compilation and Reproduction of Thina Maps. Calcutts,
1905.

1903-04—Magnetic Survey. Pendulum. Tidal and Levelling. Astronomical Azimuths.
Utilization of old Traverse Data for Modern Surveys in the United Provinces. Identification
of Snow Peaks in Nepal. Topographical Surveys in Sind. Notes on town and Municipal Surveys.
Notes on Riverain Surveys in the Punjab. Calcutta, 1906.

1904-05—Magnetic Survey. Pendulum Operations. Tidal and Levelling. Triangula-
tion in Baluchistin. Survey Operations with the Somaliland Field Force. Calcutta, 1907,

1905-08—Magnetic Survey. Pendulum Operations. Tidal and Levelling. Topo-
graphy in S8han States. Calcutta, 1908,

1908-07—Magnetic Survey. Pendulum Operations. Tidal and Levelling. Triangu-
lation in Baluchistin. Astronomical Latitudes. Topography in Shan States. Calcutta, 1909.

1907-08—Magnetic Survey. Tidal and Levelling. Astronomical Latitudes. Pendulum
Operations. Topography in Shan States. Calcutta, 1910,

) 1808-08—Magnetic Survey. Tidal and Levelling. Pendulum Operations. Triapgula-
tion. Calcutta, 1911.
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ANNUAL REPORTS—(Continued).

(%) “Records of the S3urvey of India” at ks. 4 or 5/4' per volume, ewcept where
otherwise stated.

Vol. I—1909-10—Annual reports of parties and offices ... Calcutta, 1912,
I1—1910-11—Annual reports of parties and offices ... Calcutta, 1912,
ITI—1911-12—Annual reports of parties and offices ... Calcutta, 1913.
1V—1911-13— Explorations on the North-East Frontier ... Calcutta, 1914, N
V—1912-13—Annual reports of parties and offices . " Caleutta, 1914
VI—1912-13— Link connecting the Triangulations of India and Russza ) Dehra Dun, 1914; -
VI1I—1913-14—Annual reports of parties and offices - Ca]cuttn, 1915.
VIII—{ 1865-79—Part 1) Ezplorations in Tibet and { _ . Dehra Dan, 1915.
1879-92—Part 11 ) neighbouring regions Price of each Part Bs. 4 or 5°14¢,
IX—1914-15—Annual reports of parties and offices ... Calcutta, 1916,
X—1915-16—Annual reports of parties and oﬁices Déehra Dan, 1917,
SPECIAL REPORTS. o

1. *Report on the Mussoorie and Landour, Kumaun and Garhwal, Ranikhet and Kosi
Valley Surveys extended to Peshiwar and Khagan Triangulation during® 1869-70 By Major
T. G. Montgomerie, R.E. (Out of print).

2. *Account of the Survey Operations in connection with the Mission to Yarkand and
Kashghar in 1873.74. By Captain Henry Trotter, R.E. Calcutta, 1875.

3. Reportonthe Trans-Himalayan Explorations during 1869. (Out of print).

4. Report on the Trans-Himilayan ZExplorations during 1870. Dehra Din, 1871.
(Out of print).

) 5. Report on the Trans-Himilayan Explorations during 1878. Calcutta, 188C. (Out
of print). '

“Notes of the Survey of India” are issued monthly. (Stocked in the Surveyor General’s
Office, Calcuita). Price as. 2 or 2¢,

7 B—GEODETIC WORKS OF REFERENCE.
(Obtainable from the Superintendeunt of the Trigonometrical Survey, Dehra Din, U.P.)
EVEREST'S GREAT ARC BOOK.

1. Aunaccount of the Measurement of an Arc of the Meridian between the parallels of

18° 38 and 24° 7' East India Company, London, 1830. (Out of print.)
2. An account of the Measurement of two Sections of the Meridional Arc of India,
bounded by the parallels of 18° 3’ 15", 24° 7' 117, and 29° 80' 48°. East India Company, .

London, 1847. (Out of print.)

3. Engravings to illustrate the above. London, 1847, (Out of print.)
G.T.S. VOLUMES —describing the Operations of the Great ITrigonometrical Survey.
Price Rs. 10-8 or 14* per volume, except where otherwise stated.
Vol. I—Standards of Measure and Base-Lines, also an Introductory Account of
the early Operations of the Survey, during the period of 1800-1830.
Dehra Din, 1870. (Out of print,)

Appendix No. 1. Description of the method of comparing, and Lhe apparatus employed.

Appendix No, 2. Comparisons of the Lengths of 10-feet Standards A and B, and determina-
tions of the Difference of their Expansions.

Appendix No, 3. Comparisons between the 10-feet Standards I lg and A,

Appendix No, 4. Comparisons of the 6-inch Brass Scales of the Compensated Microscopes,

Appendix No. 5. Determination of the Length of the Inch [7:83] on Cary’s 3.foot Brass Scale.

Appendix No. 6, Comparirons between the 10-feet Standard Bars |y and A for determining

the Expansion of bar A.

Appendix No. 7. Final determination of the Differencesin Length between the 10-foet Stan-
dards 1g lgand A.

Appendix No. 8. On the Thermomelers employed with the Standards of Length.
Appendix No. 9. Determination of the Lengths of the Sub.divisions of the Inch [a.b].
Appendix No. 10. Report on the Practical Errors of the Measurement of the Cape Comorin

Base.
II—-A History and General Description of the Reduction of the
Principal Triangulation. Dehra Diin, 1879. (Out of print.)

Appendix No. 1. Investigations applying to the Indian Geodesy.

Appendix No, 2. The Micrometer Microscope Theodolites.

Appendix No, 3. On Observations of Terrestrial Refraction at certaip stations situated on
the plains of the Punjab.

Appendix No. 4. On the Periodic Errors of Graduated Circles, &c. i

Appendix No, . On certain Modifications of Colonel Everest's System of Observing intro-
duced to meet the specialities of particular instrumenta.

Appendix No, 6. On Tidal Observations at Kaorrachee in 1855.

Appendix No, 7. Ap alternative Method of obtaining the Formulz in Chapters VIII and

XV emplayed in the Reduction of Triangulation. —Addltlonal Formulm
and Demonstrations,

* For Departmental use only.
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G.T.S. VOLUMES—(Continued).

Appendix No, 8. On the Dispersion of Circuit Errors of Triangulation after the Angles
have been corrected for Figaral conditions,

Appendix No. 9. Corrections to azimuthal Observations for imperfect Instrumental Ad-
Justments,

Appendix No. 10. Reduction of the N.W. Quadrilateral—the Non.Circult Triangles and
their Final Figural Adjustments.

Appendix No. 11. 'l‘hT 'l‘hetlJl'etical Errors of the Triangulation of the North.-West Quadrie
ateral.

Appendix No. 12, Bimnltaneous Reduction of the N.W, Quadrilateral—the Computationa.

III—North-West Quadrilateral,—The Principal Triangulation, the Base-Line
Figures, the Karachi Longitudinal, N. W. Himilaya, and the Great Indus
Series. oes “ Dehra Diin, 1873, (Out of print.)

1V—North-West Quadrllateral—’l‘he Principal Triangulation, the Great Arc—
Section 24°—380°, Rahiin, Gurhagarh and Jogi-Tila Meridional Series and the
Sutlej Series. ... e Dehra Diin, 1876.

IVA—North-West Quadrilateral—The Principal Triangulation, the Jodhpore
and the Eastern Sind Meridional Series with the details of their Reduction and
the Final Results. Dehra Dun, 1886.
V—Pendulum Operations of Captams J. P. Basevi and W. J. Heaviside,

and their Reduction. Delra Dan and Calcutta, 1879.

Appendix No. 1, Account of the Remeasurement of the Length of Kater's Pendulum at
the Ordnance Survey Office, Southampton,

Appendix No, 2. On the Relation between the Indian Pendulum Operations, and those
which have been conducted elsewhere.

Appendix No, 8. On the Theory, Use and History of the Convertible Pendulum,

Appendix No. 4. Onthe Length of the Seconds Pendulum determinable (rom Materials
DOW existing,

Appendix No. 5. A Bibliographical List of Worke relating to Pendulum Opemtlons io
connection with the Problem of the Figure of the Earth.

VI—South-East Quadrilateral—The Principal Triangulation and Slmultnneous

Reduction of the following Series :—Great Arc—Section 18° to 24° the East

Coast, the Calcutta and the Bider Longitudinal, the Jabalpur and the Bilaspur

Meridionals. Dehra Din, 1880, (Out of print.)

VII—North-East Quadr]_latera,l—(}eneral Description and Simultaneous Redue-
tion. Also details of the following five series:—North-East Longitudinal, the
Budhon Meridional, the Rangir Meridional, the Amua Meridional, and the
Karara Meridional. s Dehra Dun, 1882.

Appendix No. 1, The Detaile of the Separnco Reductlon of the Budhon Meridional Series
or Series J of the North-East Quadrilateral,

Appendix No, 2. Reduction of the North-last Quadrilateral, The Non-circuit Triangles
and their Final Figural Adjustments.

Appendiz No. 3. On the Theoretical Errors Generated Respectively in Side, Azimauth,
Latitude and Longitude in a Chain of Triangles.

Appendix No. 4. On the Dispersion of the Residual Errors of a Simultaneous Reduction
of Several Chains of Triangles.

Vol. VIII—North-East Quadrilateral—Details of the following eleven series:—
Gurwini Meridional, Gora Meridional, Huriliong Meridional, Chendwar Meri-
dional, North Parasnath Meridional, North DMalancha Meridional, Calcutta
Meridional, East Calcutta Longitudinal, Brahmaputra Meridional, Eastern Fron-
tier—Section 23° to 26° and Assam Longitudinal. ... Dehra Din, 1882.

IX—Telegraphic Longitudes—during the years 1875-77 and 1880-81.

Dehra Dan, 1883.
1. Determination of the Geodetic Elements of Longitude Stations.
2. Descriptions of Points nsed for Longitude Stations.
8. Cowparison of Geodetic with Electro-Telegraphic Arcsof Longitude.
4. Circuit Errors of Observed Arcs of Longitude,
6
1
2
3

Appendix to Part I,

Results of Idiometer Observations mede during Season 1850-81.
Situations of the Longitude Stations at Bombay, Aden and Suez.
Survey Operations at Aden.

Appendix to Part IL. 1.

. Results of the Triangnlation,
4. Right Ascensions of Cloch Stars,
X—Telegraphic Longitudes—during the years 1881-82, 1882-83, and 1883-84.
Dehra Dun, 1887,
Appendix to Part I, 1, Determination of the Geodetic Elements of the Longitude Stations,

2. Descriptions of 8tations of the Connmecting Triangulation and of
those at which the Longitude Observations were token,

3. On the Errors in AL caused by Armatare-time and the Retardation
of the Electric Current,

4. On the Rejection of some doubtful Arcs of Season 1881 82,

6. On the probable Causes of the Errcrs of Arc- -measurements, and on

the Nature of the Defects in the Transit Instruments which
might produce them,
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G.T.8. VOLUMES—(Continued),
XI—Astronomical Latitudes—during the penod 1805-1885 Dehra Dun, 1890.
XII—Southern Trigon—General Description and Simultaneous Reduection. Also
details of the following two series :—Great Arc—Section 8° to 18° and Bombay

Longitudinal. . e Dehra Dan, 1890.
XIII—Southern Trigon—Details of the following five series :—South Konkan Coast,

. Mangnlore Meridional, Madras Meridional and Coast, South-East Cost, and
Madras Longitudinal. - e Dehra Dun, 1890.
XIV—South-West Q,uadrllateral—Detmls of Principal Tringulation and Simul-
taneous Reduction of its component series. v Dehra Dun, 1890,

XV—Telegraphic Longitudes—from 1885 to 1892 and the Revised Results of
Volumes IX and X: also the Simultaneous Reduction and Final Results of the

whole Operations. Dehra Dan, 1893.
Appendix No. 1. Determination of the Geodetlc Elements of the Longitude Stations.

Appendix N . 2. On Retardation (n numerical mistake was made in this uppendix in the
conversion of n formula from kilometres to miles: the conclusions drawan
cannot therefore be upheld).

XVI—Tidal observations—from 1873 to 1892, and the Methods of Reduction.
- Dehra Duan, 1901,
XVII—Telegraphic Longitudes—during the years 1894.95.96. The Indo-European
Arcs from Karachi to Greenwich. . Dehra Dan, 1901.

Appendix No. 1. Descriptions of Points used for Longitude Stations,
Appendix No, 2. The Longitude of Madras.

XVIII—Astronomical Latitudes from 1885 to 1905 and the Deduced Values of
Plumb-line Deflections. e ive Dehra Dun, 1906.

Appendix No, 1. On Deflections of the Plumb-line in India

Appendix No, 2. Determination of the Geodetic Elements of the Latitude Stations of
Bajamara, Bahak, Lambatach-and Kidarkanta.

Appendix No. 3. On the (N—S) Difference exhibited by Zenith Sector No. 1.

Appendix No, 4. On the Value of the Micrometer of the Zenith Telescope.

Appendix No. 5. On the Azimuth Observatione of the Great Trigonometrical Survey of India.

Appendix No. 6. A Catalogue of the Publicatione of the Great Trigonometrical Survey of India.

Appendix No. 7. On the combination weights employed.

XIX—Levelling of Precision in India from 1858 to 1909. Dehra Dan, 1910.

Appendix No. 1. Experiment to test the changes, due to Moistare and Temperature, in the
Length of a Levelling Staff,

On the erection of Standard Bench-Marks in India dering the years
1904-1910.

Memorandum on the steps taken in 1903-1910 to enable movements of the
Earth’s crost to be detected,

Dyoamic and Orthometric corrections to the Himalayan levelling lines
and circuit; and a consideration of the order of magnitude of possible
refraclion errors.

Appendix No. The passage of rivers by the Levelling Operations.

Appendix No. 6. The Errors of the Trigonometrical values of Heights of stations of the
principal triangulation.

The effect on the spheroidal correction of employing Theoretical instead
of Observed values of Gravity and a discussion of different formule
giving variation of Gravity with Latitude and Height.

Appendix No. 8. On the discrepancy hetween the Trigonometrical and spirit-level values of

the difference of height between Dehra Dun and Muassooree,

19

Appendix No.

Appendix No,

o

Appendix No,

v

-]

Appendix No.

XIXA—Bench-Marks on the Southern Liues of Levelling. Dehra Din, 1910.
Price Rs. 5 or 6°/8% ) )
XIXB—Bench-Marks on the Northern Lines of Levelling. Dehra Dun, 1910,

Price R<. 5 or 681,
SYNOPTICAL VOLUMES—giving charts. descriptions of stations, and full synopses of
coordinates and heights of all stations and points fixed by Principal and Secondary Trian-
gulation *

Price Re. 2 or 248! per volume unless otherwise stated.
Italic fiqures are iu chronological order and refer to the Index Chart of the G, T. Survey.
North-West Quadrilateral
Vol. I-—The Great Indus Series (32). Dehra Dun, 1874.
IT—The Great Arc—Section 24° to 30° (6).  Dehra Dun, 1874.
II1—The Karachi Longitudinal Serier (25). Dehra Dun, 1874.
1V—The Gurhagarh Meridional Series (23). Dehra Din, 1875.
V—The Rahiin Meridional Series (33). Dehra Duan, 1875.
VI—The Jogi-Tila Meridional Series (37). and the Sutlej Meridional Series (45).
Dehra Dun, 1875.
VII—The N. W. Himalayn Series (22) and the Triangulation of Kashmir (36). Dehra
Dun. 1579,
VIIA—The Jodhpore Meridional Series (62) and the Eastern 8ind Meridional Series
(64). Dehra Din, 1587,

* Special charts can be kupplied of those series fur which no Synoptical Volnmes are availables vis. 1— all
Burma, Chittagong and Baluchistan triangulation, the Assam Longitudinal, the Sambaolpur Meridional, and the
Gilrit Beries, with a few recent secondary series in India,
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SYNOPTICAL VOLUMES—(Continued)
South-East Quadrilateral
Vol. VIII—The Great Arc—Section 18° to 24° (§). Dehra Din, 1878,
IX—The Jabalpur Meridional Series (53). Dehra Dun, 1878.
X—The Bider Longitudinal Series (43). Dehra Dun, 1880.
XI—The Bilaspur Meridional Series (58). Dehra Dan, 1880.
XI1—The Calcutta Longitudinal Series (5). Dehra Din, 1880
XIII—The East Coast Series (24). Dehra Dan, 1880.
X1IIA—The South Parasnath (I) and the South Malincha Meridional Series (7).
Pehra Dun, 1885.
North-East Quadrilateral
Vol. X]V—The Budhon Meridional Series (2). Dehra Diin, 1883.
XV—The Rangir Meridional Series (4). Dehra Dun, 1883.
XVI—The Amua Meridional Series (3) and the Karira Meridional Series (12). Dehra
Dun, 1883. .
Vol. XVII—The Gurwini Meridional Series (19) and the Gora Meridional Series (I5).
Dehra Dun, 1883.
XVIII—The Hurilionz Meridional Series (21) and the Chendwar Meridional Series (14).
Dehra Dan, 1883.
X1X—The North Pirasnath (27) and the North Malancha Meridional Series (I3).

Dehra Dan, 1883.
XX—The Calcutta Meridional (I6) and the Brahmapidtra Meridional Series (56).

Dehra Dun, 1883.
XXI—The East Calcutta Longitudinal (48) and the Eastern Frontier Series—23° to
26° (44). Dehra Dun, 1883.
XXII—The Assam Valley Triangulation, E. of Meridian 92° (55). Debra Din, 1891,
(Out of print.)
XXXV—The North-East Longitudinal Series (20) with the volume of charts. Dehra Din,
1909. Price Bs. 5 or 6°/87,

Southern Trigon

Vol. XXI1I—The South Konkan Coast Series (11), Dehra Dun. 1891.
XXTV—The Mangalore Meridional Series (49). Dehra Dun, 1891.
XXV —The South-East Coast Series (63). Dehra Dun, 1891,
XXVT—The Bombay Longitudinal Series (7). Dehra Dun, 1892.
XX VIl—The Madras Longitudinal Series (54). Dehra Dun, 1892.
XXVIIT—The Madras Meridional and Coast Series (46). Dehra Dun, 1892.
XX1X—The Great Arc Meridional Series—Section 8° to 18° (9). Dehra Dun, 1899.

South-West Quadrilateral
Vol. XXX.—The Abu Meridional Series (26) and the Gujarat Longitudinal Series (29).
Dehra Dun, 1892,
XXXI —The Khanpisura Meridional Series (18). Dehra Dun, 1893.
XXXII —The Singi Meridional Series (10). Dehra Dun, 1893,
XXXIII—The Cutch Coast Series (35). Dehra Din, 1893.
Addendum to the Cutch Coast Series, (Indus delta) (separate pamphlet).
Dehra Dun, 1902.

XXXTV—The Kathiawar Meridional Series (28). Dehra Dun, 1894.

TRIANGULATION PAMPHLETS with charts, are now being issued for every
square degree, giving the results of all minor triangulation, as well as that shown in Synop-
tical Volumes Price Re. 1 or 1[4 per pamphlet. Vide page 111.

LEVELLING PAMPHLETS—giving heights and descriptions of all Bench-marks,

fixed by levelling of Precision in India and Burma. Bach pamphlet embraces an area of
4° x 4° and the numbering is the same as that of the corresponding sheets of the 1/M map
of Indin. Each is illustrated by a map of the area. Price Rs. 2 or 2¢/8! per pamphlet

except where ot herwise staled,

Pamphlet Nos, Latitude. Longitnde, Published Pamphlet Nos. Latitude. Longitude Pablished.
Indin 34 28" -39 G1°—68° Dehra Din, 1916. India 57 12°-16> #%6°—80° Dehra Din 1912

" A5 24°-28° G4 — (8° " 1911, " hbS 8°—-12° 76°—80° 1914
" 88 32°-3¢° GRe—72° " 1912, 63 24°—28° 80°—84* 1911.
. B9 e _ar  oeo—72 . 1913, ! '
" . Addendum . (at press) 04 20°—24° B0°—-84° ' 1912
" 40 24°-28° 68~ —72° “ 1911 " 65 16°-20° 80°—-84° 191 i
and 940 0 o " 3.

" 41 20 —249 68°— 72 , 1913, 66 12°-16° B80°—84° " 1912,
" 43 32°-36 72°-76° " ms 72 24°-28° 847 -88° 1912
. » Addendam " - " :
1915 " 73 20°-24* 84°—g8° " 1913,
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LEVELLING PAMPHLETS—(Continued)

Pamphlet Nos. Latitnde, Longitude. Published.  Pamphlet Nos. Latitude. Longitude. Published.
Indin 44 28°-32° 72°~76° Dehra Din, 1912 Indin 74 16°—20° $4°-88° Dehra Diin, 1918.

. 46 24°—28°  72°—7¢° " 1911 ., 78 24°—28° B8°—92° " 1912,
" 46 20°-24° 72°-176° " 1912 " +* Addendum " 1916,
" 47 16°-20° 72°—-176° " 1912 " 79 20°-24° 88°-92° " 1912,
" " Addenduom " 1915 v »w Addendom " 1916,
“ 48 12°-16° 72°-96° " 1912 " 83 24°-28° 92°—-96° ' 1912,
. 49 o1 2e_76° N 1911 Burma 84 20°-24° 92°—96° " 1911,
" 52 32°-36° 76°—80° " 1912 " " Addendam ' 1914,
. B3 28°—32° 76" —80° N 1912, 85 16°—20° 92°-96° . 1913.
. b4 24°—28°  76°—80° " 19144, 92 24°-28° 96°~100° 1911,
. 55 20°—24°  T6°—80° " 912, 93 20°-24° 96°—100° 1911,
" 56 16°—20° 7¢°—80° " 1912 " 94 16°-20° 96°-100° " 1911,
* Price Re. 1 or 1°/49, t 2nd Edition (enlarged).

TIDE TABLES—

. Since 1881 Tidal predictions based on the observations of the Survey of India have
been published annually by the India Office, London. The tables give the time and height of
high and low water for every day in the year at each port, and are published early in the
previous year. Current tables are available for the following 40 ports :—

‘Western Ports—

Suez (Egypt)—Perim—Aden—Maskat—Bushire—Karachi—Okha Point and Bet Harbour
(Gulf of Cutch)—Porbandar—Port Albert Victor (Kathiawar)—Bhaunagar—Bombay (Apollo
Bandar)—Bombay (Prince’s Dock)—Mormugao (Goa)—Karwir—Beypore (near Calicut)—
Cochin—Minicoy (Indian Ocean)—Tuticorin—Pamban Pass (Island of Rammeswaram).
Eastern Ports—

Galle (Ceylon)—Trincomalee (Ceylon)—Colombo (Ceylon)—Negnpatam—Madras—Co-
canada—Vizagapatnm—False-Point—Dublat (Saugor 1sland)—Diamond Harbour--Kidderpore
(Calcutta)—Chittagong—Akyab—Diamond Island (Burma)—Bassein—Elephant Point (Burma)
—Rangoon—Amherst—Moulmein—Mergui—Port Blair.

The Tide Tables are issued in the following forms:— :
(i) Combined Volume—including all the above ports— Price Rs. 4 or 5149,
(ii) Part I and Part II—including Western and Eastern ports respectively—
Each vart Rs. 2 or 2484,
(iii) Pamphlets—giving separately the tables for individual ports or for small
loeal groups of ports— Price varying from As. 8 or 8% to Rs. 1-8 or 2 per
pamphlet.

C—CATALOGUES AND INSTRUCTIONS.
(Obtainable from the Superintendent, Map Publication, 13, WWood Street, Calcutta).
DEPARTMENTAL ORDERS. ’
From 1878 to 1585 the Surveyor General’s orders were all issued as * Circular
Orders.” Since then they have been classified as follows :—
( 1—Goverment of India Orders (called “ Circular Orders™
From 1885 to 1904 nsz up to 1508.) -

2—Departmental Urders (Administrative).
3—Departmental Orders ( Professional).

Tn 1904 the various orders issued since 1878 were reclassified as follows :—
Number to dale.

1.—Government of India Ordérs.— 677
2.—Circular Orders (Administrative).— 350
3.—Circular Orders (Professional).— 190

4.—Departmental Orders. (appointments, promotions, transfers, etc)
These are numbered serially and had reached the above numbers by September 1916.
Government of India Orders and Circular Orders (Administrative) are bound up in volumes
from time to time, as shown below, while Circu/ar Orders (Professional) are gradually incor-
porated in the Survey Hand-books. Besides the above, temporary orders have been issued
since 1910 in the form of “Circular Memos.” These either lapse or become incorporated
in some more permanent form, and are therefore only numbered serially for each year. Bound
volumes of orders are available as follows:—
1. *Government of India Orders (Departmental) 1878-1903.—Calcutta, 1904,

Ditto ditto 1904-1908,—Calcutta, 1909. (Out of print),
Ditto ditto 1909-1913.—Calcutta, 1915.
2. *Circular Orders (Administrative) 1878-1903. —Calcutta, 1904, Price Rs. 1-4 or 1487,
Ditto ditto 1904-1908.—Calcutta, 1909. , As. 6or6h
Ditto ditto 1909-1913.—Calcutta, 1915. ,, As. 8or 8

® For Deparmental use only.
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DEPARTMENTAL ORDERS—(Continued)

3. * Regulations on the subject of Language Examinations for Officers of the Survey of
India. Calcutta, 1914,
4. *Map Publication Orders 1908-1914 (Superintendent, Map Publication’s Orders.)—
Calcutta, 1914.
5. Specimens of papers set at Examinations for the Provincial Service.—Dehra Diin,
1903.—(Out of print).
CATALOGUES AND LISTS.
1. Catalogue of Maps published by the Survey of India. Second edition. Calcutta,
1915. Price Re. 1 or 1414,
NOTE.—Lists are issued quarterly of new maps published during each quarter,
and similar lists for each month appear in the monthly NOTES OF
THE SURVEY OF INDIA,

2. Catalogue of Maps of the Bombay Presidency, Calcutta, 1913. Price As. 4 or 44,

3. List of Survey of India publications (published annually)—Gratis.

4. Price List of Mathematical Instrument Office. Calcutta, 1913. Gratis.

5. Catalogne of Books in the Head-Quarters Library, Calcutta, 1901. (Out of print).

6. Catalogue of Scientific Books and Subjects in the Library of the Trigonometrical Survey
Office. Delira Dan, 1908. Price Re. 1 or 1¢/44.

7. Catalogue of Books in the Library of the Trigonometrical Survey Office. Delhra Din,.

1911. (Out of print.)
8. @Green Lists—PART I—List of officers in the Survey (half yearly to dates 1st January
and 1st July)—Calcutta. Price As. 6 or 67,
PART II—History of Services of Officers of the Survey of India
(annually to date 1st July)—Calcutta. Price As. 8 or 8,
9. Blue Lists—DMinisterial and Subordinate Establishments of the Survey of India.
PART I—Head quarters and Dehra Dan offices (published anuually to date 1st
April)—Calcutta. Price Re. I or 1549,
PART II—Circles and parties (published annually to date 1st January).—Calcutta.
Price Rs. 1-8 or 2-.
(Nos. 8 and 9 are stocked in the Surveyor (General’s Office, Calcutta).

TABLES AND STAR CHARTS.

1. Auxiliary Tables—to facilitate the caleulations of the Survey of India. Fourth
Edition, revised. Dehra Dun, 1906. Price Rs. 4 or 55/4* in cloth and calf, or Rs. 2 or 24/S? in puper
and boards.

2. Auxiliary Tables—to facilitate the calculations of the Survey of India. Iifth Edition,
revised and extended. PART I—Guraticules of Maps. Delra Dun, 1916. Price Re. 1 or 1544,

3. Tables for Graticules of Maps. Extracts for the use of Explorers. Dehra Dun,
1910. Price As. 4 or 44,

4. *Metric Weights and measures and other Tables, Photo-Litho Uffice. Calcutta,
1889. (Out of print.)

5. Logarithmic Sines and Cosines to 5 places of decimals. Dehra Dun, 188G6. Price As. 4 or 49,

6. Logarithmic Sines, Cosines, Tangentsand Cotangents to 5 places of decimals. Dehra Dan
1015, Price Re. 1 or 19[4, ’

7. Common Logarithms to 5 places of decimals. Price As. 4 or 44,

8. Table for determining Heights in Traversing. Dehra Dun, 1898. Price As. 8 or 8¢,

9. Tables of distances in Chains and Links corresponding to a subtense of 20 feet. Dehra
Dun, 1889. Price As. 4 or 47,

10, * D.it,to ditto 10 feet. Calcutta, 1915,
11, * Ditto ditto 8 feet. Ditto.
12, Star Charts for Intitude 20° N. By Colunel J. R. Hobday, 1.8.C. Calcutta, 1900.
(Out of print).
13.  Star Charts for latitude 30° N. By Lt.-Col. Burrard, R.E., F.R.S. Dehra Din, 1908
Price Rs. 1-8 or 27 ’ ’
14. * Catalogue of 219 Stars for epoch Jan. 1, 1892, from observations by the Surve
Dehra Dan, 1893, (Out of print.) ’ ¥

15 * Rainfall from 1868 to 1903, measured at the G. T. Survey Office. Dehra Dun (Out

of print.)
OLD MANUALS.

1. A Manual of Surveying for Tudia, detailing the mode of operations on the Revenue
Surveys in Bengal and the North-Western Provinces. Compiled by Captaine R, Smyth and H. I,
Thuillier. Calcutta 1851. (Out of print.) Ml

2. Ditto ditto ditto. Second Editi
Pirice Rs. 4 or 544, ition.  London, 1855,

. 8. A Mam'ml of Surveying for India, detuiling the mode of operations on the Trigonomet
rical, Topographical and Revenue Surveys of India, Compiled by Colonel H. L. Thuillier, C.8 I-
F.R.S, and Lieutenant-Colonel B. Smyth. Third Edition, revised and enl rged e
(Out of print.) nlarged. Caleutta, 1875,
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SURVEY OF INDIA HAND-BOOKS.

1. Hand-book of General Instructions, Fourth Edition. Calcutta, 1914. Price
Rs. 3 or 4.

2. Hand-book, Trigonometrical Branch, Second Edition. Calcutta.
(Out of print,)

3. Hand-book, Topographical Branch, Third Edition. Caleutta, 1905. (Out of
print.)

*The following chapters of a revised edition of the Topo. Hand-book are available for
issue in pamphiet forms:— Price As. 8 or 8¢ per copy or Rs. 3 or 4° per set.

Chapter I—Introductory.

" 1I—Constitution and Organization of a Survey Party.
. III—Triangulation and its Computation.

” IV—Traversing and its Computation.

. V—Plane-tabling.

" VI—Tair Mapping.

" VII—Trans-frontier Reconnaissance.

’e 1X—Torest Surveys and Maps.
' X—Reproduction of the Sheets of the one-inch Map,
4. *Photo-Litho Office, Notes on Organization, Methods and Processes. Calcutta, 1914.

5. The Reproduction (for the guidance of other Departments), of Maps,
Plans, Photographs, Diagrams, and Line Illustrations. Calcutta, 1914, Price Rs. 3 or 42

NOTES AND INSTRUCTIONS.

Drawing and Paper.

1. *Notes on the Drawing of New Standard Maps, By Major W, M, Coldstream, R, E.
Calcutta, 1908.

2. *Notes on Printing Papers suitable for Maps, and on Whatman Drawing Paper. By
Major W. A Coldstream, R, E. Calcutta, 1911.

Printing and Field Litho processes.

3. *Report on Rubber Offset Printing for Maps. By Major W. M. Coldstream, R. E,
Calcutta, 1911.

4. *Notes on the “Vandyke” or Direct Zinc Printing Process, with details of Apparatus
and Chemicals required for asmall section. Compiled in the Photo and Litho Office, Survey of
India. Calcutta, 1913. Price Re. 1 or J:/44.

5. *Report on the Working of the Light Field Litho Press (experimental) in November
and December 1910 with Appendices. By Lieutenant 4. 4. Chase, R. E., Calcutta, 1911.

(1) Notes on some of the Methods of Reproduction suitable for the Field.
(2) Suggested Equipment Tables for the Light Field Litho Press (experimen-
tal).

6. *Report on a trial of the equipment of the 1lst (Prince of Wales’ Own) Sappers and
Miners for reproducing maps in the field. By Lieutenant A. A. Chase, R. E. Calcutta, 1912.

Base Lines and Magnetic.

7. *Notes on use of the Jiderin Base-line Apparatus. Dehra Dun. 1904,

8. *Miscellaneous Papers relating to the Measurement of Geodetic Bases by Jiderin Invar
Apparatus. Delira Dun, 1912.

9. *Instructions for taking Magnetic Observations. By J. Eecles, i[. A. Delra Dun, 1896,

10. Rectangular Coordinates —On a Simplification of the Computations relating to-
By J. Eccles, M. A. Dehra Dun, 1911, Price Re 1 or Is/4¢.

11. *For Explorers.—Notes on the use of Thermometers, Barometers and Hypsometers
with Tables for the Computation of Heights. By J. de Graaff Hunter, M, A. Dehra Dan, 1911,

D—MISCELLANEOUS PAPERS.

(Obtainakle from (he Superintendent, Map Publication, 13, Wood Street, Calcutta).
UNCLASSIFIED PAPERS.
Geography. . _
1. A Sketch of the Geography and Geology of the Himilaya Mountains and Tibet ; in four
parts. By Colonel . @. Burrard, R. E., F, R 8., Supdt., Trigonometrical Surveys, and Mr. H. H.
Hayden, B. A., F. G. S., Supdt, Geological Survey of India. Calcutta, 1907-08.

* For Departmentel nse only.
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UNCLASSIFIED PAPERS—( Oontmuud)

- Geography—(Continued).
Part I.—The High Peaks of Asia.
,, IL.—The Principal Mountain Ranges of Asia. Price Rs. 2 or 28° per
,; 111.—The Rivers of the Himalaya and Tibet. part. :
, IV.—The Geology of the Himalaya.

2. *Report on the Identification and Nomenclature of the Himdlayan Peaks as seen from
Katmiandu, Nepal. Calcutta, 1904.

3, Routes in the Western Himalaya, Kashumir, ete. By Lieut.-Colonel T. Q. Montgomerie,
R E,FRS,F R G S Third Edition. Revised and corrected. Dehra Din, 1909. (Out
‘of print.)

Special Reports.

4. Report on the Recent Determmutlon of the Longltude of Madras. Calcutta, 1897 (Out

of print).

5. *Report on the Observation of the Total Solar Eclipse of 6th April 1875 at Camorta,
Nicobar Islands. By Colonel J. Waterhouse. Calcutta, 1875. (Out of print).

6. *The Total Solar Eclipse, January 22, 1898. Dehra Din, 1898,
’ (1) Report on the observations at Dumraon.

(2) Report on the observations at Pulgaon.
. (8) Report on the observations at Sahdol, _
7. *Report on Local Attraction in India, 1893.94. By Captain 8. G. Burrard, R.B,
Calcutta, 1895. (Out of print.)
8. *Report on the Trigonometrical Results of the Earthquakein Assam. By Captdin 8. G,
Burrard. Calcutta, 1898. (Out of print.)

9. *Notes on the Topographical Survey of the 50000 Sheets of Algeria by the Topographi-
cal Section of the “Service Geographique de 'Armee”. By Oaptain W.AL Coldstream,
R.E. Calcutta, 19006.

10. *Ihe Simla Estates Boundary Survey on‘the scale of 50 feet to 1 inch. By Captain
E.A. Tondy, R.E. Calcutta, 1906.

Geodesy.

11. Notes on the Theory of Errors of Observation. By J. Eccles, M. A. Dehra Din, 1908.
Price ds, 8 or 8.

12. *Note on a Change of the Axes of the Terrestrial Spheroid in relation to the Trian-
gulation of the G.T. Survey of India. By J. de Graqff Hunter, ALA. Dehra Diun.
(Out of print.) Now incorporated in Professional Paper No. 16.

Projections.

13. On the projection used for the General Maps of India. Dehra Dan, 1903. (Out of
print).

14. *On the deformation resulting from the method of constructing the International
Atlas of the World on the scale of one to one million. By Ck Lallemand. Translated
by J. Lccles, M. 4., together with tables for the projection of 1/M Maps on the
Tnternational system. Dehra Din, 1012, (Out of print).

Mapping.

15. *A Note on the different methods by which hills can be represented upon maps.
By Colonel 8.G. Burrard, C.S.I, R.E., F.R.S., Surveyor General of India. Simla, 1912,

16. *A Note on the repfescntation of hills. By Aajor C. L. Robertson, C.M.G., R.E.
Dehra Duan, 1912,

17. *A Note on the representation of hills on the Maps of Indin. By Major F. W. Pirrie,
I.4. Dehra Dan, 1912.

18, *A consideration of the Contour intervals and Colour Scales best suited to Indian
1/M maps. By Capiain M. O'C. Tandy, R.E. Calcutta, 1913.
PROFESSIONAL PAPERS—Price Rupec 1 or 1/4! per volume, except where otherwise

stated.

No. 1—Projection—0n the Projection for a Map of India and adjacent Countries on
the seale of 1:1,000,000. By Coloncl St. @. C. Gore, R.E. Second Edition,
Dehra Dun, 1903.

No. 2—Base Lines—Method of measuring Geodetic Bases by means of Metallic
Wires. By M. Jéderin, (Translated from Mémoires Présentés par Divers

Bavants & I’Académie des Sciences de 1'Institut de Framce). Dehra Dan,
1899.  (Out of print.)

* For Deparlmental use only,
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PROFESSIONAL PAPERS —(Continusd).

No. 3—Base Lines—Method of measuring Geodetic Bases by means of Colby's
Compeneated Bars. Compiled dy ZLieutenant H. MeC. Cowis, R. E. Dehra
Din, 1800. (Out of print.)

No. 4—8pirit-levels—Notes on the Calibration of Levels. By Licutenant E. A.
Tandy, R. E. Dehra Din, 1900. (Out of print.)

No. 5—Goeodesy—The Attraction of the Himalaya Mountains upon the Plumb-Line
in India. Considerations of recent data. By Major 8. Q. Burrard, R. E.
Second Edition. Dehra Dun, 1901. Price Ps. 2 or 2¢/84.

No. 6—Base Lines—Account of a Determination of the Co-efficients of Expansion
of the Wires of the Jiderin Base-Line Apparatus, By Captain G. P. Lenoz-
Conyngham, R. E. Dehra Dun, 1902,

No. 7—Miscellaneous. Calcutts, 1903.

(1) On the values of Longitude employed in mnps of the Survey of India.

(2) Levelling across the Ganges at Dimukdia.

(3) Experiment to test the incrense in the length of a Levelling Staff due to

moisture and temperature.

(4) Description of a Sun-dial designed for use with tide gauges.

(5) Nickel-steel alloys and their application to Geodesy. (Translated from
the French.)

(6) Theory of electric projectors. (Translated from the French.)

No. 8—Magnetic—Experiments made to determine the temperature co-efficients of
Watson’s Magnetographs, By Captain H. 4. Denholm Fraser, R. E. Calcutta
1905.

No. 9—Geodesy—An Account of the Scientific work of the Survey of India and a
Comparison of its progress with that of Foreign Surveys. Prepared for the
use of the Survey Committes, 1905. By Lieutenant-Colonel 8. G. Burrard, R. B.,
F R.S. Calcutta, 1905.

No. 10— Pendulums—The Pendulum Operations in India, 1903-1907. By Major
G. P. Lenoz-Conyngham, R, E, Dehra Dun, 1908. Price Rs. 2-8 or 3°/4¢.

No. 11—Refraction—Observations of Atmospheric Refrnction, 1905-09. By H. G,
Shaw, Survey of India, Dehra Dun, 1911. (Out of print.)

No. 12—Geodesy—On the Origin of the Himalaya Mountains. By Colonel S. G.
Burrard C. S. 1., R. £, F. R. S. Calcutta, 1912,

No. 13—Isostasy—Investigation of the Theory of Isostasy in India. By Major H. L.
Crosthwait, R.I5. Dehra Duan, 1912.

No. 14—Refraction—Formul® for Atmoshpheric Refraction and their application to
Terrestrial Refraction and Geodesy. By J. de Graaqff Hunter, M. A. Dehra
Din, 1913.  Price Rs. 2 or 2:184,

No. 15— Pendulums—The Pendulum Operations in India and Burma, 1908-13,
By Captain H. J. Couchman, R. E. Dehra Din, 1915. Price Rs. 2.8 or 3144,

No. 16—Geodesy—The Earth’s Axes and Triangulation. By J. de Graaff Hunter, AL A.
(at press).

DEPARTMENTAL PAPERS SERIES. (For departmental use only.)

No. 1—Type—A consideration of the most suitable forms of type for use on maps.
By Captain M. O'C. Tandy, R. E, Dehra Dun, 1913,

No. 2—Symbols—A review of the Boundary Symbols used on the maps of various
countries. By Captain M. O’C. Tandy, R. E. Dehra Dun, 1913.

No. 3—Maps—Extract from “The New Map of Italy, Scale 1:100,000.” By Luigi
Giannitrapani. Translated from the Italinn dy Major W. AL Coldstream, R.I.
Dehra Dan, 1913,

No. 4—Town Surveys—A report on the practice of Town Surveys in the United
Kingdom and its application to India. By Major C. L. Robertson, C.M.G., R.E.
Dehra Din, 1913,

No, 5— 8tereo-plotter—The Thompson Stereo-plotter and its use, with notes on the
field work. By Lieutenant K. Mason, R. E. Dehra Din, 1913.

No, 6—Levelling—Levelling of High Precision. By Ck. Lallemand. Translated
from the French by J. de Graaff Hunter, M.A. Dehra Din, 1914.

No. 7—Standard Bars—Bar Comparisons of 1907 and 1908, By Major H. McC
Cowre, R.E. Dehra Dap, 1915,

No, 8—Helio-zincography—lteport on Rubber Off-set Flat bed Machine Printing.
By Captain S. . Sackvills Hamslton, R.E. Calcutta, 1915.
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PROFESSIONAL FORMS.
A large number of forms for the record and reduction of Survey Operations are stocked
at Dehra. A list of these can be obtained from the Superintendent of the Trigonometrical

Survey, Dehra Dan, U. P.

PUBLICATIONS OF THE ROYAL SOCIETY.
(Obtainable from Messrs. Dulau & Co., 37, Soho Square, London, W., or Messrs.
Harrison & Sons, St. Martin’s Lane, London, or the Royal Society at Burlington House,
London.)
1. Philosophical Transactions, Series A, Volume 186, 1895. India’s Contribution to
Geodesy, by General J. T. Walker, R.E., C.B., F.R.S., LL.D.

2, Philosophical Transactions, Series A, Volume 205, pages 289-318, 1905. On the Inten-
sity and Direction of the Force of Gravity in India, by Lieutenant-Colonel
S.@. Burrard, R.E., F.R.S.

3. Proceedings, Series A, Volume 90, pages 32-40, 1914. On the effect of the Gangetic
Alluvium on the Plumb-Line in Northern 1ndia, by B. D. Oldham, F.R.S.

4. Proceedings, Series A, Volume 91, pages 220-238, 1915. On the origin of the Indo-
Gangetic trough, commonly called the Himalayan Foredeep, by Colonel Sir S. G.
Burrard, K.C.S.I., R.E., F.R.S.

AGENTS FOR THE SALE OF INDIAN OFFICIAL PUBLICATIONS.

LONDON. CAMBRIDGE.
A, Coxstanik & Co., 10, Orange Street, Leices- | DEIGHTON, BrLL & Co., Lrp., Trinity Street.
» Square, W.C.
ter Square ON THE CONTINENT,

P. S. Kixa & Sov, 2 and 4, Great Smith Street,
Westminster, 8.1V,
Kreax Pavi, Tuexcem, Trueyer & Co,

Erxest Lrrovx, Rue Bonaparte, Paris, France.
Mantints Nuuorr, The Hague, Holland.

68, Carter Lane, E.C. INDIA.

B. Quartrcu, 11, Grafton Street, New Bond [ Tiacker, Srivk & Co., No. 3, Esplanade, East,
Street, W. Caleutta, and Simla.

Hexny 8. Kive & Co., 65, Cornhill, E.C, NEwyay & Co, No. 4, Dalbousie Square,

GrIxDLAY & Co., 54, Parliament Street, S.W. Calcutta,

T, Fisuer Uxwixn, Lrp,, 1, Adelphi Terrace, | Lan Coaxp & Soxs, No. 76, Lower Circular
wW.C. Road, Calcutta.

W. Tnacker & Co., 2, Creed Lane, Ludgate | THE SECRETARY, INDIAN Scuoown Strrry DEPoT,
Hill, B.C. No. 309, Bow Bazar Street, Calcutta, and

Lrtzac & Co., 46, Great Russell Street, W.C, Dacen.

Epwanp Stanronn, LT, (for maps only), Ra1 Ssnis M. Guras Siven & Soxs, Lahore,
12.14, Long Acre, W.C. Tiacker & Co., Lrp., Bembay,

EDINBURGH. D. B. TararorevaLs, Soxs & Co., Bombay.

O11vER AND BoyD, Tweeddale Court.

Hieeixporitax & Co., Madras,
Prorrieror, MarasiLite Prixtive Wogks,
DUBLIN. Mussoorie.

E. Ponsonny, L1, 116, Grafton Street. SUPERINTENDENT, AMERICAN Barrist Mission
Press, 70, Merchant Street, Rangoon.

OXFORD. CockBURN'S AGENCY, Srinagar,

B. H., BLackwELL, 50 and 51, Broad Street. Burman & Co., Muzaffarpur.






TRIANGULATION.

Vol. X.]

*3Ieqd UM vy8(] 9

w08 oY} W JuI[[v} Iy

R:hl'ifg) A3AINg [BINI}IWOUOSIIT, JU I[QB[IVAT vivp UN #

*garjand wouaj pasese. eyep -odoy pue ‘Lue ju “'H yum jeydmug ¢

(uhayy gasyy) wiags plo vyy Ul paysijqnd ejey p
-@0j() £aAIng [€0LI}ATWOUOSLLT, 3¢ O[QR[IVAY BIED 1D yIim torydmeg »

8 s I g | z61 | gt61 s 9161 | 9161 5 g
m » P 2D Exd
£101 g 10T
o s s g " A g 392
N grer s|s|s g s 4 4 o161
P 2
R 9161 s | 8 9161 s J s
2q o R ey ey N S
H § s § €161 & £I61 § 9161 | 9161 & T i
‘H ? P 20 | 20
g s €161 § 9101 I
M ? ov
r s g s 9161 g s g
0 _
S Iy e18l f
1 » . N . s
H s § s s s s 9161 ST
20 ;
m et g s s ¢I6T Iy pICT g !
2 » oD A
I siel g 5 oot f s ! W
4 o :
a1 [ [ z101 ! o161 ,
—_ — —_— _ ] JR— - - - r —_ - EX2 | .
ﬁH stet g 8 s s § | a6l s oT01 S By e vl
. P v o® 20
0 s\ s 5 s 2161 | er81 s 9161 <161 |
4 4 v ov
q 5|5 N s (& 9161 £ <161
0 20 _
v s I Iy s s YA K4 (i o161 | o161
P 20 _ 2q
|
201/p01le0T/z01T0T}00T| 66 |86 | £6|96 | 96 | 76| 6 (26| 16]06|6S |88 |2£8]|98|98 (8|63 |83 | TR|08|6L|SL|LL[L|SL|PLICL|ZL|TL]0OL|AI 89 (L9]99 |29, F9
AH s (4018 S | vtet | ot6t | 161 | %161 | TI6T | 1I6T | 116T s CI16¢ | 9161 | 9161 | OT61 | 916T | TI6T | TGT | 9TOI | BICT £I61 | TIGT | § TI6T | 7161 1y 9161 § &181 | €161 RIGL | TT181
? o0 L4 r 1 4 P ? 4 o0 v o op | 20 P P ° L 3 4 v P v » 14 v ?
o g6t | tI6t cter | gtet | o161 1161 1 9161 | 9161 | 9181 | BIOT | OTI6T | YI6T | SI6T | BI6T | 9161 9161 1y S ] 9te1 | 2161 z2161
P P 20 0 v P oD D 1 oD o0 P on D 20 ou v P ¥ |
z g6t | 161 9101 | o161 o161 | 2161 | g181 | 1161 €161 | 91GT | 3161 | BT6T | 0T6T | 9(GT | TI6T | BICT | 9I6T | BIGT 2161 13§ 161 £ | o161 | 2101
. ? | P o X 20 [ P ? P D X2 ER EX) ? ? P o 2D I P v r ._
s S | et 9161 | 9161 | Z161 (et | ret 9161 | 9161 | 9161 | 9TOT | 8161 | 9161 | T161 | TIGT | 9161 | 9161 81GT sl S S 161 1681
I I o0 | o P I 2 2 29 | o EX2 » 2D L r | v | » oo (| _ | _¥.° | (& » (3 py y® f_ 1 | 4 IM
‘H T8I | L6t 9181 | SI6L | 8161 9r6T | ¢161 | 1161 | TI61 'y 9101 | 9I6T | 9161 | 916T | 9IGU | TI6L | S16T | 9161 | F1GI 9161 § 1161 | CTGI g 9161 | €161 (
P P [24) D 20 D P 14 14 o0 D o 2D oD P a0 ° P 29 I ? F P
MH 2161 | 1161 9161 | 9161 | 9161 1181 Hy 9161 | 9T6T | OT6T | BY6T | OTAT | TI6T | S10T | 9T6L | 2i6I 9161 1y ¥101 16T | CTIGI f 9101 | BTG -
P P v ° D r 14 F v op o0 P oD 1 P q 13 Fa P v P .
.—.u EI81 | 3T6T 9161 | 9161 o161 1161 F 8161 | 91GT | 9TGL | OI6T | 9T6T | TIGT | TI6T | BT6T | €161 Iy Q161 S 9161 | G161
P P 0 | ap 20 ? ] ? v 2D EX P ? 3 XY P v I3
H S 116t 9101 | 9181 Tie81 T161 S 9TGI | 918L | 91G1 | 9181 | 9T6T | 1T6T | TI0T | 9161 ] 9161 | 9161 1y 1161 9I6T | 161
L Ly [ |2 X EX) I Y 2 R A D D D 2D 20 | P P | ® 2v 29 ) |y l__ | _ >y | j_— o o
m 1161 | 2161 9181 | 9181 § 9161 | s s 9161 | 916T | 9161 | 9161 1161 s g181 9161 | TI61 Iy s 1161 | 2161 g 9161 | I8t 1
P P 20 a0 2p t] o 20 2D P 2 29 P P P v v J
.MV 1161 9161 | 2061 | o161 | SI6T et s Iy 9161 | 9761 | 9T6T | 9361 | £16T | TI6T | 9161 | 9l6X 1y 1161 | 2161 | S 9161 | #1681
? EXY [ oD o0 P ? - 9D 2D ? ? v oD P ¥ ° I3
rm 1181 9161 | 9161 § 9161 | STOT 1101 £ 8§ 9161 | 9161 | O16T | OIGL | TI6T s 9161 [ 9161 | 1101 S £161 £ | oter | 201 i
B P EXY o 0 [ 2o ? o D 90 | o2 P v oD P P v P .
m 16t o161 | 9161 o161 | 1161 1161 Iy o161 | o161 | otor | oter | o161 | TI6T | S | ot61 | 9161 Iy 1161 S 9TG1 | 5181
- |12 90 hd bkt P _r __ | ® (=2 | |°® |22y P | VO Qo) |y | y° | Je_ QP '] —
AH g6 | S {2161 o161 | 9161 | 8181 1161 s s s 9161 | 9101 | 9161 § €161 | 1161 s 9161 gicL) § Iy zerl 8 9161 | CIGL | €161
P ? a0 | 20 | 90 ? » | oo | oo ? P oD ? v » P " (
, o T161 0161 | 9161 | 8161 1151 | 1161 s 3 1y 16T | 9181 | 9161 (mer | § 9161 1161 S eTGr | <161 £ | o161 | zior
P 20 D 20 4 P D D oD P 2D ? v oD D r
q | ster et Y6l | o161 | oleT | 9T6T 1161 § | § |et61 018l | 9161 | 9T61 # | o101 ] 9161 s €161 £ | 96 | zier
B P P 20 20 oD 20 ? D o oD 20 D 20 12 v P
Y [ 1161 o181 | 9161 | ST6T 1161 [ § |16l | o161 | o161 | BT8T f TI6T | S : 916l | 8161 [ 161 4 | 9r61 { 3161
P q 20 20 P ? oD o EXd P D 20 P v v
€929 |19|09(62|89|L9]|99(99|7S|€9|6S|1e|0C|6F |8¥ |LT|9F | 9F |TP| €V |CF 1¥|0%|6€|8E|LE]|9€|GE | TE|EE |G T€| 0 |6G |8 LE|9¢ €2 iTC|€C |88

‘u02woriqnd fo suwak ypa ‘greI +woquiaydas yy0g 03 dn paysyqnd $340yo puv spaydwnd uononbuvLif






MODERN SURVEY & PUBLICATION

( Northem Cirele).



oA

=)
B7a

k‘” b

t ( 0 -
ar|
1 \hlluh A

Jf/ /i) (i

j Ymmm. ”,,,,
o u/..j,‘/,

wan |

ervil

WMei g Khel

.ul %
ol l

=H=b ] !
| | -Annu.
(A1 (E Ye-%-
11 134
= | 3
T Yortak i iturgpe,]

. w
.,,/ Ji_
{9/ S

"~
=l __J‘ .

J

SR n s
o

INDEX
Ghowlng progress from 1at Oct. 1905 to 30th Sept. 1918.
To accompany ()nnvml Report 1015-16,

ey x o
Dgres Sheets 4 lu- A Sheets 1inels Sheets

WHES m«nru_-m SHEETS THE FOLLOWIN

SCALE, TH 1t ONIY. 0 I. For A

ET LETTEIL, € A5 A

QUADIAST LETTERS ..
£ SHEET LETTEWL A

REFERENCES.

U een Sueet sumneR e, 458

NEGIE!

rveyed and previously published

Areas previously sul
and published during 191516

) " ”

and not yuhliuherl

"

yed during 1915-16 snd ot published

Surve;

Cirels Boundary shown thos

NOTE.

The topograp! ;phical maps of India are being prepat red o
threa different acalas iz, the one-inch for danuly
pulated arens, the half- mch for spnr.mly populnwd areas,
he quarter-inch for barren areas. Thi I.udex illus-
trates the p sll d P 1 surveys
and maps without regord t» their scale.

SURVEY & PUBLICATION.

'M",' | Ih/uu [ 5 (%» <4 ,[, e Fa ! ‘ ’
A V) ®) - (0 gl ; [T Aoy g x
§ ,_,‘m', o1 nn\”'{ L l‘ulm - ?}‘_»\ gi= ; j}”/‘ T é’“ ot L T = i
Vire: ,.”“ rcsnewal WAL gty /0 2\l = F S B N ’
&~ i ,/ ‘ /I( 71//'7" i /o ; ”& !‘ gT 1 | \I' 1
I Mg Atad | 2B ! LI-J_"L'A_ L :
{0z i \ll&<> 44 =3 (‘ | Tysele gl l =
i Rulat IS T’""j pin “ ,/" o - '4_'.!!.u P \‘ Slm DG i “ Dafiny '
e =i = 7 i b ' — L[ 5 [P L
! /l/.,, ; — - Bher N g : f'vt(v g 1 '\ \ Yozt |
] Y Yo A 7 o - §O=E W C — O+ O ,41 L) - ==
7 M ‘”"}'"' ver Peas) K e iy | |
. J Mithgnhiy > - l ot °Qu“ﬂ" ‘, N N i S
] — . & SN . it { )
| 7 = .| | /
D — (W e ‘ e e i / ‘
[ R ar — - i / |
il /lmTI), D 4
i
4
— - (ayAL \gLE;l| ;,  :‘ Liitapan
| 14 inydla | N7 i ':f\il/"v’v
: I\ icib it A M Tigahp |
f' » A { Oedin | W 'W‘- /V;,:/-la 'h' ‘ G i &)
| houd L = <
| L T et "v" o e Py R U
.} r | | ] . Wepra - | TP s T
p»ﬁa , i _ Roen N e
B | [eretper T H i IMET | N a
| ‘l ‘ | i o R4 »
' f N | ) n\ | /h/nm e |7 " ~ J il
| :, 4 ey g | = i dfopis: | 2 fin)
| LIS w/,,To)ﬂJ il (C L AN W T iz AOING 72|
| rniir ,4,, b T 73 . ' 1
11§ ‘\ ‘ E""ﬂ‘“l"'Ll I ‘rl'n nl‘k;l r 4 = & u( ":l o S
( L/t | o e s . O ~f. i
Il [ comsinetiepRES o o I S N 9 B
o i Nl T LT ] N = -
| ( ¢ . ke Lo s 5 A 7
' =/ /f' ! | ; ! M 70’ J ¥ Mixzapur . i) | R £l ol | ot
; [ (H) (Dl |45y 1 X [ Fson Bl
6 e (P sl TR . 2 A
: it | o | B Tors Wi el ARRE
| B Y e T e e s EO o @
| I L= l;‘ | Bogrs [P ,.I.ﬁ;n,l«‘\s (b or gy ‘Lg* L ‘J\ g F 4
;, £ ? 4 | ] hnllumlnu s J ‘ | m),,,,.‘. 1 barkwe Lo xmj‘ ‘Ff
I [HA) J, [~ =Y Dl 2 ik 24’
| E / 4 B /\" A =)
NV#io " n.\»u o q o "
i " ‘ { s L, | ] e aenzs
| kf MY { M T \ 1% .
e IRl > e\
| o cue % '"'“\ (il M‘S lbu}; A‘ ( . il
{ i E \ M l L i
’ ! ' oty | ~ Tt | [ -~ s TBdanor *"l m' g™~
I “n g | Diskimpud 4
| @) lep ey Y b el .,,,V, f—»~!—_?;:l". s N i J__M m“ .
| Ve . bor AL 11 o | . { .
(36) Pk N5 ‘i : B | it ’T/(” oy \/\“\‘,‘,z'i‘"i .|| B I o N (L S (R >
i\ " - | N i ) IRAENT ok
- N L | N\ Wkt I~ x | )% B) - b b= ! 4
on (4] ) Heriand” % i R e Al %K fadpuergs T3 C e
I Pl bamdaih = i ) F E = fibni | |7 W \l}l . ISk
| o ) of /2 e ) aope_ott |7} P "
{ | G 2 gy d Iul./..,-n { (2 I _l ,_T 2 S \Molterd | |(m§n|h\ - u,iw reeclid 5
s (0) 57 %! S~ i J 2 ol ‘n.-u A
—_— S " S vaer Kiuellen - o 3 D T A D 0
e - | & | = ), -\vvyn rerie 44 heerlidny | wlh (0\_ AL ab
Reg ¥o MN0D, 18 — - - /-. Kehlorer A 1 "'L Hf&,,,,,,; - ""u uihalpin et u"\
—_— 7 % a t | \ [)m.a i
— — e (LR
nn ’—- e
wt Tdoar O¥lice Cirlontter

Litho,,

9. 1. 0., Caloutis.

|



SURVEY & PUBLICATION

(Southern Circle).



oy

N

AN

no"

A
N1 ..m‘l° 'y)mt
7INAgod Sl

| Ly
(D 7 [ Sdina
A ( Gockvindyuries

( h)mlm-pt‘ ro oy

( =

Totour:
A

SURVEY

s L'rlv;

& PUBLIGATION-

12,

o ¥ P

Jitongang

Nowpwlai

el

L Pl
r]u]nll' Reaghan )7, : i Bt} 1
> e S ul | : 1 )
= [+ Potleimdyr
i Nepsinfghindi | o] P % Jf:u." ot 1-7 4*’2‘" i | e ==
Bhilsd : : | | __'}_4 Ard
( ~ - M & A — 3 ""{ lamndi | (M | /u’llrull
i b 2
| X &) - T» | i_“‘ 4 L h
t & 1
& g | 5 \ e | ! |
— 1 o 2 L e % e o - - M””{"’_‘ S
: ot
l:m/.. " 35T s | \@1 L L2 L
,’;{'". t ] B)’ () ) t HE=S s
i b .
mrr Mlpug T o A R | | - !. | fngpeers | Lo | M\ iAol Suadi
S 1““‘“ Wi a5 vtaide] | &1 [ 7 o= Bilady Salii 2"
{46 A ! Mala TS auni |\ Ochmpnd 7, oVl = ]
£ - i 13%3) — T ()4‘ - syl gk
f Al = atarng | —R— 5 P
y hanlwi | Kty it 1 h" Keimjhar s
i i JW !nm‘rLr'\; [ 7 | Deogar i G)
iifntve i LG Yor—1 &)=
> T OE g7 C K o (C)K"‘"' "*“; 2 Tdiares]
Wrare NP far Do et S
z Py m/l,,,_,y vir: o ) = AN 72 e — Tl
~ = ; ; A Sl
B ‘b | FI J I l I}.. s - i [
_J_J u/a, it - ; e SR 1 B £ 555 ‘( L -I...l =g \, il
5 T ( | y [ f 3
A B L 5 R, 9B N I I B = = )
LF e 7 = 4z, it
i D L \Waigpr | ()1 W% »/ ks e
0 X / - Pibidiivas ( L O meett B 457
L z —]'_T Kanlker | ‘ DG Y
| | 2 | - i 1
N .
o Vartitiof ‘l‘ l | M Dl nﬂml o | Raswell »tu'n AN
g — - = T [Chithen LK |
2 L § Lo LT
A it—1—CA E se—( 1) g M) = Lo o P AP
& i i(‘ T ey MRS L ”‘::"i"‘l" 2 e Lk
A - | ‘ vart 7 Gvagada |
i Nivpnal| X ivitg |
nomMBAY i mi?.hm. - i E 3 =
it IR Trop Al gm |- N Tovhs re ol
o d%,, \ N = ] .. ’,; i I R B T e e
-\hh 3 T . | 3 t o [Patron i J v,,,,)r,J, -
il Q)} 1’1'}'“"’ $ J_ F) | 7 | A il N) | B)-
‘ B F LA\ Q)-1— S ) ) ) s
/.m i I = N j N ks g | |pritfiretos _
LRy Nt hapetalpsie - = =F A 4 Talingapatarn
| i Han nmkun la \ ' {7 ! - | Vn{m.. e 7
4 7las AVARTINE P . o — : ; = T - -1 65 ) |
BN - - Bidas | ary "/" i ’1 ‘14\/ Wolberis! |
‘ [Sit i T L =t =t bz Tag gt
Lot Sungarkddiper I Lo
e L Dokl \ *
G)— «(C){—+—1(6)+— ',1 "" ©)- G)-* «‘9)
e = | T "
2 ‘u*‘,*—' Z7 ’WL‘}_ T i
& - — 1 %4 { Ryarinutey V7
i R G 1 TWorels > a4
| P ,\/»L. I—_ f‘.’;ﬁ‘gﬁ.,,./’ 7 chigie
| N Z (Wit ar g
d
5 w] | » fsulipatan) 6
[ i Paint Divi E
3o lhniiy
oo, | il E)
b, el L—
& i A ‘
i
| e
| ¥ bl
] Y
3 il ;
INDEX FaT - HACF A
0 - Ea
Shawing progress from lst Oct. 1905 to 30th Sept, 1014 e .,.;rf,. TN Tapoh
To socompany Genernl Baport 1915 18, \ St | ‘\: Wondirs =
Do S Kiya ta Cora Divi 4.8 a
goe Shects dhuch Sheats.  1inoh Sheers 1 ©
Mirer
Oz -
Bassns de Pedro ¥ 0 =
1 pm | : W itpd] =
) Mangalol o ik % oo sptretn y I -
WHEK GHEERIG SHESTS TR POLLOWING o e T T T - |5 A
A SHEEY 0% THE weder Sc STOUIN E QuoTED: PR ) ~(P
e e S e T ORm wnl 8 *
e Iy . - EET LRITER. g N P ~ A \ E
Drower Swsrr un—’, » "“‘~-| 'Iv-n N E Tarint Sy vore rranEn, 12 z giie < | i 12°
wn ¥ isen & ‘ . . -
0 OSHERY WUABER. A 463 P - ,?‘ Vitkyipri R = o T
Chetlar v rlppiohrnm = =t e ' 4 4
REFERENCES Hitrar P, e o Bnlelm r |7 g
R 5 : Kiltiin M AY-| . D= A (M)-H" X
Aveas y e - S L AND S B e b l + | 47-14/,,,1./.«,,“,-. =
il previously pablished n Cardarnm : T “f ey | H/ e ; , - S ]
| ottt Sty eR 18 : | : . 3 B N G A L
wring 1915 . | ) 2
- Hipeetti Fieni Sund Bank o | il dandip | L ¢
p- (=] / ) , Bty ] T Mdhinépoly
' puhlislser . vt N) “ Byt /ll‘f“kl () s L—(N). o
nidary shown o T | 4
- P = | | /am,/.‘,,.,/é Tudukorjin/ y
dlpeni | ,_ - .
NOTE Srbveli pord. (4‘()\ | Ve u; alsdberrn 8 Prorestisrept
" : .) Al Gg T\ 20 s i
'r:.""m’..h,!‘f" maps of India are being prepared on o g - N é
popubsied arens, :‘l"" ®,—riz., the one-inch for densel ‘ |
Fhpa st e half-inoh for sparsely popaleted bross, SN
quarter. inch for barren nrems. Thie arvas, G 1 i
trates the progress of wll med his Index fllue. © ) Sty !
and maps without recard to their nealer > L L YIFVEYS Hine Chanael 0 i
]
=i, :
Bty vt 1 =
| W i =
T N (ETE [ _ foN i k =
Gaoll 1 oo L +
i &5 Trineomaloes i
Wirrsivey ¥ Maln o o
\ il pr = :§
o 3 - 1 N /& W‘: i
. = = = — — |
A v I e = = i
— e e
e Liwo., 8. l.n.,m%




MODERN SURVEY AND PUBLICATION

v Bistern Cirele),



i . \' SURVEY & PQBL|0AT|ON
T— W\ INDEX TO SHEETS OF THE MAP OF INDIA (EASTERN CIRCLE). e CE :
— sl S ————————— e T

Vide hm‘il__'l’x :

|

et . . |
) ' |
|

il anlngif o

>
(L)
0 W

! u,.,, s /d g

V 4 ity (nll \
o

Nirg v s

Funi 1t

Ko

Pilpd

LB

bortron

1 Sk
A

i ) o N

A Lidgtol!

\ 1 [ B "

1
ke |

©
Tlam

‘» illuu]:/Au a0 |

1 A
A y— s B)-+—t—1 D

Lyl Z3

U

Vo ”../.Aq

nl m;lﬁ ‘

Sip s g /|
A | i

QU

. /:.Ql.rm.,, g
A
= Qe s 1

- g
T Oetdpearr | i
! el BT
’ Stotseiog 2 Hafrriathe
e epiary (o z ; 1+t
h Y Godia |1 ‘h!hli,.‘ i l:j 1
} P\ y | \ Seeriteyh ] = e |
LA, | o, [ L)
\‘,4 leost) D2l | T’ ( L \
\ D aad(H N
1 M Gt —sunparHoaly; ‘ i ) |
7y - Mg ol na -

T o ey =

|
i Lhut..m i)

1/@,/.1 i

|
A

Lalaimau

4 (R)

. ohardag

T
|
)

| !

= | . T
| 1 T P !
| | R g |Heniphxax = oA~ ) N\ | S g

N At — \

| y Hilgn Y I @'7{—— ——8)-¢ 1 — = b
[ o ] | kg Meaprer N | |
| Hing Mo 2

gy trny 02

(g | |

T M HunN:

| M\ Vietpria
|

] | f Sutupoie

uul....g,,, f
P

] )
e N | Kl |

~)

& g s |
Biokdrr NawWgurfy T = 1 \H i | AR L
| " (5 ‘(A}\, % S~ o (1 flerses : L. Q‘rﬂ Ji B
Lol / Frvard ,/lt, Wik o e = i j g - ,} i % £
j . (a j 20 | MRV
g T [
100 = { Jh T
« )
T8 v,,‘,,%{/',’f"l, Vit ey
: i ‘\ i e
v 3 1
e T || Prome)k
2 /(\"{ Q| (o
L™ i
3 i W7 O S INDEX.
Folisleal ; | E San vty }L.\, l Showing progress from 1t Oct. 1905 to 30th Sept. 1016.
& 5
Praperial ( i —+ To necompany General Report 1915-16.
L ~ N i 1 Rl M . Keys 0 -
=) - ! i - ypatan S T | == Degree Shewts. 4 Inch Sheets.  LInch Sheets
= R § Thrrrnd [l &
[ ‘ = " Og <4 . @) -
z V) f /
8(? p | k[ | ] mleird (|
) = " - . e (I
f = . T ! helbatchy é‘;ﬂ\mm it \
Kir | 0 4 . +
= A L _{ Thaftdm
) W ® 5 Fl - 1 R ﬁ RN i
Pt Cornwallis & Ely instonle 19 iy .. i 0 | l/{.,. gtk LIRG AEERTS THE FOLLOWENG SHOVID TE QUOTE
NORTH ANDAMAN - Rown l y ” [ s P) - s H Voar teefoerns (L \\\v:};:;u:‘ nrlr e 1
It 3 e B \ 12 ! [ U ; ,\(""h'"‘"'l 1 DEGIEE SHEET THE NUMNER AND DEGREE SUEET LETTER i i
arft / | . N"“.‘.(_, | L "'\L pe o 4l F‘.r y (. 4 Favtfaban i -t 1 For A % INCIt SREET THE NUMDER DEGREE SHEET LEE 3 | \ ;
| s . - 2R ) ) . ‘ Nt A eV e [a* |ttt | WG uatmaxt LETIERS o 84 %, Fon a1 INCH SHEET THE NUMDER, |
o) i MIBIILE ANDAMAN = Dokl 1] S ,.L, = 1 ,-iur', Wt - T DEGNEE SHEET LETTEIt. AND L INUH SHEET NUMBER. 6,0.04% |
{ | S 'H‘ B E) L n vandprvorilid| } “‘é/ (.}‘L/ W !
- t a1 ¥
i It".",’:,l.', ” a ‘\ Thiy o REFERENCES. l\
e ’\‘DHI.\N.v ! 2 —h > l " Avens previously survayed snd previonsly published .
U T B ., and published during 1915-16. - l
. | = MO WA | " " .
et A /| E) §i Q@’ ===l alor A - - and not published . . E] \\
Rotlahd 1 B — ' v 3 ; ; blished | B
| Vide Inset A ., Surveyed during 1915-16 and not publis
L 89 ] L ln\. 1B 100° Cirele Boundary shown thus Nt ‘
| i | ‘,,r); ‘ 'J I u = NOTE. ;‘
4 I, 2 ===k S E & i
& LIFTLH ANDAMAN ! b (),Al‘ _1 ,J/,,,,;,.,. M The topographical nnl‘pu of Iur\;{: a!;e“:’:!(:g ‘l":l"m"; ! |
{ ; lrand ¢ lifferent scales,—vit., the {
‘ | F ;, \,"mq“ ,{ ;‘.‘:ﬁ:’lm‘ed arens, ch? hu‘l{ inch for sﬂrselflll)‘:l’“ll:‘g‘;‘: “'ﬁ:‘; E
N\ rter-inch for lbarren are.
| / J‘- o 3 ::.Cu.,? ug‘lk,g rogress of all modern topographical surveys | 1
L (g~ LU > 1IN t i ama maps without regard to their scale. I
S \ Vi ‘IH ) l
- e - SR — - |
Heg Mo um e ——— _ — — — S - :
B ) TN RN R o seolt o Litho., 9. L O, Qaleatta
0o 50 o

— - » » = = |



INCH SERIES

———

PUBLIGATlON 0F MOUERN ONE

«t. 1005 to 30th Sept. 1918 \

Showing progress from 1at O
To necompany Geueral Report 1915-16.

Keyato
4 el Sheets 1 el Sheets |

' :f:‘}'ﬁ» qdf frJQ!z
l'.L* M)— i
i

| I}
|

Degrve Sheets

195~ -

ot Mrargppi, |

N/ & waif f~=p '(1”““ | \
|

/’«# \:@N. e |
A — ! -
i k\’ o HN [ | 1

| @yl I [ Y
e 1:.1{.\: rlfene _L ali '..'1.“;{.’1

 TIE POLLOWING SHOULD OF QU
" / 1

WukN

OUDEIENG SRR

1"\

For A F
QUADILANT LETT
DecuEr SUEET LE

L o 1 Ten St xusbEr, e g 455

o)
Wawiirz,
|

REFERENCES.

] [ 2 R vy
Areaa previously publishied. ... ooooeon

- °l |
s, T T A published during 1915-16.
N W el N
T Cirele Boundary shown (7111 S

;7:‘47/, ’ N N
DO O N

‘ |-
i i
TN Miregy N 5 )""“ {:\ i ’f % ey Pt 7 sil '.L. T [ pdnkdr
4 1L - ¥'j T— N ,,,:“ N /i ) pa, T - " Waggr 2 | 4
[N “, (\M ;II,‘A) 1 1 ANY ,/n j /. "5;":: | ‘ \ s
——L_ep L = R I 1 L i — IS ——1——1~ S
/ "” T | el For = A (£ MO T Y Lifishifirpne  Mands | e 81
} Stdoisnal hdmary | G X _Llly,}/,,, o[ 3 Tl [ M A e EYt—p—1- )
| ,’ eamn|  Hine /,,A.,,g,, | [ : e fund g R G
} ,,,,,,,”” ‘A . b, ;.\"IM ml ‘f.‘—j.v.;?_‘ i I e
il 5 e | e
) w1 12 || ‘ Wi — T
e ) oo rder L |
3 a2 i 3 i\ T
- : (o (hhach/ atehri f
j—— L e = . ?1:" | 7v-h#osrom
| s \-l; — 9 ,? 1 .)J ,J, ,. TS I
,‘ T Kndl "‘W 16:, din ‘\G Kuhh;] ( S Fobedwdire | * ‘\_\
nlat 3 3 ard I | 7A fan:
| s PR | e T e
f - Gy Dira Bugged 1 ; i 15 TAS K) Noip T +(0) C) |
] — 2 Aug g - I s, |11 ooy ¥
| | w[ | I iy llu o O At AW VLGS [~ 1
(' s Mt) I "l'"’*‘;}\ i(’ T g :':' ” ] : o el ,-{fy i
f L ()=l 7 i 5w, i v
{,‘;, = ,”4.,,\,5’ (D)4 LaH) 1] O i | g A &.“L
" ~ tel [ [ - T Lo T %T 2 i J'\\
= A2 N™obabady £\ lomgdpur: Wilse ' (P
[ — f’A :;}n: T = e f i \F t‘)
i 4‘4 ] L o ' C onidn Byina | | Poldwa
"r ha'ik | T ‘ & J Nl | Pgwiohie 5
VIR — 1 | /" hn o I 1 Palpa~tR1 |
‘ Kh mw.,&E> - I e e
i A , E Ll | ‘,(\M»T"" = S //, w
3 < PRI | PN e
TR ) : AVaZ Digalfe 1|
eganf & Kbk |
Gzl .
' Vo G anipar|
n o\ N) N (B
l — Y Bk L]
~V e ) amgar P n
) pray TP ! ol Q& Yddira| N
| (g el i m: =z
I Sl Ty sy 1 (e (R
| | O f ‘ R M T Apur .
T Tonklo Me L. Tosalor & ( - 4
‘ G W Karacha - o ) 'hmm,uy,n,, i+ il 3 & g \g
| o ] At \ 1 hy) O !
| o | Phercta f ! - [ Eripupt padir | | AR — ,b_ iy =
| L Woead Y )n.,,,l,, [ ! | Sivolye s N || M Mirangpire i
/' L (Pl ¢ (o) | SPAT. Iu/u W& i o 1 | Ajnigafh| | X
| XA (O Lot ur ey, N s 75 74:,‘ §
fiza LT = T =4 b Lk Ni mn%ium 3 3 ‘rhmml-\“,
I { \ - 2o hervied ) s ) =2 (L -
| il a7y Loy b b “ho Moyl Yo *@;’,)ﬁ }
i 2\ = bgrdd gy ) Partalidachif \ Sit 1 | sy | | [ -
i . ) | f Kotar
1 { /Al e A I = = ? L & !
M : Ll “ 1 2 41 Y R ,11.@@3\7 3 | Dol | g! Apemmin) N ! ’
f ’: o nuu-h.[,. . m,,,“m, - o 'Jll “‘T = H hap et —— L
| / i} " S T " i
| [ | e | ~L# L =F - / A/tﬁ i t N i & ] { p - 7{ U" { - gg- . (I*N
| ' —— L R At Al /ﬁm 1 '—l’;\/ - Jhbbtlpaie ot Soiat| |
] e L daha e
| ¢ ‘ 1 =] = il Bishimpn
| B " ':v:..v..augu.,..,}Q{
.S et = Matin_
3 7 ! Mitin_g
{36) ) { 5y I L2 _J‘ (J) 03 { !
il g 2 q welpnonted |
= . U ir R =] f ’ i
a l - Pan wiiy i ortaih LT, ks 12w 1 / ’ ~ |
# Vo - X A /rr;\ R S eoni |\ L oDl 8okl 4 |
'G\ hangidrii il h o ‘ I"" 'J\) Jk"';'ﬂi& | — aren ;
\/, e K | =1 opfi—r> |\|.m.|\‘.|n
N ,A.,l‘,/,,‘ﬁ’ T ; Sioanfgn \

i —| el - Yk

o e e = :

0o .
: Litho., 8. L O, Caleusta

— | =X




MODERN ONE-INCH PUBLICATION

{Southern Cirole).



T ————

| \ES.
INDEX TO SHEETS OF THg pp OF INDIA (SOUTHERN CIRCLE). PUBLICATION OF WODERN ONEWNCH SER -

——

R A

r—

e 3 72
U@ L - 63 S RrTIE L | &
; _of o3 e T e T ¥ L = d 5
(it ’ Y” ?‘ ; B lllhi“‘m,".:MN -("‘5/7 7,» i [ -‘» : .‘,'.ﬁ.- Wrplr
(\P) e B Wi | o uufﬁ(.»;njl.; e ;r' ee Loy —hy
N2 . A 2 == \ T v
F Tharsidl (D ; (_PM el > T L L S *"*\ m |
© 1 Maok - S = undy Pl ———T1—+ Jaltomgan| > ‘4|
I | — | Fstar, > = |
" T Y d Y 5 [azgribmel |
b ? g T - g - - ¥ T ) abomarr | 7 -
phy by ) s . A T3 - ™ " | [ 1 4L i
sy N i, ey L6 Nofsinfgh : L s V;W;\
o= . : g 2
SrEM)r i [\ 4 ol \A‘ N i /m :._ i & Luhare
Alirsgylloda — fear | el Lo L +
- Yo {ntld t Shligetper Sy | e
[ + N 2 I A i i = B T T\\; S Y 7 T P Haptampron p
| 2 ; : g {812 3 A / Lt |
i g 1 -
|

ke Zas ‘ | | o
o %@?y L = O { 1 L_/7.‘1“_14 pur
S v ;1 S B [ et | L

s | ' lflos| .:.l.%;;xl,i. oot ! | | (1 u
SN o ; N
‘ ; - Sy % (N), %—S Dl |
IVARTRNL k i 9 LY ‘ - ociet [ P
1 7 “Nu.lk&l, s o ! I \‘ - J.r ] s b Suadi
f A ) et ™ e Maidi | Soomil
|

—/acon

T | eralanz

Juigard

/e

atlgnel |
Raigam Tl
H il

1 ] ‘ : ' . c
[Kaateyy —y s ([ e

? Ty - — 1 it T ; I . |
va\) e A C YAy (G ». 0y o T & Jrorhwiret
intvir v 0 = (0 7 ok AT Seffihalpar/| | Ll
2] - T 7 arpuy . y e e N R = e
7 / "}i —- T £ | s
R *n-u ===
| ; d : S 10 L B = — 1T
1 < ; TN Tk | ' Sdupus
1 - i i
il = | L 5| / ) ‘ ol 1L
(L rbranfrae Q ) g i Y oir- D) Tilloiini =
v 3 | >~ Pihadigras -
ey ! Rz Z6
i ; . | —— b
= b i ‘/-a.»)t@ ZrpdNgor e ks >
iy ’ i - % 5 - = T Chilhes LA %
g ” ¢ f &l - ‘ : A — i v 1 L
NN ( - = 2 i )= &/
@ el v G 5 B ~ ¥ Tk - s N T (\_M’- | \('hx. g o ein
7 AS M) = (%, ) 3 kinigur | ik Lkl
" | ! " VN i hipi s g B %
1:.,.,’,.1,],7, P | = . h i : 7
; ettty - =it : er . - T, ade
kb1 Q"V‘h‘ Ahmaddgont |7 pres s = fired /
SMWALL i{ . > vpore! ! = 7hos /
BOMBAY 8/ Wik v T . S \ N DT 4] i o o ) 7
- i | : 134 L 1_44 2 Sirphncha i - ‘ Fthonda| Y A?,,,Tu,l,
AlibgEY | o | Niziufibidl T = i T«l, Gidiin B)
B) |\ (F)[— o[ |z - D i S ’i B) — ;7 =g - I
: Wh s o A o 3 Matkang® | i A
danfise | 2 o _k‘ Mg Chidgrealyi] ¥ ’”‘”)”-"‘1 | g o Talimgapatam
(/213" SRS S (-, A 4 ——1— 7T Vi g 71
[ T e R L o e e O N T T O D 7 O i £
J \ ) [Osmianabind 7 - Lo r ! F==1 b,) T T
7 Al P o War ,_f.o\ 1% kA | 1 7%
i TN Yttt "‘/’L’ A Maradapatean "u\,gn{-r-l-l-l'
X B kot L Dopnali, S| > ) K) 0
= = B o N o RO ,
> ‘ L\ Dl == . |
i \ ! Gull gt 0 - : —
|\ - Tl || = & { |
Ve \L | ith S AN T | (1 AN S W T . o A% = |
Rutmdldua 1V NSArerld ; - Wadi | o (W 1" g “odanida i ‘
9 I }\7 i 8 | e ~,:-‘!M"."’ o SRR gl u
T ation ] ,}q* I i [\ Wetrvansy | L‘)(I\J \ Ao \ % |
- I N X | q
LYY | el o le i U W T H)—= |
H N7 v ,’.l.‘m-,v;AL\ P) X \ e 7 |
\
A\ - — = ITVRVEE NG : o \
| y T i i AGA asulipaton 16 !
16 \.»"'/ {ory by Y Vit | ! TR .P ! {
§ Sy P P l \ ,%i B4y }yrj,.m..-. .
) 10 L 2 A | My kdpur/] / I |
" /.,,,A P l\ J_ Km-nul» B ] l
; s
) At 4N (E ) Z-jr(\ pu=
& ollospet |\ | — g M W/ ,.,,,L.,.,-l.-!l, ‘
5 i Guntofzoal i
‘ by i di\ ool L I
| 7 N | AR ; l‘,i,f i | |
| | : I | \ 1z 1 | iy | |
hic Y { nanftapuar = | |
| INDEX 1 F J\ = ®) » Pt
; 5 2 duddapoh ]
Shoawing . _u il \
| e e from let Ot 1905 bo St Sept. 1016 : i 7},— l \ B
Th aecopuny (enernl Raport 1P1E18 bty ] B
Corn Divi A | Ql | |
Revst ‘ Y ] |
I | (R P @ \ by
i D Shie et Fluch Shewts, 1 huch Sheets g ; | ‘ \‘
K ) & |
| t{s518lm 2 \ s ! |
| NW | NE ) hek | i - 1
[ Tat 2|exiofs Biusaas de ¥ [0 = CINUoDR z) /.04
| 2 £ L Miumyol: piux b _|_| m: ki 2| ‘F’L : . =
| s ! AN i —_ - ) W oreann >
‘ i s Y Y 7 . y  IRRaCE P S I 3 Bl Y !
| . i 2 i - i T Cnfgirtephor i
| /D . i ) (D) < pee )
1 WIS GUsERIRY: SEEETS TR PALUIWING SROELD N QHoTRES PO D) - 0. I ST = |
: A SMRET 0% TE bl SUALE, TNE ST (KT, g7, 46, port A T D / =~ itz 1 _ i |
I = --»qv)\.lu EY THE NUMPER A¥D DEcrie SHEET revren, eq 46 A LA B & A3 T ¥ E ( | = | ‘
A ¥ Ivcu Sumer T sovoien, Dronske Surer . > & g | 12 1 ]
YUATIASY LETTENS = . 40 K p s el 12 T = pim g |
g 2 7 YRS run AL Inew SueRt e wvaomen, | Vithupivheres L
VR SRET LTRER. ARD | Ixen SHeer wowmwn. e g 364 Canranng | o e~ i
: Chattat e 5T . | 5
8! £ }
i Pz 4 ) ' | ek 1‘ ,’:,m e
REFERENCES, 1. & 5 A WD I, >
' srvimet Biikeslproi Bani i 1/ | W
Areas previmely published drmin | !

bl daring 191516

a2 i /z.,(.,,.“{- |
Tgntti Piesi Sand Bank Aritiath Teicfunopo

Circle Bonndary

wliowy thus

| mm

b 4]
|
i < |
- i G ,‘4 Vondvipidpam| . i l
Ravarart N D .' T [ - ll
/ . 3 . 43 I f.2 i
Kodpeni (« B | |
Ipen | L p . A | * l
- 49 { 7 i -
" 3 e tiire =
LR Qlers i

e Channel I

1.
1 MR N
e (D ‘H
1 : Trin o \ I~
Vinieay EN\Jescenmenllon
" s
, ) Sl s -
= g - WO Wl
X e T —
v e Mo MM, 18,400 - — R e = - S —




MODERN ONE-INCH PUBLICATION

( Fastern Cirele).



— 7—4;'[2_‘55:"03”5“3 OF THg  INDIA (EASTERN CIRCLE). PUBLICATION O'FJOIMR_"_ELE"““ SERIES.
, NDIA (EASTERN OIROLEL.  PUBMIGA 7

00

X

She k1 "“F I}T

] ltr.u R
)

{

l\ 5 \ {'ﬂgj 6

| ( 1’. =E ) L
Ll | I° P)—= = } - H/ 1
| Nicter | o { —1 J iy ,1.&4
S 1| W Evebew] | ’ . =i
AN , / [ ’ g P 4 \ \u" i U/ | 1 2
- | Kinehinjuln \ | B e T Vg sy /h
4 ,,.. | k | Fymetniung T ek e i A R s Hing ing B
L ‘ I 1 Thypalshiit ,../Y | 7o B "'?""' — ]
‘ { [' i “‘ A;\ = i N A | o iy . oY _1_;L
4 I [ n.l,. "'“JM‘~ (R | AHAr S L
(227 D e ek I8 i 2 &l [T b J:" [
gy Diyyniy L .'!J"r;ru A \ 1 - A \‘: =1 A
ks 2| i | { | 5 / i | | le |
\1 ) ] SNtk oot 3 d 5 o o I A I E1 | N
; il At < PRV I P | andprl, & { N e W i + s /Ir,iyli 4"" i
= A — L = 5 T Chin\yo pinag s 1
o (e 1 ,L —TJJ o
%y = , —_ Br v/
F (J\ (N ~<(B)— -E L J;,,.yl oy [ \ !
) Matukchung | T ] x
/ L]
i !’!L}‘_
| e B P
b e ‘\lnlt 4 v
3 7o) }-
= 9 o T.’
Nentel ! -
3 ) /] kg
i\ I.ﬁl'__v o / / Insfeoreyi L1\ | )m oy s (e |
o roiililin
e — T
|
v (W) (P 0
e ol | T bji
Ak B L G
|'.I)Jn;| | ,7/,"\4 Ao Tidgray Jai-higien | 24°
R T 1 Thervian T,«n 11
i | N
—— ) i i N (N Toinarl e
G ""’L"L”‘Z‘ ‘ | | JL., o E \ @L
Visimgan| = | R : )it 'A ‘ 5 |
| P um/(m a-lgng brg| |
h ] | Wit o8 =1
) () X : 4 T 1 \ ,\ [
L
i IR E WA Saud ,m.wm., Y |
o . S CALCNTA hitin 2 NT R
0T TR T (F heshd-— o ON-—
Subadyl % 1277 ~ TR
€1 [ 1= AN 1y 5 Manthn 3 i { %
Ruig - 0 Dicandonyl (a3 Y 3
| Mg i Phocst e vsipidin Haart s & - Z(hi i
I~ 4 \ iy  taadedl) ! 1,{) A I\
n*ml., N I\ )Y >
- (C) 4 (c)- T ¢ MongVena )
w;-}' "’z@u %, (&) ) Kt ——1
r&/,’.‘ % . F 8 fack Iy - ) ) Cindyan \ - 7
V] M\ Virthrio 3 ‘ i
- N | VPaglai Bl s e ) !
‘ t' Bfa ak © Kﬂ;,..-h@. e Ba | T LA aliadis = 1o | |0 bt
wh e Ll B x A : il el B >
I i ) T [ Worgg Ut ) |l Al
1= S ! - —[ L =G . ‘J\u)»‘ ——‘—Qd( i (L
'yi ek | #nd éAhy o Mpniklpan [ \Fena iy | A
rgfiofrr | orudn o | o= . = &l -
” "4l 'l'f b 1| ,‘""“‘f’lb:‘ 7ot 207 A 1 - e Aptun o 1
| i FOiN I f M s i’ KRilker Lol ‘ ‘\\“\ ‘ o 1 ~Tiong e : |
| |¥ertan pupr] i | {(A)—+— ! - 1 = z
',‘ w ";'v"f'-'T' | Ak | ".h-l“':l;;y-,-{ : ] M Tern L | = . rl::;,lu‘-nll,
| lagdalpure| ) ‘m.1,,,; ""f"”"i‘""‘ 100 lu~u.k§£7) — {A = 'r—-\j.. i =T
it Tevpsre - | | | s | M L_L_TJ
tthssredm !
| Pumetn G Ontun, == | | 1 e ‘
I 7 LS| ) U S N S O S e
(F) N~ 0o ‘
Midile Mosoo | i
Tolliiggngreetam T ——+8 Fp— (1) INDEX \
Lol /hy..m,./, o - |
B [ ! | e T 4t — Qhawing progress from lst Oct. 1905 to 30th Sopt. 1016,
- Uihwe | P P!
+(B)~ -+ ol o necoapany General Report: 1915-16.
[ - , | e Keys to
b T - N Al — s ]SS B 5 Degree Sheots. ¥ Iuch Shoets 1Inch Sheets
||| oo e \ = & & | L = , —
‘ i {86 / ,_H,K, e T
3 - i
E | oy I =y~ = , —-—a——‘:
i ‘9‘757.",‘- 1 -G_F,L,_ - ) ?‘\&“ |
[ Pt Creallis 4 Fiphinstank | :'_ AL S (S
INORTH ANDAMAN - ’ iggya L 7%
P T B W L Vo L) f (P‘. T frexrs Q— 1 WHEN ORUEMING SHEERS THE FOLLOWING SHOULD OE QUOTED: FOR
1 lirvede ) T/ /, T re | huin 4T ] A SHEET OX THE 5% SCALE. THE NUMBER ONLY, eg R4 For A
| o = " A Cape - ﬁ“%“" + ) DEGREE SHEET THE NUMBER AND DEGUEE SUEET 1ETTER .84 A
| m"" ““‘“ N = ,,:"« |]/ | ! Fon A} Inen SAGET THE NUMBER DEGREE SHEET LEETER AND
I } ”~ = = VAT 16° GUATRART LETTENS €0 4%, FOR A1 INCH SHRET THE NUMBER
Lk | il é DEGREE SOEET LETTER. AND 1 INUH SHEET SUMBER, €. a4y
] =
sorTifasnasay/ | - _l 7 3 F
B P Havelotk 1 = o Sullivabs Ly 7 ) 1] REFERENCES.
3 ’ﬁwm'r 4 t | £ j |
Barth Seuimall . b i ! T (’J\ Areos previously published ... ..o \
(AR e | Ly 1O — .
{Hitapa 1| (E | 3 f 36) ol ., publishod during 101546 ...........oxwenes !
) ’ - =, , { k
| z Vida Mhset A Oircle Boundary shownn thua . . . oooonoossnsosio ||
f==1= L . . |
g o o 0 Inset oy i
LITTLH ANDAMAY N /é 4 wullh‘g”;st- i ‘ ‘
A - =i T |
F Iiten, g*‘f* \q Pk ‘ % | :
\ (o) = !
| g T Shinddn |;: P 9 / | l
Al ¥ =B R , b=
¥ — 87 ) & ] 1 i W | l i |
- j ' = At Dol —— _L_L\ st TR 24 |
— o n‘h — 4 |
" T - 5 |
Bee. Ne. MWD, 318 - 1900 _ } iy [ SR il
— == R —— S
@ = o v Sterwey ot Duddive. Orfice. Cialexettun

. Litho., 8. 1. 0., Osleutta




’ | 1] rhag ; ;

1 A | - {
O+ -® |2 f
I/ LA I - e
L L wad | _‘ WD

Khayro | |
L]

I35 ]
1} | Ertheert T T
{ \ )

[ 36

, lNDEX TO SHEETs OF TH

[ K’:ul’ fm-

D ‘ry-l«h f’
|
ﬁ-'

¥ /ulklwr

hut

‘ . S Nowsier
3& el ERhER T ~]
llu‘lll‘llilll'l 3 Jh A
lllu !ll
Y i
o]

}Jm h'f ,l:
Vu a A’Il

o ,\,mi//,. 7

r‘j.- = f"l | | l , : ‘
JV’ r ‘N (I. |:|lf/ 1 é
A | Poding Y m.;l olI—a

M
i *.'_t_
Teiti |

Shorty

v..,,/f,, ¢" e 'TMiﬁnmujJ
’4l R 2 - <l "r" Dr
B 773 , L
e Kereh | | )
e Tid] K Nurpir]
RN/ I
I

'n/j/,'l ,)/,/r‘,,;,, ,‘ 7
) Lyallpyd QE LA

Jhang

]|

b

[

/ > P
7 | }I/ St

Needvibde

D}

(meolatiad -

AStibvrigrlas

I’ﬂn: 1/
a

'Bi

| 2
}4.le “‘I’TM/I,,,‘ il " 1ea = IUIWIZ v o L
‘ ultyi /! T hl}‘
"% ! T JC) ! Treppeld | LG
x\nJllﬂ ‘Muul m‘Q“’*A“Io‘ o il N ‘Derp G ) ‘ /" " 4,4‘ —
0oy s ; i ‘,,, e | T
I3) # ,,;,‘}/.'. ahiin B ff () I IR ( } AW ]
: [ o | Iu/a .m‘ & Bahfiwallpig— - h Nhrytay
p :"\\J || 11 T ! 1//:0:.)11]:1/1 ang | } g /npm,m// | /] ! M+,' i
sl | it TN el [ [T !

1
K

Khacedir, \I ~; =y ¥ ne
CEprw [T T [ Al T -
/ C\ | // JT AT ) a/ i =71 L Pl

= 1) M)+ | i k& -

T ',! / M) {‘ K '"‘T'"O t @ e ol ’ |
J 4 } ; Wehbr = [ ‘ 'liv.‘lun:nJ a;,,,L H

M.,,.. y 7 //kmh g
et -

¢
M;‘r \‘n -’u-. e
e

[ ,L Tl atlons —
el (€)= (e - [y
vin | 7 dtrmlas ( 'L()' 1

{“’"Mm.d | Umfnrlot |

o Meckrpreryiired Koiin

10)

K “mm ing
I/mn.v Buli

{zrigon

e Silor:

e "“" e
% ,,,,.-g;). el
© |l Eat|
D | @

7};.ur,,/

sy
Wiegrr el

D

Sirohio

2
I

Jirt ",
\;J;'» “ ) el B
vm »4,, 'w Shadfpimal
!
,!-, I (K g

Do j‘
Naithdwsra| Aot | 48

| ﬂ/y I
A dafipng L
(,j) di \I ﬁ'_) 1,&

| Partalg

il k-
~ ‘

| o 5
M '\hh,

okt |
iy

Dhifingy 1y

f’éw”‘

(LT Sy

Viirntrr |

“m f/ m*

& 1
?n,...w;.

| 4

ANt

]"L"
Dol 3
/W

"reu"l' EE
L0 3

oo

P OF INDIA (NORTHERN GIROLE) (PROVISlONAL

e
Khipintiosh |Liu“

==

lSSUES 0F OF ONEINCH SHEETS)

INDEX
Showing progreas from 1st Oct, 1905 to 30th Sept. 1916
To secompany General Beport 1915-16.

; f
N) | tidpagi
) i

Lras

|
7

L

Keys 1o
¥ luch Sheets

1 Inely Sheets

Degiee Sheets

)

.

WHEN ORDERI
A SHEET 0N THE @@
DEG
For ?.
GUADRANT LETTERS €0, 0
DEoREE SHEET LETTERL AR

xn 1 INCH SHEET Cwarsoe, o 7. Af

S /6\ REFERENCES.
’ 6 Kunfok
e i V | Areas blished .. ... .- -
L Lachilunglango pavisasly o
] o pnbmhed during 101516
| ‘l-“ | ,2:;"{-,. i "ﬂ\\(f e Y
wsip - Chinmnba f’C, »
ol (PN
fathfintot N

rnllll msifla
(et |

b
Dandear

4

il
bl Bty
; = i ‘
oo T ;:‘/’: ’L""‘""’J’" y Bl lih ! | pasdrongarls |
- - ¢ e kel Wk LY 4
) | Nabou (h‘j\_
" } 2 o
Manlia B AL a1alF) ;
Patiiila L (Atachlhanli
Safngrne i ) = :
. |
Sl ) i
— | llaithat b

7 N\nr““‘i

-u-pm L““P“

n-ldu \ j':

!
\\“

Shipl
| B

Kxu le

/i

i

o

Mele

i
S

o
S N(HXH - @
Gavgladn \ | Bplarkls
i ENearjar

abad—It

Chrrt

e

(p}

lTgakh
20

hiipdike

20

S
Qrei
= “\I‘.inll

R7 E
/1: etarwer i‘unv\ 5 ‘
Shreaurer N\ \ P
T J AN |
(? 8 gr i W
[ T WA Sthein
N 72
i p& e~V 1l s ‘
Zapan, . i |
oA |
ena) | \\i'éj ‘ ‘?\s"
5 T Z ; | |
. B i lﬂg‘n!um. i .\:._.i il '/" - =
3 » ort | i
B A v rnih »
”\ ¢ | : N Pajuna ﬁ]n R & a3 17 f
|\ Giin |~ Ati BN | 2 | b \ /=
Y -(D)
|

(H) o

= Mibregeay

Nago Soligwn]
o)

/’«./?ﬁl

||‘-1’||...L‘m.'.|....

Nobwiin

Lt
R |

Kol

(.n"‘:r;u»(n

; 7!1.\.;}4«!1'. .
R et

—K) |

o Maihav ! e
j .\.,‘r,.,} ) \\n.{u.m* i
die ¥ [ Dol LA irwiry
t ( {—— =TT

A L

> i \ (N A
Bhepal
|

rl/-.n
NAGTT

=S

Jubblpore

Brspngnn

N lml it

I\.-ulm\uyh

== C)e

Deagnd
Nehs ,L/,J,/

i Nijn

lvu

S

Litho., 8. 1.0, Ouloutes



PROVISIONAL ONE-INCH PUBLICATION

 Bastern Civeley,



INDIA (EASTERN CIRCLE)

'NDEX To SHEETS = THE (PHOVISlONAL ISSUES OF ONEINOH SHEETS)
L ’_____‘—————‘_

I - P |
Workr rpmag ke \

M I
| {H) | A0
T Y Vg dina L

L, . \\‘ t \qu'

| Ving Vv Vi |
\. e
‘ ; ‘
a4 (1
[ s hosicnr |
1 | [’ I |
A | ‘ ,
(n |
1 s 1O uikti hon
" |

Thialye ﬂ‘.u,i i

P e

J‘y}{ - i \1()1 B

53.11.‘...]1‘,/_4‘

/..;,/..4.,. Aicn
L1 )
T
- . |

YUNNANFU |
a

A
i

i
1 -1 v»~4 7
|
Vo \m,. ok
,t( ) Ii Ir
[\ end torig |2 L #&’_J_ L el 1
| i Tidprag k- Digion | 20

|ty o

l'l.w vk AR
| i\ ‘
}

gl fA ,

\ \

e
Lin an fie
Y%

= .@,, —

(™) l_

|
|
| —
™ Ao | ‘
.m\T[n | e | W, n}m/w:_q " = V'"" I:' — 1
A v by o I € = T 1 [ i |
| L s [\ Wing e N N L [ 4
1 N RY N TSxa| ey t'iniy *l--. Vo
. 1A | 4= 1 |
1 (38 e e [ L 1P 8 [N S . S0 4;4_,
) N. | 4/,,.,{,/..‘&.\ o) = |
2 Q 1 (N;’ —4 —&45,
¥ - 0
D 3 ; . i | ) [ patiie]_ ] u,.m, IIfrt,/\V_
o, s o | / - \
3 Sy 84 ) L - S
E J O hed ’Jd Ir.mu, | | il | |
. E Verse P i - ] t 4 i
¢ o= i ! [ "’T"-”i't'e"-’;\“ 1 Mg hyers =1 1P
A 'L —©) raek) - 4 )
o G HRR S T || Takbkdal
| 3\ Vicrorie: i(
——t— et} e I 29 s
0 t
7 | Kifnpelie
- 2 |
[
Tl /'}
endg Mhidpry | A
o T N Sl
20 | | Ayptun Q )
| e
—
I’nsm A 100 L b d AE -
| — | | |
M |
L T ..w,...,,‘\ !
L)
e
103
- (B} X 4 i
PdparipLp | =/ Sand ! J INDEX
A ret V. — S Showing progress from lat Oct. 1905 to 30th Sept. 1916
|lu|uk‘ 3 To necompany General Report 1925-16.
¥ 1
- Pweryi| Reys 1o
F—— Degroe Sheots § Tuch Sheets. 1 Inch Sheets
| ©
B ilith
A& 0t Cormwalli z
[NONTIANDAMAN = ’
T R e S L 12 THE FOLLOWING SHOULD BE QUOTED: Fukt
| | b A SHEET ON TIE SUALE. THE NUMDER ONIY, eg 84 Folt A
A ol iy, i Y, b Rk DEGREE SUEET TIE NUMDER AND DEGHEE SHERT LETTRR .03 A
WIII)IJ::EN"AM. N = = : P Nl aall é ! Fom a4 INcit SREET TE NUMOER, DEGREE SREET LEETER AND
H A = U' o NG* uATRANT LETERS €. B4 FS_ ¥Ou A1 INCU SUEET TUE NUMDER.
T . Ivintpening” | 0L d]’ =l DEGREE SUEET LETTEI, ANU 1 INCH SHEET NUMIER, £ A4 s
| i ,’1’ v = e bl UIM9I LY
| SoTTH{ AN DA ] alecanio BRI PR
‘ T a a a0 ‘ REFERENCES,
o -/ — 1 = -4
Claeal / ¥ B {
Nowdhy Sen| AT = L | 3 =l 1 g by Bl
' e i ]’ - | TR Areas previonsly published. SRR e s D
I €) - P fhapfown < ] | ‘ ((l;(‘ e | \
han o/ - (F) oF (N o ./ l6” - @ = o .. published during 191516, i oivvn conen e - ‘
~} a7 - \ ol |
T - ?)' | N, Cirele Boundary shown thus. ... ... ... o — |
e — 4 1811 [ Iuw t ‘ 1
I | o . J &z, 1 . T !
ATTLH ANDAMAN S* Mathe afSprorn ; % l l L i
B 'F : 1 ,2 /\ unlu duklin s
(F) & ity | v I. Eb.
el I s | T 9) 4 o LY N7 G) 'jKr (= {
! = 4 7y L qu[ " T
| et L] o) i ! i :'
o (¢ ] | el W . ]
0 ) [ 4 ol i l 9 l S

.
’ T

o N D, 15, ———e = e =i - . == - — . . s : S,
) » e — - - — - e
. 2 v . 2 w e D i . =T ‘ £ = g
g ] < ¢ 4 Litho., 8. 1. Q.




HALF INCH SERIES,



| 80" 64" 68° 72¢ 78 s sl
e \ ( ’ |
2! MUNSIAY dfenpyrdny r
1 i [ ¥ ] —
1 fr ) ]
| ! L i
¥i ‘ e
| - Chural -
| I N 3
1 ' ' | \“
‘ iy HE,| . L J
! i 2 % 21 (NSl A
1 s, 13 ' & ZASHINE I OF B
) ey, ‘e ' I I |
1 ; =l AR b I
: = Lhfrxny l),.l - "‘5 ),/ Y [Srmage | : T
‘ i e (S8 TR RNRERS
r ' ’
] . By lal)Febowa 'I - ¢
J N S Y g ‘ ,
. S . A
{ | 7 3 \ 3 ! |‘|"“” < b .
: | ) 4‘ 4 7.
| 0
| | 2
| 5
Ss=
/ ' e “
29+ ‘ g J {
% Il 3 < oo (o S S I ht;a . ot
| g ey L [ TF R ey ]
| - i xux'x-\l Riftundach] 4 - /
' 1l W % S
ﬂ 5 i 4|
! & ] | | J’ﬁ:[ah yE ‘, - -Q‘/b_ sA= ”é :‘*;{"‘\Qi 28 ‘
| < > v i | i 'Kh '
; : >
- ] j : 1
| & i :
& D ,

20"

R

16”

S

%
Key to Half Inch Sheets.

orban

<F <AL

Silar
4] -~

Dl ngn

Sud

TS cileael

X )
i~ =y

—H

N

da |

»

[ 5

}1"1”"‘;‘ b i it .
sw.laeow ] nE oW e W 0.E.
w
[ Wy
7 ¥
A T T LACCAD B
~. ‘.:Il E(NW NE Ih.*ql.EA A
] 0 e T IaLANIYs
eclede Hei ook onond ]
The numbers of the sheets of the 1:1,000,000 series are shown thus 5§ T
The letters of the Degree Sheet series thus ™M
The half-ineh sheets are designated by the number of the gsheet
on the 1:1,000,000, scale and the letter of the degree sheet in = ‘9)-4
which they fall with the letters N.W., N.E., 8. W,, or B.E,, I
rding to their p a8 q of the degree sheeta,
entered below the degres sheet letter. Thus the number of B
half-inoh sheet containing Jubbulpore is 5524
EF ERENCE. o )
Areas previcusly pﬂl)‘ilhl} s = . D ﬂ
.+ published during 1915-16 m
] Y — ]
I MALDIVE
N

L a4 a8 9g*
£ INDEX
3 TO
; )

s

e %
[Gitmddndst

-2 )
e

7y Dt eqling’
B

TNy
;g

°
Teana 2o Brphudpdtra 1t

. [

M
I
LY
7

\
L 2 L
\

-

=ik
o

N1

Yk

= ! T
? |
S o ST SR 0
a7 V ¢ wiiad
M/r’-/ | i o V”" i
T
0 p

rn r‘iA-u

Coch)

T

L
fh sinpevid

o Corror]

GO

64" F of Creenwich

68"

Reg No. 43D, I8,

faragram

= -

THE HALF INCH SHEETS

INDIA.

To accompuny Generai Beport 1915-16.

7\

| R
pibrilaeel,

5 Lk
i

= 1 ]

[ e ",(/_

ox - AF7G- 1K

. . e
b A9
. T SRR /op — = N
¢ i+ T O .

10

x afl

)

o ¢ <
e B A oYE 16
3
3 |
|
i
N i i
4.“;'_ AR KO
\
| - -
86 K--l-0" 1
\
1 N _
? Mprge- |
BT (0 S R | = T
ISLAYDS v i -
% - =) €= M-
Blaiv| i o
) { -
— V -
/ -
. A
G - e
' anf s o
01 .l" Lo
\ o
danosl! =
=
&
/ NTCONAR
[ —
|18 J @:7
97
Al (88
SPMATRIA
92° 96" 100"
e ——————————— S — ——

Litho., §. 1. O, Calcutta



DEGREE SHEET SERIES

Scile 1 luch to 4 Miles.



az*

24

‘ 20

B*

e

—

Bag Mo 339D 18 —1

’

840 s . 10
INDEX
TO
A z, ’ ;
v < oMo T Niinagi P : - THE DEGREE SHEETS
~ " S OF .
N i Ji g higiwa ) B | ol
i/ e s T ; ' INDI A .
7 dc ; i T (T = . i
Y Ry TANTAnAR® o ' . “Lelthrenroh WE \ .
T 0 [ Syt aifi) B T [On the Scale of 1 Tnch to 4 Miles.]
O e ) . : —g; B8 A Kostigrypir g i v
L g / . I; c = o
o N J ~ ,_R/ . \-V\\‘ ; . 0 _—
| =4 - TTAS E evedid g - e - — \
| ) N —N Wirasodrie A I \ i \
[ B W o »34'/* =3 | Detdeds =T i T 392) 91/\ | \
” TR - 7 Y A \
Y = 5 71 ]
. QY 3 -”9’. “’.; AL 2o YT 777 { - ) h-sh,
> 19 : S
- - S TR 3 > Hyerr | b ~ p‘:‘"”“l_ ; A Lok o8 Dhahpuaphtrn BL_~
N { \ .23 418 S Kzdsh, [ = ; 3 28"
< B2, v/ \ Al N gi . = % |
WV nor, [ LI b= o g
g I~ F o DELI| & 1 o e Z L
! | 1 < Ay P Blomkr | Nl v W ﬁl i i " ‘
B i, grli Y o ING 7 W TdySehpwe 1 L {
- . Frivty ol 1 ( 1 7 i kg @i, N el ==
= Y == i g y | ) o] ) o Dibrigya ® 4 \
e Lhalofli ( 2 T SN / .
— (2 | / ~ H TKAN .
4 - ¢ 2 A o T 2o \ A PG | l/n/cmt et A/ 3 {
A, _ — ) 5 5 vedl b
1 a1 { : ) S P - ; s s \ 2 \ (10
P 3 35 - el « bl Ao sfaanan A N\~ A Coveli[Behay Q)+ X
Hovdiid.,, A Y 4 wer / 7 x 3
. J i g2 = e al L. el \
Hothe » 5 WAL Tl 5 B8~ — - Gyt ;‘:n—l i 2 [vithy '/lf'q ¢ UK xla XN
; ¢l m?m Shepgmi Kn y K l Al \
fardel — Thoda % £ /] !,; \ )
Y Rudin £ 5 : ﬁé.'l’.'»‘}';‘ ‘ ‘\\ " ~,,.,“, ”\;‘ ~_’_ ‘‘‘‘‘ ( 24
< Py 7 \\ MuspPiieliid \‘mut-'lpu R/ Lo
Sq§ & Ariganilo Girirdgh o | ] — 2]
= - 2 - F a
[ A !‘f’l’i/ﬁ;’?‘\‘;:é‘v’”’i" Rl fokaayang )
i Aovaga " | TSP A s EROny
\lpore & Reanldi~ [ P bdin = AN w"-/”/r' /’ itk \
¥ 36 o q & L "\‘ g <& F I, Heweenito Hlon 03 1%
r ko A T Aton) ) % 5 1. 4 T - . H 4
5 d Verbitdda I u “4 0 It ™ L At ik AUGUTY uivagols (@ GANIALAS
% orbanpl & i ara 3 ] ( 71"1\243 ] 3
Roor M N d: R 1 S |5, e ‘“‘_\
- 7 — L,L{w i ':_‘-‘ 5. Scirndyafper : L & 1eilotii » 'T.:mgf,v'\ S3°
: NAG = H o = /
Rz Dygrian 7 id 1l - d —\k'/'w'n.,,h i P ® %
Sy s \/j ‘u////~ Aley M N
% / i S ot x %7)"” o 3 &[]
A = Al Y I’/“” Feirned Q =
Poonial—HDNond  |latur 4 >/ A Q|
,\3}/ Tl /'\ \85/ g | ST
v e ,2{ Tofanagrdm Q‘}I = AN \|req |
o (0 AU l2 ) awsfer — h I /um.,, 1
oo < 153 A P rhykoo e s
| A atn
i e 800\ O .
i Key to'Degree Sheets. i {
g G, : =
Il { [ )L Pt Q | ?"
AlE] 1| M { : : E l
48 - — 0 3
- ),5>~ 1 L
! 4 s
g TN " |
& F Y i ANDA i
b 55\7,_ B angatore b——, i T T E— "
| 2 v i3 it 1SLA 1
| c G K o LACCADY] R A i
juak \ % — X 1t Blai
= - whos |
1 ek ISLAN] 4 Al v
| D H L P Enfr Ooturig : MR " — i
[ —_ ! A 1S | I N G e s | |
s S—ta - 0 7 3= s
=< L /mu-uu{r"xf e 1 L TiE AN ~H
| The numbers of the sheets of the 1:1,000,000 series are shewn thus \f‘ 2l { a7 ] ) ( {
‘ ! atargil 4 S rea ( ) 1. = ;
" REFERENCES, 9 %* (5B J Mhanee 1 Y, |
To accom: General Report 1913 \ ol - !
pany 18, 7, Lol P /1 i1 I e I .
Bheets previously published ﬁ boee ] |t - =i 1 '3” K L. | ﬂ i‘ A
| published during 1915.18 x| j va.u.h-uk Tutivokin ; N, oy f %_ o | 1
i S S IS b sianvillin ; — - (‘rt [ i
Cerrle Cornorpr CAIATE ™
Nors.—8hoets published from old materisl or from atias sheets SR i (2 i e P) — |
have not been shewn. ® : < _%——“M—\-} = =
9 " - \. —
I il - A ool
1 \v . I
i ) D
| It 3
| “ b |
= — " — — . — o= —— = =
‘ *
a4t % an® 72° Te 100° E I

Binco.. 8. 1.0, Calbuily,. = g






———

Yiz

|

—T—

INDEX TO THE SHEETS OF THE

INDIA AND ADJACENT COUNTRIES SERIES

on the Sealw of 1000000, ar- 101 inches to 16 wiles

Birjun g

®

Jaav Auwg™
N

o
s O o

Andaman
Tslands

Maldive Infunjts

REFERENCE

Sheets published without contours & layers. L
with contours & layers.

Seale ToEORT0. " "
— = ,» upder publication . . =
N
R R

To scoompany General Report 191518,

N3



1
INDIA AND ADJAGENT COUNTRIES Sgpg

Reale 11000000,



INDEX TO THE SHEETS OF THE
CARTE INTERNATIONALE DU MONDE
on the Scale of 1:1,000,000. g .

The thick lines show the marking of the sheets of the Internacional
Map of the World, Bcale Lo, Each sheet is designated by the letter
N (Northern % by the letter and number

corresponding to it position, e.g., the sheet which includes Bombay Is
N.E-38

The Ngures in circles are the numbers of the sheets of the India and
Adjacent Conntries Series on the Scale of LU0,

w44 v

Yagujo

Dk 4
Polal

Tengn Nur

DELHI

\\ +

Ol
)}

2
Jhona

\ '
)

ay
ﬁ;{"
(987 7y
A

Ncabr 14

REFERENCE

Sende awo

Sheets published ... ....oo.onnne et

_ann Mites

w under publieation..
w inhand ...

To accompany Genersl Report 191516



INTERNATIONAL SERIES
Scale 1:1,000,000.



Bt4181 3odoy rweney Sowdurooss of,

@ ¥ puwg Wy K o o o om o o o R
i wonwnqnd Japum ¢ E e
] et peysmend meang

Ve

HINTUIARN e J =

13

9638 \

)
s0 )

dv802IN
wpoari

a

Y =
LVMWIW
fug L
mﬂw*n /

[ S

VHLNSVWREESE

=
a 1 1
133HS

068

oz

wwgane ),
i38iL ’
[

133HS=

133HS -
for08\ v o A\nal‘y
) oy

NyisoREnL L
3SANIHD 7

R

goul | =Sa|W ZE qnoqe— QO0000'ZL 30 IS

S$3143S VISV NY3IHLNOS 3IHL

40 SAL33HS 3IH1 OL X3ANI



	Denver j 008_2R.tif
	Denver j 009_1L.tif
	Denver j 009_2R.tif
	Denver j 010_1L.tif
	Denver j 010_2R.tif
	Denver j 011_1L.tif
	Denver j 011_2R.tif
	Denver j 012_1L.tif
	Denver j 012_2R.tif
	Denver j 013_1L.tif
	Denver j 013_2R.tif
	Denver j 014_1L.tif
	Denver j 014_2R.tif
	Denver j 015_1L.tif
	Denver j 015_2R.tif
	Denver j 016_1L.tif
	Denver j 016_2R.tif
	Denver j 017_1L.tif
	Denver j 017_2R.tif
	Denver j 018_1L.tif
	Denver j 018_2R.tif
	Denver j 019_1L.tif
	Denver j 019_2R.tif
	Denver j 020_1L.tif
	Denver j 020_2R.tif
	Denver j 021_1L.tif
	Denver j 021_2R.tif
	Denver j 022_1L.tif
	Denver j 022_2R.tif
	Denver j 023_1L.tif
	Denver j 023_2R.tif
	Denver j 024_1L.tif
	Denver j 024_2R.tif
	Denver j 025_1L.tif
	Denver j 025_2R.tif
	Denver j 026_1L.tif
	Denver j 026_2R.tif
	Denver j 027_1L.tif
	Denver j 027_2R.tif
	Denver j 028_1L.tif
	Denver j 028_2R.tif
	Denver j 029_1L.tif
	Denver j 029_2R.tif
	Denver j 030_1L.tif
	Denver j 030_2R.tif
	Denver j 031_1L.tif
	Denver j 031_2R.tif
	Denver j 032_1L.tif
	Denver j 032_2R.tif
	Denver j 033_1L.tif
	Denver j 033_2R.tif
	Denver j 034_1L.tif
	Denver j 034_2R.tif
	Denver j 035_1L.tif
	Denver j 035_2R.tif
	Denver j 036_1L.tif
	Denver j 036_2R.tif
	Denver j 037_1L.tif
	Denver j 037_2R.tif
	Denver j 038_1L.tif
	Denver j 038_2R.tif
	Denver j 039_1L.tif
	Denver j 039_2R.tif
	Denver j 040_1L.tif
	Denver j 040_2R.tif
	Denver j 041_1L.tif
	Denver j 041_2R.tif
	Denver j 042_1L.tif
	Denver j 042_2R.tif
	Denver j 043_1L.tif
	Denver j 043_2R.tif
	Denver j 044_1L.tif
	Denver j 044_2R.tif
	Denver j 045_1L.tif
	Denver j 045_2R.tif
	Denver j 046_1L.tif
	Denver j 046_2R.tif
	Denver j 047_1L.tif
	Denver j 047_2R.tif
	Denver j 048_1L.tif
	Denver j 048_2R.tif
	Denver j 049_1L.tif
	Denver j 049_2R.tif
	Denver j 050_1L.tif
	Denver j 050_2R.tif
	Denver j 051_1L.tif
	Denver j 051_2R.tif
	Denver j 052_1L.tif
	Denver j 052_2R.tif
	Denver j 053_1L.tif
	Denver j 053_2R.tif
	Denver j 054_1L.tif
	Denver j 054_2R.tif
	Denver j 055_1L.tif
	Denver j 055_2R.tif
	Denver j 056_1L.tif
	Denver j 056_2R.tif
	Denver j 057_1L.tif
	Denver j 057_2R.tif
	Denver j 058_1L.tif
	Denver j 058_2R.tif
	Denver j 059_1L.tif
	Denver j 059_2R.tif
	Denver j 060_1L.tif
	Denver j 060_2R.tif
	Denver j 061_1L.tif
	Denver j 061_2R.tif
	Denver j 062_1L.tif
	Denver j 062_2R.tif
	Denver j 063_1L.tif
	Denver j 063_2R.tif
	Denver j 064_1L.tif
	Denver j 064_2R.tif
	Denver j 065_1L.tif
	Denver j 065_2R.tif
	Denver j 066_1L.tif
	Denver j 066_2R.tif
	Denver j 067_1L.tif
	Denver j 067_2R.tif
	Denver j 068_1L.tif
	Denver j 068_2R.tif
	Denver j 069_1L.tif
	Denver j 069_2R.tif
	Denver j 070_1L.tif
	Denver j 070_2R.tif
	Denver j 071_1L.tif
	Denver j 071_2R.tif
	Denver j 072_1L.tif
	Denver j 072_2R.tif
	Denver j 073_1L.tif
	Denver j 073_2R.tif
	Denver j 074_1L.tif
	Denver j 074_2R.tif
	Denver j 075_1L.tif
	Denver j 075_2R.tif
	Denver j 076_1L.tif
	Denver j 076_2R.tif
	Denver j 077_1L.tif
	Denver j 077_2R.tif
	Denver j 079.tif
	Denver j 080_1L.tif
	Denver j 080_2R.tif
	Denver j 081.tif
	Denver j 082_1L.tif
	Denver j 082_2R.tif
	Denver j 083.tif
	Denver j 084.tif
	Denver j 085_1L.tif
	Denver j 085_2R.tif
	Denver j 086.tif
	Denver j 087_1L.tif
	Denver j 087_2R.tif
	Denver j 088.tif
	Denver j 089.tif
	Denver j 090_1L.tif
	Denver j 090_2R.tif
	Denver j 091.tif
	Denver j 092_1L.tif
	Denver j 092_2R.tif
	Denver j 093.tif
	Denver j 094_1L.tif
	Denver j 094_2R.tif
	Denver j 095.tif
	Denver j 096_1L.tif
	Denver j 096_2R.tif
	Denver j 097_1L.tif
	Denver j 097_2R.tif
	Denver j 098_1L.tif
	Denver j 098_2R.tif



